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“
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No: [ltem: Tab: [Presenter: Maximum Time
9:00 AM to 9:05 AM 1 |Call to Order and Opening Prayer Acting Chairperson 5 Minutes
9:05 AM to 9:10 AM 2 |Opening Remarks and Introductions Acting Chairperson 5 Minutes
9:10 AM to 9:15 AM 3 |Agenda: Review and Approval 1 |Acting Chairperson 5 Minutes
9:15 AM to 9:20 AM 4 |Declaration of Conflict of Interest Acting Chairperson 5 Minutes
9:20 AM to 9:40 AM 5 |Wolverine Studies 2 |DOE 20 Minutes
9:40 AM 10 10-00 AM 6 The_ Effect of Predation on the Calving Grounds of the Qamanirjuaq and Beverly 3 |poE 20 Minutes
Caribou
10:00 AM to 10:15 AM BREAK
10:15 AM to 10:45 AM 7 |Grizzly Bear Management Plan 4 [DOE 30 Minutes
10:45 AM to 11:05 AM 8 |Grizzly Bear Sport Hunt Quota 5 [DOE 20 Minutes
11:05 AM to 11:35 AM 9 |Qikigtaaluk Wildlife Board: Muskox-Devon Island 6 |QWB 30 Minutes
11:35 AM to 1:00 PM LUNCH
1:00 PM to 1:45 PM 10 [Western Hudson Bay Polar Bear TAH 7 |DOE 45 Minutes
1:45 PM to 2:30 PM 11 |Peary Caribou Management Plan 8 |[DOE 45 Minutes
2:30 PM to 3:00 PM 12 |Dolphin-Union Caribou Management Plan 9 |ECCC/DOE 30 Minutes
3:00 PM to 3:15 PM BREAK
3:15 PM to 3:30 PM 13 |DFO- Operational Updates 10 [DFO 15 Minutes
3:30 PM to 3:45 PM 14 |DFO-Oceans Protection Plan Update 11 [DFO 15 Minutes
3:45 PM to 4:00 PM 15 |DFO-Science Update 12 [DFO 15 Minutes
4:00 PM to 4:25 PM 16 |DFO-Fisheries Act Closure in Eastern Arctic 13 |DFO 25 Minutes
4:25 PM to 4:45 PM 17 |DFO-Sam Ford Fiord Arctic Char Quota Increase 14 |DFO 20 Minutes
4:45 PM to 6:00 PM DINNER BREAK
6:45 PM to 7:30 PM 19 |CSFL Turbot TAH Increase Request 16 |CSFL 45 Minutes
6:00 PM to 6:45 PM 18 |Qikigtaaluk Corporation role in Nunavut through the Commercial Fishery 15 [QC- Harry Flaherty 45 Minutes
7:30 PM to 7:35 PM 20 |Adjournment 17 [Acting Chair 5 Minutes
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SUBMISSION TO THE

NUNAVUT WILDLIFE MANAGEMENT BOARD

EOR

Information: X Decision:

Issue: Estimates of wolverine density from mark-recapture DNA sampling, Aberdeen

Lake, Kivallig Region, Nunavut, 2013-14.

Background:

In Nunavut, the wolverine (Gulo gulo) is listed both as a furbearer and a big game
species under the Nunavut Land Claims Agreement (NLCA). Wolverine is an
important cultural and economic resource traditionally harvested by Inuit.

Nunavut represents the north-eastern edge of wolverine distribution in Canada but
there had not been any previous study to provide a rigorous population estimate for
wolverines within the territory, nor is there any quantitative limit on their harvest by
Inuit.

Inuit observations and recent harvest reports suggest that wolverine numbers in
Nunavut are either stable or slightly increasing and expanding their range eastward
and northward.

The Committee on the Status of Endangered Species in Canada (COSEWIC) has
assessed the wolverine as “Special Concern”. Primary threats to wolverine
persistence identified by COSEWIC include habitat fragmentation and loss due to
human development and climate change. While this is true for most parts of the
species’ southern range, the same threats are not as prevalent so far in Nunavut.

Wolverines are found in relatively low densities, have low reproductive rate with low
intrinsic rate of increase, are sensitive to human disturbance and require large
secure areas to maintain viable populations. The recent decline in caribou
abundance in parts of the wolverine’s range in the Canadian north is expected to
have some indirect impact on wolverines in Nunavut.

Inuit community concerns over the handling of wildlife gave rise to a need to adapt a
culturally acceptable, non-invasive approach based on DNA-analysis with a field
method that can benefit from Inuit hunter’s relevant skills and capacities, while
providing local employment and training.

To establish baseline population abundance and density estimates for long term
regional monitoring, we used genetic analysis to identify individual wolverines from
hair samples collected noninvasively by a science-driven study design and logistics



facilitated by local hunters. From late March through early May 2013 and 2014,
using snowmobiles, we sampled a grid of 209 posts baited with caribou meat and
scent lures spaced in 4x4 km (16 km?) cells for three 10-day sessions in a 3,344 km?
area north of Aberdeen Lake (Fig 1).

Current Status
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In total we detected 21 (9F:12M) individual wolverines over two years of sampling,
including eight individuals identified in 2013 and recaptured in 2014. Spatially explicit
capture-recapture (SECR) methods were used to estimate density and average
number of wolverines on the grid at any given time. Average or resident wolverine
density was 2.36 wolverines/1,000 km? (SE = 0.34) in 2013 and 1.66
wolverines/1,000 km? (SE = 0.29) in 2014. Estimates of superpopulation size
(number of wolverines within the effective sampling area) were 21 (CI=18-26) in
2013 and 14 (Cl=11-19) in 2014.

In the West Kitikmeot, higher densities were estimated (6.85/1,000 km? at High Lake
in 2008 and 4.80/1,000 km? at I1zok Lake in 2012). However, both of these study
areas were in the central Arctic characterized by generally higher productivity, and
with no or occasional wolverine harvest.

Our results contribute to baseline data for wolverine ecology in the eastern mainland
Arctic tundra and will be used to generate regional population estimates.

This collaborative research project with the Baker Lake Hunters and Trappers
Organization (HTO) has provided valued training, employment and technical skills
transfer to HTO members. This project provided employment to five HTO members
(~400 person-days) throughout the field work (three members for the duration of the
work and two members on an as needed bases).

Recommendation

Our results suggest that harvest monitoring and DNA based surveys by involving
local hunters, offer a practical and cost-effective method to monitor wolverine
populations in tundra situations while also providing HTO participation and
collaboration.

For a better understanding of wolverine population in the area, we recommend long
term monitoring by involving local HTOs and industry. This study demonstrates the
efficiency of joint research projects to inform management.
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Figure 1. The Aberdeen Lake wolverine study area.




Estimates of wolverine density from mark-recapture DNA sampling,
Aberdeen Lake, Kivalliq Region, Nunavut, 2013-14

Summary

This report presents results for a wolverine (Gulo gulo) DNA mark-recapture study in the Kivallig region,
Nunavut conducted to establish baseline population abundance and density estimates for long term
regional monitoring. Wolverine is an important cultural and economic resource traditionally harvested
by Inuit. We used genetic analysis to identify individual wolverines from hair samples collected
noninvasively by a science-driven study design and logistics facilitated by local hunters. From late March
through early May 2013 and 2014 we sampled a grid of 209 posts baited with caribou (Rangifer
tarandus groenlandicus) meat and scent lures spaced in 4x4 km (16 km?) cells for three 10-day sessions
in a 3,344 km? area north of Aberdeen Lake. In total we detected 21 (9F:12M) individual wolverines over
two years of sampling, including eight individuals identified in 2013 and recaptured in 2014. Spatially
explicit capture-recapture (SECR) methods were used to estimate density and average number of
wolverines on the grid at any given time. Average or resident wolverine density was 2.36
wolverines/1,000 km? (SE = 0.34) in 2013 and 1.66 wolverines/1,000 km? (SE = 0.29) in 2014. Estimates
of superpopulation size (number of wolverines within the effective sampling area) were 21 (CI=18-26) in
2013 and 14 (CI=11-19) in 2014. Superpopulation estimates were close or slightly above the number of
unique wolverines detected on the sampling grid for each year, which suggests sampling was effective in
detecting all the wolverines on the grid as well as the immediate surrounding area.

Simulations of sampling designs (post spacing and grid size) suggest that increasing post spacing while
reducing the number of posts sampled can increase wolverine sample size and precision of the estimate.
Wolverines in the area exist at low densities and are being exposed to increasing levels of human
activity, with existing or proposed mining and subsistence harvest. Our results contribute to baseline
data for wolverine ecology in the eastern mainland Arctic tundra and can be used to generate regional
population estimates for future monitoring. The estimates can be used to evaluate current harvest, can
provide a quantitative basis to establish future sustainable harvest limits and will support inputs to the
Nunavut Impact Review Board (NIRB) review process. This collaborative research project with the Baker
Lake Hunters and Trappers Organization (HTO) has provided valued training, employment and technical
skills transfer to HTO members. Our results suggest that by involving local hunters, DNA based surveys
offer a practical and cost-effective method to monitor wolverine populations in tundra situations. For
better understanding of wolverine population in the area, we recommend long term monitoring by
involving local HTOs and industry. This study demonstrates the efficiency of joint research projects to
inform management.

Key words: Gulo gulo, wolverine, DNA, density estimates, Aberdeen Lake, Kivallig, Nunavut, population,
spatially explicit capture-recapture.
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P>otbb>/P>olL

Cea DabbDr% KBPNND® SoDALLD>C®Ia? bLS¥ 0 (Gulo gulo) DNA-*M*.0t a >a AbdCN/<“c c PSHo-Altb*o®<t Ho
SO>ANSTALDEM PR Do, 0a 2T Acn<dUcDPIr ®pe/LcPNN<Loo Do®eNPo*M o SbWDo*Mot Do®eNNa™Nc
b0y ACKHDR<NNT M0 SbWDa  PyDo Nt I2%Lb b dAP/Lon YDl abN® adiso,  bALSYAS ALLnD>SC
Ac®d/Dbede Pa by DGAYa I IDBCHRE 5N Ac®dr/ITh®NJC Uy >RIIDB> N Ao%aC. IDc B>®>JC NrePegsedrs
SODAN®ITTe @ DAL HOC  ACPd®Io®  B\LNYoP  [d¥egt  SbDANLPNNJS  bNCHCP®INIS  <UARALH™N 5o
SODAN®IGd-bIPNCDITE SODANSTAYDYIC oo eCDILdC  Acn~NMy>Yo>  Cl®a  b?NCP Ho oac*Poc
artNo. LMt oWUrdcso*lot LAIC APAchSo™LoS 2013-TC 2014-T5 SbD>MNACD®>UC 0peC>/Ldo®  209-a
Q<®N®CH>ILLo® an»/L>Ne D¥D< (Rangifer tarandus groenlandicus) oP*Loc NAC*0°5 an<ot D L/ MNNgSb Nk
4x4 PoICo® (16~0 PoICo®) Aogo A*LA0C 10-0° B H0¢ AcnoPdot AoT <* oIl 3,344 kmP-o® <J<o SbLoD<
bN=oft Sob>ALSbe B®>JC 21-g® (OF:12M) ACEd®Dob beh\L2v*c® <5GJ%o LP o Sb>ANSob®N=HsC, Aclyb>eoNe 8
ACbd®IC @ Ha ACHc D®IC 2013-UN“HJ AFDb o® oMl 2014-T. AcediNd®N®oNt ALDIoe-ALDeb>a/oS 5 (SECR)
DO®CPR* @ ®Io®  DPCPHIbc PP>® bPARCDa P oNd bW<HoM o bo® DoPNMoONd bN“oMN D SbWDonRCH ¢
BLNAC Clo ANASADST Sb*LDA%abdS. AL®aPLIcD®>%, PR H2GC Sh\LNAC D o®NNo™NC 2.36-JbcCc D> /1,000
km? (SE = 0.34) 2013-T <L 1.66-*J°5N° bLSYA/1,000 km? (SE = 0.29) in 2014. Sb*Pa rybo*Mc CRTCCA*Q®
D>o®NPT*MC (bWD>any*MC SHbALSNAC CLo <D%CDHIM Sh>ANSARCSADROIN) 21-"Jc DS (CI=18-26) 2013-T 14-J<oNv>
(CI=11-19)  2014-T. Ao YD SoWDa PyD>o™C  Sbodhc D®>C  SIEN g BRD>ES® 5N H2GC  ShDon b Mg C  Ac bdwIC
HRALNAC  SODADIC SHMNSADNT Aol CLA®0C <dDo¢ GJPYDYof, Clédds CdNCN=HNe CLa SbbM\SornyDs
bida N DSo Lo B>MICD Do CLASTN®  Sbels*a® ClLo  SoBANSADIT  <LLoSCH%  CLOL  SbBUMNSAD<S
‘oo Lo AoT.

<DeCP>*JLSg*NC SbP>pNSeY g ¢ IDCP>a 7D (@ <KPN®CHILIC IdDQPCH/La*MNJS AcnfAD>Y“DO Sbos I*MPNNo*MNJ°)
AL®QPCIANENDE, QML PPNNT® @ <<KNCHILLC dd o Mg CALACST T Dor*a®NNNd®ont sbbon M g
QSKHCPILLE  BBMNTADYC I PENBNNLEQ ®>C SHRALYAC  ShDAN®CDa* M0 Aca®D>oONYS  SbYDa  Py>o e,
SHALSNAC [@>2\{en Ao D> o1 d 5N ACSb>c NP> RN D> 0%/ R0 Ao*g®
CDREFD b H< g Lab, ACH®L I 06 Acn<dULo<d®D 0525 DPLSSo<sdDIlio <dWav<*any>M 5 BL<NNo<soNe.
SHDALSC  SHDARSTSIC  AbI®SC DRLALYDIT  NNGHCDALLIo®  BLNAC  SboAC* Lo ™Mot bava </  DPDCIr
a<®IB™NOr CL*a 5 D%CHIa oo P IC> o d’LonyDYo bbaNacsar /2ol a PN /o >IL®D I,
bDalPea gt dD®CHITa ®>C hPAN®IogdiHo Lo dWUonyPRDaP, ANCNLEQ®>C Sbv/DaM ot D*LANyD>o Iy
GepeLBNNLL Do ¢2oPNT bGP 5o 1S AACCCiADa b ®Ia® AbY®DAT® 50> Db>I>Io? 0a P dRNcnosc
bALMPC  SPrpdsvbegios]c  D%<bCHo®.  CL®a  AcnbNftoo  Sbbal®/olc  Acndydd®  AcnsbNry>esne
SBLa" DT> o dUardenre  (HTO-d9)  ANCNSHECHILD®  ADPLDCNG®IMe  ILPAa®h® NGy, A%ba AYPNCNGST
A SN0 D BNNTT AYUatDennbdS Ac Py N ot Sb>ALDC AL%q D®dANNDC, Ac DPNNT® oac Dot dYUa tNa®,
DNA=I® D*ULACC bD>rNSgC LoLNCN2DC D%CDNP*a®Do? IPI O™ Doty D®CPY*a®Io® o DN® ACodsHa
BALSWAC  SbWDonb oot a<®DHWNOr. ADGRNdE DPIDLYL do SBALNAS  SbDorMe ot CDRo AcoT,
AL*a D>drab®>JC, Ado DIl aDCN®Avsdh 5C AcPN“HNC oacr o <WabdenAPy>C Pa Dy DGAND>RRI S Cloa
SbD>aNSoe CNCNDe bi/obcNP*aSa™*M*a® by D> HNd SbP>ANST IS Acn<Ust DNPNNSLo<Soa D NPy >a®.

DS 5ICAS: Gulo gulo, Sb\LS<e, DNA-Ug G®CD>%, bo% ACSH®NNo*MNJC SoYD>a Ny>oe, SoLosT, PR, 0a 2\,
b wPon M, AoT® dDcntHo AZbDCCioe-ALb*o %/ bcCoo®.
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Aberdeen Lake wolverine DNA mark-recapture 2013-14

Summary

This report presents results for a wolverine (Gulo gulo) DNA mark-recapture study in the Kivallig
region, Nunavut conducted to establish baseline population abundance and density estimates for long
term regional monitoring. Wolverine is an important cultural and economic resource traditionally
harvested by Inuit. We used genetic analysis to identify individual wolverines from hair samples
collected noninvasively by a science-driven study design and logistics facilitated by local hunters. From
late March through early May 2013 and 2014 we sampled a grid of 209 posts baited with caribou
(Rangifer tarandus groenlandicus) meat and scent lures spaced in 4x4 km (16 km?) cells for three 10-
day sessions in a 3,344 km? area north of Aberdeen Lake. In total we detected 21 (9F:12M) individual
wolverines over two years of sampling, including eight individuals identified in 2013 and recaptured in
2014. Spatially explicit capture-recapture (SECR) methods were used to estimate density and average
number of wolverines on the grid at any given time. Average or resident wolverine density was 2.36
wolverines/1,000 km? (SE = 0.34) in 2013 and 1.66 wolverines/1,000 km? (SE = 0.29) in 2014. Estimates
of superpopulation size (number of wolverines within the effective sampling area) were 21 (Cl=18-26)
in 2013 and 14 (Cl=11-19) in 2014. Superpopulation estimates were close or slightly above the number
of unique wolverines detected on the sampling grid for each year, which suggests sampling was
effective in detecting all the wolverines on the grid as well as the immediate surrounding area.

Simulations of sampling designs (post spacing and grid size) suggest that increasing post spacing while
reducing the number of posts sampled can increase wolverine sample size and precision of the
estimate. Wolverines in the area exist at low densities and are being exposed to increasing levels of
human activity, with existing or proposed mining and subsistence harvest. Our results contribute to
baseline data for wolverine ecology in the eastern mainland Arctic tundra and can be used to generate
regional population estimates for future monitoring. The estimates can be used to evaluate current
harvest, can provide a quantitative basis to establish future sustainable harvest limits and will support
inputs to the Nunavut Impact Review Board (NIRB) review process. This collaborative research project
with the Baker Lake Hunters and Trappers Organization (HTO) has provided valued training,
employment and technical skills transfer to HTO members. Our results suggest that by involving local
hunters, DNA based surveys offer a practical and cost-effective method to monitor wolverine
populations in tundra situations. For better understanding of wolverine population in the area, we
recommend long term monitoring by involving local HTOs and industry. This study demonstrates the
efficiency of joint research projects to inform management.

Key words: Gulo gulo, wolverine, DNA, density estimates, Aberdeen Lake, Kivallig, Nunavut,
population, spatially explicit capture-recapture.
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Aberdeen Lake wolverine DNA mark-recapture 2013-14

SbAYDalPyDa e SbALSYAC Do NPa*MC ALASIIS, aoa AbdSNse/I“ccPSoo-
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Paotbb>/PolL

Cea  Dobbb/%®  L®ePNNDe  SoDALLD®Io? b\l 0ot  (Gulo gulo) DNA-*Mof  a _>a APdSN®II=c.c DS Ho-
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D> o®NPT*MC SbosH ACHDBENNGT e o SbyDa PyDo*MC I2*Ub et ddb/Lan s>l aPN® /o so. SbLSYAS
ALADDC Ac®d/Isbedt PabbcDGAvas ey D%CHRE 5N AcStdYI%h®NJC I%J5D>RIDIBDHNE Ao o, D P>JC
ArvPegl®dre  sbB>pis/ag T a 5aANL OC  AcPd®Dob  blsdvg® [ed™ gt  SbD>ALNNJS  bNCHc D>INJC
<UORAYH™NY og  SEPANIedS-bI/NCHETC bAoA DI G®PeARCDILI I Acn~NMy>Yo 5 CL*a b?NCP>“Ho
oac™MPot dUatNot. LT 0WUPIcso*lo LAIC APAcNSo*LoC 2013-TC 2014-T5 SbB>MACD®>JC GopeC>ILIa®
209-gb @ <<®N®CH>ILIo® anr®/L-oNe D¥D< (Rangifer tarandus groenlandicus) oP*Lo¢ NAC*0°5> an<dot
DeLIMeNNosbeoNe 4x4 PolCo® (16-0 PolCot?) Aoo AMLAoS 10-0f DHof Acnob<ot AcT <*Mosb®dl 3,344
km>-ob o SbLoD< bNToNt SbbrLSboDe>JC 21-gb  (OF:12M)  ACd®Ior el 3 Yrob GJvo Lo
So>ANSTD®N=HC,  AclMYDeHONe 8 ACE®IC @ raARCHcD®IC  2013-UN<Hd  ARDbotoNts  2014-T.
AGPdNA®NONE  ALDIT®-ALDEL /oS> (SECR)  <D%CD>eq®Io®  IDBCDISbe D®>%  sh>pr<dC>a A oNe
BW<HTM g Sbo®  Do®NNONE bNToN s BWPoARCHC  bLNAC  CLo  aNASADST  Sb*LDA%abdS.
AL*a DY P>, DR HGC SHhLSNAS Do®NNo™NC 2.36-%JbCc b®>C /1,000 km? (SE = 0.34) 2013-T <>
1.66—J=5NP b<ALNAS/1,000 km? (SE = 0.29) in 2014. sbPa Dot CRGFCA*a® Do®NNa™N ¢ (S Doy e
SHRALSNAS CLom 4D%CHNT SHB>ANSAPCSAD>REIN) 21— >E>C (CI=18-26) 2013-T 14-"J=oNt> (Cl=11-19) 2014-T. Acyb><T
DA APYDOMNC Sbothe BESC SPEN T BRDEGIIE SNV 5%GC SHWYDo N g C ACbd®DE HALNAC SHDALDLIC Sh>ANSAD>T
AcT CLA®*0S dD0€ SGUMYDYo, Clbd<dy CdNSN=sHNe CLea SbBaNSonbDI® bdlosbeNdc Dio™Lat Sb>MC> Hao
CLA®G N Shb\Le*a® Clo SbB>ANSADLT <L 5CCD>% CLOL SbDUSNSAP<S Sba*Mo Lo AoT.

L®CHJLSo N bEah®loile DNCPab®IC (@KPTN®CPHALLYE  IdDA®CPILa* NS Acn*GP>I“>  Sbo®
4*PAPT*PNJS) AL BCIRNNDE, 4PN NT® @ KENECHALLC dd%a M 0® CALACSo oo DoP*a®NeNNs oNe
OO AL Tt aKBCDILYC  SHDANTADNE ML RNNLta®>C SHhILYAC  SHDANSCHo M0t AcaehD> Nt
SoDa ANy Do N SHLNAS CPRa AoT O Bo™MDdH"HNe ACTH®>C NePpD>R = HN Do/ I ot Ao*o®
C>REF Db g Lob, ACHHL D 0¢ AcndULo<d®I 0= 55 PLGiaODILio dUat<ran > o PLYNNo<dsoNe,
SED>ALDC  SPDANSESIC ABY®>C DALY NNGRCHILYo®  OLNAC  SboAC*Lo™M* ot ba*a </ D>P>®CI
a <seDsh=nor CL%ao <D°CP*a® o0 GseperIC> o <d\/LonD>Yo sbyDaM*aoso® ?20 N
aPDN®ALIGTDILED S ShWDa ANt AEt  dDBCHIeQ®>C HIANtIodioo Lo dUonyPRDor,  ANCNLas>C
SpWDo e 0t DLANS Do PRIt Jep/Le®NNIL Do 2ol WGP a Sasle AACCCs>a®dob AbY®IAT® 50>
DSbD>IDIot 0a 2 IRNCNoSIC bNLAMNC SPrep<dsb®ososle dD%<CHlot. CLa AcnbNfMtoo Sbb>alse/os e
Acadds®  AcnsbNPyDeoNt  SbLo’ddTDoS dWardonst  (HTO-d9  ANCNSHEC®ILD® AN DN
IPEGTENENNTTE,  A®ba AYPNNoT® Acn’™<No >  ONNoTe Yardonebdt Acly*M*of  bbpiy2C
AL®a D>®dANNDE, AcPNNT® oac* Do dWatNo®, DNA=T® D=LACE SH>ANSGC LalNeNSC 1D%CHNIR>*a *DIo®
PO Dty IIBCHI*a®Io®  abDN®Aelodino BULTNAC  SbwWDaonberegt o <RI ADothedc
IP/DLILOo SBLSRAC bW of C>Ra AgT, AL*abSdrab®>JC, ddab>elt a>N® %/sdr 5C AcPN=HONC oac o
YN rPYDLC Pa DY DGANDRD S, CL e SbP>ANSTSe CINND® bdlo b NP aSa Mg bIL D> 5Nk Sb>rLSos e
AU DNPNNLo Do >Ny Dot

Db/ 5ICAS: Gulo gulo, SHLSSe, DNA-*JaG®C>%®, Sb o ACSH®NNT*MPNJC b D>a  Py>olc, SolLol, PR T,
0a 2, b Wbon N, Acl® AD“cnlsHo AXbCio®-ALb*o e/ bCia .
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Aberdeen Lake wolverine DNA mark-recapture 2013-14

Itgurnarutait qakvingnik aulaniqaqtunik talvani naunaitkuhighimayunik -
nanigiaqtauhimayunik Idjuhianik pukugianganik, Aberdeen Lakemi, Kivalliq

Aviktugviangani, Nunavut, 2013mi-14mun

Naittumik

Uvani inighimayunik titiraq aituihimayuq naunairutikharnik galvingnik (Gulo gulonik) IDJUHINGNIK
aulanigaqtunik talvani naunaitkuhighimayunik - nanigiagtauhimayunik gqauyihaidjutikharnik talvani
Kivallirmi aviktugviangani, Nunavunt aulatitivakhimayut naunaiyaiyaangat amigaitilaangit aulavingitlu
nallautighimayut hivutunigaalukmik atuqtangitni aviktugvingmi munagihimaaqtunik. Qalviit
akhurnaqgtuq pitquhiliginikkut maniliurutikharnik hanaqidjutikhaq pitquhiliginikkut
anguyauvakhimayut Inungnin. Atughimaanginaqtugut idjutikhangit ihivriudjutikharnik ilitagiyaanganik
kituligaak qalviit talvanga nuyait pukuktauhimayunik ilaungitunik talvanga nallunagtunik
ilitughainiaghimayunik qauyihaidjutikharnik havakhimayut naunaitkutingniklu uqgagiikhimayunik
nunalaani anguniaqtuligiyikkungit. Nuungutiqviangani Qigaiyaqgvia talvunga Qiqaiyagluarvia 2013mi
2014milu katitigtuivakhimayut naunaitkutikharnik nunam nayugaani taima 209nik napaqutinik
niriniaghimayunik  tuktunik  (Rangifer tarandus groenlandicusnik) niqginik  naidjutingniklu
inikhalikhimayut taima 4 X 4nik ungahiktilaarutigakhutik (16nik kiIaamiitanikZ”ik) nayugyviinik taima
pingahunik 10nik - ubluanik aulatitivakhimayut taima 3,344nik ungahiktilaarutigakhutik
kilaamiitanik’™ hanigaini tununganirmi Aberdeen Lakemin. Tamaat katitighimayunik munagipluta
pivakhimayugut 21nik (9F:12M-nik) qalvingnik talvuuna malrungnik ukiunganik katitiqtuivakhimayugut
naunairutingnik, ilauplutik  aitnguyut galvingnik ilitagiyauhimayunik  talvuuna  2013mi
piyauvaffaaqtunlu talvuuna 2014mi. Ungahiktilaangit nanigiagtauhimayut nanigiagtauffaaghimayutlu
(SECR) atugtangit atuqtauvakhimayut nallautigianganik ungahiktilaanganik qaffiutilaangitlu nampait

galviit talvani nayugaani talvaniitkaluagtun. Naunaighimayut nayugaingit galviit
ungahiktilaarutikhangit imaatun itun 2.36 qaviingit/1,000 km? (SE = 0.34) in 2013 unalu 1.66
galviit/1,000 km? (SE = 0.29) 2014mi. Nallautighimayuq anginirmik amigaitilaangat

angikliyumighimayut (gaffiuyut galviit talvani ihuatgiyauyumik atugtauhimaagtun ihivriugtauyaangat
nayugaini) imaatun itun 21 (Cl=18-26) 2013mi unalu 14 (CI=11-19) 2014mi. Anginirmik amigaitilaangat
nallautighimayut aadjikiivyaktun mikiumik angiyut nampait avaliqangitunik qalviit munagiyauhimayut
ihivriugtauvakhimayut talvani nayugaani ukiuk tamaat, taima ihumaliurutigagtun ihivriugtauhimayut
ihuagiyauvakhimayug munagiyaangat tamainik galvingnik talvani nayugaani taimaitutun gillaminuaq
hanigaqaqtunik nayugaini.

Havagiikhimayut ihivriugtauyukharnik havakhimayut (napaqutit hanigaingit nayugait amigaitilaangat)
ihumaliurutigaghimayug taima amigaigyumigqtitiyukhat napaqutait nayugait taima ikikliyumigianganik
napaqutait ihivriugtauvikhat amigaikyumigtitiniagtun naunaitumik nallautighimayunik. Qalviit talvani
nayugaini aulayut taima ikitun nayugainik tautungnarniagtunlu amigaikyumighimayut taima inuit
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hulilukaakvingitni, aulahimaaqtunik tukhigtauhimaaqtunlu uyaraghiuqtunik anguniaghimaaqtuniklu.
Naunaiyagiikhimayut ihivriudjutit aituihimayut taima nayugaingit naunaitkutikharnik qaviit nayugait
talvnai kivataani nunami  Ukiuktagtuniitunik nunami atugtaugiagaqtunik aulatitiyaangat
aviktugvingniitunik  inugaingit  nallautighimayut  hivunikharni  munagiyauyaangat. = Tamna
nallautighimayut atuqtaugiagaqtun ihivriugianganik aulayut anguniagtauvakhimayut, tunigiagaqtun
gafffiutilaagharnik ~ naunaighimayut  hivunikhaptingni  anguniarutikharnik  ikayuutiniaqtuqglu
ihumagiyauyut talvanga Nunavut Ayungnautigaqqgan lhivriugtukharnik  Katimayiit (NIRB)
ihivriugtukharnik  aulavikhangit. Una havaqatigiikharnik ihivriugtunik talvani Qamanittuaq
Anguniaqtuligiyikkut (HTO) tunihimaagpaktun ayuighautikharnik, havaktitivakhutiklu
ayuittiarutikharnik garitauyaligidjutikharnik nuutigianganik HTOkutnun ilauyunun. lhivriughimayaqut
naunairutiit ihumaliurutigaqtug taima iluatitilugit nunalaani anguniaqtit, Idjuhikhangit (DNA)
naunaighimayut ihivriudjutikhangit aituihimaarniagtun naunaitumik akituvalaangitumik
hanaqgidjutikharnik munagiyaangat qalviit amigaitilaangit nunami aulayunik. Taima ihuatgiamik
ilitugidjutikharnik qalvingnik amigaitilaanganik talvani nayugaini, ihumayugut hivutunirmik
munagidjutikharnik  taima ilautitilugit HTO-kut havagviingitlu. Una ihivriudjutikhaq
naunaiyaivakhimayuq ihuagiyauhimayut havaqatigiikhutiklu ihivriugtaunikkut havaaghat
ilitugipkaiyaangat munagiyauyunik.

Naunaitun tainiit: Gulo gulo, qalvik, IDJUHIIT (DNA), Ungahiktilaarutiit nallautighimayunik, Aberdeen
LakeMl, Kivallig, Nunavut, amigaitilaangit, ungahiktilaangit nayugait anguyauvakhimayut —
anguyauffaagpakhimayutlu.
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Estimation de la densité de la population de carcajous basée sur les
échantillons d’ADN provenant de I’opération de marquage-recapture preés du

lac Aberdeen, région du Kivallig, Nunavut, 2013-2014

Sommaire

Ce rapport présente les résultats d’'une étude de I’ADN a la suite d’'une opération de marquage-
recapture de carcajous (gloutons) dans la région du Kivallig au Nunavut. Cette opération fut menée
afin d’établir I'indice d’abondance et la densité de la population aux fins de monitorage a long terme.
Le carcajou représente une ressource économique et culturelle traditionnellement récoltée par les
Inuits. Nous avons fait appel a I'analyse génétique pour procéder a l'identification individuelle des
carcajous a partir d’échantillons de poils recueillis de maniere non invasive selon une stratégie
scientifique et avec l'aide logistique des chasseurs locaux. De la fin mars au début mai en 2013 et
2014, nous avons disposé 209 pieges appatés avec de la viande de caribou (Rangifer tarandus
groenlandicus) et des leurres odoriférants répartis sur des parcelles de 4 km x 4 km (16 km?) durant
trois périodes de 10 jours chacune, couvrant une zone de 3 344 km? au nord du lac Aberdeen. Au
total, nous avons recensé 21 (9F:12M) carcajous au cours des deux années d’échantillonnage, y
compris huit individus identifiés en 2013 et capturés a nouveau en 2014. Des méthodes de capture-
recapture spatialement explicites ont été utilisées pour estimer la densité et la population moyennes
des carcajous dans chaque parcelle a tout moment. La moyenne de carcajous résidents était de 2,36
individus par 1 000 km? (SE = 0.34) en 2013 et de 1,66 carcajou par 1 000 km?* (SE = 0.29) en 2014. Les
estimations de superpopulation (nombre de carcajous au sein de la zone d’échantillonnage) étaient de
21 (CI=18-26) en 2013 et de 14 (CI=11-19) en 2014. Les estimations de superpopulation se situaient
prés ou tout juste au-dessus du nombre de carcajous individuels détectés dans la parcelle
d’échantillonnage chaque année, ce qui suggere que I'échantillonnage s’est avéré efficace pour
détecter tous les carcajous de la parcelle ainsi que dans la zone limitrophe.

Des simulations concernant le concept des échantillonnages (espacement des piéges et superficie des
parcelles) donnent a penser que le fait d’accroitre I'espace entre les pieges tout en réduisant leur
nombre pourrait augmenter le nombre d’échantillons et améliorer la précision des estimations. La
population de carcajous dans la région est de faible densité et sera de plus en plus exposée a une
activité humaine en croissance compte tenu de la présence de mines existantes ou proposées ainsi
que de la récolte de subsistance. Les résultats obtenus contribuent a I'établissement de données de
base sur I'écologie des carcajous dans la région est de la toundra arctique continentale et pourront
étre utilisés pour générer des estimations de la population de la région dans le cadre de monitorages a
venir. Les estimations peuvent étre utilisées pour établir les limites de récolte durable et serviront a
appuyer le processus d’examen de la Commission du Nunavut chargée de I'examen des répercussions
(CNER). Cette recherche, réalisée en collaboration avec I'organisation des chasseurs et trappeurs
(OCT) de Baker Lake, s’est avérée une occasion d’offrir de la formation, de I'’emploi et d’un transfert
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de compétences techniques aux membres de I'OCT. Nos résultats tendent a démontrer que
I'implication des chasseurs locaux dans les enquétes basées sur I’ADN constitue une approche a la fois
pratique et économique pour procéder au suivi des populations de carcajous dans la toundra. Afin de
mieux comprendre la population de carcajous dans la région, nous recommandons un monitorage a
long terme qui implique tant les OCT que l'industrie. Cette étude démontre I'efficacité de projets de
recherche mixtes pour renseigner la bonne gestion.

Mots-clés: Glouton, carcajou, ADN, estimation de la densité, lac Aberdeen, Kivallig, Nunavut,
population, capture-recapture spatialement explicite.
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1.0 INTRODUCTION

In Nunavut, the wolverine (Gulo gulo) is listed both as a furbearer (Schedule 5.2) and
big game (Schedule 5.1) under the Nunavut Land Claims Agreement (NLCA). This
non-hibernating, resident, solitary carnivore of Arctic tundra is an important cultural
and economic resource traditionally harvested by Inuit. Nunavut represents the north-
eastern edge of wolverine distribution in Canada. There is no precise population
estimate yet for wolverines within the territory of Nunavut, nor is there any quantitative
limit on their harvest by Inuit. Nevertheless, wolverine densities are believed to be
moderate in the western mainland but low on the Arctic islands and in the eastern
mainland (Slough 2007; Species at Risk Committee 2014). Inuit observations and
recent reports suggest that wolverine numbers in Nunavut are either stable or slightly
increasing (Awan et al. 2014; COSEWIC 2014). They also appear to be expanding
their range eastward and northward (Awan et al. 2012; COSEWIC 2014).

The Committee on the Status of Endangered Species in Canada (COSEWIC) has
assessed the wolverine as “Special Concern” across the Canadian range in 2014
(COSEWIC 2014). The species was also recently petitioned for listing under the US
Endangered Species Act (Stewart et al. 2016). Primary threats to wolverine
persistence identified by COSEWIC include habitat fragmentation and loss due to
development and climate change. While this is true for most parts of the species’
southern range, the range fragmentation and habitat loss issues that affect southern
populations may have limited effect so far on wolverines in Nunavut. However, there
has been an increase in wolverine-human conflicts associated with recent mineral
development projects, and there are indications of recent declines in wolverine
numbers in the central barrens (Boulanger and Mulders 2013ab; Agnico Eagle Mines
2014; Species at Risk Committee 2014). Such scenarios can be expected to increase

in Nunavut with the amount of development projects growing over time (NIRB 2012).

Arctic climates and ecosystems are changing at some of the fastest rates on earth
(McLennan et al. 2012). It is believed that wolverines are demographically vulnerable

and susceptible to impacts from climate change (Inman et al. 2012) and it has been
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suggested that species adapted to cold, snowy environments are particularly
vulnerable to the impacts of predicted warming trends on the snowpack (McKelvey et
al. 2011). Climate change impact is preeminent in the southern part of the wolverine
range, and this impact is expected to increase northward (Inman et al. 2012).
McKelvey et al. (2011) hypothesized that the geographic extent and connectivity of
suitable wolverine habitat in western North America will decline with continued global
warming. However, Webb et al. (2016) described that wolverines may be more flexible
in their habitat selection and likely developed local adaptations depending on habitat
type and resource availability. Various studies (Copeland et al. 2010; Peacock 2011;
McKelvey et al. 2011) highlighted wolverine’s requirement of snow cover for
reproductive dens and identified wolverines obligate association with persistent spring
snow cover for successful reproductive denning. Magoun and Copeland (1998) noted
that at least 1 m of snow, distributed uniformly or accumulated in drifted areas, should
be present throughout the denning period (February until May). Peacock (2011)
believed that location of wolverine reproductive dens under deep snow provides
insulating warmth to newborn kits and protection against predators. How climate
change might influence spring snow cover and affect larger ungulates remains
uncertain (COSEWIC 2014).

The wolverine is both a scavenger and predator throughout its range, caching food in
boulder fields, snowbanks, or bogs for later use (Banci 1987; Mulders 2000; Mattisson
et al. 2016). Within the Arctic ecosystem, caribou is an important species sustaining
much of the tundra biodiversity, and trends in their numbers are important in the
structure and functioning of the tundra ecosystem (Gunn et al. 2011). Wolverine diet
analysis studies on the tundra (Mulders 2000; Awan et al. 2012; Mattisson et al. 2016;
L’Hérault et al. 2016) revealed that wolverines rely predominantly on migratory caribou
(Rangifer tarandus) and wolverine reproduction is limited by winter food availability
(Persson 2005). The recent decline in caribou abundance in parts of the wolverine’s
range in the Canadian north (Gunn et al. 2011; Adamczewski et al. 2015) is expected
to have some effect on wolverines in Nunavut. However, such potential effect is

difficult to identify or quantify since we do not know how resident wolverine population
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may respond demographically to variation in prey abundance (Dalerum et al. 2009).
Nunavut contributes substantial numbers to the national harvest and ecological data
for tundra wolverine are sparse, especially in the north-eastern edge of distribution.
Similar to other northern parts of the wolverine range, the Nunavut mainland is
comprised of large undisturbed areas situated away from communities harvesting
range. These areas with no or limited harvest act as reservoirs or refugia (source) to
maintain or repopulate hunted populations (sink) of wolverines around the
communities (Mulders 2000; Cardinal 2004; Krebs et al. 2004; Golden et al. 2007;
Species at Risk Committee 2014; Gervasi et al. 2016). As these areas become more
accessible due to resource development and increased use of highly efficient four-
stroke snowmobiles by local hunters, populations of wolverines become more
susceptible to overharvesting and disturbance. Given the current situation, there is a
need to estimate the number of wolverines and monitor their trend, particularly in a

changing Arctic.

The wolverine is an elusive species, occurring at low densities (Mulders 2000; Royle
2011; Boulanger and Mulders 2013ab), maintaining large home ranges (Mulders
2000; Dumond et al. 2012), and having long dispersal movements (Inman et al. 2012).
Various techniques have been used to estimate wolverine population abundance or
trends. In Arctic Alaska and southern Yukon, Magoun (1985) and Banci (1987)
estimated wolverine density using telemetric monitoring. Landa et al. (1998) estimated
minimum population size by monitoring natal dens in Scandinavia. Recently,
researchers have used deoxyribonucleic acid (DNA) from hair collected at bait sites in
the central barrens in the Northwest Territories (NWT) and in Alberta to estimate
wolverine density (Mulders et al. 2007; Boulanger and Mulders 2008; Boulanger 2012;
Boulanger and Mulders 2013ab; Fisher et al. 2013). Lofroth and Krebs (2007) and
Royle et al. (2011) generated density estimates of wolverines captured on motion-
detection cameras in British Columbia and southeast Alaska, respectively. Both aerial
(Becker 1991; Becker et al. 1998; Golden et al. 2007) and ground (Golder 2007) snow
track surveys were also used in open habitats in Alaska and NWT to index wolverine

abundance and density estimates. However, Mulders et al. (2007) described that
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wolverine abundance indices obtained through snow track surveys are prone to
observer bias and are affected by variable snow conditions, and error rates are
difficult to assess. Boulanger and Mulders (2008) conducted the DNA-based mark-
recapture studies in the Canadian Arctic at Daring Lake and the Ekati and Diavik
mines in the Lac de Gras region. They estimated a density for females from 2.7 to 6.2
and for males from 1.3 to 4.5 wolverines/1,000 km? in 2003-2006. However, in
Nunavut, we lack crucial information about their abundance and ecology, hampering

justification and management of its harvest (Lee and Niptanatiak 1993).

Similar to other large carnivores, live-capture and tracking of the elusive wolverine
which occurs at naturally low density in the remote tundra is expensive and time-
consuming (Dumond et al. 2012). The NLCA established Hunters and Trappers
Organizations (HTO) and Regional Wildlife Organizations (RWO) with specific roles
and authorities, and through these organizations Inuit are co-partners in Nunavut
wildlife management, including wildlife research. In Nunavut, harvest of wolverine and
other furbearers for clothing and income is a seasonal and traditional activity, where
opportunity for other employment is chronically scarce. Further, Inuit community
concerns over wildlife handling gave rise to a need to adapt a culturally acceptable,
non-invasive approach based on DNA-analysis with a field method that can benefit
from Inuit hunter’s relevant skills and capacities (Inuit Tapiriit Kanatami 2016), while
providing local employment and training. Furthermore, Boulanger and Mulders (2008)
and (Golder 2007) argue that DNA-based methodologies are more powerful and
robust for monitoring wolverine populations than track count methodologies. Recent
studies have demonstrated that the hair-snagging sampling technique in a mark-
recapture framework is feasible for wolverine and grizzly bear (Ursus arctos) in the
tundra habitat (Mulders et al. 2007; Dumond et al. 2012, 2015), this was the approach
selected in the present study to estimate density and monitor wolverine populations in

the Kivalliq region.
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1.1  Objectives

The primary objective of this project was to estimate wolverine population size and
density utilizing Inuit hunter’s relevant skills and capacities to develop a community-
based monitoring protocol through a combination of culturally acceptable (non-
invasive) scientific methods and hunters knowledge. This project is intended to be the

basis for long-term monitoring of the species.
The specific objectives of the study were:

e Estimate wolverine population size and density within the Aberdeen Lake study
area;

e Establish baseline wolverine population data which can be used for long-term
population monitoring;

e Consider alternative designs to increase power to detect change in future
sampling efforts; and

e Provide field work training, technology skills transfer and employment to HTO

members and increase collaboration between government and resource users.
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20 METHODS
21  Study Area

The study area was located north of Aberdeen Lake about 120 km northwest of Baker
Lake (64° 48.715N, 98° 51.282W), and includes 3,344 km? in the Southern Arctic
Ecozone and Back River Plain ecoregion (Fig. 1). The study area selection was based
upon wolverine sightings, harvest pattern information collected from local hunters and

elders, and opinion of knowledgeable biologists.
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Figure 1. The Aberdeen Lake wolverine study area (A) and DNA grid in relation to Baker Lake and
mining areas (B).

The ecoregion is marked by cool summers and very cold winters. The mean annual
temperature is approximately -10.5°C with mean summer and winter air temperatures
of 5.5°C and -26.5°C, respectively. Mean annual precipitation ranges from 200-300
mm. Elevation in the study area ranged from sea level to 300 m. The Back River Plain
ecoregion is classified as having a low Arctic ecoclimate. The vegetation is
characterized as shrub tundra, consisting of dwarf birch (Betula nana), willow (Salix

spp.), northern Labrador tea (Rhododendron tomentosum), Dryas spp., and
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Vaccinium spp. The ecoregion has high mineral potential (Ecological Stratification
Working Group 1995).

We obtained snowfall data from the Environment Canada weather station in Baker
Lake. Monthly snowfall in 2014 was 63% below average and 53% less than 2013 (Fig.
2). In 2014 there was little or no snow at higher elevations and spring thaw occurred

early and rapidly.
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Figure 2. Monthly snowfall (cm) in Baker Lake, NU.

The Ahiak caribou herd migrates annually through the study area (Campbell et al.
2014). Muskoxen (Ovibos moschatus) also provide important food items for wolverine.
Other prey species may include rodents, Arctic hare (Lepus arcticus), Arctic ground
squirrels (Spermophilus parryii), voles and lemmings (Muridae), ptarmigan (Lagopus
spp) and migratory bird species (Mulders 2000; Samelius et al. 2002; Dalerum et al.
2009; Awan et al. 2012). Other carnivores in the area included Arctic fox (Vulpes

lagopus), red fox (V. vulpes), wolf (Canis lupus), and grizzly bears.

Hunters from Baker Lake and other Kivalligq communities have been harvesting
wolverines and other furbearers from the study population. Moderate to heavy
subsistence wolverine harvest occurs around the study area (mostly southeast of the

grid) from November to May with a peak in March and April when the wolverine fur is
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in prime condition, days are longer and snowmobile travel is easier. The average
annual reported wolverine harvest for Baker Lake (2010-2012) was 14 (range 11-18),
biased toward males (73%) and sub-adults comprise 67% of the reported harvest. The
majority of wolverine harvest occurred northwest of Baker Lake along the Thelon River
and Schultz Lake area (Awan and Szor 2014). Since the study area is located on the
northern periphery of wolverine distribution with ongoing subsistence harvest for fur,
we predicted low wolverine density in the study area. Wolverines in the study area
potentially are being exposed to increasing levels of industrial development. The
operational Meadowbank Gold Mine is located approximately 110 km east of the study
area, with a 110 km all-weather access road from mine to community of Baker Lake
(Fig. 1B). Meadowbank Gold Mine is planning to expand its operations about 50 km
further northwest of its Meadowbank mine. Another exploration camp, with proposed
Areva uranium mine is located about 40 km southeast of the study area (Fig. 1B),

although this mine is currently not proceeding.
2.2 Field methods

We conducted DNA sampling north of Aberdeen Lake during spring 2013 and 2014
following the non-invasive procedure developed by Mulders et al. (2007) for tundra
wolverines. This study was designed to involve local hunters in the collection of
samples, with three Baker Lake HTO members hired as part of the field research
team. The DNA grid (Fig. 1A) was sampled from March 31% to May 7™ in 2013 and
March 28" to May 5™ in 2014. During this time, 209 bait posts were sampled in a
systematic sampling grid with 4x4km grid cells, each hosting a post in the cell centre.
Each hair snare bait post consisted of a ~1.6m long and 10x10 cm post wrapped with
barb-wire and anchored in packed snow (Appendix 1). Bait (~250g caribou meat) and
a combination of commercial lures (Beaver Castor and Long Distance Call, O’Gorman
Lures, Montana, USA) were attached to the top of the post with haywire. A GPS
position of each bait post was recorded. Each post was visited 3 times at about 10-
day intervals using snowmobiles. At each visit, all visible hairs were collected and the

wood post was cleaned using a propane torch to remove any remaining hair. Each
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individual clump of hair was removed from the post and placed in labeled individual
coin envelopes (post number, location on post and date) for storage. A fresh set of
bait and lures was installed after every check. The number of caribou, muskoxen, and
other prey species sighted or wildlife signs observed were recorded during the post

set-up and while driving between posts to check for hair samples.

Twenty-five motion triggered digital cameras (Reconyx PC-800 Hyperfire Professional
IR, Holmen, WI) were installed facing bait posts within the sampling grid to capture
wolverine activity (Fig. 1A). The cameras documented wolverine sightings date and
time of the visit, time spent at the hair snagging post, and captured images of other
animals visiting the post. We considered only camera events when they captured

wolverine approaching and departing from the post.

Upon the end of each field season, the samples were sent to Wildlife Genetics
International (WGI), Nelson, BC for individual wolverine identification. From 2013
samples, we analyzed two samples per collection event (post/session combination)
when there was more than one sample of suitable quality available. If possible, we
selected the two samples from different sides of the post and used a minimum quality
threshold of one guard hair root or five underfur hair samples. In 2014, all potential
wolverine samples that contained at least one guard hair root or five underfur were
analyzed. DNA was extracted using QIAGEN DNeasy Tissue kits, aiming to use 10
clipped guard hair roots, when available. Individual wolverines were identified using a
ZFX/ZFY gender marker and the seven microsatellite markers, as applied to other

wolverine projects in the tundra (Mulders et al. 2007; Dumond et al. 2012).

Due to low snow depth and an early melting season in 2014 a subset of posts
(approximately every 3rd column of posts) was sampled in the 3rd session, 65% of
posts were flat on the ground during the third session checkup and had strands of hair
rather than large clumps of hairs trapped in the barbwire. Because of this, data were
summarized in terms of wolverine numbers as a function of active detectors. In
addition, approximate paths of wolverines based upon unique post detections per

session were plotted.
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2.3 Estimates of wolverine density and population size
2.3.1 Baseline model analysis

Spatially explicit capture-recapture (SECR) methods (Efford 2004, Efford et al. 2004,
Efford et al. 2009, Efford 2011) were used to estimate density and population size of
wolverines. Spatially explicit methods model both the first and subsequent detections
of wolverines at posts, while accounting for the spatial configuration of posts in the
landscape. The detection and redetection locations of wolverines on the grid partially
identify a partial sample of where wolverines traversed both on and off the grid during
sampling. Spatially explicit methods basically attempt to estimate the most likely
spatial patterning and movement of wolverines on the grid from detection histories
observed across the grid. More precisely, the detection probabilities of wolverines at
their home range center (go), spatial dispersion of movements (o) around the home
range center, and density are estimated. An assumption of this method is that
wolverine’s home range can be approximated by a circular symmetrical distribution of
use (Efford 2004). The actual shape and configuration of the sampling grid is used in
the estimation process. This accounts for the effect of study-area size and

configuration on the degree of closure violation and subsequent density estimates.

To avoid bias in estimates, a sex-specific detection and scale model was initially run to
determine the effective sampling area of the grid and the dimensions of the SECR
mask (a grid of points that lie on the grid and surrounding area in which density is
estimated). The estimate of effective sampling area is proportional to the scale of
movement (o) estimated by the SECR model. This step indicated that the grid area
needed to be buffered by 30 km to ensure non-biased estimates. A SECR mask of
points spaced at 2 km intervals was overlaid on the study area and the 30 km buffer
area around the study area. The SECR model then estimated density for each mask

point.

For the baseline SECR analysis, a set of sex and year-specific SECR models were

run to assess sex and year-specific movement and detection rate parameters. The
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basic approach was to first model variation in g0 and o to obtain a base model for
2013 and 2014. The most supported base model was then used to obtain a
parsimonious model that described yearly and sex-specific variation in density. Models
were evaluated in terms of relative support information theoretical model selection,
using sample size adjusted AIC.; scores (Akaike Information Criteria) to define the

most parsimonius model (lowest AlC; score; Burnham and Anderson 1998).

These estimates were then used to assess sampling efficiency and wolverine
movements. Density and superpopulation estimates were then derived from the most
supported SECR model (Efford and Fewster 2013). These were assessed in terms of
precision as well as whether the number of wolverines in the area was sufficient for
monitoring purposes. SECR analyses were conducted using the package secr (Efford
2014b) in the R software program (R Development Core Team 2009). Map plots were
created using QGIS software (QGIS Foundation 2015).

2.3.2 Inference about spatial and temporal trends in wolverines

2.3.3 Temporal trends

The support of models that assumed that density did not change between years was
compared to the support of models that estimated year-specific variation and
sex/year-specific variation in density to assess dominant forms of variation in density

during the surveys.

2.3.4 Spatial trends

The baseline SECR models were used to determine whether the distribution of
wolverines on the grid could be described by its habitat features. For this analysis, the
SECR mask was populated with remote sensing habitat covariates based upon a 1
kilometer buffer around each SECR mask centroid. The 1 km buffer effectively
sampled the area that each mask centroid sampled therefore providing a way to
associate density with habitat features. The ecological land classification (ELC) of the

Kivallig region (Campbell et al. 2012) and Northern Land Cover remote sensing

Department of Environment 23 Awan and Boulanger, 2016
0029



Aberdeen Lake wolverine DNA mark-recapture 2013-14

habitat maps were considered for the analysis. Unfortunately, the ELC map only
covered half of the study area and therefore the Northern Land Cover was used for
the analysis. Northern Land Cover classes were pooled down to classes for SECR
analyses based upon the mean proportion of each class in the wolverine grid SECR
mask area (Table 1). In general, the Northern Land Cover classes were not that
precise. For example, class 26 in Table 1 indicated that a pixel could be “Lichen-
shrubs-herb bare soil or rock outcrop”, which indicates a wide range of potential
habitat attributes.
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Table 1. Northern Land Cover classes and the spatially explicit capture-recapture (SECR) pooled classes
and their occurrence on the wolverine grid and 30 km buffer zone. The proportion class is the overall
proportion that each class occurred on the study area as indicated in the SECR mask.

Northern Land Cover class SECR pooled Proportion
class class
28-Low vegetation cover (bare soil rock outcrop) bare 7.9%
39-Recent burns burn 4.3%
1-Evergreen forest (>75% cover)—old forest 0.3%
13-Mixed evergreen-deciduous open canopy (25—-60% cover) forest 0.0%
14-Mixed deciduous (25-50% coniferous trees; 25—-60% cover)  forest 0.0%
3-Deciduous forest (>75% cover) forest 0.0%
4-Mixed coniferous (50-75% coniferous)—old forest 0.0%
6-Mixed deciduous (25-50% coniferous) forest 0.0%
7-Evergreen open canopy (40-60% cover)—moss-shrub
understory forest 0.2%
8-Evergreen open canopy (40-60% cover)—lichen-shrub
understory forest 0.0%
9-Evergreen open canopy (25-40% cover)—shrub-moss
understory forest 0.1%
18-Herb-shrub-bare cover mostly after perturbations herb 0.0%
23-Herb-shrub herb 7.2%
41-Low vegetation cover herb 1.8%
35-Lichen barren lichen_barren 38.5%
26-Lichen-shrubs-herb bare soil or rock outcrop lichen_shrub 3.9%
36-Lichen-shrub-herb-bare lichen_shrub 11.3%
38-Rock outcrop low vegetation cover rock 1.6%
15-Low regenerating to young mixed cover shrub 0.1%
16-Deciduous shrub land (>75% cover) shrub 0.2%
19-Shrubs-herb-lichen-bare shrub 0.0%
21-Sparse coniferous (density 10-25%) shrub-herb-lichens
cover shrub 0.2%
22-Sparse coniferous (density 10—-25%) herb-shrub cover shrub 1.3%
24-Shrub-herb-lichen-bare shrub 0.1%
25-Shrub-herb-lichen-water bodies shrub 0.9%
37-Sparse coniferous (density 10—25%) lichens-shrub-herb
cover shrub 1.2%
20-Wetlands water 0.1%
43-Water bodies water 18.5%
45-Snow/ice water 0.0%
Department of Environment 25 Awan and Boulanger, 2016
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The dominant pooled SECR landcover was lichen_barren (Fig. 3). During the surveys
water bodies would be frozen and therefore represent a viable wolverine habitat type

which was considered in the SECR analysis.
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Figure 3. Dominant pooled Northern Land Cover habitat types classified on the SECR mask based on a
1 km buffer around each centroid point. Each mask point was classified by proportion of each habitat
type and dominant habitat type (habitat type with the highest proportion).

The distribution of SECR classes as indicated by proportions of landcover in each 1
km buffer in figure 4. There was a range of coverage of each pooled landcover class

with lichen_barren being the dominant class within the study area (Fig. 4).
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Baker Lake hunters harvest wolverines in and around the study area, so an additional
distance from Baker Lake covariate was added to the analysis to test whether
proximity to Baker Lake affected wolverine density. The main rationale for this
covariate was that harvest pressure might reduce wolverine density and harvest

pressure was assumed to be higher in areas that were closer to Baker Lake.
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Figure 4. Distributions of the percentage of pooled landcover types in 1 km buffers around each SECR
mask covariate. The bar in each box indicated the median proportion, box boundaries indicate the 25"
and 75" percentiles. The limits indicate up to the 95" percentile. Points beyond the 95" percentile are
indicated by individual points.

The SECR habitat covariates were added to the density term for each of the habitat
classes. The support of these models was compared to a constant density model
(which assumes homogenous density across the study area) to determine if any of the

SECR habitat covariates was associated with wolverine density.
2.3.5 Pradel robust design open and closed model analysis

The Pradel model (Pradel 1996) robust design (Pollock and Otto 1983) in program
MARK (White and Burnham 1999) was used to obtain estimates of local population

size and trend from the mark-recapture data set. The Pradel model estimates
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apparent survival (¢ - deaths and emigration), rates of addition (f - births and
immigrants) and population rate of change (L) from multiple year data sets. Population
rate of change (L) for the Pradel model is simply the population size in one year
divided by the population size in the previous year. It is also equal to apparent survival
() plus rates of addition (f) for a given year. The relative 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 reducing estimate
bias and optimizing precision (Burnham and Anderson 1998). In general, any models

with a AAICc score of less than 2 are considered equal.
2.3.6 Simulation study of alternative grid sizes

One of the potential issues identified in 2013 was the low numbers of wolverines
encountered in the grid area. This was likely due to the relatively small size of the
study grid combined with lower densities of wolverines in the region. Such outcome
likely reduced estimate precision and therefore our ability to monitor wolverine trends.
One of the dominant questions was whether it would be possible to increase grid size
to increase the population of wolverines susceptible to sampling while retaining
sufficiently high capture probabilities. Grid size might be increased by increasing post
spacing while reducing the number of posts sampled to therefore keep the amount of

sampling effort at a feasible level.

To explore these options, a set of simulations was conducted using the 2013 data
where grid size was increased by increasing post spacing from 4 km to 8 km while
reducing the total number of posts. Simulations were then conducted to assess the
relative bias and precision of density estimates. Simulations were conducted using the

secrdesign (Efford 2015) package in the R statistical analysis program.
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3.0 RESULTS

3.1 Summary of data

In 2013, 321 hair samples were successfully analyzed which belonged to 18 individual
wolverines (8F:10M). In 2014, 207 hair samples were successfully analyzed, with 11
(8F:8M) individual wolverines identified, including eight identified during 2013
sampling. The number of new individuals detected was relatively similar for first two
sessions in both years but detection of new individuals was lowest in the third session
in 2014 (Table 2). The third session in 2014 only had 96 active posts, which may have
reduced detections, however, inactivity of posts was accounted for in the SECR
modelling process. The hair sample success rate dropped accordingly, from a
weighted mean of 75% for 2013 to 70% for 2014. This drop was largely explained by
the poor performance of 2014 third session samples, which had a 56% hair sample
success rate, likely due to early thaw, which left flat posts on bare ground with fewer
hairs. No individual from this study area matched to any individual from other Arctic

datasets or study areas (D. Paetkau, WGI, unpubl. data).

In both years, about half of the wolverines (n = 12) were detected in more than one
session. The number of detectors visited was quite high within each session

suggesting that wolverines visited multiple posts within sessions.
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Table 2. Summary statistics for 2013 and 2014 DNA mark-recapture sampling efforts at Aberdeen
Lake, Nunavut.

Statistic (Year) Session

1 2 3 Total
2013
Individual detected (session) 9 8 15 32
New individuals (session) 9 2 7 18
Cumulative detected (session) 9 11 18 18
Frequencies of detection (individual) 9 4 5 18
Detectors visited (session) 56 64 97 217
Detectors available (session) 209 209 209 627
2014
Individual detected (session) 8 7 8 23
New individuals (session) 8 2 1 11
Cumulative detected (session) 8 10 11 11
Frequencies of detection (individual) 4 2 5 11
Detectors visited (session) 51 58 28 137
Detectors available (session) 208 208 96 512

On the DNA sampling grid, nine females and 12 males were detected in 2013 and
2014. The majority of wolverines were detected in 2013 with an additional one female
and two male wolverines detected in 2014. Most wolverines were detected multiple
times with some wolverines being detected at up to 58 different post X session

combinations over the three sampling sessions in 2013 (Table 3).
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Table 3. Summary of the number of unique detections (combinations of unique posts where a
wolverine was detected for each sampling session) by year and sex of wolverine.

Females Detections (year) Males Detections (year)
Individual 2013 2014 Individual 2013 2014
1-A08-B3 52 28 1-C06-A3 14 2
1-D12-A7 6 0 1-FO1-A6 12 0
1-E09-A8 30 12 1-FO7-D6 58 43
1-Y15-A5 2 0 1-G03-C6 O 3
2-E13-A7 0 1 1-G08-BO O 1
2-G09-GR 12 0 1-107-C5 1 0
2-K16-C2 2 0 2-G02-C4 29 23
3-L01-C3 1 0 3-A08-D4 2 2
3-Y03-B5 2 0 3-A13-D2 1 22
3-B06-GR 7 0
3-K14-D5 2 7
3-Y01-A4 1 0

Many of the wolverines traversed a substantial portion of the sampling grid, with both
male and female wolverines traversing similar distances (Fig. 5). Eight individuals (2F:
6M) were detected on the grid in both years (Table 3), apparently these were resident
wolverines, and nine individuals (4F: 5M) in both years were detected only in one
session, likely transient wolverines or individuals whose home range overlapped only
the periphery of the grid (Fig. 6). The wolverines detected on the periphery of the grid
were seldom detected, likely because their home range centers occurred off the
sampling grid. In 2014, approximately every third column of posts was sampled in
session three. This most likely did not have a large effect on estimates given that most
wolverines were detected across at least 3—4 rows or columns of posts. Program
SECR accounted for this difference by only considering the active sites for session
three in 2014.

In 2013, approximate mean distances moved per session for females and males were
11.1 km (£0.86, n = 99) and 13.9 km (£0.91, n = 117), respectively. In 2014,
approximate mean distances moved for females and males were 9.9 km (£0.99, n =
38) and 14.3 km (£1.09, n = 95), respectively. Estimated distances should be
interpreted cautiously for a few reasons. First, the actual order of wolverine detections
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at posts within a given session is unknown and therefore the actual distance between
detections will be approximate or minimum. Second, distances between detections
could potentially be influenced by behavioural response to posts. Wolverines may
change their movements after initial detection due to attraction to posts (“trap
happiness”). Both of these factors are accounted for by the fitting of spatially explicit
models. The metric that best describes movement is the SECR scale parameter (0)
and the associated detection function, all of which are estimated and described later in

this report.
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Figure 5. Detection location and approximate paths of wolverines using detections at unique posts
across all sessions by sex and year. The paths for wolverines are approximate given that the order of
detections within sessions is unknown. Multiple detections at single posts are staggered for easier
interpretation. All posts were sampled for 3 sessions in 2013. Posts were sampled as noted in legend
for 2014.
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Plotting of mean detection location of wolverines by year (Fig. 6) suggests that despite
the large areas traversed, wolverines displayed reasonable home range fidelity with
relatively short distances between mean detection locations from each year. These
mean detection locations do not necessarily indicate the home range center of

wolverines given that they could only be sampled within the DNA grid.
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Figure 6. Mean detection locations of wolverines by sex and year. Multiple mean detection locations
at the same post are staggered to facilitate interpretation. Mean locations of wolverines detected
both years are connected by a colored line. In the case of males, all mean locations which overlap are
from the same individual (detected in both 2013 and 2014).

3.2 SECR analysis

SECR model selection initially focused on determining the best model to describe sex
and year-specific variation in detection probabilities and movements. The full
combination of covariates was considered with only 4 models being more supported
than a constant model (that assumed detection and scale of movement were similar
for both sexes and years). Of the 4 models, a model that assumed constant detection
across sexes and years but sex-specific scale of movement was most supported
(Table 4, Model 1).
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Table 4. SECR model selection for the Aberdeen Lake wolverine project. AlIC, = sample size adjusted
Akaike Information Criterion, AAIC. = the difference in AIC, between the model and the most
supported model, AIC. weight = w;, K, the number of model parameters and log-likelihood (LL) are
given. Baseline constant models are shaded for reference with covariate models.

No Detection (go) Scale (o) AIC, AAIC, Wi K LL

1 constant sex 2472.2 0.00 0.63 4 -1231.3
2 year sex 24754 3.19 0.13 5 -1231.4
3 sex sex 2477.4 5.23 0.05 5 -1232.4
4 constant year 2477.5 5.33 0.04 4 -1233.9
5 constant constant 2477.7 5.52 0.04 3 -1235.4
6 session constant  2478.9 6.69 0.02 4 -1234.6
7 constant sex*year 2479.4 7.20 0.02 6 -1231.8
8 year year 2479.4 7.23 0.02 5 -1233.4
9 sex year 2480.1 7.96 0.01 5 -1233.8
10 sex sex*year 2480.2 7.98 0.01 7 -1230.4
11  year sex*year 2480.2 8.00 0.01 7 -1230.4
12 sex constant  2480.5 8.36 0.01 4 -1235.4
13 sex*year sex 2482.1 9.93 0.00 7 -1231.4
14  sex*year constant  2485.3 13.16 0.00 6 -1234.8
15 sex*year sex*year 2485.9 13.73 0.00 9 -1229.2
16  sex*year year 2486.9 14.68 0.00 7 -1233.8

Additional analyses were conducted to explore potential behavioural response of
wolverines to sampling using the baseline non-behavioural response models in Table
4. Results from previous studies (Boulanger and Mulders 2013ab) suggest that
wolverines display a “trap happiness” response to sampling. This is the case here with
the large number of repeated detections (Table 3). Behavioural response models
considered individual responses to sampling in which a wolverine changed detection
probability (go) or movement (o) after initial detection for the duration of sampling
(symbolized as b) or for just the session after detection (symbolized as B). In addition,
site-level behavioural response models were considered in which the detection of a
site changed after the session it detected a wolverine for the duration of sampling
(symbolized as k) or for just a single session after it first detected a wolverine
(symbolized as K). Finally, models that considered individual and trap specific

detection were considered (symbolized as bk or Bk). In this case, trap response would
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be specific to individual wolverines that had been detected at that site rather than all

wolverines.

Model selection suggested the importance of the scale of movement changes for
individuals detected at specific sites (Table 5, model 1). Basically, this model suggests
that wolverines will change (increase movement) for sites that they have previously
visited. This response occurs for specific wolverine/site combinations rather than for
all sites. For example, a site that had not detected a wolverine would not have an

increase in movement relative to its location.
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Table 5. SECR model selection for the Aberdeen Lake wolverine project for behavioural response
models. AIC. = sample size adjusted Akaike Information Criterion, AAIC. = the difference in AIC.
between the model and the most supported model, AIC, weight = w;, K, the number of model
parameters and log-likelihood (LL) are given. Baseline non-behavioural models are shaded for
reference with covariate models.

No Detection (g0) Scale (o) AlCc AAICc  w; K LL

1 constant sex+ animal/site (bk) 2431.53 0.00 1.00 5 -1209.5
2 site(k) sex 2451.56 20.03 0.00 5 -1219.5
3  constant sex+site(k) 2452.29 20.76 0.00 5 -1219.8
4  site transient(K) sex 2460.41 28.89 0.00 5 -1223.9
5 animal/site (bk) sex 2460.83 29.30 0.00 5 -1224.1
6  constant sex+site transient(K) 2461.34 29.81 0.00 5 -1224.4
7  animal (b) sex 2468.52 37.00 0.00 5 -1228.0
8 animal transient(B) sex 2472.79 41.26 0.00 5 -1230.1
9 constant sex 2472.2 40.65 0.00 4 -1231.3
10 constant sex+animal(b) 2478.26 46.74 0.00 5 -1232.8
11 constant sex+animal transient(B) 2483.19 51.66 0.00 5 -1235.3

Plots of detection functions for the behavioural response model (Table 5, model 1)
indicates an increase in movements after initial encounter of posts by individual
wolverines (Fig. 7). The actual change in overall movement would depend in this case
on how many posts a wolverine had encountered given that post-specific encounters
was modelled. The scale of the detection function relative to post spacing
(approximately 4 km) suggests that the current post spacing is more than adequate to

ensure detection of the majority wolverines on the sampling grid (as discussed later).

If a circular home range shape is assumed, it is possible to approximate home range
size using estimates of o based on initial detection. This home range size is
equivalent to the 95% utilization distribution with home range radius (r) estimated as
2.450 and home range area estimated as mr%. Using this formula, estimates for home
range size (based on Model 1 in Table 5) were 1,724 km? (CI=1,419-2,094) and 2,669
km? (Cl=2,211-3,222) for females and males, respectively. Using these estimates, the
home ranges of wolverines were relatively large compared to the overall size of the
DNA sampling grid (3,344 km?).
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Figure 7. Detection functions for the most supported model for estimating wolverine densities in the
sampling grid at Aberdeen Lake, Nunavut. This model assumes similar detection at the home range
center but sex-specific scale of movement (o) as well as a post and animal specific behavioural
response in o after the initial encounter of posts.

3.3 Estimates of population size and density

Estimates of the average number of wolverines on the sampling grid at a single
capture time were derived from the most supported detection model for year and sex
of wolverine (Table 5). In terms of SECR, the expected local population size for the
DNA grid area is essentially an estimate of the number of home range centers
occurring on the sampling grid (Efford and Fewster 2013). Estimates were 7.85 and
5.53 wolverines for 2013 and 2014, respectively (Table 6), which were less than the
18 and 11 individual wolverines detected on the grids in 2013 and 2014, respectively
(Table 2). This suggests that many of the wolverines detected on the grid had home
range centers off the grid, which is not surprising given the large home range sizes

and the paths and locations of mean detection on the DNA grid (Figs. 5 and 6).
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Interestingly, inclusion of the behavioural (bk) term on o did not appreciably change
estimates. For example, estimates based on a model without the bk term were 7.38

and 5.35 wolverines for 2013 and 2014, respectively.

Estimates were marginally precise for females but had acceptable precision for males
and pooled sex estimates (as denoted by coefficients of variation of less than 20%).

Density was obtained by dividing the average population size by grid area.
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Table 6. Estimates of average population size (N) and density (wolverines per 1,000 km?), average
number of wolverines on the DNA grid, Aberdeen Lake, Nunavut, 2013-2014.

Sex/year Estimate SE Confidence Limit CV
Average N

2013

females 4.51 0.99 2.95 6.89 21.9%
males 3.34 0.53 2.46 4.55 15.8%
total 7.85 1.12 6.97 11.10 14.3%
2014

females 3.36 0.93 1.97 5.73 27.8%
males 2.17 0.23 1.76 2.67 10.7%
total 5.53 0.96 6.97 11.10 17.4%
Density

2013

females 1.35 0.30 0.89 2.07 21.9%
males 1.00 0.16 0.74 1.37 15.8%
total 2.36 0.34 2.09 3.33 14.3%
2014

females 1.01 0.28 0.59 1.72 27.8%
males 0.65 0.07 0.53 0.80 10.7%
total 1.66 0.29 2.09 3.33 17.4%

The population size of wolverines on the grid and surrounding area that was

vulnerable to sampling was calculated by estimating the “effective sampling area” of

the grid with SECR methods (Table 7). For closed models, this area is termed the

“superpopulation” and is less well defined (Efford and Fewster 2013). Estimates of

wolverines were close to or slightly above the number of unique wolverines detected

on the sampling grid for each year. This suggests sampling was highly effective in

detecting all the wolverines on the grid as well as the immediate surrounding area.
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Table 7. Estimates of wolverines in the grid and surrounding area (the effective sampling area of the
grid) using closed models and SECR models (sexes pooled) for 2013 and 2014, Aberdeen Lake,
Nunavut.

Method Estimate SE Confidence Limit CV
2013

SECR 21.20 2.07 17.50 25.70 9.8%
Closed N 18.52 1.29 18.03 26.16 7.0%
2014

SECR 14.20 2.19 10.54 19.20 15.4%
Closed N 11.00 0.62 11.00 11.23 5.6%

3.4 Spatially explicit analysis of temporal trends and spatial variation in

density

Spatial and temporal trends were investigated using SECR methods as well as the
Pradel robust design method. SECR models were introduced into the analysis that
considered temporal and spatial trends in the wolverine data set. Temporal trend
models included year-specific and sex and year-specific variation in density. Of the

models considered, a model with constant density was most supported (Table 8).

The most supported constant density model was then used as a base model for the
spatial/density surface modelling analysis, which used the Northern Land Cover
covariates (Table 1 and Figs. 3 and 4) to describe density variation on the sampling
grid (Table 8). None of the density covariate models were more supported than the
baseline constant density model. Distance from Baker Lake also was not supported as

a distance covariate model.
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Table 8. SECR model selection results for exploration of temporal and spatial trends in wolverine
density in the sampling grid of Aberdeen Lake, Nunavut, 2013-2014. The most supported detection
model (Table 4: g0(.) o(sex+bk)) was used for all the density models. AIC. = sample size adjusted
Akaike Information Criterion, AAIC. = the difference in AIC. between the model and the most
supported model, AIC. weight = w;, K, the number of model parameters and log-likelihood (LL) are
given.

No Density AlCc AAICc  wi K LL
Temporal trends

1 constant 2432.1 0.00 0.67 5 -1209.7
2 year 2436.7 4.55 0.07 6 -1210.4
3 sex 2451.1 18.99 0.00 6 -1217.6
4 sex*trend 2457.9 25.78 0.00 8 -1217.3
5 sex*year 2460.4 28.34 0.00 8 -1218.6
Spatial variation

1 shrub 2434.4 2.32 0.21 6 -1209.3
2 bare 2439.4 7.30 0.02 6 -1211.8
3 rock 2439.5 7.40 0.02 6 -1211.8
4 forest 2440.2 8.10 0.01 6 -1212.2
5 water 2461.2 29.09 0.00 6 -1222.7
6 burn 2462.2 30.09 0.00 6 -1223.2
7 dom. Habitat 2470.1 38.03 0.00 12 -1213.3
8 lichen_shrub 2474.1 42.01 0.00 6 -1229.2
9 herb 2474.6 42,50 0.00 6 -1229.4

Sex*distance Baker

10 Lake 2475.4  43.26 0.00 8 -1226.1
10 lichen_bare 2480.0 47.88 0.00 6 -1232.1

3.5 Pradel model analysis of demography

Model building for the Pradel model first focused on testing of a baseline detection
model. Our models allowed full variation in several parameters: capture and recapture
rate variation (Table 9: model 8), year and sex variation in detection and redetection
(model 7), year and sex variation in detection probabilities (model 6), sex specific
variation in detection rate (model 5) and no variation in detection rate (model 4). The
model with no variation in detection rate was most supported (model 4). Using this
model, sex-specific variation in apparent survival and additions was explored. Of the
models considered, a model with sex-specific variation in apparent survival but

constant additions was most supported (model 1).
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Table 9. Pradel model analysis of 2013 and 2014 Aberdeen wolverine mark-recapture data. AIC. =
sample size adjusted Akaike Information Criterion, AAIC. = the difference in AIC. between the model
and the most supported model, AIC. weight = w;, K, the number of model parameters and deviance are
given. Baseline constant models are shaded for reference with covariate models. A (.) indicates the
parameter was held constant. Otherwise, the covariate varied is indicated. Parameters are apparent
survival (¢), rates of addition (f), capture probability (p) and recapture probability (c).

No Model AlCc AAIC.  wi K Deviance
1 O (sex) f(.) p(.) 159.37 0.00 036 4 68.01
2 @ (.) f(.) p(.) 159.39 0.02 036 3 70.36
3 O (.) f(sex) p(.) 161.58 2.22 012 4 70.23
4 O (sex) f(sex) p(.) 161.73 2.37 011 5 67.96
5 @ (sex) f(sex) p(sex) 163.90 4.54 0.04 6 67.60
6 O (sex) f(sex) p(sex*year) 167.64 8.28 0.01 8 65.96
7 O (sex) f(sex) p(sex*year) c(year*sex) 171.24 11.87 0.00 11 60.55
8 O (sex) f(sex) p(sex*year*t) c(year*sex) 178.72 19.35 0.00 16 49.85

Model averaged estimates of apparent survival and additions were added to obtain
estimates of overall change for males and females (Fig. 8), which further suggested a
declining population. The primary drivers for this change was low apparent survival
for both males and females. Low apparent survival could be due to high mortality or
emigration from the study area (or both). In both cases estimates of overall change

did not overlap suggesting that this decline was statistically significant.
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Figure 8. Model averaged estimates of apparent survival, rates of addition and population rate of
change (apparent survival + rates of addition = population rate of change) for the 2013 and 2014
Aberdeen Lake wolverine study, Nunavut.

3.6 Simulation study of alternative grid sizes

Simulations in SECR design focused on single-year estimates of density, average
population size, and population on the grid and surrounding area. The grid
configuration was assumed to be expansions of the existing grid (4 km post spacing
with 208 posts) by reducing the number of posts, while increasing post spacing up to 8
km (Fig. 9). The range of spacing of posts was based partially on rules of thumb for
trap spacing for SECR studies based upon estimates of 0. In general, post spacing
should be from 1.50 to 2.50 (Efford and Fewster 2013, Royle et al. 2014). Estimates
of o from this study were 9,563 m (Cl = 8,676-10,054) and 11,900 m (Cl = 10,831—
13,074) for females and males, respectively, based on initial encounter of posts. In
this case, conservative post spacing could be at least the value of o for females (9.5
km). Given logistical constraints on field efforts, a post spacing of 5 to 8 km was

considered for simulations.
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Figure 9. Grid areas (km?) simulated as a function of the number of posts employed and post spacing.
The existing study used 4 km post spacing with 209 posts.

Indicators of a successful design were a population size of wolverines on the grid and
surrounding area of greater than 20 (based on 2014 densities) as well as an increase
in relative precision compared to the present 4 km 209 post design. Using estimates
of density and effective sampling area from 2014, estimates of the average number of
wolverines on the grid and the grid and surrounding area were estimated. It can be
seen that it would require at least a 6x6 km design with 180 posts to ensure that 20

wolverines were on the grid and surrounding area (Fig. 10).
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Figure 10. The estimated number of wolverines on the grid (A) and the number of wolverines on the
grid and surrounding area (B) based upon estimates of density in 2014.

Results from the secrdesign simulations suggest that the precision of density
estimates increased with grid size. This suggests that the main limiting factor for
precision with this study is the number of wolverines likely to be sampled rather than
the spacing of posts (Fig. 11). Increasing post spacing to increase grid size will

increase estimate precision even if the number of posts sampled is reduced.

The actual estimates of precision pertain to a single year study and are therefore
lower than from the current analysis that combined data from 2013 and 2014. For
example, the estimate of coefficient of variation for the 2014 density estimates was
16.6% whereas simulated estimated precision was 32.0%. Therefore, simulation
results should be interpreted in a relative manner. The main point of the simulations is
that precision with larger post spacing increases relative to the present (4 km spacing)

design.
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Figure 11. Estimated relative precision of density estimates from a single year study as a function of
post spacing and the number of posts employed.

Camera data shows that wolverine visits to the bait post occurred on average 6 days
(SD = 3, n = 49) after deployment. Based on the trigger cameras, while visiting the
baited post wolverine spent on average 710 seconds (11.8 minutes) around the post
(SD = 1125, n = 44). The wolverine visits to bait posts showed a clear pattern, with
wolverines visiting posts often during night (42%, n = 48) or early morning hours
(33%) with the least visits during the day (19%). Such nocturnal behaviour is also
reported by Arnesen (2015) in Sweden, who observed significantly more visits during

the night hours (68.9%) in comparison to day hours.

Ground-based survey is cost-effective way of study wolverines and it vigorously
involved the local HTO and community. The land skills required for this type of field
work were achieved by hiring five experienced hunters and HTO members (3 for the
whole duration of the study and 2 as and when needed). They were very
knowledgeable, actively participated in the field work and learned standardized wildlife

survey techniques (sampling protocol, hair collection and data recording) and could
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potentially run this program in future years with minimal supervision and technical
help. These trained HTO members are able to work as wildlife monitors at
exploration/mining camps or participate in wildlife monitoring surveys. This seasonal
employment to local hunters helps combat the high cost of living in the north and
expensive maintenance of their hunting equipment to carry out subsistence harvesting
activities. The study generated about 400 person-days of employment to local hunters
and elders, the project helped to build a monitoring capacity in the HTO, and the
baseline information collected within the socio-cultural framework will be used for
future monitoring and for wolverine management. HTO board members reviewed and
discussed the proposal and field methods in detail, provided guidance and obtained
more awareness about the species status at the national and international level. The
involvement of hunters and HTO in the study enhanced their interaction with the
government and may be a mechanism to increase local involvement in wildlife
management. The government staff learned land skills and more about how
HTO/community members want to be involved in scientific studies and conservation in
Nunavut. While working on the project, as hunters with immense experience, they act
as stewards of the land on a daily basis and provided guidance to government staff
and safely accomplished the field work. Some logistical and social gaps were
identified during the field work that will be shared with other department researchers

and will be addressed in future studies.
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4.0 DISCUSSION

This study produced the first density estimates of wolverine in the Kivalliq region,
Nunavut using a robust survey sample design and logistics facilitated by local hunters.
Our average density estimate of 2.36/1,000 km? was low compared to other known
values reported throughout the central Arctic. Despite low sample sizes, the precision
of estimates from the combined 2013 and 2014 data sets were acceptable for the
combined sex estimates (Table 6), most likely due to the large number of detections
and redetection of wolverines. The estimated average number of wolverines on the
grid was lower than the total of detections. This indicates that all resident wolverines
were probably detected in DNA sampling, and also suggests that the grid is capturing
wolverines using an area beyond the grid boundaries (as far as 30 km). The scale of
movement by wolverines (based on repeated detections on the grid [Fig. 5] and the

detection functions; [Fig. 7]) is relatively large compared to overall grid size.

The detection of site and wolverine-specific response in analyses is biologically
intuitive. These models assume that a wolverine will change its scale of movement at
a post that it has been detected at previously. This type of behavioural response
model is much more exact in that it considers post and wolverine combinations based

on previous encounter.

Within the 3,344 km? grid area, 2 females and 6 males were present on the grid for
both years (Table 3) and this generated a density of 2.3 resident wolverines per 1000
km?. Most of the individuals (n=9) were detected in one session only. It is likely that
these were transient animals and this is consistent with COSEWIC (2014) that a
sizeable proportion of the wolverine populations, normally sub-adults, are transient at
any given time. This is also evident from the Baker Lake reported wolverine harvest
(2010-2012) with high proportion of sub-adults (67%) and males (73%) in the harvest
(M. Awan, DOE, unpubl. data). In 2015, Awan and Boulanger (in prep.) used the same
methodology with 5x5 km cells and estimated 4.32 wolverines per 1000 km? in a study
about 300 km south of the Aberdeen Lake study area. In the West Kitikmeot, higher
densities were estimated (6.85/1,000 km? at High Lake in 2008 and 4.80/1,000 km? at
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Izok Lake in 2012) by Poole unpubl. data (2013). However, both of these study areas
were in the central Arctic characterized by generally higher productivity, and with no or
occasional limited wolverine harvest. Krebs et al. (2004) reported substantially higher
survival rates in non-harvested populations than harvested populations and significant
differences in survival among habitats. Further, Gervasi et al. (2015) described that
population properties, such as density or survival rates, often vary due to uneven
spatial distribution of resources and mortality risks. Like grizzly bears, it has been
generally assumed that wolverine densities are higher in the West Kitikmeot and lower
to the north and east, and that population density is driven by productivity and
seasonality (McLoughlin 2001). Inman et al. (2012) described that wolverine density
estimates can vary among latitude and habitat type and comparison of wolverine
density among studies must be made with caution because estimates may vary with
study design and season. In North America, wolverine densities vary across ecological
areas and habitat quality, to a maximum of about 5-10 wolverines/1,000 km?
(COSEWIC 2014; Species at Risk Committee 2014). However, we expected wolverine
density in the Aberdeen Lake area to be lower compared to central and western Arctic
tundra habitat (western Kitikmeot and NWT) and taiga and mountain areas because of

lower productivity on the eastern tundra (McLoughlin 2001; Rescan 2014).

Both SECR (Table 6) and Pradel model (Fig. 8) analyses resulted in lower estimates
of abundance and density for 2014 compared to 2013. Consequently, the number of
wolverines on the grid at any given time also declined between years as well as the
superpopulation of wolverines on the grid and surrounding area. The difference
between the two year estimates has a number of possible explanations. The Pradel
model results suggest that low apparent survival rates are potentially driving the
decline of wolverines in the area. In general, wolverines that were detected in both
years (n = 8) showed reasonable fidelity to mean capture areas (Fig. 6) so we
speculate that lower apparent survival is due to either low true survival or emigration
of younger and breeding female wolverines to other areas. Like other mammals, high
male-biased dispersal (Pusey 1987) and intersexual home range overlap is reported

in wolverine populations (Vangen et al. 2001; Dalerum et al. 2007; Bischof et al.
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2016). Others have reported long dispersal movements in yearlings from their natal
area (due to competition of resources) before reaching sexual maturity (Copeland
1996; Mulders 2000; Vangen et al. 2001; Inman et al. 2012) and migration of
wolverines from the areas with lower mortality to those with higher mortality (Gervasi
et al. 2015, 2016). The average annual reported wolverine harvest for Baker Lake
from 2010-2012 was 14 (range 11-18). It is likely that the Aberdeen Lake population is
part of a source and sink dynamic, with emigration from the northwestern portion of
the grid and adjacent areas replenish harvested animals closer to Baker Lake
community. So this low apparent survival may likely be due, in part, to dispersing
transient wolverines that spend only a portion of time on the grid, as also described by
Mulders et al. (2007) in the central Arctic.

Various studies describe wolverine selection of deep snow for reproduction and den
sites in rocky scree slopes, along eskers, within hard packed snowdrifts or under
snow-covered boulders (Lee and Niptanatiak 1993; Magoun and Copeland 1998;
Landa et al. 1998) and suggest that denning females were restricted to the areas
having dense snow cover (21 m), distributed uniformly or accumulated in drifted areas,
during the February to May denning period (Magoun and Copeland 1998; Copeland et
al. 2010). McKelvey et al. (2011) hypothesized that snow depth may have a greater
influence on wolverine denning than spring snow cover; thus, it is likely that less snow
in the area in 2014 (Fig. 2) likely reduced the availability of reproductive den sites and
altered the wolverine distribution in the area. This interpretation is supported by the
detection of only three females in 2014 compared to eight females in 2013. Wolverine
spatial patterns and variation with season and year on tundra is poorly understood,
but denning philopatry has been reported in tundra breeding females (Lee and
Niptanatiak 1996).

Observed decline and or inter-annual variability in abundance should be interpreted
with caution. Indeed, the lower number of wolverine recorded in the 2014 (specifically
in the third session) may be caused by the low snow quantity in the hilly areas (likely

area of high density), which reduced sampling effort and detection, or emigration.
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Moreover, due to less snow and early melting, 65% bait posts were lying down and
with fewer hairs rather than large clumps of hairs trapped in barbwire, which caused a
reduced DNA extraction rate for the third session (56%) due to insufficient DNA

material for extraction.

Prey availability between years may contribute to changes in wolverine numbers,
because the ungulate literature suggests that snow depth influences spatial and
temporal distribution and use of habitat (Maher et al. 2012; Richard et al. 2014;
Tablado et al. 2014), which affects distribution of predators (Hojnowski et al. 2012;
Carricondo-Sanchez et al. 2016). The reasons for the apparent population
decline/change from 2013 to 2014 are unclear, plausible explanations are weak and
we have only one comparison (2013to 2014). This requires additional investigation to
determine whether less snowfall and lower sampling coverage in 2014 may have
contributed to this apparent decrease. While sampling effort was reduced, sampling
was still reasonably systemic in 2014 with every third row being sampled in session
three. However, if wolverine shifted their movements to areas that were not sampled
by posts then it is possible that estimates were reduced due to shift in distribution of
wolverines relative to posts on the sampling grid. This baseline result is a snapshot of
wolverine status in early spring over two years. The apparent annual variation in
density estimates highlights the need for continued monitoring to better determine
spatial and temporal drivers of local abundance and how wild populations change over
time (Harris et al. 2005; Mulders et al. 2007). Three study areas in the central Arctic in
the NWT exhibited a decline in wolverine density of 35% to 61% between 2004-2005
and 2011 (COSEWIC 2014). Boulanger and Mulders (2013ab) believe that these
declines were concurrent with declines in the Bathurst caribou herd and not related to

mining activities.

Given the low wolverine density in the sampling grid area, the main challenge to future
survey efforts will be detecting sufficient wolverines to allow estimates of trends.
Previous simulation studies suggest that at least 20 (preferably 50) wolverines are

needed on a sampling grid for adequate power to detect trends (Boulanger and
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Mulders 2013b). The current 4 km post spacing oversamples the population as

indicated by the large number of recaptures of resident wolverines.

Other studies in the Arctic tundra utilized 3x3 km (Mulders et al. 2007), or 5x5 km cell
size (Boulanger 2012; Dumond et al. 2012). Considering the low density in the Kivalliq
region and logistics this study used 4x4 km grid cell to examine whether sample size
of wolverines on the grid, grid cell size spacing and other study design features were
adequate to monitor wolverine trend in the region. Simulations of sampling designs
(post spacing, grid size) suggest that increasing post spacing up to 7x7 km while
reducing the number of posts sampled can increase sample size and estimate
precision. Studies in West Kitikmeot have obtained precise estimates of wolverine
population size with 5 km post spacing (Boulanger 2012). Increasing post spacing and
overall grid size increases the distance between posts and therefore the overall
amount of field effort. The main way to reduce field time would be to reduce the

number of overall posts (from 208 to 154) concurrent with expanding cell size.

A future goal of this DNA sampling effort is to describe wolverine density across the
contiguous portion of the Kivalliq region. In order to achieve this goal sampling should
be spread widely across the region. From this study we obtained a precise wolverine
density estimate for the grid area which may not be an adequate representation of
wolverine densities in other parts of the region. To generate a second estimate of
population size within the broader region a DNA grid around Henik Lake, about 300
km south of the Aberdeen Lake study area, was sampled in 2015-16, which estimated
a higher density of wolverines (Awan and Boulanger in prep). For Kivallig regional
population estimates we will use combined data from these 2 study grids similar to the
sub-grids approach proposed for the Kivalliq grizzly bear study (Boulanger et al.
2013). This type of simulation could be considered with discussion of likely sub-grid
areas and overall field logistical constraints. The main advantage of the sub-grid
approach is that it could contribute to an estimate of the overall regional population of

wolverines rather than an estimate of wolverines on a single sampling grid.
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The density surface modelling exercise did not detect associations of wolverine
density with Northern Land Cover covariates or distance from Baker Lake. We suspect
this was caused by the lack of resolution in the Northern Land Cover classification as
well as the relatively small scale of the sampling grid. The large scale of movement of
wolverines and subsequent larger scale of habitat selection may also be at play.
Johnson et al. (2005) used wolverine locations from a radio telemetry study by
Mulders (2000) in the Southern Arctic ecozone on the central barrens in the NWT.
This work indicated a strong relationship between wolverine occurrence and sedge
habitat, while wolverines were avoiding areas dominated by heath rock, heath tundra,
and lichen veneer. We suspect that selection and distributions of densities of
wolverines occur on a relatively large scale compared to the grid area. Non-invasive
DNA sampling and SERC analyses have detected associations between barren-
ground grizzly bear and habitat in the Tuktuyaktuk-Inuvik regions of the NWT
(Boulanger et al. 2014) as well as with other wildlife species (Royle et al. 2013; Efford
2014a).

In summary, results from this study contribute to baseline data for wolverine ecology in
the Arctic tundra and will be used to generate regional population estimates for future
monitoring. This allows us to evaluate current harvest in the territory and will provide a
quantitative basis to establish future sustainable harvest limits. A database containing
“‘DNA fingerprints” of individual wolverine has been established which will be used for
population delineation. This study data set will be used to further refine and optimize
DNA sampling methods for future wolverine studies on the tundra. Wolverines in the
region exist at low densities and are being exposed to increasing levels of human
activity, with existing or proposed mining activity (Meadowbank Gold Mine, Areva).
Wolverine is a culturally and economically important furbearer for Inuit. Like other
wildlife species, the local wolverine harvest pattern shows that the bulk of wolverine
harvest occurs northwest of Baker Lake (Awan and Szor 2014) and harvest of wildlife
increased along the Meadowbank mine all weather access road (Agnico Eagle Mines
2014). We suggest genotyping of wolverine harvest samples from Baker Lake to

include mortality data for future demographic analysis. There is currently no wolverine
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monitoring program executed at the Meadowbank mine, so potential effects of the
mine and the all weather road are unknown. Based on the low density of wolverines in
the area, we recommend multiple years DNA sampling to accurately determine

population trend by involving the mine through NIRB and the Baker Lake HTO.
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8.0 APPENDIX 1: Wolverine hair snagging posts.
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Issue: The effect of predation on the calving grounds of the Qamanirjuaq and Beverly
Barren-ground caribou herds.

Background:

e Evidence from traditional and scientific sources indicates that caribou herds cycle
naturally, periodically increasing and decreasing at relatively regular intervals.

e Two main factors influencing reproductive output and survival in ungulates are
nutrition and predation. Calf mortality is identified as an important factor in the
population dynamics of some caribou herds on barren lands.

e Predation is recognized as a vital ecological regulatory mechanism for prey
populations. It is believed that predators are essential to maintain healthy prey
populations by removing weak and sick individuals from the population.

e The Department of Environment (DOE) investigated the extent of predation within
the calving areas of Qamanirjuaq (2010 and 2012) and Beverly (2011 and 2013)
herds. This initiative was undertaken in response to: (1) widespread population
declines of Barren-ground caribou herds across the Canadian North and (2) local
hunter reports of increasing barren-ground grizzly bear and wolf populations, and
concerns regarding the extent to which predators may be reducing caribou numbers.

e Cause of death among new-born caribou calves was investigated by searching
randomly selected transects for dead calves using helicopter. Transects were
selected over calving areas with high and medium densities of breeding females.

e Within the Qamanirjuag herd core calving area, sixty-one dead new-born caribou
calves were found and necropsied between the 11" and 14" of June 2010 and the
11" and 17" of June 2012. Sixty-nine dead new-born caribou calves were found and
necropsied within the Beverly herd core calving area between the 13" and 17" of
June 2011 and the 12" and 15" of June 2013. Calves with a combination of
predation signs such as puncture marks through skin and tissues, blood around
wounds, subcutaneous hemorrhage, crushed skull and/or lacerations on back or
rump, were assumed to have died of predation.
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Current Status

Predation was determined to be the cause of death for only 9.0% (2 out of 21) of
calves with a known cause of death in the Qamanirjuaq herd in 2010 and 32% (13
out of 40) in 2012. This indicated that predation related calf mortality appeared
relatively low in the Qamanirjuaq herd over both years’ survey period.

Non-predation mortalities were the most important cause of death in both years in
the Qamanirjuaq calving area (Table 1). The majority of calf mortalities showed
signs of either stillbirth or early neonatal abandonment.

Predation was determined to be the cause of death for 52.0% (26 out of 50) of
calves with a known cause of death in the Beverly herd in 2011 and 58% (11 out of
19) in 2013.

Our necropsy results showed that a large proportion 67% (12 out of 18) of the calves
killed by wolves on the Beverly calving grounds were weaker and would have died
anyway (e.g., sick, lame, starving, birth defects). The “additional mortality”
exclusively due to wolf predation represents only a small proportion of the total
estimate of mortality attributed to predators.

The total calf mortality in first week of life appears relatively low in both
subpopulations with a two-year average of approximately 2.0% and 6.0% in the
Qamanirjuaq and Beverly subpopulations respectively (Fig 1).

Extensive wolf harvest has been occurring along the migratory route of the
Qamanirjuaq caribou herd. Several Inuit communities (Arviat, Whale Cove, and
Rankin Inlet) have close access to the Qamanirjuaq caribou spring migration corridor
and as a result, harvest high numbers of wolves most springs. In comparison, the
Beverly calving area is located much farther from Inuit communities and the harvest
of wolves along their migration route is therefore much lower.

Recommendation

Our results suggest that a certain portion of the mortality attributed to wolf predation
could be considered “compensatory mortality” (killing the sick and weak or otherwise
inferior calves) since some of those calves were most likely to die due to disease.
The mortality on healthy caribou calves is therefore lower than the percentage of
total calf mortality due to wolves presented above/in Table 1.

Predation related calf mortality appeared relatively low on the calving grounds

The current declines in the Qamanirjuaq and Beverly caribou herds are likely
attributed to nutritional stress due to range depletion/disturbance, including winter
range. A Predator control program will likely have little effect on caribou population
growth due to the fact that wolf related calf mortality is relatively low at the calving
grounds.



Table 1: Percent frequency of occurrence of causes of death in newborn calves (< 7 days old)
found in the core area of the Qamanirjuaq and Beverly caribou herd calving grounds, in June
2010 - 13 (unknown mortality causes excluded).

Cause of death Beverly herd Qamanirjuaq herd
2011 (n=50) 2013 (n=19)  Total (n=69) | 2010 (n=21) 2012 (n=40) Total (n=61)

Non-predation death’ 48.0% 42.0% 46.0% 91.0% 68.0% 75.0%
Predation death 52.0% 58.0% 54% 9.0% 32.0% 25.0%
Wolf predation 40.0% 53.0% 44.0% 0.0% 10.0% 7.0%
Grizzly bear predation 2.0% 0.0% 1.0% 0.0% 0.0% 0.0%
Eagle predation 0.0% 0.0% 0.0% 0.0% 5.0% 3.0%
Predator unknown 10.0% 5.0% 9.0% 9.0% 17.0% 15.0%

tIncludes atelectases, pathophysiological disorders, separation, malnutrition and pneumonia.
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Fig 1: Summary of estimated calf mortality on core area of calving grounds of Beverly and Qamanirjuaq caribou herds
during their first week of life. a) Estimated annual calf mortality with 95% confidence interval; b) Two-year average
calf mortality (black pie slice) and relative proportion of non-predation vs predation mortalities in Qamanirjuaq caribou
subpopulation. ¢) Two-year average calf mortality (black pie slice) and relative proportion of non-predation vs
predation mortalities in Beverly caribou herd.
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The effect of predation on Qamanirjuaq and Beverly caribou

Summary

Recent surveys of barren-ground caribou herds across the Canadian North have
indicated wide spread population declines. Several hunters from communities on and/or
adjacent to caribou range believe barren-ground grizzly bear and wolf populations are
increasing, and are concerned about the extent to which predators may be reducing
caribou numbers.

To understand the predator-prey interactions, our main objective was to investigate
extent and causes of neonatal mortality among caribou calves. Cause of death among
new-born caribou calves was investigated within the calving areas of Qamanirjuaq
(2010 and 2012) and Beverly (2011 and 2013) subpopulations by searching randomly
selected transects for dead calves using helicopter. Transects were selected over
calving areas with high and medium densities of breeding females. Calves with a
combination of signs such as puncture marks through skin and tissues, blood around
wounds, subcutaneous hemorrhage, crushed skull and/or lacerations on back or rump,
were assumed to have died of predation.

Within the Qamanirjuaq subpopulation core calving area, sixty-one dead new-born
caribou calves were found and necropsied between the 11" and 14™ of June 2010 and
the 11™ and 17" of June 2012. Predation was determined to be the cause of death for
only 9.0% (2 out of 21) of calves with a known cause of death in the Qamanirjuaq herd
in 2010 and 32% (13 out of 40) in 2012.

Sixty-nine dead new-born caribou calves were found and necropsied within the Beverly
subpopulation core calving area between the 13" and 17" of June 2011 and the 12"
and 15™ of June 2013. Predation was determined to be the cause of death for 52.0%
(26 out of 50) of calves with a known cause of death in the Beverly herd in 2011 and
58% (11 out of 19) in 2013.

Predation related calf mortality appeared relatively low in the Qamanirjuaq herd over
both years survey period. While a large proportion (67%, 12/18) of the calves predated
by wolves on the Beverly calving grounds were already predisposed to death due to
physiological or pathological disorders and were probably already weakened by their
physiological condition. Our results suggest that certain portion of the mortality
attributed to wolf predation could be considered “compensatory mortality” since some of
those calves were already predisposed to death. The “additional” mortality on healthy
caribou calves solely due to wolf predation is therefore probably lower than the
percentages presented above.

Key words: Barren-ground caribou, Rangifer tarandus groenlandicus, calving ground,
grizzly bear, mortality, predator, Qamanirjuag herd, Beverly herd, Nunavut, wolf.
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The effect of predation on Qamanirjuaq and Beverly caribou

1.0 Introduction

A growing body of evidence from traditional and scientific sources indicates that caribou herd
periodically increase and decrease at relatively regular intervals. Two main factors influencing
reproductive output and survival in ungulates are nutrition (Skogland 1986; Gunn 1992) and predation
(Miller and Broughton 1970; Parker 1972; Miller et al. 1985; Miller et al. 1988; Adams et al. 1995; Young
and McCabe 1997; MclLoughlin 2001). The relative role of these two factors is spatially and temporally
regulated by stochastic environmental conditions (Gunn 1992; Post and Stenseth 1999) and local
abundance of predators. In Nunavut, barren-ground caribou (Rangifer tarandus groenlandicus) are
preyed upon by a suite of predators, including barren ground grizzly bears (Ursus arctos) and wolves

(Canis lupus).

Qamanirjuaq caribou subpopulation

The mainland migratory barren-ground caribou of the Kivallig, referred to as the Qamanirjuaq Caribou
subpopulation (QCS) represent one of the largest caribou herds in Nunavut occupying an estimated
300,000 km? range. The estimated annual value to all aboriginal communities utilizing Qamanirjuaq
caribou for subsistence is $21 million (BQCMB financial report, 2008). Aerial and photographic surveys
to estimate the number of breeding females have been conducted on the Qamanirjuaq subpopulation
annual concentrated calving area (ACCA) since the 1970s. The estimates are then extrapolated to
estimate subpopulation size. The QCS has shown an increase from 44,000 animals in 1977 to 260,000 +
60,000 in 1987, highest number of animals (496,000 + 105,400) being estimated was in 1994 (Heard
1981; Gates 1983; Russell 1990; Thomas 1996). Spring classifications of cow: calf ratios have indicated
that recruitment to the population is declining since the mid-1990s (Fig 1). Campbell (2008) described a
decline in cow: calf ratios from 60:100 in 1992 to 47:100 in 1996 to 30:100 in 1999, 26:100 in May 2003
and finally 16:100 in 2006. This recent decline in recruitment is of great concern to wildlife managers
because recruitment replaces the loss of adults from predators, harvest and other factors and an
imbalance between recruitment and mortality leads to decreases in population size. Efforts to evaluate

the status of the range and the condition of the herd were undertaken in recent years (Campbell 2008).
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The effect of predation on Qamanirjuaq and Beverly caribou

Predation, on the other hand, has received limited attention (Miller and Broughton 1974) so far in

Nunavut

Beverly caribou subpopulation

In 1994, a photographic survey of the Beverly caribou subpopulation (BCS) within its southern Beverly to
Garry Lakes (BGLS) annual concentrated calving area (ACCA) estimated 120,000 + 43,100 (SE) breeding
females from which a total subpopulation estimate of 276,000 + 106,600 (SE) adults and yearling
caribou was extrapolated based upon fall composition study results. From 1994 to 2002, little research
and monitoring of the Beverly subpopulation occurred. In response to concerns from communities and
government representatives over the paucity of information on the status of the Beverly subpopulation
during that period, the Northwest Territories (NWT) Government coordinated a reconnaissance survey
of the BCS within its BGLS annual concentrated calving area in June 2002. The reconnaissance survey
made a number of findings: 1) the calving area was the smallest recorded since 1979 and approximately
500 km? smaller than observed in June 1994; 2) the relative densities of adult caribou on the calving
ground were lower than most other survey years up to and including the 1994 survey year with the
exception of the 1987 and 1988 survey years (Johnson and Mulders, 2002). The NWT Government
observed even fewer animals during reconnaissance surveys flown over the same study area in June
2007, 2008, 2009 and 2010 (90 - 100 caribou observed on transect in June 2010; relative density of 0.20
caribou/km?2) (unpublished GNWT data). At the time, these findings suggested a severe decline in the
Beverly subpopulation. This conclusion, however, was not consistent with communities’ knowledge of
caribou in that area. Nagy et al. (2011) provided an alternative explanation for the number of caribou
observed on the BGLS ACCA. Their analysis demonstrated that the Beverly subpopulation now occupied
the western extents of the Queen Maud Gulf Lowlands (QMGL) area. The results of this study, coupled
with local knowledge within the communities on the northern extents of the range (Baker Lake, Gjoa
Haven, and Kugaaruk, HTO meetings and pers. comm.), strongly supported a distributional shift in the
Beverly calving ground. This shift occurred to the QMGL geographical area some 200 to 250 km north of
their previous BGLS ACCA. The Beverly subpopulation likely responded to various demographic and
geographic influences such as predation, anthropogenic disturbance, low habitat productivity, insect
harassment or other factors. It is also likely that the subpopulation had experienced a concurrent

population size decline of unknown magnitude (Gunn et al, 2010). The events leading to the observed
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The effect of predation on Qamanirjuaq and Beverly caribou

shift likely occurred over a period of many years (Nagy et al., 2011) but gaps in current knowledge make
it difficult to conclude which mechanisms were responsible for the major changes observed on the BGLS

ACCA.

Calf mortality is identified as an important factor in the population dynamics of many caribou herds on
barren lands (Miller and Broughton 1974; Miller et al. 1983). Multiple studies have revealed that wolves
(Miller and Broughton, 1974; Miller et al. 1985; Miller et al. 1988, Williams, 1995, Boertje and Gardner,
2000) and barren-ground grizzly bears (Adams et al, 1995; Young and McCabe, 1997; McLoughlin, 2001;
Gau et al., 2002) are effective predators on caribou and are often identified as a major cause of calf
mortality. According to local knowledge from Kivallig communities, barren-ground grizzly bear and wolf
populations might be increasing in the Kivallig, and are concerns about the extent to which predators
may be reducing caribou numbers have been expressed. The objective of this project was to investigate
the extent of predation within the Qamanirjuaq and Beverly subpopulations ACCA, during the calving

period to better understand the impact of predation on the dynamic of both caribou subpopulations.

2.0 Study area

This study was conducted on both the Qamanirjuaq and Beverly subpopulations annual concentrated
calving areas (ACCA) as defined by Nagy and Campbell (2012). Both ACCA were delineated using a kernel
analysis on location data collected from satellite and Global Positioning System (GPS) collars fitted on
female caribou. Location data obtained between 1995 and 2010 and between 2006 and 2010 were used
to delineate the Qamanirjuaq and Beverly subpopulation ACCA respectively (Figure 1). While both a
northern and southern concentrated calving area are recognized for the Beverly caribou subpopulation,
only the northern area was covered in this study as the southern area has been essentially abandoned

over the last decade (Campbell et al., 2014).

The Beverly northern ACCA is located within the Queen Maud Gulf Lowland ecoregion. The Ecological
Stratification Working group (1995) described this ecoregion as extending eastward along the arctic

slope from Bathurst Inlet to near Chantrey Inlet with association to the lowlands south of Queen Maud
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Gulf. The mean annual temperature is approximately -11°C with a summer mean of 5.5°C and a winter
mean of -27°C. The mean annual precipitation ranges from 125 mm to 200 mm in the southern edge of
the ecoregion. The Queen Maud Gulf Ecoregion is classified as having a low arctic ecoclimate. It is
characterized by a cover of shrub tundra vegetation, consisting of dwarf birch (Betula glandulosa),
willow (Salix spp.), northern Labrador tea (Ledum groenlandicum), mountain avens (Dryas spp)., and
Vaccinium spp. Tall dwarf birch, willow, and alder (Alnus crispa) occur on warm sites; wet sites are
dominated by sphagnum moss (Sphagnum spp.) and sedge (Carex spp.) tussocks. Geologically the region
is composed of massive Archean rocks that form broad, sloping uplands that reach about 300 m above
sea level (ASL) in elevation in the south, and subdued undulating plains near the coast. The coastal areas
are mantled by silts and clay of postglacial marine overlap. Bare bedrock is common, and Turbic and
Static Cryosols developed on discontinuous, thin, sandy moraine, level alluvial, and marine deposits are
the dominant soils. Permafrost is continuous and deep with low ice content. The Queen Maud Gulf Bird
Sanctuary covers most of the ecoregion. The sanctuary is an important migratory bird (duck, goose and

shorebird) habitat (Ecological Stratification Working Group, 1995).
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Figure 1: Location of Qamanirjuag and Beverly caribou subpopulation Annual Concentrated Calving Areas
(ACCA) as defined by Nagy and Campbell (2012).
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The Qamanirjuag ACCA is almost entirely located within the Maguse River Upland ecoregion. This
ecoregion is characterized by mean annual temperatures ranging from -8°C in the south to -11°C in the
north. A mean summer temperature of 6°C and a winter mean of -24°C occur across the region. Mean
annual precipitation varies from 250-400mm. The coastal climate is moderated by the open waters of
the Hudson Bay during late summer and early fall. The ecoregion is classified as having a low arctic
ecoclimate. It is characterized as having a cover of shrub tundra vegetation. Betula glandulosa, Salix
spp and Alnus crispa occur on warm dry sites while poorly drained sites are dominated by Salix spp,
Sphagnum spp (Sphagnum moss) and Carex spp. The region is associated with areas of continuous
permafrost with medium ice content. Hummocky bedrock outcrops covered with discontinuous, acidic,
sandy, granitic tills are dominant. Prominent fluvialglacial ridges (eskers) and beach ridges occur.
Wetlands make up 25% to 50% of the land area and are characterized by low and high centered polygon

fens (Ecological Stratification Working Group, 1995).

3.0 METHODS

This project was conducted over 4 years, in the months of June 2010, 2011, 2012 and 2013 alternating
between the Qamanirjuag and Beverly annual concentrated calving areas (ACCA). Surveys were
conducted on the Qamanirjuaq herd in 2010 and 2012 and on the Beverly herd in 2011 and 2013. We
compared all four surveys using similar methodology. The surveys were structured into three main
components: 1) Systematic reconnaissance survey, 2) Systematic caribou calf mortality survey and 3)
Calf carcasses necropsy. The systematic reconnaissance survey was designed to determine the timing
and distribution of caribou calving as well as to stratify effort based on observed relative densities of
caribou. The systematic caribou mortality survey was conducted in the identified core calving areas only
and aimed at determining the extent of calf mortality on the calving grounds. During both of these
surveys, all predator observations (mainly grizzly bears and wolves) were recorded to identify the extent
of predator presence on calving grounds. The third component consisted ot the necropsying of caribou

calf carcasses collected during the mortality survey to determine the most probable cause of death.
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The effect of predation on Qamanirjuaq and Beverly caribou

3.1. Systematic reconnaissance survey

The systematic reconnaissance survey was designed to estimate relative densities and delineate
aggregations of breeding females (hard antlered cows or cow/calf pairs) and allowed for the
stratification of the ACCA for the subsequent caribou mortality survey. Potential reconnaissance survey
transects were distributed systematically over both study areas, encompassing the known extent of the
annual concentrated calving area for each herd (Nagy et al., 2011). Transects were based on a pre-
defined UTM grid and were oriented north to south (across spring migratory gradients) and spaced 10
kilometers apart. Each transect had associated “transect station points” that were located at 10
kilometres intervals along the lines, separating the whole transects into 10 km long “transects
segments” (Fig 2). These pre-determined “transect segments” were used to regroup caribou
observations for the purposes of calculating relative density within the segment. A rigid set of criteria
based on the presence/absence of hard antlered cows and/or the presence of calves governed which
transect segments were flown and when the survey stopped at a specific transect to move to the next

adjacent transect (Campbell et al., 2010).

Fixed-wing aircraft (Cessna Grand Caravan or de Havilland Turbo Otter) were used for the systematic
reconnaissance surveys. Strip widths were established using streamers attached to the wing struts. The
strip width was 400 m out each side of the aircraft, for a total transect width of 800 m. During the
reconnaissance survey, altitude was maintained as close as possible to 122 m (400 ft) above ground
level (agl) using a radar altimeter. Ground speed was maintained at approximately 160 kph (100 mph)
but ranged between 140 (90 mph) and 180 kph (110 mph). All observations of caribou were recorded
and whenever possible, distinction was made between cows with and without hard antlers. Adult bulls
and yearlings were generally obvious and separated out from the other observations. Newborn calves

were recorded whenever observed. All grizzly bears and wolves observed were also recorded.

The initiation of the reconnaissance survey was based on average peak calving derived through the

analysis of location data and movement rates of collared caribou cows within both the Beverly and
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Qamanirjuaq subpopulations. These collars were equipped with a UHF (Ultra High Frequency) beacon to
allow for satellite relay of daily locations of each collared animal once every four days. The locations of
these GPS radio-collared caribou cows were also used to insure that the reconnaissance survey was

covering the full extent of the current year’s calving area.

3.2. Systematic caribou calf mortality survey

Following the reconnaissance survey, and before starting the calf mortality survey, all caribou
observations recorded were entered into ESRI ArcGIS® ArcMap™ 10.0 software (ESRI, 2011). We used
the counts of hard antlered caribou to stratify the entire reconnaissance area into three density classes
(low, medium and high) of breeding cows. All the observations recorded during the reconnaissance
survey along a “transect segment” were summed and divided by the total area of the transect segment
(10km x 0,8km = 8km?) to determine the density of hard antlered caribou within each transect segment.
This value was then assigned to the center point of that transect segment. This created a systematic
distribution of density data points throughout the whole reconnaissance area. We used the Kriging tool,
in the Spatial Analyst 10.1 extension in ArcMap™ (ESRI, 2011), to interpolate the densities of hard
antlered caribous in between each data point. The same process was also used with total adult caribou
observations to map the whole density distribution of caribou throughout the study area. Since caribou
densities and distributions varied significantly between herds and survey years, the limits of each
density class varied between surveys. The objective of the stratification was to concentrate most of the
systematic caribou mortality survey within the core of the ACCA and to distribute our effort within the

different density classes similarly in both years of the survey for each herd.

Once the density stratification was completed, the assigned high and medium density antlered caribou
strata were divided into a series of potential north-south transects, 10 kilometers long and one
kilometer apart. These tighter transects would then be used to search for caribou calf carcasses by
helicopter. Because of the fast rate of decomposition and scavenging on calf carcasses, we tried to
complete our calf mortality survey within 5 days following the onset of the reconnaissance survey. Time
and logistic constraint dictated the transects to be flown. A subset of transects were selected within the

complete set of available transects to cover as much as possible the whole extent of the high density
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stratum and to have a minimum of 10% coverage of that stratum. We also tried to cover approximately

5% of the medium density stratum®.

We used a Bell 206B (Jet Ranger) helicopter to fly over the selected transects at an average altitude of
30-60m above ground level and a speed of 90km/h (range from 80 to 120km/h). Two designated
observers, one in the front seat and one in the back seat on the opposite side, were continuously
searching for calves covering approximately 100 meters on each side of the helicopter. For each carcass
found, the exact GPS location was recorded and perpendicular distance to the transect line was

measured a posteriori. All grizzly bear and wolf observations were also recorded.

3.3. Calf carcass necropsy

When observers located a carcass, we landed, searched the immediate area for predator signs and took
pictures of the carcass and surroundings. The carcass was then numbered, picked-up and brought back
to camp to conduct a necropsy and determine the most probable cause of death. Each carcass was
skinned and the necropsies consisted of an external and internal examination of the body and visceral

organs. We recorded the following data:

(1) date;

(2) location (latitude/longitude);

(3) sex (by examination of genitalia. Carcasses were classified as unknown sex when genitalia were
absent);

(4) approximate age (<1, 1-3, 4-7 or >7 days according to body weight, condition of pelage and
umbilical cord, and degree of hoof wear using the same set of criteria as Miller et al. (1988));

(5) body weight (to 0.1 kg, as “whole” or “partial”);

(6) approximate % of carcass missing and parts absent (thoracic viscera, abdominal viscera, muscle
tissue, head);

(7) number and species of animals nearby;

(8) presence/absence of scat, hairs and tracks around the carcass (hairs and scat samples were
collected when present);

! Our method differed slightly in the first year of the study (2010). For each of the reconnaissance survey transects
flown inside the high and medium strata, two new transects were established on each side of that original
transect, spaced 200m apart, and calf carcasses were searched along those new transects.

Nunavut Department of Environment 9 Szor et al, 2014
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(9) wounds and predation signs (puncture wounds and their location, presence of blood around
wounds, subcutaneous hemorrhages, disarticulation of limbs, hide being inverted, skull crushed,
claw marks on hide);

(10) stomach content (empty, milk curds only, milk curds and trace of vegetation, milk curds well
mixed with vegetation, vegetation only);

” "
I,

(11) Condition of the left and right lung (each being classified as “purplish and smal generally

n o«

pink with some purplish areas”, “normal condition”);
(12) Other comments.

A “field cause of death” was then established according to our findings during the necropsy and each
carcass was classified as either: (1) Non-predation death, (2) suspected wolf predation, (3) suspected
grizzly bear predation, (4) suspected eagle predation, (5) predation by unknown predator, (6) unknown

cause of death.

In 2010 and 2011, we collected lung, liver, kidney and spleen samples from each carcass. Samples were
kept in a cooler on ice and sent to the Canadian Cooperative Wildlife Health Center (Guelph, Ontario) for
histopathology analysis. The laboratory analysis consisted in 1) histological examination of tissues to
detect any abnormal development of organs (eg. fetal ateclectasis) or lesions; 2) examination for
bacterial infection of tissues and 3) toxicological screening for heavy metal levels in kidneys. In 2012 and
2013, samples were collected around punctures marks found on calves by rubbing a rayon swab around
the wounds to try to pick up predator DNA. These samples were sent to Wildlife Genetic International
(Nelson, British Columbia) for species identification. DNA was extracted from the swab using QIAGEN
DNeasy Blood and Tissue kits (Qiagen, Valencia, California). Species testing used a sequence-based
analysis of the mitochondrial 16S rRNA gene. Different sets of primers were used which were designed
to amplify Carnivora DNA preferentially as well as most potential mammals and bird species. The final
banding pattern was then compared to reference data from several mammalian and avian species,
including wolf, grizzly bear, wolverine, arctic fox and golden eagle. Using the results from both of these
post-field analyses, as well as our previously determined “field cause of death”, we established a “final

cause of death” for each carcass using the same 6 categories.
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3.4. Estimating the extent of calf mortality in core calving grounds

To determine what the calf mortality observed represents for the subpopulation, we used the data
obtained from the surveys and necropsies to estimate the total percentage of calves born in the core
area of the calving ground that died from either predation or non-predation causes. This was done in
three steps: 1) Estimating the total number of adult caribou inside the high and medium density strata,
2) Estimating the percentage of breeding females within both strata to estimate the total number of

calves born and 3) Estimating the total number of calf carcasses present in each density strata.
i) Estimating total number of adult caribou

To estimate the total number of adult caribou within the high and medium density strata, we used the
observations recorded during the systematic reconnaissance survey. The original reconnaissance
transects were truncated according to the boundaries of each density stratum and we used Jolly’s
Method 2 for unequal transect length to estimate the total number of adult caribou present in each
stratum. Since a full population estimate was conducted on the Beverly herd in 2011, we used the
transects (3.4km and 5.5km apart, in the high and medium density stratum respectively) and
observation data from this survey to estimate more accurately the total abundance of adult caribou

within both density strata.
i) Estimating the total number of breeding females/calves born

To determine the total number of calves born in each density stratum, we used the best information
available each year to estimate the proportion of breeding females within all adult caribou observed. All
breeding females were assumed to have produced a single calf. In 2010, we used the number of hard
antlered cows (assumed to be breeding cows) observed during the reconnaissance survey within each
density stratum to estimate the total number of breeding females using Jolly’s Method 2. In 2011, a
composition survey was conducted as part of the full population estimate and caribou were classified
from the air using a Bell 206-B Jet Ranger helicopter as breeding females (with calf and/or udder), non-
breeding female (no antlers no udder, no calf), yearling or bull (Campbell et al., 2014). We used the
composition survey observations within each density stratum to determine the percentage of breeding
females inside both density strata. In 2012 and 2013, we used two different techniques to maximize the

accuracy of our breeding female estimates. First, we used the counts of antlered cows during the
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reconnaissance survey and estimated the total number of breeding cows using Jolly’s Method 2.
However, considering that we observed multiple females with calves and without hard antlers (most
pronounced on the Beverly ACCA), we decided to also take multiple photographs of caribou groups
throughout our study area to be able to count cow:calf ratios and correct our breeding female estimate

if necessary.

iii) Estimating the total number of dead calves

To be able to obtain our final estimate of the percentage of all caribou calves that died in the core area
of the calving ground, we used a distance sampling approach. While conducting our systematic caribou
calf survey, our flight track was recorded on a GPS (one point recorded every 100 to 500 meters) and the
exact coordinates of each calf carcass found was recorded. This allowed us to measure the
perpendicular distance between our flight line and each carcass found. We used the boundaries of each
density stratum to truncate our flight line and determine the length of each transect flown within a
given density class stratum as well as to determine in which density class each carcass was found. We
used DISTANCE 6.0 (Thomas et al., 2009) software to estimate the total number of dead calves in each

density stratum.

The distance sampling method assumes that the probability of detection is at its maximum on the track
line and decreases with increasing distance from the aircraft. However, in aerial visual surveys such as
this one, the probability of maximum detection actually occurs at some distance from the track line due
to a blind area under the aircraft. This was corrected by left truncation of the data as recommended by
Thomas et al. (2009). We identified the width of the “blind spot” under the helicopter by plotting a
histogram of the distribution of perpendicular distances recorded each year and identifying the distance
under which no or very few observations were recorded (ranged between 20-30 meters). We assumed
maximum detection probability at the left truncation distance, and therefore, left truncation was
applied by subtracting the left truncation distance to the perpendicular distance before further analyses.
We also right truncated the distribution if any extreme outliers were recorded to allow for a better fit of
the detection function to the distribution. We used the multiple covariate distance sampling (MCDS)
engine to test several models to estimate the detection function using the “half-normal” and “hazard

|”

rate” key functions, with the “cosine” and “polynomial” series expansion. Model selection was firstly
based on the Akaike’s Information Criterion (AIC). Since multiple models had a similar AIC value, further

selection was based on the Goodness of fit statistic and the detection function with the best fit,

#\ 12

.5

Nuitfige1



The effect of predation on Qamanirjuaq and Beverly caribou

especially near the zero distance, was selected. Because our sample size was relatively small within any
given survey year , we first tested a model using the four years of data on the two subpopulations with a
single detection function using all observations. Since the same surveying method and date were used in
all years, there was no reason to expect different detection functions per year, herd or density class. The
MCDS engine then allowed us to test for effects of the covariate “year” and “subpopulation” on the
estimation of the detection function. The year covariate had 4 levels (2010, 2011, 2012 and 2013) and
the subpopulation covariate had 2 levels (Beverly and Qamanirjuaq) (Appendix-1). The density of dead
calves was calculated separately for each density stratum. Finally, results obtained from the calf
necropsies allowed us to determine the percentage of calves that died from either predation or non-
predation causes within each density stratum. This proportion was applied to the total number of dead
calves estimated within each density stratum to obtain a final estimate of the extent of calf mortality

within each subpopulation due to predation versus non-predation causes.

4.0 RESULTS AND DISCUSSION

4.1 Qamanirjuaq caribou subpopulation

Studies of the Qamanirjuaq caribou subpopulation were initiated in June 2010 and completed June
2012. Systematic reconnaissance surveys were flown between June 7" and 13" in 2010 and between
June 7" and 10™ in 2012. The distribution of caribou differed between both years but the core calving
area location was similar. In 2010, the high density stratum (50-133 antlered caribou/km?) covered 482
km? and the medium density stratum (10-50 antlered caribou/km?2) covered 938 km?2. In 2012, the high
density stratum (23-45 antlered caribou/km?) covered 419 km? and the medium density stratum (10-23
antlered caribou/km?) covered 1,262 km?. The estimated number of adult caribou and breeding females

in each density class are listed in Table 1.

The caribou calf mortality surveys were flown immediately following fixed wing reconnaissance surveys.
For the Qamanirjuaq subpopulation, mortality surveys were flown from June 11" to 14" in 2010 and

from June 11" to 17™ in 2012. We covered 116 and 106 ten kilometer long transects in 2010 and 2012
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respectively. Approximately 5.0% and 15.3% of the high density stratum and 2.5% and 7.7% of the

medium density stratum was covered in 2010 and 2012 respectively (Fig 2).

During the June 2010 calf mortality survey, we found a total of one adult and 40 calf carcasses. No
necropsy was performed on the adult. Six of the calf carcasses were found on lakes and were
inaccessible, yielding a total of 34 carcasses examined for cause of death. Out of the 40 calf carcasses
found in 2010, only 31 were located on transect, in the high (15) and medium (16) density strata, and
were used in our calculations to estimate the extent of calf mortality in the core calving area.
Proportions of calf mortality causes were similar in both stratum with 89% and 88% of dead calves
resulting from non-predation causes, and 11% and 12% of calf mortality resulting from predation in the
high and medium density stratum respectively. Overall, we estimated that in 2010, approximately 1.10%
of all calves born in the core calving area of the Qamanirjuag subpopulation died from non-predation
related causes in their first week of life. An additional 0.15% of all calves died from predation for a total

of 1.24% of all calves dying within their first week of life within the core calving area (Table 1).

During the June 2012 Qamanirjuaq calf mortality survey, a total of five adult and 57 calf carcasses were
observed. No necropsy was performed on the adults. Out of the 57 calf carcasses found, 51 were
located on transect in the high (30) and medium (21) density strata. These observations were
subsequently used in our calculations to estimate the extent of calf mortality in the Qamanirjuaq core
calving area. Seventy-seven percent (77%) and 62% of calf mortalities were the result of non-predation
causes, while 23% and 38% of dead calves found were due to predation within each of the high and
medium density stratum respectively. Overall, we estimated that in 2012, approximately 2.11% of all
calves born in the Qamanirjuaq core calving area died from non-predation related causes in their first
week of life. An additional 0.86% of all calves died from predation over the same period for a total of

2.97% of all calves dying within their first week of life in the core calving area (Table 1).
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Figure 2: Densities of antlered caribou calculated from observations recorded during the systematic reconnaissance survey conducted on the
Qamanirjuag ACCA in a) 2010 and b) 2012. Flight tracks from the systematic calf mortality surveys, location of caribou calf carcasses found and
predator observations are also included. The Qamanirjuaq ACCA as defined by Nagy and Campbell (2012) is shown for spatial reference.
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Table 1: Estimate of total adult caribou, total breeding cows and total calf mortality due to predation and non-predation causes in the core

area of Qamanirjuaq caribou herd’s calving grounds in a) 2010 and b) 2012.

Density strata Total caribou % of Total breeding Dead Total dead Estimate of total calf mortality
Area . . . calves calves
of antlered N estimate cv breeding cows estimate - ; cv ) Non-
caribou (km?) [95% CI] females [95% ClI] CLIHi estimate Pk redator e
° ° (/km?) [95% CI] o
High density 95,831 47,273 261
(50-133/km?) 482 [47,796-143,866] 0.19 49.33% [23,577-70,969] 0.56 [126-541] 0.37 0.06% 0.49% 0.55%
Medium density 34,062 13,962 501
(10-50/km?) 938 [18,883-49,242] 0.21 40.99% [7,740-20,184] 0.38 [271-927] 0.32 0.45% 3.14% 3.59%
129,893 61,235 762
TOTAL 1,420 [66,679-193,107] [31,318-91,153] [397-1,468] 0.15% 1.10% 1.24%
Density strata Total caribou % of Total breeding Dead Total dead Estimate of total calf mortality
Area . . . calves calves
of antlered 2 estimate cv breeding cows estimate . ; cv . Non-
caribou (km?) [95% CI] females [95% ClI] L) estimate Pk redator e
° ° (/km?) [95% CI] i
High density 17,403 16,361 422
(23-45/km?) 419 [11,547-23,348] 0.14 94.01% [10,855-21949] 1.00 [231-770] 0.31 0.59% 1.99% 2.58%
Medium density 24,030 18,671 620
(10-23/km?) 1,262 [18,091-29,970] 0.12 77.70% [14,057-23,287] 0.49 [335-1,149] 0.32 1.26% 2.06% 3.32%
41,433 35,032 1,042
TOTAL 1,682 [29,548-53,318] [24,912-45,236] [566-1,919] 0.86% 2.11% 2.97%

4.1.1. Predation mortalities

In June 2010, two grizzly bears and one wolf were observed during the reconnaissance survey in the

vicinity of the Qamanirjuaq core calving area. One grizzly bear was also observed in the low density

area of breeding females during the calf mortality survey. In June 2012, nine grizzly bears and seven

wolves (five singles, one pair) were observed during the reconnaissance survey. One bear and one

wolf were observed directly inside the core calving area while the remaining were in the lower

density strata within 150 kilometers of the core calving area .Two grizzly bears (mother and yearling)

were also observed during the 2012 calf mortality survey, in the low density area of breeding

females.

Predation related calf mortality appeared relatively low in the Qamanirjuag herd over both the June

2010 and 2012 survey periods. Calves with a combination of signs such as puncture marks through

skin and tissues, blood around wounds, subcutaneous hemorrhage, crushed skull and/or lacerations

on back or rump, were assumed to have died of predation. Out of all calf carcasses for which a cause

of death could be established, 9.5% (2/21) were attributed to predation in 2010 and 32.5% (13/40)

in 2012. The higher abundance of predators observed in the vicinity of the calving grounds in 2012

coincides with also a higher proportion of predated calves.
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Due to the small body size of the calves, predators likely spent very little time at the carcasses
complicating predator species identification as very little sign was typically found around the
carcasses. In 2010, both predation events were classified as “unknown predator”. In 2012, four out
of 13 predated calves (30.8%) were attributed to wolves based on bite mark patterns. The genetic
samples collected around puncture marks allowed us to confirm the presence of wolf DNA on one
carcass. However, most of the other genetic samples collected were of too poor quality to be able to
draw a solid conclusion. Grizzly bear hairs were found next to one calf carcass and one golden eagle
(Aquila chrysaetos) was found feeding on a freshly killed calf allowing us to identify the most
probable predator in those two cases. The remaining calves (7) were classified as “unknown

predator”.

Out of the 15 predated calves found within the Qamanirjuaq core calving area, 40% had not been
consumed while the majority had more than 50% of the carcass eaten. Typically all the viscera and
various portions of muscle tissue were missing. Fifty percent (50%) of the kills attributed to wolf
(2/4) had not been consumed. Considering our small sample size, it is difficult to draw conclusions
from this observation but these percentages are similar to those observed by Miller and Broughton
(1974) within the Qamanirjuaq subpopulations calving grounds. Miller et al, (1985) suggested that
under conditions of overabundance of vulnerable preys such as newborn calves on calving grounds,
wolves can and do kill in surplus of their short-term needs. This “surplus” or “excessive” killing then
result in many carcasses either untouched or selectively consumed (often milk curd and viscera

only).

Out of 8 predated calves that still had their viscera available for examination, 62.5% appeared to be

healthy calves, having their stomach filled with milk

N
o
J

B Non-predation

curd and both of their lungs in good condition. The

Predation

w
1

remaining 37.5% showed signs of pulmonary atelectasis

and had empty stomach (probable abandonment) and

wv
1

were probably already predisposed to an early death

Number of calf mortalities
o

| ]

<1 1-3 4-7 >7
Estimated calf age (days)

(compensatory mortality).

o

The age distribution of predated and non-predated . . .
Figure 3: Frequency of predation and non-predation

calves suggests that non-predator death related mortalities in Qamanirjuaq neonate caribou
calves according to estimated age.
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predominantly occurred by 3 days of age while older calves appeared more prone to predation (y? =
7.639, df=3, p = 0.054; Fig 3). When considering only calves that had less than 5% of their body
missing, predated calves were also heavier on average than calves that died from non-predation

causes (& = 5.3kg vs 4.2kg, df=28, p=0.04).

4.1.2. Non-predation mortalities

Field necropsies and histophysiological examination performed by the Canadian Cooperative Wildlife
Health Centre (CCWH) allowed us to conclude that at least 19 carcasses found in 2010 were non-
predation related deaths. In 2012, 27 carcasses were classified as non-predator death. When
considering only carcasses for which a cause of death could be determined, 90.5% (19/21) and 67.5%
(27/40) of those carcasses were the result of non-predator causes in 2010 and 2012 respectively. Non-
predation mortalities were the most important cause of death in both years on the Qamanirjuaq core

calving area.

The majority of calves categorized as non-predator death in both years showed signs of either stillbirth
or early neonatal abandonment (78.9% and 88.9% in 2010 and 2012 respectively). Calves with
completely empty stomach and no trace of milk curd (26/46) were most likely stilloorn or had been
abandoned by their mother shortly after their birth (Miller et al., 1988). Pulmonary problems were
frequent among those calves as 84.6% (22/26) showed signs of either pulmonary atelectasis,
bronchopneumonia or aspiration of foreign material into their lungs (meconium or amniotic
fluid/squames). Birth defects/malformations were also present in 19.2% (5/26) of these calves. In 11.5%
(3/26) of calves with an emply stomach, no obvious cause of death could be identified though the
absence of any physical trauma and hoof wear, as well as their small body weight led us to conclude that
these were also neonatal death. Calves that had their stomach filled with vegetation only, were also
probably separated or abandoned by their mother. Abandonment can be due to various causes such as
predator harassment, physical or physiological disorder of the calf or young primiparous cows being in
poor physical condition (Miller et al., 1988). In 92.3% (12/13) of those likely separated/abandoned
calves, we found signs of neonatal atelectasis. One or more lobes of their lungs had patches of fetal
atelectic lung tissue (dark puplish blotches of various sizes) which would result in breathing difficulties

and possible brain damage from cerebral hypoxia (Zachary and McGavin, 2012), increasing their
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disposition to separation/abandonment. Only one calf found with vegetation only in its stomach did not
show any obvious signs of physiological disorder, but the absence of any milk curds and physical trauma
led us to classify it as a non-predator death likely due to separation from its mother and milk supply

ultimately causing starvation.

Of those non-predated calves that did not show signs of stillbirth or abandonment, and that had
presence of milk in their stomach, 75% (3/4) had signs of pulmonary problems from either atelectasis,
aspiration of foreign material into their lungs and/or pneumonia. The severity of their condition likely
allowed them to survive a few days before death. The last calf (1/4) appeared to have drowned while

crossing a small lake.

In both years, we could not determine the definitive cause of death for a number of calf carcasses.
Nineteen (19) and 17 calves were classified as “unknown cause of death” in 2010 and 2012 respectively.
Most of those calves (22/36) were too consumed and/or decomposed to be able to draw any
conclusion; six calves were found in slushy mires on melting lakes and could not be picked up for
necropsy. These calves probably drowned or died of fatigue, stress, or thermal shock while trying to
cross the lakes but this could not be confirmed; three calves had a combination of possible predation
and non-predation signs making it difficult to draw a conclusion while five calves had no sign of

predation and appeared to be relatively healthy so no cause of death could be concluded.

4.2. Beverly caribou subpopulation

In 2011 and 2013, we carried out an identical predation study on the Beverly caribou subpopulation
annual concentrated calving area. The systematic reconnaissance survey was flown between June ot
and 11" in 2011 and between June 10" and 12" in 2013. The distribution of caribou differed between
both years with the core calving area having moved slightly eastward in June 2013. While most breeding
females appeared to be concentrated in more or less the same core area in 2011, this was not the case
in 2013 where hard antlered females appeared to be spread throughout a wider area. Considering that
the number of hard antlered females was so low and so wide spread in 2013, the study area
stratification was made according to total number of adult caribou for that specific year. Since there is a

segregation between breeding females and bulls/yearlings during the calving period, the aggregations of

Nunavut Department of Environment 19 Szor et al, 2014

0098



The effect of predation on Qamanirjuaq and Beverly caribou

adult caribou observed in the core calving area were usually mostly breeding females. To avoid including
in our analysis areas that were not aggregations of breeding females, we excluded any medium or high
density area where bulls and/or yearlings were observed. In 2011, the high density stratum (3-11
antlered caribou/km?) covered 1,528 km? and the medium density stratum (1-3 antlered caribou/km?)
covered 3,574 km2. In 2013, the high density stratum (9-34 adult caribou/km?) covered 1,334 km? and
the medium density stratum (3-9 adult caribou/km?) covered 3,861 km?. The estimated number of adult

caribou and breeding females in each density class is indicated in Table 2.

Caribou calf mortality surveys within the Beverly subpopulation core calving area were flown from June
13" to 17" in 2011 and from June 12" to 15" in 2013. The surveys covered 119 and 148 ten kilometer
long transects in 2011 and 2013 respectively. Approximately 11.7% and 9.9% of the high density stratum
was covered and 2.4% and 3.7% of the medium density stratum was covered in 2011 and 2013

respectively (Fig 4).

During the June 2011 Beverly subpopulation calf mortality survey, we found a total of 2 adult and 61 calf
carcasses. No necropsy was performed on the adults. One calf carcass was found on a lake and could not
be picked-up for necropsy yielding 60 carcasses that were examined for cause of death. Sixty of the 61
calf carcasses found in 2011 were located on transect and were used in our calculations to estimate the
extent of calf mortality in the core calving area. Forty-seven percent (47%) and 67% of dead calves found
were the result of non-predation causes, and 53% and 33% of dead calves found were due to predation,
in the high and medium density stratum respectively. In June 2011 an estimated 3.33% of all calves born
in the Beverly core calving area died from non-predation related causes in their first week of life while
an additional 3.60% of all calves died from predation. In total 6.93% of all calves born in 2011 in the

Beverly subpopulation core calving area died within their first week of life (Table 2).

During the second calf mortality survey flown within the Beverly annual core calving area in June 2013,
we found a total of 37 calf carcasses. Thirty-four (34) of the 37 calf carcasses were located on transect
and were used in our calculations to estimate the extent of calf mortality in the core calving area. Forty
percent (40%) and 43% of dead calves found were the result of non-predation causes, while 60% and
57% of dead calves found were due to predation, in the high and medium density stratum respectively.
Overall, we estimated that in 2013, approximately 2.54% of all calves born in the Beverly core calving

area died from non-predation related causes in their first week of life. An additional 2.08% of all calves
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died from predation for a total of 4.62% of all calves dying within their first week of life in the core area

of the Beverly calving grounds in June 2013 (Table 2).
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Figure 4: Densities of antlered caribou calculated from observations recorded during the systematic reconnaissance survey conducted on the
Beverly ACCA in a) 2011 and b) 2013. Flight tracks from the systematic calf mortality surveys, location of caribou calf carcasses found and
predator observations are also included. The Beverly ACCA as defined by Nagy and Campbell (2012) is shown for spatial reference.
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The effect of predation on Qamanirjuaq and Beverly caribou

Table 2: Estimate of total adult caribou, total breeding cows and total calf mortality due to predation and non-predation causes in the core

area of Beverly caribou herd’s calving grounds in a) 2011 and b) 2013.

Density strata Total caribou % of Total breeding DT LI D Extimaielofitotallcaliimontality
Area . . ) calves calves
of antlered 2 estimate cv breeding cows estimate . . cv . Non-
caribou (km?) (95% CI] females [95% CI] density | estimate T
(/km?) [95% Cl]
High density 15,415 14,660 1,151
(3-12/km?) 1,528 [13,368-17,463] 0.07 95.10% [12,712-16,607] 0.75 [693-1,911] | 0.26 4.16% 3.69% 7.85%
Medium density 10,330 7,094 356
(1-3/km?) 3,574 [8,249-12,410] 0.10 68.68% [5,665-8,523] 0.10 [119-1,068] | 0.59 1.66% 3.36% 5.02%
25,745 21,754 1,507
TOTAL 5,102 [21,617-29,873] [18,378-25,131] [812-2,979] 3.60% 3.33% 6.93%
Density strata Area Total caribou % of Total breeding CZT::s To(t:::viesad Estimate of total calf mortality
of total adult 2 estimate cv breeding cows estimate . . cv . Non-
caribou (km?) [95% Cl] females [95% ClI] L estimate Rleaton predator UE]
(/km?) [95% Cl]
High density 21,251 14,761 540
(9-34/km?) 1,334 [17,110-25,392] 0.09 69.46% [11,885-17,637] 0.40 [277-1,052] | 0.34 1.57% 2.09% 3.66%
Medium density 18,958 10,216 615
(3-9/km?) 3,861 [15,357-22,559] 0.09 53.89% [8,276-12,157] 0.16 [284-1,331] | 0.40 3.01% 3.01% 6.02%
40,209 24,977 1,155
TOTAL | 5,194 [32,467-47,951] [20,160-29,794] [561-2,383] 2.08% 2.54% 4.62%

4.2.1. Predation mortalities

In 2011, three grizzly bears (one single, one pair) and nine wolves (five singles, two pairs) were observed
during the Beverly subpopulation reconnaissance survey. All grizzly bears as well as five of the nine
wolves were observed within the medium and high density strata of antlered females. Three additional
grizzly bears (one mother + two juveniles) and four wolves were also observed during the calf mortality
survey within the high and medium density strata. In 2013, five grizzly bears (three singles, one pair) and
19 wolves (12 singles, two pairs, one group of three) were observed during the Beverly subpopulation
reconnaissance survey in the vicinity of the core calving grounds (< 75 km from the boundary of the
medium density strata). Three of those bears were observed within the medium caribou density
stratum. Five wolves (one pair, one group of three) were also observed during the calf mortality survey,

within the high caribou density stratum.

Out of all Beverly calf carcasses for which a cause of death could be established, 52.0% were attributed

to predation in 2011 and 57.9% in 2013. When combining both survey years of each subpopulations, the
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The effect of predation on Qamanirjuaq and Beverly caribou

proportion of dead calves attributed to predation was higher in the Beverly ACCA than in the

Qamanirjuaq ACCA (pgeverly = 0.536, Paamanirjuaqg= 0.246, Z = 3.446, p = 0.001) (Table-3).

In both years, wolves appeared to be the dominant predator. In 2011, 76.9% (20/26) of predated calves
were attributed to wolves and 91.0% (10/11) of 2013 predation mortalities were believed to be wolf
kills. Swab samples collected around puncture marks in 2013 allowed us to confirm the presence of wolf
DNA on 6 of these 10 calves. During both years, only one calf was suspected to have been killed by a

grizzly bear and the remaining were classified as “unknown predator species” due to the lack of

evidence.

Table 3 : Percent frequency of occurence of causes of death in newborn calves (< 7 days old) found in the core area of the Qamanirjuaq
and Beverly caribou subpopulation calving grounds, in June 2010, 2011, 2012 and 2013 (unknown mortality causes excluded).

Cause of death Beverly herd Qamanirjuaq herd
2011 (n=50) 2013 (n=19) Total (n=69) 2010 (n=21) 2012 (n=40) Total (n=61)
Non-predation death 48.0% 42.1% 46.4% 90.5% 67.5% 75.4%
Predation death 52.0% 57.9% 53.6% 9.5% 32.5% 24.6%
Wolf predation 40.0% 52.6% 43.5% 0.0% 10.0% 6.6%
Grizzly bear predation 2.0% 0.0% 1.4% 0.0% 0.0% 0.0%
Eagle predation 0.0% 0.0% 0.0% 0.0% 5.0% 3.3%
Predator species unclear 10.0% 5.3% 8.7% 9.5% 17.5% 14.8%

Out of the 37 predated calves found in the Beverly calving grounds during both years, 29.7% (11/37) had
not been fed upon, 40.5% (15/37) had only their viscera gone, and the remaining (11/37) had at least
some of the muscle tissues consumed in addition to the viscera. When considering wolf predated calves
only, 32.2% (10/31) of the carcasses had not been fed upon. These results are similar as those from the
Qamanirjuaq calving grounds in 2010/12 and also seems to point towards a behaviour of “surplus” or

“excessive” killing by wolves when face with high density of vulnerable preys.

Of 18 calf carcasses that were attributed to wolf predation and that were still in good enough condition
to examine their viscera for possible histophysiological disorders, 55.6% (10/18) were found to have
some degree of pulmonary atelectasis and were probably already weakened by their physiological
condition, 11.1% (2/18) had their stomach filled with vegetation only and had probably been
abandoned/separated from their mother already and 33.3% (6/18) appeared to be healthy and still

nursed by their mother at the time of predation. Hence, it is important to consider that at least some
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The effect of predation on Qamanirjuaq and Beverly caribou

portion of the mortality attributed to wolf predation could be considered “compensatory mortality”
since some of those calves were already predisposed to death. The “additional” mortality on healthy
caribou calves solely due to wolf predation is therefore probably lower than the percentages presented

above.

The age distribution of predated and non-predated calves 25 -
m Non-predation

suggests that non-predator death mostly occurred within 3 20 | Predation

days of age on the Beverly ACCA while older calves appeared 15 1

more prone to predation (x* = 4.702, df=2, p = 0.095; Fig 5). 10 1

Number of calf mortalities

When considering only calves that had less than 5% of their

5 -4

. | .

<1 1-3 4-7
Estimated calf age (days)

body missing, predated calves were heavier on average than

non-predated calves (5 = 5.4kg vs 4.0kg, df=27, p<0.01). Figure 5: Frequency of predation and non-predation

related mortalities in Beverly neonate caribou calves
according to estimated age.

4.2.2. Non-predation mortalities

The field necropsies and histophysiological examination performed by the Canadian Cooperative
Wildlife Health Centre (CCWH) allowed us to conclude that 24 of the Beverly calf carcasses found in
2011 were non-predation related deaths. In 2013, 8 calf carcasses found were classified as non-predator
death. When considering only carcasses for which a cause of death could be determined, 48.0% (24/50)
and 42.1% (8/19) of those carcasses were the result of non-predator causes in 2011 and 2013

respectively.

Pulmonary pathophysiological disorders were also common in the Beverly subpopulation. Out of all non-
predated calves found in 2011 and 2013, 59.4% (19/32) showed signs of major respiratory problems
such as pulmonary atelectasis or aspiration of foreign material (meconium or amniotic fluid/squames)
into their lungs. The majority (13/19) of those calves did not have any milk curd present in their stomach
probably as a result of stillbirth or early neonatal abandonment due to their condition. One calf was
found with a congenital skull malformation. The remaining calves categorized as non-predator deaths
(12/32) were all lacking any signs of physical trauma and thus predator did not appear to be involved in
their death. Six of those calves still had most of their viscera still available for examination; four had no

trace of milk curd in their stomach and had probably been abandoned/separated from their mother and
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The effect of predation on Qamanirjuaq and Beverly caribou

might have died from starvation while the two other calves seem to have been nursing before they died

and the actual cause of death could not be confirmed.

Eleven (11) and 18 calves were classified as “unknown cause of death” in 2011 and 2013 respectively.
Most of those calves (22/29) were too consumed and/or decomposed to determine a conclusive cause
of death. The warm temperatures encountered in June 2013 (Daily average temperature in Cambridge
Bay = 7.1°C in 2013 compared to 1.6°C in 2011, between start and end dates of survey) (Environment
Canada, 2014) likely accelerated the proliferation of Diptera larvae in the carcasses resulting in many
highly decomposed carcasses during that year. Six calf carcasses had a combination of possible
predation and non-predation signs making it too difficult to draw a conclusion. One calf was found on a
lake but could not be picked up to perform a necropsy. Fatigue and drowning were likely the cause of

death of that last calf but this could not be confirmed.

4.3. Extent of calf mortality in core calving grounds

The main objective of this study was to compare the relative impact of predators on these two distinct
barren-ground migratory caribou subpopulations. The results highlight the differences in the predator-
prey dynamic between the two geographically separated subpopulations. The systematic approach of
the present work allowed us to estimate the total number of caribou calves that died each year in the
core calving area of the Beverly and Qamanirjuaq subpopulations during the newborn calves’ first week
of life. Despite the known variability in annual distributions of breeding cows within the ACCA, we have
confidence that the results of this study provide a statistical precision sufficient to evaluate the relative
level of predation on caribou calves within both ACCA. In addition we believe the method is well
adapted to monitor trends in predation between multiple years based on the differences observed

between the two geographically separated subpopulations.

The total calf crop mortality appears relatively low in both subpopulations with a two-year average of
approximately 2.11% and 5.78% in the Qamanirjuag and Beverly subpopulation respectively. This is
lower than the neonatal mortality estimated by Williams (1995) on the Beverly herd in 1993 (11.4%) and
1994 (7.2%) and by Miller et al. (1988) in 1981-1983 (approx. 10%). It is also lower than the calf crop
mortality estimated by Whitten et al. (1984, 1985 and 1986 in Williams, 1995) on the porcupine herd

(6.6%-15.4%). Differences in methodology might explain the observed discrepancy with results from this
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The effect of predation on Qamanirjuaq and Beverly caribou

study. Despite the relative precision of the results obtained during this program we must caution that
financial and logistic constraints did not allow for the coverage of the entire ACCAs and results
presented in this report only apply to the core area of the calving grounds. While we can expect similar
mortality rates throughout the whole ACCA, this predation survey was not conducted in the areas where

breeding females were present in low density.

The two-year average estimated total calf crop mortality due to predation within the core area of the
Beverly ACCA was 2.84% compared to 0.5% for the Qamanirjuaq subpopulation (Fig 6). Wolves were the
most common species responsible for predation mortalities in both caribou herds. Visual observations
of wolves were however much higher in the vicinity of the Beverly ACCA than in the Qamanirjuaq ACCA.
A total of 37 wolf observations were recorded during the 2011 and 2013 Beverly surveys compared with
8 observations recorded during the 2010 and 2012 Qamanirjuaq surveys. A possible explanation for this
large difference might be the extensive wolf harvest happening along the migratory route of the
Qamanirjuaq caribou herd. Several Inuit communities (Arviat, Whale Cove, Rankin Inlet) have close
access to the Qamanirjuaq caribou spring migration corridor and as a result harvest high numbers of
wolves most springs, likely reducing the number of wolves accessing the Qamanirjuag ACCA. In
comparison, the Beverly ACCA is located much farther from Inuit communities and the predator harvest

along their migration route is therefore much lower (Campbell et al., 2014).

Miller et al (1988) had suggested from their observations on the Beverly traditional calving ground that
probably 5-7% of the calf crop was killed by wolves during their first week of life. This is approximately
twice the amount that we estimated during our study on the current Beverly ACCA. Even though
methodology differs between both studies, this could suggest that the predation pressure on the
Beverly caribou subpopulation has decreased in recent years. This decrease could be the net result of
the documented shift in ACCA from the vicinity on Beverly/Garry Lakes area to the western Queen Maud
Gulf (Nagy et al., 2011; Nagy and Campbell, 2012; Campbell et al., 2014). In fact, Bergerud et al. (2008)
further suggests that distributional shifts of migratory caribou populations in response to predators
shouldn’t be surprising, and that many of the major shifts in ACCAs documented over the years have

produced evidence supporting the same.
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Fig 6: Summary of estimated calf mortality on core area of calving grounds of Beverly and Qamanirjuaq caribou subpopulations during their

first week of life. a) Estimated annual calf mortality with 95% confidence interval; b) Two-year average calf mortality (black pie slice) and
relative proportion of non-predation vs predation mortalities in Qamanirjuaq caribou subpopulation. c¢) Two-year average calf mortality (black

pie slice) and relative proportion of non-predation vs predation mortalities in Beverly caribou subpopulation.

While the percentage of calves dying from predation in the Beverly herd was estimated to be
approximately 5.7 times higher than in the Qamanirjuaq herd, the ecological significance of this level of
predation needs to be evaluated. Predation is recognized as a regulatory mechanism for prey
populations. It is believed that predators are essential to maintain healthy prey populations by
removing weak and sick individuals from the population. Our necropsy results showed that a large
proportion of the calves predated by wolves on the Beverly calving grounds were probably already
predisposed to death due to physiological or pathological disorders. Hence, the “additional mortality”
solely due to wolf predation represents only a small proportion of the total estimate of mortality
attributed to predators. Similarly, the very low predation rate observed in the Qamanirjuaq
subpopulation might even be detrimental to the herd health and might increase the occurrence of

diseases such as the infectious pododermatitis (foot rot) epidemic observed in 2011.

While several grizzly bears where observed both in the Beverly and Qamanirjuaq calving grounds, very
few calf carcasses found were attributed to grizzly bear predation. Grizzly bears are known to feed on
caribou calves (Young and McCabe, 1997; Gau et al., 2002). The fact that we found so few calves that

had been killed by grizzly bear might be due to the fact that the consumption of new born calf carcasses
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by grizzly bears is so complete that the remains often go undetected. Calf predation by grizzly bear is

therefore probably underestimated in this study.

This predation study represents a first step in investigating the effect of predation on barren-ground
caribou in Nunavut. The information presented in this report provides an insight into the predator-prey
dynamic of the ecosystem but only covers the calving period and the first week of like of newborn
caribou calves. We recommend that additional studies should also been conducted to evaluate calf
survival during the post-calving period as well as in the wintering grounds to better understand the full
impact of predation on calf survival throughout their first year of life. Telemetry and dietary studies of
wolves and grizzly bears are also suggested as a complementary means of estimating the impact of
predators on caribou calf survival. Video camera collars could also effectively document the predation

rate of wolves and grizzly bears on caribou calves throughout the calving and post-calving period.

We also suggest some improvement of the methodology used during this study to increase the accuracy
of the estimates of the total calf crop mortality on the annual concentrated calving areas. More
extensive ground counts of cows with and without distended udders would allow a better estimate of
the proportion of breeding females and total calf production rather than the presence/absence of hard
antlers which appears to be misleading at least in some years or some subpopulations. Increasing the
coverage of the systematic calf mortality survey in both caribou density strata to approximately 15-20%
in the high density stratum and 10% in the medium density stratum would also increase the accuracy of
the total calf mortality estimate. Very little literature exists on typical predation signs and patterns from
specific predator species on small carcasses such as caribou calves. The identification of wolf DNA on
some calf carcasses allowed us to identify particular patterns and signs that are typical of wolf
predation. Video footage from camera collars and additional DNA analysis on future calf carcasses could
provide additional information on signs and characteristics typical of grizzly bear predation on such
small preys, and would be helpful to distinguish grizzly bear’s kills from other species to better evaluate

the impact various predators on caribou calf survival.
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Appendix 1 : Distance sampling analysis

Table X1: Summary of detection function model fits for estimating total number of calf carcasses found during calf mortality

surveys. K = total number of parameters in model, AIC = Akaike Information Criterion, and P,= estimated proportion of
carcasses detected along the transects.

Model Key function, expansion serie Covariates K AIC AAIC P,

Hazard rate, cosinus None 2 562.10 0.00 0.356
Half-normal, cosinus None 2 563.82 1.72 0.391
Hazard rate, cosinus Year 5 563.65 1.56 0.329
Hazard rate, cosinus Herd 3 564.12 2.03 0.346
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Figure X1: Detection probability curve
Effort : 3991.722
# samples : 412
Width : 100.0000
Left : 0.0000000
# observations: 137
Model
Hazard Rate key, k(y) = 1 - Exp(-(Y/A(1))**-A(2))
Point Standard Percent Coef. 95 Percent
Parameter Estimate Error of Variation Confidence Interval
AC 1) 18.14 6.127
AC 2) 1.311 0.2761 —
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Appendix 2 : necopsy sheet

0110

CarcassID : | CAR- 2011 -
Description of kill site :
Date :| | Observer: I:I
. Topography : F_Iat_ Ve getation : MOI?t meatow
Waypoint # : Hill side Mesic tundra
Hill top Shrub
Latitude :

Phototaken: ¥

Longitude : I:I Description of carcass:
N

Carcass in natural resting position: Y

N

Thorax
Ahdomen

Main entry hole to body cavity :

Condition of
pelage :

Umbilical cord:

Hoof wear :

Stomach
content :

Lungs
condition :

Approximate
age (days) :

Sex : I:I Age category :

Calf Yearling Adult

Puncturewounds: ¥ N Location of | Skull

In placental sac
Pelage soaked

Pelage dry

Fleshy & wet
Drying, still soft
Dried

Yellowish
Blackish, no wear

Blackish with scratches

Black and worn

Empty
Milk curd only

Milk curd + trace vegetation

Milk curd + vegetation

Yegatation only

Purplish, small {fetal)
Pink + purplish areas
Mormal condition

L R
L R
L R

<1
13
4-7
>7

Foamy fluid intrachea: ¥ N

Weight (kg) : I:I Body length (cm} :I:I
Neck circ. (mm) :I:I Chest girth [mm) :I:I

% of carcass missing : |

wounds : Meck
Thorax

Blood around wounds : Abdomen

Subcutaneous hemorrhage :
Limbs disarticulated :

Hide inverted :

Skull crushed :

< < < < < =<
2z =222 =2

Claw marks on hide :

Ears [] Tongue []

Organs removed :  Eyes[ ]

Estimated time Radh
of death : Tadays
> 7 days
Predator signs:
Predator nearby ? |
Carcass burried/covered? ¥ N

Scats near carcass? Y N Species : | Wolf

Grizzly bear
Number of scats: |:| .
Wolverine
Tracks nearcarcass? ¥ N . Wolf
Species: | Grizzly bear
Wolverine

Hairsnearcarcass? Y N Species: [ Wolf

Hai e ID: Grizzly hear
amr sample 1L I:l Wolverine

Carcass consumed by predator : Y N

Samples collected (CAR- to )

Liver: [] Lungs:[] Kidney: [] Spleen: [[] Muscle: []  Tooth: [] O

Comments :
Cause of death
wWolf [] Suspected Wolf [] Grizzly Bear [J Suspected Grizzly Bear [ Non-predator [] Unknown []




SUBMISSION TO THE

7 /U NUNAVUT WILDLIFE MANAGEMENT BOARD

EOR

Nunavut

Information: Decision: X
Issue: The Nunavut Grizzly Bear Co-Management Plan

Background

e There is no formal TAH on grizzly bears. Currently, Inuit harvest bears for
domestic use and in defense of life and property with no restrictions.

e There is no mandatory harvest reporting, and no regulations protecting family
groups (females with cubs) or bears in dens

e Although there is no immediate conservation concern with current harvest
levels, a defensible management system to ensure the harvest is sustainable
will require adequate harvest monitoring and reporting

e A better defined management framework is needed to ensure the persistence
of grizzly bear populations and facilitate the full economic benefit of this
renewable resource (e.g. sale of hide, sport hunts, wildlife viewing, etc.)

Current Status

e The Department of Environment (DOE) worked cooperatively with relevant
Hunters and Trappers Organizations (HTOs), Regional Wildlife Organizations
(RWOs), communities and other stakeholders (e.g. Nunavut Wildlife
Management Board, Parks Canada, Environment and Climate Change
Canada and Nunavut Tunngavik Inc.), seeking their input to develop a draft
Nunavut Grizzly Bear Co-Management Plan over the last five years.

¢ |Initial consultations with HTOs focused on identifying management priorities
and goals.

e The draft plan was developed based on input received in initial consultations
and then taken back to communities and HTOs for final review and input

e This draft management plan submission and its recommendations have the
support of HTOs and provide a voluntary co-management framework for,
harvest reporting, protection of family groups and bears in dens and help
address human-bear conflicts.

e The DOE will submit recommendations on Sport Hunting allocations to the
NWMB for decision and RWO distribution.
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Consultations

A full consultation summary has been provided in a separate document.

Preliminary Consultations

e Kivallig Wildlife Board (KWB) and all Kivallig HTOs in 2011-12
e Kugluktuk, Cambridge Bay and Gjoa Haven HTOs in February 2014

Second Consultations

Kitikmeot and Kivallig Regional Wildlife Boards (RWOs), October 2015

All Kitikmeot Region HTOs and communities, October/November 2015

All Kivallig Region HTOs and communities, January/February 2016

Environment Canada, NWMB staff, GNWT and internal DOE review in summer of
2015 and early 2016

Recommendation
DOE requests the NWMB approve the Nunavut Grizzly Bear Co-Management Plan

Attachments
Draft Nunavut Grizzly Bear Co-Management Plan
Nunavut Grizzly Bear Co-Management Plan Consultation Summary
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Nunavut Grizzly Bear Co-Management Plan

PREFACE

Management of grizzly bears in Canada is conducted at the provincial and territorial
level. In Nunavut, the management of all wildlife is ultimately governed by the Nunavut
Land Claims Agreement (NLCA). Within the direction of the NLCA, management must
invite public participation and promote public confidence, particularly amongst Inuit.

The Minister of the Environment and the Nunavut Wildlife Management Board (NWMB)
hold the ultimate responsibility and primary responsibility for wildlife management
respectively under the NLCA. The NWMB has the responsibility of approving
management plans (Article 5 section 5.2.34 d(i)). This plan has been prepared with the
cooperation of the Government of Nunavut Department of Environment (DOE),
Regional Wildlife Organizations (RWOs), Hunters and Trappers Organizations (HTOSs),
NWMB, and Environment and Climate Change Canada (ECCC), with input from the
Government of the Northwest Territories, and the participation of Inuit.

Implementation of this management plan is subject to appropriations, priorities, and
budgetary constraints.

EXECUTIVE SUMMARY

This management plan has been developed cooperatively by co-management partners
with the intent to provide guidance and direction to the co-management partners to help
them with their decision-making and to identify goals and objectives for the
management of the grizzly bear population. Ongoing communications between co-
management partners, Inuit participation and cooperation will be fundamental to the
plan’s success.

Although current harvest does not pose an immediate conservation concern, close
monitoring and additional management actions are required to ensure long term
sustainability. The main actions of this plan, which are supported by the users
voluntarily, include protection of family groups, bears in dens, harvest monitoring, and
reducing human-bear conflict.

Nunavut Grizzly Bear Co-Management Plan, 2017
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1. INTRODUCTION

Based on Inuit observations and Inuit Traditional Knowledge, there is strong evidence
that grizzly bears have increased in number in Nunavut as well as expanded their
range, both in the eastern and northern portion of the territory. The scientific community
generally agrees with this although studies in support are sparse. This apparent
increase is at odds with southern grizzly bear populations where loss of habitat has
reduced their range to only a fraction of what it was historically.

Although territory wide surveys have not been conducted, it is estimated that there are
in the order of 1,500 to 2,000 grizzly bears in Nunavut (COSEWIC 2012). The
information available on grizzly bears in Nunavut is uneven across the territory, with
most of it being from the western part of the Kitikmeot region. This management plan
will serve as a guide for long term sustainable use and management of the species.

In the past, grizzly bears were mainly present in the Kitikmeot and western portions of
the Kivallig. Inuit occasionally hunted grizzly bears for hides, fat, meat, and other
traditional uses. With the recent range expansion, more bears are being hunted for
subsistence and economic reasons. Under NLCA grizzly bear is listed both as a big
game (Schedule 5.1) and furbearer (Schedule 5.2).

Human-caused death is the main cause of sub-adult and adult bear mortality in
Nunavut. Across their entire range, loss of habitat and harvest are the main threats to
grizzly bears. Grizzly bears generally exist at low densities, breed late in their life, and
have small litter sizes and long birth intervals. In addition, grizzly bears need large areas
of undisturbed land. The barren ground grizzly bear has the largest home range size
documented with an annual range for males of 7245 km? and for females 2100 km?®.
There is concern that the cumulative effects of various human-caused mortalities and
increasing development on the land may cause the grizzly bear population to decline in
Nunavut.

Grizzly bears can come into conflict with people when they are attracted to food and
garbage in communities, at camps and cabins, or at industrial sites. Human-bear
conflict often results in the death of the bear. There are programs to prevent bears from
becoming problems by limiting attractants and/or reacting appropriately when bears are
encountered. Human activities, particularly development, tourism activities, and private
camps must be managed appropriately to minimize impacts on grizzly bears and their
habitats.

The grizzly bear has been assessed as a species of Special Concern in Canada and is
currently under consideration for listing under the Species at Risk Act (SARA). Trade in
grizzly bear parts is regulated domestically by the Wild Animal and Plant Protection and
Regulation of International and Inter-provincial Trade Act (WAPPRIITA), and
internationally under Appendix Il of the Convention on International Trade in
Endangered Species of Wild Fauna and Flora (CITES).

Nunavut Grizzly Bear Co-Management Plan, 2017
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Nunavut's grizzly bear population is shared with the Northwest Territories (NWT). The
NWT already has management systems in place and has encouraged Nunavut to also
implement a harvest management system.

2. GUIDING PRINCIPLES

Sustainable grizzly bear management depends on active participation and support from all
co-management partners. The following principles will guide conservation and
management decisions, within the framework of the NLCA:

e To integrate Inuit societal values and Inuit traditional knowledge, collectively
called Inuit Qaujimajatugangit (1Q), in grizzly bear management;

¢ 1Q and scientific knowledge will be considered jointly in decision-making,

e To consider public safety in management actions;

e To consider the ongoing social, cultural, and economic value of the grizzly bear in
decision-making;

e To consider how grizzly bears interact with the ecosystem when considering
management actions;

e Where there are threats of serious or irreparable damage to the grizzly bear
population, lack of certainty will not be a reason for postponing reasonable or
precautionary conservation measures, while considering that harvesting practice
is essential part of Inuit culture.

3. GOAL OF THE GRIZZLY BEAR MANAGEMENT PLAN

To maintain a viable and healthy grizzly bear population for current and future
generations, and to ensure that grizzly bears remain an integrated and functioning part
of the ecosystem while allowing monitored and sustainable harvest.

4. BACKGROUND

In 1947, the NWT Game Regulations provided a closed season for harvesting grizzly
bears. Historically, grizzly bears were only occasionally harvested as they were not a
central species to Inuit life. Grizzly bears were generally harvested when encountered,
but encounters were rare. In the late 1980s, there was a quota system put in place for
grizzly bears by the government of NWT, in both the Kitikmeot and Kivalliq regions.
Each region was allocated 10 tags each year for sport hunts or the sale of hides. More
recently the GN has determined that the current regulations require a decision from the
NWMB in order to allow sport hunting tags to be issued in those same regions.

Nunavut Grizzly Bear Co-Management Plan, 2017
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Traditionally, Inuit have managed grizzly bears and human-bear conflict problems by
processing and caching food safely, by having few or no permanent structures that
attract bears, and by harvesting bears that ventured too close to human settlements.

Recent grizzly bear expansion eastward to the Hudson Bay coast, and north to Victoria
Island has resulted in increased frequency of human-bear interactions and associated
property damage to cabins and cached meat. Now there is concern for public safety
within communities and on the land within the range of grizzly bear in Nunavut,
particularly in areas where bears have recently increased in numbers.

In Nunavut, human safety and the right of Inuit to harvest grizzly bears remain high
priorities. There is a need to monitor harvest and limit other human caused mortality to
ensure that current and future harvest remains sustainable without posing a
conservation concern.

5. GRIZZLY BEAR CO-MANAGEMENT IN NUNAVUT

The following co-management partners participate in grizzly bear management. Their
roles are defined in full detail in Article 5 of the NLCA. A brief summary of each follows,
however the NLCA is the guiding document.

5.1 Nunavut Wildlife Management Board

The role of the NWMB is defined in the NLCA sections 5.2.33 and 5.2.34, and consists
of, but is not limited to, setting Total Allowable Harvest (TAH) and Non-quota limitations
(NQLs). In addition, the NWMB approves management plans and is responsible for
status designation of threatened species. The NWMB is the main instrument for wildlife
management in Nunavut.

5.2 Regional Wildlife Organizations

RWOs role is defined in sections 5.7.6 of the NLCA. These roles include, but are not
limited to, regulating the activities of HTOs including allocation of TAH among
communities.

5.3 Hunters and Trappers Organizations

HTOs role is defined in sections 5.7.2 and 5.7.3 of the NLCA. These roles include, but
are not limited to, regulating the harvesting activities of members. This includes
allocation of TAH among members and setting of harvest seasons. As per the NLCA, an
HTO may develop rules for non-quota limitations relevant to their members.

5.4 Department of Environment

The Minister of Environment retains the ultimate authority over wildlife management in
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Nunavut as per the NLCA. DOE staff conduct research, work to collect 1Q, and make
recommendations to the NWMB for decision. Conservation Officers enforce the Wildlife
Act and regulations. Programs to reduce human-bear conflicts and to reduce and
compensate for property damages caused by bears are being implemented.

5.5 Nunavut Tunngavik Inc.

Nunavut Tunngavik Incorporated represents all beneficiaries in the Nunavut Settlement
Area by ensuring the land claim is properly adhered too. The NLCA is constitutionally
protected under Canada’s Constitution Act, 1982.

5.6 Government of Canada

If listed under the SARA, Environment and Climate Change Canada (ECCC) would be
responsible for a national management plan for grizzly bears. Currently ECCC is
responsible for managing grizzly bears and their habitat on federal lands under their
jurisdiction (National Wildlife Areas and Migratory Bird Sanctuaries) as well as lands
under the jurisdiction of the Parks Canada Agency (National Parks, National Park
Reserves and National Historic Sites).

6. SPECIES DESCRIPTION

Inuktitut: Aklag/Aklak (Inuktitut/Inuvialuit — Uummarmiut dialect);
Aghat, (Inuktitut - Inuinnaqtun);
Aklah (Inuktitut)

English name - Grizzly bear

French name - Ours grizzli, Ours brun

Latin name - Ursus arctos (Linneaus 1758)

6.1 Status

SARA Canada: No Status
COSEWIC: Special Concern (2012)
IUCN: Least Concern (2008)
Nunavut Wildlife Act: Not Assessed

6.2 General Description

Grizzly bears in Nunavut are similar in size to those in southern populations but are
smaller than grizzly bears inhabiting coastal Alaska, in part possibly as a result of the
lower primary productivity of the barrens. Grizzlies have a prominent shoulder hump,
long front claws and fur color ranging from blonde through shades of brown to nearly
black. Genetic diversity is substantially lower for Nunavut grizzly bears compared to
other populations in North America.

Nunavut Grizzly Bear Co-Management Plan, 2017 Page 4
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6.3 Distribution

The current range of grizzly bears in Nunavut encompasses most of the mainland, and
some of the southern islands of the Arctic Archipelago (Figure 1). Victoria Island is now
inhabited by grizzly bears. Observations of grizzly bears have been recorded several
times in recent years on several other large islands close to mainland Nunavut,
including King William Island, Melville Island and historically on Southampton Island.

6.4 Biology

Grizzly bears in Nunavut are long-lived, with maximum age of 28 years recorded for
both sexes. A primary cause of natural mortality for adult females is predation by males.
Adult males will also kill cubs and yearlings in late spring to mate with the females;
however, the majority of cub deaths occur during denning or within the first month of
leaving the den, with malnutrition likely being the primary cause of mortality in cubs.

The mean age at first reproduction for female grizzly bears in Nunavut is approximately
8 years of age, which is later than most other populations in North America. Males can
start mating at 4-5 years of age but most mating is done by more mature males.

Nunavut Grizzly Bear Co-Management Plan, 2017

0120

Page 5



Legend / Ligends
I Grizy Range
[ Grizy Bxpansion Rangs

Beaufort

Seo "f‘"- ;
/

TREN

e

Proje cticrs
Cureds Lemban Conkoral Conke

} = Dt S ourms

Markia| Rascurcm: Canads, GecOae®
haarscrad Top grag b Carmbase
‘ Gommrerent of Murav e

Figure 1. Range of grizzly bear in Nunavut.

Mating occurs from April to July and there is delayed implantation with gestation
beginning in the fall. Litter size range from 1-4 with 2 being most common. Cubs are
born in January and nurse in the den until the female emerges in early May. Males
typically emerge from their dens in late April. Denning usually begins in the last two
weeks of October (females prior to males). The cubs remain with their mother until
about 2 years old, and the sow can mate again only after the cubs leave, or cubs are
lost. The mean interval between litters is 2.8 years.

Grizzly bears are predators of caribou and muskox in Nunavut. Where available, Arctic
ground squirrels are preyed upon by grizzly bears, and make up a significant
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component of their diet. Occasional prey items noted for grizzly bears also include red-
back voles and several species of lemmings (Dicrostonyx and Lemmus spp), ptarmigan
(Lagopus spp.), Arctic hare, nesting ducks and geese and their eggs, ringed seal,
beached whales, and spawning fish. Sedges and berries are also important dietary
components. 1Q suggests that grizzly bears are very resilient and capable of adapting to
various environments.

The common parasites of grizzly bears include worms of the genera Diphyllobothrium
and Baylisascaris. Other diseases of note that have been observed in grizzly bear
populations include Clostridium infections (i.e. botulism), toxoplasmosis, canine
distemper, and rabies. Trichinella spiralis in grizzly bear populations is a concern for
public health. It is likely that Trichinella infects grizzly bears throughout Nunavut. Grizzly
bear meat should be properly cooked prior to consumption to prevent trichinosis in
humans.

7. CONSERVATION THREATS AND CHALLENGES

Nunavut has an adaptive wildlife management system whereby threats of any kind,
including those posed by industrial activity or change in distribution/abundance due to
climate change, can be identified and responded to quickly through the NLCA process.
The following are current and/or potential future threats facing grizzly bears in Nunavut.

7.1 Industrial Activity, Habitat, and Climate Change

Grizzly bears in Nunavut require a large area to sustain a healthy population, find
adequate food and denning sites, and for social interactions.

Human resource development is generally considered detrimental to grizzly bears and
their habitat. Particularly, grizzly bears in tundra habitats are more likely to be displaced
by human activity due to lack of available security (forest) cover. Several active and
proposed mines and other industrial pursuits in Nunavut may affect bears indirectly due
to increased hunter access from road development leading to an increase in human-
bear conflicts and harvest. Co-management partners should provide information and
guidelines into process of environmental impact assessment on how to minimize
impacts of development on grizzly bears and their habitat.

Climate change is affecting terrestrial and marine environments; however, impacts on
grizzly bears are not clear. It is challenging to predict and mitigate the effects of climate
change on habitat.

7.2 Harvest

Some demographic estimates, such as reproductive parameters for the Kitikmeot
region, are from 1990s and little information is available for the Kivallig. Ongoing studies
to determine population status and trend will provide local estimates to extrapolate to
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territorial estimates. Despite the limited data, there is adequate information, both
scientific and local knowledge, to advise decision-makers on appropriate management
actions.

Kitikmeot Region:

During a grizzly bear collaring project from 1996 to 1999 in the west Kitikmeot/Slave
Geological Province, grizzly bear population (3 years old or older) was approximated at
a density of 3.5 bears /1,000 km?. In 2008-2009, DOE estimated a density of 5
bears/1,000 km?in a 40,000 km? area around Kugluktuk using genetic mark-recapture
hair snagging technique. In 2011, to the east of Kugluktuk, in the Doris North Gold
project area, Rescan (2012) detected 6 bears/1,000 km2 (39 grizzly bears in a 6,500
km?2 study area) using hair snagging technique. With the same technique, to the south,
at the Sabina-Back River project area, Rescan (2013) reported a detection of 6—8
grizzly bears/1,000 km? (109 grizzly bears in ~18,000 km? study area).

From 1988 to 1995 and from 1996 to 1999, collaring programs on grizzly bears allowed
an estimate of the population growth rate of the bear population in the west Kitikmeot.
Annual population growth rates were estimated at 1.026 (2.6%) from 1988 to 1995 and
1.033 (3.3%) from 1996 to 1999. Given the west Kitikmeot area is estimated at
approximately 150,000 km? of land, we can therefore estimate a grizzly bear population
from 780 to 915 based on the high and low population growth rates above. This slightly
increasing trend is consistent with Inuit observations of more grizzlies on the land.

Between 1995 and 2014, the annual harvest of grizzly bears in the Kitikmeot region

has fluctuated from 4 to 22 bears/year, with an average of 13 bears/year. Based on an
estimate of 780 to 915 bears and the indicators of a positive bear population growth
rate, the current harvest rate (1.4 to 1.7%) and the average annual harvest of 13 bears
is sustainable. DOE considers a maximum harvest rate of 2% for Nunavut grizzly bears
as sustainable; therefore the west Kitikmeot could sustain a slight increase in the annual
harvest provided that females are protected.

Kivallig Region:

Grizzly bear densities in the Kivalliq are lower than in the west Kitikmeot; however,
adequate scientific studies have not been conducted to estimate actual densities, with
the exception of a pilot study on a small scale by Arviat HTO in the periphery of North
Henik Lake in 2013. Where 7 individual grizzly bears (4M:3F) were identified with no
extrapolation to a regional population estimate.

Local and scientific observations indicate an expansion of grizzly bear range eastward,
resulting in an increase in local abundance. Grizzly bear harvest in the Kivalliq has
increased substantially since 2008. From 1995 to 2007 the harvest averaged 5 bears
annually. From 2008 to 2014, the average annual harvest increased to 18 bears. Based
on the available scientific information (increasing proportion of females in the harvest
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and decreasing proportion of adults in the recent harvest) the current harvest level is
probably not sustainable over the long run and may cause a population decline,
highlighting the need for harvest monitoring and reporting.

Nunavut Wide:

Although there has not been a complete survey of the grizzly bear population in
Nunavut, it is estimated that between 1500 and 2000 grizzly bears live in Nunavut (hair
shagging studies and visual observations from caribou and muskox surveys). The
maximum recommended harvest rate for grizzly bear in Nunavut is 2% of population
estimate. With this estimate, the harvest should be around 30 to 40 bears/year. In the
absence of better information, a conservative harvest of 30 bears/year seems
reasonable (2% of the lowest estimate and 1.5% of the highest estimate).

The average Nunavut harvest from 1995 to 2014 was 22 bears/year. Currently, male
grizzly bears represent 80% of the harvest between 1995 and 2014. However, the
proportion of females in the harvest varies annually. The harvest of females, and
especially females with cubs, is considered to have a greater negative impact on the
population. Nevertheless, a highly male biased harvest can also be detrimental.

Considering science and IQ agree that bears have increased in number and range, the
current territorial annual harvest average of 22 bears per year does not present an
immediate conservation concern.

Sport hunting is an activity that provides economic benefits to communities; the DOE
supports the continuation of sport hunting and use of commercial tags. The sport
hunting limits or the allocation of resident non-beneficiary harvest limits will be subject to
NWMB decision and RWO allocation.

Protection of family groups, bears in dens, and adequate harvest reporting is required to
ensure harvest remains sustainable. This will also demonstrate that harvest rates are
defensible to other jurisdictions and help maintain trade and sport hunts, which are
identified as important by communities.

7.3 Grizzly Bears and People

Currently, in many areas of Nunavut, the number of bears encountered in communities
and on the land has increased, thus increasing the potential for human-bear conflicts.
This public safety issue requires appropriate management action by co-management
partners. Although co-management partners in some communities have developed
community human-bear conflict management plans, continued efforts at
implementation, training and funding for these plans is needed to ensure success.

7.4 Working Together

Nunavut's grizzly bear population is shared with the Northwest Territories. Cooperative
efforts between jurisdictions on research and monitoring, and consultation should be
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encouraged. Within Nunavut it is important for co-management partners to effectively
participate in management and regulatory processes. An open dialogue with sharing of
information and knowledge is crucial to successfully work together, yet this remains a
challenge due to logistical constraints and the capacity of co-management partners.

8. MANAGEMENT OBJECTIVES AND ACTIONS

The following subsections describe general objectives to address the above threats and
challenges, followed by more specific actions to help achieve the objectives.

8.1 Industrial Activity, Habitat, and Climate Change

Grizzly bears on the barrens have the largest recorded home ranges in North America.
This means that they require significant space to sustain a healthy population, find
enough food and denning habitat, and carry out social interactions.

The management of human activities and the environmental impact assessment
process are key to ensuring sustainable development of the land, providing economic
and social benefits to communities. The environmental impact assessment process
should consider grizzly bear needs when assessing proposals of human activity within
their range and there should be mitigation and safety measures undertaken to reduce
human-bear conflicts.

The potential effects of climate change include changes to primary productivity, which
may impact prey species (both plants and animals), as well as changes in denning
periods. Understanding the potential impacts, both negative and positive, are key to
long-term sustainability of grizzly bears.

Objectives:

e Minimize the impacts of land use activities on grizzly bear movements, habitat,
vegetation and prey species

e Ensure co-management partners have the resources and information to
effectively participate in management actions

e Examine potential impacts (individual and cumulative) of increasing resource
development activities and focus research to better understand climate
change impacts, both negative and positive, on ecological conditions that are
important to grizzly bears

Actions:

e Provide input into environmental assessment process under (Nunavut Impact
Review Board (NIRB) for development projects

e Continue to collect scientific and Inuit knowledge on grizzly bears for use in
decision-making and regulatory reviews

e Develop a monitoring plan to provide information on:
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i. potential subpopulations delineation
ii. population status and trend
lii. impacts of climate change and potential cumulative impacts of
anthropogenic land use.

8.2 Harvest Management

Human-caused mortality is the main cause of death in adult and sub-adult grizzly bears;
therefore, management of harvest is a key component of grizzly bear management.
Harvest, other than defense Kkills, is conducted as part of traditional and subsistence
activities or as part of commercial activities (sale of hides and sport hunts with HTO
approval). Considering their relatively low density and long generation time, the grizzly
bear population in Nunavut can only sustain a limited harvest.

The current harvest pattern appears to have allowed grizzly bears to increase; however,
long term effects of various harvest scenarios require further investigation. Monitoring
and obtaining reliable population estimates as well as ensuring harvest levels are
sustainable will become increasingly important as the level of human activity increases.
Protection of breeding females, family groups, and bears in dens will help mitigate the
effects of harvest.

Objectives:
e Maintain a sustainable harvest of grizzly bears and monitor the harvest through
reporting and sample collection
e Protect family groups and bears in dens
e Reduce defense Kills to allow for increased subsistence harvest while reducing
risk to the public in the communities and at camps

Actions:

e Develop a harvest reporting program to support decision making, with
appropriate harvest samples and harvest information

e Hunters, on a voluntary basis, refrain from harvesting family groups and bears in
dens

e Utilize bear awareness and damage prevention programs to reduce defense of
life and property kills (DLPK) and Conduct community education and awareness
program to reduce human-bear conflicts

8.3 People and Bears

Many problems with bears could be avoided and often result from poor site
management or from avoidable encounter-related issues.

From 1980 to 2014, 172 grizzly bears were reported killed in defence of life and
property (average of 5/year) representing 27.3% of total reported grizzly bear deaths.
However, some problem bears that were shot were reported as subsistence kills, and
therefore, the actual number of bears killed as a result of conflicts with people is higher
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than the reported number.

Inuit have encountered grizzly bears for generations, and have observed an increase in
the number of grizzly bears as well as range expansion. Along with the observed
increase in bears there have been increasing concerns of public safety, as well as
increasing damage to property and food caches. Harvesting of grizzly bears for
subsistence, and economic benefit is still very important. Ensuring defense kills are
minimized and traditional harvest is maintained is important to communities.

Objectives:
e Continue to develop and improve methods for protection of people, property,
and meat caches
e Improve community involvement in protections activities
e Ensure adequate support for community bear monitors (including training and
equipment)

Actions:

e Reduce the number of defense of life and property kills (DLPK) by:

I. Promoting public bear awareness and safety through education

ii. ldentifying factors leading to human-bear conflicts

iii. Improve communication to the public about bear safety, deterrence, and
available programs

iv. Making deterrent tools available to land users

v. Install and maintain electric fences in key areas (research camps,
Outpost camps, mining and exploration camps, etc.)

vi. Ensure the Wildlife Damage Compensation and Wildlife Damage
Prevention programs are accessible to the public and adequately
funded

Develop and implement Community Bear Plans

Provide education and training on the use and maintenance of electric fences
and other deterrent tools

8.4 Working together

This plan was developed with the participation of co-management partners. This is a
positive step towards improved cooperative management but more can be done both
within Nunavut and with neighboring jurisdictions. Within Nunavut there is a need for
improved communication and sharing of knowledge, as well as increased participation
of Inuit in research projects.

Objectives:
e Increase involvement of Inuit in research programs
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e Improve collection and archiving of 1Q so that it is accessible for decision-
making.

Actions:
e Develop collaborative research partnerships, particularly for IQ studies, to

increase capacity
e Continue to work with HTOs on Inuit involvement in research.

At the inter-jurisdictional level, improved cooperation should be encouraged. This
cooperation may include government-to-government and user-to-user agreements.

Objectives:
e Improve inter-jurisdictional coordination

e Build cooperative research programs in areas such as population monitoring
and traditional knowledge studies.

Actions:
e Pursue inter-jurisdictional agreements for data sharing and joint research
programs
e Develop a knowledge and information sharing framework for co-management
partners

e Seek research partnerships with external researchers to increase capacity.

10. PLAN REVIEW
In order to be sure that the goal and objectives of this management plan are realized,
it is essential to measure progress on the implementation of the plan. The review of
objectives in this management plan will occur with co-management partners initially
after 5 years, and then every 7 years.

The number of grizzly bears and the trend (population, reproduction, survival rates
etc.), the conservation of habitat, incorporation of IQ, number and types of bear-
people conflicts are all essential performance measures with which to measure the
success of grizzly bear conservation in Nunavut.
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Appendix A - Proposed Research and Monitoring

Recommended Harvest Monitoring Program
e Date, location and type of kills and submission of samples
e Human — Bear conflict monitoring.

Population Monitoring
e Trend in abundance through hair snagging studies
e Changes in distribution
e Delineation of subpopulations

¢ Number of females with cubs / yearlings and number of cubs / yearlings by collaring
females.
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Executive Summary

Government of Nunavut, Department of Environment (DOE) representatives conducted
consultations with the Hunters and Trappers Organizations (HTOs), Regional Wildlife
Organizations (RWOs), and communities from 2011- 2016 in two separate phases. The purpose
of the preliminary consultations was to provide co-management partners with an overview of
the current lack of management system for grizzly bears, highlight the need for a system, and to
gather input on potential management goals and priorities for management.

The draft plan was then developed based on the input from the preliminary consultations. This
was followed by a second round of consultations focusing on the initial draft, and input from
targeted questions, to help further refine the draft plan.

The focus of the plan is to ensure there is adequate monitoring and reporting of harvest, secure
support for protection of family groups and bears in dens, improve efforts to reduce human-
bear conflict, and define actions to implement these management efforts. Discussions focused
on the increasing number of bears observed in most areas, concerns about public safety and
property damage, the need to ensure that harvest is sustainable and defendable, and the need
to protect family groups. Support for these management actions was received in the form of
HTQO's passing motions of support for the proposed management actions.

This report attempts to summarize the comments made by participants during the
consultations.

Grizzly Bear Co-Management Plan Consultation Summary Page i of 36

0132



Preface

This report represents the Department of Environment’s best efforts to accurately capture all of
the information that was shared during consultation meetings with the Hunters and Trappers
Organizations, Regional Wildlife Organizations and communities of the Kivallig and Kitikmeot
regions.

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

This report is intended to collate and summarize comments, questions, concerns and
suggestions provided by the HTOs, RWOs, and communities to develop a grizzly bear co-
management plan. Preliminary consultations were conducted with communities about grizzly
bear management to identify the management goals and priorities of:

e Kivallig Wildlife Board (KWB) and Kivallig HTOs in 2011-12;
e Kugluktuk, Cambridge Bay and Gjoa Haven HTOs in February 2014.

After these preliminary consultations, a draft management plan was developed incorporating
the priorities identified. Secondary consultations on the draft management plan were then
conducted with:

e Kitikmeot and Kivalliq Regional Wildlife Boards (RWOs), October 2015;
e All Kitikmeot Region HTOs and communities, October/November 2015 and
e All Kivallig Region HTOs and communities, January/February 2016.

The draft was revised based on input received and shared again with HTOs, RWOs, Environment
and Climate Change Canada (ECCC), Nunavut Wildlife Management Board (NWMB) staff, and
Nunavut Tunngavik Inc. (NTI) for a final review in April 2016. The draft has received direction
and input from stakeholders from its inception to completion.

2.0 Purpose of Consultations

The purpose of the preliminary consultations was to discuss the current status of grizzly bear
management in Nunavut, current harvest rates and to identify management goals and priorities
for grizzly bears. After the preliminary consultations the draft management plan was prepared
and presented at the KWB and the Kitikmeot Regional Wildlife Bard (KRWB) annual meetings
and to all relevant HTOs and other co-management partners to obtain further input and
direction.

2.1 Format of Meetings

For the second round of consultations the draft management plan was shared with co-
management partners. In September 2015 a translated PowerPoint presentation, outlining the
process, and a summary of the draft by each section and its intent, was submitted to HTOs and
RWOs. The boards were requesting to review it and consider specific questions. Later, the HTO
and public meetings in the communities were held in the evening or afternoon and ran
between 1 to 3 hours depending on HTO/community engagement. Meetings were facilitated
and lead by the DOE Carnivore Biologist, who was also the presenter. DOE Regional Wildlife
Managers for Kitikmeot and Kivalliq participated where possible in their respective regions.
Additionally the draft management plan and process was presented at the KWB and KRWB
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annual general meetings in October 2015. A translator was present for HTO and public
meetings to ensure adequate access for all participants.

A short introduction explained the purpose of the consultation, need for a management plan,
historical perspective, legislative uncertainty, and the current management system and harvest
rates. Here are some specific questions DOE representatives asked of the HTOs and community
members during the consultations;

e Do the guiding principles and goals of the plan reflect I1Q?

e Reflection of Inuit knowledge and perspective in the document, are the statements
made accurately reflecting current knowledge?

e What are the main issues and challenges from the communities’ perspective in regards
to grizzly bears? Increasing numbers? Public safety? Ability to have sport hunts?
maximum harvest?

e What research do communities want to see, and what will they support?

e What specific actions would communities like to see to implement the management
plan?

The participants were invited to ask questions, raise concerns, or provide recommendations
throughout the meetings. After the presentation, questions/discussion continued until no

further questions were raised. At the end of the meetings DOE requested that HTO boards pass
a motion in support of the management plan.

3.0 Summary by Community

The objectives were made clear to the HTO members prior to and at the start of each meeting.
There were many similar questions, concerns and suggestions raised by HTO Board members
across the regions. The Inuit perspective, expressed during consultations, is that all species
must be harvested based on need and/or purpose and must be preserved and managed
accordingly. During the first phase of consultations, it was identified that Kitikmeot region
HTOs want to keep defence kills to a minimum and use the resource for sport hunting, whereas,
Kivallig HTOs (except Arviat) consider grizzly bear as a nuisance and public safety issue and
want to keep the population to a minimum. Both regions are in agreement to provide
protection to family groups (mothers and cubs) to keep the reproductive potential intact, and
to ensure that Nunavut's grizzly bear management system is defendable to other jurisdictions
and able to maintain harvest.

When preliminary consultations started in the Kivallig region, in 2011, Environment and Climate
Change Canada officials were completing a CITES non-detriment finding (NDF) for the grizzly
bears. During the KWB AGM in June 2011 the uncertainty around legislative management
authority, current harvest numbers, and lack of formal harvest management system, along with
the possible consequences of negative NDF, were specifically presented and discussed. The
KWB passed motion #KWB-AGM-2011 -06-02-J supporting the development of a management
plan and urges their members to adopt local hunting rules that include:
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1. A buffer zone will be established around each Kivallig community from which local
harvesters will be allowed to harvest Grizzly Bears without further restrictions
mentioned below. The area of the buffer zone or distance from the community is yet to
be determined through consultation with the communities.

2. Family groups (sows with cubs) shall be protected and not be harvested unless the cubs
have reached the same size as the mother and within the designated buffer zone.

3. Grizzly Bears in dens shall be protected and shall not be harassed or disturbed in any
way.

The above restrictions do not apply to circumstances where human safety or destruction of
property occurs.

In late 2011 and early 2012 all Kivalliq HTOs supported the KWB motion and development of
management plan. The idea of community buffer zones was dropped because most of the land
in Kivalliq region is not accessible during the summer.

In early 2014, Kugluktuk, Cambridge Bay and Gjoa Haven HTOs showed support for the
management plan and HTOs were interested in minimizing defence kills and using the resource
for sport hunting. Kugluktuk and Cambridge Bay HTOs requested an increase in the sport hunt
guota. Arviat and Baker Lake HTOs were also interested in the potential of starting sport hunts.
The Kitikmeot region HTOs agreed to work with DOE to reduce people/bear conflicts to limit
defense kills.

Several members from different HTOs stated that over the past few years that hunters in the
Kivallig and Kitikmeot regions reported seeing more grizzly bears. The number of bears
encountered around communities and on the land has been increasing and Inuit families no
longer feel safe in camps on land in summer. This presents a public safety issue which requires
appropriate management actions by co-management partners. Some HTO members in the
Kivalliq region, especially in Baker Lake, expressed their concern regarding the loss of meat
caches due to grizzly bears. They are concerned that because of the loss of so much cached
meat, it is beginning to change hunting practices and affect their culture. Less people are going
to hunt and then cache because of the fear of loss to grizzly bears. Community members feel
this could affect future practices and then the loss of these skills.

HTOs and communities in both regions understand the need for some conservation measures,
such as protection of family groups and bears in dens, and having a management system in
place, to defend the harvest at national and with other jurisdictions.

In the draft management plan we identify that the review of objectives in this management
plan will occur with co-management partners after 7 years. However, during consultations a
majority of HTOs said that first review should be after 3 years and then all co-management
partners can agree review after every 5 or 7 years.

3.1 Cambridge Bay Consultation Summary

Community consultations were organized with Ekaluktutiak HTO in February 2014 to identify
the management goals and priorities of the communities for the management plan. A second
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HTO and public meeting was organized in October 2015 and the draft management plan was
presented. The aim of this meeting was to gather the community members’ input and advice on
the plan.

Date: February 26, 2014 and October 28, 2015

Representatives:

GN-DoE, Carnivore Biologist: Malik Awan
GN-DoE, Regional Wildlife Manager: Mathieu Dumond
Ekaluktutiak HTO Board

Comments and questions:

Community members and HTO members expressed that the number of bears encountered
around the community and on Victoria Island has been increasing and Inuit families no longer
feel safe in summer camping areas. They indicated that there would be support for a
management plan as it would convey to other provinces that we are managing our harvest to
be sustainable and we are working to reduce human-bear conflict. It was suggested to start a
grizzly bear hair snagging research study on Victoria Island because of increasing human-bear
conflict around Cambridge Bay in recent years, as well as reports of hybrid bears (with polar
bears). The Board requested DOE help to prepare a proposal to get funding from the NWMB.

There is currently no sport hunting in Cambridge Bay but the HTO wants to initiate a
sustainable sport hunting program. The community and HTO Board expressed interest in
working more on camp cleaning and garbage management, especially in summer camping
areas, to reduce the number of defense kills. They also emphasized the need to increase the
collection of traditional knowledge.

Members asked for more detail pertaining to the Wildlife Damage and Compensation Program
(WDCP), specifically regarding eligibility for the program and whether tent damage is covered
under this program.

Recommendation:

The Ekaluktutiak HTO board supported the draft grizzly bear co-management plan and the
board supported the local hunting practices (letter in Appendix A):

e Report all human related bear deaths/harvest, and provide harvest samples and
harvest information for harvest monitoring;

e Family groups (sows with cubs) shall be protected and not be harvested unless the
cubs have reached the same size as the mother;

e Grizzly Bears in dens shall be protected and shall not be harassed or disturbed;

e The above restrictions do not apply to circumstances where human safety or
destruction of property occurs.

Grizzly Bear Co-Management Plan Consultation Summary Page 7 of 36

0138



3.2 Gjoa Haven Consultation Summary

Community consultations were organized with the Gjoa Haven HTO in February 2014 to identify
the management goals and priorities of the community for the management plan. A second
HTO and public meeting was organized in early November 2015 where the draft management
plan was presented. The aim of this meeting was to gather the community members’ input and
advice about the plan.

Meeting Dates: February 27, 2014 and November 01, 2015

Representatives:

GN-DoE, Carnivore Biologist: Malik Awan
GN-DoE, Regional Wildlife Manager: Mathieu Dumond (2014 meeting only)
HTO Board

Comments and questions:

HTO member’s expressed that the community harvested few grizzly bears but there has
recently been an increase in sightings. They feel that grizzly bears are more dangerous and
unpredictable than polar bears. They observed it is mostly mothers and cubs doing damage to
cabins. Members asked whether there is funding to get training from experienced hunters on
how to deal with grizzly bears. One member expressed concern about the impact of grizzly
bears and other predators on caribou calving. At the same he mentioned that he has
experience from the 1970s bounty program and feels that bounty programs are not successful.
Members asked for clarification regarding the necessity of tags for a subsistence harvest. The
Board supports the management plan and understands the importance of developing and
putting in place a management system to show other jurisdictions that there is adequate
management in place. The Board understands that protecting the reproductive potential of the
population (protection of family groups) is required to ensure the viability of the grizzly bear
population. The HTO also emphasized the need to improve the GN Wildlife Damage Prevention
and Compensation program.

Recommendation:

The HTO board, during the November 01, 2015 meeting, passed a motion (Appendix A)
supporting the grizzly bear co-management plan and local hunting practices that include the
following:

e Report all human related bear deaths/harvest, provide appropriate harvest samples
and harvest information for the harvest monitoring;

e Family groups (sows with cubs) shall be protected and not be harvested unless the
cubs have reached the same size as the mother;

e Grizzly Bears in dens shall be protected and shall not be harassed or disturbed;

e The Gjoa Haven HTO agrees to work with the GN to reduce people/bear conflicts to
limit defense kills.

e The above restrictions do not apply to circumstances where human safety or
destruction of property occurs.
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3.3 Kugaaruk Consultation Summary

A consultation was organized with the Kurairojuark HTO and community members in November
2015 where the draft management plan was presented. The aim of this meeting was to gather
the community members’ input and advice about the plan.

Date: November 04, 2015

Representatives:

GN-DoE, Carnivore Biologist: Malik Awan
HTO Board and community members

Comments and questions:

The HTO member’s expressed that the community harvested a grizzly bear in 2012 but there
has since been an increase in sightings. Hunters are also harvesting more wolverines in the area
as both grizzly bear and wolverine have been extending their range. The Board supports the
management plan and understands the importance of developing and putting in place a
management system to show other jurisdictions that there is adequate management in place.
The chair said that he feels proud that there are no legal restrictions for protection of family
groups and bears in dens, but Inuit would support the restrictions to preserve the resource.
One member reported that in early days Inuit were harvesting polar bears in dens. The Board
understands that to protect the reproductive potential of the population, protection of family
groups is required. The HTO also emphasized the need to improve the GN Wildlife Damage
Prevention and Compensation program.

Recommendation:

The Kurairojuark HTO board, in the November 04, 2015 meeting, passed motion#11-004-001
(Appendix A) supporting the development of a grizzly bear co-management plan and local
hunting practices that include the following:

e Report all human related bear deaths/harvest, provide appropriate harvest samples
and harvest information for the harvest monitoring;

e Family groups (sows with cubs) shall be protected and not be harvested unless the
cubs have reached the same size as the mother;

e Grizzly Bears in dens shall be protected and shall not be harassed or disturbed;

e The HTO agrees to work with GN to reduce people/bear conflicts to limit defense
kills.

e The above restrictions do not apply to circumstances where human safety or
destruction of property occurs.
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3.4 Bay Chimo and Bathurst Inlet HTO Consultation Summary

Purpose of the Consultations:

A consultation meeting was organized in Yellowknife in October 2015. The draft management
plan was presented in order to get their input and discuss the issues the two attending HTOs
have regarding grizzly bear management.

Date: October 16, 2015

Representatives:

GN-DoE, Carnivore Biologist: Malik Awan

GN-DoE, Regional Wildlife Manager: Mathieu Dumond
HTO Bay Chimo, Chairperson: Peter Kapolak, Sam Kapolak
HTO Bathurst, Chairperson: Martina Kapolak

KIA: Luigi Torreti

KIA: Environmental Officer

Comments and questions:

All three Board members said there are now more grizzly bear sightings in the area. They also
indicated there are more grizzly bears in the Bathurst Inlet area, which may impact the caribou
on the calving grounds.

Recommendation:

The attending members were in support of the management plan. All three members said they
support the protection of family groups and bears in dens to maintain the reproductive
potential of the population. Board members asked for an increase in sport hunt tags. Only three
members were present from two HTOs so there was no quorum for the motion.

3.5 Kugluktuk Consultation Summary

A consultation was organized with the Kugluktuk HTO in February 2014 to identify the
management goals and priorities of the community regarding the management plan. A second
HTO and public meeting was organized on October 2015 where the draft management plan was
presented. The aim of this meeting was to gather the community members’ input and advice on
the draft plan.

Meeting Dates: February 20, 2014 and October 21, 2015

Representatives:

GN-DoE, Carnivore Biologist: Malik Awan
GN-DoE, Regional Wildlife Manager: Mathieu Dumond

Conservation Officer: Monica Angohiatok
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HTO Board

Comments and questions:

The HTO and community members expressed that there are now more grizzly bears around the
town and on the land during June/July. Safety in the camps was discussed. One member shared
his experience of observing a muskox freshly killed by a grizzly bear. The community and HTO
Board are interested to work more on camp cleaning and garbage management, especially in
summer camping areas, to reduce the number of defense kills. They want to start a traditional
knowledge study about grizzly bears. Members also expressed their concern regarding an
increase in the number of wolf and grizzly bears and their impact on caribou. At the same they
expressed the importance of predators taking the diseased animals and maintaining herd
health. We need a balance but there are fewer hunters harvesting predators.

Recommendation:

The Kugluktuk HTO board passed the motion 031/2015 (Appendix A), accepting the draft grizzly
bear co-management plan. They also recommended an increase in grizzly bear tags from three
to five per year. To better manage the grizzly bear population, habitat and harvest, the HTO
board will follow the following harvest practices:

e Report all human related bear deaths/harvest,

e provide appropriate harvest samples and harvest information for the harvest
monitoring;

e Family groups (sows with cubs) shall be protected and not be harvested unless the
cubs have reached the same size as the mother;

e Grizzly Bears in dens shall be protected and shall not be harassed or disturbed;

e The Kugluktuk HTO agrees to work with the GN to reduce human-bear conflicts to
limit defense kills.

e The above restrictions do not apply to circumstances where human safety or
destruction of property occurs.

3.6 Taloyoak Consultation Summary

Community consultations were organized with Taloyoak HTO in October 2015 and the draft
management plan was presented. The aim of this meeting was to gather the community
members’ input and advice about the plan.

Date: October 30, 2015

Representatives:

GN-DoE, Carnivore Biologist: Malik Awan
Conservation Officer: David Anavilok
HTO Board

Comments and questions:
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There is no reported grizzly bear harvest in Taloyoak, but board members indicated that
hunters are harvesting wolverines every year and assume grizzly bears will soon be in their area
due to increasing numbers and an extension in range. The board supports the management
plan and understands the importance of developing and implementing management to show
other jurisdictions that there is adequate management in place. The board understands that to
protect the reproductive potential of the population, protection of family groups is required.

Recommendation:

The HTO Board, during the October 30, 2015 meeting, passed motion #15-10-04 (Appendix A)
supporting the grizzly bear co-management plan and local hunting practices that include the
following:

e Report all human related bear deaths/harvest, provide appropriate harvest samples
and harvest information for the harvest monitoring;

e Family groups (females with cubs) shall be protected and not be harvested unless the
cubs have reached the same size as the mother;

e Grizzly Bears in dens shall be protected and shall not be harassed or disturbed;

e The HTO agrees to work with GN to reduce people/bear conflicts to limit defense
kills.

e The above restrictions do not apply to circumstances where human safety or
destruction of property occurs.

3.7 Arviat Consultation Summary

A community consultation was organized with the Arviat HTO in October 2011 to identify the
management goals and priorities of the community for the management plan. A second HTO
and public meeting was organized in January 2016 where the draft management plan was
presented. The aim of this meeting was to gather the community members’ input and advice
about the draft plan.

Meeting Dates: October 03, 2011 and January 25/27, 2016

Representatives:

GN-DoE, Carnivore Biologist: Malik Awan

Kivallig Regional Wildlife Manager: Dave Vetra/Rob Harmer
Conservation Officer: Joe Savikataag/Joe Saviktaaq Jr

HTO Board

Comments and questions:

The HTO members’ main concern was that in recent years they have seen more grizzly bears,
and the possibility that their range has expanded. Public safety in summer and cabin damage
were the main concerns expressed. The HTO provided some suggestions on how to reduce
human-bear conflicts or reduce damage to property. The HTO also emphasized the need to
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improve the GN Wildlife Damage Prevention and Compensation program. The HTO seemed
interested in potential economic benefits from a healthy grizzly bear population and may be
considering sport hunting to balance grizzly bear numbers in future. The members present
enquired about more detail on the harvest of lone cubs and the harvest of black bears. At the
end of the board meeting, board decided to arrange a potluck supper in the evening of January
26, 2016 in HTO office with Carnivore Biologist. All board members brought country food and
desserts. Leah Muckpah, KWB regional coordinator also participated in supper.

Recommendation:

The HTO, in October 03, 2011, supported protection of family groups and bear in dens. On the
question of the proposed KWB buffer zone suggestion the HTO wanted more time to discuss
with the community.

The HTO Board, during the January 25, 2016 meeting, passed motion #16/01/155 (Appendix A),
supported the grizzly bear co-management plan and local hunting practices that include the
following:

e Report all human related bear deaths/harvest, provide appropriate harvest samples
and harvest information for the harvest monitoring;

e Family groups (sows with cubs) shall be protected and not be harvested unless the
cubs have reached the same size as the mother;

e Grizzly Bears in dens shall be protected and shall not be harassed or disturbed;

e The above restrictions do not apply to circumstances where human safety or
destruction of property occurs.

3.8 Baker Lake Consultation Summary

A community consultation was organized with Baker Lake HTO in February 2012 to identify the
management goals and priorities of the communities for the management plan. A later HTO
and public meeting was organized in January 2016 where the draft management plan was
presented. The aim of this meeting was to gather the community members’ concerns and input
about the draft plan.

Meeting Dates: February 04, 2012 and January 21/22, 2016

Representatives:

GN-DoE, Carnivore Biologist: Malik Awan

Kivallig Regional Wildlife Manager: Dave Vetra/Rob Harmer
Conservation Officer: Russell Toolooktook

HTO Board

Comments and questions:
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The HTO members’ main focus was regarding caribou meat caches. Some members expressed
that the situation in Baker Lake is different from other communities; they are dependent only
on caribou meat (no seal or walrus available) so to protect and save their meat caches is very
important for them. The HTO provided some suggestions how to reduce human-bear conflicts
or reduce damage to property and they emphasized the need to improve the GN Wildlife
Damage Prevention and Compensation program. The HTO seemed interested in potential
economic benefits from a healthy grizzly bear population and may be considering sport hunting
to balance grizzly bear numbers in future. One board member was in support of harvest
restrictions, and a full ban on the hunting of family groups. He suggested that people may say
that a family group was shot in defense of life.

The HTO members commented that their grandparents did not have issues with grizzly bears
and that this is only a recent issue. The number of bears encountered around communities and
on the land more recently, has been increasing and Inuit families no longer feel safe in camps
on land in summer. They are concerned that, because of the loss of so much cached meat, it is
beginning to change hunting practices and affect their culture. Fewer community members are
going to hunt and then cache because of the fear of loss to grizzly bears. This could affect future
practices and lead to the loss of these skills.

Recommendation:

The HTO, in the February 04, 2012 meeting, supported KWB motion #KWB-AGM-2011 -06-02-J
(letter attached Appendix A).

The HTO board, in motion #2016-01-22-01 (Appendix A), supported the development of the
grizzly bear co-management plan and local hunting practices that include the following:

e Report all human related bear deaths/harvest, provide appropriate harvest samples
and harvest information for the harvest monitoring;

e Family groups (females with cubs) shall be protected and not be harvested unless the
cubs have reached the same size as the mother;

e Grizzly Bears in dens shall be protected and shall not be harassed or disturbed;

e The above restrictions do not apply to circumstances where human safety or
destruction of property occurs.

3.9 Chesterfield Inlet Consultation Summary

A community consultation was organized with the Aqiqiq HTO in February 2012 to identify the
management goals and priorities of the communities for the management plan. A second HTO
and public meeting was organized in early February 2016 where the draft management plan
was presented. The aim of this meeting was to gather the community members’ input and
advice about the plan.

Meeting Dates: February 14, 2012 and February 02, 2016

Representatives:
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GN-DoE, Carnivore Biologist : Malik Awan
Kivallig Regional Wildlife Manager: Dave Vetra
Conservation Officer: Peter Katagatsiak

HTO Board

Comments and questions:

The Agigig HTO members expressed that there are not too many grizzly bears in their area, but
the board supports the management plan and understand the importance of developing and
implementing the management system. The board understands that to protect the
reproductive potential of the population, protection of family groups is required. The HTO also
emphasized the need to improve the GN Wildlife Damage Prevention and Compensation
program.

Recommendation:

The Aqiqiq HTO, in the February 14, 2012 meeting, supported KWB motion #KWB-AGM-2011 -
06-02-J (letter attached Appendix A).

The Aqiqgig HTO board, in motion #048/16 (Appendix A), supported the grizzly bear co-
management plan and local hunting practices that include the following:

e Report all human related bear deaths/harvest, provide appropriate harvest samples
and harvest information for the harvest monitoring;

e Family groups (sows with cubs) shall be protected and not be harvested unless the
cubs have reached the same size as the mother;

e Grizzly Bears in dens shall be protected and shall not be harassed or disturbed;

e The above restrictions do not apply to circumstances where human safety or
destruction of property occurs.

3.10 Rankin Inlet Consultation Summary

A community consultation was organized with the Kangiglinig HTO in March 2011 to identify
the management goals and priorities of the community for the management plan. A second
consultation was organized in February 2012, during the HTO regular meeting, to discuss the
KWB June 2011 letter and supported KWB motion. In early February 2016 the draft
management plan was presented. The aim of this meeting was to gather the community
members’ input and advice about the plan.

Meeting Dates: March 02, 2011 and February 03, 2016

Representatives:

GN-DoE, Carnivore Biologist: Malik Awan
Kivallig Regional Wildlife Manager: Dave Vetra
NTI: Director of Wildlife: Gabriel Nirlungayuk (2011 meeting)
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NTI: Bert Dean (2011 meeting)
NTI: Robert Karetak
HTO Board

Comments and questions:

At the March 2011 meeting, representatives of NTI (Gabriel and Bert) also participated and
further highlighted the importance of the Environment and Climate Change Canada NDF
process for CITIES and its impacts on potential economic benefits. The members present agreed
that there is a need for a management plan. The members discussed that their community does
not harvest grizzly bear as a practice and they are not in support of this high harvest, but grizzly
is a dangerous species, destroying property and meat caches. To reduce human- bear conflict,
members suggested a buffer zone around the community (30-50 miles radius). Every grizzly
bear in this buffer zone should be shot, and all bears outside the buffer zone should be
protected. The HTO suggested that the Wildlife Damage Prevention and Compensation
program should be executed by HTOs. The cost to own and maintain cabins is increasing and
the compensation amount should increase according to that cost. The Kangiglinig HTO is in
support of more research on grizzly bears but against capturing/handling of bears. Member’s
expressed that there is not an overabundance of grizzly bears in their area, but the Board
supports the management plan and understands the importance of developing and
implementing a management system. The board members understand that to protect the
reproductive potential of the population, protection of family groups is required. The HTO
members also emphasized the need to improve the GN Wildlife Damage Prevention and
Compensation program.

Recommendation:

The HTO, in the February, 2012 meeting, supported the KWB motion #K\WB-AGM-2011 -06-02-J
regarding the protection of family groups and bears in dens.

During the February 03, 2016 meeting, the HTO board agreed and indicated they understand
the need of a management system. Their main concern was public safety and they want to
harvest every grizzly bear close to town, but at the same they are in support of developing and
implementing a management system to maintain the opportunity to trade and sell hides. The
board did not support the protection of family groups and bears in dens and requested
additional time to discuss the issue with their community.

3.11 Repulse Bay Consultation Summary

A community consultation was arranged with the HTO for February 4™ and 5. The HTO Chair
was willing to conduct this meeting on February 4™ but board members were not available for
the meeting and it was cancelled. The second draft of the co-management plan was submitted

Grizzly Bear Co-Management Plan Consultation Summary Page 16 of 36

0147



to the HTO for their comments and review on March 31, 2016. The board approved the co-
management plan (email attached appendix A).

3.12 Whale Cove Consultation Summary

A community consultation was organized with the Issatik HTO in October 2011 to identify the
management goals and priorities of the community for the management plan. A second HTO
and public meeting was organized in January 2016 where the draft management plan was
presented. The aim of this meeting was to gather the community members’ input and advice
about the plan.

Meeting Dates: October 05, 2011 and January 29/30, 2016

Representatives:

GN-DoE, Carnivore Biologist : Malik Awan
Kivalliq Regional Wildlife Manager (trainee): Jonathan Pameolik
HTO Board/Public meeting

Comments and questions:

The Issatik HTO member’s expressed that there are now more grizzly bears in the area and the
grizzly bear range is extending in the east. Board members said that due to forest fires and
development in the south, grizzly bears seem to be moving further north. The HTO chair
mentioned that low harvest rates before 2008 were due to less reporting because people
thought there was a harvest quota; bears were harvested but not reported. Public safety and
human-bear conflict was their main concern expressed during the consultation. The board
reported that grizzly bears are more dangerous than polar bears but the board supports the
management plan and understand the importance of developing and implementing a
management system. The HTO also emphasized the need to improve the GN Wildlife Damage
Prevention and Compensation program.

Recommendation:

The Issatik HTO, in the October 05, 2011 meeting, supported the KWB motion #KWB-AGM-2011
-06-02-J (letter attached Appendix A).

The Issatik HTO board, in motion #142-17-16 (Appendix A) on March 04, 2016, supported the
grizzly bear co-management plan and local hunting practices that include the following:

e Report all human related bear deaths/harvest, provide appropriate harvest samples
and harvest information for the harvest monitoring;

e Family groups (sows with cubs) shall be protected and not be harvested unless the
cubs have reached the same size as the mother;

e Grizzly Bears in dens shall be protected and shall not be harassed or disturbed;

e The above restrictions do not apply to circumstances where human safety or
destruction of property occurs.
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4.0 Summary

The primary concerns, as expressed by HTO members during the consultations, focused on the
increasing number of bears observed and the increasing range bears are occupying. This was
followed by concerns for public safety and property damage and the need to ensure programs
are in place to address these concerns. HTOs want appropriate compensation for property
damage, are interested in improving garbage and campsite clean-up on the land, and are willing
to work toward improved cooperation on reducing human-bear conflict. There was expressed
understanding of and support for a management system to ensure that the harvest was
sustainable and defendable, and to ensure that any economic benefits were maintained.
Support was provided in the forms of official motions by HTO boards in support of specific
management actions including:

e Reporting of all human related bear deaths/harvest, provide appropriate harvest
samples and harvest information for the harvest monitoring;

e Family groups (sows with cubs) shall be protected and not be harvested unless the
cubs have reached the same size as the mother;

e Grizzly Bears in dens shall be protected and shall not be harassed or disturbed;

e The above restrictions do not apply to circumstances where human safety or
destruction of property occurs.

Appendix 1- Support letters/Motions

Appendic A support
letters_1.pdf
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PEcT bLdcnpbdt bNLAMC Kivalliq Wildlife Board

June 7, 2011

Malik Awan

Wildlife Biologist Carnivores
Government of Nunavut
Igloolik, Nunavut

RE: Grizzly Management in the Kivallig Region

Dear Malik.

The Kivalliq Wildlife Board Held their Annual General Meeting on May 31* to June 2™
and had the opportunity to discuss Grizzly Bear management in Nunavut. The statistics
provided during your presentation were very informative and greatly assisted the Board
in establishing the foundation for a management system.

Board Members raised numerous concerns pertaining to the safety of residents within the
Kivallig. particularly during vulnerable periods such as berry season. but also at camps.
concerns of destruction of property and there is certainly no argument that the Grizzly
Bear is an invasive species to this region. Inuit just recently found out that no restrictions
exist for the harvesting of Grizzly Bears, which would account, in part, for the high
numbers of animals harvested in the last few years.

The KWB however feels, as do all Inuit, that all species must be harvested based on need
and/or purpose and must be preserved and managed accordingly. The KWB passed
motion #KWB-AGM-2011-06-02-] supporting the development of a management plan
for Grizzly Bears for the Kivalliqg Region and urges their Members to adopt local hunting
rules that include the following statements.

1. A buffer zone will be established around each Kivalliq community from which
local harvesters will be allowed to harvest Grizzly Bears without further
restrictions mentioned below. The area of the buffer zone or distance from the
community is yet to be determined through consultation with the communities.

2. Family groups, sows with cubs, shall be protected and not be harvested unless the
cubs have reached the same size as the mother and within the designated buffer
zone.

3. Grizzly Bears in dens shall be protected and shall not be harassed or disturbed in
any way.
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The Board wishes to point out that the above restrictions do not apply to circumstances
where human safety or destruction of property occurs.

The KWB looks forward to working with the GN and other co-management partners in
the development of this management plan. Please do not hesitate to contact us if you have
any questions.

Sincerely,

Ross Tatty
KWB Chairman

David Vetra, GN

Jonathan Pameolik. GN

Mitch Campbell, GN

Mathieu Dumond, GN

Gabe Nirlungayuk, NTI

David Lee. NTI

Jim Noble, NWMB

Raymond Ningeocheak, NWMB
Mikki Akkavak, NWMB

Alex Ishalook, HTO Arviat

Mike Panika, HTO Whale Cove

Jack Kabvitok. HTO Rankin Inlet,
Jayko Kimmaliardjuk. HTO Chesterfield Inlet
Richard Aksawnee, HTO Baker Lake
Michel Akkuardjuk. HTO Repulse Bay
Noah Kudluk, Coral Harbour

Attima Hadlari, KRWB
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Ekaluktutiak Hunters & Trappers

Organization

P.0O. Box 1270 Cambridge Bay, Nunavut X0B 0C0
Telephone #: (867) 983-2426 Facsimile #: (867) 983-2427
Email: ehtocb@gqinig.com

January 22, 2016
To Whom it may concern:

RE: Letter of Support

The Ekaluktutiak Hunters & Trappers Organization supports The Grizzly Bear Management Plan
for the Cambridge Bay area submitted and co-managed by Malik Awan, Wildlife Biologist
Carnivores from Department of Environment, Government of Nunavut.

Upon a Board meeting with Malik on October 28, 2015 it was discussed that this management
plan is much needed in order to reduce the people bear conflict in Cambridge Bay area, start
grizzly bear research studies and sustainable harvest of the species. We need management system
in place to convince the other provinces that our harvest is sustainable.

Board supports the local hunting practices that include the following:

— Report all human related bear deaths/harvest, provide appropriate harvest
samples and harvest information for the harvest monitoring;

— Family groups, sows with cubs, shall be protected and not be harvested unless
the cubs have reached the same size as the mother;

— Grizzly Bears in dens shall be protected and shall not be harassed or disturbed;

The above restrictions do not apply to circumstances where human safety or destruction of
property occurs

/@/// / 28-0pn -20)6

Bobby Greenley Date
Chairman, Ekaluktutiak HTO

CE: Malik Awan, Wildlife Biologist Carnivores |
Department of Environment
Government of Nunavut
Igloolik, NU




= Kugluktuk Angoniatit Association « Hunters’ and Trappers’ Organization
. P.O. Box 309, Kugluktuk, Nunavut X0B OE0 » Phone: (867) 982-4908 « Fax: (867) 982-5912
| E-mail: kugluktukhto@qiniq.com

January 5, 2015

Malik Awan

Wildlife Biologist Carnivore
Department of Environment
Government of Nunavut
P.0.Box 209

Igloolik, Nunavut X0A 0LO
Ph:  (867)934-2179

Fx:  (867)934-2190

On a meeting dated November 09, 2015 at 7 p.m. (Adjukak Centre), the Kugluktuk Angoniatit
Association, Board of Directors made the following recommendation and motion in order to
accept the DRAFT Nunavut Grizzly Bear Co-Management Plan.

Motion # 031/2015 Meeting # 006/2015
Motion moved by: Jorgen Bolt
Seconded by: Chrissy Newman

“Whereas the Kugluktuk Angoniatit Association, Board of Directors makes a motion to
recommend an increase of the grizzly bear sports hunting tags from three to five tags in
the Grizzly Bear Management Plan for Kugluktuk.

M/C#031/2015 Jorgen Bolt/Chrissy Newman Carried”

Also the following practices will be followed in order to better manage the grizzly bear
population, habitat(s) and harvesting practices:
* Toreportall human related bear deaths/harvest(s).
e To provide appropriate harvest samples and harvest information to provide data to
better monitor harvesting.
e The family groups, sows with cubs, shall be protected and not be harvested unless the
cubs have reached the same size as the mother.
¢ Grizzly bears in dens shall be protected and shall not be harassed or disturbed.
* The Kugluktuk HTO agrees to work with partners to reduce people/bear conflicts to
limit defense Kills.
* The above restrictions do not apply to circumstances where human safety or

destruction of property ocguss. ,
Signed: Chairperson gjam/% ’_\ﬁ/%
g p » 7

=

David Nivingalok
Signed: ViceChairperson

Colin Adj A




Gjoa Haven HTO:

There are no restrictions/limits on beneficiary subsistence harvest of grizzly bears. However,
Inuit perspective is that all species must be harvested based on need and/or purpose and must
be preserved and managed accordingly.

The HTO supports (through motion) the development of a management plan for Grizzly Bears
and local hunting practices that include the following:

e Report all human related bear deaths/harvest, provide appropriate harvest samples
and harvest information for the harvest monitoring;

e Family groups, sows with cubs, shall be protected and not be harvested unless the
cubs have reached the same size as the mother;

e Grizzly Bears in dens shall be protected and shall not be harassed or disturbed;

e The HTO agrees to work with partners to reduce people/bear conflicts to limit
defense Kkills.

The above restrictions do not apply to circumstances where human safety or destruction of
property occurs.

Motion passed on November 01, 2015 in HTO board meeting:
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ORGANIZATION

Board of Directors Meetin

Motion #__11-04-001

Motion moved by: Barnaby Immingark
Seconded by:__ Jocelino Sigguk

WHEREAS, Kurtairojuark Hunters and Trappers Association Board of Director’s
suppots the development of a management plan for Grizzly Bears and local hunting practices that

includes the following:
° Report all human related bear deaths/harvest, provide appropriate

harvest samples and harvest information for the harvest monitoring;
¢ Family groups, sows with cubs, shall be protected and not be harvested unless
the cubs have reached the same size as the mother;
Grizzly Bears in dens shall be protected and shall not be harassed or disturbed:;
The HTO agrees to work with partners to reduce people/bear conflicts to limit
defense kills.
The above restrictions do not apply to circumstances where human safety or
destruction of property occurs.

In favor:
Against:
Abstentions:
Carried: /
Defeated:
Date: November 04 =N ,2015

Joshua Kringorn, Manager

Kurtairojuark Hunters & Trapper Association
P.O. Box 114 Kugaaruk, Nunavut X0B 1K0
Tel: (867) 769-7002 Facsimile: (867) 769-6713
Email: kugaarukhto@netkaster.ca




@ngi( HTO

Taloyoak HTO understand that there are no restrictions/limits on beneficiary subsistence
harvest of grizzly bears. However, Inuit perspective is that all species must be harvested based
on need and/or purpose and must be preserved and managed accordingly.

The HTO supports (through a motion) the development of a management plan for Grizzly Bears
and local hunting practices that include the following:

* Report all human related bear deaths/harvest, provide appropriate harvest samples
and harvest information for the harvest monitoring;

* Family groups, sows with cubs, shall be protected and not be harvested unless the
cubs have reached the same size as the mother;

* Grizzly Bears in dens shall be protected and shall not be harassed or disturbed;
The HTO agrees to work with partners to reduce people/bear conflicts to limit
defense kills.

The above restrictions do not apply to circumstances where human safety or destruction of
property occurs.

Motion made by David Irquit, second by Abel Aqgaq Carried motion # 15-10-04



BAKER LAKE, NU. XOC-0A0

February 6, 2012

Malik Awan

Wildlife Biologist Carnivores
Government of Nunavut
Igloolik, Nunavut

RE: Grizzly Management in the Kivalliq Region
Dear Malik,

The Baker Lake HTO held their special meeting on February 4, 2012, during your
presentation, board discussed in detail KWB letter dated June 7, 2011 and buffer
zone around community.

HTO supports the KWB motion (#KWB-AGM-2011-06-02) and recommended 80
km area of buffer zone around community.

HTO look forward to working with you in the development of grizzly bear
management plan.

;Io
Vianager
Baker Lake HTO
Baker Lake, NU
X0C OAO




AQIGIQ HUNTERS & TRAPPERS ORGANIZATION

February 14, 2012

Malik Awan

Wildlife Biologist Carnivores
GN Department of Environment
Igloolik, Nunavut

RE: Grizzly Management in the Kivallig Region

Dear Malik,

Aqigiq Hunters and Trappers Organization (HTO) held their special meeting on
February 13, 2012, and discussed KWB letter dated June 7, 2011 about protection of
family groups, bear in dens and buffer zone around community. HTO board supports
the KWB motion (#KWB-AGM-2011-06-02) and recommended 80 km area of buffer
zone around the community.

HTO board look forward to working with you in the development of grizzly bear
management plan.

‘go}(immaliardjuk

Chairman
Aqigig HTO
Chesterfield Inlet, NU, Box 94 XO0C 0BO

PO. Box 94, Chesterfield Infer, Nunavut XOC 080
Telephone (867} 898-9063  Fax {867} 898-9079



Malik Awan
Wildlife Biologist Carnivores
Government of Nunavut

Igloolik, Nunavut

RE: Grizzly Management in the Kivallig Region
Dear Malik,

Hunters & Trappers Organization in Whale Cove had a regular board meeting regarding Grizzly
Management in the Kivalliq Region; the Board of Directors made a Motion # 54/17/10/2011 in support
of KWB's letter from June 7, 2011.

Manager for Whale Cove HTO

Lisa Jones



Dated: January 25, 2016

Motion # 16/01/155

Motion moved by: Gordy Kidlapik
Seconded by: Jamie Kablutsiak

WHEREAS, Arviat Hunters and Trappers Organization Board of Director’s support the
grizzly bear management plan and local hunting practices that include the following:

e Report all human related bear deaths/harvest, provide appropriate harvest
samples and harvest information for the harvest monitoring;

e Family groups, sows with cubs, shall be protected and not be harvested
unless the cubs have reached the same size as the mother;

e Grizzly Bears in dens shall be protected and shall not be harassed or
disturbed;

The above restrictions do not apply to circumstances where human safety or
destruction of property occurs.

In favour:6

Against:0

Alex Ishalook
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Dated: January 22, 2016

Motion:

Board of Directors Meeting
Motion # _ZO/lp—O1— ZZ-0]
Motion moved by: JW/)? / @ Sge 716 et
Seconded by: 7 DG 27 /72 /\7/

WHEREAS, Baker Lake Hunters and Trappers Organization Board of Director’s
supports the development of a management plan for Grizzly Bears and local hunting
practices that include the following:

e Report all human related bear deaths/harvest, provide harvest samples and
harvest information for the harvest monitoring;

e Family groups, sows with cubs, shall be protected and not be harvested unless
the cubs have reached the same size as the mother;

e Grizzly Bears in dens shall be protected and shall not be harassed or
disturbed;

The above restrictions do not apply to circumstances where human safety or destruction
of property occurs.

In favor: 5
Against: O

Manager/Chair: DV @W)




Dated: February 02, 2016
Motion #048\16

Motion moved by: Mark Amarok
Seconded by: Leonie Mimialik

WHEREAS, Aqigiq Hunters and Trappers Organization Board of Director’s support the grizzly
bear management plan and local hunting practices that include the following:

e Report all human related bear deaths/harvest, provide appropriate harvest samples
and harvest information for the harvest monitoring;

e Family groups, sows with cubs, shall be protected and not be harvested unless the
cubs have reached the same size as the mother;
e Grizzly Bears in dens shall be protected and shall not be harassed or disturbed;

The above restrictions do not apply to circumstances where human safety or destruction of
property occurs.

(
In favour: /

Against__ &7

L

Barney Aggark
Chairperson
Aqigiq HTO
Chesterfield Inlet

Aqigiq Hunters and Trappers Organization <PPS® DLYcAMMEdS bNLAVPE
P.O. Box 94 Chesterfield Inlet, Nunavut, XOC OBO NNSbedé\*> 94 At HELS<e, 0a 2¢ X0C 0BO

@(867) 898-9063 (867) 898-9079 htochester@qiniq.com



Awan, Malik

From: Dolly Mablik <repulsebayhto@qiniq.com>
Sent: April 13,2016 11:42 AM

To: Awan, Malik

Subject: Re: draft Grizzly Bear Management Plan
Attachments: repulsebayhto.vcf

Good morning,
The board of director's in Naujaat do approve the co-management plan.
Dolly

On 3/31/2016 5:27 PM, Awan, Malik wrote:

> Hi All,

> Please find attached draft grizzly bear management plan for your boards review. It reflects what was discussed during
our consultations in January/February 2016 with your board/community on the 1st draft of the management plan. If
you have any further comments or questions please respond before the end of April 2016.

> Thanks for your support for the management plan.

>

> Best regards,

> Malik Awan

>

>

> Malik Awan

> Wildlife Biologist Carnivores

>

> Department of Environment

> Government of Nunavut

> Box 209 Igloolik, NU X0A OLO

> Ph: 867-934-2179

> Fax: 867-934-2190

>
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Dated: March 4, 2016

Motion # 142-17-16

Moved by: Chris Jones
Seconded by: James Enuapik
- Carried -

WHEREAS, Issatik Hunters and Trappers Organization Board of Director’s support the grizzly bear
management plan and local hunting practices that include the following:

e Report all human related bear deaths/harvest, provide appropriate harvest samples and
harvest information for the harvest monitoring;

e Family groups, sows with cubs, shall be protected and not be harvested unless the cubs have
reached the same size as the mother;
e Grizzly Bears in dens shall be protected and shall not be harassed or disturbed;

The above restrictions do not apply to circumstances where human safety or destruction of property
occurs.

In favour: 4

Against: _ 0

/7

-

===
Robert Enuapik

Chairperson,
Issatik Hunters and Trappers Organization

Issatik Hunters and Trappers Organization ALNN® BLYcnAMEdS bNLAMPE
P.O. Box 119 Whale Cove, Nunavut, XOC 0J0 NN%®bbda\b 119 NPSSLIISt, 0a <, X0C 0J0

@(867) 896-9944 ©(867) 896-9143 & whalecovehto@ginig.com
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SUBMISSION TO THE

NUNAVUT WILDLIFE MANAGEMENT BOARD

FOR

Information: Decision: X

Issue:

There needs to be a limit for the sport hunt of grizzly bears set through the Nunavut
Wildlife Management Board since there is no Total Allowable Harvest (TAH) and
currently no mechanism to assign tags for sport hunting purposes.

Background:

Historical sport hunting limits for both the Kivallig and Kitikmeot regions had been set at
10 tags per region by the government of Northwest Territories.

Sport hunting is an activity that provides economic benefits to communities; the
Department of Environment supports the continuation of sport hunting and use of
commercial tags.

Current Status:

0150

There is currently no TAH set for Grizzly Bear harvest in Nunavut and no plans to
establish one.

The Inuit harvest of grizzly bears is currently unlimited and included as part of the
Wildlife Act and regulations.

The Government of Nunavut has recently determined that the current wildlife regulations
do not properly allow sport hunting tags to be issued in the Kivallig and Kitikmeot
regions.

A decision from the NWMB on sport hunting limits would be required to facilitate sport
hunting tags to be issued as described in the Nunavut Land Claims Agreement (NLCA;
e.g. 5.2.33(C) and 5.2.35).

The Wildlife regulations do not include grizzly bear in the schedule of annual or daily
harvest limits for residents, non-residents, and non-resident foreigners

The current estimated territorial annual harvest average of 22 bears/year does not
present an immediate conservation concern for grizzly bear (Appendix 1; Draft Nunavut
Grizzly Bear Co-Management Plan)



e The DOE has developed a draft Grizzly Bear Management Plan which includes scientific
research and Inuit Qaujimajatugangit collection and extensive community consultation
from both the Kivallig and Kitikmeot regions (Appendix 1).

o The Department of Environment consulted with Hunters and Trappers Organizations
(HTOs) to determine an acceptable number of sport hunt tags for grizzly bears as there

is no TAH and currently no mechanism to assign tags to non-Inuit sport hunters
(Appendix 2; Sport Hunting Consultation Summary).

Kivallig community recommendations

Community Date of In Favor of Sport Hunting Recommended
Consultation Number of Sport
Hunt Tags
Arviat May 4, 2017 Yes 8 sport hunts per
Kivallig community
Baker Lake May 4, 2017 Does not support sport 0

hunting near Baker Lake

5 sport hunts for

Chesterfield Inlet | June 27, 2017 Yes Chesterfield Inlet
20 sport hunts for the
Coral Harbour May 8, 2017 Yes region (4 for Coral
Harbour)
Naujaat May 3, 2017 Does not support sport 0
hunting near Naujaat
No HTO
Rankin Inlet meetings for N/A N/A
several months
Whale Cove May 17, 2017 Yes 10 sport hunts for the
region
Kitikmeot community recommendations
Community/HTO Date of In Favor of Sport Hunting Recommended
Consultation Number of Sport
Hunt Tags
10 sport hunts for
Cambridge Bay May 11, 2017 Yes Victoria Island; 15 for
Kitikmeot region
Burnside HTO June 14, 2017 Yes

No number
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recommended
Omingmaktok Not available
HTO for consultation N/A N/A
Gjoa Haven July 20, 2017 Yes 10 sport hunts for
region
Kugaaruk May 17, 2017 Does nothsupport sport 0
unts
10 tags
recommended for
Kugluktuk June 21, 2017 Yes both sport hunts and
resident harvest
combined
Taloyoak May 4, 2017 Does ot support sport 0

e Most HTOs commented that they would like the ability to revisit the quota should concerns

arise.

¢ The HTO recommendations for the amount of sport hunts does not differ significantly from
the historical sport hunting limits of 10 per region, set by the Government of Northwest

Territories.

¢ The DOE has ongoing research to better understand the current abundance and population
trends for grizzly bear in Nunavut.

¢ The allocation of sport hunting tags would allow for better harvest information to complement
research efforts.

o The Department is not planning to establish a TAH for grizzly bear but in order for HTOs to
assign sport hunt tags to non-Inuit hunters, there must be a limit set through the Nunavut
Wildlife Management Board.

Recommendations:

e The Nunavut Wildlife Management Board considers using historical sport hunting
numbers to set grizzly bear sport hunting limits to 10 tags per region until such time that
there is more comprehensive information on the grizzly bear population within the
regions.

e Sport Hunting tag allocation within each region would be the responsibility of the
Regional Wildlife Organizations.

e Administration of the tags to outfitters would occur, based on HTO approval, by the
Conservation Officers in the local Wildlife Office.
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Appendix 1: Draft Nunavut Grizzly Bear Co-Management Plan (attached as separate
document)

Appendix 2: Grizzly Bear Sport Hunt Consultation Summary (attached as separate
document)
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CONSULTATION SUMMARY FOR GRIZZLY BEAR SPORT HUNTING LIMITATIONS

3 May, 2017: Arvig HTO, Naujaat

4 May, 2017: Arviat HTO, Arviat

4 May, 2017: Baker Lake HTO, Baker Lake

4 May, 2017: Spence Bay HTO, Taloyoak

8 May, 2017: Aiviit HTO, Coral Harbour

11 May, 2017: Ekaluktutialik HTO, Cambridge Bay
17 May, 2017: Kurtairojuark HTO, Kugaaruk
17 May, 2017: Issatik HTO, Whale Cove

14 June, 2017: Burnside HTO, Cambridge Bay
21 June, 2017: Kugluktuk HTO, Kugluktuk

27 June, 2017: Aqigiq HTO, Chesterfield Inlet

20 July, 2017: Gjoa Haven HTO, Gjoa Haven

o>

Nunavut

Department of Environment, Government of Nunavut

Iqaluit, NU

Prepared: 14 August, 2017

Grizzly Bear Sport Hunting Limitations Consultation Summary
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Executive Summary

There is currently no Total Allowable Harvest (TAH) established for grizzly bears in
Nunavut and the current Wildlife regulations do not have a sport hunting limit set for
residents, non-residents, and non-resident foreigners. As a result, there is no
appropriate mechanism to assign sport hunting tags without a decision on sport hunting
limitations from the Nunavut Wildlife Management Board (NWMB).

Historically, the Government of Northwest Territories had set sport hunting limits to 10
tags per region for both the Kivallig and the Kitikmeot. When the territory of Nunavut
was formed, this harvesting limitation was no longer part of the new regulations. Sport
hunting is an activity that provides economic benefits to communities and the
Department of Environment (DOE) supports the continuation of sport hunting but there
needs to be a proper mechanism for the issuance of sport hunting tags. Based on
current research done in the Kivallig and Kitikmeot regions and Inuit Qaujimajatugangit
(IQ) collected during the drafting of the draft Grizzly Bear Management Plan, the current
average grizzly bear harvest does not present an immediate conservation concern. The
Inuit harvest of grizzly bears is unlimited and would remain unchanged but the harvest
through sport hunting needs to have a set limitation.

DOE Conservation Officers consulted with as many Hunters and Trappers
Organizations as possible during their regular meetings in the Kivallig and Kitikmeot
regions of Nunavut between May and July of 2017. The primary purpose of these
consultations was to determine sport hunting limitation recommendations from each
community to assist the DOE in providing appropriate recommendations to the NWMB
for decision.

The recommendations from each of the consulted community HTOs were sent by the
attending conservation officers to the two regional wildlife managers who then reported
the information back to the Coordinator of Operations and Regulations. The
recommendations were compiled and used to form the DOE recommendations for
grizzly bear sport hunting limitations.

The recommendations that were offered by the consulted communities did not differ
greatly from the historical sport hunting limitations that had been set by the Government
of Northwest Territories. Due to ongoing research on grizzly bear abundance and
population trends, the historical sport hunting limitations are likely appropriate until such
time that there is more comprehensive information, scientific and 1Q, within both
regions.

Grizzly Bear Sport Hunting Limitations Consultation Summary Page 2
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Preface

This report represents the Department of Environment’s best efforts to accurately
capture all of the information that was shared during consultation meetings with the
Hunters and Trappers Organizations of the Kitikmeot and Kivallig regions.

The views expressed herein do not necessarily reflect those of the Department of
Environment, or the Government of Nunavut.

Grizzly Bear Sport Hunting Limitations Consultation Summary Page 3
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1.0 Report Purpose and Structure

This report is intended to: 1) provide the details of why and how DOE consulted with
various Hunting and Trapping Organizations (HTOSs) in the Kivallig and Kitikmeot
regions to discuss grizzly bear sport hunting limitations and community
recommendations and 2) collate and summarize recommendations provided by the
HTOs. The following community HTOs were consulted between May and July 2017:

e 3 May, 2017: Arvig HTO, Naujaat

e 4 May, 2017: Arviat HTO, Arviat

e 4 May, 2017: Baker Lake HTO, Baker Lake

e 4 May, 2017: Spence Bay HTO, Taloyoak

e 8 May, 2017: Aiviit HTO, Coral Harbour

e 11 May, 2017: Ekaluktutialik HTO, Cambridge Bay
e 17 May, 2017: Kurtairojuark HTO, Kugaaruk

e 17 May, 2017: Issatik HTO, Whale Cove

e 14 June, 2017: Burnside HTO, Cambridge Bay
e 21 June, 2017: Kugluktuk HTO, Kugluktuk

e 27 June, 2017: Aqigig HTO, Chesterfield Inlet
e 20 July, 2017: Gjoa Haven HTO, Gjoa Haven

After these consultations, the DOE will provide a submission to the NWMB for decision
that includes a recommendation on sport hunting limitations for both regions.

2.0 Purpose of Consultations

The purpose of these consultations was to discuss grizzly bear sport hunting limitations
for each of the regions of Nunavut that currently hunt grizzly bear. Each community
consulted was asked whether or not they support grizzly bear sport hunting and to
provide a recommendation for their region that reflects how their community values
grizzly bear sport hunting. After the consultations, the DOE will submit grizzly bear
sport hunt limitation recommendations for the Kivallig and Kitikmeot regions to the
NWMB for decision. This decision will allow for the continuation of grizzly bear sport
hunting through the proper issuance of sport hunting tags.

2.1 Format of Meetings

Conservation officers (COs), in each of the Kivalliq and Kitikmeot communities, were
instructed to attend their local HTO regular meeting to discuss sport hunting limitations.
The meetings were held in the evenings and the CO-led consultation was part of the

Grizzly Bear Sport Hunting Limitations Consultation Summary Page 5
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regular agenda. The CO asked each HTO how many tags they would like to see being
made available for sport hunts since there was no TAH for the species.

The following questions were asked at each consultation:

e What does the HTO consider to be a reasonable number of bears to be made
available for sport hunting for their community and or for the region?

e Does the HTO have any concerns surrounding the hunting of grizzly bears?

3.0 Summary by Community

3.1 Arviat Consultation Summary
Date: 4 May, 2017

Representatives:
e GN-DOE, Conservation Officer: Joe Savikataaq Jr.
Arviat HTO: Thomas Alikaswa
Arviat HTO: Dicky Hapanaq
Arviat HTO: Gordy Kidlapik
Arviat HTO: Sam Garry Muckpa

Comments and questions:

In response to questions asked by Officer Savikataaq regarding the sport hunting of
grizzly bears, all HTO members present were in support of having grizzly bear sport
hunts. The was unanimous support for 8 grizzly bear sport hunt tags available for Arviat,
as well as 8 per community for the rest of the Kivalliq Region. There were no concerns
in relation to grizzly bear sport hunting; they feel that too many caribou meat caches
and cabins are broken into on a regular basis

3.2 Baker Lake Consultation Summary
Date: 4 May, 2017

Representatives:

e GN-DOE, Conservation Officer: Russell Toolooktook
e Baker LakeHTO Members

Comments and questions:

Grizzly Bear Sport Hunting Limitations Consultation Summary Page 6
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The Baker Lake HTO does not support sport hunts for residents (non-beneficiary) or
non-residents. They do not want to see a TAH implemented on Inuit.

3.3 Burnside HTO Consultation Summary
Date: 14 June, 2017

Representatives:

e GN-DOE, Conservation Officer: Candice Sudlovenick
e Burnside HTO memebers

Comments and guestions:

The Burnside HTO was in favour of grizzly bear sport hunting but did not provide a
recommendation of how many should be set as a limitation.

3.4 Cambridge Bay Consultation Summary
Date: 11 May, 2017

Representatives:

e GN-DOE, Conservation Officer: Shane Sather
e Ekaluktutialik HTO Members

Comments and questions:

The Ekaluktutialik HTO was in support of grizzly bear sport hunting and recommended
15 sport hunts for the Kitikmeot region.

3.5 Chesterfield Inlet Consultation Summary
Date: 27 June, 2017

Representatives:

e GN-DOE, Conservation Officer: Peter Kattegatsiak Sr.
e Aqigig HTO Members

Comments and guestions:

There was unanimous favour for grizzly bears being made available for sport hunting.
They recommended 5 tags for Chesterfield Inlet for sport hunts, but did not provide
input as to what a regional number should be.

Grizzly Bear Sport Hunting Limitations Consultation Summary Page 7
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3.6 Coral Harbour Consultation Summary
Date: 8 May, 2017

Representatives:

e GN-DOE, Conservation Officer: Peter Kattegatsiak Sr.
e Aiviit HTO Members

Comments and questions:

The Aiviit HTO stated that they wouldn’t mind seeing up to 20 sport hunt tags made
available for the Kivalliq Region. They would like to see 4 of those 20 tags allocated to
Coral Harbour to open up more outfitting opportunities in Coral Harbour, in order to be
able to offer muskox/grizzly bear sport hunt packages.

3.7 Gjoa Haven Consultation Summary
Date: 27 June, 2017

Representatives:

e GN-DOE, Conservation Officer: Peter Aqgaq
e Gjoa Haven HTO Members

Comments and questions:

The Gjoa Haven HTO board passed a motion supporting 10 grizzly bear sport hunt tags
being made available for the Gjoa Haven area. They had no comment on what limit
should be made on the regional level.

3.8 Kugaaruk Consultation Summary
Date: 17 May, 2017

Representatives:

e GN-DOE, Conservation Officer: Chad Bruneski
e Kurtairojuark HTO Members

Comments and questions:

The Kurtairojuark HTO does not support sport hunts in the Kugaaruk area, as not many
grizzly bears are seen. They did not provide input as to how many should be made
available on the regional level.

Grizzly Bear Sport Hunting Limitations Consultation Summary Page 8

0161



3.9 Kugluktuk Consultation Summary
Date: 21 June, 2017

Representatives:

e GN-DOE, Conservation Officer: Allen Niptanatiak
e Kugluktuk HTO Members

Comments and questions:

The Kugluktuk HTO was in favor of increasing the tags usually made available for
Kugluktuk from 5 tags to 10 tags for Kugluktuk. The 10 recommended tags would be for
both sport hunts and resident (non-beneficiary harvest).

3.10 Naujaat Consultation Summary
Date: 3 May, 2017

Representatives:

e GN-DOE, Conservation Officer: Peterloosie Papatsie.
e Arvig HTO Members

Comments and guestions:

The Arvig HTO feels that there should be no grizzly bear sport hunts in the Naujaat
area. This is due to the low number of grizzly bears in the area. They did state that the
subject could be revisited if the grizzly bear numbers were to rise. They did not
comment on sport hunting at a regional/territorial level, just specifically to the Naujaat
area.

3.11 Omingmaktok HTO Consultation Summary
Date: N/A

Representatives: N/A

Comments and guestions:

The Omingmaktok HTO did not have any input to provide in regards to grizzly bear
sport hunts.

3.12 Rankin Inlet Consultation Summary
Date: N/A

Grizzly Bear Sport Hunting Limitations Consultation Summary Page 9
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Representatives: N/A

Comments and questions:

There were no HTO board members present in Rankin Inlet available for a meeting
when requested. HTO has not had meetings for an extended period of time.

3.13 Taloyoak Consultation Summary
Date: 4 May, 2017

Representatives:
e GN-DOE, Conservation Officer: David Anavilok
e Spence Bay HTO Member: Sam Tulurialik
e Spence Bay HTO Member: George Aklah
e Spence Bay HTO Member: Bruce Takolik

Comments and questions:

No grizzly bears seen around Taloyoak, did not have input on how many sport hunts
should be available. They do not support sport hunts in the Taloyoak area, and did not
want to comment on the regional levels.

3.14 Whale Cove Consultation Summary
Date: 17 May, 2017

Representatives:

e GN-DOE, Regional Manager: Rob Harmer
e Issatik HTO Members

Comments and questions:

The Issatik HTO was in support of 10 tags being made available for sport hunting in the
Kivallig Region. They want to make sure that the quota may be revisited should
concerns arise.

4.0 Summary

All but two HTOs within the Kivallig and Kitikmeot regions were available for
consultation between May and July of 2017. The communities that were consulted

Grizzly Bear Sport Hunting Limitations Consultation Summary Page 10
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expressed whether or not they were in favour of grizzly bear sport hunting around their
community and most provided a recommendation for the number of sport hunting tags
that should be set for their community and/or their region. The overall recommendations
did not differ significantly from the historical sport hunting limitations that had been set
by the government of Northwest Territories before the creation of Nunavut. Most HTOs
expressed that they would like the ability to revisit any set limitation in the future should
concerns arise. Higher limitation recommendations were given by communities in the
parts of the regions with higher grizzly bear densities and regions with fewer bears
tended to offer lower limitation recommendations or a recommendation or no sport
hunting at all for their community.

Grizzly Bear Sport Hunting Limitations Consultation Summary Page 11
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Shew chuk
Daniel Swmwaliisk, Acting Chair
Nunavut Wildlife Management Board
Iqaluit, Nunavut
Sent to: receptionist@nwmb.com

Qikiqraaluk Wildlife Board

July 19,2017

Re: QWB request for a flexible quota system for Devon Island Muskoxen

Hello Daniel,

I 'am writing to the Nunavut Wildlife Management Board to req
flexible carry-forward system for Devon Island muskox TAH.

st the implementation of a

Currently, the TAH for Devon Island muskoxen is 100. At our July Executive meeting, QWB
confirmed that for the 2017/18 year, each of the eligible communities: Grise Fjord, Resolute Bay,
Pond Inlet and Arctic Bay should be allocated 25 tags each. The Executive also discussed

improvements to the TAH system. The attached resolution was
and decision. The proposed system would allow unused tags to
years.

assed confirming this discussion
e carried forward for up to three

QWB understands that current population numbers of this subpppulation are healthy, and current

harvest rates would not pose a significant impact to the populat

n. QWB believes implementing a

flexible quota system would not impact the sustainability of the population. As you are well aware,

such a system is in place for both Narwhal and Polar Bear.

We believe that there are significant benefits of establishing such a flexible, carry-forward TAH

system. The communities must travel significant distances to haj
system could allow the communities to organize larger harvests,
conjunction with the other communities. This could enable econ
such organized hunts being distributed amongst participating ca

Thank you for your consideration,

ek

James Qillag/ Chair
Qikigtaaluk Wildlife Board

rvest this subpopulation. A flexible
either on their own or in

pmies of scale with the results of
mmunities or sold commercially.
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SUBMISSION TO THE

NUNAVUT WILDLIFE MANAGEMENT BOARD

Nunavu

FOR

Information: Decision: X

Issue: Polar Bear Total Allowable Harvest Recommendations for the Western Hudson

Bay Sub-population

Background:

0167

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

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

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

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

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

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

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

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

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

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

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

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

Current Status:

0168

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

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

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

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

Consultations:

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

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

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

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

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

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

Recommendations:

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

2. DOE recommends a re-set to the TAH by zeroing-out existing polar bear tag
credits so that all communities harvesting from WH will be in a position to have

Page 3 of 6
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their full allocation available to cover any harvested bears and problem bears if
necessary.

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

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

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

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

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

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

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

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

e DOE believes the recommendation to maintain the current TAH of 28 bears
balances the best current available scientific information and Inuit observations to
ensure that the harvest does not cause a conservation concern for the WH polar
bear sub-population over the short and long-term.
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Background

» Concern about status of
sub-population

63°0'0"N

> Science:

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

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

60°0'0"N

> 1Q and local observations:
> More bears seen

57°0'0"N
|

]
57°0'0"N

» Increasing numbers & range

» Concern about accuracy &

impacts of tagging studies
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Background

» Disagreement between
science and 1Q

63°0'0"N

» Need for new study

60°0'0"N

» Tried new non-invasive
method = aerial survey

» Resolve disagreement

57“0['0"N

» Continue to monitor
population to establish
trend
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Mark-recapture Studies and Sea-ice
Monitoring

 Environment Canada long-term study
* Analysis of data for 1987 to 2011

* Key Results:
— Survival linked to sea-ice conditions
— Estimated 806 bears (in 2011)

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

— No recent trends in sea-ice or bear numbers

— Predictions of future trend highly dependent on sea-
ice conditions
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Using Aerial Surveys to Monitor WH

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

Fast, less invasive, cost effective, community involvement

Can detect trends in populations and respond accordingly

Scope of information limited: Trade-off
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Aerial Survey 2016

96°0'0"'W ‘W

Objectives:

e

ey
» Estimate abundance of PB in “’

WH

» Comparison with last aerial
survey (2011)

» Evaluate as a monitoring
method

> PB distribution in relation to
habitat & environmental
conditions where possible |
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Research Plans 2016

» Aerial survey

» Alternative to tagging
»used in 2011

» On-going collection of 1Q and hunter
observations

»HTO’s, NTI, GN



Design

Sources of Information:

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

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

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

» Minimize number of denned bears

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

» Coincides usually with timing of tagging studies



How we flew the last
survey

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

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

» 4 observers per team

> Front and back observers
working independently

» Recording type and location
of bears seen, habitat
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Consultations Appendix 1




flying
transects
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flying
transects




Challenges

> Islands and
offshore waters

> Tidal flats




Challenges

» Vegetation

> Glare

0190 PB WH
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Challenges

» Vegetation




Pyl G : : e ; ' ¢
< PB WM Aerial Survey. 2016 Kivallig - \
" Consultations-Appendix- 1 '




I * I Environment
Canada

Nunawu‘t

“ONTARIO

Ministry of

Natura] Resources

Conservation
Bl e canacs

0193 PB WH Aerial Survey 2016 Kivallig

21
Consultations Appendix 1



Results

»Survey flown August 12 — 22nd

» More than 130 hours of flying

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



Participants

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

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

Daryll Hedman, Vicki Trim (Manitoba
Conservation)

» Kevin Burke, Chantal Ouimet (Parks Canada)

YV V V V
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Results

» 339 polar bear
sightings
» 18 in Nunavut
»321 in Manitoba

» Groups of 1to 11

» Includes
swimming bears
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In Nunavut

> Distribution

similar to 2007,
2010, 2011

, T
Legend

Nunavut

Solitary adult and subadult females
= Family groups
Unknown gender or age class
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2 male group size
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In Manitoba

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

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

2010)

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

» Variable across WH

» Best body condition
in southeast WH

0206 PB WH Aerial Survey 8 i
Consultations Appendix 1
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2016 Estimate of 842 bears (95% Cl: 562-1121)

Precision
» Met expectations

» Coefficient of Variation =
16.9%

Accuracy

> Near 100% detection on transect

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

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

habitat (trees)

» Tendency to underestimate

ab?ﬂ ndance PB WH AerialSurvey 20

Consultations Appendix 1
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Abundance estimate
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Summary

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

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

» Majority of bears are in Manitoba during August

» 2016 aerial survey estimate similar to 2011
estimate



Summary

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

» Body condition variable across WH



Next Steps

Further analyses:

»Comparison between
aerial survey & future
mark-recapture?

»Comparison with 2016
aerial survey in SH

Collect more available IQ

N

Sea ice monitoring

N

Assessment of
status




Thank you — Questions?
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Explanation of variation and estimate

0213 PB WH Aerial Survey 2016 Kivallig
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Summary

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

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

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

methods and analysis of covariates.

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

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

! During the 2011 aerial survey, coastal and inland transects were flown, which were not identical to the 2016
survey and therefore these estimates are not directly comparable. Regardless, when the derived abundance
estimate of 1030 bears from the 2011 survey is statistically compared with the 2016 estimate, no significant
difference between those two estimates can be detected.
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bears, mostly adult males, were encountered in large concentrations in the south-east
section of the study area towards the Manitoba-Ontario border. Cubs and yearlings
comprised a small proportion of the sample size, which was also observed during
previous studies. This suggests that reproductive performance is low for this

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

Aircraft Hours

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

Field Dates

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

Fieldwork Location

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

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

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

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

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

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

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

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

August 2016 during the ice-free period.

2. METHODS
2.1. Study Area

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

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

is very little relief (<200 m) with underlying continuous and semi-continuous permafrost.
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Sea-ice is absent in this region generally from July to November (Stirling et al. 1999;
Scott and Marshall 2010; Stern and Laidre, 2016), and biting insects are plentiful during

the summer (Twinn 1950).

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

2.2. Survey design

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

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

methods using fixed and rotary wing aircraft.

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

emergence information provided by Manitoba Sustainable Development.

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

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

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

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

and observer ability.

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

strata.

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

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

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

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

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

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

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

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

half of the survey study area within Nunavut.

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

polar bears as effectively as a dedicated observer.

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

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

2.2.1. Double observer pair

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

tL 11

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

aircraft.
2.2.2. Fixed wing

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

The pilots, data recorders, one right side observer, and both left side observers
remained consistent throughout the fixed wing portion of the survey, while one right
observer position was occupied by 3 different individuals. The primary and secondary
observer pairs were alternated between the front and rear positions halfway through the

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

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

extending endurance.

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

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

observer remained consistent over the period.

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

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

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

2.2.4. Distance Sampling

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

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

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

observation waypoint recorded.

2.2.5. Observations

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

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

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

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

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

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

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

consistently across the study.

2.3 Analyses

2.3.1. Data screening and truncation

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

truncation of the Bell helicopter data was not large.

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

truncation distance for each aircraft.
2.3.2. Co-variates

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

on the shore and tree for inland observations.

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

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

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

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

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

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

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

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

distance from the survey line.

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

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

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

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

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

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

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

3. RESULTS

3.1. Sightings, Habitat, and Detection

The WH polar bear survey was flown between August 12 and 21, 2016. Survey strata
flown between Chesterfield Inlet and Churchill with the Twin Otter took 4 days to

complete. The remainder of the study area was completed utilizing 2 rotary wing aircraft
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in 5 days. During the survey we flew approximately 35 hrs with the Twin Otter and 80
hrs total with the two rotary wing aircraft for an estimated total distance of

approximately 17,100 km, including ferry time.

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

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

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

to both left and right truncation distances.

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

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

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

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

more disjoint when the number of observations was lower.

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

in detail in subsequent analyses.

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

3.2. Distribution

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

density strata. When the WH polar bear population study area was broken down into

31|Page

0246



Western Hudson Bay Aerial Survey 2016

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

3.3. Distance/Mark-recapture analyses

3.3.1. Distance analysis

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

analysis.

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

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

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

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

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

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

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

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

observations at similar distances and group sizes.

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

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

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

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

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

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

The most supported model (model 1, Table 7) was rerun at various right truncation
distances to determine the overall sensitivity of estimates to deletion of observations
that occurred far from the transect line. Decreasing the right truncation distance to 1800
meters which is closer to the data limit by the previous survey (Stapleton et al. 2014)
decreased the estimate slightly to 826 bears whereas increasing the right truncation
distance to 2700 m include further observations (Figure 7) decreased the estimate by 6
bears. Overall, the effect of truncation was minimal on estimates (Table 9).
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3.3.7. Analysis of the 2016 data set using only distance sampling methods

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

within the survey strip.

The HR (RSvegZ2+size) displayed adequate fit to the data (x2=7.71,df=6,
p=0.26). Kolmogorov-Smirnov tests (0.041, p=0.95) and Cramer-Von-Mises tests
(0.032, p=0.97) also suggested reasonable fit. The resulting abundance estimate was
843 bears (SE=104.2, CV=16.8%, CI=607-1170) which is very close to the mark-

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

3.3.8.  Additional analyses

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

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

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

We re-analyzed the 2011 data set using the remote sensing (LANDSAT) based habitat
classification scheme to determine if this covariate was also supported as a detection
function covariate for the 2011 data set, and to assess any change in estimates with this
covariate. A full suite of models were considered including those from the original
analysis (Stapleton et al 2014). A model with the LANDSAT covariate (along with

visibility and habitat structure) with a hazard rate detection function was most
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supported. The model averaged estimate of abundance from this analysis was 949
bears, (SE=168.9, CI=618-1280, CV=17.7%). This analysis is detailed in Supplemental
Material 1.

3.3.8.2. Trend analysis based on distance sampling and coastal surveys

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

methodologies and detection function covariates.

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

overlap 1 and therefore this decrease is not significant.

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

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

were conducted for coastal surveys based on these 2 groups.

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

analysis are described in Supplementary Material 2.

4. DISCUSSION

4.1. Distribution

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

timing.
38| Page

0253



Western Hudson Bay Aerial Survey 2016

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

4.2. Abundance

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

sampling method to estimate polar bears in southern Hudson Bay.

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

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

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

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

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

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

condition of reproductive-age females continues to decrease.

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

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

assurances that model assumptions are not being violated.

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

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

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

4.3. Assumptions and potential biases

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

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

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

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

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

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

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

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

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

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

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

the aircrafts longitudinal axis.).
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Figure 3. Application of the distance sampling method during the August 2016 polar bear aerial
survey in western Hudson Bay. Once observed the aircraft would move off the transect to the center
of the observation to record location via a GPS, and assess and record field age, sex, and body
condition for all individuals within the group as well as environmental covariate information (Note: D
= the distance as measured 900 from the transect to the center of the observation/group).
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W = the required strip width;
h = the height of the observer’s eye from the tarmac; and
H = the required flying height
Figure 4. Schematic diagram of aircraft configuration for strip width sampling (Norton-Griffiths,

1978). W is marked out on the tarmac, and the two lines of sight a’ —a — A and b’ — b — B established.
The streamers are attached to the struts at a and b, whereas a’ and b’ are the window marks.
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Figure 5: Landsat habitat classification and observations for a section of the high-density stratum of
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Figure 7. The distribution of observations relative to adjusted distance from the survey line

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

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

pooled. This covariate was termed RSveg?2.
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on aerial inspection.

62| Page

0277



Western Hudson Bay Aerial Survey 2016

Gravel Tree
1.00 > o °
..‘ [ ] . ®
o e
e %e .
_ o e
0.75 —e— . ——
[ °
R e A
0.50 - .
- -
0.25 e L)
e
z —‘ e
a —
© ]
o 0.00
Q
[}
8 Vegetation-shrub Water
B 1.00 =1
e, it
5 a
o ¢ % ’ L. @
®
0.75 I ‘A @
‘ ®
ot e
] e
0.50 o ®
o A
®
e
[
0.25 :i'
_l_h e« L
L)
e ]
0.00 I__l
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500

Adjusted distance from transect line

Bears
e 1
e
@3
@4
@5
@
@®:s
@ o
@

Sun angle
® behind observer
* ineyes (<30)
overhead (>30)
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duplicate observations (where both observers saw a bear. Conditional probabilities are also given for
detection of bear by observer 1 given detection by observer 2 and vice versa. All estimates are from
model 1 in Table 6.
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Table 1. Covariates considered in the mark-recapture/distance sampling analysis. The primary use of
the covariate for distance sampling analysis (DS) and mark-recapture analysis (MR) is denoted.

Covariate Type DS MR  description

size continuous X X group size

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

heli binary X X helicopter or airplane

Bell binary X X Bell helicopter

Bellp binary X X Pilot of Bell helicopter

Bellr binary X X Recorder/Navigator of Bell helicopter.

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

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

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

RSveg90 categorical X RSveg at 90X90m scale

RSvegl150 categorical RSveg at 150X150m scale

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

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

obs categorical Observers (12)

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

pilot binary if observer was a pilot

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

Strata Group size Numbers of bears by distance category

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

spot) observed >2250m
High 98 1.72 1.17 1 7 5 150 7 7 169
Low 8 2.25 2.12 1 7 1 6 4 7 18
Moderate 69 2.14 1.98 1 11 8 123 6 11 148
Very Low 3 1.33 0.58 1 2 3 1 0 0 4
Totals 178 17 280 17 25 339
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Table 3. Summary of observer data during the Hudson Bay polar bear survey. The naive
probability is the number of detections divided by the total trials. The Bell pilot had the lowest
probability.

Individual Role Bear observations Naive
probability

Not detected Total

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

69| Page

0284



Western Hudson Bay Aerial Survey 2016

Table 4.

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

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

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

No DF Distance AIC AAIC Wi K LoglL N Conf. int cv
1 HR Rsveg2 +size 26116 0.00 0.22 7 -1298.8 836 602 1160 16.7%
2 HR Rsveg2 26123 0.78 0.15 6 -1300.2 908 644 1279 17.5%
3 HN hab+vis 26129 1.31 0.12 6 -1300.4 816 625 1067 13.6%
4 HR RSveg2+size+vis 2613.2  1.67 0.10 8 -1298.6 833 603 1152 16.5%
5 HN hab+vis+size 2613.5 2.00 0.08 7 -1299.8 779 588 1033 14.4%
6 HR RSveg-hab 2613.7 2.4 0.08 6 -1300.8 900 643 1262 17.2%
7 HR Rsveg2+vis 2613.7 2.19 0.07 7 -1299.9 898 641 1258 17.2%
8 HN hab 2613.8 2.26 0.07 5 -1301.9 813 622 1065 13.7%
9 HN hab+size 26140 2.46 0.06 6 -1301.0 770 581 1019 14.3%

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

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

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

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

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

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

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

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

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

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

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

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

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

No Mark-recapture AlC AAIC Wi K LoglL N Conf. Limit N CV
model
1 Bellp+Bellr+sun+size 25755 0.00 0.65 11 -1278.1 896 638 1258 17.4%
2 Bellp+Bellr+sun 2577.0 148 031 10 -1279.9 911 647 1282 17.5%
3 Bellp+Bellr+size 2582.2 6.70 0.02 10 -1282.5 884 630 1240 17.3%
4 Bellp+Bellr 25840 852 0.01 9 -1284.4 897 638 1260 17.4%
5 aircraft+Bellp+Bellr 2585.1 9.61 0.01 11 -1282.9 893 634 1256 17.5%
6 observers 25919 16.47 0.00 18 -1279.4 891 633 1255 17.5%
7 sun 2605.1 29.64 0.00 8 -1295.9 922 654 1301 17.6%
8 aircraft 2605.6 30.08 0.00 9 -1295.2 926 658 1304 17.5%
9  heli 26079 3237 0.00 8 -1297.3 914 648 1288 17.5%
10 size 2611.2 35.75 0.00 8 -1299.0 896 637 1259 17.4%
11 constant 2611.6 36.08 0.00 7 -1300.2 908 644 1279 17.5%
12 vis 2612.2 36.72 0.00 8 -1299.5 908 645 1279 17.5%
13 pilot 2612.2 36.73 0.00 8 -1299.5 908 645 1279 17.5%
14 hab 2613.2 37.71 0.00 10 -1298.0 921 652 1300 17.7%
15 recorder 26135 38.06 0.00 8 -1300.2 908 644 1279 17.5%
16 distance 26135 38.06 0.00 8 -1300.2 908 644 1279 17.5%
17 Rsveg 2617.0 4155 0.00 11 -1298.9 915 648 1292 17.7%
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Table 7. Model selection results for the combined distance and mark-recapture analysis. The most

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

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

No DF Distance MR AIC AAIC  wi K  LoglL N Conf. Limit NCV
1 HR Rsveg2+size Bellp+Bellr+sun+size 2575.5 0.00 0.22 11 -1276.7 831 599 1151 16.7%
2 HR Rsveg2 Bellp+Bellr+sun+size 2576.3 0.78 0.15 10 -1278.1 896 638 1258 17.4%
3 HN Hab+vis Bellp+Bellr+sun+size 2576.8 1.30 0.11 10 -1278.4 808 619 1056 13.6%
4 HR Rsveg2+size Bellp+Bellr+sun 2577.0 1.48 0.10 10 -1278.5 840 605 1165 16.7%
5 HR Rsveg2+size+vis Bellp+Bellr+sun+size 2577.1 1.67 0.10 12 -1276.6 828 600 1143 16.5%
6 HN Hab+vis+size Bellp+Bellr+sun+size 2577.5 2.00 0.08 11 -1277.7 774 585 1024 14.3%
7 HR Rsveg2+vis Bellp+Bellr+sun+size 2577.7 2.19 0.07 11 -1277.8 887 635 1238 17.1%
8 HR RSveg2 Bellp+Bellr+sun 2577.7 2.26 0.07 9 -1279.9 911 647 1282 17.5%
9 HN Hab+vis Bellp+Bellr+sun 25783 2.78 0.05 9 -1280.1 823 627 1079 13.8%

10 HN Hab+vis+size Bellp+Bellr+sun 25789 3.47 0.04 10 -1279.5 785 590 1045 14.6%

73| Page

0288



Western Hudson Bay Aerial Survey 2016

Table 8. Strata-specific and total estimates of abundance for model 1 (Table 6).

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

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

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

Proportion of

Litter size total observations
Subpopulation Source
coy YRLG COY  YRLG

\(’;’gfgm HudsonBay  4430.10)  1.25(0.16) 0.11 0.03  GN (unpublished data)

\(’;’gﬂ"sm HudsonBay 4 430.08) 1.22(0.10) 0.07 0.03 Stapleton et al. (2014)

Southern Hudson Bay 1.56 (0.06) 1.49 (0.08) 0.16 0.12 Obbard et al. 2015

(2011)

Foxe Basin (20002010 154 (0:04) 148 (0.05) 0.13 0.10 Stapleton et al. (2015)
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Appendix 1

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

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

Figure A3.1. Extended tidal flats in the western Hudson Bay study area. Red circle
indicates 2 polar bears near boulders observed during the August 2016
aerial survey.
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Figure A3.2 Boreal forest several kilometers inland interspersed with ponds and lakes.
Red circle indicates a swimming polar bear seen during the August 2016
aerial survey.
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Figure A3.3 View of the coastal plains interspersed with lichen/peat tundra and
pond/lakes. Red circle indicates a polar bear seen resting next to a pond
during the August 2016 aerial survey.
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Figure A3.4 Polar bear (red circle) seen near the shore in the water at high tide during
the August 2016 aerial survey in western Hudson Bay.
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Appendix 4
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SUPPLEMENTARY MATERIAL 1 TO THE WESTERN HUDSON BAY POLAR BEAR
AERIAL SURVEY REPORT

Analysis of the 2011 data set using the LANDSAT habitat covariate

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

analyses (Stapleton et al. 2014).

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

describing large scale factors.

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

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

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

2011 2016
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Figure SM1.1: A comparison of the distribution of detections for 2011 and 2016 surveys.
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is shown as a vertical line.
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Table SM1.1: Model selection results for 2011 Hudson Bay distance sampling analysis.
Akaike information criterion (AIC), the differences between AIC of the
given model and most supported model AAIC, Akaike weight (w;), and
Log-likelihood of each model is also shown.

No DF Covariates AIC AAIC Wi K LogL N Conf. Limit cv
1 HR RSveg2+viststructure 2060.49  0.00 0.47 7 -1023.2 955 675 1350 17.7%
2 R RSveg+vis+structure 206240 1.91 0.18 8 -1023.2 948 671 1338 17.6%
3 HR RSveg2+vis 2062.59 2.10 0.16 6 -1025.3 953 670 1355 18.0%
4 4HR RSveg+vis 2064.59 4.10 0.06 7 -1025.3 953 670 1354 18.0%
5 HN structuretvis 206491 4.41 0.05 3 -1029.5 912 655 1270 16.9%
6 HN RSveg+vis 2066.10 5.61 0.03 6 -1027.0 951 680 1330 17.1%
7 HN structure+vistsize 2066.79  6.30 0.02 4 -1029.4 894 643 1244 16.8%
8 HR structure+vis 2067.85 7.36 0.01 4 10299 932 650 1338 18.5%
9 HR structure+vistsize 2068.99 8.50 0.01 5 210295 990 645 1520 22.0%

10 YN structure 2069.73  9.24 0.00 2 10329 875 635 1206 16.4%
11 HR RSveg nowater+vis 2070.28 9.79 0.00 6 -1029.1 936 648 1353 18.8%
12 4N structure+size 207148 10.99 0.00 3 -1032.7 903 636 1281 17.9%
13 R structuretsize 2074.20 13.71 0.00 4 -1033.1 949 636 1416 20.5%
14 HR Rsveg-hab 2075.31 14.82 0.00 5 -1032.7 915 641 1308 18.3%
15 HR RSveg? 2075.55 15.06 0.00 5 -1032.8 864 614 1216 17.5%
16 R RSveg 2076.74 16.25 0.00 6 -1032.4 883 624 1249 17.7%
17 UN constant 2077.36 16.87 0.00 1 -1037.7 852 608 1195 17.2%
18 N RSveg 2078.07 17.58 0.00 5 -1034.0 869 628 1203 16.6%
19 yN  size 2079.35 18.86 0.00 2 -1037.7 856 601 1221 18.1%
20 HR constant 2079.75 19.26  0.00 2 -1037.9 869 602 1255 18.8%
21 HR  size 2081.71 21.22 0.00 3 -1037.9 905 604 1356 20.7%
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SUPPLEMENTARY MATERIAL 2 TO THE WESTERN HUDSON BAY POLAR BEAR
AERIAL SURVEY REPORT : ANALYSIS OF TREND

Methods

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

Coastal surveys

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

highest certainty.

Distance sampling surveys

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

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

Results

Summary of counts

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

surveys.

Trend analysis of coastal surveys

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

within confidence limits (Figure SM2.2).

Distance sampling surveys

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

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

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

abundance estimate in 2011 and 2016 respectively.

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

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

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

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

surveys suggest increasing abundance whereas the distance sampling estimate

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

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

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

observations to ensure comparability with estimates of abundance from surveys.
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Figure SM2.2: Predicted trend from log-linear models of coastal survey. Counts are

given as black dots with model predictions as red lines with associated confidence
limits.
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Table SM2.1: Estimates of trend from log-linear models for the adult

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

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

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

exponent of B slope term.

Trend (A) estimate

Group Log-linear model results

B SE(B) Conf. Limit X
Adult females & offspring  -0.06 0.07 -0.18 0.07 0.70
(2012-6)
Adult males (2012-6) 0.10 010 -0.09 029 1.13
Pooled (2011-6) 0.05 0.04 -0.02 0.13 1.88

p A Conf. Limit
0.401 0.95 0.83 1.08
0.288 111 092 1.34
0.170 1.06 098 1.14
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Table SM2.2: Post-stratified estimates of age and sex groups for the 2011 and 2016

distance sampling surveys

year group groups Bears counted N SE Conf. Limit N CV
Adult females/offspring
2011 Pure 54 88 484 101.4 321 728 21.0%
Mixed 4 6 8 4.1 3 21 49.5%
total 58 94 492 101.5 325 749 20.6%
2016 Pure 69 118 355 84.5 223 564 23.8%
Mixed 8 5 9 3.7 4 20 41.1%
total 77 123 364 84.5 227 583 23.3%
Adult males
2011 Pure 53 76 280 84.9 155 505 30.4%
Mixed 5 4 6 2.7 2 14 49.5%
total 58 80 285 85.0 157 519 29.8%
2016 Pure 71 163 324 60.0 226 466 18.5%
Mixed 8 18 32 13.2 15 71 41.1%
79 181 357 61.4 241 537 17.2%
Subadults/unknown
2011 Pure 35 40 173 40.2 110 273 23.2%
Mixed 5 3 4 2.0 2 10 49.5%
total 40 43 178 40.2 112 283 22.6%
2016 Pure 24 27 96 29.3 53 174 30.4%
Mixed 8 8 14 5.9 7 32 41.1%
total 32 35 111 29.9 60 205 27.0%
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CONSULTATION SUMMARY NOTES FOR THE 2016 WESTERN HUDSON BAY
POLAR BEAR AERIAL SURVEY COMPILED DURING MEETINGS CONDUCTED
BETWEEN 4-7 JULY 2017

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

7 July, 2017: Aqigig HTO, Chesterfield Inlet
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Executive Summary

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

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

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

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

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

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

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

0311



CONSULTATION SUMMARY NOTES FOR THE 2016 WESTERN HUDSON BAY
POLAR BEAR AERIAL SURVEY COMPILED DURING MEETINGS CONDUCTED

BETWEEN 4-7 JULY 2017

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

7 July, 2017: Aqigig HTO, Chesterfield Inlet

e
Nunavut

Department of Environment, Government of Nunavut

Igloolik, NU

Prepared: 11 July, 2017

Western Hudson Bay Polar Bear Scientific Study Consultation Report

0312

Page 1



Executive Summary

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

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

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

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

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

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

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

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

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

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

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

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

e 6 July, 2017: Arviat HTO, Arviat

e 7 July, 2017: Aqigiq HTO, Chesterfield Inlet

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

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

2.0 Purpose of Consultations

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

Western Hudson Bay Polar Bear Scientific Study Consultation Report Page 5
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2.1 Format of Meetings

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

3.0 Summary by Community

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

3.1 Rankin Inlet Consultation Summary
Date: 4 July, 2017

Representatives:

GN-DOE, Polar Bear Biologist: Markus Dyck

GN-DOE, Regional Manager: Rob Harmer

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

NTI: Robert Karetak

Rankin Inlet HTO, Secretary: Nigel Kubluitok

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

Comments and questions:

There were no HTO board members present in Rankin Inlet, however, several
guestions regarding the presentation and results of the study were raised by
representatives. The question whether there is current concern for this population was
raised, and it was discussed that although there does not seem to be a significant
decline in abundance, declines in body condition, survival rates, and reproduction have

Western Hudson Bay Polar Bear Scientific Study Consultation Report Page 6
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been documented for years. In particular, there are some effects on cubs-of-the-year
that only allow a small proportion to survive to the yearling stage.

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

3.2 Whale Cove Consultation Summary
Date: 5 July, 2017

Representatives:

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

Comments and questions:

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

3.3 Arviat Consultation Summary
Date: 6 July, 2017

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

Western Hudson Bay Polar Bear Scientific Study Consultation Report Page 7
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NTI: Cheryl Wray

NTI: Bert Dean

NTI: Robert Karetak

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

Arviat HTO: Angelina Suluk

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

Comments and questions:

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

3.4 Chesterfield Inlet Consultation Summary
Date: 7 July, 2017

Representatives:

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

Comments and questions:

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

4.0 Summary

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

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

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

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

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

population currently?

A: M. Dyck: The population appears to be stable based on the
new aerial survey results where we could not detect a significant
difference between the last survey from 2011 and the current
one from 2016. However, as in the previous aerial survey and
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ii)

other previous ECCC studies, the reproductive performance of
the population is poor compared to other Hudson Bay complex
polar bear populations (see Table in ppt presentation). There
are few coys surviving into the yearling stage. ECCC also
documented that body condition, survival and reproduction has
been decreasing for many years in this population. Abundance-
wise the population appears to be stable, but something
concerning is going on regarding the reproduction. Ongoing
monitoring of this population is needed as well as sea-ice
monitoring for the future.

Q: Nigel: | heard there is some tagging going on?

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

Q: Nigel: When will the next survey be?

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

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

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

Meeting adjourned around 21:30
Notes by M. Dyck

2. Whale Cove

Date: 5 July 2017
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Time: 19:00 — 21:00

Present: Rob Harmer, GN, Regional Manager Kivalliq

Markus Dyck, GN, Polar Bear Biologist Il
Eva Voisey, Whale Cove HTO

Shirley Kabloona, Whale Cove HTO
Martha Arualak, Whale Cove HTO

Chris Jones, Whale Cove HTO

Robert Enuapik, Whale Cove, HTO
Raymond Mercer, NTI

Cheryl Wray, NTI

Nick Arnalukjuag- KWB Representative

a) M. Dyck welcomed everyone to the meeting, and also explained that the

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

b) Questions that arose from the presentation:

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

ii) Q: Rob