&

00> BLYCAM Y bALAPS
bNL'¥YNLC: a.-cPZ/L¥ bNLo* RM004-2019

ALY, AP An. 4, 2019 (9:00 B hed< B>2>L 6:35 P=0°d°)

j— ‘d‘b_,%D“, .DG.’C -
berdieL a'L*L: |bLrYch® ao’N*L: [DatbD® AACK®
9:00 AM - 9:05 AM 1 AP<ED< ASP<PC® 5Mac
9:05 AM - 9:10 AM 2 LDAN5J B>bB>PERE <L b>rbAJINCE ASP<PC™ 5TMa
9:10 AM - 9:15 AM 3 bNL ¥NKNE: PPy e Lo I eCE 1 AP<PC™ 5TMa
AcntAMLC d<NeEnd€ 0a > (0a>T <<nrn}‘:): ANCPN/AALP>PNAC
9:156 AM - 10:00 AM 3 CHA® ba*a.*Lo D*DAC <Ja A CP>J*a D <'Lo <Warl*cg 1 LcL© 2 00T <<NcnAC 45"
10:00 AM - 10:15 AM Pb<Dc< 15T
10:156 AM - 11:00 AM 4 PLD>C DDA <NWa i CP>Joa D¢ 3 00T <I<NcnAC 45"
11:00 AM - 11:30 AM 5 D><ra*lo PR-cD>=< DILAS (MX-10) <*Ja*CP>J>a D° 4 00> <NcnAC 30 M
11:30 AM - 12:00 PM 6 PN*Lo PP~ DILAS (MX-13) <Ua*CP>J*a D 5 00> <NcnAC 30 M=
12:00 PM - 1:15 PM PP ThSa ™ 1AL'G® 15 [ =
1:15 PM - 1:45 PM 7 PP*C 5T DDA 2019 AL Mo boAc*Lo M eob b>rhSa 6 00> <<NcnAC 30
1:45 PM - 2:15 PM 8 N<YD>< DD 2019 ACH Do MA>KINE <> D*DAS boAcSo>NC 7 00> <<NcnAC 30
215 PM-2asPM | o [T10T Pbs CYRONC ok Saroe bondete et SAe® T 5 |oas aencni  [s0ran
ALTP>Cend baCl (AL‘FDCF&?C): ARCPY/AALP>PNCAC
crm-rorn | 0 [ e ® R MO S| 5 Jaroes s
3:15 PM - 3:30 PM PbD< 15T
<d<Ncni€ QLo /b= Ar'a ‘o Lo bLAC ba CI (baCI' d<Ncnr€):
ANCP>Y/AALP>PNCAE
3:30 PM - 4:00 PM 11 NNSSCD>o*N< J< o<1 ALASD 5N AL 52a 5D ICJS BLYS ¢ 1€Ca DD 0¢ LS 10 ba CI <d<Ncndc 30 M=




<L <N<LC NNGCPLo M P o< <L <o >R Lon Ja DM D B>

4:00 PM - 4:30 PM 12 | e e 1M1 [baCr <<ncndc 30 Fac
4:30 PM - 5:00 PM 13 f;fg;’;gi:g?;cqjl‘::g:%‘r\f;if;f:::” Lot D PeM JCa O 90U 12 [baCr <9<nenic 30 M
5:00 PM - 5:30 PM 14 |<rsPN° DESCDe* N <o <o r~eJc <> PINo° Lo 2018-2019 <ol T 13 |baCl <<Ncndc 30 Fac
5:30 PM - 6:00 PM 15 |boAcio e 14 |baCl <<Ncnic 30 Fac
6:00 PM - 6:30 PM 16 |baCT ADZ™Uof Palre: bida /<D oa>T bLMYE 15 |baCl <<Ncnic 30 Fac
6:30 PM - 6:35 PM PR ASP<>C™ 5rac




a7V

002 PLYcnA ¥ d bALA = 0¢

oo

Nunavut

AN

DPIr<PN: DPCPN: X

A¥NL: > 3.6%baa T DDA bY>ar<C M A\>LPAS APLYC 2018
PIPBAMC pa Mo LAcPno*d aNAJNS QLo DDCPJ*a Do
Asdas>*LANC

Ao e

o Cdd 2 556" DM PLCPVE DLIGAL*CP><RANS AIYR¥N b pa P<¥Y pa > .

e >55baaT DD asaAPC>IL®DC b aP*<-—<IPLM<*S CAL**La* 2000
<QGI*, bid=a DM bleaP®<-*PL 5N <GIAS <Id oMo 2010-- 2015-0.
Ctd<d <SGJAS <ID®N<HNS DEDME ApAN-c<cc >*DS 120,000-M< 38,500-I¢
DSDAC (2015).

e bNLcbB™N=oreyodn 20, 2016-0 > 556" ba*a T DDA b’D>o*< AYD>J*a* Do,
B H>PIDT  DLIe<I*NEI S AL DD AYD>Ja 55N 35%-J*LHNC
36% -5 5o AYD>J=a 5d- 5N 2% DEDCCP>J a5 5N AC S5 CSLAS pacC
0a /T,

o [oC™MC dNcNnrbdS ID*NY >*D® bNLSHMe DDC>Ja Do 340-%J 5N
> 506" DD o< 2016-YN-HJd Ab¥*DAcP>*lo> AcndnyP>JLo*lo® ovac o
<P Yol <aPNcP> o d-

o IH®DT DL¥T<I®NS bNLAPT AcnbBNbHL®DC DLYo<I®NS <P/G g
<Dc*NC>NHJ bNeLsoHre DOC>J a ™D <AC LM bNeLsore
DDEC>J=a ®*DC NPBNYD> D>HLSPD®, Leqtd-s DD CH><IC opac™L o
sdi5*D%® [hgcDS 170 DDA (>DNMoJ 2015/2016-T D<DCP>odAS 265-
Y > (Y2a<dJS bNLSHNE DEDCC>Ja®DAC), 2016/2017-I DDCP>odAS
232-%J<5NS,  2017/2018-T DDCCP>odAS 174-J<5NS, <L 2018/2019-T
DDCP>adAS 93-J-5NC).

Government of Nunavut RMO004-2019



L a.*dc ‘boA*a*P<;

e Jo 2018-T B*UCdT <I'AP>coONE ANAINAGTS ac®b S asa A% Cbd<
> 55 DDME b Pt<c<I M ran <™, bNcLSHME TEND>AC>PL- 5N
19,249-* =& "<I*< DD, CL* < A AN <%*Lc_n. D 2015-T bNcL5Ne
FEN>APC>PLYNENE 38,592 -5 g >* N5 DD,

o B>AALLTPNAGTT  asaAMNS b aPP<c<IDAan MMC DD S
<L b Lo DLJ*a H5<IP<=PDC (0.72) bl absN PO D> NC
(0.19).

e bNLob*N=LMS DB P<IPNE bALANE AcD>BCD>o51° DLYnr*d< (AACCWM)
oAAN 2018-T, 2018-T aNAJNAGTS a b Dotbc DD <L bNLAPS
NS> L P> I><PDIPPNCD> Ho- I°Ca ®* DML & 5.56° DD T,

o d°O™DT D>L¥So<1*N<© bALr < AP N*PN/PL-oNC
paca-Acn<LT <> Nos1 <alDNt 556 DO oS, DLIa<I*NC

bALrC  Acn®NB®ILYC  Acnéd*eo® <INcnr,r*dS AZATCERcJo* o

<SaPNc<IUN© Do y>JL*N-Ne oa > LYYt ge bNLr* > o
bNLob*<C NPANT. CAL*Lo® 2016-JcD>*N-J, dH*DT DLio<I*NC
bALA® ID*NPLC Ldo™L <>/ INa:

o AcnBNMa*d pa o >R3¢ AALPo*d D Do Db LB

o DL¥a-<1®Ntd< bNLAS AbY* DA o> PND>bCoa-* g DDA ICJ°

o PIOA*a A /<ILN®CP>JINHo° Acn <IN
o DL¥a-<1®Ntd® bNLAMC AbY®DASC I g o SVNo-<LSa-T A5 DI Lo

o NPUNCBoo  BLET<ADIID™OC oac™C  <eNlet  S355°

DD 0.

o D<o veadn 14, 2019, N<A Leltd™c <L d<NenAdS oal *L*Dnrtd-,
LL®d*"C  5a P Dol P>*DC <> YDNNc 1S  ARSLPNTS  JAPN
oal*L*Dg®  bNLM oS, <> Yol AR LPNE  AcH*D  1.5%
DEDC>J*a’sNE  NPPNCPHd  AdreSabdc  IC*cLSHMPe bNeLsosre

DEDCP>J*a®DAC 300 <*UN-DHAS.

o D<o Yo 26, 2019, JAPY oal*L*Do* bNLAPE DPC>*DC bNcLSHNe
DEDCPJ*a®*DAC 193 <*UN-HAS ID*NC> o D a ™Mo DDLAIP< Do
>_55% DO Meg 2019-F 2021-1oS (DDCH>J=a®DC  1%-U-oNC).  JASPH
oal™M*Da® bNLAPC DPCPN*E D<o D®IDIC  5a b Do JAPA><

oa*leo.

o JAPY oal**Dg* bNLAMPC >b>¢be >*DC "AlL > accn Dt

>bbN o *Cbn<I*L" 2 556" ba*a T DD =

Government of Nunavut RMO004-2019



o <Ncnrbdc BBHBNBP>*IDC AcndBNBbA*a*/N-05 JD*CP>obB* Do’ vac o
<L >CYDBNNDot (pa>C D=LA, DLYo<I®NS bNLAMS, <L PNTD>C
D>L¥So<I*NE bNLAS) <> 0o P<IT <> Yol ID*CP>o<1*Da P>'¥N>HNC
> 55" DD C b ar*<-c<lo* -,

>bn<d*D%/Léc:

D<o As><IPn 20, 2019, 2018- aN*CP>INATC ac®b*c >bD>rYD>c >*D¢
5d5 5> DT DLYSa<1®N bNLA M 6. C*a. DPYM<I5a*d< bNLo>c >+

o D<o Yo 12, 2019, a\N*CPJNAGCC  ac®b ™S D>b>IDbrgc >,
<IRNENMIS  BABPC>>*DC > Pos1c  AcndNPeDc  APreLPNLC
APrCP>5dy>a Lo bNLS 5N DD C>J*a DA 107 -5 5N <I>CCAD 5N
<LUNDAQAS DDCPJ*a D, S HPDT  DLo<I®NS  bNLAMS P> >*DC
AP<LI*NC>AL®N=5d bNeLSHre DEDC>J=a D 2016-T, DD CP>bCPLC
<C &b CHILLC 340 DDAEC.

o D<oMo <>V 29, 2019, SIH®DT DLESo<I®NS bNLAS PdcL®NSPD>*DC
>b>rbotdS dNenrtdS DDCPJI*a*Do AdrS>*LPN*eot > 55° baa
DD e 5%, CiRa- bNLa > T, PP LA <®D*YLIC o-P<o-be > ASdre>LD>%* NS
250 DDOCP>J*a"bNE AYDJ*a"HoNE CPBY® <MUN-OHC ACPY I < d<I*CP>YC,
Ac e oaC T AAM7 b >*DOC < >2CAbALD ™I 4 H* DT P>C
DDJ=a 5oL 55" bara T DD g, Ctd<l DEDCH><RDC > C>J an <<
oac o Acn<Ioo <aPNce]d™.

e D<o DDA 2, 2019, Dc<dJS D>oAd*DULob >*DC  D>LISa<I®N©
bALA =S, S H*DT  DLo<I®NS  bNLAE  A®JAPa > eDE
AR LPNMegt  <>®CADPDIo?; A <PDND>*DC pbac*o°
AR UPC>I 250 DEDCJ*asHNE A AR D> >*DC 150
DEDECP>J=asoNE, < MDNNPDAa D> >*DC DLEa<I®NS  bNLAC  pbac oo
AJL*ND>P<NE ACDP® <o d<d® AYD>Jo IC>I® <IUNA<I® AYD>J*a S >o. Clea
DYGUN®  <IDP*aPlotd®  Ac®IIDDT s o PPUNCAco I, CALAG
LIt L d<IYo Moo <UD Moot DDJa®<C <Gl bUD>c*<C
Leeod ARNP=LP IMAPS, <1ta GN>a*C, P Uo® LL®N o . DLISa<I®N< bNLANC
ASAPYDH®DE  AANDNDIAQGY g C*PC <D*N-LHME <>UJY <L PNAn
<DA*aDo*M=o  <IUNDAS. dMdo®No*  bNcLsore AsdroLeD> >*DC
AdL5N%Ses e T PPN T rLSPa e ¢ Sd5 5% DT P>C ANCD>< 50
bl PP <L > 556" bara T DD C.

Government of Nunavut RMO004-2019



Asdas*LPNC:
o INNNAICN GRS L L pa Y PLYn A V<L ICbNLA I A AS <A >NC

bNL 5P DODCPIa Dot 107-YoNS  <I>PCEAB <N <IYhDAC
DOCPJ*a ‘T -

Government of Nunavut RMO004-2019



bONOJ oo D AP <IN D¢
Building \fynavut Together

/\/Mnm/uliuqatigiingniq
@{& Batirle Nunavut ensemble
C

o
Nunavit

2018 bPP> o> FAPBLCCPPLYC > 556" DD <
(Rangifer tarandus groenlandicus)

EN-LA code, SPNTDa dAD%/Ldo BLYcn ML




RN nrbd® bPrYBAJLRC bNLro® 2018
[NPRECDJINM o 2508 JOMC
JIAN"DON"D> bNLro® JPCdrONC

P Yol Adr2LCCPHP/LNo™®

A

>C
2 Nuhavut



>obbc<C A C
e /S0 dUC boA“cPD/LYC IO ¢
. 2018 Q. CSbbY ¢

SHO>ANA<Eb o g5 1¢ A NAJNC

S é\C DYTC>ILNC SbD>CLE SboA*a™NC L
LS d\¢ al*g™Ne

SPISPad¢ A NAJNC

DA Lo *C SB>ANPC>JN™NC (P>
L D>P<hede)

2018 SbSYD>a*NC AN®eC>JIN*NC

b oAC*LSL*LC asa AP NS

« bMNLrC DPCPN*LE 0o YT @
. DchbchG_c 3 Nunavut



2 5.0°-ba*a " JO* M QN®CHLD>™IC
2010-T" PO PSAC J7rc D eCP> N
PO DAL DM

QN CPPh*o AN,

45QJ* 1 0 2010 NP J 2015, DDAS
AOANRcc P*I¢120,000-o®

o 000
N =
@ 60000
=

40,000

20,000

38,000—0¢ APA®/LLC DOAC

T JOAS |
: /e Pl LS
r C<°C<]<'C
|| acDR®BCDILE S
: o 20% <SGJCLC
@

4 Nuhavut



> 5.06%ba*a s DD be>cL*C MH>LPNC Yo,
12018

TS

5  Nunavut



SOD>ANLLb o Sa ¢ ANAJNC — al c®be
PO PP ™ dabNd?

Bluenose East 2018 survey

Survey strata
] Photo north
[ photo south
[] visual south
[ Visual north
Composition
* Antlered cows
« Bulls
* Cow-calf groups
w * No antler (nonbreaders)
/ No caribou seen
(&) * Unknown
) - *  Mixed non-breeders
J o] ,',’ o] Estimated density (raw counts)
< , %1 W High (>10 caribou/km2)
| E g @, 0 \ W Medium (1-9.9 caribou/km2)
] @@\‘ @ "4."/:@] y © Low (<1 caribou/km2)
= ACRNER (7] [[g (E%] A0 @ Zern caribou saen
L &)/ .. \& ' g ¢ Collar locations (Cows) June 8
BeEE g @) LI
1T (8 @ B ¥
) VA @@gg @ @
BEBEE g g o2
{61 [@ @) M g @
X 01 ) W e i 0 @
20 = ) ElEE; @ &8 g 40 0 40 km
H N d ‘e B @ g™
3 Y { _— ——
g (145 : *) 2 if'”
E \ A 1LY )
éto . . . Q Q
’ 2>50-ba*al bbrhN<Pb*c g ¢
ahN*eCPo*M <o 1,6, /7, 2019. )
May 28 Jun 04 Jun 11 &_9;_5:
6  Nubavut




Pbr*LCc PPNt sbbrhNobd- .
- T (CPNe*a), SPIPsbcCePeDJc sbPCLC
o | boNMt oCio™*M*o < 'a ™ ¢,
I = L < Lo PYTYYLYAC SbDrNANDNT .
| l [ Fl: i

Jun 11
vvvvvv orth
Date ——— —N ¥r Collar locations (Cows) June 8
. Carlbou counted on photos
Visual survey group size

PrPoedt ANAT

PlIPo®d aNAo™® AYDNsbsbDsb
> HOAC 3—-H5 4-H> ac Do o
Db>rNPCDYLND(NC,

Kilometers moved per day
a 8

Bluenose East 2018 survey
Survey strata

71 Photo north

[ Photo south

TITTTTTT
| i1
B

"r*
il
LY
|

HCSTMC Q@ L — g
>LTCC>ILSC b
PS> DB N L . iy
PS> N SN 2018-T e -
al oM DPLICCHILIAC 2 50ba *a sl m
<L\ DONE DDA AL o Cia™ e, @}; e

NP>N=5J <o 8, 2019 R Nunavut



<LIrcPno®d® BPrNADY

BD>rNADNS, a e ACPHLKC
AMAgsbseIC (P><)0),
NHEADRCOC ddo Do "ehe
<LrcPBPNBT™I 1% Sb*LER S

ANARC QNAPRODC DD
YL OT® TRDPRPN

Bluenose East 2018 survey
Survey strata
[ photo north
3 photo south
[ visual south
Visual north
Composition
* Antlered cows
* Bulls
*  Cow-calf groups
No antler (nonbreeders)
No caribou seen
Unknown
*  Mixed non-breeders
Estimated density (raw counts)
B High (>10 caribow/km2)
W Medium (1-9.9 caribou/km2)
Low (<1 caribouw/km2)

(+]} Rl Zero cariboy seen

% Collar locations (Cows) June 8

ac PYoehDd oM

Eans

s
CIE
e

11y PN

O SRITL e ]
ORI Fh YRR O
CLSINERERRNRY L T
T AR ¥ -
UL (%

A
'
VASSTEPSRA TR E VIR ) 1 ) o

e e
R =
e -]

T
e e e e
IR
o A
ST -elrlle
R S N ]
STV &
TG e —
WL

S X
-

T e S 2
1

J = T
TR, T

W ETGIT AR L A
W AR LAY R T WY L

ERIDRSE TN NS | VTR

Caribou Bluenose East Lines 119
190000

WOAELMAY. A
R T

s
e
BN T G
SR S NN
—
L T
DRI WA, -

A GREnLing

.
T LR 7T T

WV AR L ARSEL SR,

Canibou Blusrose East Lines 20-38
1980

A GREENLINK

Figure 11: Composite photos of the Bluenose-East North and South photo strata.
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Table 15: Summary of composition survey on Bluenose-East calving ground June 2018 in photo
and visual strata.

Adult Females Total
Strata Gr:ups Total Breeding Nomn- Yearlings Bulls Caribou
breeding (1vr+)
North Visual 59 158 147 11 16 o 174
North Photo 139 726 877 49 104 (o] 830
South Photo 166 490 300 190 388 30 908
South Visual 39 53 7 46 71 61 185

Table 19: Summary of observations from fall composition survey on Bluenose-East herd October

23:25.2018 Cows Bulls Calves Groups B!ui:ﬁiﬁ;?ls s
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Table 22: Extrapolated herd size estimates for the Bluenose-East herd in 2018 based on two

estimators
Method N SE Log-based CI = Symmetric Traditional cv
CI
Proportion of adult females 19,294 1,474.7 22,524 16,303 22,285 7.6%
Constant pregnancy rate 22,366 2,861.8 29,004 16,530 28,202 12.8%
(0.72)
B oA L™ APA /LN J'a ALC oot TL
[NDLeCDNC 19,294, (CV 7.6% ) .
C*a <OCPc PO shPphsgaC § mow [ +
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ABSTRACT

This report describes the results of a calving ground photo survey of the Bluenose-East caribou
herd conducted in June of 2018 west of Kugluktuk, Nunavut (NU). The survey objective was to
estimate abundance of breeding females and overall herd size that could be compared to results of
previous calving ground surveys done in 2010, 2013 and 2015.

We used collared caribou locations and flew systematic reconnaissance survey transects at 10
kilometer (km) intervals over the calving ground and adjacent areas to delineate the annual
concentrated calving area, assess calving status, allocate survey effort to geographic strata of
similar caribou density, and time the aerial photography to coincide with the peak of calving.
Based on collar movements and observed proportions of calves, it appeared that the peak of
calving would occur soon after June 8 and the photo plane survey was flown with excellent field
conditions (blue skies) on June 8. We delineated two relatively large photographic strata in the
higher density areas, in part because we were concerned that patchy snow would reduce
sightability of caribou and we thought that aerial photography would provide better accuracy and
precision compared to visual counts under these conditions. On June 8 we also conducted visual
surveys of two other strata with lower densities of breeding caribou. For the visual surveys, we
used a double observer method to estimate and correct for sightability of caribou. A double
observer method was also used to estimate sightability of caribou on the aerial photographs as
some caribou (on or on the edges of snow patches) required extra effort to identify.

The estimate of 1+year old caribou on the core calving ground was 19,161 (95 percent Confidence
Interval (CI) =16,512-22,233) caribou. Combining these numbers with the results of the
composition survey, the estimate of breeding females was 11,675 (CI=9,971-13,670). This
estimate was precise with a coefficient of variation (CV) of 7.7 percent. The estimate of adult
females in the survey area was 13,988 (CI=12,042-16,249). The proportion of adult females
classified as breeding was higher in 2018 (83 percent) than in 2015 (63 percent). Herd size was
estimated as the number of adult females on the survey area divided by the proportion of females
in the herd from a 2018 fall composition survey. The resulting estimate of Bluenose-East herd size
in 2018 was 19,294 caribou at least two years old (CI=16,527-22,524). Comparison of 2015 and
2018 adult female numbers and overall trend 2010-2018 indicated an annual rate of decline of 20
percent (CI=13-27 percent) and a herd reduction of 50 percent between 2015 and 2018. This
decline could not be attributed to issues with survey methods. Assessment of movement of
collared females between the Bluenose-East and neighbouring Bluenose-West and Bathurst
calving grounds from 2010-2018 showed minimal movement of cows to or from neighbouring
herds. Demographic modeling that used composition, collared caribou, and survey data estimated
that the cow survival rate was low in 2018 (0.72, CI=0.60-0.83) and calf survival has declined



since 2010. We suggest population surveys every two years, and annual monitoring of cow
survival, calf productivity and calf survival for this herd in the future.
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INTRODUCTION

This report describes results of a calving ground photo-survey of the Bluenose-East caribou herd
conducted during June of 2018. This herd’s extent of calving area (Russell et al. 2002) has been
found in recent years west of Kugluktuk, and the summer range includes the calving ground as
well as areas south and east of it. The winter range is primarily south, southeast and east of Great
Bear Lake (Figure 1).

[ Calving Area
~ Annual Range

Figure 1: Annual range and extent of calving for the Bluenose-East herd, 1996-2009, based on
accumulated radio collar locations of cows (Nagy et al. 2011). The calving area and a portion of the
summer range are in Nunavut (NU) and the rest of the range is in the Northwest Territories
(NWT).



The Bluenose-East survey was conducted concurrently with a survey of the Bathurst calving
ground; results of the Bathurst caribou survey are reported separately. Figure 2 shows paths of
collared caribou cows between May 15 and June 8 to the Bluenose-West, Bluenose-East, and
Bathurst calving grounds.
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Figure 2: Spring migration paths of satellite collared Bluenose-West (blue), Bluenose-East (red)
and Bathurst (orange) cows from May 15 - June 8, 2018.

In earlier years (2000-2010), post-calving surveys were used for this herd (Patterson et al. 2004,
Adamczewski et al. 2009) but surveys were challenged by the lack of consistent formation of the
tightly packed caribou groups this survey depends on. Since aggregation of caribou into large,
compact groups is a behavioural response to reduce harassment by blood-sucking insects, the
observed pattern of aggregation varies with insect abundance and environmental conditions.
Insect harassment generally increases with temperature and decreases with wind (Patterson et al.
2004). Thus, success of post-calving surveys is contingent on suitable summer weather and
aggregation patterns of caribou, which are highly variable within and between post-calving survey
windows.



The Bluenose-East herd was surveyed in 2010 using both a calving ground photo-survey and a
post-calving survey (Adamczewski et al. 2017, Boulanger et al. 2018). Both the calving and post-
calving surveys in 2010 indicated that the herd was over 120,000 adult caribou. Additional calving
photo surveys followed in 2013 (Boulanger et al. 2014b) and 2015 (Boulanger et al. 2016). Based
on these surveys, the herd was declining at an approximate rate of 20 percent per year 2010-
2015, based on adult female estimates (Figure 3).
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Figure 3: Estimates of adult females (subdivided by breeding status) on the left and extrapolated
herd size on the right, from 2010, 2013, and 2015 calving ground surveys of the Bluenose-East
caribou herd.



METHODS

The calving ground photographic survey was conducted as a sequence of steps described briefly
below, then in greater detail in following text.

1. Locations from collared caribou, historic records of calving ground use, and systematic
aerial reconnaissance surveys of the Bluenose-East calving area were used to identify the
extent of calving between Kugluktuk and Bluenose Lake in NU in June 2018.

2. The systematic aerial reconnaissance survey was conducted before the peak of calving,
where 800 m strip transects were flown at 10 km intervals to determine areas where
breeding females were concentrated on the calving ground, as well as locations of bulls,
yearlings, and non-breeding cows on or near the calving ground. Timing of the peak of
calving was assessed by (a) observers who estimated the proportion of cows with newborn
calves from survey flying, and (b) from a pattern of reduced movement rates of collared
cows which was used as an indication of calving when average daily movement declined to
<5 km/day.

3. Using data from the reconnaissance survey, geographic areas called strata (or survey
blocks) were delineated for the more intensive survey, either by the photo plane or
visually. We allocated photographic sampling effort to areas with the highest densities of
breeding cows. Two photo blocks were delineated based on higher relative densities of
breeding cows and were surveyed with photo-planes. Two visual blocks were delineated
based on lower relative densities of adult female caribou and were surveyed by human
observers in fixed-wing aircraft. The aerial survey was conducted with the photo-plane and
by visual survey.

4. We initiated the helicopter-based composition survey at the same time of the photographic
and visual surveys of the calving area. The composition survey crew classified larger
groups (i.e. >~50-100 caribou) on the ground and classified smaller groups primarily from
the air. Groups of caribou in each stratum were classified to determine the proportions of
breeding and non-breeding cows, as well as bulls, yearlings, and newborn calves.

5. The estimate of breeding females was derived using the estimates of total 1+year old
caribou within each stratum, and the proportion of breeding females within that stratum.
The total number of adult females was estimated from the proportion of females and the
estimate of 1+year-old caribou in the survey area.

6. The adult female estimate was then used to extrapolate the total size of the Bluenose-East
herd (caribou at least two years old) by accounting for males using an estimate of the
bull:cow ratio from a fall composition survey flown in October 2018.

7. Demographic data for the herd and the new estimates were used in trend analyses and
population modeling to further evaluate population changes from 2015-2018 and their
likely causes.



Analysis of Collared Caribou Data

Locations of 32 collared female caribou were monitored to assess movement rates and pathways
and serve as a geographic guide for overall survey coverage. Of these, 17 were known Bluenose-
East cows that had occurred on the Bluenose-East calving ground in June 2017 and 15 were
collared during the winter of 2017-2018. Four were most likely Bluenose-West cows based on
collaring locations in winter and June locations during calving. In addition, changes in daily
movement rates of collared cows were assessed to determine the timing of calving. Usually,
movement rates of parturient female caribou are reduced to <5 km/day during the peak of calving
and for a few days after calving (Gunn et al. 1997, Nishi et al. 2007, Gunn et al. 2008, Gunn and
Russell 2008, Nishi et al. 2010).

Reconnaissance Surveys to delineate Strata

Reconnaissance transect lines were systematically spaced at 10 km intervals (i.e. eight percent
coverage) across the extent of calving and in adjacent areas. The initial focus was on delineating
the annual concentrated calving area based on observations of caribou density and composition
and the distribution of collared caribou cows. Once the extent of the calving area had been
covered, additional survey transects were flown adjacent to the annual concentrated calving area
to make sure that no large aggregations of female caribou were missed. Transect lines were
generally extended at least 10 km past the last caribou seen, with the exception of the southern
trailing edge where composition was increasingly comprised of bulls, yearlings and non-breeding
females.

Kugluktuk was the base of operations for the Bluenose-East survey (Figure 1). Two Cessna
Caravans were used for the systematic reconnaissance surveys and visual blocks. During visual
surveys, caribou were counted within a 400 meter (m) strip on each side of the survey plane (800
m total, Gunn and Russell 2008). For each side of the plane, strip width was defined by the wheel
of the airplane on the inside, and a single thin rope attached to the wing strut, that became
horizontal during flight, served as the outside strip marker. Planes were flown at an average
survey speed of 160 km/hr. at an average altitude of 120 m (by monitoring a radar altimeter)
above the ground to ensure that the strip width of the plane remained relatively constant.

Two observers (one seated in front of the other) and a recorder were used on each side of the
airplane to minimize the chance of missing caribou. Previous research (Boulanger et al. 2010)
demonstrated that this method increases sightability compared to single observers. The two
observers on the same side communicated to ensure that groups of caribou were not double
counted.

Caribou groups were classified by whether they contained breeding females. Breeding caribou
were defined as female caribou with hard antlers or a newborn calf at heel. A mature female with
hard antlers is a general indicator that the caribou had yet to give birth, as cows usually shed their
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antlers within a week after birth (Whitten 1995). Caribou groups were classified as non-breeders
based on the absence of breeding females and newborn calves, and the predominance of yearlings
(as indicated by a short face and a small body), bulls (as indicated by thick, dark antlers in velvet
and a large body), and non-antlered females or females with short antlers in velvet. The speed of
the aircraft did not allow all caribou to be classified; the focus was on identifying breeding cows if
they were present, and otherwise on the most common types of caribou present. In most cases,
each group was recorded individually, but in some cases, groups were combined if the numbers
were larger and distribution was more continuous. Data were recorded on Trimble YUMA 2
tablets (Figure 4). As each data point was entered, a real-time GPS waypoint was generated,
allowing geo-referencing of the survey observations. Other large animals like moose, muskoxen
and carnivores were also recorded with a GPS location.

North-south oriented transects were divided into 10 km segments to summarize the density and
distribution of geo-referenced caribou counts. The density of each segment was estimated by
dividing the count of caribou by the survey area of the segment (0.8 km strip width x 10 km = 8
km?). The segment was classified as a “breeder” segment if at least one breeding female caribou
(or newborn calf) was identified. Segments were then displayed spatially and used to delineate
strata within the annual concentrated calving area based on the composition and density of the
segments. During the survey, daily weather briefings were provided by Dr. Max Dupilka
(Beaumont, AB) to assess current and future survey conditions.
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Figure 4: The tablet data entry screen used during reconnaissance and visual survey flying on
Bathurst and Bluenose-East June surveys in 2018. A GPS waypoint was obtained for each
observation, allowing efficient entry and management of survey data. In addition, the unique
segment unit number was also assigned by the software for each observation to summarize
caribou density and composition along the transect lines.

Stratification and Allocation of Survey Effort

The main objective of the survey was to obtain a precise and accurate estimate of breeding female
caribou on the calving ground. To achieve this, the survey area was stratified using the results of
the systematic reconnaissance survey, a procedure of grouping areas with similar densities into
contiguous blocks. Areas of higher caribou densities were considered for survey by the photo
plane, with lower-density areas designated for visual surveys with two observers on each side. In
this survey, two relatively large photo blocks were defined. We delineated the large photo strata
because we were concerned that patchy snow conditions would reduce visual sightability of
caribou (particularly single animals or small groups) and that aerial photography would provide a
more consistent and reliable method for detecting and counting caribou in the area where most
breeding females occurred. We thought that caribou would still be found reliably on the high-
resolution aerial photos, which could be searched slowly and repeatedly using multiple counters.
Two other relatively small strata were designated for visual survey, one north of the photo blocks
and one south of them. Given that a key objective of the survey was to estimate breeding females,
areas that contained breeding females were given priority, but all areas with collared female
caribou were also surveyed.



Once the survey strata were delineated, an estimate of caribou numbers (animals at least 1+year-
old) was derived from the reconnaissance data (Jolly 1969). The relative population size of each
stratum and the degree of variation in caribou numbers of each block were used to allocate survey
effort and a suitable number of transects to each stratum.

We used two approaches for allocating survey effort. First, optimal allocation of survey effort was
considered based on sampling theory (Heard 1987, Thompson 1992, Krebs 1998). Optimal
allocation basically assigned more effort to strata with higher densities, given that the amount of
variation in counts is proportional to the relative density of caribou within the stratum. Optimal
allocation was estimated using estimates of population size for each stratum and survey variance.

Secondly, based on relative sizes of delineated strata, we adjusted optimal allocation estimates to
ensure an adequate number of transects. Based on previous surveys, we considered 10 transects
per stratum to be a minimum level of coverage, with closer to 20 transects being optimal for
higher density areas. In general, we considered 15 percent coverage as a minimum to achieve
adequate precision, and allocated higher levels of coverage for higher density strata. In the context
of sampling, increasing the number of transects in a stratum is “insurance” because it minimizes
the influence of any one transect on estimate precision. As populations become more clustered, a
higher number of transects is required to achieve adequate precision (Thompson 1992, Krebs
1998).

Estimation of Caribou on the Calving Ground

Photo Surveys of High-density Strata

GeodesyGroup Inc. aerial survey company (Calgary, AB) was contracted for the aerial photography
in the 2018 June surveys. They used two survey aircraft, a Piper PA46-310P Jet-prop and a Piper
PA31 Panther, each with a digital camera mounted in the belly of the aircraft. Survey height to be
flown for photos was determined at the time of stratification based on cloud ceilings and desired
ground coverage. Both aircraft were used for the two Bluenose-East photo blocks. Coverage on
each photo transect was continuous and overlapping so that stereoscopic viewing of the
photographed areas was possible.

Caribou on the aerial photos were counted by a team of photo interpreters and supervised by
Derek Fisher, president of GreenLink Forestry Inc., (Edmonton, AB) using specialized software and
3D glasses that allowed three-dimensional viewing of photographic images. Two of the authors (J.
Boulanger and ]. Adamczewski) visited the GreenLink office in Edmonton and tested the photo-
counting equipment to gain greater familiarity with this process in fall 2018. The number of
caribou counted was tallied by stratum and transect.

The exact survey strip width of photo transects was determined using the geo-referenced digital
photos by GreenLink Forestry. Due to differences in topography the actual strip width varied
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slightly for each transect flown. Population size (N:number of caribou at least one year old)
within a stratum is usually estimated as the product of the total area of the stratum (4) and the
mean density (D) of caribou observed within the strata (N = DA) where density is estimated as
the sum of all caribou counted on transect divided by the total area of transect sampling
(D=caribou counted/total transect area). An equivalent estimate of mean density can be derived
by first estimating transect-specific densities of caribou (D; = caribou;/area;) where caribou; is
the number of caribou counted in each transect and area; is the transect area (as estimated by
transect length X strip width). Each transect density is then weighted by the relative length of each
transect line (w;) to estimate mean density (D ) for the stratum. More exactly, D = Y* D,w;/>* w;
where the weight (wj) is the ratio of the length of each transect line (/;) i to the mean length of all
transect lines(w; = 1;/1,.) and n is the total number of transects sampled. Using this weighting
term accommodates for different lengths of transect lines within the stratum, ensuring that each
transect line contributed to the estimate in proportion to its length. Population size is then
estimated using the standard formula (N = DA) (Norton-Griffiths 1978).

When survey aircraft first flew north to Kugluktuk on June 1, snow cover on the survey area was
90 percent or greater, and in some areas 100 percent. Over the following 10 days, however, snow
melted rapidly and in many areas on June 8, snow cover was highly variable and patchy. This
made spotting caribou by observers in the Caravans challenging, and also made complete counting
of caribou on the aerial photos more difficult than usual. Caribou on snow-free ground were easy
to see, but caribou on small snow patches or on their edges required extra effort to find. Two
approaches were used to address this: (1) observers took extra time to search all photos carefully,
approximately doubling the time these counts usually take, and (2) a double observer method was
used to estimate sightability of the caribou on photos for a subset of photos.

For the double observer method, we systematically resampled a subset of photos to estimate
overall sightability for each stratum. For these photos, a second photo interpreter provided an
independent count of caribou. This two-stage approach to estimation, where one stage is used to
estimate detection rates that are then used to correct estimates in the second stage, has been
applied to a variety of wildlife species (Thompson 1992, Barker 2008, Peters et al. 2014). The
basic principle was to systematically resample the photo transects to allow an unbiased estimate
of sightability from a subset of photos that were sampled by two independent observers.
Systematic samples were taken by overlaying a grid over the photo transects and sampling photos
that intersected the grid points.

This cross-validation process was modeled as a two-sample mark-recapture sample with caribou
being “marked” in the original count and then “re-marked” in the 2md count for each photo
resampled. Using this approach avoids the assumption that the 2n counter detects all the caribou
on the photo. The Huggins closed N model (Huggins 1991) in program MARK (White and Burnham



1999) was then used to estimate sightability. A session-specific sighting probability model was
used, allowing unique sighting probabilities for the first and second photo interpreter to be
estimated. Model selection methods were then used to assess whether there were differences in
sightability for different strata sampled. The fit of models was evaluated using the AIC index of
model fit. The model with the lowest AIC. score was considered the most parsimonious, thus
minimizing estimate bias and optimizing precision (Burnham and Anderson 1998).

Non-independence of caribou counted in photos most likely caused over-dispersion of binomial
variances. The over-dispersion parameter (c-hat) was estimated as the ratio of the bootstrapped
(photo-based) and simple binomial variance. Sightability-corrected estimates of caribou were then
generated as the original estimate of caribou on each stratum divided by the photo sightability
estimate for the stratum. The delta method (Buckland et al. 1993) was used to estimate variance
for the final estimate, thus accounting for variance in the original stratum estimate and in the
sightability estimate.

Visual Surveys in Low-density Strata

Visual surveys were conducted in two low density strata, one north of the photo blocks and one
south of them. For visual surveys, the Caravans were used with double observers and a recorder
on each side of the aircraft. The numbers of caribou sighted by observers were then entered into
the Trimble YUMA 2 tablet computers and summarized by transect and stratum.

A double observer method was used to estimate the sighting probability of caribou during visual
surveys. The double observer method involves one primary observer who sits in the front seat of
the plane and a secondary observer who sits behind the primary observer on the same side of the
plane (Figure 5). The method followed five basic steps:

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

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

3. The observers discussed any differences in group counts to ensure that they were calling
out the same groups or different groups and to ensure accurate counts of larger groups.

4. The data recorder categorized and recorded counts of caribou groups into primary (front)
observer only, secondary (rear) observer only, or both, entered as separate records.
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5. The observers switched places approximately half way through each survey day (i.e. on a
break between early and later flights) to monitor observer ability. The recorder noted the
names of the primary and secondary observers (Boulanger et al. 2010, Buckland et al.
2010, Boulanger et al. 2014a).
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Figure 5: Observer and recorder positions for double observer methods on June 2018 caribou
survey of Bluenose-East caribou. The secondary observer confirmed or called caribou not seen by
the primary observer after the caribou have passed the main field of vision of the primary
observer. Time on a clock can be used to reference relative locations of caribou groups (e.g.
“caribou group at 1 o’clock”). The recorder was seated behind the two observers on the left side,
with the pilot in the front seat. On the right side the recorder was seated at the front of the aircraft
and was also responsible for navigating in partnership with the pilot.

The statistical sample unit for the survey was groups of caribou, not individual caribou. Recorders
and observers were instructed to consider individuals to be those caribou that were observed
independent of other individual caribou and/or groups of caribou. If sightings of individuals were
influenced by other individuals, then the caribou were considered a group and the total count of
individuals within the group was used for analyses.

The Huggins closed mark-recapture model (Huggins 1991) in program MARK (White and
Burnham 1999) was used to estimate and model sighting probabilities. In this context, double
observer sampling can be considered a two sample mark-recapture trial in which some caribou
are seen (“marked”) by the (“session 1”) primary observer, and some of these are also seen by the
second observer (“session 2”). The second observer may also see caribou that the first observer
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did not see. This process is analogous to mark-recapture except that caribou are sighted and re-
sighted rather than marked and recaptured. In the context of dependent observer methods, the
sighting probability of the second observer was not independent of the primary observer. To
accommodate this removal, models were used which estimated p (the initial probability of
sighting by the primary and secondary observer) and c (the probability of sighting by the second
observer given that it had been already sighted by the primary observer). The removal model
assumed that the initial sighting probability of the primary and secondary observers was equal.
Observers were switched midway in each survey day (on most days there were two flights with a
re-fueling stop between them), and covariates were used to account for any differences that were
caused by unequal sighting probabilities of primary and secondary observers.

One assumption of the double observer method is that each caribou group seen has an equal
probability of being sighted. To account for differences in sightability we also considered the
following covariates in the MARK Huggins analysis (Table 1). Each observer pair was assigned a
binary individual covariate and models were introduced that tested whether each pair had a
unique sighting probability. An observer order covariate was modeled to account for variation
caused by observers switching order. If sighting probabilities were equal between the two
observers, it would be expected that order of observers would not matter and therefore the
confidence limits for this covariate would overlap 0. This covariate was modeled using an
incremental process in which all observer pairs were tested followed by a reduced model where
only the beta parameters whose confidence limits did not overlap 0, were retained.

Table 1: Covariates used to model variation in sightability for double observer analysis for
Bluenose-East caribou survey in June 2018.

Covariate Acronym Description
observer pair obspair each unique observer pair
observer order obsorder order of pair
group size size size of caribou group observed
Herd/calving Herd (h) Calving ground/herd being surveyed.
ground
SNOw cover snow snow cover (0, 25,75, 100)
cloud cover cloud cloud cover(0, 25, 75, 100)
Cloud cover*snow Cloud*snow Interaction of cloud and snow cover
cover

Data from both the Bluenose-East and Bathurst calving ground surveys were used in the double
observer analysis given that most planes flew the visual surveys for both calving grounds. It was
possible that different terrain and weather patterns on each calving ground might affect
sightability and therefore herd/calving ground was used as a covariate in the double observer
analysis. Estimates of total caribou that accounted for any caribou missed by observers were
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produced for each survey stratum. Appendix 1 provides more details on estimation using double
observer methods.

The fit of models was evaluated using the AIC index of model fit. The model with the lowest AIC,
score was considered the most parsimonious, thus minimizing estimate bias and optimizing
precision (Burnham and Anderson 1998). The difference in AIC. values between the most
supported model and other models (AAIC.) was also used to evaluate the fit of models when their
AIC: scores were close. In general, any model with a AAIC: score of <2 was worthy of
consideration.

Estimates of herd size and associated variance were estimated using the mark-recapture distance
sampling (MRDS) package (Laake et al. 2012) in program R (R Development Core Team 2009). In
MRDS, a full independence removal estimator which models sightability using only double
observer information (Laake et al. 2008a, Laake et al. 2008b) was used. This made it possible to
derive double observer strip transect estimates. Strata-specific variance estimates were calculated
using the formulas of Innes et al. (2002). Estimates from MRDS were cross checked with strip
transect estimates (that assume sightability = 1) using the formulas of Jolly (1969) (Krebs 1998).
Data were explored graphically using the ggplot2 (Wickham 2009) R package with GIS maps being
produced in QGIS software (QGIS Foundation 2015).

Composition Survey of Breeding and Non-breeding Caribou on the Calving Ground

The composition survey was initiated in the survey strata at the same time of the photo and visual
surveys on June 8. Caribou were classified in strata that contained significant numbers of breeding
females (based on the reconnaissance transects) to estimate proportions of breeding females and
other sex and age classes. This survey allowed more detailed and accurate classification than the
relatively broad classification applied during the reconnaissance survey. For this, a helicopter
(initially a Long Ranger, later replaced by an A-Star) was used to systematically survey groups of
caribou. Caribou groups that comprised ~<50 individuals were classified from the air by a front-
seat observer using motion-stabilized binoculars (Canon 10X42L IS WP). Classified caribou counts
were called out to a rear-seat data recorder who entered the data into a computer tablet.

Caribou were classified following the methods of Gunn et al. (1997) (and see Whitten 1995) where
antler status, presence/absence of an udder, and presence of a calf are used to categorize breeding
status of females. Newborn calves, yearlings and bulls were also classified (Figure 6). Presence of a
newborn calf, presence of hard antlers signifying recent or imminent calving, and presence of a
distended udder were all considered as signaling a breeding cow that had either calved, was about
to calve, or had likely just lost a calf. Cows lacking any of these criteria and cows with new (velvet)
antler growth were considered non-breeders.
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Figure 6: Classification of breeding females used in composition survey of Bluenose-East caribou
in June 2018. Shaded boxes were classified as breeding females (diagram adapted from Gunn et al.
(2005b)). Udder observation refers to a distended udder in a cow that has given birth, and antler
observation is a hard antler distinct from new antlers growing in velvet.

The number of each group was totaled as well as the numbers of bulls and yearlings (calves of the
previous year) to estimate the proportion of breeding caribou on the calving ground. Bootstrap
resampling methods (Manly 1997) were used to estimate standard errors (SE) and percentile-
based confidence limits for the proportion of breeding caribou.

Estimation of Breeding Females and Adult Females

The numbers of breeding females were estimated by multiplying the estimate of total (1+year old)
caribou on each stratum by the estimated proportion of breeding females in each stratum from
composition surveys. This step basically eliminated the non-breeding females, yearlings, and bulls
from the estimate of total caribou on the calving ground.

The number of adult females was estimated by multiplying the estimate of total (1+year old)
caribou on each stratum by the estimated proportion of adult females (breeding and non-
breeding) in each stratum from the composition survey. This step basically eliminated the
yearlings and bulls from the estimate of total caribou on the calving ground.

Each of the field measurements had an associated variance, and the delta method was used to

estimate the total variance of breeding females under the assumption that the composition
surveys and breeding female estimates were independent (Buckland et al. 1993).
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Estimation of Adult Herd Size

Total herd size was estimated using two approaches. The first approach, which had been used in
earlier calving ground surveys, assumed a fixed pregnancy rate for adult females whereas the
second approach avoided this assumption.

Estimation of Herd Size Assuming Fixed Pregnancy Rate

As a first step, the total number of adult (2+year old) females in the herd was estimated by
dividing the estimate of breeding females on the calving ground by an assumed pregnancy rate of
0.72 (Dauphiné 1976, Heard and Williams 1991). This pregnancy rate was based on a large sample
of several hundred Qamanirjuaq caribou in the 1960s (Dauphine’ 1976). The estimate of total
females was then divided by the estimated proportion of females in the herd based on a bull:cow
ratio from a fall composition survey conducted in October of 2018, to provide an estimate of total
adult caribou in the herd (methods described in Heard and Williams 1991). This estimator
assumes that all breeding females were within survey strata areas during the calving ground
survey and that the pregnancy rate of caribou was 0.72 for 2017-2018. Note that this estimate
corresponds to adult caribou at least two years old and does not include yearlings because
yearling female caribou are not considered sexually mature.

Estimate of Herd Size Based upon Estimates of Adult Females

An alternative extrapolated herd size estimator was developed to explore the effect of variable
pregnancy rates as part of the 2014 Qamanirjuaq caribou herd survey (Campbell et al. 2016) and
has been used in other calving photo surveys for the Bluenose-East herd (Boulanger et al. 2016,
Adamczewski et al. 2017). This estimator first uses data from the composition survey to estimate
the total proportion of adult females, and adult females in each of the survey strata. The estimate
of total adult females is then divided by the proportion of adult females (cows) in the herd from
one or more fall composition surveys. Using this approach, the fixed pregnancy rate is eliminated
from the estimation procedure. This estimate assumes that all adult females (breeding and non-
breeding) were within the survey strata during the calving ground survey. It makes no assumption
about the pregnancy rate of the females and does not include the yearlings.

In calving photo surveys since the 2014 Qamanirjuaq survey (Campbell et al. 2016), the estimate
of females based on total adult females on the calving ground survey area has become the
preferred way (for the Department of Environment and Natural Resources (ENR)) of estimating
this number, and herd estimates based on this method are the ones graphed in Figure 3. With
sufficient numbers of collared cows and extensive systematic reconnaissance surveys, it has
become possible to define the full distribution of the females in the herd reliably. Pregnancy rates
do vary depending on cow condition (Cameron et al. 1993, Russell et al. 1998). We found that the
proportion of breeding females on the Bluenose-East calving grounds in 2010, 2013, 2015 and
2018 has been quite variable. Using survey-specific estimates of breeding and non-breeding cows
is a more robust method of extrapolating to herd size, rather than assuming a constant
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deterministic pregnancy rate that ignores this source of variation. This method also increases the
precision of the overall herd estimate.

Trends in Breeding and Adult Females.

As an initial step, a comparison of the estimates from the 2015 and 2018 surveys was made using
a t-test (Heard and Williams 1990), with gross and annual rates of changes estimated from the
ratio of estimates.

Longer term trends 2010-2018 were estimated using Bayesian state space models, which are
similar to previously used regression methods. However, Bayesian models allow more flexible
modeling of variation in trend through the use of random effects models (Humbert et al. 2009).
This general approach is described further in the demographic model analysis in the next section.
The population size was log transformed to partially account for the exponential nature of
population change (Thompson et al. 1998). The rate of change could then be estimated as the
exponent of the slope term in the regression model (r). The per capita growth rate can be related
to the population rate of change () using the equation A=e"=N1/N. . If A=1 then a population is
stable; values > or <1 indicate increasing and declining populations. The rate of decline was also
estimated as 1-A.

Demographic Analyses

Survival Rate Analyses

Collar data for female caribou 2010-2018 were compiled for the Bluenose-East caribou herd by
the Government of the Northwest Territories (GNWT) ENR staff. Fates of collared caribou were
determined by assessment of movement of collared caribou, with mortality being assigned to
collared caribou based on lack of collar movement that could not be explained by collar failure or
device drop-off. The data were then summarized by month as live or dead caribou. Caribou whose
collars failed or were scheduled to drop off were censored from the analysis. Data were grouped
by “caribou years” that began during calving of each year (June) and ended during the spring
migration (May). The Kaplan-Meier method was used to estimate survival rates, accounting for the
staggered entry and censoring of individuals in the data set (Pollock et al. 1989). This approach
also ensured that there was no covariance between survival estimates for the subsequent
demographic model analysis.

Demographic Model Analyses

One of the most important questions for the Bluenose-East herd was whether the breeding female
segment of the population had declined since the last survey in 2015. The most direct measure
that indicates the status of breeding females is their survival rate, which is the proportion of
breeding females that survive from one year to the next. This metric, along with productivity
(recruitment of yearlings to adult breeding females) determines the overall population trend. For
example, if breeding female survival is high then productivity in previous years can be relatively
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low and the overall trend in breeding females can be stable. Alternatively, if productivity is
consistently high, then slight reductions in adult survival rate can be tolerated. The interaction of
these various indicators can be difficult to interpret and a population model can help increase
understanding of herd demography.

We used a Bayesian state space Integrated Population Model (IPM) (Buckland et al. 2004, Kery
and Schaub 2012) based upon the original (OLS) model (White and Lubow 2002) developed for
the Bathurst herd (Boulanger et al. 2011) to further explore demographic trends for the Bluenose-
East herd. A state space model is basically a model that allows separate modeling of field sampling
estimates and demographic processes. This work was in collaboration with a Bayesian
statistician/modeller (Joe Thorley-Poisson Consulting) (Thorley 2017, Ramey et al. 2018, Thorley
and Boulanger 2019).

We used the 2010, 2013, 2015 and 2018 breeding female estimates, as well as calf-cow ratios,
bull-cow ratios (Cluff et al. 2016), estimates of the proportion of breeding females, and adult
female survival rates from collared caribou to estimate the most likely adult female survival values
that would result in the observed trends in all of the demographic indicators for the Bluenose-East
herd. Calf cow ratios were recorded during fall (late October) and spring (late March-April)
composition surveys whereas proportion of breeding females was measured during composition
surveys conducted on the calving ground. Proportion of females breeding was estimated as the
ratio of breeding females to adult females from each calving ground survey.

The Bayesian IPM model is a stage based model that divides caribou into three age-classes, with
survival rates determining the proportion of each age class that makes it into the next age class
(Figure 7); this structure is identical to the OLS modeling done previously on the Bathurst and
Bluenose-East herds.
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Figure 7: Underlying stage matrix life history diagram for the caribou demographic model used
for Bluenose-East and Bathurst caribou. This diagram pertains to the female segment of the
population. Nodes are population sizes of calves (N¢), yearlings (Ny), and adult females (N). Each
node is connected by survival rates of calves (S¢), yearlings (Sy) and adult females (Sf). Adult
females reproduce dependent on fecundity (Fa) and whether a pregnant female survives to
produce a calf (S¢). The male life history diagram was similar with no reproductive nodes.
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We restricted the data set for this exercise to composition and survey results between 2008 and
2018, which covered the time period in which calving ground photographic surveys had been
conducted on the Bluenose-East herd. In addition, this interval basically covered potential
recruitment into the breeding female class since any surviving female calf born from 2008-2010
would be a breeding female by 2013, and breeding females recruited prior to 2008 were
accounted for by the 2010 calving ground estimate of breeding females (Table 2). It was assumed
that a calf born in 2010 would not breed in the fall after it was born, or the fall of its second year,
but it could breed in its third year (see Dauphiné 1976 for age-specific pregnancy rates). It was
considered a non-breeder until 2013. Calves born in 2014 and 2015 had the most direct bearing
on the number of new breeding females on the 2018 calving ground that were not accounted for in
the 2015 breeding female estimate.

Table 2: A schematic of the assumed timeline 2011-2018 in the Bayesian IPM analysis of
Bluenose-East caribou in which calves born are recruited into the breeding female segment (green
boxes) of the population. Calves born prior to 2013 were counted as breeding females in the 2013
and 2015 surveys. Calves born in 2014 and 2015 recruited to become breeding females in the
2018 survey.

Calf Survey Years
Born 2011 2012 2013 2014 2015 2016 2017 2018
non-
2010 | yearling breeder breeder breeder breeder | breeder | breeder | breeder
non-
2011 | calf yearling | breeder | breeder | breeder | breeder | breeder | breeder
non-
2012 calf yearling | breeder | breeder | breeder | breeder | breeder
non-
2013 calf yearling | breeder | breeder | breeder | breeder
non-
2014 calf yearling | breeder | breeder | breeder
non-
2015 calf yearling | breeder | breeder
non-
2016 calf yearling | breeder

We note that the underlying demographic model used for the Bayesian state space model is
identical to the previous OLS model. However, the Bayesian IPM method provides a much more
flexible and robust method to estimate demographic parameters that takes into account process
and observer error. One of the biggest differences is the use of random effects modeling to model
temporal variation in demographic parameters. For random effects models, it is assumed that
there is a central mean value for a parameter (i.e. Cow survival) with a distribution of values
created over time based on temporal variation. This contrasts with the OLS method where
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temporal variation was often not modeled or modeled with polynomial terms which assumed an
underlying directional change over time. Appendix 3 provides details on the Bayesian IPM state
space modeling, including the base R code used in the analysis.
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RESULTS

Survey Conditions

Weather conditions were challenging due to the late spring with higher than normal snow cover in
most of the core calving ground area (Figure 8). On June 8, snow cover varied from nearly 100
percent at the north end of Bluenose Lake to nearly 0 percent at the south end near the
Coppermine River. Most areas had about 50 percent snow cover and much of it was a “salt-and-
pepper” patchy mosaic. This reduced sightability of caribou and we decided to photo-survey the
majority of the core calving ground area to offset this potential issue. The rationale was that
caribou would still be reliably seen on high-resolution photos that could be searched carefully and
repeatedly with a three-dimensional projection. We expected that 80-90 percent of the female
caribou found would be in the photo blocks. In addition, the sightability of caribou on photos could
be tested further using independent observers.
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Figure 8: Photos of variable Bluenose-East survey conditions on June 8, 2018 when the visual and
photo surveys were conducted (photos J. Adamczewski). Snow cover ranged from 95 percent or
more at the north end near Bluenose Lake (bottom right) to nearly bare ground near the
Coppermine River (bottom left).

Movement Rates of Collared Caribou

The locations of 30 adult female caribou that occurred in or around the Bluenose-East survey area
were monitored throughout the June survey to assess movement rates. The peak of calving is
considered close when the majority of collared female caribou exhibit movement rates of <5
km/day (Gunn and Russell 2008). Using this parameter, we surmised that the peak of calving was
near starting on June 8, when mean daily movement rates were 5 km or less for half of the radio
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collared caribou (Figure 9). The peak of calving was further verified from observations of
substantial numbers of cows with calves from the composition and visual survey flying on June 8.
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Figure 9: Movement rates of female collared caribou on or around the Bluenose-East calving
ground before and during calving in 2018. The boxplots contain the 25t and 75t percentile of the
data with the median shown by the central bar in each plot. The ranges up to the 95t percentile
are depicted by the lines with outlier points shown as larger dots. The movement rates of collared
cows on June 8, the date of the visual and photo surveys are highlighted in red.

Reconnaissance Surveys to Delineate Strata

An initial exploratory survey was conducted on June 1st to assess the breeding status of caribou.
This survey focused on collared caribou and determined that calving was in the very early stages
(very few cows with calves). Low ceilings and ground fog delayed subsequent flying until June 6
and 7 when full days of reconnaissance flying were conducted. A single day of clear weather with
blue skies occurred on June 8, and on this day the two photo blocks and two visual blocks were
surveyed (Table 3).
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Table 3: Summary of reconnaissance and visual survey flying on the June 2018 Bluenose-East
calving ground survey

Date Caravan 1 Caravan 2

June 1 Arrive in Kugluktuk/recon of calving Arrived in Kugluktuk
area with collared cows

June 2-5  Grounded due to fog Grounded due to fog

June 6 Recon of core calving ground Recon of core calving ground

June 7 Recon of Northern area Recon of areas SE of Kugluktuk

June 8 Visual surveys and areas to SE of Visual surveys and extra recon on
Kugluktuk northern edges of strata

June 9 Bathurst survey Bathurst survey and lines in

between Bathurst and BNE
June 10  Recon lines to the East of Kugluktuk &  Recon lines to the East of
return to Yellowknife Kugluktuk & return to
Yellowknife

Our objectives for the reconnaissance survey were to map the distribution of adult and breeding
females and define the concentrated calving area for the Bluenose-East herd. As with the previous
survey in 2015, the highest densities of breeding females were to the west of Kugluktuk with
lower densities of antlered female caribou and non-breeders to the south. No collared females
were found east of the Coppermine River. The distribution of caribou based on reconnaissance
surveys and collared females suggested the highest concentrations of breeding caribou along the
Rae River up to the east of Bluenose Lake (Figure 10).

The distribution and relative density of hard-antlered female caribou, together with the
movement patterns of collared females and recent tracks in the snow, clearly showed that most
breeding females were moving in a northwestern direction within a wide corridor along the
headwaters of the Rae and Richardson River valleys and northward along the eastern slopes of the
Melville Hills east of Bluenose Lake. The leading edge of breeding females in the northern part of
the survey area was conspicuous because the density of caribou dropped markedly along the
northern boundary. The leading edge and associated distribution of breeding females was
included within the visual north stratum (Figure 10).

Within the observed distribution of breeding females mapped during the systematic
reconnaissance, relatively consistent densities and distribution of breeding females were
observed in the western reaches of the Rae and Richardson River valleys. Based on
reconnaissance surveys and distribution of collared cows, we delineated the photo north stratum
to encompass what we considered was a majority of breeding females. The photo south stratum
was delineated directly adjacent to the photo north strata, and included remaining collared cows
and observations of smaller groups with breeding females. Based on the reconnaissance survey,
we delineated the photo south stratum to include the mapped distribution of breeding females but
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observed and expected this stratum to include more non-breeders as it included the trailing edge
of the north-western migratory push of breeding females.

We added the visual south stratum as a smaller adjacent area that extended to tree-line to cover
what we observed to be a dispersed trailing edge of caribou at medium densities but with no
sightings of hard-antler cows and calves during the systematic reconnaissance survey.
Observations of bulls and yearlings were predominant in this stratum. The southern edge of this
stratum aligned with the bend of the Coppermine River and included the Coppermine Mountains.
A trailing edge towards the south, increasingly composed of bulls and yearlings, is characteristic of

this herd, based on previous June surveys (Boulanger et al. 2016, Adamczewski et al. 2017).
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Figure 10: Reconnaissance survey coverage for the June 2018 Bluenose-East calving ground
survey. The two photo blocks are shown in red and blue outlines and the two visual blocks are
shown to the north and south in orange and green. Outer squares show density of the caribou
found (high, medium and low), and inner squares show the kind of caribou seen. Gold stars show
locations of collared female caribou, of which 30 occurred in the survey strata. The collared female
south of Bluenose Lake was from the Bluenose-West herd. There was also a single caribou to the

north of the survey strata from the Bluenose-West herd as shown in Figure 13.
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Stratification and Allocation of Survey Effort

Photo Strata

Two photo strata were defined for the Bluenose-East 2018 survey (Figures 10, 11), which
included the majority of adult and breeding females and almost all the collared cows. Based on
reconnaissance data, relative abundance and density were estimated for the two strata, with
higher densities suggested for the south. However, observation of the kinds of caribou recorded in
segments suggested that the proportion of breeding caribou was higher in the northern stratum,

which argued for higher coverage for this stratum. As a result, roughly equal coverage was given
to each stratum.
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Figure 11: Composite photos of the Bluenose-East North and South photo strata.

Table 4 provides the stratum dimensions for the photo strata.

Table 4: Stratum dimensions and reconnaissance-based estimates of density for the Bluenose-
East photo strata in June 2018. Average transect (the average length of a transect), baseline
(length of longest axis; transects are flown perpendicular to the baseline), area surveyed, and
preliminary estimates of density and abundance (N) based on reconnaissance surveys are given.

Stratum Area Avg. Baseline Caribou Area Density N SE (N) Cv
(kmz2) transect (km) counted surveyed Caribou/
(km) (kmz2) km?
North 3,787.8 49.8 76 221 296 0.75 2,828 4422 0.15
South 2,051.5 34.0 68 207 208 0.99 2,042 2619 0.13

With photo planes using high-resolution digital cameras, it is possible for the plane to fly at
different altitudes. Flying at a higher altitude increases the strip width and reduces the number of
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pictures but also reduces the resolution of the pictures as indexed by Ground Sample Distance
(GSD). GSD is a term used in aerial photography to describe the distance between pixels on the
ground for a particular photo sensor. In practical terms, the GSD for the aerial photos used in this
survey translates into strip width and elevation above ground level (AGL) as follows (Table 5).

Table 5: GSD for photo sensor used on Bluenose-East June 2018 caribou survey, along with
associated elevation AGL and photographed ground strip width. Typical elevation and strip width
used in earlier analog photo surveys are included for reference.

GSD Elevation AGL Strip width
(cm) (feet) (m)
4 2,187 692
5 2,734 866
6 3,281 1,039
7 3,828 1,212
8 4,374 1,385
9 4921 1,558
10 5,468 1,731
Analog Photos 2,000 914.3

The coverage of photos for the Bluenose-East survey was based upon the approximate total
number of photos budgeted for the Bluenose-East and Bathurst surveys occurring at the same
time (6,000) and corresponding levels of coverage across a range of likely altitudes (Table 6).
When viewed in this context, GSD levels of 5 were not feasible for the Bluenose-East survey with
GSD levels of at least 6 needed to keep within 2,000 photos of the budgeted number of 6,000.

Table 6: Stratum dimensions and photos required for various levels of survey coverage for the
Bathurst and Bluenose-East photo strata in June 2018. The GSD/photos levels used are underlined
and bold.

Stratum Dimensions Approximate No. of Estimated %
Photos at GSD Coverage at GSD
Stratum  Average No. Total 5 6 7 8 5 6 7 8
Strata
Area Transect Transects Transect
(km?) Length Length
(km) (km)
Bathurst 1,159 35.0 15 525 2,389 2,003 1,715 1,458 40% 48% 56% 74%
Bluenose-East
North 3,788 49.8 22 1,096 4,852 4,046 3,426 3,046 25% 30% 34% 45%
South 2,052 34.0 16 544 2,407 2,007 1,700 1,511 23% 27% 31% 41%
Total 7,259 6,053 5,126 4,557
photos
Total photos 9,648 8,056 6,841 6,015

In the June 2018 surveys, the Bathurst photo stratum was flown at GSD 7 (average elevation 3,828
feet (1,167 m) above ground) and the Bluenose-East photo strata were flown at GSD 8 (average
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elevation 4,374 feet (1,333 m) above ground) with a resulting total of 6,170 photos. Of these,
4,455 were taken in the Bluenose-East calving ground survey and 1,715 were taken in the
Bathurst survey. There was only one relatively small higher-density area on the Bathurst calving
ground, while the Bluenose-East calving ground, similar to past surveys, has tended to be larger in
area with calving caribou more dispersed. Ground coverage on the Bluenose-East North photo
block was 37.0 percent and 30.3 percent on the South photo block.

Visual Strata

The Bluenose-East north and south visual strata were relatively small and were flown on June 8,
the same day as the aerial photography. These strata had lower densities of caribou (0.36 and 0.88
caribou/km for the north and south stratum respectively). As with the Bathurst surveys, coverage
was determined so that each stratum could be completed in one survey flight and each stratum
had a minimum of 10 flight lines for acceptable precision. The resulting levels of coverage were 22
percent and 20 percent for the north and south visual strata (Table 7).

Table 7: Final dimensions of strata surveyed for the 2018 Bluenose-East caribou survey.

Stratum Total Sampled Area of Stratum Strip Transect Area Coverage
Transects  Transects (kmz2) Width (kmz2)
Possible (km)
North Photo 60 22 3,787.8 1.312 1,402.4 37.0%
South Photo 54 16 2,051.5 1.284 621.3 30.3%
North Visual 51 12 1,746.9 0.8 378.5 21.7%
South Visual 40 10 1,085.4 0.8 214.9 19.8%

AMean strip width for stratum-transect width varied by transect.
Movements of collared caribou from reconnaissance to photo/visual surveys.

Thirty-two collared females were within or around the Bluenose-East calving ground (Figure 12).
Of these, 30 occurred in survey strata (Photo North 18, Photo South 8, Visual North 4, Visual South
0). One caribou moved from the south to the north photo stratum between June 7t and 8t. The
general movement paths of caribou also occurred within survey strata. Collared caribou that had
movement rates of >5 km/day were mainly located within the central regions of strata, suggesting
that the strata contained the range of caribou movements as indicated by collared caribou (Figure
12).
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Figure 12: Locations of collared Bluenose-East female caribou and movements up to and during
June 8, 2018 when the photo and visual surveys occurred.

Figure 13 displays the distribution of caribou on photos as indicated by points of caribou counted
on photos. Dots with color delineating group size illustrate distribution on visual surveys. Two

collared cows were north and south of Bluenose Lake and were identified as Bluenose-West
females.
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Figure 13: A plot of the Bluenose-East photo data counts and visual survey results with collar
locations on June 8, 2018 when surveys occurred. Collared caribou south and north of Bluenose

Lake were Bluenose-West females.

Estimates of Caribou on Photo Strata

Photo Sightability Estimation
Photo interpreters found that the sightability of caribou on photos was influenced by snow cover.
If the ground was bare caribou were readily visible, however, sightability decreased with snow
cover especially in cases of intermittent snow and bare ground at the edges of snow patches

(Figure 14).
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Figure 14: Close-up view of one zoomed-in portion of an aerial photo on Bluenose-East survey on
June 8, 2018. Among others, three caribou are visible in the upper left corner, and a cow and calf
can be seen walking (along with their shadows) across the snow-patch in the middle of the photo.
Caribou in areas without snow are readily visible. There is also one caribou on the edge of the
snow-patch at bottom right, which is less obvious.

Sightability of caribou on photos was estimated by having a second observer from GreenLink
Forestry independently re-count caribou on a subset of photos (i.e. without knowing what the first
observer had found). The second observer was Derek Fisher, who is the most experienced
observer of aerial photographs at the company. The photo survey transect lines were resampled
systematically using transects perpendicular to the original photo-plane transects. A design that
sampled the closest photo to the transect line in which at least one caribou was detected, was used
to select photos for resampling. This systematic resampling approach ensured an adequate sample
size of photos with caribou on them (Figure 15).
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Figure 15: Systematic sampling design for cross validation of photos for the Bluenose-East June
2018 calving ground survey.

Overall, 228 photos were resampled in the North and South photo strata (Table 8). Ratios of
second to original count suggested higher photo sightability in the North stratum. One assumption
in this comparison is that the first and second counters were counting the same caribou on a given
photo. To test this assumption the distances between points of counted caribou in the first and
second count was measured in GIS to identify any counted caribou that were further distant from
the original counts. This process did not identify any new caribou.

Table 8: Summary of photo cross validation data set for Bluenose-East June 2018 caribou survey
photo blocks. The ratio of the original count to second count is an estimate of photo sightability.

Strata Photos Original Second New Caribou Caribou not Ratio of
Resampled Count Count Counted in Second Detected in Second Original
Count Count Count/Second
Count
North 158 447 490 43 2 091
South 70 257 301 44 1 0.85

This cross-validation process was modeled as a two sample mark-recapture sample with caribou
being “marked” in the original count and then be “re-marked” in the second count (Table 9). Model
selection suggested that the difference in sightability between strata was supported even when
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over-dispersion was accounted for. Therefore, strata-specific sightability estimates were used for
subsequent estimates.

Table 9: Model selection of photo sightability cross validation data set for Bluenose-East June
2018 caribou survey using Huggins closed models in program MARK. Quasi Akaike Information
Criterion (QAIC.), the difference in QAIC. between the most supported model and given model
AQAIC. , the model weight (wi), number of parameters (K) and quasi-Deviance (QDeviance) is

given.
Model Model Selection
First Count Second QAIC, AQAIC, Wi K QDeviance
Count
Strata Constant 269.90 0.00 0.50 3 3,609.0
Constant Constant 270.77 0.87 0.32 2 3,611.9
Strata Strata 27191 2.00 0.18 4 3,609.0

The estimates of sightability are given below along with the bootstrap-based estimates of SE, CV
and confidence limits, CI (Table 10). The bootstrap estimates, which use caribou counted on each
photo as the sample unit, were used for subsequent variance estimates.

Table 10: Estimates of sightability from the most supported Huggins model for Bluenose-East
June 2018 caribou survey.

Count-stratum Sightability Binomial Binomial Bootstrap Bootstrap Bootstrap
Estimate SE Ccv SE Ccv (95% CI)

1st count-North 0.912 0.013 0.014 0.015 0.016 0.884 0.941

stratum

1st count -South 0.853 0.020 0.024 0.035 0.040 0.782 0.919

stratum

2nd count-Both stratum 0.996 0.002 0.002

Estimates of Total Caribou in Photo Strata

The standard Jolly 2 estimator (Jolly 1969, Norton-Griffiths 1978) was used to obtain estimates of
caribou on the calving ground from the transect data. Consistent with the 2015 Bluenose-East
survey (Boulanger et al. 2016), transect densities were weighted to ensure equal representation of
transects with varying strip widths (Table 11). The initial estimate was divided by photo
sightability to obtain the sightability-corrected abundance estimate. Overall, sightability-corrected
estimates were 12 percent higher than initial estimates.
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Table 11: Initial estimates of abundance in photo survey strata, estimated photo sightability and
estimates of abundance with photo sightability for Bluenose-East June 2018 caribou survey.

Strata Initial Estimate of N Photo Sightability Photo-sightability N
Estimate
N SE Ccv p SE Ccv N SE Ccv
North 9,887 849.5 0.086 0912 0.015 0.016 10,841 948.4 0.087
South 5,488 837.0 0.154 0.853 0.035 0.041 6,426 1,014.8 0.158

Overall, densities of caribou were lower on transects compared to previous years with all densities
below the 10 caribou/km? level (Figure 16).
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Figure 16: Transect-specific densities for the Bluenose-East photo blocks in June 2018. Transects
go from west to east. Sightability was accounted for in density estimates.

Estimates of Total Caribou in Visual Strata

Double Observer Analysis

Data from both the reconnaissance and visual surveys were used in the double observer analysis,
however, only the visual survey data were used to derive estimates of abundance for survey
strata. Observers were grouped into pairs which were used for modeling the effect of observer on
sightability. A full listing of observer pairs is given in Appendix 1. Frequencies of observations as a
function of group size, survey, and phase suggested that approximately half of the single caribou
were seen by both observers in most cases (Figure 17). In previous years approximately 70-80
percent of single caribou were seen by both observers. As group size increased the proportion of
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observations seen by both observers increased. This general pattern suggests low sightability
compared to previous surveys, which generally had much less snow cover.
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Figure 17: Frequencies of double observer observations by group size, survey phase and survey
for Bluenose-East and Bathurst June 2018 caribou surveys. Each observation is categorized by
whether it was observed by the primary (brown), secondary (beige), or both (green) observers.

Snow and cloud cover also influenced sightability, however, the pattern depended on survey phase
and herd surveyed (Figure 18). The most noteworthy trends occurred for higher snow cover (75
percent) for the Bathurst and higher cloud cover. Snow cover was evident in all surveys with few
observations of 0 snow cover and most within the 25-75 percent range. This range corresponds to
the “salt and pepper” patchy snow cover where sightability is lower. The lack of “effect size” of
snow cover (i.e. minimal 0 and 100 percent snow cover observations) potentially made it
problematic to model the effect of increasing snow cover on observations. Instead, sightability was
lower (as modeled by an intercept term) due to the poor survey conditions.
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Figure 18: Frequencies of double observer observations by snow cover, cloud cover, survey phase
and survey for Bluenose-East and Bathurst June 2018 caribou surveys. Each observation was
categorized by whether it was observed by the primary, secondary, or both observers.

Snow cover was modeled as a continuous (snow) or categorical covariate (snow 25, snow 50,
snow 75) based on the categorical entries in the tablets. Model selection identified a strong effect
of the log of group size, observers, snow cover and the interaction of snow and cloud cover (Table
12). An additional effect of snow cover at 75 percent for the Bathurst herd was evident. Observer
pairs were reduced to the pairs to those that showed substantial differences from the mean level
of sightability in the survey.
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Table 12: Double observer model selection using Huggins mark-recapture models in program
MARK for Bluenose-East and Bathurst June 2018 caribou surveys. Covariates follow Table 1 in the
methods section of the report. Reduced observer pairs are denoted as reda and reds. AIC., the
difference in AIC.: values between the ith and most supported model 1 (AAIC:), Akaike weights
(wi), and number K, and deviance (Dev) are presented.

No Model AICc AAICc wi K Dev
1  log(group size)+obs(reda)+order+herd*snow75+cloud+snow*cloud 764.99 0.00 033 8 7489
2 log(group size)+obs(redg)+order+herd*snow75+cloud+snow*cloud 767.02 2.03 0.12 9 7489
3  log(group size)+obs(redg)+order+snow75+cloud+snow*cloud 768.15 3.16 0.07 8 7521
4 log(group 768.32 333 0.07 10 748.2
size)+obs(redg)+order+herd*snow75+cloud+snow+snow*cloud
5 log(group size)+obs(reds)+order+herd*snow75+cloud 768.63 3.63 0.06 8 7525
6  log(group size)+obs(reds)+order+snow+cloud +snow*cloud 770.75 575 002 9 7526
7  log(group size)+obs(reds)+order+snow25+log(group)*snow?25 77254 755 001 8 7564
8  log(group size)+obs(redg)+order+snow(categorical) 773.52 852 0.00 10 7534
9  log(group 774.15 9.15 0.00 11 752.0
size)+obs(redg)+order+snow+snow2+cloud+cloud2+snow*cloud
10 log(group size) 781.88 1689 0.00 2 7779
11 log(group size)+snow +cloud 782.04 17.05 0.00 4 774.0
12 group size 783.22 18.22 0.00 2 779.2
13 log(group size)+snow25+cloud0 78431 19.31 0.00 4 7763
14 log(group size)+snow25+sno50+snow75+snow100 784.84 1995 000 6 7728
15 log(group size)+obs(all)) 785.96 2097 0.00 13 759.7
16 constant 802.05 37.06 0.00 1 800.0

Plots of single and double observation probabilities show lower probabilities for individual or
smaller group sizes especially in moderate snow cover and higher cloud cover, for Bluenose-East
and Bathurst June 2018 caribou surveys (Figure 19). The mean detection probability (across all
groups) was 0.66 (CI=0.60-0.72). This compares to a mean probability of 0.91 (CI=0.88-0.92) for
the 2015 Bluenose and Bathurst surveys.
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Figure 19: Estimated single observer probabilities from model 1 (Table 12) by snow cover, cloud
cover, survey phase and survey for Bluenose-East and Bathurst June 2018 caribou surveys. Each
observation is categorized by whether it was observed by the primary, secondary, or both
observers.

Double observer probabilities (the probability that at least one of the observers saw the caribou)
were higher but still relatively low for single caribou, especially for cases of higher cloud cover and
snow cover (and for some observer pairs) (Figure 20).
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Figure 20: Estimated double observer probabilities from model 1 (Table 12) by snow cover, cloud
cover, survey phase and survey for Bluenose-East and Bathurst June 2018 caribou surveys. Each
observation is categorized by whether it was observed by the primary, secondary, or both
observers.

Estimates of Total Caribou in Visual Strata

Double observer estimates (using the MRDS R package) were about 6 percent higher than non-
double observer estimates. Precision was lower than uncorrected count-based estimates but still
acceptable (Table 13).

Table 13: Standard strip transect (two observers per side with no estimation of sightability) and
double observer model estimates (with sightability accounted for) of caribou on Bluenose-East
visual strata in 2018 from the MRDS package in R.

Strata Caribou Standard Estimate Double Observer Estimate
Counted Estimate SE Cv Estimate SE CI Ccv
North 159 734 100.4 13.7% 788 140.4 541 1,149 17.8%
South 210 1,061 113.7 10.7% 1,106 173.5 778 1,571 15.7%
Total 369 1,795 151.7 8.5% 1,894 223.1 1,482 2,419 11.8%

An estimate where there was only one observer per side of plane without the estimation of
sightability was also run to assess the importance of having double observers on each side of the
plane during surveys. This data set was created by only using observations from the front

38



observer (excluding caribou groups only seen by the rear observer). This resulted in an overall
estimate of 1,397 caribou which was 23 percent lower than the standard double observer estimate
and 26 percent lower than the double observer estimate with sightability correction. The lower
single observer estimate demonstrates the need for double observers on each side of the plane to
ensure higher sightability of caribou and reliable estimates.

Estimation of Total Caribou on the Calving Ground

The photo data (corrected for double observer analysis) were combined with visual data
(corrected for double observer analysis) to obtain a total estimate of caribou on the calving
ground of 19,161 caribou at least one year old (Table 14). This total applies to strata with
corresponding composition survey data. Overall, the photo strata accounted for 90.1% of caribou.

Table 14: Estimates of caribou abundance on all survey strata (photo and visual) for Bluenose-
East herd in 2018.

Strata N SE Conf. Limit Ccv
North Visual 788 140.4 541 1,149 17.8%
North Photo 10,841 948.4 9,041 13,000 8.7%
South Photo 6,426 1,0148 4,599 8,979 15.8%
South Visual 1,106 173.5 778 1,571 15.7%
Total 19,161 1,406.8 16,512 22,233 7.3%

Composition Survey

A composition survey was conducted June 8-10 in the photo strata and June 10-11 in the visual
strata. During the composition survey, caribou were relatively stationary as there were few
caribou groups observed outside stratum boundaries relative to search effort and flight-lines
(Figure 21). Observations of the pattern of distribution, abundance, and composition of caribou
during the composition survey were consistent with the delineated visual and photographic strata,
which in turn provided additional confidence in representativeness of the overall survey design.
The photo north and visual north blocks had high proportions of breeding cows, while the photo
south block had increasing proportions of yearlings and non-breeding cows toward the south end.
The visual south block had substantial proportions of bulls and yearlings and few cows.
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Figure 21: Helicopter flight paths and pie charts of groups classified during calving ground
composition survey of Bluenose-East caribou in 2018. The size of pie charts is proportional to the
number of caribou in each classification group as indicated by the scale diagram. Proportions of

age-sex classes make up the individual pie sections.

Individual caribou were classified in each group based on physical characteristics as well as
presence of a calf, hard antler(s) or distended udder (for breeding females) and are summarized in

Table 15.

Table 15: Summary of composition survey on Bluenose-East calving ground June 2018 in photo

and visual strata.

Adult Females Total
Strata Gr:ups Total Breeding Non- Yearlings Bulls Caribou
breeding (1yr+)
North Visual 59 158 147 11 16 0 174
North Photo 189 726 677 49 104 0 830
South Photo 166 490 300 190 388 30 908
South Visual 39 53 7 46 71 61 185

Estimates of adult females and breeding females were then derived with variance and confidence
limits estimated via bootstrap methods (Table 16).
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Table 16: Proportions of breeding females and adult females from composition survey on
Bluenose-East calving ground June 2018

Strata Estimate SE Conf. Limit

Breeding females=breeding females/caribou 1 yr+

North Visual 0.845 0.027 0.786 0.892
North Photo 0.816 0.020 0.774 0.853
South Photo 0.330 0.033 0.269 0.396
South Visual 0.038 0.016 0.012 0.072
Adult females=Adult females/caribou 1 yr+

North Visual 0.908 0.024 0.861 0.951
North Photo 0.875 0.016 0.841 0.903
South Photo 0.540 0.027 0.491 0.595
South Visual 0.286 0.042 0.213 0.380

Estimates of Adult and Breeding Females
Estimates of breeding females were derived by the product of caribou and the proportion of
breeding females in each stratum (Table 17).

Table 17: Estimates of breeding females based upon initial abundance estimates and composition
surveys on Bluenose-East calving ground June 2018.

Strata Caribou Proportion Breeding Females
Breeders
N CV.N pb cv N SE Conf. Limit cv

North Visual 788 0.178 0.845 0.032 666 120.5 454 976 18.1%
North Photo 10,841 0.087 0.816 0.025 8,846 803.7 7,326 10,681 9.1%
South Photo 6,426 0.158 0.330 0.100 2,121 396.4 1,429 3,148 18.7%
South Visual 1,106 0.157 0.038 0.421 42 18.9 16 110 45.0%
Total 19,161 11,675 9044 9,971 13,670 7.7%

Estimates of adult females are given in Table 18.

Table 18: Estimates of adult females based upon initial abundance estimates and composition
surveys on Bluenose-East calving ground June 2018.

Strata Caribou Prop. Adult Adult Females
Females
N CV.N pf cv N SE Conf. Limit cv

North Visual 788 0.178 0908 0.026 716 128.9 489 1,048 18.0%
North Photo 10,841 0.087 0.875 0.018 9,486 847.7 7,880 11,419 8.9%
South Photo 6,426 0.158 0.540 0.050 3,470 574.8 2,444 4,928 16.6%
South Visual 1,106 0.157 0.286 0.147 316 68.0 196 510 21.5%
Total 19,161 13,988 1,034.6 12,042 16,249 7.4%
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The ratio of breeding females to adult females suggests a relatively high proportion of pregnant
females of 83 percent compared to previous years.

Extrapolated Herd Estimates for Bluenose-East Herd

A composition survey was conducted October 23-25, 2018 to estimate the bull-cow ratio of the
Bluenose-East herd. Overall there were 115 groups observed with totals of bulls, cows and calves
summarized in Table 19.

Table 19: Summary of observations from fall composition survey on Bluenose-East herd October
23-25,2018

Cows Bulls Calves Groups
Observed
1,542 586 396 115

Bootstrap methods were used to obtain SEs on estimates (Table 20).

Table 20: Estimates of the bull-cow ratio, proportion cows, and calf-cow ratio from the fall
composition survey on Bluenose-East herd October 2018.

Indicator Estimate SE Conf. Limit Ccv

Bull cow ratio 0.380 0.027 0.333 0.437 7.0%
Proportion cows 0.725 0.014 0.697 0.750 1.9%
Calf-cow ratio 0.257 0.016 0.229 0.291 6.1%

Comparison of bull:cow ratios from composition surveys 2009-2018 suggest a slowly decreasing
bull cow ratio (Table 21).

Table 21: Estimates of proportion of cows and the bull cow ratio from fall surveys on the
Bluenose-East herd 2009-2018.

Proportion Cows Bull-cow Ratio
Year Estimate SE Conf. Limit Ccv Estimate SE Conf. Limit
2009 0.700 0.008 0.684 0.716 1.1% 0.429 0.017 0.396 0.463
2013 0.701 0.009 0.685 0.720 1.3% 0.426 0.019 0.389 0.461
2015 0.706 0.014 0.678 0.734 2.0% 0.417 0.029 0.367 0.479
2018 0.725 0.014 0.697 0.750 1.9% 0.380 0.026 0.332 0.437

Estimates of adult herd size (caribou at least two years old) for the Bluenose-East herd in 2018 are
presented in Table 22. The estimate based on an assumed fixed pregnancy rate estimate is higher
since it assumes a constant pregnancy rate of 0.72, which is lower than that observed in 2018
(0.83), thereby inflating the estimate. The preferred estimate uses the proportion of females,
which is simply the estimate of adult females (13,988), divided by the proportion of cows in the
herd (0.725) from the October 2018 survey. Log-based confidence limits, which were used for
other estimates as well as traditional symmetrical confidence limits (estimate * t*SE) are given. In
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most cases log-based limits give better representation of confidence estimates than traditional
symmetrical methods because the distribution of estimates has a slight positive skew. However,
previous analyses have used the symmetrical method. The actual difference in CI's is relatively
minor.

Table 22: Extrapolated herd size estimates for the Bluenose-East herd in 2018 based on two
estimators

Method N SE Log-based CI Symmetric Traditional Cv
CI
Proportion of adult females 19,294 1,474.7 16,527 22,524 16,303 22,285 7.6%
Constant pregnancy rate 22,366 2,861.8 17,247 29,004 16,530 28,202 12.8%

(0.72)

Trends in Breeding and Adult Females and Herd Size 2010-2018

Comparison of 2015 and 2018 Estimates

Comparison of 2015 and 2018 estimates suggests a gross reduction of 49 percent in adult females,
which translates into a mean annual rate of decline of 20 percent in the 2015-2018 interval
(Figure 22). In contrast, breeding females had a gross reduction of 32.9 percent which translates
to an annual rate of change of -13 percent in the interval since 2015. The difference in gross and
annual changes of breeding and adult females was due to an increase in proportion of breeding
females in 2018 compared to 2015. Using a t-test the gross reduction in estimates is significant for
adult females (t=-7.35, df=42, p<0.0001) and breeding females (t=-3.9, df=47, p=0.002).
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Figure 22: Estimates of total adult females in the Bluenose-East herd from 2010-2018
dichotomized shown by breeding and non-breeding females status from 2010-2018.
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Overall Trends 2010-2018

A Bayesian state space model (Humbert et al. 2009, Kery and Royle 2016) was used to estimate
longer term trends in the Bluenose-East data set. For this analysis, trend (log A) was modeled as a
random effect therefore allowing assessment of variation in A in intervals between surveys.

For breeding females, yearly trends in breeding females were marginally significant (p=0.071)
with estimates of A overlapping 1 for some years between 2010 and 2018. The mean estimate of A
for breeding females was 0.81 (CI=0.62-1.04). Variation in A for breeding females was presumably
due to the influence of variable pregnancy rate on estimates of breeding females (Figure 23).
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Figure 23: Estimates of breeding cows and A (geometric mean of three previous years) in the
Bluenose-East herd 2010-2018 from Bayesian state space model analysis.

In contrast, trends in adult females were significant (p=.0087) with minimal yearly variation in A
and no overlap of A estimates with one in any of the years considered (Figure 24). The mean
estimate of A was 0.8 (CI=0.73-0.87) which translates into an annual rate of decline of 20 percent
(CI=13-27percent).
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Figure 24: Estimates of adult cows and A (geometric mean of three previous years) in the
Bluenose-East herd 2010-2018 from state space model analysis.

Overall Bluenose-East herd size followed the general trend in adult and breeding females (Figure

25).
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Figure 25: Estimates of Bluenose-East herd size (adults at least two years old) using the constant
pregnancy rate of 0.72 and proportion of females method from 2010-2018. We suggest the
estimates based on proportion of females (bottom) are more reliable.

The core calving ground area as well as densities of adult female caribou have both declined 2010-
2018 suggesting that the degree of aggregation of caribou on the calving ground has not changed
substantially. A full analysis of trends in core calving ground area and densities of females on the
calving ground is presented in Appendix 5.
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Exploration of Potential Reasons for Decline in Herd Size

Potential contributing factors to the apparent large numerical decline in breeding females on the
Bluenose-East calving ground 2015-2018 could include (a) a portion of female caribou may have
been missed based on limited survey coverage, (b) some female caribou may have moved to
adjacent calving grounds, and (c) demographic factors including reduced survival of adult caribou,
reduced pregnancy rates, and reduced calf survival. We considered the likelihood of each factor
contributing significantly to the estimated reduction in abundance.

Breeding and Adult Females not Occurring on Survey Strata

One potential reason for lower estimates would have been female caribou occurring outside
survey strata. We note first that extensive additional reconnaissance flying to the north, west and
east of the main concentrations of calving caribou resulted in almost no caribou observations (see
blank squares on Figure 27), suggesting that the herd’s distribution had been well defined in those
areas. Only at the southern trailing edge were there any substantive numbers of caribou seen on
reconnaissance flying outside the survey strata.

All 30 Bluenose-East collared female caribou that were monitored occurred within the survey
strata, and none of them were in the south visual block (Figure 13). Two collared females, which
were most likely from the Bluenose-West herd, occurred to the north and south of the central
study area. The south visual block contributed just 42 of 11,675 breeding females (0.3 percent)
(Table 17) and 316 of 13,988 adult females (2.2 percent) (Table 18) in the survey area. The
composition survey showed that the south visual block had substantial numbers of yearlings and
bulls, and progressively higher proportions of them at the southern end (Figure 21). In addition, a
map of the movements of 15 Bluenose-East collared bulls in May-June 2018 (Figure 26)
demonstrates that most of the herd’s bulls were at the southern fringe of the south visual block
and south of it in the two reconnaissance-based strata. Our observations suggest that areas further
south of the south visual block were likely to have mostly bulls and yearlings, a few non-breeding
cows and virtually no breeding cows.
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Figure 26: Spring movements (May 1 - June 11) of 15 Bluenose-East collared bulls in 2018 in
relation to the survey area. Most bulls were concentrated at the south end of the survey area and
some were scattered far to the south.

We added two post-hoc reconnaissance-based strata to the area south of the survey strata to
assess the relative sensitivity of estimates to inclusion of these areas (Figure 27). No composition
surveys were conducted for these areas, making estimates of breeding females and adult females
problematic, but these areas most likely were dominated by bulls and yearlings.
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Figure 27: Bluenose-East June 2018 survey area with extra (post-hoc) reconnaissance-based

strata at bottom in black and brown outlines.

The resulting estimate of total caribou was 22,425 caribou (Table 23), which is higher than the
extrapolated herd estimate of 19,294 caribou at least 1-year-old for the survey area with two
photo and two visual blocks (Table 22). However, the estimate of 22,425 caribou (Table 23)
includes yearlings (calves from 2017) whereas the extrapolated herd estimate includes adult
caribou and excludes yearlings. An estimate of yearlings in 2018 of 6,594 (CI=5,590-7,782) was
derived from the demographic model (described in the next section) which suggests that the
difference in extrapolated herd estimates (19,294) and total caribou on the calving ground
(22,245) can largely be explained by the presence of yearlings in the total caribou on the calving

ground estimate.
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Table 23: Estimates of total caribou at least one year old on Bluenose-East June 2018 calving
ground survey area with two supplemental reconnaissance strata (as delineated in Figure 27).

Strata N SE Conf. Limit Ccv

North Visual 788 140.4 541 1,149 17.8%
North Photo 10,841 948.4 9,041 13,000 8.7%
South Photo 6,426 1,014.8 4,599 8,979 15.8%
South Visual 1,106 173.5 778 1,571 15.7%
Recon South 2,117 250.2 1,616 2,773 11.8%
Recon West 1,147 285.0 661 1,991 24.8%
Total 22,425 1,457.0 19,669 25,565 6.5%

Movement to Adjacent Calving Grounds

Figure 28 displays movement in the mean location of calving for collared females that were
monitored for successive years. The head of the arrow is the mean location for the current year
and the tail is the location for the previous year. From this it can be seen that in general caribou
have shown reasonable fidelity to the Bluenose-West, Bluenose-East and Bathurst calving grounds
2010-2018. Some unusual June 2018 movements of collared Bathurst cows are considered in the
survey report for that herd.
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Figure 28: Yearly fidelity and movements to calving grounds in the Bluenose-West, Bluenose-East
and Bathurst herds 2013-2018. The head of the arrow indicates the current calving ground in the
given year and the tail indicates the mean location from the previous year calving ground.
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Frequencies of movement events were assessed for collared female caribou monitored for
consecutive years and tabulated (Figure 29). Overall, the rates of switching between the Bluenose-
East and neighbouring Bluenose-West and Bathurst calving grounds were low for both 2010-2015
and 2015-2018. The low rate of switching of collared cows is consistent with previous estimates of
about 3 percent switching and 97 percent fidelity in the Bathurst herd (Adamczewski et al. 2009)
and similar fidelity in the Cape Bathurst, Bluenose-West and Bluenose-East herds (Davison et al.
2014). This factor was not likely responsible for the decline in Bluenose-East females, as there
were very few switches between calving grounds and they occurred in both directions about
equally.
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Figure 29: Frequencies of caribou movement events for the Bluenose-East and neighbouring
Bluenose-West and Bathurst herds from 2010-2015 and 2016-2018 based on consecutive June
locations of collared females on calving grounds. The curved arrows above the boxes indicated the
number of times a caribou returned to each calving ground for successive years. The straight
arrows indicate movement of caribou to other calving grounds.

Demographic Analysis using Multiple Data Sources

Survival Analysis of Collared Cows

The monthly collar data used in the Bluenose-East survival analysis are shown in Figure 30, which
estimates monthly mortality rates as the ratio of the number of collared caribou mortalities
divided by the number of collars monitored each month. The actual analysis was based on calving
ground year which begins in June of each year. Sample sizes were in the range of 30 collars per
month with the exception of 2010 and 2011 when collar sample sizes were lower. A gap in collars
monitored occurred in late 2011 and early 2012 before re-deployment of collars in the spring of
2012. Survival estimates were scaled to account for this interval. Collared caribou mortalities
occurred mostly in summer periods for 2016 and 2017 compared to earlier years.
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Figure 30: Summary of monthly mortality rates for the Bluenose-East herd by calendar year. The
mortality rate, which is the ratio of number of collar mortalities/number of available collars, is
given above each bar. The analysis is based on calving ground year which begins at June of each

year and ends at May the following year.

Table 24 shows the Bluenose-East collar-based cow survival data defined by caribou year (the
year begins on the calving ground each year in June and ends the following May) along with
summary statistics for each year. Mortalities are broken down by known and stationary (assumed
mortality). The data set ends in caribou year 2017 which goes up to May 2018, the month before

the 2018 calving ground survey.
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Table 24: Summary of Bluenose-East collared female data used for survival analysis 2010-2018.
Caribou year starts June of the caribou year and ends in May of the next year.

Annual Live Caribou Sample Sizes
Caribou Mortalities
Year Known Stationary  Collar Mean Min Max
Collar Months Alive
2010 3 0 103 8.6 6 12
2011 0 1 137 11.4 0 38
2012 4 12 415 34.6 31 39
2013 0 6 257 21.4 17 25
2014 0 6 319 26.6 21 37
2015 0 2 363 30.3 24 37
2016 0 5 369 30.8 26 37
2017 2 5 290 24.2 18 32
Total 9 37

Figure 31 displays the Bluenose-East collar-based female survival estimates based on the current
data set 2010-2017 using the Kaplan-Meier estimator (Pollock et al. 1989). In general, the earlier
estimates had high variance due to limited numbers of collars. The overall mean number of live
collared cows was 23.5 for this period, and the average annual survival rate for collared cows over
the eight years was 0.79 (Table 24) with no clear trend 2010-2017. The trend 2015-2018 was a
decline with the last year’s survival (2017-2018) estimated at 0.76. Survival estimates were
further explored and refined using information from all data sources using the Bayesian IPM
model described in the next section. One concern was that the 2011 survival estimate was
influenced by lack of sampling of winter months during this year. A sensitivity analysis was
conducted with this estimate not included in the 2011 to assess the relative influence of this data
point on overall IPM model estimates.
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Figure 31: Annual Kaplan-Meier estimates of survival from collared Bluenose-East female caribou
for caribou years 2010-2017, based on collar data in Table 24.

Table 25 provides the survival rate estimates for calving ground years (June 1 - May 31), which are
also shown in Figure 31. Years begin at calving in June and extend to the following May. Note that

all estimates of survival include hunting mortality.

Table 25: Estimates of yearly survival rate for the Bluenose-East herd 2010-2018 from Kaplan-

Meier survival rate estimator.

Caribou Survival SE Conf. Limit

Year

2010 0.67 0.16 0.33 0.89
2011 0.96 0.03 0.84 1.00
2012 0.60 0.08 0.45 0.74
2013 0.74 0.09 0.54 0.88
2014 0.78 0.08 0.59 0.90
2015 0.93 0.04 0.77 0.98
2016 0.84 0.07 0.67 0.93
2017 0.76 0.08 0.57 0.88

Bayesian Integrated Population Demographic Model

The main objective of the Bayesian IPM was to provide refined estimates of demographic
parameters using all of the field data sources available. For the Bluenose-East model, temporal
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variation in main parameters (cow/yearling survival, calf survival) was modeled as random
effects. Sparse data prevented modeling fecundity and bull survival as a random effect and
therefore these parameters were held constant. A technical description of the model including
tests of model parameters and the associated R code is given in Appendix 3.

The IPM fit most field measurements adequately (Figure 32). The main exceptions were a slight
overestimate of cows and cows+bulls (compared to extrapolated estimates) in 2018. Also, since
fecundity was fixed (estimated at 0.69, CI=0.64-0.75), the model did not capture variation in
proportion of breeding females, however model predictions did intersect the confidence limits of
field estimates in all cases. Confidence in model predictions tended to be highest for the years in
which there were field estimates.

:
\
60000 e O OO N

Breeding Cows

JUDEJ[)J -

20000 025

Breeding Proportion (%)
@
8

04 0.00
2010 2012 2014 2018 2018 2008 2010 2012 2014 2016 2018
Year Year

@
& o
2. 2

50.0%
40.0%
30.0%

Cow Survival (%)

Spring Calf-Cow Ratio (%)

2010 2012 2014 2016 2018 2008 2010 2012 2014 2016 2018
Year Year

Fall Calf-Cow Ratio (%)
Fall Bull Cow Ratio

2008 2010 2012 2014 2016 2018 2008 2010 2012 2014 2016 2018
Year Year

120,000 4 iy

80,0004

Cows
Bulls+Cows

40,000+

2010 2012 2014 2016 2018 2008 2010 2012 2014 2016 2018
Year Year

Figure 32: Predictions of demographic indicators from Bayesian IPM analysis compared to
observed values, for Bluenose-East herd 2010-2018. The solid blue lines represent model
predictions and confidence limits are shown as hashed blue lines. The red points are field
estimates with associated confidence limits. Spring calf:cow ratios are flown in March or April and
are also called late-winter surveys.
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We modeled summer (June - late October) and winter (October - June) calf survival with the
transition being the fall rut when fall composition surveys occur (Figure 33). This
parameterization takes advantage of years where fall and spring calf cow surveys occur therefore
allowing assessment of change in proportion calves between calving ground, fall surveys, and late
winter surveys and subsequent estimation of calf survival for each period. As found in previous
studies (Gunn et al. 2005a), summer survival is lower than winter survival (when calves are
larger). We note that the survival rates in the graphs below are expressed on the annual scale for
comparison purposes. The actual rates will be different (slightly higher) given that summer or
winter is shorter in time than a year.
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Figure 33: Trends in summer and winter and overall calf survival for the Bluenose-East herd
2010-2018 from the IPM analysis.

Overall calf productivity, which is basically the proportion of adult females that produce a calf that
survives the first year of life, can be derived as the product of fecundity (from the previous caribou
year) and calf survival (from the current year) (Figure 34). Calf productivity estimates suggest a
negative trend in productivity 2008-2018 which was influenced by decreasing calf survival. An
additional model run was conducted to test for a negative trend in calf survival which was found
to be significant (p=0.02). Calf productivity is predicted to be lower in the caribou year of 2018
(June 2018 - June 2019) than 2017 due to a low calf-cow ratio in the fall 2018 survey (Figure 32).
Future analyses will explore calf survival trends as well as linkages in calf survival and other
demographic parameters with environmental covariates.

Spring calf-cow ratios, which are recorded in March or April, are overlaid in the productivity graph
(Figure 34) and similarly suggest an overall negative trend 2008-2018. Note that the spring calf-
cow ratio is influenced by cow survival, calf survival as well as fecundity and therefore will not
directly correspond directly to productivity. It will be greater than actual productivity because
lower cow survival rates, which influence the count of cows in the spring, will inflate calf-cow
ratios. The model predictions of spring calf-cow ratios, which account for cow survival, are shown
in Figure 32.
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Figure 34: Trends in fecundity, calf survival and productivity (which is the product of the
previous year’s fecundity times the current year calf survival) for Bluenose-East herd 2010-2018.
Spring calf cow ratios, which are lagged by one year (so that they correspond to the
productivity/caribou year prediction of the model), are shown for reference purposes.

One of the most important determinants of herd trend is adult cow survival since this directly
influences the overall productivity of the herd. Collar-based point estimates, and modeled annual
and three year average values for cow survival are shown in Figure 35. A grey box indicates the
range of cow survival needed for the herd population size to stabilize (as assessed using a stage-
based matrix model described in Appendix 4) across the range of observed levels of productivity
(Figure 34). The lower level is a cow survival of 0.84 which is the minimum level needed for herd
recovery at a higher productivity level of 0.46, which is like that observed in 2009. The upper level
is a cow survival of 0.92 which is the level required for stability if productivity remains low at the
0.19 observed in 2018. If productivity is at levels observed from 2015-2018 (0.30) then cow
survival would need to be 0.88 for stability. The lower hashed line is 0.71 which was the mean
level (for 2010-2015) estimated in the previous demographic analysis conducted after the 2015
calving ground survey (Boulanger et al. 2016).

Estimates of cow survival suggest an increasing trend in cow survival from 2015 to 2018 with a
three-year average survival of 0.79 (CI=0.71-0.84) for the 2015-2018 period. However, this
estimate should be interpreted cautiously since both the collar-based and IPM estimates suggest a
decreasing trend in cow survival from 2015-2018. The IPM estimate of cow survival for the
caribou year of 2017 (which spans from June 2017 - June 2018) is 0.716 (0.60-0.83). We suggest
this average value for cow survival be used for prospective harvest modeling purposes. All
estimates of survival include harvest mortality. Harvest pressure was low from 2015 to 2018 and
targeted bulls, as detailed in the next section, and therefore it is likely that that harvest had
minimal effect on survival rates from 2015 to 2018.
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Figure 35: Trends in Bluenose-East cow survival 2010-2018 from IPM analysis. The solid blue
lines represent model predictions and confidence limits are the hashed blue lines. The right graph
represents a three-year moving average. The red points are field estimates from collars with
associated Confidence Limit. The dashed horizontal lines indicate previous estimates of mean cow
survival in 2015 (0.71). The shaded region represents the range of cow survival levels needed for
population stability across lowest observed levels of productivity (19 percent) to higher levels of
productivity (46 percent) as shown in Figure 34.

Bull survival was estimated at 0.52 (CI=0.48-0.57) from 2010 to 2018 which was lower than the
estimate in 2015 (0.58; CI=0.55-0.60). This was presumably due to the slight decrease in bull cow
ratios in fall surveys (Table 21) as well as changes in productivity. The demographic model
basically estimates bull survival as the level needed to produce the observed bull-cow ratios based
on levels of recruitment to the adult bull class and estimated cow survival. One potential
enhancement to the model that will be considered is direct estimates of bull survival from collared
bulls to further verify bull survival estimates.

Population rates of change (A) for cows suggests a rate of 0.80 (as also indicated by regression
analysis of calving ground survey estimates) up to 2015 followed by a slight increase in A from
2015-2018 up to 0.90 (CI=0.85-0.94) (Figure 36). However, point estimates of A decrease from
2015-2018 so that the A estimate for 2018 is 0.85 (CI=0.71-0.99). We suggest the point estimate
for 2018 be considered given the decreasing trend in A from 2015-2018.
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Figure 36: Overall trends in Bluenose-East adult female trend (A) 2010-2018 from the IPM
analysis. A value of 1.0 indicates stability.

Overall, the demographic model suggests that cow survival rates, which are one of the main
determinants of overall herd trend, are still at lower values than needed for herd recovery (Figure
35). Low cow survival levels and an apparent negative trend in calf survival (Figure 33) both
contributed to the overall decline in herd size. Overall trend estimates (three year A) suggest a
slightly less negative trend in adult cow numbers (0.90), however, there is an overall negative
trend in cow survival and A and therefore this result should be interpreted cautiously.

Sensitivity analyses were conducted to the effect of directional calf survival trends (by including a
calf survival trend in the model) and the 2011 cow survival data point which may have been
influenced by lower collar coverage (Figure 30), by running the model without this data point. In
both cases, estimates were minimally affected. Of most interest was the 2018 cow survival
estimate which was 0.72 (CI=0.62-0.83) if the 2011 cow survival data point was removed and 0.70
(CI=0.60-0.82) if a declining calf survival trend is assumed. This contrasts with the estimate of
0.72 (0.60-0.83) from the main model used in the analysis. More details are provided on this
analysis including a plot of all model predictions from alternative models in Appendix 4.

Future analyses will further refine demographic predictions using environmental covariates to
model temporal trends in parameters. Preliminary analysis of a limited environmental covariate
data set (2008-2016) using remote sensing covariates (Russell et al. 2013) suggest negative
correlations between IPM estimates of cow survival (Figure 35) and June temperature (Pearson
p=-0.829,CI=0.96 to -0.37,t=-3.95,df=7,p=0.005) as well as negative correlation between estimated
calf survival (Figure 33) and Oesterid (warble and bot fly) indices for the summer after calving
(Pearson p =-0.831,CI=-0.96 to 0.37,df=7,p=0.0056). Once the full temporal data set is available
(up to 2018) these covariates will be used to further refine estimates and explore mechanisms
causing temporal variation in demographic parameters. Analyses that further explore seasonal
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survival estimates with the effect of hunting mortality (on earlier data points) will also be
considered at this time.

Hunter Harvest of Bluenose-East Caribou 2016-2018

In 2016, three co-management boards - the Wek’eezhii and Sahtd Renewable Resource Boards
(WRRB and SRRB) in the NWT and the NU Wildlife Management Board (NWMB) in NU - held
formal hearings on management of the Bluenose-East caribou herd. The WRRB determined a total
allowable harvest (TAH) for Wek’eezhii of 750 bulls and recommended that this be the harvest
limit herd-wide, recognizing that the board has no jurisdiction outside Wek’eezhii. The SRRB
endorsed a community-based caribou management plan from Déljne (Belare Wile Gots’c Aekwg ,
the Déline caribou plan), which included a harvest limit of 150 caribou and 80 percent bulls. The
NWMB endorsed a similar plan from the Kugluktuk Hunters and Trappers Organization for the
Bluenose-East herd, called an Integrated Community Caribou Management Plan or ICCMP (the
Kugluktuk caribou plan); this included a harvest limit of 340 caribou (no gender specified). Since
that time, actual estimated/reported harvest of Bluenose-East caribou has been below the limits in
the three plans (Table 26). Overall totals were 373 caribou in 2016-2017 and 323 caribou in 2017-
2018, with a substantial number of these being bulls; however, the harvest recorded for Kugluktuk
is the largest part of the harvest for these two years and gender of harvested caribou was not
specified. In 2017-2018, particularly, the herd was relatively inaccessible to hunters for a large
part of the year. This harvest was less than 1 percent of the herd’s estimated size in 2015 (38,592).
These harvest numbers suggest that harvest contributed relatively little to the herd’s most recent
decline, in contrast to the situation prior to 2015 (Boulanger et al. 2016).

Table 26: Reported/estimated harvest of Bluenose-East caribou in harvest seasons 2016-2017
and 2017-2018.

Harvest North Slave Déline, Kugluktuk, Total Notes
Season Region NWT NWT NU
(including

Wek’eezhii)
2016- 15 bulls 93 bulls, 33 232 373 Most N. Slave hunters
2017 COWS caribou caribou harvested Beverly caribou in

east
Source ENR wildlife Déline RRC  GN wildlife
officers staff

2017- 142 bulls 7 caribou 174 323caribou Most N. Slave hunters
2018 caribou harvested Beverly caribou in

east; Déljine harvest possibly
boreal caribou
Source Thcho Déline RRC  GN wildlife
Government staff

59



Hunter Harvest Modeling of Bluenose-East Caribou 2018-2021

To assist in preparation of a joint management proposal for Bluenose-East caribou (Thcho
Government (TG) and ENR) that was submitted to the WRRB in Jan. 2019, a limited set of harvest
modeling runs was carried out to assess how harvest might affect the herd’s likely numbers in
2021, three years after the 2018 survey. The full results are included in Appendix 4 of this report.
We include a selection of results here as they build on the Bayesian modeling described in
preceding pages.

The methodology used for simulations followed the original generic harvest model approach
(Boulanger and Adamczewski 2016). In review, the harvest model assumes that harvest mortality
is additive to natural mortality each year. It assumes that harvest occurs in the new year (January)
for both bulls and cows with mortality of cows not affecting calf survival in the year the cow is
shot (it basically assumes that the calf has weaned at that point).

We note that the main objective of simulations was to provide an assessment of relative risk of
accelerated decline of the herd at various harvest levels as opposed to firm predictions of herd
status in 2021. It is challenging to assess future demographic rates and therefore we suggest that
the results of simulations be used with ongoing demographic monitoring to assess herd status and
response to harvest.

The following simulations were considered. Simulations with estimated cow survival levels in
2018 (minimal harvest, female survival (Sf)=0.716: CI=0.6-0.83) were considered across a range of
calf productivity levels. This estimate of cow survival assumes low harvest pressure from 2017-
2018 so that the difference in natural and harvest-influenced survival is minimal. This assumption
is reasonable since harvest levels were relatively low (2015-2016, 800 caribou, 2016-2017 300
caribou, 2017-2018 =200 caribou) in the 2015-2018 interval.

Variation in productivity was simulated by varying calf survival while keeping fecundity constant.
This scenario most closely follows the results of the IPM analysis where fecundity was held
constant with yearly variation in calf survival estimated using a random effects model (Figures 33
and 34). The values of calf survival and productivity simulated followed the range of values
estimated from the 2008-2018 data sets. We based the average productivity scenario on the last
three years given that this level of productivity will have the higher influence on future herd size
of the Bluenose-East herd. We note that the assumption of constant fecundity in the IPM analysis
was due partially to data constraints (n=4 breeding proportion measurements) rather than lack of
biological variation in pregnancy rates.

Estimates of demographic parameters in 2018 were relatively similar to those from 2015. The
estimate of cow survival in 2018 of 0.716 was similar to that estimated from the 2015 analysis of
0.708. The mean cow survival rate 2015-2018 was 0.76; however the overall trend suggested a
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declining recent trend in cow survival 2015-2018 and therefore the 2018 estimate was used for
simulations. The average level of calf productivity (0.30) from 2015-2018 was slightly higher than
the previous average calf productivity of 0.26 (from 2013-2015). The lower calf productivity
scenario (0.187) was based on the 2018 estimate of calf productivity. Bull survival in 2018 was
estimated at 0.52, which was lower than the estimate of 0.59 in 2015. Simulations were also run at
the 2015 bull survival level of 0.59 to assess the sensitivity of estimates of bull cow ratio to this
change in bull survival, as detailed in Appendix 4.

Table 27: Demographic scenarios considered in harvest simulations for the Bluenose-East caribou
herd in 2018. Sf = cow survival rate; S¢ = calf survival rate; S, = bull survival rate; Sy = yearling
survival rate; Fa*Sc = calf productivity as the product of pregnancy and calf survival rates. Results
of all simulations are detailed in Appendix 4.

Productivity Survival Pregnancy A Stable Age Distribution
Scenario Rate (Cows Proportions at 2018

Fa*Sc Cow (S) Calf(Sc) Bull(Sm) Yearling (Sy) Fa Only) Calves Yearlings Cows
High 0.455 0.716 0.655 0.523 0.716 0.694 0.870 0.190 0.143 0.666
productivity
(95t
percentile)
Average 0.301 0.716 0.433 0.523 0.716 0.694 0.828 0.206 0.108 0.686
productivity
(2015-2018)
Low 0.187 0.716 0.270 0.523 0.716 0.694 0.793 0.221 0.075 0.704
productivity
(2018)

As an initial cross check, demographic parameters for the female segment of the population were
analyzed using a stage-based matrix model to determine stable age distributions as well as
estimate the resulting lambda from the matrix model. The average productivity scenario resulted
in a rate of decline (deterministic A=0.83 from a stage-based matrix model of the female segment
of the population) which is slightly higher than that observed by comparison of the 2015 and 2018
adult female calving ground survey estimates (A=0.80). Estimates of trend from the demographic
model were slightly higher than the observed difference between calving ground survey estimates,
which accounts for this difference. The low productivity (2018) scenario resulted in a A of 0.79
which is closer to the observed difference in adult female survey estimates.

The herd size estimate for 2018 (19,294) was used as the starting point for simulations with bull
and cow numbers based on the fall bull cow ratio of 2018 (0.38). A stable age distribution was
assumed. Harvest levels of 0-950 were considered with an additional harvest level of 2,000 to
demonstrate the effects of a large-scale harvest. Simulations were kept to a short interval of three
years (2018-2021) as the herd’s demography has changed dynamically since 2010. In addition,
population surveys have been carried out on a three-year interval in recent years.
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Figure 37: Projected herd size of the Bluenose-East herd in 2021 with various levels of harvest
and harvest sex ratio of 100 percent bulls and 100 percent cows. Key assumptions: cow survival
rate of 0.716 and average calf productivity of 0.301 (Table 27). Further simulations conducted
across the range of observed productivity levels are given in Appendix 4.

Figure 37 shows projected herd size in 2021 (y-axis) across a range of harvest levels from 0-2,000
caribou/year (x-axis) and with harvest either 100 percent cows or 100 percent bulls in the
harvest. Projections suggest that the herd would almost be halved again in 2021 to about 11,000
caribou with moderate productivity and 0 harvest, if recent demographic indicators stay the same.
At low harvest levels of 100-300, incremental effects of harvest on herd size are limited because
the scale of the harvest is small in relation to herd size (100 is 0.5 percent of the herd of 19,300
and 300 is 1.6 percent of this herd size). As the harvest level increases, the effect on herd size in
2021 increases. At the highest harvest level of 2,000 caribou/year and 100 percent cows,
projected herd size in 2021 approaches 6,000-8000 caribou or 30-40 percent the size of the 2018
estimate. The effects of a cow-focused harvest vs. a bull-focused harvest are most pronounced at
higher harvest levels and they increase with time.

A more detailed description of the model and predictions is given in Appendix 4. This includes
simulations across a full range of observed levels of productivity.
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DISCUSSION

Results from the Bluenose-East 2018 calving photo survey documented a significant decline in
adult and breeding females and an overall decline in the herd since the 2015 calving ground
survey, and a continuing decline since 2010 at an annual rate of decline of about 20 percent. We
suggest that this decline is not attributed to poor survey methods or sampling. The caribou
counted on the visual blocks may have under-estimated caribou in those blocks somewhat due to
the patchy snow conditions and relatively low sightability, but 90 percent of the caribou estimated
on the survey area were from the two photo blocks, where extra time spent searching photos and
the double observer check suggested that a very high proportion of the caribou were found. An
analysis of the herd’s demography using multiple data sources suggests that low calf productivity
in 2018 (Figure 34) as indicated by declining calf survival rates and pregnancy rates, combined
with low adult female survival rates (Figure 35) both contributed to the continuing decline of the
Bluenose-East herd. Harvest as estimated/reported for 2016-2017 and 2017-2018 was relatively
small and likely contributed little to the most recent decline. Based on available data, the
switching of collared female caribou between the Bluenose-East and neighbouring calving
grounds was very low (Figure 29) and therefore changes in abundance are not attributable to
movement to other calving grounds.

The decline in breeding females, coupled with the low estimated survival rates and low recent
calf:cow ratios is cause for serious concern. In general, barren-ground caribou herds have a high
probability of declining, if cow survival rates are below 80-85 percent (Créte et al. 1996,
Boulanger et al. 2011); results of the [PM analysis in this study suggest that survival levels of 0.84-
0.92 are needed (Figure 35) for stability given the range of productivity levels observed for the
Bluenose-East herd (Figure 34). Low natural survival rates may reflect significant predation by
wolves and bears (Haskell and Ballard 2007). Cyclical patterns in abundance of migratory caribou
herds may also reflect the influence of large-scale weather patterns on vegetation and range
conditions (Joly et al. 2011); declines of multiple NWT caribou herds from 2,000 to 2006-2008 in
part reflected late calving and sustained low calf recruitment (Adamczewski et al. 2009,
Adamczewski et al. 2015). A recent study (Boulanger and Adamczewski 2017) suggested that high
summer drought and warble fly indices on the Bathurst and BNE ranges may in part have
contributed to low pregnancy rates in some years; for example, very high drought and warble fly
indices for both herds in 2014 were followed by low percentages of breeding females in both
herds in June 2015. These results are further supported by the Bayesian analysis that found
correlations between warble fly indices and calf survival, and June temperature and cow survival
based upon estimates between 2008 and 2016.

63



Monitoring Recommendations

As a result of the significant declines in the Bluenose-East and Bathurst herds documented by
2018 calving photo surveys, the TG and GNWT ENR submitted joint management proposals for
each herd to the WRRB in January 2019. While the WRRB has yet to determine what management
actions and monitoring it will recommend, we include here the revised and increased monitoring
and research included in the two proposals.

1.

Calving photo surveys every two years, an increase in survey frequency from the three-
year interval that has been used since about 2006. Population estimates from these surveys
are key benchmarks for management decisions.

Annual composition surveys in June, October and late winter (March/April) to monitor
initial calf productivity, survival through the first four to five months, and survival to nine
to ten months in late winter. Results in 2018 suggested that initial fecundity was high for
the BNE herd (83 percent breeding females) but by late October the calf:cow ratio had
dropped to 25 calves:100 cows, far below recruitment and productivity needed for a stable
population. Annual fall surveys will also allow close monitoring of the bull:cow ratio that
has been decreasing in this herd.

An increase in numbers of collars on the BNE herd (and the Bathurst herd) from 50 (30
cows, 20 bulls) to 70 (50 cows, 20 bulls). This will improve estimation of annual cow
survival rates and improve monitoring of herd distribution and harvest management, along
with many other uses for collar information. Assessment of collar fate is essential to obtain
unbiased survival estimates.

Suspension of reconnaissance surveys on the calving grounds. Although reconnaissance
surveys on the calving grounds in years between photo surveys generally tracked
abundance of cows on the calving grounds, the variance on these surveys has been high. In
particular, results of the June 2017 reconnaissance survey on the BNE calving ground
suggested that the herd’s decline had ended and the herd had increased substantially, while
the 2018 photo survey showed that in reality the herd’s steep decline had continued.
Increased support for studies of predator abundance and predation rates, as well as studies
of factors affecting range condition, caribou productivity and health.

Increased support for on-the-land traditional monitoring programs like the Thchg Boots-
on-the-Ground program (Thchg Research and Training Institute 2017) that provide
insights into caribou health and the influence of weather and other factors on caribou.
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Appendix 1: Double observer visual model observer pairings

Double observer pairings with associated summary statistics.

Observer Information Frequencies Probabilities
2 E Notes § E E %n %

& 2 & g

-g a
1 1 did not switch 5 6 14 25 0.80 0.96
2 2 6 3 16 25 0.76  0.94
3 2 0 0 1 1 1.00 1.00
4 3 1 4 11 16 0.94 1.00
5 3 6 10 16 32 0.81 0.96
6 4 did not switch 11 8 17 36 0.69 091
7 5 did not switch 14 17 48 79 0.82 0.97
8 6 18 19 46 83 0.78  0.95
9 6 17 20 38 75 0.77 095
10 7 16 4 23 43 0.63 0.86
11 7 6 8 19 0.74 093
12 8 0 2 3 5 1.00 1.00
13 8 20 3 20 43 0.53 0.78
14 9 5 1 7 13 0.62 0.85
15 9 20 18 42 80 0.75 0.94
16 9 pooled with 9 1 0 0 1 0.00 0.00
17 10 14 3 16 33 0.58 0.82
18 10 1 3 0 4 0.75 0.94
19 11 did not switch 10 9 41 60 0.83 0.97
20 12 0 1 1 1.00 1.00
21 12 pooled with 12 0 0 3 3 1.00 1.00
22 12 1 20 30 0.70 091




Appendix 2: Bluenose-East Collared Female Collar Histories

The following charts detail the histories of collared caribou in the Bluenose-East herd including

monthly locations (black dots), presence on calving grounds (as indicated by mean location on
June 15), and fate. Fates include alive releases (collar released when caribou was alive and

therefore the record was censored at the last location), known dead (stationary collar was directly

determined to be a mortality due to harvest or other factors) and stationary dead (collar became
stationary before its end date and a mortality was inferred).
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Appendix 3: Bayesian IPM Details

This appendix details the development of the Bayesian IPM analysis. The primary IPM R coding
was developed by Joe Thorley (Poisson Consulting, poissonconsulting.ca) in collaboration with
John Boulanger (Thorley and Boulanger 2019). The underlying demographic model used was
similar to the OLS model used in previous analyses (Boulanger et al 2011). The primary
development was to evolve model fitting to a more robust Bayesian IPM state space approach. The
objective of this appendix is to provide a brief description of the model used in the analysis rather
than a complete description of the Bayesian model approach. Readers interested in the Bayesian
modeling approach should consult Kery and Schaub (2011) which is an excellent introduction to
Bayesian analysis.

Data Preparation

The estimates of key population statistics with SEs and lower and upper bounds were provided in
the form of a csv spreadsheet and prepared for analysis using R version 3.5.2 (R Core Team 2018).

Statistical Analysis

Model parameters were estimated using Bayesian methods. The Bayesian estimates were
produced using JAGS (Plummer 2015). For additional information on Bayesian estimation the
reader is referred to McElreath (2016).

Unless indicated otherwise, the Bayesian analyses used normal and uniform prior distributions
that were vague in the sense that they did not constrain the posteriors (Kery and Schaub 2011, p.
36). The posterior distributions were estimated from 1,500 Markov Chain Monte Carlo (MCMC)
samples thinned from the second halves of three chains (Kery and Schaub 2011, pp. 38-40). Model
convergence was confirmed by ensuring that the split potential scale reduction factor R < 1.05
(Kery and Schaub 2011, p. 40) and the effective sample size (Brooks et al. 2011) ESS > 150 for
each of the monitored parameters (Kery and Schaub 2011, p. 61). In addition, trace plots of
Markov Chains and the posterior distributions were inspected to further check convergence and
symmetry of estimated parameter distributions.

The sensitivity of the estimates to the choice of priors was examined by multiplying the standard
deviations (sd) of the normal priors by ten and using the split R (after collapsing the chains) to
compare the posterior distributions (Thorley and Andrusak 2017). An unsplit R < 1.1 was taken
to indicate low sensitivity.
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The parameters are summarized in terms of the point estimate, sd, the z-score, lower and upper 95
percent confidence/credible limits (CLs) and the p-value (Kery and Schaub 2011, p 37 and 42).
The estimate is the median (50t percentile) of the MCMC samples, the z-score is mean/sd and the
95 percent CLs are the 2.5t and 97.5th percentiles. A p-value of 0.05 indicates that the lower or
upper 95 percent CL is 0.

The results are displayed graphically in the main body of the report with 95 percent
confidence/credible intervals (Cls, Bradford, Korman, and Higgins 2005). Data are indicated by
points (with lower and upper bounds indicated by vertical bars) and estimates are indicated by
solid lines (with CIs indicated by dotted lines).

The analyses were implemented using R version 3.5.2 (R Core Team 2018) and the mbr family of
packages.

Model Descriptions

The data were analyzed using state-space population models (Newman et al. 2014).

Population

The fecundity, breeding cow abundance, cow survival, fall bull cow, fall calf cow and spring calf
cow ratio data complete with SEs were analyzed using a stage-based state-space population model
similar to Boulanger et al. (2011). Key assumptions of the female stage-based state-space
population model include:

e Calving occurs on the 11t of June (with a year running from calving to calving).

e Cow survival from calving to the following year varies randomly by year.

e Cow and bull survival is constant throughout the year.

e (alf survival to the following year (when they become yearlings) varies by season and
randomly by year.

e Yearling survival to the following year is the same as cow survival.

e The sexratiois 1:1.

e The proportion of breeding cows is the fecundity the previous year.

e Female yearlings are indistinguishable from cows in the fall and spring surveys.

e The number of calves in the initial year is the number of cows in the initial year multiplied by
the product of the fecundity and cow survival in a typical year.

e The number of yearlings in the initial year is the product of the number of calves in the initial
year and the calf survival in a typical year.

e The data are normally distributed with sd equal to their SEs.
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Model Templates

The base R code used in the analysis is summarized below.

Population (R-code)

.model {
bSurvivalCow ~ dnorm(0, 2"-2)
bSurvivalBull ~ dnorm(0, 2#-2)
bFecundity ~ dnorm(0, 2”-2)
bSurvivalCalfSummerAnnual ~ dnorm(0, 2”-2)
bSurvivalCalfWinterAnnual ~ dnorm(0, 2"-2)

sSurvivalCowAnnual ~ dnorm(0, 1*-2) T(0,)
sSurvivalCalfAnnual ~ dnorm(0, 1*-2) T(0,)
for(i in 1:nAnnual){
bSurvivalCowAnnual[i] ~ dnorm(0, sSurvivalCowAnnual”-2)
bSurvivalCalfAnnual[i] ~ dnorm(0, sSurvivalCalfAnnual”-2)

logit(eSurvivalCow[i]) <- bSurvivalCow + bSurvivalCowAnnuall[i]
logit(eSurvivalBull[i]) <- bSurvivalBull
logit(eFecundity][i]) <- bFecundity
logit(eSurvivalCalfSummerAnnual[i]) <- bSurvivalCalfSummerAnnual + bSurvivalCalfAnnual[i]
logit(eSurvivalCalfWinterAnnual[i]) <- bSurvivalCalfWinterAnnual + bSurvivalCalfAnnuall[i]
}
bBreedingCows1 ~ dnorm(50000, 10000~-2) T(0,)
logit(eFecundity1) <- bFecundity
logit(eSurvivalCalfSummerAnnuall) <- bSurvivalCalfSummerAnnual
logit(eSurvivalCalfWinterAnnuall) <- bSurvivalCalfWinterAnnual

bCows|[1] <- bBreedingCows1 / eFecundity1

bBulls[1]<- bCows[1] * 1/2

bCalves[1] <- bBreedingCows1

bYearlings[1] <- bCalves[1] * eSurvivalCalfWinterAnnual1”(154/365) *
eSurvivalCalfWinterAnnual1”(211/365)

bSpringCalfCow|[1] <- bCalves[1] / (bCows[1] + bYearlings[1] / 2)

for(i in 2:nAnnual){
bCowsJi] <- (bCowsJi-1] + bYearlings[i-1] / 2) * eSurvivalCow[i-1]
bBulls[i] <- bBulls[i-1] * eSurvivalBull[i-1] + (bYearlings[i-1] / 2) * eSurvivalCow[i-1]
bCalves[i] <- bCows[i-1] * eSurvivalCow[i-1] * eFecundity[i-1]
bYearlings[i] <- bCalves][i-1] * eSurvivalCalfSummerAnnual[i-1]*(154/365) *
eSurvivalCalfWinterAnnual[i-1]*(211/365)
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for(i in 1:nAnnual) {
eFallCor([i] <- FallCalfCowDaysJi] / 365

eFallCows[i] <- (bCowsJi] + bYearlings]i] / 2) * eSurvivalCow[i]*eFallCorTi]
eFallBulls[i] <- (bYearlings[i] / 2) * eSurvivalCow[i]*eFallCor[i] + bBulls[i] * eSurvivalBull[i]*eFallCorTi]
eFallCalves]i] <- bCalves[i] * eSurvivalCalfSummerAnnual[i]*eFallCor([i]

bFallBullCow[i] <- eFallBulls[i] / eFallCows][i]
bFallCalfCow[i] <- eFallCalves][i] / eFallCowsJi]

for(i in 2:nAnnual) {
eSpringCowsJi] <- (bCowsJi-1] + bYearlings[i-1] / 2) * eSurvivalCow[i-1]”*(SpringCalfCowDaysJi] / 365)
eSpringCalves[i] <- bCalves][i-1] * eSurvivalCalfSummerAnnual[i-1]*(154/365) *
eSurvivalCalfWinterAnnual[i-1]*((SpringCalfCowDays[i] - 154) / 365)

bSpringCalfCow[i] <- eSpringCalves[i] / eSpringCows]i]
}

for(i in SurvivalAnnual) {
CowsSurvival[i] ~ dnorm(eSurvivalCow[i], CowSurvivalSE[i]*-2)

}

for(i in CowsAnnual) {
BreedingProportion[i] ~ dnorm(eFecundity[i], BreedingProportionSE[i]"-2)
eBreedingCowsJi] <- bCows[i] * eFecundity[i
BreedingCows[i] ~ dnorm(eBreedingCowsJi

}

—_—

, BreedingCowsSE[i]*-2)

for(i in FallBCAnnual) {
FallBullCow[i] ~ dnorm(bFallBullCow(i], FallBullCowSE[i]*-2)

}

for(i in FallAnnual) {
FallCalfCow[i] ~ dnorm(bFallCalfCow([i], FallCalfCowSE[i]*-2)

}

for(i in SpringAnnual) {
SpringCalfCow[i] ~ dnorm(bSpringCalfCow[i], SpringCalfCowSE[i]*-2)
}
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Parameter Estimates

The Bayesian model estimated principal parameters pertaining to the mean estimates of
fecundity, bull survival, calf survival and cow survival. In addition, temporal variation in calf
survival and cow survival were estimated as random effects (Table 1).

Table 1. Bayesian IPM state space model coefficients. Parameters are given on the logit scale
(which is then transformed to the probability scale using a logit transform). Parameter
significance is determined by overlap of confidence limits with 0. The parameters are summarized
in terms of the point estimate, sd, the z-score, lower and upper 95 percent confidence/credible
limits (CLs) and the p-value (Kery and Schaub 2011, p 37 and 42). The estimate is the median (50t
percentile) of the MCMC samples, the z-score is mean/sd and the 95 percent CLs are the 2.5t and
97.5t percentiles. A p-value of 0.05 indicates that the lower or upper 95 percent CL is 0.

Term Estimate sd zscore lower upper pvalue

Main effects

bFecundity 0.831 0.141 5.931 0.571 1.126 0.000
bSurvivalBull 0.092 0.095 0.955 -0.100 0.272 0.337
bSurvivalCalfSummerAnnual -0.683 0.354 -1.913 -1.380 0.041 0.062
bSurvivalCalfWinterAnnual 0.421 0.362 1.177 -0.275 1.162 0.228
bSurvivalCow 1.377 0.317 4.393 0.800 2.068 0.000
Random effects

sSurvivalCalfAnnual 0.887 0.250 3.704 0.557 1.526 0.000
sSurvivalCowAnnual 0.932 0.286 3.407 0.547 1.661 0.000

Model fit was judged using r-hat value which suggested adequate model convergence. In addition,
the distribution of parameter estimates was inspected to assess model convergence.
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Table 2. Model summary. N is the number of parameters, nchains is the number of Markov chains
used, nthin is the number of Markov chain samples that were thinned, ess is the effective sample
size, rhat is the rhat convergence metric and convergence is the score based on effective sample
size and number of parameters in the model.

n K nchains niters nthin ess rhat converged
12 8 3 3000 300 5328 1.00 TRUE

Unsplit R-hat values were used to assess if choice of prior distribution influenced the posterior
distribution of parameter estimates.

Table 3. Split R-hat values indicating sensitivity of posterior distributions to the choice of priors.

Term rhat
bBreedingCows1 1.005
bFecundity 1.001
bSurvivalBull 1.004

bSurvivalCalfSummerAnnual 1.000
bSurvivalCalfWinterAnnual 1.002

bSurvivalCow 1.019
sSurvivalCalfAnnual 1.030
sSurvivalCowAnnual 1.041

The Bayesian model generated yearly estimates of demographic parameters as well as field
measurements which were used in the fitting of the model. These estimates are detailed in Table
4. Most of the actual estimates are shown in Figures 32-36 of the main report.
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Table 4. Parameter descriptions for estimates generated by the model.

Parameter Description
Annual The year as a factor
bCows1 The number of cows in the initial year
bFecundity The proportion of cows breeding in a typical year
BreedingCowsJi] The data point for the number of breeding cows in the ith year
BreedingCowsSE[i] The SE for BreedingCows([i]

BreedingProportion[i]
BreedingProportionSE[i]
bSurvivalBull
bSurvivalCalfAnnual][i]

bSurvivalCalfSummerAnnual
bSurvivalCalfWinterAnnual
bSurvivalCow
bSurvivalCowAnnual[i]
CowsSurvival[i]
CowSurvivalSE[i]
FallBullCow[i]
FallBullCowSE][i]
FallCalfCow[i]
FallCalfCowSE][i]
SpringCalfCow[i]
SpringCalfCowSE[i]
sSurvivalCalfAnnual
sSurvivalCowAnnual

The data point for the proportion of cows breeding in the it year
The SE for BreedingProportionSE[i]

The log-odds bull survival in a typical year

The random effect of the ith Annual on bSurvivalCalfSummerAnnual and
bSurvivalCalfWinterAnnual

The log-odds summer calf survival if it extended for one year
The log-odds winter calf survival if it extended for one year

The log-odds cow (and yearling) survival in a typical year

The random effect of the ith Annual on bSurvivalCow

The data point for cow survival from the i-1th year to the ith year
The SE for CowSurvivalSE[i]

The data point for the bull cow ratio in the fall of the ith year

The SE for FallBullCow[i]

The data point for the calf cow ratio in the fall of the it year

The SE for FallCalfCowli]

The data point for the calf cow ratio in the spring of the ith year
The SE for SpringCalfCow[i]

The SD of bSurvivalCalfAnnual

The SD of bSurvivalCowAnnual

A sensitivity analysis was conducted to determine the effect of a declining calf survival trend and
the including of the 2011 caribou year survival estimate which was higher than other estimates
which may have been influenced by lack of collars for the winter months of 2011-2012 (Figure
30). In general, estimates were minimally affected by either of these alternative model runs
(Figure 1) demonstrating the robustness of random effect models to smaller scale underlying
trends in the model (calf survival) or individual historic data points (the 2011 survival rate

estimate).
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Figure 1: Comparison of model predictions of the main model used in report to a model with calf
survival trends and the main model run without the 2011 collared cow survival data point.
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Appendix 4: Updated Harvest Simulations for the Bluenose-East Herd

This appendix briefly summarizes harvest simulations for the Bluenose-East herd carried out in
winter 2018-2019 following the June 2018 calving photo survey for this herd. A previous version
was dated January 2, 2019. The present summary uses direct estimates from the demographic
model analyses described in the main body of this survey report, which were finalized after the
initial harvest simulations had been completed. Harvest modeling outcomes are very similar
between the January 2, 2019 summary and this version; there are slight changes in a few
parameters. We suggest that readers review the original harvest simulation report with a broad
range of modeling scenarios (Boulanger and Adamczewski 2016), the 2015 Bluenose-East calving
ground survey report (Boulanger et al. 2016), the original Bathurst herd demographic model
paper (Boulanger et al. 2011) and the section on demographic modeling of the current report, for
more details on the approach used in simulations.

The IPM analysis detailed in the main report was used to produce updated estimates of
demographic parameters based on the recent calving ground survey results, recent collar data and
other demographic indicators. In addition, harvest pressure was reduced between 2015 and 2018
from levels 2010-2014, thus it is likely that herd decline was less influenced by harvest during the
more recent interval. Updated parameter estimates were used in this updated harvest modeling.

The methodology used for simulations followed the original generic harvest model approach
(Boulanger and Adamczewski 2016). In review, the harvest model assumes that harvest mortality
is additive to natural mortality each year. It assumes that harvest occurs in the new year (January)
for both bulls and cows with mortality of cows not affecting calf survival in the year the cow is
shot (it basically assumes that the calf has weaned at that point).

We note that the main objective of simulations is to provide an assessment of relative risk of
accelerated decline of the herd at various harvest levels as opposed to firm predictions of herd
status in 2021. It is challenging to assess future demographic rates and therefore we suggest that
the results of simulations be used with ongoing demographic monitoring to assess herd status and
response to harvest.

The following simulations were considered. Simulations with estimated cow survival levels in
2018 (minimal harvest, female survival (Sf=0.716: CI=0.6-0.83) were considered across a range of
calf productivity levels. This estimate of cow survival assumes low harvest pressure from 2017-
2018 so that the difference in natural and harvest-influenced survival is minimal. This assumption
is reasonable since harvest levels were relatively low (2015-2016, 800 caribou, 2016-2017 300
caribou, 2017-2018 200 caribou) in the 2015-2018 interval.
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Variation in productivity was simulated by varying calf survival while keeping fecundity constant.
This scenario most closely follows the results of the IPM analysis where fecundity was held
constant with yearly variation in calf survival estimated using a random effects model (Figures 33
and 34 in main report). The values of calf survival simulated, and levels of productivity simulated
follow the range of values estimated from the 2008-2018 data set. We based the average
productivity scenario on the last three years given that this level of productivity will have the
higher influence on future herd size of the Bluenose-East herd. We note that the assumption of
constant fecundity is based partially on restrictions of the data set (n=4 estimates of proportion
females breeding-Figure 32 in main report).

Estimates of demographic parameters in 2018 were relatively similar to those from 2015. The
estimate of cow survival in 2018 of 0.716 was similar to that estimated from the 2015 analysis of
0.708. The mean cow survival rate 2015-2018 was 0.76, however the overall trend suggested a
declining recent trend in cow survival 2015-2018 and therefore the 2018 estimate was used for
simulations. The average level of calf productivity (0.30) from 2015-2018 was slightly higher than
the previous average calf productivity of 0.26 (from 2013-2015). The lower calf productivity
scenario (0.187) was based on the 2018 estimate of calf productivity. Bull survival in 2018 was
estimated at 0.523, which was lower than the estimate of 0.58 in 2015. Simulations were also run
at the 2015 bull survival level of 0.58 to assess the sensitivity of estimates of bull cow ratio to this
change in bull survival.

Table 1: Demographic scenarios considered in harvest simulations for the Bluenose-East caribou
herd in 2018. Sf = cow survival rate; S¢ = calf survival rate; Si, = bull survival rate; Sy = yearling
survival rate; F,*S. = calf productivity as the product of pregnancy and calf survival rates.

Productivity Survival Pregnancy A (cows Stable Age Distribution
. Rate only) Proportions at 2018
Scenario . .
Fa*Sc Cow Calf Bull Yearling Fa Calves Yearlings Cows
(S¢) (Sc) (Sm) (Sy)

High productivity 0.455 0.716 0.655 0.523 0.716 0.694 0.870 0.190 0.143 0.666
(95 percentile)
Average 0.301 0.716 0.433 0.523 0.716 0.694 0.828 0.206 0.108 0.686
productivity
(2015-2018)
Low productivity 0.187 0.716 0.270 0.523 0.716 0.694 0.793 0.221 0.075 0.704
(2018)

As an initial cross check, demographic parameters for the female segment of the population were
analyzed using a stage-based matrix model to determine stable age distributions as well as
estimate the resulting A from the matrix model. The average productivity scenario resulted in a
rate of decline (deterministic A=0.83 from a stage-based matrix model of the female segment of the
population) which is slightly higher than that observed by comparison of the 2015 and 2018 adult
female calving ground survey estimates (A=0.80). Estimates of trend from the demographic model
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were slightly higher than the observed difference between calving ground survey estimates, which
accounts for this difference. The low productivity (2018) scenario resulted in a A of 0.79 which is
closer to the observed difference in adult female survey estimates.

The herd size estimate for 2018 (19,294) was used as the starting point for simulations with bull
and cow numbers based on the fall bull cow ratio of 2018 (0.38). A stable age distribution was
assumed. Harvest levels of 0-950 were considered with an additional harvest level of 2,000 to
demonstrate the effects of a large-scale harvest. Simulations were kept to a short interval of three
years (2018-2021) as the herd’s demography has changed dynamically since 2010; In addition,
population surveys have been carried out on a three-year interval in recent years. Results of the
simulations are shown graphically.

Figure 1 shows projected herd size in 2021 across a range of harvest levels (x-axis) and percent
bulls in the harvest. Projections suggest that the herd would almost be halved again in 2021 (top
dashed line) to about 10,000 caribou with moderate productivity and 0 harvest, if recent
demographic indicators stay the same. As the harvest level increases, the effect on herd size in
2021 increases. At the highest harvest level of 2,000 caribou/year, projected herd size in 2021
approaches 5,000 caribou or about one quarter the size of the 2018 estimate (the second dashed
line). A harvest of primarily bulls offsets the effect of harvest to an extent; however, productivity
needs to be higher to offset low cow survival rates regardless. The effects of a cow-focused harvest
vs. a bull-focused harvest are most evident at higher harvest levels and they increase with time.
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Figure 1: Projected Bluenose-East herd size in 2021, assuming a cow survival of 0.716 and three

levels of calf productivity, across a range of harvest levels and percent bulls in the harvest. See
Table 1 for the parameterization of each productivity level.

Figure 2 shows herd trajectories from 2018-2021 for each productivity scenario.
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Figure 2: Projected herd trajectories for the Bluenose-East herd 2018-2021 assuming cow
survival of 0.716 and three levels of calf productivity across a range of harvest levels and percent
bulls in the harvest. See Table 1 for the parameterization of each productivity level.

One important point to consider with bull-dominated harvest is the effect on the bull-cow ratio.
Figure 3 demonstrates the quick decline in bull-cow ratio at higher harvest levels when bulls are
primarily harvested. The red line in this graph is a bull-cow ratio of 0.23 which is considered a
preferred lower limit based roughly on other studies (Mysterud et al. 2002), although it is likely
that all females would be bred even if the sex ratio was reduced further (Mysterud et al. 2002). At
a harvest level of 300/year, the bull-cow ratio stays between the 2018 level and the lower limit
regardless of productivity. When harvest is 2,000 per year, the modeled bull population in essence
goes to 0 in 2020 with lower to moderate productivity. The bull cow ratio is inflated due to the
decrease in cow numbers if cows are primarily harvested at higher harvest levels; ratios depend
on the number in the denominator as well as the number in the numerator. In any case, it is
unlikely that harvest of the herd after 2018 will be anywhere near this scale of bull or cow harvest,
and increased monitoring proposed for the herd includes frequent (potentially annual) fall
composition surveys that will monitor the bull:cow ratio.
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Figure 3: Projected bull-cow ratios in the Bluenose-East herd 2018-2021 assuming cow survival
of 0.716 and bull survival of 0.523 and three levels of calf productivity, across a range of harvest
levels and percent bulls in the harvest. See Table 1 for the parameterization of each productivity
level.

Figure 4 shows predicted bull cow ratios in 2021 for the BNE herd; these are essentially the end-
points of the changing ratios shown in Figure 3. Unless calf productivity is high, a reduction in bull
cow ratio is projected due to the lower estimate of bull survival (0.523).
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Figure 4: Projected bull-cow ratios in the Bluenose-East herd in 2021 assuming cow survival of
0.716 and bull survival of 0.523 and three levels of calf productivity, across a range of harvest
levels and percent bulls in the harvest. See Table 1 for the parameterization of each productivity

level.

Simulations with the previous slightly higher bull survival estimate of 0.58 from 2015 were also
run to assess the sensitivity of harvest model predictions of bull cow ratio to bull survival, to
compare results of projections at a bull survival of 0.523. It can be seen that in these simulations
the projected bull cow ratios remain similar in 2021 to those observed in 2018 under the no

harvest scenario.
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Figure 5: Projected bull cow ratios in the Bluenose-East herd in 2021, assuming cow survival of
0.716 and three levels of calf productivity and a bull survival of 0.58 (value from 2015
demographic model analysis). See Table 1 for the parameterization of each productivity level.

Why Do Low Harvest Levels have Minimal Effect on Herd Trajectories?

One question that has come up is the seemingly minimal effect of lower harvest levels on
population trend. The main reason for this is that at these levels a relatively small proportion of
the herd is being harvested as demonstrated in Figure 6, and thus harvest accounts for only a
small proportion of the herd and mortality rates are predominantly natural. Once harvest level
becomes higher (950 or higher) the proportion of the herd harvested increases as the herd
declines. If the harvest remains at a constant number of caribou/year and the herd continues to
decline, then the incremental effect of the harvest harvest-caused mortality keeps increasing and
can lead to a downward acceleration. Then harvest adds substantially to the natural mortality
rates. This effect was shown for the Bathurst herd in 2006-2009 (Boulanger et al. 2011), when
harvest levels remained at 4,000-6,000/year as the herd declined rapidly. Although all harvest
adds to decline if a herd is declining naturally, small-scale harvest rates have small incremental
effects on a declining trend.
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Figure 6: Proportion of the Bluenose-East herd harvested through 2021 across a range of harvest
levels and proportion of the bulls in the harvest. See Table 1 for the parameterization of each
productivity level.

In Figure 6 it can be seen that the proportion of herd harvested increases at a greater rate when
the harvest is primarily cows. The reason for this is that harvest of cows reduces longer-term
productivity of the herd through the reduction of future calves each cow would produce. For this
reason, it is important to track proportion of cows (cow harvested/total cows) and proportion of
bulls harvested (bulls harvested/total bulls) each year rather than just total harvest. Figure 7
provides total herd estimates subdivided by bulls and cows to further illustrate this point. It can
be seen that at higher harvest levels (>750) a bull dominated harvest can adversely impact the
bull population especially if productivity is low. This impact is also demonstrated by a substantial
decrease in bull-cow ratios (Figures 3, 4) when bull harvest is higher.
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Figure 7: Proportion of bulls and cows harvested for each harvest and productivity scenario. This
figure basically summarizes proportion harvested in Figure 6 by bulls and cows. See Table 1 for
the parameterization of each productivity level.

Potential Future Analyses

These simulations illustrate the sensitivity of the bull cow ratio estimates to assumed bull survival.
Estimates of bull survival from the demographic model are based on bull-cow ratios from fall
surveys and are therefore indirect in nature. Collar-based estimates of bull survival could be used
to further verify the indirect estimates from the IPM analysis.

Simulations with demographic variation could also be used to generate estimates of herd size in
2021 with confidence limits.

Literature cited (see main survey report).
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Appendix 5: Trends in Calving Ground Size and Core Densities

This appendix provides additional information calving ground size, distribution of caribou on
calving ground, and core calving ground densities in the Bluenose-East and Bathurst herd calving
grounds based on reconnaissance survey and photo survey data. This appendix provides a
summary of data from previous surveys as opposed to full documentation of methods used to
define core calving areas. Readers should consult previous calving ground survey reports for the
Bluenose-East (Adamczewski et al. 2014, Boulanger et al. 2014b, Boulanger et al. 2016,
Adamczewski et al. 2017) for more details on each survey.

Methods

Trends in segment densities from reconnaissance surveys that occurred during photo surveys
were initially assessed to infer distribution and aggregation of higher densities of caribou.
Segments that were contained within core calving strata were included in the analysis. Data was
plotted spatially and by segment density class.

Estimates of density based on photo survey data and core calving ground size (based on the area
of survey strata) were used to estimate numbers of adult and breeding females. One potential
issue with this approach is that the degree of aggregation of adult and breeding females varies
among years, and therefore changes in the core area will be due to both changes in abundance,
aggregation, and survey coverage. To explore this issue, a scaled estimate of core calving ground
size based on the summation of the product of stratum areas and proportions of breeding and
adult females was also considered as an index of core calving area. For example, if a 100 km?
stratum had 20 percent breeding females, then its core area was estimated as 20 km?. Each survey
stratum area was estimated using this approach and summed for the survey year. Density
estimates using this approach will be more robust to strata layout and composition each year. For
example, this approach avoids the subjective inclusion or exclusion of survey strata areas for
estimation of core areas and uses all the survey strata to estimate core area. However, the actual
weighted density estimate will not directly pertain to a defined geographic area.

Results

Figure 1 displays reconnaissance segments that defined the core calving areas for the Bluenose-
East herd during years that calving ground surveys were conducted (2010, 2013, 2015 and 2018).
The distribution of higher density segments showed a trend toward shifting to the northwest over
these years. There was also a strong trend toward fewer high density segments (at least 10
caribou/km?) from 2010-2015, and none in 2018. The high density segments in 2010 to the south
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of Kugluktuk were partially influenced by higher densities of non-breeding cows, bulls and
yearlings in this area.
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Figure 1: Segment densities in core calving areas for the Bluenose-East caribou herd 2010-2018

from calving photo surveys. Low density = <1 caribou/km?, medium density = 1-9.9 caribou/km?,
and high density = at least 10 caribou/km?.

Figure 2 provides a histogram of segment densities from the same Bluenose-East calving ground
surveys, further demonstrating the shift to lower density segments.
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Figure 2: Segment densities in core calving areas for the Bluenose-East caribou herd 2010-2018.
Low density = <1caribou/km?, medium density = 1-9.9 caribou/km?, and high density = at least 10
caribou/km?.

A boxplot of the Bluenose-East segment data set shows that the median segment densities were
generally <5 caribou per km? with the majority of segments being in the medium density category
(Figure 3). In 2018 a substantial proportion of the segments were in the low density category of
<1 caribou/km?.
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Figure 3: Boxplot of segment densities for the Bluenose-East herd 2010-2018.

Figure 4 shows the total areas of core strata for each year and the weighted area for breeding
females and adult females. The weighted area n this case is simply the summation of the product
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of each stratum area times the proportion breeding females or adult females. Trends estimated
using this approach should be less sensitive to differences in survey strata layout and yearly
differences in aggregation of females.
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Figure 4: Estimated area of core survey strata, area weighted by proportion of breeding females,
and proportion adult females in survey strata for the Bluenose-East caribou herd 2010-2018.

Comparison of the 2010 and 2018 area estimates suggests an overall decrease in area of 46
percent, 48 percent and 70 percent for core strata area, adult female, and breeding female areas.
This translates to an annual decrease of 9 percent for core and adult female area and 4 percent for
breeding female area. It could be argued that the breeding female area, which will be most
affiliated with core densities, is most applicable to overall trends in core calving ground area.
Abundance of adult and breeding females decreased at an approximate rate of 20 percent per year
(Figure 5) from 2010-2018.
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Figure 5: Estimate of abundance of adult and breeding females on core calving areas from 2010-
2018 for the Bluenose East herd.
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Density was estimated using abundance estimates for adult and breeding females (Figure 5)
divided by the associated calving ground area (Figure 4). Comparison of 2010 and 2018 density
estimates suggests a gross change in densities of 36 percent and 49 percent for adult and breeding
females using strata area (Figure 6). Using weighted areas, the gross change is 34 percent and 32
percent for adult and breeding females. These rates of change translate to annual decreases that
range from 9 percent (breeding females using core area) and 13 percent (breeding females using
weighted area).
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Figure 6: Density (number/km?) of adult females and breeding females in survey strata using
total area (Strata area) and corresponding breeding female or adult female areas, for the
Bluenose-East caribou calving grounds 2010-2018. The symbol size is proportional to the calving
ground area used to estimate density.

Discussion

Defining the core calving area is challenging due to differences in levels of aggregation of caribou
during each survey year. The weighted method used to infer trends in core area attempts to
confront this issue by weighting the contribution of survey stratum to the overall estimate of core
area by the proportion of adult and breeding females estimated in the given strata. The resulting
area estimates are best used to infer trends rather than define an absolute area.

In general, the Bluenose-East herd has not aggregated substantially as the herd size has declined
as indicated by similar trends in calving ground area and density (Figure 6). Using breeding
females as an indicator, the breeding female weighted core area decreased annually by 4 percent
with densities decreasing by 9 percent. This general trend suggests that caribou are not
aggregating into smaller areas to maintain higher densities as observed with the Bathurst herd in
2012 (Boulanger et al. 2014c).
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Alternative methods such as use of collared caribou locations could be used to further infer core
areas. This type of analysis could be useful for the 2018 survey year when the core area was

mainly defined in a single small area. This type of analysis is beyond the scope of this report but
could be pursued in the future.

Literature cited (see main survey report).
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Kugluktuk Angoniatit Association e Anguniaktit imalu Nanirgiaktukpaktunik Katimayit
PO Titikikvia 309, Kugluktuk NU XOB OEO e Hivayaut: (867) 982-4908 Hivayaut Tuyuutinik
Titikgakhimayunik: (867) 982-5912 Titikvia Karitauyakgutinik: kugluktuk@krwb.ca

HIVULIUYUNIK TUNIYAKGAIKHIMAYUNIK TAHAPKUNUNGA NUNAVUT ANGUHIKIYIT
HAVAKATIGIKPAKTUNIK
KAKUNGUKGANGUT KATIMADJUTAUVAKTUNIK #004/2019
UBLUIKVIANI UVANI 4, 2019
MIKHARUT
TUKIHIGIAGUTINIK: XX TIKUAKTAUYUKHANIK:

Ahiak Kivatani Tuktu

Aah tutkikhakhimayunik havakhimayunik Tamatkiumayunik Angunnahuaktautaktunik
Angunnahuaknikmun ima 340 nik angunnahauktautaaktunik havakhikhimayunik uvani 2017
nirgitinik Ahiak Kivatani Tuktunik ammihuakyuinit tahapkunani nunalingni Kugluktuk.

Tahapkuat Kavamait talvani Nunatsiami Tunungani talvanituniklu Nunavut iniktikpakhimayunik
aah kufiutilanginik nallautakgutauvaktunik uvani 2018 havakhikhimayunik naunaitkutainit
pikaktunik 19,294 nik nirgitinik, aah ikiklivalliavaktunik uvani 2015 ihiviukhinikmun
naunaiyainikmun naunaitkutakhanik pihimayunik havagiyauvaktunik ammihuakyuuknianik
uvuna 38,592.

Havagiyauyunik upalungaiyaktauyunik mikharut katimadjutikhanik pilingnik Havakvit talvani
Nunalikiyit, tahapkuat Kugluktuk Angoniaktit imalu Nanirgiaktukpaktunik Katimayit
havagivakgainik aah ipiknakpaiktunik nunalingnik katimadjutauvaktunik uvani Nikilikiviani 28,
2019. Tahamangnikmiutanik Kugluktuk havakhimayut aah hivunkgiktukhanik mikharut 250 nik
nirgitinik havakhiklutik havakhimayunik malikgakhanik aah 1:1 atauhikaklugit
avaatingnukpaktunik unguhulluk/ungnulluk nallautakgutauvaktunik hila malikhugu pinikmun
angunahuaknikmun. Kanukgilidjutivaktunik nunalingni tahapkunanilu Angoniaktit
Nanirgiaktukpaktunik Katimayit (HTO) pihimayunik ilihimaliktunik kauhimadjutauvaktunik
ikiklivalliavaliktunik tahapkunani Ahiak Kivatani tuktuttainik ammihuakyuiniklu,
angunnahuaknikmun pidjutauvaktuk huli nikikhakhiukpaktunik imalu amikhaakhiukpaktuniklu
kakhakhiukpaktunik.

Talvani Kugluktuk Angoniatit Katimayit pivakhimayunik katimakatigikattauvaktunik tahapkunani
Kavamat Nunavut uvani Hikutilikvia 2, 2019 piyukhanik ukautiggiyauyukhanik ublumimut
uvunalu hivunikgiyakhainiklu Tamatkiumayunik Angunnahuaktautaktunik Angunnahuaknikmun
tuktutainik Ahiak Kivatani ammihuakyutainik. Tahapkuat Kavamat Nunavut pilutik
havagiyaulutik uktutauyukhanik aah ikikliyumiklugit uvuna 340 nik nirgitinik tutkikhakhimayunik
kangiktaulimaitunik ima 107 nik pungniiknik angunnahuaktaulutik kihimi tahapkununga
pitkuihimayunik katimagamik tahapkualu NWMB uvani Ubluikvia 2019 katimadjutauyunik.
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107 nik pungniiknik angunnahuaktaulutik kihimi hila maliklugu angunnahuaknikmun nirgitnik,
takungnakhivaktunik kihimi ukiakhami nugyuukgaktinnagitlu. Ukallautigiyauvaktunik talvuna
Hikutilikviani uvani 2 katimadjutauvaktunik mikharut angunnahuaknikmun tamangnik angnulluk
imalu unguhulluk pidjutautaktunik pilugit angunnahuaktautaktunik, taimainakmut inungni
ihaagiangnakmut nikitianik nikigivaktainik tamakpangangnut ukiumi; pidjutivakgainiklu
havagivakgait huli amiit mikharut anurakhanik imalu kakhaniklu.

Tahapkuat HTO nipliutigihimayainik ihumalutigiyauvaktunik kanukgitunik havakhikhimayunik
ikiikliyauhimayunik atuktauvaktunik Ahiakmiutanik Kivatani tuktutainik TAH pilakilutik
alauyuniklu ammihuakyuinik tuktunik alauyunitlu nirgitinik talvani Kugluktuk nunainilu
(ilidjuhinitlu: Taryumi Kikiiktautainiklu tuktutainik; tuktuuvak). Kanukgiliukpaktunik huli
alauyunik nirgitinik angunnahuaktauvaktunik Kanukgiliukgutauvaktuniklu nirgitinik
angunnahuaktaulluakuyauvaktunik pidjutiyukhanik naudjutiyukhanik ikayutauyukhanik
tuktutainik BNE tuktu, kanukgilidjutihimayunik TAH pivakhimayunik 340; aah
ikiikliyauhimayunik TAH pidjutitaktunik aaihikpaktilugit alauyunik nirgitiniklu.

Aah ammigaitunik tikuaktauvaktunik avaatingnukpaktunik nikikhakhiukpaktunik nirgitinik
nirgitit havagiyauvaktukhanik. Tadja nunalingni havakatauvaktunik mikharut amagoit niakuinik
katitiktauvaktunik manikhakhautigiplugit havagiyauvaktunik tadja tahapkunanga Havakvit
Nunalikiyit. Talvanganit tahapkunani havagiyauliktunik uvani ukiumi 2018/19, 101 nik amagonik
angunnahuaktauvaktunik. Tahapkununa kufiutilanginik kilaminuak ammigaikhimayunik
pidjutaugumik havakhikhimagumik $300/ihiviuktauyukhanik. Angunnahuakpaktunik
ukaalukhimayunik mikharut akikhautikhanik piyauyukhanik akittukyumiyauyukhanik,
tahapkuatlu pidjutivakniaktugulluit angunnahuakpaktukhauyugulluit
amagokhiukpakniakgulluaktutlu pidjutivakhimayut taimani 101 nik
angunnahuaktauvakhimayunik pidjutivaktukhanik angunnahuaktauvaktukhaniklu.

Atuktauvaktunik pitkuhiktukpaktunik huli ilihimadjutiplugit mikharut akhaait
ammigaiyumivaliktunik, pivaktunik ammigaitunik takuvaktunik akhaanik akhaakgiaktunik,
akhaakgiakpaiktunik imalu talimanik akhaakalikpaktuniklu, ilanginik aktikikyukilikpaktunik
maamainit.

Tahapkununa Ahiak Kivatani Tuktunik Munakgiyauyukhanik Havagiyauyukhanik
Pangnattauyunik pihimayunik ilihimayauvaktunik tuniyauvaktunik uvani Imakguktikviani 2019;
pihimayunik aah kiuyauvaktunik piyukhanik havakatigiktukhanik panaarinitlu havaktukhanik
nutanguktikgiyukhanik pangnattauyukhanik havakatigiktiaklutiklu. Talvanganit talvuna,
tahapkuat HTO pidjutivakhimayunik katimakatauvaktunik tahapkunani Kavamat Nunavut
ammigaiktukhutik havakatigikpaktunik imalu pivalialiktunik tutkikhaivaliavaliktunik kanuk
angiutauvaktunik.

Tahapkuat HTO havakhimakpaktunik huli havakatigivakgait tahapkuanik Havakvit Nunalikiyit
mikharut munakgiyauyukhanik havagiyauyukhanik imalu ihiviukhinikmun naunaiyainikmun
naunaitkutakhanik katitiktauvaktunik.



Ikiikliyauhimayunik havakhikhimayunik tahapkununa TAH taimailiukgumayunik 107 nik
pangniiknik kihimi pipkaihunguyuk pilaakilutinilu aah ayuuknakhihunguyuk ihuigutivalialutik
nauvalliavaktunik huli inugiangnianik nunalingni. Inuyunik ihaagiahutiggivakgaat
atuktaulluakpaktuk kihimi nikikgilluakpagaat nikitianik, pidjutitkiyumikpaktuk kihimi
inuhikgingnaktuk nirgiyaulluakpaktunik.
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Table 11: Summeary of composition survey results on Bathurst calving ground June 2018 in

photo and visual strata.

Stratum # Adultr females Yearlings
gEroups caribou
Total breeding mon-
breeding

Photo S0 1.517 1.154 383
Wisual East 38 46 20 26
Wisual West 52 135 72 63

Cows Bulls Calves  Groups

940 532 431 39
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ABSTRACT

This report describes the results of a calving ground photo survey of the Bathurst caribou
herd conducted in June of 2018 near Bathurst Inlet in Nunavut (NU). The main objectives
were to estimate the numbers of breeding females, adult females, and adults in the herd, to
compare with results of previous calving ground surveys of this herd, the last of them in

2015.

We flew a systematic reconnaissance survey with transects at ten km intervals over an area
defined primarily by locations of collared female caribou. Adjacent areas were also flown to
ensure that the distribution of females was fully defined. The results were used to assess
how far calving had progressed, allocate survey effort to geographic strata of similar caribou
density, and time the aerial photography to coincide with the peak of calving. Based on
average daily movement rates of collared females falling below a threshold of
5 km/day on June 8, and observed proportions of cows with calves from fixed-wing flying, it
appeared that the peak of calving would occur on or soon after June 8. The photo plane
survey was flown with excellent field conditions (blue skies) on June 8. We delineated one
photographic stratum where most of the cows were seen and which contained 12 of the 17
active cow collars, west of Bathurst Inlet. On June 8 and 9 we also conducted visual surveys
of two other strata with lower densities of female caribou and five collared cows, on either

side of Bathurst Inlet.

Snow cover was patchy in much of the survey area, which made caribou more difficult to see.
For the visual surveys, we used a double observer method to estimate and correct for
sightability of caribou. A double observer method was also used to estimate and correct for
sightability of caribou on the aerial photographs. In addition, extra time was taken by the
contract staff who counted the aerial photos to make sure that a very high percentage of

caribou were found.

The estimate of 1+ year old caribou on the core calving ground was 6,919 (95% confidence

interval (CI) =5,415-8,843) caribou. Combining these numbers with the results of the
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composition survey, the estimate of breeding females was 3,636 (CI=2,709-4,880). This
estimate was reasonably precise with a coefficient of variation (CV) of 13.9%. The estimate
of adult females in the survey area was 5,162 (CI=3,935-6,771). The proportion of adult
females classified as breeding was higher (70.4%) than in 2015 (60.9%). Herd size was
estimated as the number of adult females on the survey area divided by the proportion of
females in the herd from a 2017 fall composition survey, thus accounting for the bulls in the
herd. The resulting estimate of Bathurst herd size in 2018 was 8,207 caribou at least two

years old (CI=6,218-10,831), compared to 19,769 (CI=12,349-27,189) in 2015.

Reductions from 2015-2018 in estimates of breeding females were 55.0%, in adult females
61.0% and in overall herd size 58.5%. The reduction in herd size indicates an annual rate of
decline of 25.5% 2015-2018. This decline could not be attributed to issues with survey
methods. Demographic analysis indicates that adult female survival rates (estimated at 0.82
for 2017-2018 using a Bayesian demographic model) had improved from 2015 but
continued to be below levels associated with stable populations (0.84-0.90). Overall calf
productivity (the product of fecundity and calf survival) prior to 1997 averaged 0.46 while
the average for 2011-2018 was 0.25 and was well below levels associated with stable

populations. These low vital rates likely account for much of the decline 2015-2018.

Assessment of movement of collared females between the Bathurst and neighbouring
Bluenose-East and Beverly calving grounds 2010-2017 showed minimal movement of cows
to or from neighbouring herds. However, the Bathurst herd was heavily mixed throughout
winter 2017-2018 with the much larger Beverly herd that calves in the coastal lowlands
along the Queen Maud Gulf, and was outnumbered by that herd by a ratio of about 12:1 in
2018. Of 11 Bathurst collared cows that were known to have calved on the Bathurst calving
ground in June 2017, three moved in the spring of 2018 to the coastal calving ground along
the Queen Maud Gulf and did not return later in the year. This is a limited sample and should
be interpreted cautiously, but it suggests that a portion (27%) of the herd’s cows may have
emigrated and joined the Beverly herd while 73% remained on the main Bathurst calving
ground. In addition, the Bayesian demographic model was used to project the herd’s likely

size in 2018 based on its demographics, including or not including the 2018 survey results.
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This suggested that about 31% of the cows might have emigrated to the Queen Maud Gulf
coastal calving area and about 69% remained on the main Bathurst calving ground. The two
estimates suggest that roughly 70% of the Bathurst cows remained on the Bathurst calving
ground that the herd has used since 1996 in 2018, but this is based on limited data and model
projections, and should be interpreted with caution. In June 2019, three of 17 (17.6%)
collared cows that were on the Bathurst calving ground in June 2018 moved well east of
Bathurst Inlet with Beverly collared females, suggesting that some eastward emigration of

Bathurst cows had continued.

We suggest close monitoring of the herd in the next few years, including population surveys
every two years, annual monitoring of cow survival, calf productivity and calf survival for

this herd, and increased collar numbers for monitoring and management.
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INTRODUCTION

The Bathurst herd’s calving grounds have been found since 1996 west of Bathurst Inlet
(Figure 1). The herd’s summer range includes the calving ground as well as areas south of it.
The winter range is primarily in the Northwest Territories (NWT) and in some years has

extended as far south as Saskatchewan.

Bathurst
- | B0 calving Area |
Annual Range |

Py TATHERE o
B g "¢

Figure 3: Annual range and calving grounds for the Bathurst herd, 1996-2009, based on
accumulated radio collar locations of cows (Nagy et al. 2011). The calving area and a portion
of the summer range are in Nunavut (NU) and the rest of the range is mostly in the NWT. At
high numbers the herd has occasionally wintered as far south as Saskatchewan. The Gahcho
Kué, Ekati and Diavik mines were in active production in 2018 and the Jericho and Lupin
mine-sites were under care and maintenance with minimal maintenance staff.



In recent years (2009-2018) the herd’s range has contracted as the herd has declined to low
numbers, and the herd has wintered near tree-line or on the tundra since 2014. This herd
has long been a key country food and cultural resource for Indigenous cultures in the NWT
(e.g. Legat et al. 2014, Jacobsen et al. 2016), and the decline and associated harvest
restrictions (e.g. WRRB 2016) have resulted in hardships in several communities. In
addition, this herd was harvested by big-game outfitters and by NWT resident hunters until
2010 (Adamczewski et al. 2009, Boulanger et al. 2011).

This report describes results of a calving ground photo-survey of the Bathurst caribou herd
conducted during June of 2018. A survey of the Bluenose-East herd’s calving grounds west
of Kugluktuk (Figure 2) was carried out at the same time and the results are reported
separately (Boulanger et al. 2019). A survey of the Beverly calving grounds in the Queen
Maud Gulf area was also carried out by biologists with the Government of NU (GN) in June
2018 and those results will also be reported separately (Campbell et al. 2019). The Beverly
systematic survey transects began next to the Bathurst survey transects east of Bathurst
Inlet, and transects were also flown between the Bathurst and Bluenose-East calving
grounds, resulting in continuous coverage of the three calving grounds and areas between

them.
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Figure 2: Annual ranges and calving grounds of the Bluenose-East, Bathurst, and Beverly1
herds, based on accumulated radio collar locations of cows (Nagy et al. 2011). Other herd
ranges west and east of these three herds were omitted for simplicity.

Calving ground photo surveys of the Bathurst herd have been carried out since the 1980s
and the herd reached peak numbers estimated at 472,000 in 1986 (Figure 3). Surveys have
been carried out at 3-year intervals since 2003 when a substantial decline in the herd was
detected. The herd initially declined slowly in the 1990s and then at a more rapid pace after
2003. The most rapid decline was between 2006 and 2009 when the herd decreased from
over 100,000 to just 32,000 in three years. A demographic evaluation of the herd’s decline

until 2009, including the role of harvest in the accelerated decline 2006-2009, was carried

1 The Beverly herd described in this report is the herd defined by the GN as calving in the central and western Queen
Maud Gulf. This herd does not correspond exactly to the Beverly herd defined prior to 2009 with an inland calving
ground south of Garry Lakes (Adamczewski et al. 2015).



out by Boulanger et al. (2011). The last calving photo survey of the Bathurst herd in 2015
was described by Boulanger et al. (2017).
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Figure 3: Estimates of breeding females on the left (red) and extrapolated herd size on the
right (blue) from 1986-2015, based on calving ground photo surveys of the Bathurst caribou
herd. Estimates are shown with 95% Confidence Intervals.



METHODS

Basic Methodology
The calving ground photographic survey was conducted as a sequence of steps described

briefly below, then in greater detail in following text.

1.

2.

Locations of collared female caribou and prior surveys of this herd’s calving grounds
were used to define the main area for the survey. Outlying adjacent areas were also

flown.

A systematic reconnaissance survey was carried out before the peak of calving with
transects spaced at 10 km intervals. The same 10 km grid system used to locate
transects has been used since 2009. These allowed us to delineate areas where
breeding and non-breeding females, bulls and yearlings were found on or near the
calving ground. Timing of calving was assessed by evaluating the relative proportion
of cows with newborn calves seen during the reconnaissance survey, and from

reduced movement rates of collared cows associated with calving.

Using information on caribou density and composition derived from the
reconnaissance survey, we defined strata (or survey blocks) that would be surveyed
again at higher rates of coverage by photographic or visual transects. We allocated
aerial photography to one stratum with the highest densities of breeding cows and
the bulk of the collared cows. Two visual strata with lower densities of cows were

also defined and flown east and west of Bathurst Inlet.

We initiated the helicopter-based composition survey soon after the photographic
and visual surveys of the calving area. The composition survey crew classified larger
groups (i.e. more than about 30-50 caribou) on the ground and classified smaller
groups primarily from the air. Groups of caribou in each stratum were classified to
determine the proportions of breeding and non-breeding cows, as well as bulls and

yearlings.



5. We derived an estimate of breeding females using the estimates of total caribou at
least one year old within each stratum, and the proportion of breeding females within
that stratum. The total number of adult females was estimated from the proportion

of females and the estimate of caribou at least one year old in the survey area.

6. The adult female estimate was used to extrapolate the total size of the Bathurst herd
(caribou at least two years old) by accounting for males, using an estimate of the

bull:cow ratio from a fall composition survey flown in October 2017.

7. Demographic data for the herd, the new estimates and collar movement data were
used in trend analyses and population modeling to further evaluate population

changes from 2015-2018 and their likely causes.

Analysis of Collared Caribou Data
Twenty-four collared female caribou were initially considered during the Bathurst June

2018 survey. Two of these reported rarely or erratically and were not considered in survey
planning. A further two collars were well south of the survey area in June and not associated
with any calving ground, and were also not considered in survey planning. Of the remaining
20 collars, three moved in May-June to the Queen Maud Gulf coastal calving ground with
collared Beverly cows, and did not return. This left 17 active cow collars in the Bathurst Inlet
area in June 2018. Of these 17, 12 were found within the eventual high density photo block,
four in the eventual visual east block and one was just south of the eventual visual west block.
Movement rates of these collared caribou females were monitored daily to help identify the
timing of the peak of calving. Previous experience (e.g. Gunn et al. 2005, Boulanger et al.
2019) had shown that average daily movement rates of collared cows dropping below 5

km/day were a reliable indicator of the peak of calving.

Systematic Reconnaissance Survey to Delineate Strata
Kugluktuk was the main survey base of operations with two Cessna Caravans dedicated

mostly to the Bluenose-East survey and to support the Bathurst survey; a third Cessna
Caravan was based at the Ekati diamond mine (Figure 1). The Ekati Caravan flew most of the

Bathurst reconnaissance survey and the visual strata, because the Caravans in Kugluktuk



were grounded June 2-5 by poor weather. One of the two Caravans based at Kugluktuk flew

part of the Bathurst visual survey strata.

Based on a systematic 10 km grid, reconnaissance transects were spaced at 10 km intervals
to provide 8% coverage across the main calving area and in adjacent areas. Strip transects
were 800 m in width, and caribou were counted within a 400 m strip on each side of the
survey plane (Gunn and Russell 2008). For each side of the plane, strip width was defined by
the wheel of the airplane on the inside, and a single thin rope attached to the wing strut that
became horizontal during flight, served as the outside strip marker. Planes were flown at an
average survey speed of 160 km/hour at an average altitude of 120 m above the ground to

ensure that the strip width of the plane remained relatively constant.

Transects were spaced at 5 km intervals across the concentrated calving area to provide a
more fine-grained assessment of the distribution and density of caribou. The initial focus
was on delineating the annual concentrated calving area based primarily on the distribution
of collared caribou cows. Once the main calving area had been covered, additional survey
transects were flown adjacent to the concentrated calving area (north, west and south) to
make sure that no substantial numbers of female caribou were missed. Using the systematic

10 km grid, transects were extended at least one 10 km segment past the last caribou seen.

The GN Beverly caribou survey started on June 5 and coverage started east of Bathurst Inlet
and immediately adjacent to our systematic reconnaissance survey of the Bathurst calving
ground (Campbell et al. 2019). We communicated daily with the GN survey crew during the
Bathurst calving ground survey. We also flew survey transects west of the main Bathurst
survey area at 20 km spacing to extend coverage to the Bluenose-East systematic survey area

near Kugluktuk (Boulanger et al. 2019).

Two observers, one seated in front of the other, and a recorder were used on each side of the
airplane to minimize the chance of missing caribou. Previous research (Boulanger et al.
2010) demonstrated that two observers usually saw more caribou than a single observer. In
addition, analysis of the sighting patterns of observer pairs allowed for assessment of what

was likely missed (Boulanger et al. 2010). Double observer methods have been used on other



recent Bathurst calving ground photographic surveys (e.g. Boulanger et al. 2017). The two
observers on the same side communicated to ensure that groups of caribou were not double

counted.

On the reconnaissance survey, caribou groups were classified by whether they contained
breeding females. Breeding females were cows with hard antlers or cows with newborn
calves. A mature female with hard antlers is an indicator that the female has yet to give birth
or has just given birth, as cows usually shed their antlers within a week after birth (Whitten
1995). Caribou groups were classified as non-breeders based on the absence of breeding
females and newborn calves, and substantial representation of yearlings (identified by a
short face and a small body), bulls (identified by thick, dark antlers in velvet and a large
body), and non-antlered or females with short antlers in velvet. The speed of the fixed-wing
aircraft and observer experience did not allow all caribou to be classified. Thus, the focus
was on identifying breeding cows if they were present, and otherwise on the most common
types of caribou present. In most cases, each group was recorded individually, but in some
cases groups were combined if the numbers were larger and distribution was more

continuous. Data were recorded on Trimble YUMA 2 tablets (Figure 4).
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Figure 4: The tablet data entry screen used during reconnaissance and visual survey flying
on the Bathurst June 2018 survey. A GPS waypoint was recorded for each observation. The
unique segment unit number was also assigned by the software for each observation to
summarize caribou density and composition along transect lines.

As each data point was entered, a real-time GPS waypoint was generated, allowing geo-
referencing of the survey observations. Other large animals like moose, muskoxen and

carnivores were also recorded with a GPS location.

North-south oriented transects were divided into 10 km segments to summarize the density
and distribution of geo-referenced caribou counts. The density of each segment was
estimated by dividing the count of caribou by the survey area of the segment (0.8 km strip
width x 10 km = 8 km?). The segment was classified as a breeder segment if at least one
breeding female caribou or newborn calf was identified. Segments were then displayed
spatially and used to delineate strata within the annual concentrated calving area based on

the composition and density of the segments. During the survey, daily weather briefings



were provided by Dr. Max Dupilka (Beaumont, AB) to assess current and future survey

conditions.

Stratification and allocation of survey effort for photographic and visual estimates
The main objectives of the survey were to obtain precise and accurate estimates of breeding

and adult female caribou on the calving ground, and to estimate overall adult herd size. To
achieve this, the survey area was stratified using the results of the systematic reconnaissance
survey, which is a process of grouping areas with similar densities into discrete strata. The
stratum with the greatest caribou density was surveyed by the photo plane, with lower-

density areas designated for visual surveys using a double observer method.
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Figure 5: The northward paths of collared females (May 15 - June 11, 2018) from the
Bluenose-East (red), Bathurst (orange), and Beverly (violet) caribou herds to their 2018
calving grounds.

In this survey, one photo stratum was defined west of Bathurst Inlet where most of the cows
and most of the collared females (12 of 17) were observed. This was similar in size and

location to the photo stratum in the June 2015 calving ground survey (Boulanger et al. 2017).
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Five of the collared Bathurst female caribou showed an unusual movement in the spring that
included a northward movement east of Bathurst Inlet and then a westward shift towards
the Inlet and west of it at the beginning of June (Figure 5). As a result, a few Bathurst collared
cows were found east and west of Bathurst Inlet at the time of the survey. The
reconnaissance survey showed low numbers of caribou just west and east of Bathurst Inlet,
with a majority of the caribou east of the Inlet being bulls and yearlings. We defined two low-

density visual survey blocks, one east of Bathurst Inlet and one west of it.

Once the three survey strata were defined, an estimate of caribou numbers (animals at least
1+ year old) was derived from the reconnaissance data (Jolly 1969). The relative caribou
numbers (and estimated variances) in each stratum were used to allocate survey effort and

determine the numbers of transects to sample within each stratum.

Two approaches for allocation were considered for the aerial survey. First, optimal
allocation was used to assign more effort to strata with higher densities, given that the
amount of variation in counts is proportional to the relative density of caribou within the
stratum. Optimal allocation was estimated using estimates of population size and variance

for each stratum.

If strata were small, allocation was adjusted to ensure an adequate number of transect lines.
For example, empirical results of previous surveys suggested that there should be a
minimum of 10 transects per stratum to have good survey precision; in comparison, about
20 transects has been optimal for higher density areas. In general, coverage should be atleast
15% with higher levels of coverage for higher density strata, for adequate precision. As
populations become more clustered, a higher number of transect lines is required to achieve

adequate precision (Thompson 1992, Krebs 1998).

Photographic Survey of High-density Stratum
GeodesyGroup Inc. aerial survey company (Calgary, AB) was contracted for the aerial

photography in the 2018 June surveys. They used two survey aircraft, a Piper PA46-310P
Jet-prop and a Piper PA31 Panther (Figure 6), each with a digital camera mounted in the

belly of the aircraft. Survey altitude above ground level (AGL) to be flown for photos was
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determined at the time of stratification based on cloud ceilings and desired coverage. To
ensure timely completion, both aircraft were used for the Bathurst photo block and all
photos (Bathurst and Bluenose-East) were taken on June 8 with excellent survey conditions

(blue skies). Coverage on each photo transect was continuous and overlapping so that stereo

viewing of the photographed areas was possible.

igure 6. Pipr P1 Pater aircraft used on Bathurst photo survey in ]e 2018 b
GeodesyGroup Inc.

Caribou on the aerial photos were counted by a team of photo interpreters and supervised
by Derek Fisher, president of GreenLink Forestry Inc., (Edmonton, AB) using specialized
software and glasses that allowed three dimensional (3D) viewing of photographic images.
Two of the authors (J. Boulanger and J. Adamczewski) visited the GreenLink office in
Edmonton to gain greater familiarity with this process in fall 2018. The number of caribou

counted was tallied by stratum and transect.

The exact survey strip width of photo transects was determined using the geo-referenced
digital photos by GreenLink Forestry. Due to differences in topography, the actual strip width
varied slightly for each transect flown. Population size (number of caribou at least one year
old) within a stratum is usually estimated as the product of the total area of the stratum (4)
and the mean density (D) of caribou observed within the strata (N = DA) where density is

estimated as the sum of all caribou counted on transect divided by the total area of transect
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sampling (D=caribou counted/total transect area). An equivalent estimate of mean density
can be derived by first estimating transect-specific densities of caribou ( D; =
caribou;/area;) where caribou; is the number of caribou counted in each transect and areai
is the transect area (as estimated by transect length X strip width). Each transect density is
then weighted by the relative length of each transect line (w;) to estimate mean density (D)
for the stratum. More exactly, D = Y7 D,w; /Y " w; where the weight (wi) is the ratio of the
length of each transect line (I;) to the mean length of all transect lines(w; = [;/1,) and n is
the total number of transects sampled. Using this weighting term accommodates for different
lengths of transect lines within the stratum, ensuring that each transect line contributed to
the estimate in proportion to its length. Population size is then estimated using the standard

formula (N = DA) (Norton-Griffiths 1978).

When survey aircraft first flew north to Kugluktuk on June 1, snow cover on the survey area
was 90% or greater, and in some areas nearly 100%. Over the following ten days, however,
snow melted rapidly and in many areas on June 8, snow cover was highly variable and
patchy. This made spotting caribou by observers in the Caravans challenging, and also made
complete counting of caribou on the aerial photos more difficult. Caribou on snow-free
ground were easy to see, but caribou on small snow patches or on their edges required extra
effort to find. Two approaches were used to address this with the aerial photos: (1) observers
took extra time to search all photos carefully, approximately doubling the time these counts
usually take, and (2) a double observer method was used to estimate sightability of the

caribou on photos for a subset of photos.

The double observer approach used was to systematically resample a subset of photos to
estimate overall sightability in the stratum using a second independent photo interpreter.
This 2-stage approach to estimation, where one stage is used to estimate detection rates that
are then used to correct estimates in the second stage, has been applied to a variety of
wildlife species (Thompson 1992, Barker 2008, Peters et al. 2014). The basic principle was
to systematically resample the photo transects to allow an unbiased estimate of sightability

from a subset of photos that were sampled by two independent observers. Systematic
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samples were taken by overlaying a grid over the photo transects and sampling photos that

intersected the grid points.

This cross-validation process was modeled as a two-sample mark-recapture sample with
caribou being “marked” in the original count and then “re-marked” in the second count for
each photo resampled. Using this approach avoids the assumption that the second counter
detects all the caribou on the photo. The Huggins closed N model (Huggins 1991) in program
MARK (White and Burnham 1999) was used to estimate sightability. A session-specific
sighting probability model was used, allowing unique sighting probabilities for the first and
second photo interpreter to be estimated. Model selection methods were then used to assess
whether there were differences in sightability for different strata sampled. The fit of models
was evaluated using the Akaike Information Criterion (AIC) index of model fit. The model
with the lowest AICc score? was considered the most parsimonious, thus minimizing

estimate bias and optimizing precision (Burnham and Anderson 1998).

Non-independence of caribou counted in photos most likely caused over-dispersion of
binomial variances. The over-dispersion parameter (c-hat) was estimated as the ratio of the
bootstrapped (photo-based) and simple binomial variance. Sightability-corrected estimates
of caribou were then generated as the original estimate of caribou on each stratum divided
by the photo sightability estimate for the stratum. The delta method (Buckland et al. 1993)
was used to estimate variance for the final estimate, thus accounting for variance in the

original stratum estimate and in the sightability estimate.

Visual Surveys of Low-density Strata
Visual surveys were conducted in two low density strata, one west of Bathurst Inlet and one

east of it. The Caravans were used with two observers and a recorder on each side of the
aircraft. The numbers of caribou sighted by observers were entered into the Trimble YUMA

2 tablet computers and summarized by transect and stratum.

A double observer method was used to estimate the sighting probability of caribou during

visual surveys. The double observer method involves one primary observer who sits in the

2 The subscript “c” indicates an AIC score that is corrected for small sample sizes.
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front seat of the plane, a secondary observer who sits behind the primary observer, and a
recorder on the same side of the plane. Analysis of the caribou seen by each of the two
observers in each pair allows for an assessment of caribou that were likely missed, and how
sighting probabilities are affected by snow cover, cloud condition and the abilities of
individual observers. A detailed description of the double observer methods, analyses and
results is given in Appendix 1. The methods have also been described in detail in other
calving photo survey reports (e.g. Boulanger et al. 2019). The results were used to estimate
the proportions of caribou that were likely missed, and numbers of caribou estimated on the

two visual survey blocks east and west of Bathurst Inlet were corrected accordingly.

Composition Survey of Caribou on the Calving Ground
The composition survey was carried out June 13-16. Caribou were classified in strata that

contained significant numbers of breeding females (based on the reconnaissance transects)
to estimate proportions of breeding females and other sex and age classes. This survey was
based on aerial and ground-based observations of caribou groups, which provided a more
accurate and representative sampling procedure for caribou composition compared to the
coarse classification criteria applied to caribou groups observed during the reconnaissance
survey. For the composition survey, a helicopter (Aerospatiale A-Star 350 BA) was used to
systematically sample groups of caribou throughout the photographic stratum and the two

visual strata.

Search effort (i.e. helicopter flight hours) was allocated primarily to the high-density
photographic stratum and was distributed within the stratum by developing a
predetermined flight route that systematically covered the stratum, and which was
subsequently loaded in to a portable GPS unit. Caribou groups encountered during the flight
route were classified and their locations stored. The most recent caribou collar locations
were also stored as waypoints in the GPS unit, which permitted the navigator/observer to
ensure that those general areas were searched. By comparing the actual flight track to the
planned route and collar locations, the navigator/observer maintained a systematic search
pattern through the stratum and ensured that a caribou group was classified only once.
Search effort was also distributed within the visual survey strata in a similar manner, but

fewer hours were flown within those two strata.
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Caribou groups that comprised ~<50 individuals were classified from the air by a front-seat
observer using motion-stabilized binoculars. Classified caribou counts were called out to a
rear-seat data recorder who entered the data into a computer tablet. Caribou groups that
were generally greater than 50-100 animals were classified on the ground to minimize
potential disturbance. The pilot landed the helicopter a few hundred meters from the main
group of caribou, upon which the survey team would walk to a suitable position to observe
and sample the animals. Using binoculars or a spotting scope, the observer scanned across
the group(s) to avoid double counting and called out classified caribou to the data recorder.
In larger groups, classification did not include the entire group; the focus was on a

representative sample of each group and on limiting disturbance to caribou.

Caribou were classified following the methods of Gunn et al. (1997) (and see Bergerud 1964,
Whitten 1995) where antler status, presence/absence of an udder, and presence of a calf are
used to categorize breeding status of females (Figure 7). Presence of a newborn calf,
presence of hard antlers signifying recent or imminent calving, and presence of a distended
udder were all considered as signaling a breeding cow that had either calved, was about to
calve, or had likely just lost a calf. Cows lacking any of these criteria and cows with new
(velvet) antler growth were considered non-breeders. Newborn calves, yearlings and bulls

were also classified.
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Figure 7: Classification of females used in composition survey of Bathurst caribou in June
2018. Green-shaded boxes were all classified as breeding females (diagram adapted from
Gunn et al. 1997). Udder observation refers to a distended udder in a cow that has given
birth. Hard antlers are from the previous year, and are distinct from new antlers growing in
velvet.

The number of caribou in each group was summed as well as the numbers of bulls and
yearlings (calves of the previous year) to estimate the proportion of breeding caribou on the
calving ground. Bootstrap resampling methods (Manly 1997) were used to estimate
standard errors (SEs) and percentile-based confidence limits for the proportion of breeding

caribou.

Estimation of Breeding Females and Adult Females
The numbers of breeding females were estimated by multiplying the estimate of total (at

least one year old) caribou on each stratum by the estimated proportion of breeding females
in each stratum from the composition survey. This step basically eliminated the non-
breeding females, yearlings, and bulls from the estimate of total caribou on the calving

ground.

The number of adult females was estimated by multiplying the estimate of total (at least one

year old) caribou on each stratum by the estimated proportion of adult females (breeding
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and non-breeding) in each stratum from the composition survey. This step basically

eliminated the yearlings and bulls from the estimate of total caribou on the calving ground.

Each of the field measurements had an associated variance, and the delta method was used
to estimate the total variance of breeding females under the assumption that the composition

surveys and breeding female estimates were independent (Buckland et al. 1993).

Estimation of Adult Herd Size
Total herd size was estimated using two approaches. The first approach, which had been

used in earlier calving ground surveys, assumed a fixed pregnancy rate for adult females,

whereas the second approach avoided this assumption.

Estimation of Herd Size Assuming Fixed Pregnancy Rate and Estimated Sex Ratio
As a first step, the total number of adult females (at least two years old) in the herd was

estimated by dividing the estimate of breeding females on the calving ground by an assumed
pregnancy rate of 72% (Dauphiné 1976, Heard and Williams 1991). This pregnancy rate was
based on a large sample of several hundred Qamanirjuaq caribou in the 1960s (Dauphiné
1976). The estimate of total females was then divided by the estimated proportion of females
in the herd based on a bull:cow ratio from a fall composition survey conducted in October of
2017, to provide an estimate of total adult caribou in the herd (original methods described
in Heard 1985, Heard and Williams 1991). This accounts for the bulls in the herd, very few
of which are on the calving grounds in June. This estimator assumes that all breeding females
were within survey strata areas during the calving ground survey and that the pregnancy
rate of Bathurst caribou was 72% for 2017-2018. Note that this estimate corresponds to
adult caribou at least two years old and does not include yearlings because yearling female

caribou are not considered sexually mature.

Estimation of Herd Size Based on Estimates of Adult Females and Estimated Sex Ratio
An alternative extrapolated herd size estimator was developed to account for the effect of

variable pregnancy rates as part of the 2014 Qamanirjuaq caribou herd survey (Campbell et
al. 2015), and has been used in other recent calving photo surveys for the Bathurst herd
(Boulanger et al. 2017), as well as the Bluenose-East herd (Adamczewski et al. 2017,

Boulanger et al. 2019). This estimator first uses data from the composition survey to
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estimate the total proportion of adult females (breeding and non-breeding) and the numbers
of adult females in each of the survey strata. The estimate of total adult females is then
divided by the proportion of adult females (cows) in the herd from one or more fall
composition surveys. This accounts for the bulls in the herd, very few of which are on the
calving grounds in June. Using this approach, the fixed pregnancy rate is eliminated from the
estimation procedure. Pregnancy rates do vary depending on cow condition (Cameron et al.
1993, Russell et al. 1998). This estimate assumes that all adult females (breeding and non-
breeding) were within the photographic and visual survey strata during the calving ground
survey. [t makes no assumption about the pregnancy rate of the females and does not include

the yearlings.

In calving ground photographic surveys since the 2014 Qamanirjuaq survey (Campbell et al.
2015), the estimate of females based on total adult females on the calving ground survey
area, and adjusted for the bull:cow ratio from a recent fall survey, has become the preferred
way for Government of the NWT (GNWT) Department of Environment and Natural
Resources (ENR) of estimating herd size from these surveys. With the current sample of
collared cows and extensive flying, it has become possible to reliably define the full
distribution of the females in the Bathurst herd. Using survey-specific estimates of breeding
and non-breeding cows, together with a recent estimate of herd sex ratio, is considered a
more robust method of extrapolating to herd size, rather than assuming a constant
pregnancy rate that ignores this source of variation. This method also increases the precision

of the overall herd estimate.

Trends in Numbers of Breeding and Adult Females
As an initial step, a comparison of the estimates from the 2015 and 2018 surveys was made

using a t-test (Heard and Williams 1990), with gross and annual rates of changes estimated

from the ratio of estimates.

Longer term trends 2010-2018 were estimated using Bayesian state space models, which
are similar to previously used regression methods (Ordinary Least Squares, OLS, as
described in Boulanger et al. 2011). However, hierarchical Bayesian models allow more

flexible modeling of variation in trend through the use of random effects (Humbert et al.
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2009, Kery and Royle 2016). This general approach is described further in the demographic
model analysis in the next section. An underlying exponential rate of change was assumed
with estimates of A (where A=Nw1/Nt). If A=1 then a population is stable; values > or <1

indicate increasing and declining populations. The rate of decline was also estimated as 1-A.

Survival Rate Analyses from Collared Cows
Collar data for female caribou 1996-2018 were compiled for the Bathurst caribou herd by

GNWT ENR staff. Fates of collared caribou were determined by assessment of movement of
collared caribou, with mortality being assigned to collared caribou based on lack of collar
movement that could not be explained by collar failure or device drop-off. The data were
then summarized by month as live or dead caribou. Caribou whose collars failed or were
scheduled to drop off were censored from the analysis. Data were grouped by “caribou years”
that began during calving of each year (June) and ended during the spring migration (May).
The Kaplan-Meier method was used to estimate survival rates, accounting for the staggered
entry and censoring of individuals in the data set (Pollock et al. 1989). This approach also
ensured that there was no covariance between survival estimates for the subsequent

demographic model analysis.

Demographic Analyses: Bayesian State Space Integrated Population Model (IPM)
One of the most important questions for the Bathurst herd was whether the adult female

segment of the population had declined since the last survey in 2015. The most direct
measure that indicates the status of breeding females is their survival rate, which is the
proportion of breeding females that survive from one year to the next. This metric, along
with productivity (proportion of calves produced per adult female each year that survive
their first year of life) largely determines the overall population trend. For example, if
breeding female survival is high then productivity in previous years can be relatively low
and the overall trend in breeding females can be stable. Alternatively, if calf productivity is
consistently high, then slight reductions in adult survival rate can be tolerated. The
interaction of these various indicators can be difficult to interpret and a population model

can help increase understanding of herd demography.
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We used a Bayesian state space IPM (Buckland et al. 2004, Kery and Schaub 2012) based
upon the original (OLS) model (White and Lubow 2002) developed for the Bathurst herd
(Boulanger et al. 2011) to further explore demographic trends for the Bathurst herd. This
work was in collaboration with a Bayesian statistician/modeller (Joe Thorley-Poisson
Consulting) (Thorley 2017, Ramey et al. 2018, Thorley and Boulanger 2019). We note that
the underlying demographic model used for the hierarchical Bayesian state space model is
identical to the previous OLS model. However, the Bayesian IPM method provides a much
more flexible and robust method to estimate demographic parameters that takes into
account process and observer error. One of the biggest differences is the use of random
effects to model temporal variation in demographic parameters. A random effect flexibly and
efficiently captures the variation in a parameter by assuming it is drawn from a particular
underlying distribution. This contrasts with the OLS method where temporal variation was
often not modeled or modeled with polynomial terms which assumed an underlying
directional change over time. Appendix 2 provides details on the Bayesian IPM state space

modeling, including the base R code used in the analysis.

We used breeding female estimates, as well as calf-cow ratios, bull-cow ratios (Cluff et al.
2016, Cluff unpublished data), estimates of the proportion of breeding females, and adult
female survival rates from collared caribou to estimate the most likely adult female survival
values that would result in the observed trends in all of the demographic indicators for the
Bathurst herd. Calf-cow ratios were recorded during fall (late October) and spring (late
March - April) composition surveys whereas proportion of breeding females was measured
during June composition surveys conducted on the calving ground. Proportion of females
breeding was estimated as the ratio of breeding females to adult females from each calving

ground survey.

The Bayesian IPM is a stage-based model that divides caribou into three age-classes, with
survival rates determining the proportion of each age class that makes it into the next age
class (Figure 8); this structure is identical to the OLS modeling (Boulanger et al. 2011) used

previously on the Bathurst and Bluenose-East herds.
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Figure 8: Underlying stage matrix life history diagram for the caribou demographic model
used for Bathurst caribou. This diagram pertains to the female segment of the population.
Nodes are population sizes of calves (N¢), yearlings (Ny), and adult females (Nr). Each node
is connected by survival rates of calves (Sc), yearlings (Sy) and adult females (Sf). Adult
females reproduce dependent on fecundity (Fa) and whether a pregnant female survives to
produce a calf (Sf). The male life history diagram was similar with no reproductive nodes.

We used the entire Bathurst demographic data set that started in the 1980s (Boulanger et al.
2011, Boulanger 2015) for the analysis but focused modeling efforts and inference on the
more recent years, i.e.,, since 2014. The timeline of recruitment relative to survey years is
illustrated in Table 1. It was assumed that a calf born in 2010 would not breed in the fall after
it was born, or the fall of its second year, but it could breed in its third year (see Dauphiné
1976 for age-specific pregnancy rates). It was considered a non-breeder until 2013. Calves
born in 2014 and 2015 had the most direct bearing on the number of new breeding females
on the 2018 calving ground that were not accounted for in the 2015 breeding female

estimate.
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Table 1: A schematic of the assumed timeline 2011-2018 in the Bayesian IPM analysis of
Bathurst caribou in which calves born are recruited into the breeding female segment (green
boxes) of the population. Calves born prior to 2013 were counted as breeding females in the
2013 and 2015 surveys. Calves born in 2014 and 2015 recruited to become breeding females
in the 2018 survey.

Calf Surveyyears
Born 2011 2012 2013 2014 2015 2016 2017 2018

non-
2010 | yearling breeder breeder breeder breeder | breeder | breeder | breeder
non-
2011 | calf yearling | breeder | breeder | breeder | breeder | breeder | breeder
non-
2012 calf yearling | breeder | breeder | breeder | breeder | breeder
non-
2013 calf yearling | breeder | breeder | breeder | breeder
non-
2014 calf yearling | breeder | breeder | breeder
non-
2015 calf yearling | breeder | breeder
non-
2016 calf yearling | breeder

One potential issue with comparison of survival rates across years was that the Bathurst
herd had significant harvest until 2010, which reduced survival rates. We therefore added
harvest rate to the model based on harvest estimates compared to estimate cow and bull
abundance each year. Figure 9 shows the rates used which show an increasing harvest rate
up to 2010, when harvest was reduced significantly. The harvest numbers, estimated cow

and bull population sizes are given in Appendix 2.
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Figure 9: Harvest rates used as inputs into the demographic model. See Appendix 2 for
actual harvest numbers and rates used in the model.

In 2018, three of 11 known Bathurst cow collars calved on the Queen Maud Gulf/Beverly
calving ground which likely reduced the estimates of Bathurst breeding females used as an
input of the model. The demographic model defines the Bathurst caribou herd as the
population of caribou that utilized the Bathurst calving ground in the previous year (i.e.
2017). Collared caribou are included in the survival analysis if they utilized the Bathurst
calving ground previously or if they were collared in 2018 in the vicinity of known Bathurst
cows. In this context, the estimated survival rates from the demographic model are
potentially influenced by emigration to the Queen Maud Gulf of adult cows. More precisely,
the observed survival of cows is a function of both true survival and fidelity of cows to the
calving ground. Low sample sizes of known Bathurst collared cows (11 in 2018) as well as
high historic fidelity of caribou to the Bathurst calving ground challenged modeling of cow
fidelity. We conducted a sensitivity analysis where the demographic model was run with and
without the 2018 estimate to determine how much the 2018 emigration event might have
affected demographic parameters. Of most interest was the estimate of cow survival,
however of additional interest was the resulting estimate of adult cows when the 2018
estimate and emigration event were not part of the input data set, as described in the next
section. As discussed later, more elaborate methods to model fidelity of caribou will be

considered in future modeling efforts.
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Estimation of Bathurst herd, including caribou that emigrated to Queen Maud Gulf

The estimates of adult females and herd size for the Bathurst herd in 2018 were influenced

by movement of known Bathurst cows to the Queen Maud Gulf/Beverly calving ground. Of

interest was the potential size of the Bathurst herd if this emigration event had not occurred.

We used three approaches to initially assess how emigration of Bathurst cows to the Queen

Maud Gulf coastal calving area may have influenced the Bathurst herd estimate.

1)

2)

3)

The ratio of known Bathurst collared caribou calving in the Bathurst Inlet calving
ground to total known Bathurst collars (8/11=0.727) provides a simple estimate of
fidelity to the calving ground. Dividing the adult female estimate for the Bathurst
calving ground by fidelity is therefore one estimate of total Bathurst adult females,

including those occurring in the Queen Maud Gulf.

The Lincoln-Petersen mark-recapture estimator (NLp) has been applied using
proportion of collars in the survey area to estimate herd size for the Dolphin Union
herd (Dumond and Lee 2013). The Lincoln-Petersen formula is Nip=
(((M+1)*(C+1))/(R+1))-1. In this case, M equals the number of known female collared
caribou (11), R equals the number of known collared female caribou detected in the
calving ground area (8), and C equals the estimate of total adult cows (Nar;) (Seber
1982, Krebs 1998). We used a variance estimator proposed by Innes et al.,, (2002)
that considers both variance in the proportion collars and the adult female estimate
(var(N.p) = N2 (CV?(pLp) + CV?(Nyp)) where CV2=(var(x)/x2). The variance of
the Lincoln-Petersen estimate of capture probability (p.r) was estimated based on the
hypergeometric probability distribution, which is assumed with the Lincoln Petersen
estimator (Thompson 1992). This estimator is a variation on the first estimator

above.

The Lincoln-Petersen estimator of adult females was challenged by the low sample
size of known Bathurst herd collared caribou (11) and therefore results should be
interpreted cautiously. An alternative estimate of caribou was derived using the

demographic model with the 2018 breeding female estimate not included in the input

25



data set. This amounts to a projection of likely herd size if no emigration had occurred
and all Bathurst cows calved on the traditional Bathurst calving ground. In this case
an extrapolated herd estimate was only influenced by collar survival rates, previous
survey estimates, and composition survey results, thus the estimate was not
influenced by emigration of adult cows to the Queen Maud Gulf coastal calving area.
This estimate was compared to the demographic model’s projected 2018 estimate of

COWS.
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RESULTS

Survey conditions
Weather conditions were challenging due to the late spring with higher than normal snow

cover in most of the annual concentrated calving area (Figure 10). At the beginning of the
survey on June 1, snow cover was more than 90% in most areas but snow melted rapidly
during the first 10 days of June. On June 8 and 9, snow cover varied between ten and 80%.
Most areas had about 50% snow cover and much of it was a “salt-and-pepper” patchy mosaic.
This made caribou more difficult to see. We reasoned, however, that aerial photo coverage
of the one main concentration of calving cows would still provide an accurate estimate that
would account for at least 80% of the female caribou in the survey area. The rationale was
that caribou would still be reliably seen on high-resolution photos that could be searched
carefully and repeatedly with a 3D projection. In addition, the sightability of caribou on

photos could be estimated using independent observers.
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Figure 10: Photos of variable Bathurst survey conditions during visual surveys near
Bathurst Inlet on June 9, 2018, the day after photo surveys were conducted (photos J.
Adamczewski). Snow cover in most areas was patchy and ranged from about 80% (top right)
to about 10% (bottom right). A view of Bathurst Inlet is shown at top left.

Movement Rates of Collared Female Caribou
The locations of 17 collared female caribou that occurred in or around the Bathurst survey

area were monitored throughout the June survey to assess movement rates. The peak of

calving is considered close when the majority of collared female caribou exhibit movement
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rates of less than 5 km/day (Gunn and Russell 2008). Using this parameter, we surmised that
the peak of calving was near on June 8, when mean daily movement rates were on average
below 5 km for the radio collared caribou (Figure 11). Movement rates remained below 5
km/day for the next week. The peak of calving was further verified from observations of

substantial numbers of cows with calves from the visual survey flying on June 8 and 9.
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Figure 11: Movement rates of female collared caribou (n=17) on or around the Bathurst
calving ground before and during calving in June 2018. The boxplots contain the 25t and
75t percentile of the data with the median shown by the central bar in each plot. The ranges
up to the 95t percentile are depicted by the lines with outlier points shown as larger dots.
The red line indicates a movement rate of 5 km/day. The movement rates of collared cows
on June 8, the date of the photo survey, are highlighted in red. Visual strata were surveyed
on June 8 and 9.

Collared Caribou Movements Leading up to June 2018 Survey
Our objectives for the reconnaissance survey were to map the distribution of adult and

breeding females and define the concentrated calving area for the Bathurst herd. Collar
movements and initial reconnaissance flying demonstrated an unusual distribution of

caribou in the Bathurst Inlet area, which affected the way in which the Bathurst survey was
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designed and flown. An explanation of these collar movements with a sequence of maps is

given here to explain the survey design.

In most years, Bathurst collared cows are largely moving northward from wintering areas,
and by early June the Bathurst cows are well separated from Bluenose-East cows that calve
west of Kugluktuk and Beverly cows that calve well east of Bathurst Inlet (Figure 12).In 2015
and 2016 the Bathurst herd showed these typical patterns. In 2017 the Bathurst herd was
well mixed with the Bluenose-East herd, as shown by the southern ends of the collar trails
that diverged in May and June, but cows separated well by the beginning of June. There was
also substantial winter mixing of the Bathurst collared cows with Beverly collared cows,
most Bathurst cows wintered on the tundra, and some wintered east of Bathurst Inlet. In
spring 2017, 5 collared Bathurst cows whose 2016 June locations were on the usual Bathurst
calving ground were initially east of Bathurst Inlet, but all 5 cows moved west of Bathurst

Inlet in early June 2017 (Figure 13).
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Figure 12: Spring migration paths of collared females from the Bluenose-East (blue),
Bathurst (red) and Beverly (green) herds in 2015, 2016, 2017 and 2018 May 1 - June 10 of
each year. The circles represent mean collared locations in the first two weeks of June for
each year. Note that in June 2018 three of the known Bathurst collars (red dots) were in the
main cluster of Beverly collars (blue dots); these are more easily seen in Figure 15b. Collar
data are from GNWT and GN.
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Figure 13: Spring migration paths of five collared Bathurst cows May 1 - June 15, 2017. All
five cows were known to have been on the traditional Bathurst calving ground in June 2016.
All wintered on the tundra and three wintered south or east of Bathurst Inlet with Beverly
collared cows. Beverly collars are omitted for clarity.

In winter 2017-2018, collared Bluenose-East caribou wintered well separated from the
Bathurst herd but Bathurst collared cows and bulls were well mixed with Beverly cows and
bulls all winter (Figure 14). Bathurst collared cows all wintered on the tundra and some were
east of Bathurst Inlet through the winter. In the spring, migration paths of Bathurst and
Beverly collared cows showed continued mixing, with some Bathurst cows moving north
into the main Beverly calving area (Figures 15a and 15b). Further south, collared Bathurst
and Beverly bulls in the spring of 2018 also showed continued mixing and some movement

into the Queen Maud Gulf area (Figure 16).
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Figure 14: Winter locations (March 15, 2018) of Bluenose-East collared cows (18) and bulls

(18) in purple, Bathurst cows (10) and bulls (10) in red, and Beverly cows (23) and bulls
(12). The Bathurst and Beverly herds were mixed throughout winter 2017-2018.

Bathurst collared cows (red) and 19 known Beverly cows (green). Purple dots are March 15
locations and indicative of wintering areas; black dots are June 16 locations.
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Figure 15b: Spring migration paths May 1 - June 16, 2018 of 11 known Bathurst collared
cows, in relation to June 2018 Bathurst calving ground survey area. Eight collared Bathurst
cows were within the Bathurst strata during the survey, while three were in the Queen Maud
Gulf coastal calving area. Beverly collars are omitted for clarity. Light green dots were during
the June 4-10 reconnaissance survey, red dots were at time of photo and visual flying, and

purple dots were during the composition survey June 13-16.
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Figure 16: Spring movements (March 15 - June 16) of eight known Bathurst collared bulls
and 11 known Beverly collared bulls in 2018.

For clarity, the movements of the 11 known Bathurst collared females are shown separately

(Figure 15b). Of the 11 collared cows that were known to have calved on the Bathurst calving
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ground in 2017 or earlier, three moved well east of Bathurst Inlet and into the main calving
area of the Beverly herd based on collared cows and the GN survey in June 2018. These three
did not return to the calving ground that the Bathurst herd has used consistently since 1996,
in June or thereafter. The remaining eight known collars were either west of Bathurst Inlet
in the area the herd has calved in since 1996, or in the Bathurst Inlet area during the June
survey period. There were an additional nine newly collared cows (collared winter 2017-
2018) that were in the Bathurst Inlet area, thus 17 collared cows total in the Bathurst Inlet
area. Of these 17, 12 were west of Bathurst Inlet in the traditional Bathurst calving area and
five were east and west of the Inlet on June 8 (the day of the photo survey). These five showed

a general westward movement during the initial two weeks of June (Figure 15b).

A further consideration in designing the Bathurst survey area was the observations from GN
biologist M. Campbell and NU Tunngavik Incorporated (NTI) biologist D. Lee (pers. comm.)
east of Bathurst Inlet, that showed consistent caribou trails in the snow from their first two
survey lines with those trails moving westward. Further east, by contrast, all the caribou
trails were more heavily used and led in a northeast direction, which followed the
movements of the known Beverly cows to the central and eastern Queen Maud Gulf coastal

calving area (Figure 15a).

Reconnaissance Survey to Delineate Strata
One Caravan based at the Ekati diamond mine flew the entire Bathurst reconnaissance

survey June 4-10, 2018. The initial focus was on the areas with collared cows, and thereafter
outlying areas were flown. Two other Caravans were based in Kugluktuk but these aircraft
were unable to fly June 2-5 due to fog and low cloud in the Kugluktuk area. June 6-8 these
two Caravans were primarily occupied with the Bluenose-East survey. A single day of clear
weather with blue skies occurred on June 8, and on this day the Bathurst (one) and Bluenose-
East photo blocks (two) were flown. The two Bathurst visual strata were surveyed on June 8
and 9, with one of the Kugluktuk Caravans assisting with covering the Visual East stratum. A

summary of the fixed-wing flying on the Bathurst June 2018 survey is given in Table 2.
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Table 2: Summary of reconnaissance and visual survey flying on the June 2018 Bathurst
calving ground survey.

Date Caravan 1 (Ekati) Caravan 2 (Kugluktuk)
June 1 Arrive Ekati Arrive Kugluktuk
June 4 Recon of core area at 10 km spacing ~ Grounded (weather)
June 5 Recon of core and surrounding area Grounded (weather)
June 6 Recon of areas south and east of core Bluenose-East survey
area
June 7 Grounded (weather) Grounded (weather)
June 8 Bathurst visual west block survey Bluenose-East survey
June 9 Bathurst visual east block survey Bathurst visual east block survey
& lines between Bathurst and
BNE
June 10 Recon lines to the west of Ekati & Recon lines to the East of
return to Yellowknife Kugluktuk &  return  to
Yellowknife

Considering the collar movements of Bathurst and Beverly collared cows, the results of the
Bathurst reconnaissance survey and the reconnaissance survey observations of the NU
biologists, we reasoned that the Bathurst herd’s main calving concentration as in past years
was west of Bathurst Inlet with most of the collared Bathurst cows (12 of 17 in the Bathurst
Inlet area) and that area should be the focus of the aerial photography. We reasoned further
from the locations and movement patterns (generally westward) of the other 5 collared
Bathurst cows just east and west of Bathurst Inlet, along with the westward-moving caribou
trails reported by NU biologists, that a smaller portion of the Bathurst herd’s cows were east
and west of Bathurst Inlet, in much lower numbers, and these areas should be visual strata
for the Bathurst survey. All known Beverly collared cows were by June 8 far east of Bathurst
Inlet (Figure 15a), so it appeared there had been a separation of the two herds just east of
Bathurst Inlet. The movement of three of the 11 known Bathurst cows to the main Beverly
calving concentration in the Queen Maud Gulf, while based on a limited sample, suggested
that a portion of the Bathurst herd’s cows may have emigrated to join that herd (Figures 15a

and 15b).

Reconnaissance flying included the areas west and east of Bathurst Inlet and all collared

cows in the area (Figures 17a and 17b). Areas north, west and east were also flown
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extensively to make sure that no significant numbers of cows were missed. In the east, our

reconnaissance lines adjoined the easternmost lines of the GN Beverly survey.
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Figure 17a: Reconnaissance survey of the Bathurst calving ground in June 2018 with
densities of caribou seen. White squares are from areas where no caribou were seen, grey
squares are from low-density areas (< 1 caribou/km?), and blue squares are from medium
density areas (1-9.9 caribou/km?). Gold stars show locations of collared female caribou on
June 8. One caribou in the lower visual east did not return a location for June 8 and the June
7th]ocation is shown. Full movement paths of collared caribou during the survey are shown
in later sections of the report. Transects east of Bathurst Inlet were from the first day of flying

on the GN Beverly survey in June 2018, courtesy of M. Campbell and D. Lee.
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Figure 17b: Reconnaissance survey of the Bathurst calving ground in June 2018 with
composition of caribou seen. Areas with cow-calf groups are red, areas with antlered cows
are light green, and areas with non-breeders (non-breeding cows, bulls and yearlings) are
blue. Gold stars are collared female caribou. Transects east of Bathurst Inlet were from the
first day of flying on the GN Beverly survey in June 2018, courtesy of M. Campbell and D. Lee.

Stratification: Photo Stratum and Visual Strata
One photo stratum was defined for the Bathurst 2018 survey (Figures 17a and 17b), which

included the majority of adult and breeding females and 12 of 17 collared cows in the survey
area. This block was similar in size and location to the Bathurst photo block in June 2015
(Boulanger et al. 2017). Two lower density visual blocks were also defined: a Visual West

block west of Bathurst Inlet and a Visual East block east of Bathurst Inlet.

Photo Stratum
With photo planes using high-resolution digital cameras, it is possible for the planes to fly at

different altitudes. Flying at a higher altitude increases the strip width and reduces the
number of pictures but also reduces the resolution of the pictures as indexed by ground

sample distance (GSD). GSD is a term used in aerial photography to describe the distance
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between pixels on the ground for a photo sensor. In practical terms, the GSD for the aerial

photos used in this survey translates into strip width and elevation AGL as follows (Table 3).

Table 3: GSD for photo sensor used on Bathurst June 2018 caribou survey, along with
associated elevation AGL and photographed ground transect strip width. Typical elevation
and strip width used in earlier film photo surveys are included for reference.

GSD (cm) Elevation AGL (feet) Strip
width in
m
4 2,187 692
5 2,734 866
6 3,281 1,039
7 3,828 1,212
8 4,374 1,385
9 4,921 1,558
10 5,468 1,731
Film Photos 2,000 914.3

With blue skies on June 8, the Bathurst photo stratum was flown at GSD 7 (average elevation

3,828 ft. (1,167 m) AGL) and a total of 1,715 photos were taken (Table 4, Figure 18).
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Table 4: Stratum dimensions, transect dimensions, photo numbers and ground coverage for
Bathurst photo survey block in June 2018. Actual coverage and photo numbers are in bold

and underlined.

Photographic stratum Photos at GSD Coverage at GSD
dimensions (Elevation AGL in feet)
Area  Average Transects Total transect 5 6 7 5 6 7
(km?)  Transect Sampled length (km) (2,734) (3,281) (3,828)
Width
(km)
1,159 35 15 525 2,389 2,003 1,715 40% 48% 56%
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Figure 18: Composite photo block west of Bathurst Inlet flown on June 8, 2018. The Hood
River valley can be seen in an east-west direction in the upper half of the survey block.
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Visual strata
The Bathurst reconnaissance survey was flown June 4-10 by a single plane based at Ekati.

Given forecasted weather conditions for June 8 and 9, visual survey flying was designed to
allow strata to be flown within two days, with one plane for the Visual West stratum and two
planes for the Visual East stratum. Estimates of density from the reconnaissance data
suggested that each stratum had relatively equal low densities of caribou (0.15 and 0.13
caribou/km? for west and east strata respectively) and therefore allocation of effort was
similar for the two strata. Based on logistics 12 and 18 transects were flown in the west and
east strata with resulting levels of coverage of 16 and 18% respectively. Dimensions of photo

and visual strata are in Table 5.

Table 5: Final dimensions of photo and visual strata for the 2018 Bathurst calving photo
survey.

Stratum Total # Area of Average Transect Coverage
Transects Sampled stratum Strip area
Possible Transects (km?2) width (km?)
(km)

Photo 27 15 1,227.3 1.294 682.7 56%
West 12 12 2,305.6 0.8 368.3 16%
Visual

East 18 18 4,661.9 0.8 824.5 18%
Visual

Movements of collared caribou within and between reconnaissance and photo/visual
blocks
As described earlier, 17 active cow collars were in the Bathurst Inlet area during the June

2018 survey, transmitted locations daily, and were used for survey planning. Twelve of these
were in the photo stratum for the duration of the visual/photo survey (Figure 19). One
collared cow moved from the Visual West to the Visual East stratum during the survey
period, two were contained within the Visual East stratum and two moved out of the Visual
East stratum during the visual survey. There was no location given for one of the caribou on
June 8, however, it occurred in the stratum on June 7 but was out of the stratum on June 9. It

was likely in the stratum during the survey based on the midpoint of the June 7 and June 9

41



locations (Figure 19). We note that reconnaissance flying to the south of the three survey
blocks showed extremely low numbers of caribou present. Three additional collared cows
had moved into the main Beverly calving ground far to the east and are not shown on this

map.

Bathurst 2018 survey
Female collar locations
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Figure 19: Locations of collared Bathurst female caribou and movements from the
reconnaissance phase (June 5-7), photo survey (June 8t) and visual survey of the east
stratum on June 9th. One collar near the south end of the Visual East block did not report a
location on June 8, so no star is shown.

Collared caribou that had movement rates of greater than 5 km/day were mainly located
within the central regions of strata, suggesting that the strata contained the range of caribou
movements as indicated by collared caribou. The one collared cow south of the visual strata
during the survey was in an area where almost no caribou were seen during the

reconnaissance flying (see Figure 17).

In general, the observations of caribou in the Visual East and Visual West blocks confirmed

the low numbers found during the reconnaissance survey (Figure 20).
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Figure 20: Map of Bathurst June 2018 survey blocks showing the locations of caribou groups
seen in the photo block from photos and in the visual blocks from observations June 8 and 9.
Relative group sizes for the visual blocks are shown as varying sizes of circles, but not for the
groups seen in the photo block (too many).

Estimates of Caribou on Photo Stratum: Sightability
Photo interpreters found that the sightability of caribou on photos was influenced by snow

cover. If the ground was bare caribou were readily visible (Figure 21), however, caribou
were not as easy to see with patchy snow, particularly when caribou were at the edges of
snow patches. Overall, it took nearly twice as long to count the 2018 aerial photos (Bathurst
and Bluenose-East) as in the last photo surveys in 2015 when the ground was predominantly
bare (D. Fisher, GreenLink Forestry Inc., pers. comm.), to allow for comprehensive searching

of all photos.
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Figure 21: A zoomed-in portion of one of the Bathurst aerial photos from June 2018 survey.

Most caribou and their shadows are readily visible. A caribou on the edge of a snow patch in
bottom left corner is less clearly visible. There are 23 caribou on this photo.

Initial quality control of photo counting was carried out by D. Fisher re-counting several
hundred of the Bathurst and Bluenose-East photos counted by his staff. In addition,
sightability of caribou on photos was estimated by having a 2nd observer from GreenLink
Forestry independently re-count caribou on a subset of photos, without knowing what the
first observer had found. The second observer was Derek Fisher, who is the most

experienced observer of aerial photographs at the company.
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The photo survey transect lines were resampled systematically using transects
perpendicular to the original photo-plane transects. Two phases of sampling were
conducted. In the first phase, transects were sampled regardless of whether caribou were
detected in the original counts. In the second phase, photos closest to the first phase transect
line that contained caribou in the first phase were resampled. Using this approach, we tested
whether all caribou were detected on photos even when they were not detected originally.
The second phase still was a systematic sample but increased the sample size of photos with
caribou counts, which were most useful for cross validation purposes. Figure 22 shows the

photo resampling design.

Bathurst photo cross-validation
Photos counts.
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Figure 22: Systematic sampling design for cross validation of photos for the Bathurst June
2018 calving ground survey.

Overall, 161 photos were recounted, of which 87 contained caribou. Seventy-four additional
caribou were counted in the second count, with a corresponding ratio of original to second
count of 0.842 (Table 6). One assumption in this comparison is that the first and second
counter were counting the same caribou on a given photo. To test this assumption the
distances between points of counted caribou in the first and second count was measured in

GIS to identify any counted caribou that were a further distance from the original counts.
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This process did not identify any new caribou. One caribou was counted on a photo during
the original counts but not counted in the second count. An additional 228 photos were re-
sampled by similar means as part of the Bluenose-East June 2018 survey, with similar results

(Boulanger et al. 2019).

Table 6: Summary of photo cross validation data set for Bathurst June 2018 aerial photos.
The ratio of the original count to second count is an estimate of photo sightability.

Original | Second New caribou Caribou not Original
count count counted in detected in count/second
second count second count count
393 467 74 1 0.842

This cross-validation process can be modeled as a two sample mark-recapture sample with
caribou being “marked” in the original count and then be “re-marked” in the second count.
Using this approach avoids the assumption that the second counter detects all the caribou
on the photo. The Huggins closed N model (Huggins 1991) in program MARK (White and
Burnham 1999) was then used to estimate sightability. Table 7 below gives the results with
the sightability from the first counter being very close to the ratio of the original to second
count. The reason for this is that the second counter only missed one caribou not originally

counted and therefore his sightability score was very high.

Table 7: Estimates of sightability for the first and second counters on the Bathurst June 2018
aerial photos, from the Huggins closed N model.

Counter Estimate SE LCI UCI Ccv
First 0.841 0.017 0.805 0.872 2.01%
Second 0.997 0.003 0.982 1.000 0.25%

The variance estimate from program MARK assumes that all caribou counted are
independent, which is likely violated given that in many cases caribou occurred in larger

groups. The violation of this assumption leads to over-dispersion of binomial variances and
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a resulting negative bias. To confront this issue, we used a bootstrap method (Manly 1997)
that bootstrapped based on caribou counted on photos. The assumption in this case is that
counts of caribou on each photo are independent rather than all caribou counted being
independent. The resulting estimate of SE was 0.042 with a coefficient of variation (CV) of
4.7% which is more realistic, and this was used for subsequent calculations. Future photo
counting efforts should classify counted caribou in groups to allow more focused methods of

estimating sightability variance.

Estimates of Total Caribou in Photo Stratum
Table 8 below gives the initial estimates of caribou in the photo stratum and the estimates

adjusted for photo sightability. We also corrected the initial estimates for differential strip
widths, as was done in the 2015 surveys. The photo-sightability estimate was calculated as
the initial estimate divided by photo sightability. Variance for the photo sightability was
calculated using the delta method (Buckland et al. 1993). The resulting estimate was about
800 caribou (16%) higher than the non-adjusted estimate.

Table 8: Initial estimates of abundance in survey strata, estimated photo sightability and
corrected estimates of abundance with photo sightability for Bathurst June 2018 calving
photo survey.

Initial estimate of N Photo sightability Photo-sightability
(not corrected) corrected N estimate
N SE cv p SE cv N SE Ccv
4,245.7 | 580.34 | 0.136 | 0.842 | 0.042 | 0.050 | 5,043.4 | 734.5 | 0.146

Double Observer Analysis and Estimates of Total Caribou in Visual Strata
Detailed descriptions of the double observer methods and results are provided in Appendix

1. Data from both the Bathurst and Bluenose-East surveys were combined as some survey
crews flew portions of both surveys. Overall, double observer corrected estimates (using the
MRDS R package) were about 5% higher than non-double observer estimates. Precision was

lower than for uncorrected count-based estimates but still acceptable (Table 9).
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Table 9: Standard strip transect and corrected double observer model estimates of caribou
on Bathurst visual strata in 2018.

Stratum  Caribou Standard estimate Double observer corrected
estimate
counted Estimate SE Ccv Estimate SE Confidence Cv
interval
Visual 88 551 132.1 24.0% 567 140.50 332 970 24.8%
West
Visual East 220 1,244 286.7 23.0% 1,309 332.70 773 2,216 25.4%
Total 369 1,795 151.7 17.6% 1,877 360.9 1,265 2,783 19.2%

Estimates of Total Caribou on the Calving Ground
The estimate of total caribou at least one year old on the calving ground (6,919) is given in

Table 10 below. The CV was slightly high due to the aggregation of caribou (clumped
distribution) in the photo stratum as well as the added variance from estimating sightability

of caribou on the photos.

Table 10: Estimates of caribou numbers (at least one year old) in photo and visual Bathurst
strata in June 2018. These are corrected for sightability.
Strata N SEN Conf. Limit Cv Density
Photo 5,043 7345 3,696 6,881  0.146 4.11
West Visual 567 140.5 332 970 0.248 0.24
East Visual 1,309 3327 773 2,216  0.254 0.27
Total 6,919 8185 5415 8,843 0.118
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Composition Survey in June 2018
A composition survey was conducted in the Bathurst survey area June 13-16, which was five

to eight days after the photo and visual survey. Review of the locations of collared females
suggested that minimal movement occurred during this time with collared females inside
the photo stratum on June 8 remaining within it (Figure 23). One additional collared cow
that was south of the photo stratum on June 8 moved into this stratum, thus the composition
survey results were still representative of the distribution of Bathurst caribou females. In
addition, daily movement rates for Bathurst collared cows were below 5km/day on June 8

and remained there the following week (Figure 11).
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Figure 23: Locations of collared females between the dates of the Bathurst photo and visual
strata flown June 8 and 9, and the composition survey flown June 13-16.
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The composition survey systematically covered the photo stratum (Figure 24), which
confirmed stratum boundaries and showed that most breeding cows were contained within
this stratum. The Visual West block had some cow-calf groups and a higher proportion of
non-breeding cows than the photo block. The Visual East stratum mainly contained bulls,
yearlings and a few non-breeding cows. The numbers of breeding cows, non-breeding cows,

yearlings and bulls within each stratum are listed in Table 11.
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Figure 24: Helicopter flight paths and caribou groups classified during calving ground
composition survey of Bathurst caribou, June 13-16, 2018. The size of the pie charts is
proportionate to the number of caribou classified in a group. Proportions of age-sex classes
make up the individual pie sections.
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Table 11: Summary of composition survey results on Bathurst calving ground June 2018 in
photo and visual strata.

Stratum # Adult females Yearlings Bulls Total
groups caribou
(1yr+)
Total breeding non-
breeding
Photo 80 1,517 1,134 383 242 0 1,759
Visual East 38 46 20 26 33 36 115
Visual West 52 135 72 63 94 34 263

Estimates of the proportions of adult females and breeding females were then derived with

variance and confidence limits estimated via bootstrap methods (Table 12).

Table 12: Proportions of breeding females and adult females from composition survey on
Bathurst calving ground June 13-16, 2018. Proportions are expressed as percentages of
caribou at least one year old.

Stratum Estimated SE Confidence Limit
Proportion (Upper and Lower)

Breeding females
Photo 0.645 0.029 0.581 0.695
Visual west 0.274 0.043 0.185 0.354
Visual east 0.174 0.044 0.098 0.266
Adult females
Photo 0.862 0.020 0.814 0.896
Visual West 0.513 0.041 0.429 0.593
Visual East 0.400 0.059 0.284 0.524

Estimates of Breeding and Adult Female Caribou
Estimates of the numbers of breeding females (Table 13) were derived by the product of

caribou at least one year old (Table 10) and the proportion of breeding females in each
stratum (Table 12). Estimates of the numbers of adult females (Table 14) were similarly
derived from the product of caribou at least one year old (Table 10) and the proportion of

adult females in each stratum (Table 12).

51



Table 13: Estimates of number of breeding females based upon initial abundance estimates
and composition surveys on Bathurst calving ground June 2018.

Stratum Caribou Proportion of Number of Breeding Females
breeding
COWsS
N CV.N pb (6\Y N SE Conf. Limit (6\Y
Photo 5,043  0.146 0.645 0.045 3,253 4958 2,350 4,502 0.152

West Visual 567 0.248 0274 0.157 155 45.6 82 292 0.294
East Visual 1,309 0.254 0.174 0.253 228 81.7 110 474 0.358
Total 6,919 3,636 504.6 2,709 4,880 0.139

Table 14: Estimates of numbers of adult females based upon initial abundance estimates
and composition surveys on Bathurst calving ground June 2018.

Stratum Caribou Proportion of Number of Adult Females
adult cows
N CV.N pa Cv N SE Conf. Limit Cv
Photo 5,043 | 0.146 | 0.862 | 0.023 | 4,347 | 641.1 | 3,174 | 5,954 | 0.147

West Visual 567 0.248 | 0.513 | 0.080 | 291 75.7 166 511 0.260

East Visual 1,309 | 0.254 | 0.400 | 0.148 524 153.9 286 960 | 0.294

Total 6,919 5,162 | 663.7 | 3,935 | 6,771 | 0.129

The ratio of breeding females to adult females was 70.4%, suggesting a fair-good proportion
of pregnant females compared to previous survey years. The proportion of breeding females

in June 2015 was lower (60.9%; Boulanger et al. 2017).

Fall Composition Survey October 2017
A composition survey was conducted 23-25 October 2017 to estimate the bull-cow ratio of

the Bathurst herd. Overall there were 39 groups observed with totals of bulls, cows and
calves summarized in Table 15. Bootstrap methods were used to obtain SEs on estimates

(Table 16).
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Table 15: Summary of observations from fall composition survey on Bathurst herd October
23-25,2017.

Cows Bulls Calves Groups
940 532 431 39

Table 16: Estimates of the bull-cow ratio, proportion cows, and calf-cow ratio from the fall
composition survey on Bathurst herd October 2017.

Indicator Estimate SE Conf. Limits CVv
Proportion cows 0.629 0.017 0.596 0.666 2.7%
Bull-cow ratio 0.592 0.044 0.501 0.678 7.4%
Calf-cow ratio 0.429 0.018 0.399 0.466 4.1%

Extrapolated Herd Estimates for Bathurst Herd
Estimates of adult herd size (caribou at least two years old) for the Bathurst herd in 2018

are presented in Table 17. The estimate based on an assumed fixed pregnancy rate uses a
value of 0.72 (Dauphiné 1976) while the estimated proportion of breeding females in June
2018 was 0.704, which resulted in relatively similar extrapolated herd estimates (8,207 vs
8,029; Table 17). The preferred estimate uses the proportion of females, which is simply the
estimate of adult females (5,162) divided by the proportion of cows in the herd (0.629) from
the fall 2017 survey. Log-based confidence limits, which were used for other estimates as
well as traditional symmetrical confidence limits (estimate + t*SE) are given. In most cases
log-based limits give better representation of confidence estimates than traditional
symmetrical methods because the distribution of estimates has a slight positive skew.
However, previous analyses have used the symmetrical method. The actual difference in CI's

is relatively minor.

Table 17: Extrapolated herd size estimates for the Bathurst herd in 2018 based on two
estimators. The estimate based on proportion of adult females is the preferred one and has
a smaller variance.

Method N SE Log-based CI Symmetric Cv
Traditional CI
Proportion of adult females 8,207 | 1079.0 | 6,218 | 10,831 | 5,920 | 10,494 | 13.1%
Constant pregnancy rate 8,029 | 13909 [ 5,565 | 11,583 | 5,064 | 10,993 | 17.3%
(0.72)
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Trends in Numbers of Breeding and Adult Females and Herd Size 2010-2018
Estimates of breeding cows, nonbreeding cows and (total) adult cows in the Bathurst herd

are shown in Figure 25 for surveys 2009-2018. A roughly stable trend 2009-2012 was
followed by significant declines to 2015 and 2018. Reductions from 2015 to 2018 in
estimates of breeding females were 55.0%, in adult females 61.0% and in overall herd size
58.5%. The reduction in herd size indicates an annual rate of decline of 25.5% 2015-2018.
These reductions consider only the numbers of caribou found on the June 2018 Bathurst
survey area (and associated extrapolated herd sizes), and do not consider the apparent loss
of some of the herd to the Queen Maud Gulf calving ground. The proportion of adult females

classified as breeding was higher (70.4%) in 2018 than in 2015 (60.9%).
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Figure 25: Estimates of the number of breeding females (green), non-breeding females
(light brown) and adult females (summed bars) in the Bathurst herd 2010-2018.

Demographic Analysis of Trends in the Bathurst Herd
The Bayesian state space model (Humbert et al. 2009, Kery and Royle 2016) was used to

estimate longer term trends in the Bathurst data set. For this analysis, trend (log A) was
modeled as a random effect, therefore allowing assessment of variation in A in intervals

between surveys.
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For breeding females, overall trends were significant (p=0.025) with an overall A estimate

for the entire data set (1985-2018) of 0.88 (0.79-0.98) (Figure 26).
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Figure 26: Trends in Bathurst breeding females 1986-2018, as estimated by the Bayesian
state space model. The left graph is for the full extent of the data set and the right graph is
zoomed into the period of 2009-2018. Field estimates are given as red dots (with confidence
limits) and model predictions are shown as blue lines with confidence intervals as hashed
lines.

Of greatest interest is trend since 2009, which suggested an initial increasing trend up to
2012, where the geometric mean of A (3 year) was 0.95 (CI=0.87-1.06), before declining to
0.78 (CI=0.68-0.91) in 2018 (Figure 27). Trend of breeding females will be influenced both

by abundance of adult females and pregnancy rate.
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Figure 27: Estimate of A for Bathurst breeding females 1989-2018, as estimated by the
Bayesian space model analysis. Model predictions are shown as blue lines with confidence
intervals as hashed lines. A A of 1.0 indicates a stable population.

Trends in numbers of adult Bathurst females (Figure 28) were also significant for the entire
data set (p=0.045) with an overall A estimate of 0.88 (CI=0.80-0.99) for the entire (1985-
2018) data set (Figure 29).
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Figure 28: Trends in numbers of adult Bathurst females 1986-2018, as estimated by the
Bayesian state space model. The left graph is for the full extent of the data set and the right
graph is zoomed into the period of 2009-2018. Field estimates are given as red dots (with
confidence limits) and model predictions are shown as blue lines with confidence intervals
as hashed lines.
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Figure 29: Estimates of A for adult Bathurst females 1989-2018, as estimated by the
Bayesian state space model. Model predictions are shown as blue lines with confidence
intervals as hashed lines. A A of 1.0 indicates a stable population.

Estimates of A in adult Bathurst females were also relatively similar in trend to the breeding
female estimates, with the exception of the 2012-2018 period where a trend of decreasing A
is evident, resulting in a three year geometric mean estimate of 0.76 (CI=0.66-0.7) in 2018

(Figure 29).

In general, densities of caribou in the core Bathurst area have decreased in parallel with
overall trends since 2012. In 2012, densities in the core area did increase in unison with a
smaller more aggregated core calving area. An analysis of trends in core calving ground area

and related densities is given in Appendix 4.

Demographic analysis using multiple data sources

Survival analysis of collared cows
Collar data from adult Bathurst females were used to estimate annual survival rates 1996-

2018. Of most interest was the interval 2009-2018 when management actions limited
hunting mortality and collar sample sizes were increased after 2014. Estimates of monthly
mortality, which is the ratio of collar mortalities to collars available, indicate higher mortality

rates in the summer months of 2010-2014 followed by lower levels of mortality from 2014
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to 2018 (Figure 30). A collar history plot that details individual collar fates is given in

Appendix 2.
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Figure 30: Summary of monthly collared cow mortality data for Bathurst herd 2009-2018.
Individual collar histories for recent years (i.e. since 2016) are given in Appendix 2.

The total data set is summarized in Table 18 with corresponding cow survival rate estimates

for each year. Initial collar sample sizes were very low in 1996 and 1997 (<10), then

increased somewhat 1998-2014 (10-20) with an average of 25-26 in 2015-2017. As a result,

annual survival estimates have a high variance and should be interpreted with caution.
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Table 18: Summary of Bathurst collar sample sizes and survival estimates.

Caribou Mortalities

Live collar sample sizes

Yearly survival estimates

Year

Total Collar Mean Min Max  Estimate SE Conf. Limit

months

1996 2 101 8.4 7 10 0.79 0.13 0.44 0.95
1997 2 85 7.1 6 12 0.75 0.15 0.38 0.94
1998 7 174 14.5 5 21 0.52 0.14 0.27 0.76
1999 1 161 13.4 13 14 0.92 0.07 0.61 0.99
2000 3 158 13.2 12 15 0.79 0.11 0.51 0.93
2001 6 123 10.3 5 13 0.50 0.14 0.25 0.76
2002 2 136 11.3 9 15 0.86 0.09 0.58 0.97
2003 5 117 9.8 7 13 0.58 0.14 0.31 0.82
2004 4 136 11.3 6 22 0.66 0.14 0.35 0.87
2005 4 187 15.6 13 19 0.78 0.10 0.53 0.91
2006 3 199 16.6 15 22 0.85 0.08 0.62 0.95
2007 6 213 17.8 15 21 0.71 0.10 0.48 0.86
2008 2 210 17.5 12 23 0.87 0.09 0.59 0.97
2009 4 135 11.3 7 20 0.61 0.15 0.31 0.85
2010 8 151 12.6 8 20 0.53 0.13 0.29 0.76
2011 11 167 13.9 9 22 0.46 0.11 0.26 0.67
2012 11 196 16.3 14 21 0.51 0.10 0.31 0.70
2013 6 145 12.1 7 19 0.55 0.14 0.28 0.79
2014 5 236 19.7 14 32 0.78 0.09 0.55 091
2015 6 319 26.6 23 31 0.81 0.07 0.63 0.91
2016 3 306 25.5 21 31 0.88 0.06 0.69 0.96
2017 3 303 25.3 19 31 0.87 0.07 0.67 0.96

The annual cow survival rate estimates are plotted in Figure 31, which suggests an increasing

trend in cow survival after 2014, albeit still with high variance due to limited collar numbers.
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Figure 31: Annual survival rate estimates 1996-2018 for Bathurst adult females based on
collared female caribou.

Bayesian state space integrated population model (Bayesian IPM)
The main objective of the Bayesian IPM was to provide refined estimates of demographic

parameters using all available field data. For the Bathurst herd, temporal variation in main
parameters (cow/yearling survival, calf survival) was modeled as random effects. A more
detailed technical description of the model, including tests of model parameters and the

associated R code, is given in Appendix 3.

The Bayesian IPM fit most field measurements adequately (Figure 32). The main exceptions
were overestimates of cows and cows+bulls (compared to extrapolated estimates) in 2018,
which is discussed later in the report. Also, in some cases the proportion of breeding females
estimates did not align well with field estimates. Confidence in model predictions tended to

be highest for the years in which there were field estimates.
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Figure 32: Predictions of demographic indicators from Bayesian model analysis compared
to observed values, for Bathurst herd 1985-2018. The solid blue lines represent model
predictions and confidence limits are shown as hashed blue lines. The red points are field
estimates with associated confidence limits. Spring calf:cow ratios are flown in March or
April and are also called late-winter surveys. Estimated numbers of cows and herd size
(bulls+cows) show the more recent ten-year period to facilitate interpretation.

We modeled summer (June - late October) and winter (October - June) calf survival with the
transition being the fall rut when fall composition surveys occur (Figure 33). This

parameterization takes advantage of years where fall and spring calf cow surveys occur,
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therefore allowing assessment of change in proportion calves between June calving ground
surveys, October fall surveys, and March/April late winter surveys and subsequent
estimation of calf survival for each period. As found in previous studies (Gunn et al. 2005),
summer survival is consistently lower than winter survival, when calves are larger. We note
that the survival rates in the graphs below are expressed on the annual scale for comparison
purposes. The actual rates will be different (slightly higher) given that summer or winter is

shorter in time than a year.
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Figure 33: Trends in model-based summer and winter and overall calf survival for the
Bathurst herd 1985-2018.

Overall calf productivity, which is basically the proportion of adult females that produce a
calf that survives the first year of life, can be derived as the product of fecundity (from the
previous caribou year) and calf survival (from the current year) (Figure 34). Estimates from
Figure 34 suggest that productivity has not returned to levels observed prior to 1997 (mean
productivity=0.46) in the 2011-2018 period (mean productivity=0.25). A potential negative
trend in proportion of breeding females is evident as well as lower calf survival in the past
ten years. As discussed later, environmental covariates and trend models will be used to

further explore demographic trends and mechanisms affecting herd productivity.
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Figure 34: Trends in a) fecundity, b) annual calf survival and c) productivity (which is the
product of the previous year’s fecundity times the current year calf survival) for Bathurst
herd 1985-2018. Spring calf cow ratios, which are lagged by one year, so that they

correspond to the productivity/caribou year prediction of the model, are shown for
reference purposes.

Spring calf-cow ratios, which are recorded in March or April, are overlaid in the productivity
graph (Figure 34). Note that the spring calf-cow ratio is influenced by cow survival, calf
survival as well as fecundity and therefore will not correspond directly to productivity. It
will be greater than actual productivity because lower cow survival rates, which influence
the count of cows in the spring, will inflate calf-cow ratios. The model predictions of spring
calf-cow ratios, which account for cow survival, are shown in Figure 34. In addition, the
model uses both calf cow ratios and proportion breeders (estimated during calving ground
survey years) to estimate fecundity. In some cases, this results in poor model fit if calf cow
ratios do not correspond well with the proportion of breeding cows estimated on the calving
ground. In all cases the field estimates are within the confidence limits of the corresponding

demographic model estimates.

One of the most important determinants of herd trend is adult cow survival since this directly
influences the overall productivity of the herd. Collar-based point estimates and modeled
annual and three-year average values for cow survival are shown in Figure 35. The dashed
horizontal line indicates survival level needed for herd stability at mean productivity levels
of 0.30 (2015-2018). The shaded region represents the range of cow survival levels needed

for population stability across lowest observed levels of productivity (2015: 17%) to higher
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levels of productivity (2016:45%) during the 2015-2018 period (Figure 35). If productivity

is at levels observed from 2015-2018 (0.31) then cow survival would need to be 0.88 for

stability.
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Figure 35: Trends in Bathurst cow survival 1985-2018 from Bayesian IPM analysis and
collars. The solid blue lines represent model predictions and confidence limits are the hashed
blue lines. A) The left graph shows the full time series with model estimates of survival
denoted by blue lines, and “natural survival” with hunting mortality removed denoted by a
green line. The red points are observed field estimates from collars with associated
confidence limits. B) The right graph shows the empirical and modeled estimates of cow
survival since 2010, when harvest restrictions were placed on the Bathurst herd. The dashed
horizontal line indicates cow survival level needed (mean survival of 0.89) for herd stability
at mean productivity levels of 0.30 (2015-2018). The shaded region represents the range of
cow survival levels (0.85-0.93) needed for population stability across lowest observed levels
of productivity (17%) to higher levels of productivity (45%) during the 2015-2018 period
as shown in Figure 34c.

Model-based estimates of cow survival suggested an increasing trend in cow survival from
2012 to 2018 with a three-year average survival of 0.81 (CI=0.75-0.87) for the 2014-2017
calving year period. The model estimate of cow survival for the caribou year of 2017 (which
spans from June 2017 to May 2018) was 0.82 (0.69-0.92). The estimate of cow survival in
2015 using the OLS model was 0.78 (CI=0.74-0.89) which compares to the Bayesian model
estimate of 0.79 (CI=0.66-0.90) for 2015. While survival rates are potentially increasing, they

still are below levels needed for herd stability as indicated by the grey zone in Figure 35.
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Comparison of natural (green line) and observed survival rates (blue line) in Figure 35
illustrates the increasing impact of harvest on cow survival rates up to 2009 when harvest
was reduced. In 2008, observed cow survival (including harvest) was 0.69 (CI=0,60-0.76)
compared to a natural survival level of 0.87 (CI=0.76-0.96) during this time, assuming an
annual cow harvest of 5,000. When harvest was reduced, observed and natural survival rates
were similar. Future modeling will further consider variation in harvest rates and potential

overall trends in natural survival when historic harvest is accounted for.
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Figure 36: Estimates of bull survival for the Bathurst herd 1985-2018. The blue line
represents observed survival whereas the green line represents natural survival with

harvest mortality removed. Because harvest was very low 2010-2018, observed and natural
mortality were similar.

Bull survival was estimated at 0.71 (0.52-0.91) in 2017 which is similar to the estimate in

2015 (0.72 (CI=0.59-0.92) (Figure 36).

Preliminary assessment of effects of emigration on estimate of Bathurst caribou

Population rates of change (A) for cows suggest a rate of 0.92 (CI=0.83-0.99) 2015-2018
(Figure 37), which is higher than the rate indicated by adult cow estimates from the calving
ground surveys of 0.76. The most likely reason for this difference is the direct impact of

emigration of cows on the adult female calving ground survey estimate.
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Figure 37: Overall trends (A) in adult cows in the Bathurst herd 1985-2018 from the
Bayesian model analysis. A value of 1.0 indicates stability.

Predicted numbers of breeding cows, adult cows, and bulls from the demographic model in
2018 were higher than calving ground estimates. For example, the estimate of breeding cows
for the demographic model in 2018 was 5,551 (CI=1,935-9,591) compared to the calving
ground-based estimate of 3,636 (CI=2,709-4,880). The demographic model estimate is 35%
higher, although the confidence limits of the demographic model estimate overlap the field
estimate. The likeliest reason for this is that the demographic information used in the model
is based on caribou that were in the Bathurst herd up to the 2018 survey, and the 2018
breeding female estimate is only one of many data points used to inform the model. Basically,
the model tolerates a slight lack of fit to the breeding female estimate in order to fit the other
field estimates such as proportion breeding, calf-cow ratios, and cow survival rates. In this
context, demographic predictions are less influenced by emigration of some Bathurst cows

to the Queen Maud Gulf in 2018, which reduced breeding female estimates.

We conducted a sensitivity analysis of estimates to inclusion of the 2018 breeding female
estimate, which was influenced by movements of cows to the Queen Maud Gulf. Estimates of
cow survival when the 2018 adult female estimate were excluded were 0.85 (CI=0.74-0.93)
for the 2017 calving ground year compared to 0.82 (CI=0.69-0.92) when the 2018 data point
was included. The three-year average survival rate was 0.84 (CI=0.78-0.89) compared to

0.81 (CI=0.75-0.87) when the 2018 data point was included. Therefore, exclusion of the 2018
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breeding female estimates boosted survival rates by 3%. Sensitivity analysis results for other

parameters are given in Appendix 3.

The demographic model in this report will be further refined in the future. Potential
refinements include more direct modeling of fidelity to the Bathurst calving ground using
ratios of caribou that emigrate from the Bathurst calving ground. One of the challenges of
this analysis is that we only had estimates of fidelity for collared cows with no estimates of
fidelity for yearlings, calves, and bulls. [t may be possible to partially estimate fidelity of bulls
by proximity to calving grounds as well as get direct estimates of bull survival from the bull
collars. In addition, harvest in the current version was modeled as a fixed rate which did not
account for uncertainty in actual harvest particularly in the historic data set. Methods will be
used to better incorporate uncertainty in harvest estimates which may help better refine
estimates of natural survival. Finally, environment covariates will be used to model temporal
trends in demographic parameters in unison with other trend models. The use of
environmental covariates in previous demographic analyses up to 2016 (Boulanger and
Adamczewski 2017) suggested possible linkages; however the recent 2017-2018

environmental data were not available for this analysis.

Estimation of Bathurst adult females, including emigration to the Queen Maud Gulf
The Lincoln-Petersen mark-recapture estimator (Nrp) based estimate of adult Bathurst cows

that occurred both on the Bathurst calving ground and in the Queen Maud Gulf calving area
was 7,098 (Cl=4,432-11366, CV=23%), assuming that the proportion of known Bathurst
collared cows (8/11) on the Bathurst calving ground was indicative of the overall
distribution of cows in the entire herd. The corresponding estimate from the survey was
5,162 adult females in the Bathurst survey area, suggesting that 1,936 (CI=497-4,595) were
in the Queen Maud Gulf coastal calving area. This estimate should be interpreted cautiously

since it is based on only 11 collared caribou.

Estimates of adult females were generated using the demographic model for the Bathurst
herd with and without the 2018 data point included (Figure 38). The demographic model
attempted to balance the input from collared caribou, composition surveys, and previous

survey estimates to estimate the number of adult females in 2018. The resulting estimate
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with the 2018 data point included was 7,833 adult females (CI=5,329-11,631, CV=21%),
which was 35% higher than the corresponding observed estimate on the calving ground
(5,162 CI=3,935-6,771, CV=13%). In addition, as discussed earlier, the demographic model
estimate of adult females was less directly influenced by emigration of females to the Queen
Maud Gulf coastal calving area in 2018 (which reduced the calving ground adult female
estimate). Therefore, it would be expected that the demographic model estimate would be
higher than the calving ground estimate, perhaps approaching the Nip estimate of 7,098.
Regardless, confidence intervals overlapped for the two estimates and therefore the

difference could be expected by chance.

The demographic model was then run without the 2018 adult female estimate as part of the
data set, therefore considering a scenario where all caribou occurred in the core Bathurst
calving ground. The resulting estimate (11,423 CI=7,620-16,190) was 30% higher than when
the 2018 adult female estimate was included in the demographic model run. The ratio of the
estimates with and without the 2018 estimate included was 69% (CI=27-69%). This
provides an alternative estimate of the proportion of Bathurst cows that remained on the
traditional calving ground; this would mean that 31% of the cows had emigrated to the
Queen Maud Gulf coastal calving area. This is relatively similar to the Lincoln-Petersen based
estimates of 72% of the cows on the traditional Bathurst calving ground and 28% in the
Queen Maud Gulf coastal calving area, based on collars. However, both estimates should be
used with caution as one is based on model projections and the other on a limited number of

collars.

The field and model-based estimates that include the Bathurst cows that appear to have
emigrated to the east are still lower than the estimate of adult females on the calving ground
in 2015 (13,264, CI=8,312-18,216) suggesting that substantial decline of the Bathurst herd
has occurred even when emigration in 2018 to the Queen Maud Gulf/Beverly calving ground
is considered. More exactly, the collar-based estimate (7,098, CI=4,432-11,366) was 46% of
the 2015 adult cow estimate resulting in an annual rate of decline of 23%. The estimated

annual rate of decline based on the demographic model estimate of 11,423 (CI=7,620-
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16,190) was 5%, however, this estimate should be treated cautiously given limitations in

directly comparing field estimates with demographic model estimates.

Demographic model Field estimates
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Figure 38: Field and model-based estimates of adult females on the Bathurst calving ground
compared to estimates that were adjusted to include Bathurst females that calved on the
Queen Maud Gulf coast calving area in 2018. Field estimates include the base estimate of
adult females, and the base estimate of adult females divided by the proportion of collars
that occurred on the Bathurst calving ground. Demographic model estimates include
Bayesian IPM runs with the 2018 adult female estimate included and excluded.

Exploration of Potential Reasons for Decline in Herd Size

The apparent large decline in breeding and adult females in the Bathurst herd 2015-2018
could have resulted from (1) missing female caribou based on limited survey coverage or
sightability, (2) movement of female caribou to adjacent calving grounds, and (3)
demographic changes within the herd (low pregnancy rates, reduced calf survival, or
reduced survival of adult caribou). We considered the likelihood of each factor contributing

significantly to the estimated reduction in abundance.

Survey conditions and female caribou not occurring in strata
Survey conditions were challenging during the Bathurst 2018 survey; in particular, the snow

conditions made caribou more difficult to see than on previous surveys with predominantly
bare ground. It is possible that the counts from the two visual strata under-estimated true

abundance due to poor sighting conditions. However, 96.9% of the estimated breeding
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females and 84.2% of the estimated adult females for the overall survey area were estimated
from the photo stratum. The comparable figures in 2015 were a very similar 96.2% of
breeding cows and 88.9% of adult females from the photo stratum (Boulanger et al. 2017).
In the photo stratum for 2018, extra time spent counting caribou on photos and the double
observer check on photos provided confidence that sightability was >84% and thus that
caribou missed had been accounted for. In addition, the 17 active collared females in the
Bathurst Inlet area were accounted for in the three survey strata. One collared cow was south
of the visual and photo strata at the time of the aerial photography June 8-9, but
reconnaissance flying in this area showed there were very few caribou in that area (see
Figure 17). Extensive reconnaissance flying north, south and west of the three survey strata

demonstrated that there were very few caribou in these areas.

There remains a possibility, based on very low densities of caribou observed by GN biologists
(Figure 17) beyond the eastern boundary of the Bathurst East Visual block, that a few
Bathurst cows were found further east. However, GN biologists observed caribou trails to
the east of that block in the snow predominantly leading northeast to the main Beverly
calving ground, and the Beverly collared cows continued to move north and east in the first
and second weeks of June (M. Campbell, pers. comm.). The East Visual stratum contributed
6.3% of the estimated breeding females and 10.1% of the estimated adult females in the
survey area; the photo stratum, as in previous Bathurst surveys, accounted for the vast
majority of the female caribou. Overall, we believe that the June 2018 Bathurst estimates of
breeding females, adult females and herd size are representative of the herd and that

sightability and distribution issues had little influence on the survey outcome.

Movement to Adjacent Calving Grounds and Ranges
Figures 12-16 earlier in this report documented movements of collared Bathurst caribou in

the vicinity of Bathurst Inlet in the spring of 2017 and particularly in the spring of 2018, as

these collar movements affected the design of the survey and interpretation of the results.

In this section, collar fidelity is further assessed for 2018 with a comparison to previous
years and neighbouring herds. Figure 39 displays movement in the mean location of calving

for collared females that were monitored for successive years, for the Bathurst herd and its
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neighbours; annual fidelity is shown for 2009-2018. The head of the arrow is the mean
location for the current year and the tail is the location for the previous year. In general,
collared female caribou have shown reasonable fidelity to the Bathurst calving ground until
2018, when three collared caribou moved to the Beverly calving ground in the Queen Maud
Gulf coastal calving area. Those three collared cows were monitored through the summer of
2018. One died in July and the other two continued to move with collared female Beverly

caribou; i.e. there was no apparent return to the Bathurst herd.
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Figure 39: Yearly fidelity and movements to calving grounds in the Bluenose East (blue),
Bathurst (red), and Beverly (green) herds 2009-2018. The head of the arrow indicates the
current calving ground in the given year and the tail indicates the mean location from the
previous year calving ground.
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Frequencies of movement events between calving grounds for the Bathurst herd and
neighbouring herds were assessed for collared female caribou monitored for consecutive
years (Figure 40). A pair of consecutive June locations for a collared female was a single event
or data point. Overall, the rates of switching were low 2010-2015 with 254 returns to the
same calving ground and five switches for the three herds, indicating an overall 98% fidelity.
Over the period 2016-2018, there were 174 returns to the same calving ground and three
switches for the three herds, indicating again an overall fidelity of 98%. The low rate of
switching of collared cows is consistent with previous estimates of about 3% switching and
97% fidelity in the Bathurst herd (Adamczewski et al. 2009) and similar fidelity in the Cape
Bathurst, Bluenose-West and Bluenose-East herds (Davison et al. 2014). However, the only
three switches between 2016 and 2018 were the three of 11 Bathurst collared females
(27%) in June 2018. Movements of collared Bathurst bulls in spring 2018 (Figure 16) also
suggested an unexpected degree of movement into the inland areas adjacent to the Queen
Maud Gulf after collared males and females from the two herds were strongly mixed all

winter (Figure 14).
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Figure 40: Frequencies of collared caribou movement events for the Bathurst and
neighbouring Bluenose-East and Beverly herds 2010-2015 and 2016-2018 based on
consecutive June locations. The curved arrows above the boxes indicated the number of
times a caribou returned to the same calving ground in successive years. The straight arrows
indicate movement of caribou to other calving grounds.

Demographic Change: Adult Survival, Calf Productivity and Calf Survival
Comparison of the 2015 and 2018 Bathurst June survey results shows declines by more than

half in estimates of breeding females (55.0%), adult females (61.0%) and overall herd size
(58.5%). Part of this decline is due to a proportion (approximately 27% based on three of 11
collared cows) of Bathurst cows calving on the Beverly/Queen Maud Gulf calving ground as
discussed earlier (Figure 38). Demographic analysis described earlier indicates this decline
is in part attributed to adult cow survival rates (estimated for 2017-2018 at 0.82) that have
improved since 2015 (Figure 35) but continue to be below levels associated with stable
populations (0.84 to 0.90). Calf survival has also been low overall in the past ten years
(Figure 34). Overall calf productivity (the product of fecundity and one-year calf survival) in
the 2011-2018 period (mean productivity of 0.25) was well below the levels observed prior
to 1997 (mean productivity=0.46) and is well below levels associated with stable

populations (Figure 34). Both productivity and cow survival would need to increase
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substantially to reach levels associated with a stable population. We note that demographic
model estimates from a model that used the 2018 data point will be influenced by the
emigration event in 2018. The three-year average survival rate was 0.84 (CI=0.78-0.89) with
the 2018 adult female estimate excluded compared to 0.81 (CI=0.75-0.87) when the 2018
adult female estimate was included. Therefore, survival estimates are still on the lower level
needed for herd recovery given current levels of productivity, regardless of model scenario

considered.

Incidental Sightings of Other Wildlife
Sightings of other wildlife during the June 2018 calving ground surveys are listed in Table

19. Observations for both the Bathurst and the Bluenose-East surveys are included for
convenience. Of particular interest are the sightings of wolves and grizzly bears as key
predators of young caribou calves. There were 29 grizzly bear sightings and five wolf
sightings on the Bathurst calving ground, and 44 grizzly bear sightings and eight wolf
sightings on the Bluenose-East calving ground. In general this is consistent with previous
calving ground surveys of these two herds, which have shown substantially more bears than

wolves.

Table 19: Incidental sightings of other wildlife during June 2018 calving ground surveys
from reconnaissance flying, visual blocks, and composition surveys. Note that some areas
were flown more than once, thus some individuals may have been sighted more than once.

Species Bathurst calving Bluenose-East calving
ground ground
Red fox 1 2
Arctic Fox 2 1
Eagles 4 2
Grizzly bears 29 44
Moose 4 4
Muskox 233 411
Wolverine 0 0
Wolves 5 8
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DISCUSSION

Results from the Bathurst 2018 calving photo survey documented significant declines by
more than half in estimates of breeding females (55.0%), adult females (61.0%) and overall
herd size (58.5%) since 2015. The reduction in herd size indicates an annual rate of decline
of 25.5% 2015-2018. The overall decline from peak numbers in 1986 of 470,000 is on the
order of 98%. We suggest that the most recent decline cannot be attributed to poor survey
methods or sampling. The caribou on the visual strata may have been under-estimated
somewhat due to the patchy snow conditions and relatively low sightability, but 96.9% of
the estimated breeding females and 84.2% of the estimated adult females for the overall
survey area were estimated within the photo stratum, similar to the 2015 survey. Extra time
spent searching photos and the double observer check suggested that a very high proportion

of the caribou were found on the aerial photos.

An analysis of the herd’s demography suggests that low calf survival rates and improved, but
still low adult female survival rates both contributed to the continuing decline of the
Bathurst herd. In 2018, fecundity of the Bathurst herd was relatively good, with 70.4%
breeding females on the calving ground. However, by October 2018 the estimated calf:cow
ratio of 21 calves: 100 cows (D. Cluff, unpublished data) indicated that calf survival through

the first four to five months was poor and well below levels needed for a stable population.

An evaluation of spatial patterns of mortality in collared Bathurst cows resulted in two maps,
one for 1996-2009 and one for 2010-2016 (Figure 41; Boulanger and Adamczewski 2017).
Mortality risk for 1996-2009 was relatively dispersed, with some mortality on the winter
range and some on the summer range. Some of the winter mortality in the winter may reflect
hunter harvest, which over that period was not restricted. Mortality risk was lowest during
calving 1996-2009. The overall geographic range of the Bathurst herd in the later period
2010-2016 was reduced, reflecting the herd’s much reduced numbers. As in the earlier
period, mortality risk was lowest during calving 2010-2016. This appears to support the

longstanding view that caribou cows migrate to remote tundra calving grounds primarily to
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reduce predation risk (Bathurst herd: Heard et al. 1996; Porcupine herd: Griffith et al. 2002,
Russell and McNeill 2005). In the later period, mortality risk was highest on the summer
range. While this analysis did not include an assessment of the causes of mortality in collared
caribou, the summer mortality of collared female caribou and the poor summer calf survival
may point to predation on the summer range as contributing significantly to mortality of
calves and adults. Summer mortality has decreased in the Bathurst herd from 2015 to 2017
resulting in an increased rate of cow survival (Figures 30, 31, and 35), however overall cow
survival rates are still lower than needed for herd recovery, given current levels of

productivity.
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Figure 41: Relative likelihood of mortality in collared Bathurst female caribou shown as a
“heat map” for 1996-2009 (left) and 2010-2016 (right). Darker colours (orange and red)
indicate areas with an above-average probability of mortality, and lighter areas (yellow)
indicate areas with a below-average probability of mortality. If mortalities were in
proportion to live locations of collared caribou, all of the range would have the same colour.
From Boulanger and Adamczewski (2017).

In 2018 some Bathurst collared cows were initially east of Bathurst Inlet and moved west
across the Inlet at the time of the survey, but three of 11 (27%) Bathurst cows continued
moving east into the Queen Maud Gulf coastal calving area with collared Beverly cows and

remained there during the calving period. This is a limited sample and it is difficult to
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quantify the percentage of the herd that moved east with the three collared cows;
assessment of collars and analyses through the demographic model suggest that roughly
30% of the herd’s cows may have emigrated in 2018. Spring-time movements of collared
Bathurst bulls (Figure 16) suggest that some of them also moved east into the Queen Maud
Gulf area, south of the coastal calving grounds. These movements may in part reflect strong
mixing of the Bathurst and Beverly herds in the winter of 2017-2018, as also happened in
the winter of 2016-2017. There is a large disparity in size of the two herds. With the Bathurst
estimate of 8,207 caribou (this survey) and the 2018 Beverly estimate of just over 100,000
(Campbell et al. 2019), the Beverly herd outnumbered the Bathurst by about 12:1. Caribou
are gregarious animals and movement of collared Bathurst cows towards the calving
grounds in the Queen Maud Gulf may indicate that they were drawn along by the northeast
movement of the larger herd after sharing wintering ranges from November-December to

April-May.

As described by Gunn et al. (2012), gregariousness of female caribou during calving is a
strategy for reducing predation risk and is a principal reason for high densities of breeding
females on a calving ground. For the Porcupine herd, Griffith et al. (2002) demonstrated that
newborn calves on the interior of large calving aggregations on the calving ground had
higher survival rates than calves on the periphery of these aggregations. However, as a
population of migratory barren-ground caribou declines below a small threshold size, spatial
fidelity to a calving area may start to break down, resulting in a partial or complete shift in
use of a calving area. Heavy overlap on the winter range with a larger herd, as in the Bathurst
herd’s recent substantial overlap in recent winters with the much larger herd calving in the
Queen Maud Gulf coastal lowlands, may also act as a factor predisposing a smaller declining

herd to joining a much larger herd.

The observed switching of three of 11 known Bathurst collared cows to the Queen Maud Gulf
lowland calving ground during the 2018 calving season presents at least two possibilities.
The first is that the switching observed for three Bathurst cows in June 2018 was an isolated
occurrence and spatial fidelity to the Bathurst calving ground, which has generally been 97-

98% based on collared cows, is maintained. The second is that observed rates of switching
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by known Bathurst cows to the Queen Maud Gulf lowland calving ground in 2018 will
continue and possibly increase in subsequent calving periods, especially if the Bathurst herd
continues to decline. In June 2019, three of 17 (17.6%) collared cows that were on the
Bathurst calving ground in June 2018 moved well east of Bathurst Inlet with Beverly collared
females, suggesting that some eastward emigration of Bathurst cows had continued
(Adamczewski et al. 2019). There was evidence from 2006-2009 of several collared caribou
females using the inland Beverly calving ground, then switching to the coastal Queen Maud
Gulf calving ground in a following year (Adamczewski et al. 2015). The management
implication of continued or increased calving ground switching by Bathurst cows is that a
combination of numerical decline and emigration may further reduce the likelihood of

recovery for the Bathurst herd.

Harvest of the Bathurst herd has been closed in the NWT since early 2015 (see WRRB 2016),
with a Mobile Core Bathurst Caribou Conservation Area (MCBCCA) applied as a no-harvest
zone. The MCBCCA (i.e. mobile zone) was developed as a minimum convex polygon around
Bathurst collared caribou locations (males and females) with a spatial buffer ranging from
20-60 km, depending on the degree of overlap with adjacent herds and recommendations
from a technical committee. Limited numbers of Bathurst collars in some winters may mean
that the herd’s distribution was not fully defined, potentially leading to a limited harvest of
Bathurst caribou outside the mobile zone. However, the heavy mixing of Bathurst and
Beverly collars in recent winters and the 12:1 ratio of Beverly:Bathurst caribou, in addition
to the Beverly collars generally found south and east of the mobile zone, would mean that
the harvest in areas bordering on the mobile zone was predominantly comprised of Beverly

caribou.

Results of the Bayesian state space model analysis of the Bathurst herd confirm earlier
results (Créte et al. 1996 and Boulanger et al. 2011) and suggest that cow survival levels of
0.84-0.92 are needed for stability, given the recent range of calf productivity levels observed
for this herd. Low natural survival rates may reflect significant predation by wolves and
bears (Haskell and Ballard 2007), and the spatial concentration of collared cow mortalities

2010-2016 (Figure 41) suggests that summer was the time of greatest predation risk.
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Summer mortality as estimated by collared caribou has decreased in recent years (Figure

30).

Overall calf productivity in the 2011-2018 period (mean productivity of 0.25) was well
below the levels observed prior to 1997 (mean productivity=0.46) and far below levels
needed for a stable herd. Cyclical patterns in abundance of migratory caribou herds may also
reflect the influence of large-scale weather patterns on vegetation and range conditions (Joly
et al. 2011); declines of multiple NWT caribou herds from 2000 to 2006-2008 in part
reflected late calving and sustained low calf recruitment (Adamczewski et al. 2009,

Adamczewski et al. 2015).

Boulanger and Adamczewski (2017) suggested that high summer drought and warble fly
indices on the Bathurst and BNE ranges may in part have contributed to poor female
condition and low pregnancy rates in some years. For example, very high drought and warble
fly indices for both herds in 2014 were followed by low percentages of breeding females in
both herds in June 2015 (Boulanger et al. 2016, 2017). These results are further supported
by the Bayesian IPM analysis that found correlations between warble fly indices and calf
survival, and June temperature and cow survival based upon estimates between 2008 and

2016.

A concurrent calving ground survey of the Beverly herd (Campbell et al 2019) estimated
84,705 (CI=73,636-88,452) adult females and a total herd size of 103,372 (CI=93,684-
114,061) in the survey area as defined by the caribou calving in the coastal lowland Queen
Maud Gulf area and the Adelaide Peninsula. Comparison with abundance of caribou
estimated in 2011 in the Queen Maud Gulf coastal calving area and re-analyzed to include
the Adelaide Peninsula indicates that this herd has declined from an estimated 136,608 at
that time. The comparison suggests an annual rate of decline of 4-5% from 2011 to 2018. If
our evaluations of the proportion of Bathurst caribou that emigrated to the Queen Maud Gulf
coastal calving area (about 30%) are correct and a similar proportion of bulls emigrated in
2018, then approximately 3,000 Bathurst caribou may have added to the estimate for the

Beverly herd calving in the Queen Maud Gulf, a number that would have had a very limited
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effect on the GN Beverly herd estimate for 2018 and was well within the confidence limits of

the estimate.

Monitoring Recommendations

As a result of the significant declines in the Bluenose-East (Boulanger et al. 2019) and

Bathurst (this report) herds documented by 2018 calving photo surveys, the Thcho

Government and GNWT ENR submitted joint management proposals for each herd to the

Wek’eezhii Renewable Resources Board (WRRB) in January 2019. While the WRRB has yet

to determine what management actions and monitoring it will recommend, we include here

the revised and increased monitoring and research included in the two proposals.

1.

2.

3.

Calving photo surveys every two years, an increase in survey frequency from the
three-year interval that has been used since about 2006. Population estimates from
these surveys are key benchmarks for management decisions.

Annual composition surveys in June, October and late winter (March/April) to
monitor initial calf productivity, survival through the first four to five months, and
survival to nine to ten months in late winter. Results in 2018 suggested that initial
fecundity was moderately high for the Bathurst herd (70% breeding females) but by
late October the calf:cow ratio had dropped to 21 calves:100 cows, far below
recruitment and productivity needed for a stable population. Annual fall surveys will
also allow monitoring of the bull:cow ratio.

An increase in numbers of collars on the Bathurst and Bluenose-East herds from 50
(30 cows, 20 bulls) to 70 (50 cows, 20 bulls). This will improve estimation of annual
cow survival rates and improve monitoring of herd distribution and harvest
management, along with many other uses for collar information. Assessment of collar
fate is essential to obtain unbiased survival estimates.

Suspension of reconnaissance surveys on the calving grounds. Although
reconnaissance surveys on the calving grounds in years between photo surveys
generally tracked abundance of cows on the calving grounds, the variance on these
surveys has been high. In particular, results of the June 2017 reconnaissance survey
on the Bluenose-East calving ground suggested that the herd’s decline had ended and

the herd had increased substantially, while the 2018 photo survey showed that in
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reality the herd’s steep decline had continued. As noted above, however, annual
composition surveys on the calving grounds of the two herds are planned, and were
carried out in June 2019 (Adamczewski et al. 2019).

Increased support for studies of predator abundance and predation rates, as well as
studies of factors affecting range condition, caribou productivity and health.
Increased support for on-the-land traditional monitoring programs like the Thcho
Boots-on-the-Ground program (Jacobsen and Santomauro 2017) that provide

insights into caribou health and the influence of weather and other factors on caribou.
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Appendix 1: Double observer methods and results for visual survey strata

Methods and results described in this appendix include data from the Bathurst and
Bluenose-East surveys in June 2018. One Cessna Caravan crew was based at the Ekati Mine
and flew all of the Bathurst reconnaissance survey and most of the Bathurst two visual
blocks. One Cessna Caravan based at Kugluktuk flew only on the Bluenose-East
reconnaissance and two visual blocks, and the other Caravan based at Kugkuktuk flew
primarily on the Bluenose-East survey but also flew part of the Bathurst visual survey. Snow
conditions were generally similar across the two survey areas. Given the overlap in survey
flying and the similar sightability conditions on both surveys, double observer data were

combined in the analyses and results described in this appendix.

Visual surveys were conducted in two low density strata in June 2018 on the Bathurst survey,
one west of Bathurst Inlet and one east of it. There were also two visual blocks in the
Bluenose-East survey in June 2018, one north of the two photo blocks and one south of them.
Each of the Caravans had two observers and a recorder on each side of the aircraft. The
numbers of caribou sighted by observers were entered into the Trimble YUMA 2 tablet

computers and summarized by transect and stratum.

A double observer method was used to estimate the sighting probability of caribou during
visual surveys. The double observer method involves one primary observer who sits in the
front seat of the plane and a secondary observer who sits behind the primary observer on

the same side of the plane (Figure 1). The method followed five basic steps:

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

caribou seen before the secondary observer called them out.
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2 - The secondary observer called out whether he/she saw the caribou that the first observer
saw and observations of any additional caribou groups. The secondary observer waited to
call out caribou until the group observed passed about half way between observers (between

3 and 6 o’clock for right side observers and 6 and 9 o’clock for left side observer).

3 - The observers discussed any differences in group counts to ensure that they were calling

out the same groups or different groups and to ensure accurate counts of larger groups.

4 - The datarecorder categorized and recorded counts of caribou groups into primary (front)

observer only, secondary (rear) observer only, or both, entered as separate records.

5 - The observers switched places approximately half way through each survey day (i.e. on a
break between early and later flights) to monitor observer ability. The recorder noted the

names of the primary and secondary observers.
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Figure 1: Observer and recorder positions for double observer methods on June 2018
caribou survey of Bathurst caribou. The secondary observer confirmed or called caribou not
seen by the primary observer after the caribou have passed the main field of vision of the
primary observer. Time on a clock can be used to reference relative locations of caribou
groups (e.g. “caribou group at 1 o’clock”). The recorder was seated behind the two observers
on the left side, with the pilot in the front seat. On the right side the recorder was seated at
the front of the aircraft and was also responsible for navigating in partnership with the pilot.

The statistical sample unit for the survey was groups of caribou, not individual caribou.
Recorders and observers were instructed to consider individuals to be those caribou that
were observed independent of other individual caribou and/or groups of caribou. If
sightings of individuals were influenced by other individuals then the caribou were

considered a group and the total count of individuals within the group was used for analyses.

The results were used to estimate the proportions of caribou that were likely missed, and
numbers of caribou estimated on the two visual survey blocks east and west of Bathurst Inlet

were corrected accordingly.

The Huggins closed mark-recapture model (Huggins 1991) in program MARK (White and

Burnham 1999) was used to estimate and model sighting probabilities. In this context,
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double observer sampling can be considered a two sample mark-recapture trial in which
some caribou are seen (“marked”) by the (“session 1”) primary observer, and some of these
are also seen by the second observer (“session 2”). The second observer may also see caribou
that the first observer did not see. This process is analogous to mark-recapture except that
caribou are sighted and re-sighted rather than marked and recaptured. In the context of
dependent observer methods, the sighting probability of the second observer was not
independent of the primary observer. To accommodate this removal, models were used
which estimated p (the initial probability of sighting by the primary and secondary observer)
and c (the probability of sighting by the second observer given that it had been already
sighted by the primary observer). The removal model assumed that the initial sighting
probability of the primary and secondary observers was equal. Observers were switched
midway in each survey day (on most days there were two flights with a re-fueling stop
between them), and covariates were used to account for any differences that were caused by

unequal sighting probabilities of primary and secondary observers.

One assumption of the double observer method is that each caribou group seen has an equal
probability of being sighted. To account for differences in sightability we also considered the
following covariates in the MARK Huggins analysis (Table 1). Each observer pair was
assigned a binary individual covariate and models were introduced that tested whether each
pair had a unique sighting probability. An observer order covariate was modeled to account
for variation caused by observers switching order. If sighting probabilities were equal
between the two observers, it would be expected that order of observers would not matter
and therefore the confidence limits for this covariate would overlap 0. This covariate was
modeled using an incremental process in which all observer pairs were tested followed by a
reduced model where only the beta parameters whose confidence limits did not overlap 0,

were retained.

Table 1: Covariates used to model variation in sightability for double observer analysis for
Bathurst caribou survey in June 2018.
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Covariate Acronym Description

observer pair obspair each unique observer pair

observer order obsorder order of pair

group size size size of caribou group observed
Herd/calving Herd (h) Calving ground/herd being surveyed.
ground

SNOW cover snow snow cover (0, 25, 75, 100)

cloud cover cloud cloud cover (0, 25, 75, 100)

Cloud cover*snow Cloud*snow Interaction of cloud and snow cover
cover

Data from both the Bluenose-East and Bathurst herd calving grounds surveys were used in
the double observer analysis given that most planes flew the visual surveys for both calving
grounds. It was possible that different terrain and weather patterns on each calving ground
might affect sightability and therefore herd/calving ground was used as a covariate in the
double observer analysis. Estimates of total caribou that accounted for any caribou missed

by observers were produced for each survey stratum.

The fit of models was evaluated using the AIC index of model fit. The model with the lowest
AICc score was considered the most parsimonious, thus minimizing estimate bias and
optimizing precision (Burnham and Anderson 1998). The difference in AICc values between
the most supported model and other models (AAIC:) was also used to evaluate the fit of
models when their AICc scores were close. In general, any model with a AAICc score of <2 was

worthy of consideration.

Estimates of herd size and associated variance were estimated using the mark-recapture
distance sampling (MRDS) package (Laake et al. 2012) in program R program
(R_Development_Core_Team 2009). In MRDS, a full independence removal estimator which
models sightability using only double observer information (Laake et al. 2008a, Laake et al.
2008b) was used. This made it possible to derive double observer strip transect estimates.
Strata-specific variance estimates were calculated using the formulas of (Innes et al. 2002).
Estimates from MRDS were cross checked with strip transect estimates (that assume

sightability=1) using the formulas of Jolly (1969)(Krebs 1998). Data were explored

96



graphically using the ggplot2 (Wickham 2009) R package and QGIS software
(QGIS_Foundation 2015).

Double observer analysis
Data from both the reconnaissance and visual surveys were used in the double observer

analysis, however, only the visual survey data was used to derive estimates of abundance for
survey strata. Observers were grouped into pairs which were used for modeling the effect of
observer on sightability. A full listing of observer pairs is given in Table 2. Frequencies of
observations as a function of group size, survey, and phase suggested that approximately half
of the single caribou were seen by both observers in most cases (Figure 2). In previous years
approximately 70-80% of single caribou were seen by both observers. As group size
increased the proportion of observations seen by both observers increased. This general
pattern suggests low sightability compared to previous surveys, which generally had much

less snow cover.
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Table 2: Double observer pairings with associated summary statistics.

Observer information Frequencies Probabilities
notes "
: £ 3
T o © = _ 2 o S
= o Q < ° © < S ® O w
£ 85 s £ 8 f5 % 3
(%] -8 A a
1 1 did not switch 5 6 14 25 0.80 0.96
2 2 6 3 16 25 0.76 0.94
3 2 0 0 1 1 1.00 1.00
4 3 1 4 11 16 094 1.00
5 3 6 10 16 32 081 0.96
6 4 didnotswitch 1 8 17 36 0.69 091
1
7 5 didnotswitch 1 17 48 79 0.82 0.97
4
8 6 1 19 46 83 0.78 0.95
8
9 6 1 20 38 75 0.77 0.95
7
10 7 1 4 23 43 0.63 0.86
6
11 5 19 0.74 0.93
12 0 5 1.00 1.00
13 2 20 43 053 0.78
0
14 9 5 1 7 13 0.62 0.85
15 9 2 18 42 80 0.75 0.94
0
16 9 pooled with9 1 0 0 1 0.00 0.00
17 10 1 3 16 33 0.8 0.82
4
18 10 1 3 0 4 0.75 0.94
19 11 did not switch 1 9 41 60 0.83 0.97
0
20 12 0 0 1.00 1.00
21 12 pooled with 0 0 1.00 1.00
12
22 12 9 1 20 30 0.70 0.91
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Figure 2: Frequencies of double observer observations by group size, survey phase and
survey for Bluenose-East and Bathurst June 2018 caribou surveys. Each observation is
categorized by whether it was observed by the primary (brown), secondary (beige), or both
(green) observers.

Snow and cloud cover also influenced sightability, however, the pattern depended on survey
phase and herd surveyed (Figure 3). The most noteworthy trends occurred for higher snow
cover (75%) for the Bathurst and higher cloud cover. Snow cover was evident in all surveys
with few observations of 0 snow cover and most within the 25-75% range. This range
corresponds to the “salt and pepper” patchy snow cover where sightability is lower. The lack
of “effect size” of snow cover (i.e minimal 0 and 100% snow cover observations) potentially
made it problematic to model the effect of increasing snow cover on observations. Instead,

sightability was lower (as modeled by an intercept term) due to the poor survey conditions.
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Figure 3: Frequencies of double observer observations by snow cover, cloud cover, survey
phase and survey for Bluenose-East and Bathurst June 2018 caribou surveys. Each
observation was categorized by whether it was observed by the primary, secondary, or both
observers.

Snow cover was modeled as a continuous (snow) or categorical covariate (snow25, snow50,
snow75) based on the categorical entries in the tablets. Model selection identified a strong
effect of the log of group size, observers, snow cover and the interaction of snow and cloud
cover (Table 3). An additional effect of snow cover at 75% for the Bathurst herd was evident.
Observer pairs were reduced to the pairs to those that showed substantial differences from

the mean level of sightability in the survey.
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Table 3: Double observer model selection using Huggins mark-recapture models in program
MARK for Bluenose-East and Bathurst June 2018 caribou surveys. Covariates follow Table 1
in the methods section of the report. Reduced observer pairs are denoted as reda and reds.
AIC,, the difference in AICc values between the ith and most supported model 1 (AAIC.),
Akaike weights (wi), and number of parameters (K), and deviance (Dev) are presented.

No Model AlCc AAIC, wi K Dev
1 log(group 764.99 0.00 0.33 8 748.9
size)+obs(reds)+order+herd*snow75+cloud+snow*clo
ud
2 log(group 767.02 2.03 0.12 9 748.9
size)+obs(redg)+order+herd*snow75+cloud+snow*clo
ud
3 log(group 768.15 3.16 0.07 8 752.1
size)+obs(reds)+order+snow75+cloud+snow*cloud
4 log(group 768.32 3.33 0.07 10 748.2
size)+obs(redg)torder+herd*snow75+cloud+snow+sn
ow*cloud
log(group size)+obs(redp)+order+herd*snow75+cloud 768.63 3.63 0.06 8 752.5
log(group size)+obs(reds)+order+snow+cloud 770.75 5.75 0.02 9 752.6
+snow*cloud
7 log(group 772.54 7.55 0.01 8 756.4
size)+obs(redg)torder+snow25+log(group)*snow25
log(group size)+obs(redp)+order+snow(categorical) 773.52 8.52 0.00 10 753.4
log(group 774.15 9.15 0.00 11 752.0
size)+obs(redg)+order+snow+snow?+cloud-+cloud’+sn
ow*cloud
10 log(group size) 781.88 16.89 0.00 2 777.9
11 log(group size)+snow +cloud 782.04 17.05 0.00 4 774.0
12 group size 783.22 18.22 0.00 2 779.2
13 log(group size)+snow25+cloud0 784.31 19.31 0.00 4 776.3
14 log(group size)+snow25+sno50+snow75+snow100 784.84 19.95 0.00 6 772.8
15  log(group size)+obs(all)) 785.96 20.97 0.00 13 759.7
16  constant 802.05 37.06 0.00 1 800.0

Plots of single and double observation probabilities show lower probabilities for individual
or smaller group sizes especially in moderate snow cover and higher cloud cover, for
Bluenose-East and Bathurst June 2018 caribou surveys (Figure 4). The mean detection
probability (across all groups) was 0.66 (CI=0.60-0.72). This compares to a mean probability
of 0.91 (CI=0.88-0.92) for the 2015 Bluenose and Bathurst surveys.
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Figure 4: Estimated single observer probabilities from model 1 (Table 3) by snow cover,
cloud cover, survey phase and survey for Bluenose-East and Bathurst June 2018 caribou
surveys. Each observation is categorized by whether it was observed by the primary,
secondary, or both observers.

Double observer probabilities (the probability that at least one of the observers saw the
caribou) were higher but still relatively low for single caribou especially for cases of higher

cloud cover and snow cover (and for some observer pairs) (Figure 5).
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Figure 5: Estimated double observer probabilities from model 1 (Table 3) by snow cover,
cloud cover, survey phase and survey for Bluenose-East and Bathurst June 2018 caribou
surveys. Each observation is categorized by whether it was observed by the primary,
secondary, or both observers.

Estimates of total caribou in visual strata

Double observer estimates (using the MRDS R package) were about 5% higher than non

double observer estimates. Precision was lower than uncorrected count-based estimates but

still acceptable (Table 4).
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Table 4: Standard strip transect and double observer model estimates of caribou on

Bathurst visual strata in 2018 from the MRDS package in R.

Strata Caribou Standard estimate Double observer estimate

counted Estimate SE CvV Estimate SE Confidence interval CvV
West 88 S 1321 240% 567 14050 332 970  24.8%
East 220 1,244 2867 23.0% 1309 33270 773 2216 25.4%
Total 369 1,795 151.7 17.6% 1,877 360.9 1,265 2,783 19.2%
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Appendix 2: Bathurst collared female caribou histories 2016-2018

This figure presents the collar histories for each cow caribou from 2016 to 2018. Each black
point represents a monthly fix of a live caribou. Color larger dots represent presence on
delineated calving grounds. Fates of caribou are delineated by a square if the collar released

with the caribou being alive whereas stars denote mortalities.
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Appendix 3: Bayesian State space population model details

This appendix details the development of the Bayesian IPM state space model. The primary
state space model R coding was developed by Joe Thorley (Poisson Consulting,
poissonconsulting.ca) in collaboration with John Boulanger (Thorley and Boulanger 2019).
The demographic model used was similar to the previous OLS model used in previous
analyses. The primary development was to evolve model fitting to a more robust Bayesian
state space approach. The objective of this appendix is to provide a brief description of the
model used in the analysis rather than a complete description of the Bayesian model
approach. Readers interested in the Bayesian modeling approach should consult Kery and

Schaub (2011) which is an excellent introduction to Bayesian analysis.

Data Preparation

The estimates of key population statistics with SEs and lower and upper bounds were
provided in the form of an csv spreadsheet and prepared for analysis using R version 3.5.2

(R Core Team 2018).

Statistical Analysis

Model parameters were estimated using Bayesian methods. The Bayesian estimates were
produced using JAGS (Plummer 2015). For additional information on Bayesian estimation

the reader is referred to McElreath (2016).

Unless indicated otherwise, the Bayesian analyses used normal and uniform prior
distributions that were vague in the sense that they did not constrain the posteriors (Kery
and Schaub 2011, p. 36). The posterior distributions were estimated from 1500 Markov
Chain Monte Carlo (MCMC) samples thinned from the second halves of three chains (Kery
and Schaub 2011, pp. 38-40). Model convergence was confirmed by ensuring that the split
potential scale reduction factor R < 1.05 (Kery and Schaub 2011, p. 40) and the effective
sample size (Brooks et al. 2011) ESS > 150 for each of the monitored parameters (Kery and

Schaub 2011, p. 61). In addition, trace plots of Markov Chains and the posterior distributions
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were inspected to further check convergence and symmetry of estimated parameter

distributions.

The sensitivity of the estimates to the choice of priors was examined by multiplying the
standard deviations of the normal priors by ten and using the split R (after collapsing the
chains) to compare the posterior distributions (Thorley and Andrusak 2017). An unsplit R <

1.1 was taken to indicate low sensitivity.

The parameters are summarized in terms of the point estimate, standard deviation (sd), the
z-score, lower and upper 95% confidence/credible limits (CLs) and the p-value (Kery and
Schaub 2011, p 37 and 42). The estimate is the median (50th percentile) of the MCMC
samples, the z-score is mean/sd and the 95% CLs are the 2.5th and 97.5th percentiles. A p-

value of 0.05 indicates that the lower or upper 95% CL is 0.

The results are displayed graphically in the main body of the report with 95%
confidence/credible intervals (Cls, Bradford et al. 2005). Data are indicated by points (with
lower and upper bounds indicated by vertical bars) and estimates are indicated by solid lines

(with CIs indicated by dotted lines).

The analyses were implemented using R version 3.5.2 (R Core Team 2018) and the mbr
family of packages.
Model Descriptions

The data were analyzed using state-space population models (Newman et al. 2014).

Population

The fecundity, breeding cow abundance, cow survival, fall bull cow, fall calf cow and spring
calf cow ratio data complete with SEs were analyzed using a stage-based state-space
population model similar to Boulanger et al. (2011). Key assumptions of the female stage-

based state-space population model include:

e Calving occurs on the 11th of June (with a year running from calving to calving)
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e Cow natural survival from calving to the following year varies continually and
randomly by year.

e Bull natural survival from calving to the following year varies randomly by year.

e Cow and bull natural survival is constant throughout the year.

e Harvest of cows and bulls occurs on the 15th of January.

e Yearling survival to the following year is the same as cow natural survival.

e C(Calf survival varies between the summer and winter seasons and randomly by year.

e The calf sex ratio is 1:1.

e The proportion of breeding cows is the fecundity the previous year.

e Fecundity varies randomly by year.

e Female yearlings are indistinguishable from cows in the fall and spring surveys.

e The uncertainty in the number of breeding cows in the initial year is described by a
positively truncated normal distribution with a mean of 200,000 and a standard
deviation of 50,000.

e The number of cows in the initial year is the number of breeding cows in the intial
year divided by the fecundity in a typical year.

e The number of bulls in the initial year is two thirds the number of cows in the initial
year.

e The number of calves in the initial year is the number of breeding cows in the initial
year.

e The number of yearlings in the initial year is the number of calves in the initial year
multiplied the calf survival in a typical year.

e The uncertainty in each data point is normally distributed with a standard deviation

equal to the provided SE.

Model Templates
The base R code used in the analysis is summarized below.
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Population (R-code)

. model {
bSurvivalCow ~ dnorm(0, 2"-2)
bSurvivalBull ~ dnorm(0, 2/-2)
bFecundity ~ dnorm(0, 2”-2)
bSurvivalCalfSummerAnnual ~ dnorm(0, 2/-2)
bSurvivalCalfWinterAnnual ~ dnorm(0, 2-2)

sSurvivalCowAnnual ~ dnorm(0, 1*-2) T(0,)
sSurvivalBullAnnual ~ dnorm(0, 1*-2) T(0,)
sFecundityAnnual ~ dnorm(0, 1*-2) T(0,)
sSurvivalCalfAnnual ~ dnorm(0, 1*-2) T(0,)
for(i in 1:nAnnual){
bSurvivalCowAnnual[i] ~ dnorm(0, sSurvivalCowAnnual”*-2)
bSurvivalBullAnnual[i] ~ dnorm(0, sSurvivalBullAnnual”-2)
bFecundityAnnual[i] ~ dnorm(0, sFecundityAnnual”*-2)
bSurvivalCalfAnnual[i] ~ dnorm(0, sSurvivalCalfAnnual”-2)

logit(eSurvivalCow[i]) <- bSurvivalCow + bSurvivalCowAnnual[i]
logit(eSurvivalBull[i]) <- bSurvivalBull + bSurvivalBullAnnual[i]
logit(eFecundity[i]) <- bFecundity + bFecundityAnnual[i]
logit(eSurvivalCalfSummerAnnual[i]) <- bSurvivalCalfSummerAnnual +
bSurvivalCalfAnnual[i]
logit(eSurvivalCalfWinterAnnual[i]) <- bSurvivalCalfWinterAnnual +
bSurvivalCalfAnnual[i]
}
bBreedingCows1 ~ dnorm (200000, 50000”-2) T(0,)
logit(eFecundity1) <- bFecundity
logit(eSurvivalCalfSummerAnnual1l) <- bSurvivalCalfSummerAnnual
logit(eSurvivalCalfWinterAnnual1l) <- bSurvivalCalfWinterAnnual

bCows[1] <- bBreedingCows1 / eFecundity1

bBulls[1]<- bCows[1] *2 / 3

bCalves[1] <- bBreedingCows1

bYearlings[1] <- bCalves[1] * eSurvivalCalfWinterAnnual1”(154/365) *
eSurvivalCalfWinterAnnual1(211/365)

bSpringCalfCow[1] <- bCalves[1] / (bCows|[1] + bYearlings[1] / 2)

bCowHarvestRate[1] <- CowHarvestRate[2]

bBullHarvestRate[1] <- BullHarvestRate[2]

for(i in 1:nAnnual) {
eJuneToFallCor[i] <- FallCalfCowDays[i] / 365

eFallCows[i] <- bCows][i] * eSurvivalCow][i]*eJuneToFallCor([i]
eFallBulls[i] <- bBulls[i] * eSurvivalBull[i]*eJuneToFallCor[i]
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eFallYearlings[i] <- bYearlings][i] * eSurvivalCow][i]*eJuneToFallCor[i]
eFallCalves][i] <- bCalves[i] * eSurvivalCalfSummerAnnual[i]*eJuneToFallCor(i]

bFallBullCow[i] <- (eFallBulls[i] + eFallYearlings[i]/2) / (eFallCows][i] +
eFallYearlings[i] /2)
bFallCalfCow([i] <- eFallCalves[i] / (eFallCows[i] + eFallYearlings[i]/2)

}

for(i in 2:nAnnual) {
eFallToJanCor[i] <- (218 - FallCalfCowDaysJ[i-1])/365
eJanToSpringCor[i] <- (SpringCalfCowDays[i] - 218) / 365
eSpringToJuneCor[i] <- (365 - SpringCalfCowDaysJi]) / 365

eJanCows]Ji] <- eFallCowsJ[i-1] * eSurvivalCow/[i-1]*eFallToJanCor[i]
eJanBulls[i] <- eFallBulls[i-1] * eSurvivalBull[i-1]*eFallToJanCor]i]
eJanYearlings[i] <- eFallYearlings[i-1] * eSurvivalCow[i-1]*eFallToJanCor]i]

bCowHarvestRate[i] <- CowHarvestRate[i]
bBullHarvestRate[i] <- BullHarvestRate[i]

eSpringCowsJi] <- eJanCows][i] * (1 - bCowHarvestRate[i]) * eSurvivalCow[i-
1]*eJanToSpringCor[i]

eSpringBulls[i] <- eJanBulls[i] * (1 - bBullHarvestRate[i]) * eSurvivalBull[i-
1]*eJanToSpringCor[i]

eSpringYearlings[i] <- eJanYearlings[i] * eSurvivalCow[i-1]*eJanToSpringCor([i]

eSpringCalves|[i] <- bCalves[i-1] * eSurvivalCalfSummerAnnual[i-1]*(154/365) *
eSurvivalCalfWinterAnnual[i-1]*((SpringCalfCowDaysJi] - 154) / 365)

bSpringCalfCow(i] <- eSpringCalves][i] / (eSpringCows][i] + eSpringYearlings[i] /2)

bCowsJi] <- (eSpringCowsJi] + eSpringYearlings[i] / 2) * eSurvivalCow[i-
1]*eSpringToJuneCor(i]

bBulls[i] <- eSpringBulls[i] * eSurvivalBull[i-1]*eSpringToJuneCor([i] +
eSpringYearlings[i] / 2 * eSurvivalCow[i-1]*eSpringToJuneCorl[i]

bYearlings|[i] <- bCalves][i-1] * eSurvivalCalfSummerAnnual[i-1]*(154/365) *
eSurvivalCalfWinterAnnual[i-1]*(211/365)

bCalves|[i] <- bCowsJi-1] * eSurvivalCow[i-1] * (1 - bCowHarvestRate[i]) * eFecundity[i-1]

}

for(i in SurvivalAnnual) {
CowSurvival[i] ~ dnorm(eSurvivalCow[i] * (1 - bCowHarvestRate[i+1]),
CowSurvivalSE[i]*-2)

}

for(i in CowsAnnual) {
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BreedingProportion[i] ~ dnorm(eFecundity[i-1], BreedingProportionSE[i]*-2)
eBreedingCowsJi] <- bCows|i] * eFecundity[i-1]
BreedingCows[i] ~ dnorm(eBreedingCowsJi], BreedingCowsSE[i]*-2)

}

for(i in FallBCAnnual) {
FallBullCow[i] ~ dnorm(bFallBullCow[i], FallBullCowSE[i]*-2)

}

for(i in FallAnnual) {
FallCalfCow[i] ~ dnorm(bFallCalfCow(i], FallCalfCowSE[i]*-2)

}

for(i in SpringAnnual) {
SpringCalfCow[i] ~ dnorm(bSpringCalfCow][i], SpringCalfCowSE[i]*-2)
}

Parameter estimates
The Bayesian model estimated principal parameters pertaining to the mean estimates of

fecundity, bull survival, calf survival and cow survival. In addition, temporal variation in calf
survival, bull survival, fecundity, and cow survival were estimated as random effects (Table

1).
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Table 1: Bayesian IPM state space model coefficients. Parameters are given on the logit scale
(which are then transformed to the probability scale using a logit transform). Parameter
significance is determined by overlap of confidence limits with 0. The parameters are
summarized in terms of the point estimate, standard deviation (sd), the z-score, lower and
upper 95% CI/CLs and the p-value (Kery and Schaub 2011, p 37 and 42). The estimate is the
median (50th percentile) of the MCMC samples, the z-score is mean/sd and the 95% CLs are
the 2.5th and 97.5th percentiles. A p-value of 0.05 indicates that the lower or upper 95% CL
is 0.

term estimate sd zscore lower upper pvalue

Main effects

bFecundity 1.018 0269 3.837 0524 1.567 0.000
bSurvivalBull 0.785 0.173  4.685  0.531 1.242 0.000
bSurvivalCalfSummerAnnual -0.388 0.323  -1.135 -0.937 0.332 0.258
bSurvivalCalfWinterAnnual 0.072 0272  0.304 -0.450 0.621 0.759
bSurvivalCow 1.650 0.127 13.104 1.441 1.946 0.000
Random effects

sFecundityAnnual 1.042 0.220 4.850 0.708  1.571 0.000
sSurvivalBullAnnual 0.421 0.327 1.447  0.035 1.250 0.000
sSurvivalCalfAnnual 1.081 0.218  5.053 0.752  1.609 0.000
sSurvivalCowAnnual 0.554 0.175 3.274 0291 0969 0.000

Model fit was judged using R-hat value which suggested adequate model convergence. In
addition, the distribution of parameter estimates was inspected to assess model convergence

(Table 2).

Table 2: Model summary. N is the number of parameters, nchains is the number of Markov
Chains used, nthin is the number of Markov Chain samples that were thinned, ess is the
effective sample size, R-hat is the R-hat convergence metric and convergence is the score
based on effective sample size and number of parameters in the model.

n K nchains niters nthin ess R-hat converged
34 10 3 1000 200 1473 1.002 TRUE

Unsplit R-hat values were used to assess if choice of prior distribution influenced the

posterior distribution of parameter estimates (Table 3).
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Table 3: Split R-hat values indicating sensitivity of posterior distributions to the choice of
priors.

term R-hat
bBreedingCows1 1.019
bFecundity 1.023
bSurvivalBull 1.009

bSurvivalCalfSummerAnnual 1.005
bSurvivalCalfWinterAnnual 1.002

bSurvivalCow 1.002
sFecundityAnnual 1.032
sSurvivalBull Annual 1.027
sSurvivalCalfAnnual 1.006
sSurvivalCowAnnual 1.011
bBreedingCows1 1.019

The Bayesian model generated yearly estimates of demographic parameters as well as field
measurements which were used in the fitting of the model. These estimates are detailed in

Table 4. Most of the actual estimates are shown in Figures 9 to 14 of the main report.
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Table 4: Parameter descriptions for estimates generated by the model. Parameter estimates
are shown in Figures 31 to 35 in the main report.

Parameter Description
Annual The year as a factor
bCowsl The number of cows in the initial year
bFecundity The proportion of cows breeding in a typical year
BreedingCows|1] The data point for the number of breeding cows in the i" year
BreedingCowsSE][i] The SE for BreedingCows|[1]
BreedingProportion][i] The data point for the proportion of cows breeding in the i

BreedingProportionSE[1]
bSurvivalBull
bSurvivalCalfAnnual[i]

bSurvivalCalfSummerAnnual
bSurvivalCalfWinterAnnual

year
The SE for BreedingProportionSE[i]
The log-odds bull survival in a typical year

The random effect of the i" Annual on
bSurvivalCalfSummerAnnual and
bSurvivalCalfWinterAnnual

The log-odds summer calf survival if it extended for one year
The log-odds winter calf survival if it extended for one year

bSurvivalCow The log-odds cow (and yearling) survival in a typical year

bSurvivalCowAnnual[i] The random effect of the i Annual on bSurvivalCow

BullHarvestRate][1i] The proportion of bulls harvested in January of the i year

CowHarvestRate[1] The proportion of cows harvested in January of the i year

CowSurvival[i] The data point for cow survival from the i-1" year to the i
year

CowSurvivalSE[i] The SE for CowSurvivalSE[i]

FallBullCowl[i] The data point for the bull cow ratio in the fall of the i year

FallBullCowSE[i] The SE for FallBullCow[i]

FallCalfCowl[i] The data point for the calf cow ratio in the fall of the i year

FallCalfCowSE[i] The SE for FallCalfCow[i]

SpringCalfCow([1i] The data point for the calf cow ratio in the spring of the i
year

SpringCalfCowSE][1] The SE for SpringCalfCow[i]

sSurvivalCalfAnnual The SD of bSurvivalCalfAnnual

sSurvivalCowAnnual The SD of bSurvivalCowAnnual

Figure 1 displays sensitivity of parameter estimates and trends in parameter estimates to

inclusion of the 2018 breeding female estimate. It can be seen that inclusion or exclusion of

this estimate affects both estimates of cows, breeding cows, and bull + cows, but also

estimates of cow survival. In most cases, estimates of survival are lower as well as estimates
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of fecundity/productivity prior to the 2018 survey. In both cases reduction of these

parameter values results in a lower estimate of caribou on the 2018 calving ground.
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Figure 1: Estimates of principal demographic parameters from the IPM with the 2018
breeding female estimate included and excluded. Confidence limits are given as dashed lines
around model predictions.

The harvest estimates used in the demographic model are given in Table 5.
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Table 5: Harvest estimates and approximate harvest rates used in the demographic model.
Rate is estimated harvest divided by estimate cow or bull abundance each year. Estimates
based on Dogrib Harvest study, Boulanger et al. 2011, and approximate harvest levels

estimated since 2010 (B. Croft, Unpublished).

Year Harvest Harvest rate
estimate

COWS bulls COWS bulls
1985 8380 7484 0.034 0.046
1986 8380 7484 0.036 0.050
1987 8380 7484 0.039 0.061
1988 8380 4606 0.043 0.042
1989 8380 3855 0.042 0.033
1990 8450 8970 0.045 0.086
1991 11626 10073 0.066 0.108
1992 9046 9685 0.051 0.103
1993 13107 7712 0.082 0.099
1994 8380 7484 0.053 0.092
1995 8380 7484 0.058 0.109
1996 8380 7484 0.058 0.103
1997 8380 7484 0.063 0.119
1998 8380 7484 0.068 0.132
1999 8380 7484 0.073 0.134
2000 8380 7484 0.081 0.176
2001 5000 2000 0.055 0.064
2002 5000 2000 0.064 0.071
2003 5000 2000 0.071 0.089
2004 5000 2000 0.086 0.102
2005 5000 2000 0.105 0.117
2006 5000 2000 0.130 0.142
2007 5000 2000 0.160 0.227
2008 5000 2000 0.193 0.289
2009 5000 2000 0.210 0.226
2010 5 70 0.000 0.008
2011 5 70 0.000 0.007
2012 5 70 0.000 0.007
2013 5 70 0.000 0.009
2014 5 70 0.000 0.014
2015 5 70 0.001 0.015
2016 5 70 0.001 0.017
2017 5 70 0.001 0.019
2018 5 70 0.001 0.019
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Appendix 4: Trends in Bathurst Calving Ground Size and Densities 2009-2018

Introduction
This document provides additional information on calving ground size, distribution of

caribou on calving grounds, and core calving ground densities on the Bathurst herd calving
grounds 2009-2018, based on reconnaissance survey and photo survey data. The core area
has also been referred to as the “annual concentrated calving area” by Russel et al 2002.
Information on the Bluenose-East herd’s calving ground size and densities and spatial
distribution of caribou was requested during the WRRB April 2019 Bluenose-East Caribou
Hearing. A summary on the Bluenose-East herd’s patterns 2010-2018 was included as an
appendix in the 2018 survey report (Boulanger et al. 2019). Similar analyses were also
carried out for the Bathurst herd 2009-2018 based on calving ground surveys, and the

results are included here.

This document provides a summary of data from previous surveys as opposed to full
documentation of methods used to define core calving areas. For full descriptions of survey
methods and results, readers should refer to calving photo survey results for the Bathurst
herd in 2009 (Nishi et al. 2010), 2012 (Boulanger et al. 2014), 2015 (Boulanger et al. 2017)

and 2018 (main text of this report).

Methods
Trends in segment densities from reconnaissance surveys flown during calving photo

surveys were initially assessed to infer distribution and aggregation of higher densities of
caribou. Segments that were contained within core calving strata were included in the
analysis. Data were plotted spatially and by segment density class. Core calving area was

defined by the presence of breeding caribou in contiguous segments.

Estimates of density based on photo survey data and core calving ground size (based on the
area of survey strata) were used to estimate numbers of adult and breeding females. One
potential issue with this approach is that the degree of aggregation of adult and breeding
females varies among years, and therefore changes in the core area will be due to both

changes in abundance, aggregation, and survey coverage. For example, in years of high
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aggregation the core area might be surveyed primarily by photo survey methods whereas
photo and visual survey methods would be used when aggregation is lower. Therefore,
defining core areas as those just photo surveyed may not represent the true density and
distribution of breeding females. To explore this issue, we derived a weighted core calving
ground index based on the summation of the product of stratum areas and proportions of
breeding and adult females. For example, if a 100 km? stratum had 20% breeding females,
then the core calving ground index was estimated as 20 kmZ2. Each survey stratum area was
scaled using this approach and summed for the survey year to provide the aggregate core
calving ground index value. Density estimates using this approach will be more robust to
differences in calving ground surveys where layout and types of strata (i.e., photographic
and visual) would vary. For example, this approach avoids the subjective inclusion or
exclusion of survey strata areas for estimation of core areas and uses all the survey strata to
estimate core area. However, the actual core calving ground index will not directly pertain

to a defined geographic area.

Results
Plots of segment densities for the Bathurst herd from calving ground surveys 2009-2018

suggest different levels of aggregation for each survey year, with the highest levels in 2012
(Figure 1). The core area in 2018 was reduced to only low and medium density segments
with no high density segments. The annual concentrated calving area for the Bathurst herd
in 2018 was to the west of Bathurst Inlet. Segments near Bathurst Inlet, which contained
intermittent pockets of females, are shown for reference purposes. This pattern of low
densities on either side of Bathurst Inlet included some collared caribou cows, and was not
observed in previous years. Estimation of the core area based on the survey strata detailed

in the next section provides further inference on the core area in 2018.
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Figure 1: Maps of segment densities from reconnaissance surveys of the Bathurst caribou
herd from calving ground surveys 2009-2018. Low density = <1 caribou/km?2, medium
density = 1-9.9 caribou/km?, and high density = at least 10 caribou/km?.

Plots of segment densities also illustrate the higher level of aggregation in 2012 with fewer

lower and medium density segments in comparison to high density segments (Figure 2).
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Figure 2: Segment densities in annual concentrated calving areas for the Bathurst caribou
herd 2009-2018. Low density = <1 caribou/km?2, medium density = 1-9.9 caribou/km?, and
high density = at least 10 caribou/km?2.

Median segment densities were below 5 caribou per km? for all years except 2012 (Figure

3).
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Figure 3: Boxplot of segment densities on calving ground surveys for the Bathurst herd
2009-2018.

A comparison of core areas further demonstrates the higher level of aggregation in 2012

with a smaller core area compared to other years (Figure 4).
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Figure 4: Area of core survey strata, area weighted by proportion of breeding females, and
area weighted by proportion of adult females in survey strata by year for the Bathurst herd
2009-2018.

During this time, estimates of abundance of adult and breeding females stabilized from 2009-

2012 followed by a decline from 2012-2018 (Figure 5).
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Figure 5: Estimates of abundance of adult and breeding females on core calving areas 2009-
2018 for the Bathurst herd.

Density was estimated by dividing abundance (Figure 5) by core area (Figure 4). Plots of core
densities suggest an increase from 2009-2012 followed by a decrease from 2012-2018
(Figure 5). The increase in density in 2012 was partially due to a decrease in core area of the
calving ground rather than a substantive increase in overall abundance (Figure 6). Trends in

density estimates using the core and weighted methods were reasonably similar.

124



Adult Females Breeding Females

154

104

Density

%

5 N

i - 8

0- - =
2010 2012 2014 2016 2018 2010 2012 2014 2016 2018

Year
Type - Strataarea —— Weighted Area ® 2000 ® 4000 @ 6000 @ 8000

Figure 6: Densities (number/km?) of adult females and breeding females in survey strata
using total area (Strata area) and corresponding breeding female or adult female areas, for
Bathurst calving ground 2009-2018. The size of symbols is proportional to the calving
ground area used for density estimates.

Discussion
This report is based on Bathurst caribou calving photo surveys (2009-2018) and provides a

summary of trends in caribou distribution, core calving ground area, and caribou densities
in core calving ground areas. Defining the core calving area is challenging due to differences
in levels of aggregation of caribou during each survey year. We describe a weighted method
used to describe trends based on a calving ground core area index, which attempts to
confront this issue by weighting the contribution of survey stratum to the overall estimate
of core area by the proportion of adult and breeding females estimated in the given strata.
The resulting core area index values are best used to infer trends rather than define an

absolute area.

In general, aggregation of the Bathurst herd increased in 2012, as indicated by a reduced
core calving ground area with increasing density, followed by a decline in density from 2012-

2018 (Figure 6).
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Alternative methods such as use of collared caribou locations could be used to further infer
core areas. This type of analysis could be useful for the 2018 survey year when the core area

was mainly defined in a single small area. This type of analysis is beyond the scope of this

report but could be pursued in the future.

LITERATURE CITED - see main text
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Kugluktuk Angoniaktit Katimayit ® Angoniaktit imalu Nanirgiaktukpaktunik Katimayit
PO Titikikvia 309, Kugluktuk NU XOB OEO e Hivayaut: (867) 982-4908 Hivayaut Tuyuutinik
Titikgakhimayunik: (867) 982-5912

Titikikvia Karitauyakukgutinik: kugluktuk@krwb.ca

HIVULIUYUNIK TUNIYAKGAIKHIMAYUNIK TAHAPKUNUNGA NUNAVUT ANGUHIKIYIT
HAVAKATIGIKPAKTUNIK
KAKUNGUKGANGUT KATIMADJUTAUVAKTUNIK #004/2019
UBLUIKVIANI UVANI 4, 2019
MIKHARUT
TUKIHIGIARUTINIK: XX TIKUAKTAUYUKHANIK:

Kingaokmiutanik Tuktu

Aah Tamatkiumayunik Angunahuaktautaaktunik Anguyaulutik 30 nik tuktunik
havakhikhimayunik malikgakhanik uvani 2017 mi tuktutainik Kingaukmiutanik Tuktutainik
ammihuakyuinik talvanitunik Kitikmeot Nunatuttukanik. Kitikmeot Nunatuttukat Anguhikiyit
Katimayit tutkikhaaihimayunik tahapkuninga 30 nik pihimayunik malikgakhanik: Kugluktuk 10;
Omingmaktok 10; Kingaok 10. Tahapkuat Kugluktuk Angoniaktit imalu Nanirgiaktukpaktunik
Katimayit (HTO) tutkikhaihimayunik tahapkuninga nanaitkutauvaktunik atukgiakaktunik
tuktunuut nungudjutilingnik ubluinik atugakhanik atuknianut tahapkununga ilaagiktunik
nunagivaktanik ukiukpakgulluakhuni aihikpaanitpaktunik nunamiuplutik talvani Tahikyoak.

Tahapkuat Kavamat Nunatsiami Tunungani talvanilu Nunavut iniktikpakhimayunik havagiplugit
aah kufiutilanginik nallautakgutauvaktunik uvani 2018 uvunalu nallautakgutauvaktunik
mikharut uvuna 8,200 nirgitinik, aah ikiklivaliayunik talvanganit 2015 ihiviukhinikmun
naunaiyainikmun naunaitkutakhanik uvuna 20,000 nirgitinik.

Tahapkuat Kavamat talvani Nunavut, Havakvit talvani Nunalikiyit katimakatigivakgaait
tahapkunani tutkikhakhikariakaktunik talvanilu Kitikmeot HTOs uvani Hikutilikvia 7, 2019 talvani
Ikaluktutiak. Tahapkuat havakvit Nunalikiyit pinnahuat uktukniaklutik aullaktikgutikhanik
mikhilaaktauyukhanik uvanga uvunga 30 nik nirgitnik pilugit O nik paaiktaulutik
hungnaamiklugit.

Aah ammigaitunik tikuaktauvaktunik avaatingnukpaktunik nikikhakhiukpaktunik nirgitinik
nirgitit havagiyauvaktukhanik. Tadja nunalingni havakatauvaktunik mikharut amagoit niakuinik
katitiktauvaktunik manikhakhautigiplugit havagiyauvaktunik tadja tahapkunanga Havakvit
Nunalikiyit. Talvanganit tahapkunani havagiyauliktunik uvani ukiumi 2018/19, 101 nik amagonik
angunnahuaktauvaktunik. Tahapkununa kufiutilanginik kilaminuak ammigaikhimayunik
pidjutaugumik havakhikhimagumik $300/ihiviuktauyukhanik. Angunnahuakpaktunik
ukaalukhimayunik mikharut akikhautikhanik piyauyukhanik akittukyumiyauyukhanik,
tahapkuatlu pidjutivakniaktugulluit angunnahuakpaktukhauyugulluit
amagokhiukpakniakgulluaktutlu pidjutivakhimayut taimani 101 nik
angunnahuaktauvakhimayunik pidjutivaktukhanik angunnahuaktauvaktukhaniklu.


mailto:kugluktuk@krwb.ca
mailto:kugluktuk@krwb.ca

Tahapkuat HTO apikhukhimayunik tahapkuat Kavamat talvani Nunavut aah kufiuyunik
apikuutauvaktunik talvanitunik uvani Hikutilikvia 7 katimadjutauvaktunik. llauhimayuniklu
kanukgitunik havagiyauvaktukhaniklu Kavamat talvani Nunavutmi pilutik havagiplugit
aahikuknikmunlu mikhitivaktunik tahapkununa TAH ima 0 nik paaiktaulutik hungnaamiklugit
tahapkununalu aah amagonik havagiyauvaktunik havakhautikhanik, pinnahuaknikmun
ungniguutinakpaktukhanik nauvulliafaakpaktukhaniklu nirgitinik, pihimayunik kiudjutinik
havakhimayukhanik kiudjutaitunik havakhimayunik. Tahapkunanilu apikhuktauhimayuut
kanuktun tahapkuat Kavamani Nunavutmi kinauyunit havaginiagulluakihiggit mikharut
ilingaituukhanik ammihuakyunik. Havagiyaulimaitunik pilimaituniklu. Tahapkuat HTO pihimayut
apikhukhimayunik kanuktun ihuigutivaktunit havakhikhimayunik aah TAH talvunalu 100 nik
naliak 30 nik naliak O nik paaiktaulutik hungnaamiklugit pilakilutiklu tahapkunani
ammihuakyunik uvunalu havagiyauyuitkumik taakuyauyuitkumik upikgiyaulimaituniklu.

Ikiikliyauhimayunik havakhikhimayunik tahapkununa TAH taimailiukgumayunik 0 nik
paaiktaulutik hungnaamiklugit pipkaihunguyuk pilaakilutinilu aah ayuuknakhihunguyuk
ihuikgutilutiklu tahapkunani ilaagiktunik nunagivaktanik ukiukpakgulluakhuni
aihikpaanitpaktunik nunamiuplutik talvani Tahikyoak, mikharutlu pitkuhiktukpaktunik atukhugit
havagiplugit nikikhakhiuknikmun huli ublumimuut atukhugit.



Good afternoon Denis,

The Burnside HTO, the Umingmaktok HTO, Boyd Warner, and myself at Adventure Northwest put
together a little film we would like to show at the upcoming December 4th meeting. | understand today

is the deadline for a submission. Its a short film highlighting the importance of the caribou tags for the
HTO's that are hunting the Bathurst Caribou herd.

Here is the link to the video taken this fall at our Contwoyto Lake camp. | am not a very tech savvy guy
so please let me know if the link does not work.

https://drive.google.com/file/d/1gjwFygRCm5z\WbgRKvQcvQ-D4a8x51B3c/view?usp=sharing



https://drive.google.com/file/d/1gjwFyqRCm5zWbgRKvQcvQ-D4a8x5IB3c/view?usp=sharing
https://drive.google.com/file/d/1gjwFyqRCm5zWbgRKvQcvQ-D4a8x5IB3c/view?usp=sharing

Nunaw

>d_o*L Jg 7>~

0Q ¢ PLIcn A<t bNLAYNe

>d.o*

INDLYSNeNG ArLc<®JN®: X

ARC: PR PILAC (Ovibos moschatus) a.g<<*c*¢ <L Sbos Do®NNg™Ne DILAC

IP>cNo* Mo MX-10 (PRcSTDC PLra®</do PILAC DoSo™ )

AcndJrLLC

L*a

ACbR*g®e< b >PN=HNC 19904 e DI AC D o%/R<DA>Q ¢ al *a* <,

DL SoD>ANPCPR® DI L*>o™® PR VAN a BRI [l Pl I 1999-T,
Q. DCRCDILDNe 1,5224679 (95%-*Lo- a.Ha M sbLbdSany*No),

DILAC DoSo™MC PR Do®/R DA ®I¢ PLra*Loe, DI*a [, oMe</ o5 I]N¢
QGJ®IC, Lt oMt D oSN C aPNAP< <o e,

Lda NS 0o, NPSSRKT, b e asT, AL, <L SbLo DS DSbD>/ShserLK«
Do/ ®/La**o® PILAC MX-10-I D o%™/R DA ®*oN s P> Non7Pro.

2008-, <GJ< AcA*a*Lo A*aPN  PLcSH®NCDM*o M (NQLs) ASCDc SbrL<C
A DBCPHCHNP GPoYas I bNHNC QYabCDyea D¢ (TAH) DILAC DoSa™l
D> oS/ Q<o M0t 3%-T¢ 5%-_I.

dRNcnrede (DOE)  <ADcNNALYC  AcnsbNbA*aso<deoNts  ddartdensbdclo®
(HTOs) Aty reots D> N>HNN o (0a D¢ DL NIeLs, PR BLISo<%N<)
P> NNsosde DILAC Doso™ Mo MX-10-T.

b oAc*LcSo™L

0acT SBDALYDRC <L AAC BLALEIBYC MX-10 <JaCDAURT bNseAeC>c >seIC
bNLNNoSbeN=_5N¢ A< 2017-I PRSI dYatdennclo®,
JoPoABLERC>ONL S ID®CHILEHNe D NRCDYLE DN Shose D> o%NPaLe
Sh>ANSeC>o N 2017-T.

AOAC SHD>ALo DB Nedwe/YLLe e Rc<DAaSo*Lo® MX10 (D>PD>eCsIr) <L
MX13 (SPNe<I <o) <dJa e C>AYUNT. <dJardensedcle aoaA%/LRC
SH>ANCDEb N D BCPR T M a®, AbYPAA“ SN @ HaAHCiTTe  JWa  tC>RRDC
PLtcsbeNCPo™M*o® <L SBD>ANAD>BC o ¢ CLA® ¢ bo% > oSNl
SoD>pN®eC>o ¢

Sho®  Do®NNPLAC  ShDAN®RCDo N MX-10-T <D eNC>cP>®DC SbLo' DT < A
2017-T.

MX-10-T  Sboo  DoNPsL ¢ ShDMNCDHoMC MORDZPIAGC  3,239-Ja  NyD><oNe
A*aPdo®/LYC  0GA“H>  DILAC ~Nc A 2017-T. SOD>AN®CDoPY® o Ha AS//LIP®
D> o®/Rcdo*MN*ag® [PN>IPCDc DY o 2,341-0° A%ardo®/LJo® o5Sg“oH DIMlL*o
2012-T, Acsb®oNe D o®/RcJo**o®.

0a2¢ LRL™*L RM004-2019 1



o ILLEGC DIYLAC MX-10-T Do%/P<Ic>®DC [o8D>YeC>ILST 41%-ud 1999 <L 2017
dd*o Lo, L=a by AcsbNr<e Mes>/eC>/LL 60,576 Km? ~ ™

o IRLPOCHHTH 08, AcN/DN=DNE D o®/RcIa™ M DILAC L IP7pseCSoM o
S D> NC, Sh>ANPC>Eb A< NKMX-T Sbo® D> oSeNPeL L Sh>pN®C>a N b,

AndS\bsa:

e DDAn 2018-T, <RNcnrbdC  bNBNbe P®I PR  DlLdcnero®  (KWB)
PLL®IAN G > Dda LS ISO\S, NPSSEK, b g, SbLo D%, Ao, abbe,
<L Koy, DSbDPbToNe ANKSPNo NBP<cdNo L NNSSCHNLs** Lo
MeND>PSAD>No DI L™ o¢ MX-10-I1 MX-13-T 5.

o RN NrbdC hn<Pb*gc PO¢ Nepegg® Cbdd SbD>ANeCDNC,
LR NP Dot bN<HNe <LJa A eCP>N*q )¢ CocLPasense<ioNe,
DJNILL>NN<ONe bNLoSbeb®I  Jhdo <L DSbe>Nede bNLbCP>Rb® Ho
dYartdonro  beco, abbo, SNecTo. NPSWAT  SbLo' DT DSbc>Nede
<IPNbc P PYdo <Ja®Idne,rbdt a Hha A/ PO AbN®AAT* Mg KPP <N0¢
DcSIlTTlo. AlHLST IYUaPdondbdt  ShBAPSADL QN Sh>M®C> o PALNC
Acn<nyD>c DI DNALSoSC PIdoc® ot dYUartdenrol, Do <Yaltdonae
SODALCAD>RC NN®PbSdNb P> AbY®AATT® dY7nan DL

<DcSdyPse:

o RN N,rPdt AcNPNhSdANC bN“HNC IYJa P CPY*a®Io CcLo¢ DI L*o¢ (90-0®
95-0¢ DI L*g®) MX-10-I DoSo* Mo,

0a2¢ LRL™*L RM004-2019 2



> NPT 2L ®D¢ @ Al <%PLRe

AD/NCDo*Lot ASNNOd > DP/LSC 1917-1, DILAC Doso*Nt sPNT Do
DPP>eCeI  IWUaCPc PSLC  ACHP g NCP>bNeoN. DIALAC 02 Lea
D o®/Rc2¢ CAVLoo DPor/ncbP®eCDC  ACH™NO®ChHhLE DIP/NALPNo™®
SboAc* Lo ag® DILAC ba*a®</do AOLACT. ba*a®</* AOLACT P>dd
CDRG<>C b y5¥q®, SbLg' D%, <L AloHcLSee DPPseCseI< S J Cnb* o<
brPelrlo.  PRECST DILAC D@ </<IgO¢ a ha ACHALN Ho MX-10 DIL*of
A>CNAS, CLESHCDAMRC (APNDSeILIE® 1), DILSHSAC Pl PR DL of
(>RH*GC MX-13 DI L0t AP Né®), A4\ CLob® oo A SUSMT. CLS pRecsT
(MX-13) <L oMse</<do (MX-10) DPIELSbsD>ose PR oa DU, AY*aSony>IcLse,
Qg POSTM g DIYLAC PRECSC ShPALDIL D g P/ ¢ pa *3J<< Yo J*Lo™L 66°,
00 Y AP *Lo/Thelon Game Sactuary boundaries, bePlLrLob s CYDYSIS Ul e
AL oPe<Ide Lad<P< PLleddS.  SbDANSCD DL DPRC qRNC JoJseDa®
Q. DQA®YD® D> bR g gt PR DILAC Dra o</, b L Lo, <L
o PO DILshsa DA (PR Db/ ),

2010-Jc P>®Nad, PRcT DILAC DoSo*Mt aN®eC>hCc P/ C Sb*LCASc bde
P<<nbY/LNo® ANARHNE I A 1985, S A 1986, Y A 1991, Yc A 1999 <L <c A
2000-T. SH>ANGEDC J AYCGHLE DILAC <N LC ac M oal,
[e8D> 5N BPDedC bN=gr L ReC N g Y biN<IPG-G*LC I>NSbG LS L ZdSbGrLe.
ADZAZDSBCT®ALL® L ARCPRC JP7reCioDro® DILAC Doo**o® MX-10
DreL>sbNM ot DPIaS5eC>ALLC. /2t BbpN®CD>odC PILAC DoSo™¢
AU DPILDC I A 1999-T o Ne<ST MX-10 > NADST, Sb>ALY DR >®D® MX-
20 > NAD>“Do. R A 1999 bD>pAN®N=LONC ShPpc D®>C DI *o® Do*NMNo®
1,522 (95% Cl = 679; CV = 0.22) DILA® A*a A® <L DI*LSAC MX-10-T.

DP>o¢ CoclLot <A 1999-T SbD>aN®CDGecc P oNe,  ISASTDE NPT
baPsea ST ALLULSMDC <L SbLoDSTDC <Ja N D>SbsbCe B> DILAC
D oYL g g MX-10-T, Do®/ec<d* ac PPoNtsy  SbPANADR“ Do,
SH>ANSECD>C DONC SN PUaddt oacra SHDALYDYC, 00 D¢ LRLEIC RN AAbT* ¢
bNLSbNSbe >se>¢ PR D>LYcnnbdC bNLAg® D>SbD>Sbr®I5 5N
> oS/ REeNCH>a<ISL*LC  bN=HONC DIELLACHL*Q %D ACC> oo s DPD< A<lo
DILeC>EeQ I PLSheNCDNOC, D LAPY>HNe oCE DIALAC  Sh>NKNSOCDILRC
CLA®g® MX-10-T <L MX-13-T DI*LAC

2008-T D>P<ehedS, oCs SboYGPea Sg™Nt DILeCYeq eDgb opeCl>c Pe>e CLA® of
MX-13 <L MX-10 DIreL*ot Acndcle  QPSbNP P> ShyGPea Sg e
DIeLeCDYeQ ®Ig®  3%-T, 5%-1¢ Do™Mg®AC 1999-T  ShD>pheC>c DSo/LLda,
SbrLCAbdC  SH>AN®CDSHCSTH N @ D A®CP>SI oMt dUatNo®  CdYD>SbeCseL ¢
D oSeYRQeoJLJC  DIYLAC ShrLCAdC  SbDAN®CDo D> ISPt aI]se<LL,
AL%a bbeg5 s, DILeC>YeQ ¢ PLsh N 5Ne ACDc P> CLA® 0¢ MX-10 <L MX-
13 DreLof,



BBAN®ECPEE* 0N DM PR DILAC Acn<Jc P> Jc A 2010-T, <L Ac
2016-T, MX-13 DI*L*of¢ <L Nc A 2012-I" MX-10 DI *L*.oC

<A 2012-T MX-10 DILAC DoSoNC SbDANSC>EC AL®a DoGA APy De>C 2 341
(95% Cl =545: CV = 0.12) A*aA¢ <L DILSAS  SboAc*LcSo*C Cédao
SH>ANPCDYT®  ALADCD®>C D oS GeC> 5N MX-10 DILAC  AlL%a,
DIALAC g Pse< /€0 QL ba @ Se</* ¢ MX-13 DILAS, b**L*L.o¢ MX-10 DI L*.of,
DS D> (PRCDSeILI® 2), DabbsT <IDA*Q eCshe>® sh>pheC>Ph> g/ Jg® MX-
10 DIraLro® <ADYDNeoHd. DILAC ShANSCDILLC CPNPNNDC CRg CNNPYPRD>DC
ACH N> > NRNE A SC>CoNe, IDc®NNC>P>IC AcnieYSa® LeeDo®
PUo* LN Sb>ANPCDHC PPI of @ Har*TeNN oMt DA% NN Mo
CNPYNDRG® DoSoNC NDNALIa®. PY<o, dNCARbdE ART<INNSC oCS®
SO>ANPNT® APy Codd  Acn<dC  DeCDEPrase/ssNe  shrLeN<se
SO>ANECDC PRI o P NLRCD N SbDAD>a ot Cedd oCt AcniedC
ADIP<RC>ALLC AR*QSo YN0 SRS SNIS D oSa™ e, ADZLec®N 5
CNPYD>Yse 0@ bNN s A D osedQc=Ne_5NC Sb>pRNC>Phe G LC  Cod<]
Sbr.C>Ybde NNGse| ¢ Ao *C>ALSC, RN nAedC DN A%YDC
Sh oA LST Mot ACSHBCDALICL.0S Sb>aYD>b<c 5 <IDNShSa*lLa®, oCJn <5/
Lo chAC DILAC Sh>ANNSCDRNS ADZP<IPNNONS Sh>ANP A San YN 0¢  DIELAC
D> oSg Mg, Ac PNET >N O S DNDPLNOHM S 0a °bNMC oo ScLl.

D> SHh>ADIh DO A GCo<dPNo® DILro®.  bDANHNC agony e
>QNNJC o< (Omingnakstrongylus pallikuukensis) ASACST DI Lva AccP>ra/LC
SHD>ANPNENG® MX-10 DILo, PP<lo SbD>pyDRshse/ e Jeg<sb®DshsL e, L>a ¢
NPoJ. <AL, Sh>pYDYShe/ L% Yersisiosis-Sb®IbSL ¢ PR DL g,
PPdo, SOD>rNeCDShCe L™ ¢ PRcT DILAC brLo P,
So>r DL b 5PN HMC PRcT >rL*o J4eo<sbsL UG,
SO>RANPCD N bC P> <KDL sbPBANLENT™® ARADDBCPLHONE 1%JaPNE,

CAL™LS 1980 AAP<Io Lo ¢ NPod, <JaNe D>SsbbcCse/ L D¢
D oSb/RecSb g Mgt CdYDSHCHILL  DIYLAC  oac™of  Sba@\D>Saseh>cseDC
CLA®G® g P®<Y O <L b elaLa Ot NNGCHShCse/LLe QLY Lo e,
AL®a PUSPb oI 0a ¢ PReCC APl GeodsbNOg® DreLrgb. Cd<
>oson ¢, <L aoDA*AST*C  SboAc*LaPy>RC  DsbD/DYLLC  Clo,
DA PNCPoLC  DN®OCDYAdct  ALCQ®NCPoONE  <APD%/Ldg  DLIcnNede
bNLMNS, oacro dWaldonnedd, <L DLISg®  SbD>pheNC sboAc*Lo<sL*LC
20NN yDRIC SboAc*Lon7P>a 7D ¢ bNeAPCCPRIC 4D5dYy P> DI LAC D oson 7 "C
PReTE, <DA*aPNNDONL D DNOCPYNdc™ o Doo/RcIN 0D DILAC CAMLo
> oo P®/Ly ¢ Lclore.

0a.2¢ LRLPJS IDA*Q SbeC®>C bxL,CAGE bdC SH>ARYTe PN Y/ LJa® SbD>rNPYSa
Me8>Na b oNe CLA%o® MX-13 <L MX-10 DILAS D> oo™ Mea®, DA< 5N Cedo™l
[e8D>CNYLYa® Sb>rheb oSG LC bN=HNe DI eC>Ya D¢ CLA® 0¢ ID>c N> o,
bN=HNe DIELeC>N*a %D PR DILPCHYeha® L*a D**LASH®>C 5% N>



AN*g N 95% bAPLDI® [ONDILCDY® [ 2 DS DIaLrg® TOND>NLC>Is,
Lo bN=HNC DPIELeC>Leq ¢ 90-DC PR Dt ®</do DML o (oMe</<do
MX-10-TDg®) (DI 1). DrefeC>¥e eI PLcshsdy D> oNe
ADcSdYD>Sbe P>t [ 2q GCse,

CRo D>aebr, <IDA*aPP*NNSJC aoaA%/LN]®I™ b>riLPho®
SboAc*Lciony o  2017-  DoSo™Mt  bbph®CPRo®  MX-10 DI*L*o®,
>o>/n oMo P> No ¢ IDcdyP>NC CLA* 0¢ MX-10 <L MX-13 PI™*L*.of.

D>oSoC SHDAN®CNHNC Sh>NNSC DI MX-10 <A 2017-7  ahseCp<«
OS> D®>C 3239 A%QSo® <L DIMLGSob, Dose/Recse/LcHNe 2012-JN<d
OS> DeZLE NG 2.341-0°. AL*aDrL oo, ShDAYDILLC DILAC J<-Lb/LaN¢
> NADIot D<Lrarlo <L brrlrLo NNSCHe B/ Jc A 2017-JN<od.
LcbCD>eoNe DoSedRecSeILIC DI AC Dran YD DI Jc A 2017-T aNeC>NoNC
> _oSb/REBC > P> bN“HNC PILbC>Ya D¢ 90— 95-1¢ DILeC><ea D¢ MX-10
DreLeg®,  Do™Mb g oNe, AN AcCHDLY.C Ac/*b*ondsbigMg®
Ceda L DoNNP<a® <> YP<PNEND>ONe P Dy DPNebeos ol PR  Ac o,
<AL o nYPNSHENKISTOND>SICoNC,



S
Muskox Management Units - 2013
5‘;{,‘ DRAFT - 06 MAR 2013
viit &
2 552

Ao

o @
Cora} Harbour

o orSgcheerfield Inlet| '

I:l Proposed MX Management Units
[ | aikigtaaluk N
- Kivalliq A o
. 0 250 500 °
- Kitikmeot T —
Kilometres

<
@D

T

<LFAcPILL 1

SE>NRCDILDC g Ne<Y<IaDa® b L Lo ADACT DIrL*a (MX-10).

DILro® D NRAM7D>RIC 0 2. PR DL a*Lo DPILAS



NWei]

$ Repulse BayQ

Kivalliq Muskox Distributional Changes (July 2000 - 2016)
Muskox Subp
- Thelon Game Sanctuary
A Treelne
eeseaE July2000 Muskox Extents
- Muskox Extents Prior b 2000
I 1u1y2000 to 2010 Muskox Exents
[ ] wuiy2010 to 2018 Muskox Exents

o z 7S] 5

LACDILL® 2. @ Ha AR PR PNR<Ido <L DIra Lo PILAS
L/ PdotliNeo 2000-%Mgc DD, < A 2010-1¢ NP<HJ, <L
Jc A 2016-1<




MX-10 & MX-13 Muskox Abundance and Management
Recommendations

DNBNFYGSe PRECTT IdatDcnabd o

September 23rd to 26th, 2019

NNGeIRE:

Pa® NP PRcTPo DLYcnoslI¢ Acn,0a.2¢ LLL*.C
AN AN, SOLST,

[ b>, PRSPo DLYcnos1t DPLYcn, 0a.2¢ LeL*LC
dRN AN, <SAST

s

Nunavut

RN n,rPds, 0a 2 LALLM G\, 0a D¢



>N L®DC @ AG oPC

PLL®DAR 0a 2¢ LRL*Lo, dRNcnredt (DOE) AcMyD>eso ™ bi>, PR
dOeI®/LYo  oSNNo®  SbD>AN®N, L Pa® NP, oSSNot Sb>aheN,
DSbc >NedC bNLNNCD®D® Ia  tdnred>c (HTOs) brNecosl, abbo,
<L N T <o B<JNBbPNMYLYo Db N o T® 1ddo d*Ja.*Idcnrbd*os,
NAn. 23-5 30-5, 2019 d*c*Lo. ARNPYEN Codd DShsbNPvg><C
PrePo sl sboAc*bon?>Jo PR T MX-10 <L MX-13 DI*LAC DoSo™*o®
AbR®ACCP>ILONY S RN nrbd*o <Mt dro e bN=oMe
LY tCP>R* ™I (TAH) PR T DIra®</do Pl L*c® (MX-10-I") 90-o¢ 95-
of P Lr*o®, A/LA®QSdr DONYDs PRCT  PNNI<o PILro® (MX-13)
SboAC*Lo*Ma® (PR NO%®) 182-0¢ DI ™o,

D>SbbNb®IBG A PG HIPI® PR JWartdcnro®, PY/<doc Db P>Nede
bNLoc ¢ SbLo DT NPGRT 5 PHIRAL®CD>7N. b P>*IC
A ®Icno** ot bLo DT, DbNLAP*aSo"d¢ atle/N*a ™o *.o¢
NPG*RT. SED>APLANBCLAC DG HI® ONIC  AVHLNT  <JatDnrede
CLA®g® DSbc D>Nedt APLePARI S, A DNSADCD>NOJ Db >NededcLe
bX/NC>c P  DoPw*b®CPotd¢ CLA*c® DI*L*o¢  SbP>pN®eCPosdC
D>obcDSotd AaldRdS NALE AP >regMeg® DSbc >Nede DsbsbNPvabds,
Lo DT NPSNATH  ddardcnr*Meo®,  CLA*c®  <dJartdones
Q. OQ A%/ Pe)C >ob<rUse e rec* M o® P <o/ >N
opPeC>R=<IN= ¢ Ab~® AT Nele g LRAL*Lo <D dyP>rLKC

boAc*Lo™* ot MX-13-u (PRI PNe<do DreLro),
PPN o TS bNTONt datCPR*a®D¢ PR DLra <o
DL *o® (MX-10-T) 90-o® 95-0¢ DI Lvo®. Na P/l

DNSbNNP*oSbe >N 5NC BShc >NPdS, 0a D¢ LRLEL NPADC DI AbY®AAYo
NNbdNo®, AbI{®/AJo 0a2¢ ULIL*™Wo A/LA*adroT® MX-13
SboAcC*Lo*Mo®, I* NN “HM o bN“HON <%Ja eCPY*a D¢ MX-10-I" 90-
ob 95-0¢ DMLrg¢ <o Cbda Lt <SGt <WUatdcnarbdeos, b g
Yatdonnbd o, abbo dUatdenrbd o, SblLo' D <Ua tDcnnbde o,
N dYaPIdonerbd®of, <L NPSSRK <% I nrbd*o

DSbsbNP*aS ¢ @ Ad /LI Dabbse - PR DBILAC LeASDLSe | of 16



ADc¢

Executive Summary

Table of Contents

1.0 Report Purpose and Structure

2.0 Purpose of Consultation Tour

2.1 Format of Meetings

3.0 Summary by Community
HTO Phone Meeting Naujaat

Musk Ox Reports

HTO Face to Face Meeting Arviat

Musk Ox Reports

HTO Phone Meeting Rankin Inlet

Musk Ox Reports

HTO Phone Meeting Coral Harbour

Musk Ox Reports

HTO Phone Meeting Whale Cove

Musk Ox Reports

Error!
Error!
Error!
Error!
Error!
Error!
Error!
Error!
Error!
Error!
Error!
Error!
Error!
Error!
Error!

Error!

Bookmark
Bookmark
Bookmark
Bookmark
Bookmark
Bookmark
Bookmark
Bookmark
Bookmark
Bookmark
Bookmark
Bookmark
Bookmark
Bookmark
Bookmark

Bookmark

not defined.
not defined.
not defined.
not defined.
not defined.
not defined.
not defined.
not defined.
not defined.
not defined.
not defined.
not defined.
not defined.
not defined.
not defined.
not defined.

D>SbSbNMoS1¢ @ AQSerLI% >gbbse -

PR DILAC

LeASeDLS® i of 16



1.0 Daobb< ANC Gsepy/LolLo

Coa Da®bDr DG L2 bNNALL Do a Al P<Se/<Le 5o DSb>Y>PLYa,
AA®INENT?, ALLDHC>Yo® SboAcD>Sdy>I/LYo s ANCDALIa®
Yartdennot PDIONE DabbDYDPLLY oS DAY S b>e, PR Do
DLYcnS 0a2¢ LRLb o, D>dd oacC PSbsbNry>c D> YNAM 23-TC
26-1¢, 2019

e abbt — YNAA 23, 2019

o SO - YNAN 24, 2019

o b g — JNAM 25, 2019

o L% — YNAM 26, 2019

e NPSEA — YNAM 30, 2019

¥*D>Shc >NedS bNLae SbLo D1 AgPa<Ur/LI® YNAN 24-¢,
O%b®NCHILI® ADA®/DTIC <Ll AM @ ®Dcno s

F¥DShc >NedS bNLGC NPSNT Ag e DC>< /NAN 30-1¢, bNLos®
O%hPNC>Y® bNLA DLINT P oM o¢ **

20 DNGAvg ¢ CdabCP>C ARC

ARNPYAPC Cod<d DSbsbNPra>NC SPIPos I Sb.oAc Lo nyD>Io PR MX-10
<L MX-13 DI*LAC DoSo*M*o® AbN®A®CPILON'S 00 2¢ Lo
APLATQSdr DN PR PN®<Ido PIML*o® PRcTT  DLra®<I/do
DreLro®  (MX-13-T)  SboAc*Lo*M*o® (AY7p*LOs®)  182-0¢ DIL*of
> oS/ N<®N“ 5N bN“HMC QJa C>Y*a D¢ Ceda *LE PR DI*a ®</<o
DreLro®  (MX-10-IN)  90-0¢ 95-0¢ DIL*g® <o DN <CPxC
P7pse/ L™ N,

2.1 bNLa< epesel g e

bNLo > Acn <o <5I¢ DShc >Nedt b/ NC>c P>*DC Dgb>b®C>abdC
Ceda *L¢ Sb>AR®C>NC Dobbed M a® Aa <P/¢ NSLE AP D> o Lo
bNLocL¢ APSabc >®DC PSbec b oHNe PrPgedt Ceda *L¢ MX-13 <L MX-10
BP>AN®ECDo M CC NPeP g o, AdoJNb®oNts PIPoT® oa 2 LRIL*LC
ADcSAPLY Mo Lcbone sh>ph®C>os It aoybo. Cdao

Db ]®eI%/ {7, <DA*aPNCH>c P JA®INEN o, D bD>/P>RLI.oC

DSbsbNP*aS ¢ @ Ad /LI Dabbse - PR DBILAC LeASDLSe 3 of 16



AFLPYD>S 0%, ALLSh, <Do bNLa >N AbSGD< D*Lo (45 NCCdHAY)
AbSScL ¢ AdaLAcD>Dc,

I NN rodC Lo c DT C boA* Lo *L:

o AChHPT®<cdbhc PN N 199 egt DIYLAC D o%Y/Rc<IDA*Q ®DC
aleg*Ne,

o PN<Io PR DILAC Y PCP>Rrg e (MX-13-T)
ARG Sb P> A 2012-T (MFeND>PeC>ILLse = 4506, 95% Cl = +/-
948), <L <c A 2016 <dcMegb (FeRD>PCDI/LIS = 4437, 95% Cl = +/-
1,054).  DoSo Nt ASGeL<edntNeg e of RN NLAPdS PP pSdnereC
>N RCPYo Leapr<®.

o /DeCHLe  SHDANPCHI® DI gt PR DI*a Lo (MX-10-T)
A D>®/LL® 1999-T, ac DCeC>ILoNe 1,522 + 679 (95%-*Lo
Q.o D¢ SbrledSan s o),

o DIMLAC DoSo™t (MX-10-I' MX-13-TDo) PRcT Do%YRc<IA*Q®IC
DLra Lo, DL, oM®</ o IRNC IGJc®DC, LcvoNt oo™
aPNAC< o™ e

o dYa N Lhdo, NPSSLST, b secosl, AtHclLSST, <L SbLo'D<ST
D>SbD>be/ ¢ D> o/ /Lo o DI LAC MX-10-I"
D> o/ Rc<DA*Q®*oN'H P> ‘NonYP>~o.

o 2008-T, GJ< AcA®a*Lo AS*alPN " PLcsbeNC>Neg*Mc  (NQLs)
APCD> /L Ac ™M ID%C> N G%Pe/g5 ¢ bN=HMC <Ja  C>Y*a D¢
(TAH) PR T DI*LAC DoSo™ Po®/Rcdo** o 3% 5%-1C

o D<o PR DIMLAC <Ja CP>RR g M (MX-10) ND>IeC>/Lo ¢
aOa AL DD D oe/R o M ob 2,341-0¢ (95% Cl = +/- 545)
DIreL*o® Jc A 2012-I 3,239-0¢ (95% Cl = +/- 1,050) DI*L*oc® ~c A
2017-I, CL%*a DoM< o™l aAN®CPILLIdC D7 ** b y<®N .
Db OoACRcdonyDIo bPrN®PCPPh*geIC b <CPb o P a G N> Nb.
> o/ RJo™*L D>7asa Sob*™*Mb >N Hd, b OoACRcdon*LoC
Sb>ANST DY @ s AS/PLLLAD® DILD>SbNNC D o%YRec<DAa Sa* Mo,
Ac M, _OGAC AcC A*Q ¢ LsopL,c [>sb)C [>_oquQ°c—qb\_)ﬂ‘*_3
O>pNCP>o N PC* o, CLDI*L NARCP>Y ¢ IRNcnrbde
QP PAGSSIN I MX-10-T bN<HONt QYo CHY® D¢ 90-gb 95-0¢
DIr*L*o®,

o JdRNcNredS ALA®QSINNS MX-13-T oSSNP>SBNNC SboAc Lo Mo
(A>CNRCDYALSH D), Lt oNe Sh>ARPCHR®D ¢ NP, RN NedC

DSbsbNP*aS ¢ @ Ad /LI Dabbse - PR DBILAC LeASDLSe 4 of 16



LM M5deR bNONC *JaCP>*a®2¢ MX-10-I" BI*L*c® 90-o® 95-0¢
DONQ oS, IbcNodS, o PR BN o D PR Ao*o.

3.0 PobP>¢/P~C oactNJC

Jartdnpede Db >NedS bNLa LS abbo

DL 0¢ DobbP>IC

bNLoP>< DH*L: YNAN 23, 2019
AP<SA™L: 6:45

P<JN<C

[ b> (0a2¢ LRL Lo INcnredo)

Pa® N> 0a 2¢ LRL Lo AN NAbdS

Cc Lo (abbo da*Dcnredo)

** DLJINHC®I Ny b **

Db c LI PNCHI® — [, bt><
1- K%PN"OMC SboAc*Lc o™ PR DILAS

2- MX-13-" Q¢7p5dyD>**O¢ MM MX-10-I7 bN“ore
<YJaeCP*a D¢ 90-0° 95-0¢ DI L*of, IX7p™*1O%® AJ*aD>N**o¢
PLcb®NCP>* ¢ CLA* 0¢ MX-13 PR5*g¢ MX-10.

3- AbS®AAGSIC NN®HINCPLYS IRNCAredE ADcSdrLy Mo,

4- IA®INEN/ AL DC>NC SE>ANPC>N 08 NP 0¢ QL /DR HG ¢
RN n,rPd®ot >N NCPN 0 D dyD>PLRC

[Pl o]l " ¢

DSbsbNP*aS ¢ @ Ad /LI Dabbse - PR DBILAC LeASDLSe 5 of 16



HAD — cd*LCC AD®CP>LGLE CLST<ob IDC>RYLE >R _5a5C
Ar<bdsbsbeCse<?

[ B> — gd*LCcLS AD®CD>YA®Q D>Sedd< P [ 2q DY (%a ACDYo
>N®ND>HCPdDIJC >RN® o @ /DY D>bCPIC A a ANDNSH=+NDJC,

AC Lo — oaco <D P mrbLPLYdS Acn<LosbsLalLe o dANa<®<LDC
[ B> — oa . <*MPPNSbPNe L+ vP<PN®, DgedNMa yeCSC¢ o DU
DLYcnNSYdS NN 0¢ KWB-d® 0% 5 Yo sRCP>asoNe g d*LCC
AbNseAPC>Yeq PCC CoPP>< o< odc Do Lo AlLaGyeCDC pa D
DLIcnNR<Led bNLANC NPAAT bNLono<seC N ¢

g > LCSeCvh <% q Sg<IGY.

bNALNNADNS — DoPSBNC PRy Do Db/ 5o
AbsSeAAT L LN 0 AcP<PNo® bbb 5eae,

[ B> — CLea. ADLLAL, ShP>ANSa<d<NJS AXA<SbbbeaP Y PADA%Ql™,
dc<da ANNKSd CL%a. AcndnYDo™lL SboObdeC.

0%p®IC 7:05-11®°N“>d D>* obd¢

Yartdennbds CHIHNMe SN bNLSHN g
oo

DIVLAC DaobD/ e

bNLoD>< B<>%L: YNAn 24, 2019
APLSO L 7:13

>IN

- TS B> (0a2¢ LRL Lo <IRNcnrede)

- Pa® *NPC (0a 2 LRL*Lo AN ANPIC)

DSbsbNP*aS ¢ @ Ad /LI Dabbse - PR DBILAC LeASDLSe 6 of 16



- <*Dnd AND¢ (56 dWa D nrbdo)
- CLS HACC *® (Q56\<do <Wa eDnnedo)
- CLS Donds® (15e<o <Wa D nnbd)
- AL < (56<o dJa P Densedo)

- DOA <Lt (50<do <YJartDenrbd©)

- JSN PP (56do <WUa tDnaed)

- CA<a (6o <Ya.ltdensedo)

D>agbb>sheI® — [ bL><
1- K%PN“DONC SboAc*Lc o™ PR DILAC

2- MX-13-T" A¢7psd7D>** O At Mo MX-10-I7 bN=oNe
<YJaeCP*a D¢ 90-0° 95-0¢ DI L*of, IX7p™* O AJ*aD>N**o¢
PLcsb™NCP>*+ ¢ CLA* 0¢ MX-13 DRR5*g¢ MX-10.

3- AbS®AACSIC NN®HINCPLYS IRNCNredt IDcSdrLy Mo,

4- IA®INENG/ AL DC>NC SE>ANPCN 08 NP 0¢ QL 5/ DR HG ¢
RN n,rPd*c ¢ >N NCPR o D dyD>PLRC

DSbD>P>C;

CL™ D oOnd® — ABY®IAS*, CLIOM™L CIXLLL PotrPdia™ea® oD M L
DILAC <Ja eC>R0DC,

SA Ue® - CLa Po%rPLiad® JSALIDL® DG R? DR HYG e
PREcSIcL®?

r B> - Cl*a PRcIcL Yo <D™ KWB-*d“> bLMYbsa<d®oNn®
NTIRATT® Th*LCa.

DSbsbNP*aS ¢ @ Ad /LI Dabbse - PR DBILAC LeASeDLSe 7 of 16



JAN PCA® — D o®/R DA ®N"HM DI*LAC “bo‘c CL*a <*DAcb*<
2200 ®? Dot AoAC PbC/LLC DDA DILA D JCH/T
AcTOLSbC g g,

[ B> — DPARADIC APty oMo baral, <D%CP> e g, Do,
boA*Q®IDG o Lo I*D 0t Aoy M ob. Cdab<c<dbC®CDC DI LAC
QoM o AC Lb<ec<ISbCeCH e, AFL OO NOJC Loa >yttt DPDAC
D>_oSo Mo SboASedr g Lot Al DR <A DPRCDC PILAC
bN*™*Lo*MN*ag® DPP®C®II 0GbD> oL g™ *g® D oo™ >
AP®LECIDA* QB HNG,  ShDAL*NOJC Shose CL*a. IPSbGYSL*LC
APPLE<DA>aPN® SbreChC>NILONE DPDAL @ Io<bCr g,
PNbC*od®DJ¢ oac™ o0t Y odnl, Acb JADCPodPI® JA®ATIC
bNLoP~No <* M NN N SN*N* 1o <Ja tCPR*a D¢ DL a o</
Ya e CPRIo Lt N<LSdN P APy Do Lot DML ra® APLDCDYo
Q. OQA®/L75g®.

CLS HACE S — SbDRLYA®a D>YJC DPDAC 05GSh* Mo SbLos<<s e,
SO>ALAY al DILAC 05GSbsabsL L Mea®b?  SbLosw<%® SbaNLg>sedsedse,
DR 525 ShLgOT? o I lNPRY<KE bN*LL? b, NNSebsT
AYL<HGYBAC?

[ B> - LcvHC CdebeCinea®, DILAC 051 a. g DA%
Pra7P>bCio™ M oPdn7 b CqoL®N“DONt AY Go™ [ *g®
OGP I NN DILAC 0°CP*a %I¢ D*L*D ¢ PY<o 60km
DALZNNST ADELEDE oD, oc<EDS, ASaD>e<e 5N SGJCLS
<DL CH

QPEN® CdlLY o 120-DoNe Yodnl /A2<dnl. DASLedC
AP>P< <A ®N“HOd 0°PCHc®<PIC gPIT P 0 ae<eCH ™ o¢

> o™ g DR ON D, bN™UbCSAN, 2 DPDPdC D oP 5% 5Ne
LLNEa ST rLot <D o <5 o PCGA DN,
NN®bSINCSAbH<I®DJC CoP® o%c PN eg Lo 0a P DLIcn NS
bNLA*C AL Dol DYSPN**a® bN*AATGC bNLMc >N *g**o®
NANT. AarA]dPL<"No¢ LOAPNC® DIOAND< PN o

DSbsbNP*aS ¢ @ Ad /LI Dabbse - PR DBILAC LeASDLSe 8 of 16



CL> HALICESe - <bd® [ Dgrgrdee< N NNSeHTC AbY®AAS™, Sh.oA s,

JAN PEEAP — ASIRDLPNCDST5bsdr2*L aP<SHoC NNShST® AbY AL
L.

AGA2Y%PN Do/ <IN oI 90-a° 95-0 MX 10-I~ B[ a8 be/Y'™

CL> HALICESe — DPaPAYRUC <P AC D oS/ Rec <o Mg C D>,

0%b%®IC 7:47-1]%N">J D>* 0bd¢

<Jartdnaede Db PNede bNLoLE b NS oS

DI*LAC DoPbD/* ¢

bNLaP>< D><o*L: /NAN 25, 2019

AP<SA*L: 6:37

P><JNRC

- TS B> (0a2¢ LRLY o <IN nAedo)

- Pa® NP (0a2¢ LRL o dRNcNrbdo)
- 5¢C* CSCse (bPeco T <Ja®denpbdo)

- DGAY™ JJSRe (b PSeco T <Ua D nned)

Dobb>PsheI® — [ bL><

1- NPN“HONC SboAc*Lc o™t PR DILAC

2- MX-13-T" A¢7psd7D** O At oMo MX-10-I7 bN=oNe
<YJaeCP>*a D¢ 90-0° 95-0¢ DI L*of, IX7r™* O AJ*a D>N*1*o¢
PLc b ™ NCP>*C¢ CLA* 0¢ MX-13 PR 5%g¢ MX-10.

DSbsbNP*aS ¢ @ Ad /LI Dabbse - PR DBILAC LeASDLSe 9 of 16



3- AbY®AAGS I NN®HINCPLYS IRNCNredt IDcSdrLy Mo,

4- AAINENG/ AL DTN SHD>ANPCDN 0 NP o¢ L 5/P>IR HG ¢
RN n,rPd*cC PN NCPRN o D dyD>PLRC

[Pl o] N

SGAY® PN — MU PSHCDSINAE PN |CC>®?

[ B> — <eb <DSIRDA®Q ®DJC o<NC AYD>I*a So™ M a® o®bCS\*
QP7NSg e DPD>C®I bNZLY 0D, IP7psdnNOJC DI #*</<da
DreLro® (MX-13-1N) 2010-T 2016-T> SbP>AN®CP>o*MCC MPND>YolLo e

QO A®/LLC IY7p* oo bo™ D oMo g® Pbe/LRC
oSSND>SHNNC JPrpselec 2 e g,

be-C® CSC® — PDSHNPCHPP/LAY I/ Mo <dartdnra® AN 5Ne
<D dndL70®?

[ B> — bbb CALACHDNOJS, a Py D¢ IDA*a PNN<doc P>5eIc
AbRSAAGSIC NNSHTE QLT AR+ LPND> DD AN 5Ne
CL®P DM AbN®AACT® o%WNE AZPR*ac™** 0¢ o%™bChc™ .0t /7P o T,
SGAY®> PN — JAINERNSHPg N 0t AFLONB™ Mo N* 0> ANH™ 5o
IDcSdnrLY 5o AbN®ADAQ Sodd e C e,

0%b%®IC 7:47-1]%N">J D>* obd¢

Yartdennbde Dsbe PNLdE bNLa™LE N

PIALAC Dobbboa e

bNLo>< B> o*L: /NAN 26, 2019
AP L: 7:20

P<JNR<

DSbsbNP*aS ¢ @ Ad /LI Dabbse - PR DBILAC LeASDLSe 10 of 16



- T B> (0a2¢ LRL Lo AN nrbdo)
- Pa® *NPC (0a 2 LRL*Lo dNcANIC)
- NS <JatDennaedt bNLNNC

Dobb>PsheI® — [ bL><
1- K%PN"ONC SboAc*Lc o™ PR DILAS

2- MX-13-T" Q¢7psd7D* O QAN oMo MX-10-I7 bN=oNe
<YaCPR*a®I¢ 90-0®° 95-0¢ PL* 0o, /7™ O% AX*a >N *o¢
PLcb®NCP>* ¢ CLA* 0¢ MX-13 PR5%g¢ MX-10.

3- AbS®AAGSIC NN®HINCPLYS IRNCAredE IDcSdrLy Mo,

4- AAPINENG/ AL HCDRE SHD>ANPCDN 0 K5PO 0¢ L 5/D>R HG ¢
RN nrd®c AN NCPR 0 <D "d7D>rPLRC

PSbD>P P>

dvY @dése — CRa N T Adoc D PC2¢ gdLCle ALY,
o D>PNbP*a PAC oPa® b* o g PCO\*I?

[ B> — AANRPPQ®CNC gPAPLa YL L <UatC>PLYo

Mo SRUADILYSab, PP<da A CALACPP*a DN oDA<Phns®a sTyN¢

T A*LCE APE<HONE <YUatNCDAoS/ oa I*UDAro¢ Patda Mot o *LCa®.
DPSDNCP>AHGY DY dWUa tDnrbd® of ACLY.o¢ od*LCa® asa AS/LY o
> NRCPo I 0t Sb>ALY N ShSaT >N 0t Podeat Ua At LM o
Aoy Lo, CL*a N®P*a Gy%Ct Py KWB-*d¢ bNLoSbcSaoPNe.

dP¢ adé s — bNLoSbcP>®/LIJC KWB-td*a¢ b NS> Do+ Do~

T ALC®C DS/ KWB-2d®a €, DSbc >®IC g>PNbAdsb Mo N>a®
o&*LCo® <PE=HNY <UatNCHAof,

DSbsbNP*aS ¢ @ Ad /LI Dabbse - PR DBILAC LeASDLSe 11 of 16



[ B> — sb>AP<eb®on I5bsa D™, ASBALL DPPonc D>CS
o D>PNHPa o PN <WJa P NC>A ",

dYartdnnbd®oC bNLY — Acn<sb®Ishpea < CocL¢ P*LCo
o A*LCSbSags®?

[ B> — AcndnRecdy2¢ MND>YPCD>ILYC bK< c<a b oMt AdatC>Jo
LM Leb* o Pra G7 e C2C MO0 ACTbnib™>% J¢Y7pse/ D g®

D o%/N<PL  Hd SbWSianyD>RD® pPYda 05GP CbiNdc Dol o
Pl NN D>P>JC sgdehsa Mg La® P> o%®/M<PNNo<d Do CclLa®.
brMec o J4* e M<5dp*RCP>®. Acndnbc P>iodeC>¢ CcLo®
LeaPolo® PPda A MG g <eCDC Lyal, bN®A < <IJNJe

Sy D>oeC 5% CocLC DY LCTcIA*a N d5b®D% g59dNe QP M<eN>a yeCL.
DIrELAS D_oSo™MC ADC Sh.oA NS 5N,

>c GSgdDJ¢ pacclof Y odnl &<l .

0%b%I¢ 7: 40

<Jatdnaede Db PNedS bNLo*Lt NPSSST

DI*LAC DocbD/ ¢
bNLoD>< B<o*L: YNAn 30, 2019
APLA*L: 6:58-TC 7:01-1¢

PD<JNSE;
- TS B> (a2 LRL*Lo AN o)
- P *NPC (0a 2 LRL o AN APIC)

- 0PI (NPSSILT <da P Dnredo)

DSbsbNP*aS ¢ @ Ad /LI Dabbse - PR DBILAC LPASDLSe 12 of 16



DOrbbD>Ishs I — [ pL>e
1- N®PN=NC SHOACHLCTTMNE PRECTT DIMLAS,

2- MX-13-I" A¢7psd7D** O At M o MX-10-I7 bN=oe
<YJaeCP*a D¢ 90-0° 95-0¢ DI L*of, IX7p™* O AJ*aD>N**o¢
PLcsb™NCP>*+ ¢ CLA* 0¢ MX-13 DRR5*g¢ MX-10.

3- AbS®AAGS I NN®HINCPLYS IRNCAredE IDcSdrLy Mo,

4- AAINENG/ AL DTN SHD>ANPCDN 0 NP 0¢ L 5/D>IR HG ¢
RN n,rPd*c ¢ >N NCPR o D dyD>PLRC

Db P>

D>SbbNM*oSbe >®DC NNG®N Pabycnslc Prdo IP*Ma® bNLro®
L5ePShe PO bNLaD>YIC  AbDnd DSbhsebD>I® CL>a DND>LISNeLse
D*odNMo <o G®ooP® bNLr** 0t AJLoo o NN®HT® AbI®AAN® oa D¢
LRL*Lo D d7D>rL]o.

DSbsbNP*aS ¢ @ Ad /LI Dabbse - PR DBILAC LeASDLSe 13 of 16



PAJ*L 1: AbI®IACIC NN®eB:

DSbsbNP*aS ¢ @ Ad /LI Dabbse - PR DBILAC LeASDLSe 14 of 16



Thursday, September 26, 2019

To Mitch Campbell, Keenan Lindell

On behalf of the Kangigliniq Hunters and Trappers Organization, we support allocation tags for
umingmak to increase from 90 to 95 in the area Mx-10 and you have full support from KHTO and Board
members and we hope to continue to work with your staff on any wild life issues in the furture. As itis
use in sport hunting and good for our economic in our community.

Andrew Akerolik
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Arvig HTO LO\* DLIc IS GSPOAANTNC

P.O.Box 39 NNbo<é\® 39
Naujaat, Nunavut abb< o0a2c
X0C 0HO X0C OHO
Telephone / >*b_5N™L (867) 462-4334
Fax / Aeb<bdPN™L (867) 462-4335
E-mail / "bn.CP>%>PdC arvig@kivallighto.ca

Re: Support Letter

To: Mitch Campbell & Keenan Lindell
Kivalliq Wildlife Research Program
Nunavut Department of Environment
P.O. Box 120
Arviat, NU
X0C OEO
(867) 857-3171(Mitch) or
(867) 857-3175 (Keenan)

September 25, 2019

To whom it may concern:

On the Arviq Hunters and Trappers Organization regular meeting on September 23, 2019,
Kivalliq Regional Wildlife Biologist requested to have the quota change of the MX-10 Musk Ox
and the results of the 2017 MX-10 Musk Ox survey found a population increase from the last
survey in 2012. The estimate in 2012 was 2341 and our estimate for 2017 is 3239 an increase
of nearly 1000 animals. Because of the increase the Arvig Hunter and Trappers Organization
Board of Directors fully supports to raise the quota from 90 to 95 and agrees with the quota
change.

On behalf of the Board of Directors for the Arviq Hunters and Trappers Organization

s A
Loty e ey e 0

Louis Angotingoar, Chairperson

If you have any questions or comments, please don’t hesitate to contact me @ 867-462-4334 or
arvig@kivallighto.ca
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BAKER LAKE, NU. XO0C-0AO

September 5%, 2019

Kivalliqg Wildlife Board
Rankin Inlet, NU
X0C 0GO

RE: Request for 5 more Muskox Tags for MX10 (North)

The BLHTO is requesting for 5 more muskox tags for MX10 as all of our tags for that location are
all used up for this season 2019-20. We have some hunter requests for muskox tags for MX10
and if we are granted 5 more tags, it should be enough.

Thank you and awaiting your reply.
Yours sincerely,
Richard Aksawnee

Chairperson
Baker Lake HTO
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e L'bANC Nalod*DADD s ALt ARVIAT HUNTERS & TRAPPERS ORGANIZATION
P.O. Box 528, Arviat, NU X0C OEQ « Phone (867) 857-2636 « Fax (867) 857-2488

September 27, 2019

Mitch Campbell
Department of Environment
P.O. Box 120

Arviat, Nunavut

X0C O0E0

Dear: Mr. Campbell,
Increasement of Musk Ox Tags; MX-13

The Arviat Hunters and Trappers Organization held their regular meeting on Tuesday,
September 24, 2019 and the board of directors would like to inform you that you have been
approved for the letter of support.

This letter is written to state that we, the Arviat Hunters and Trappers Organization Board
of Directors have discussed and are in support of increasing Status Quo MX-13; Musk Ox Tags
by 5 from 90 to 95 and keep the other management the same from all other wildlife; (MX-10)

If you have any questions, comments or concerns, please contact the Arviat HTO. Thank you.

Sincerely, /774 A i é CZ'/C,C/C/\__

Thomas Alikaswa
Arviat HTO Chairperson
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September 30, 2019

Mitch Campbell
Department of Environment
Government of Nunavut

Dear Mitch,

The Aiiviit Hunters’ and Trappers’ Organization (HTO) supports the request of proposing to raise the quota
from 90 to 95 for the MX-10 Musk Ox quota, there was been an increase in the population.
The request was put into motion,

Motion #0180-49

Moved by: Lucassie

Seconded by: Danny

“To support Mitch Campbell's request to increase 5 muskoxen tags for Northern Kivalliq Population”
Motion carried..

Kind regards,

Moses Nakoolak
Chairperson

Aiviit Hunters and Trappers Organization <AAS PLYcnd<EdS bNLAYLE
P.O. Box 108 Coral Harbour, Nunavut, XOC 0G0  NN%bedé\® 108 \“c®, .0oa2¢, XOC 0GO

@(867) 925-8622 {@(867) 925-8300 aiviithto@qinig.com
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Introduction / Summary

Prior to the enactment of protection in 1917 (Burch, 1977), muskox
subpopulations throughout the central Arctic were hunted to near extirpation.
Muskox populations within Nunavut are currently re-colonizing much of their
historical range (Fournier and Gunn, 1998; Campbell, 2017), but there remain
gaps in information on the status of muskox subpopulations in the area
collectively known as the Northeastern Mainland north of the Thelon River, Baker
Lake, and Chesterfield Inlet where the Northern Kivallig Muskox subpopulation
(NKMX) resides, within the MX-10 muskox management unit (Figure 1). This
subpopulation is part of a greater population in Kivallig which also includes the
subpopulation south of MX-10, the Central Kivallig Muskox (CKMX) in
management unit MX-13.

At its greatest extent, the distribution of muskox in the Kivallig region of Nunavut
occurred within an area extending south of 66° latitude, west to the Northwest
Territories (NWT)/Thelon Game Sanctuary boundaries, east to the Hudson Bay
coast line and south to the Manitoba border (Barr, 1991). Survey work
conducted within the last 20 years has indicated a range expansion of Kivalliq
muskox subpopulations to the northeast, east, and south of their historical range
(Campbell, 2017) (Figure 2).

Prior to 2010, Kivallig muskox subpopulations were estimated using fixed-width
line transect surveys in July of 1985, July 1986, July 1991, July 1999 and July
2000 (Campbell and Setterington, 2006; Fournier and Gunn, 1998; Case and
Graf 1986; Graff et al. 1989; Mulders and Bradley 1991). Surveys were generally
flown in July when muskox are distributed more evenly across the landscape, as
compared with the winter season when groups can often coalesce due to limited
forage accessibility due to snow and ice (Banfield, 1974). The history and
reasons behind fluctuations in muskox numbers for the NKMX subpopulation are
poorly understood. The first abundance survey of this subpopulation was
undertaken in July 1999 within the southern extents of the MX-10 management
zone, formerly known as the MX-20 management zone. This July 1999 survey
resulted in an estimated population size of 1,522 (95% CI = 679; CV = 0.22) adult
and yearling muskox (Campbell and Setterington, 2006) for the NKMX in MX-10.

In the five years following the July 1999 survey estimates, local hunters from
Arviat, Whale Cove, Rankin Inlet, Chesterfield Inlet and Baker Lake reported
increased muskox abundance in MX-10 and a continued expansion of muskox
into previously unoccupied range. Motivated by this local knowledge, the
Government of Nunavut Department of Environment (GN DOE) met with the
Kivallig Wildlife Board (KWB) to discuss an increase in the Total Allowable
Harvest (TAH), and the removal of the seasonal Non-Quota limitations (NQL),
based on a new population assessment of both the CKMX and NKMX
subpopulations.

Department of Environment 2 Campbell, M.W. & D.S. Lee (2019)



By the fall of 2008, a new TAH was established for both the CKMX and NKMX
subpopulations. All parties agreed to increase the TAH from 3%, to 5% of the
lower confidence intervals of the 1999 survey estimates, with the understanding
that aerial surveys to confirm hunter observations of increased muskox numbers
would be flown as soon as possible. Additionally, all NQLs were removed for
both the CKMX and NKMX subpopulations.

A re-evaluation of Kivallig muskox subpopulations was undertaken in July 2010,
and again in 2016, for the CKMX subpopulation, and in July 2012 for the NKMX
subpopulation. Using the Jolly (1969) method for unequal sample sizes to
analyze survey observations, the 2010 CKMX survey suggested continued
growth from the estimated 2,143 (95% CI = 396; CV = 0.09) adults and yearlings
in MX-13 in July 1999 to an estimated 4,506 (95% CI = 948; CV = 0.11) adult and
yearling muskox in MX-13 by July 2010. The most recent survey of the CKMX
subpopulation flown in July 2016, resulted in an abundance estimate of 4,437
(95% CI = 1,054; CV = 0.12) adult and yearling muskox, suggesting that the
muskox population had remained stable between survey periods.

The July 2012 NKMX subpopulation abundance survey estimated 2,341 (95% CI
= 545; CV = 0.12) adult and yearling muskox, an increase from the July 1999
survey estimate of 1,522 (95% CI = 679; CV = 0.22) adult and yearling muskox
(Campbell and Setterington, 2006). The results of this survey suggested strong
growth within the NKMX subpopulation. Additionally, range expansion to the
south and east for the CKMX subpopulation, and eastward for the NKMX
subpopulation was evident (Campbell and Lee, 2013) (Figure 2). The following
report provides a re-assessment of the NKMX subpopulation and summer range.

To date, there are no indications of disease within the herd. Research into the
distribution of the lungworm (Omingmakstrongylus pallikuukensis) amongst
mainland muskox has included samples from the NKMX subpopulation, but no
evidence of the disease had been found (Kutz et al., 2002; Gunn and Wobeser,
1993). Similarly, no evidence of Yersisiosis has been discovered in muskox
within the Kivalliq region, though no screening has occurred for Kivillag muskox
in recent years (Blake et al., 1991). Despite the lack of evidence of prevalent
disease within Kivallig muskox subpopulations, continued screening of suspect
samples provided by hunters is strongly recommended.

From the late 1980s to present, hunters have been reporting increased
observations of muskox closer to their communities both south and east of
previously known distributions (Mulders and Bradley, 1991; Rankin Inlet (HTO
pers. comm.; Baker Lake HTO pers. comm.; Arviat HTO pers. comm,
Chesterfield Inlet HTO pers. comm.; Repulse Bay HTO pers. comm.; Coral
Harbour HTO, pers. comm.; Whale Cove HTO, pers. comm. 2008). Ideally,
communities in the Kivalliq region would like to have access to healthy muskox
populations. Both population estimates and distribution observations discussed
herein will provide information that will enable Regional Wildlife Organizations
(RWOs), local Hunters and Trappers Organizations (HTOs), and biologists to

Department of Environment 3 Campbell, M.W. & D.S. Lee (2019)



determine the potential long-term effects of current harvest regimes on muskox
populations in the Kivallig, while also providing information on the continued
expansion of muskox into their historical range.

At present, the Government of Nunavut continues to use aerial surveys and strip
transect quantitative methods to estimate both CKMX and NKMX subpopulation
numbers, and uses these estimates to re-assess the TAH for both management
units (Heard, 1985; Heard, 1987; Jolly, 1969). The TAH for Kivallig muskox
subpopulations is currently based on 5% of the estimated lower 95% Confidence
Interval (CI) of the mean population estimate. At present there is a TAH of 182
muskoxen for the CKMX subpopulation (MX-13) and a TAH of 90 for the northern
Kivallig muskox subpopulation (southern extents of MX-10) (Figure 1). There are
no NQLs established for either subpopulation.

In this report we provide the detailed analysis of the results of our 2017
abundance survey for the NKMX subpopulation, and discuss management
recommendations for both the NKMX and CKMX subpopulations, who are likely
related by exchange.

The abundance survey of MX-10 in July 2017 resulted in an estimated 3,239
adult and yearling muskox in July 2017 and significant range expansion within
the management unit. While further analysis is still pending, as a result of high
variance from the analysis of data from the dependent double observer pair
method, but preliminary estimates have been generated and consulted in
October, 2018 with the Kivallig Wildlife Board and representatives from Arviat,
Whale Cove, Rankin Inlet, Baker Lake, Chesterfield Inlet, Repulse Bay, and
Coral Harbour.

A slight increase in TAH is recommended for the subpopulation of muskox in
MX10 from 90 to 95 animals, given the slight detected increase in abundance,
and potential for this additional amount to generate income or enhance food
security for communities which subsist from this muskox subpopulation.
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Figure 1.  Nunavut's muskox management zones. The northern Kivallig
muskox subpopulation (NKMX) extents are represented by the
southern extents of the northeastern mainland group (MX-10).
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Kivalliq Muskox Distributional Changes (July 2000 - 2016)
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Figure 2. Indicated central and northern Kivallig muskox range expansion
from pre-2000 extents, to July 2010, and to July 2016 extents
(Campbell, 2017).
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Study Area:

The NKMX survey study area was based on the July 1999 and 2012 survey
observations and extents, as well as observations from local hunters and other
reported sightings, collected during consultations with local HTOs. Local HTO
representatives taking part in the survey also indicated areas where muskox
range expansion had likely occurred in recent years. Efforts were also made to
survey outside of known distributions to ensure questions regarding range
expansion were addressed, and to ensure overlap between survey years was
achieved, for distributional and density-related comparisons. The July 2017
NKMX survey area is an estimated 60,576 km? and encompassed the lower half
of the MX/10 muskox management zone (Figure 3). The NKMX study area
included portions of the Back River Plain, the Garry Lake Lowland ecoregions of
the Southern Arctic ecozone, and the Wager Bay Plateau ecoregion of the
Northern Arctic ecozone (Wiken, 1986; Ecological Stratification Working Group,
1996) (Error! Reference source not found., Figure 3).

Table 1. Ecoregions of the northern Kivallig muskox survey study areas in the
Kivalliq region of Nunavut.

Study Area Ecozone Ecoregion

_ Back River Plain
Southern Arctic
Garry Lake Lowland

NKMX

Northern Arctic Wager Bay Plateau

Department of Environment 8 Campbell, M.W. & D.S. Lee (2019)



Northern Arctic Ecozone:

The Northern Arctic Ecozone covers an estimated 1.5 million square kilometres,
or about one seventh of Canada, and extends over most of the non-mountainous
areas of the Arctic islands and parts of northeastern Kivalliq, western Baffin
Island, and northern Quebec. This ecozone covers the eastern half of the NKMX
survey area and is one of the largest arctic ecosystems in the world (Figure 3).
Winters in this ecozone pass in near darkness. Snow may fall any month of the
year and usually remains on the ground from September to June. Extremely low
temperatures and an average precipitation of about 200 mm per year
characterize the climate. When not covered in snow, much of the landscape is
typified by barren plains covered in frost-patterned soils and the occasional rock
outcrop (Wiken, 1986; Ecological Stratification Working Group, 1996).

The Wager Bay Plateau ecoregion, a part of the Northern Arctic Ecozone, covers
the eastern half of the survey area (Figure 4). This ecoregion is classified as
having a low arctic ecoclimate with a mean annual temperature of approximately
-11°C. Seasonal mean temperatures are 4.5°C in summer and -26.5°C in winter.
The mean annual precipitation ranges between 200 and 300 mm. Vegetation of
the ecoregion includes a discontinuous cover of tundra plant communities
dominated by dwarf birch (Betula glandulosa), willow (Salix spp.), northern
Labrador tea (Ledum decumbens), Mountain Avens (Dryas integrifolia), and
Vaccinium spp. Taller dwarf birch, willow, and alder (Alnus spp) occur on warm
sites while wet sites are dominated by willow and sedge (Carex spp). Lichen-
covered rock outcroppings are prominent throughout the ecoregion. Massive
Archean rocks of the Canadian Shield form broad, sloping uplands, plains, and
valleys within this ecoregion, rising gradually westward from Chesterfield Inlet to
600 m asl elevation, where it is deeply dissected. Turbic and Static Cryosols
developed on discontinuous, thin, sandy moraine and alluvial deposits are the
dominant soils in the ecoregion, while large areas of Regosolic Static Cryosols
are associated with marine deposits along the coast. Permafrost is continuous
with low ice content (Wiken, 1986; Ecological Stratification Working Group,
1996).

Southern Arctic Ecozone:

The Southern Arctic Ecozone forms an extensive ecosystem covering close to a
million square kilometres of sprawling shrub lands, wet sedge meadows, and
cold, clear lakes. This ecozone covers the western half of the NKMX survey area
(Figure 3). Habitats within this ecozone are characterized by intense frost action
and the resultant formation of frost-patterned soils. The two ecoregions covering
the western half of the NKMX survey area and include the Garry Lake Lowland,
covering the central quarter of the survey area, and the Back River plain,
covering the western quarter (Figure 4).
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The Garry Lake Lowland extends across a vast area of massive granitic Archean
rocks, forming a broad, level to gently sloping plain that reaches about 300 m asl
in elevation. This ecoregion is classified as having a low arctic ecoclimate with a
mean annual temperature of -10.5°C. Summer and winter mean temperatures
are 5.5°C and -26.5°C, respectively. The mean annual precipitation ranges from
200 to 275 mm. Dominant plant communities include shrub tundra composed
predominantly of dwarf birch, willow, and alder on warm, dry sites. Poorly
drained sites are dominated by willow, sedge, and moss. Soils within this
ecoregion are composed of Turbic and Static Cryosols developed on
discontinuous, thin, sandy moraine with Organic Cryosolic soils on level high-
centre peat polygons. Permafrost is continuous with low ice content throughout
the ecoregion (Wiken, 1986; Ecological Stratification Working Group, 1996).

The Back River Plain ecoregion occurs in the central Kivalliq from the Back River
south to Aberdeen Lake. The ecoregion is characterized by relatively level
terrain, differing from adjacent ecoregions which tend to have greater relief. The
Back River Plain has a low arctic ecoclimate and an estimated mean annual
temperature of -10.5°C with a summer mean of 5.5°C and a winter mean of -
26.5°C. Mean annual precipitation ranges from 200 to 300 mm. Plant
communities within the ecoregion are characterized by shrub tundra consisting of
dwarf birch, willow, Labrador tea, Mountain avens, and the genus Vaccinium.
Tall dwarf birch, willow, and alder occur on warm sites with well-drained upper
slopes tending to have a discontinuous vegetative cover. Wet sites are
dominated by willow, moss, and sedge hummocks and tussocks. The ecoregion
includes areas of nearly flat-lying sandstones and volcanic rocks that are
commonly expressed on the surface by sandy flats covered with sparse
vegetation. Soils of the ecoregion are typified by Turbic Cryosols developed on
level to undulating, discontinuous veneers of sandy morainal and fluvioglacial
material.  Within wetlands, Organic Cryosols with associated frost-formed
patterned ground are typical. Permafrost is continuous with low ice content
throughout the ecoregion (Wiken, 1986; Ecological Stratification Working Group,
1996).
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Methods:

Two methods were used to determine the geographical extent of the July 2017
NKMX abundance survey: the first being the collection of Inuit Qaujimajatugangit
(IQ) and local knowledge to determine contemporary distributions of the NKMX
subpopulation, and the second: an examination of past survey extents and
estimates based on muskox observation data. 1Q and local knowledge was
collected and compiled during annual consultation visits with the communities of
Rankin Inlet, Baker Lake, Chesterfield Inlet and Naujaat. The whole of the
information collected was then used to help determine subpopulation boundaries
and survey study area extents. Once the survey study area was designated,
systematic transects were drawn every 7.0 kilometers, with a random starting
point. Survey transect placement was the same as that used in July 2012, with
some necessary additions and/or extensions to accommodate hypothesized
range expansion (Campbell and Lee, 2013). All transects were placed
perpendicular to the longitudinal axis of the survey area (Campbell and Lee,
2013). Transects were numbered west to east and oriented north-south across
major riparian habitat as in previous Kivallig based muskox surveys (Fournier
and Gunn, 1998; Campbell, 2017; Campbell and Setterington, 2006; Case and
Graf 1986; Graff et al. 1989; Mulders and Bradley 1991). Transects were flown
at an altitude of 152 meters (500 ft.) above ground level (agl) which, when
configured on the survey planes wing struts, provided a cumulative left side and
right side observer strip width of 2,000 meters (1,000 meters per side). The
2,000 meter strip width yielded 29.2% coverage of the entire survey area (Figure
5). Due to the size of the study area, the relatively limited data on muskox
densities within much of the study area, and time and other logistic limitations,
we decided to allocate all of the survey effort into one systematic random
transect survey. We also used this same allocation of effort during the previous
July 2012 survey of the NKMX population.

Due largely to the exceptional sightability of muskox in July, visual transect
survey methods are widely accepted as being the most cost-effective means of
estimating muskox populations, while also still providing an acceptable level of
precision (Case and Graf, 1986; Graf and Case, 1989; Graf et al, 1989; Gunn,
1995; Mulders and Bradley, 1991). The July 2017 visual survey was flown using
a Cessna 206 Grand Caravan high wing single engine turbine aircraft, based out
of Rankin Inlet and Baker Lake. To facilitate distance sampling techniques, strip
widths of 0 to 250 meters, 250 to 500 meters, 500 to 750 meters and 750 to
1,000 meters were established on the wing struts on both sides of the aircraft
using streamers to mark off the 0 meter, 500 meter and 1,000 meter markers and
tape to delineate the remaining 250 and 750 meter segments (Buckland et al.,
1996; Buckland et al.,, 2004; Buckland et al., 2010). Strip width (w) was
calculated using the formula of Norton-Griffiths (1978, Figure 6). The strip width
area for density calculations was 1,000 meters out each side of the aircraft, for a
total of 2,000 m strip width along each transect. To investigate the accuracy of
distance bins, each observed group of muskox was overflown at survey altitude
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and a waypoint of the exact location of the group recorded. Following any
deviations from the transect to mark the position of groups, the aircraft would
backtrack, parallel to the transect, and then rejoin the transect 1 to 2 kilometers
behind the point of departure thus ensuring continuous observations along each
transect. Survey altitude was maintained as close as possible to 152 m above
ground level (agl,) using a radar altimeter. Ground speed was maintained
between 175 and 195 kilometers per hour. The July 2017 NKMX abundance
survey was initiated on July 215t, and completed July 29, 2017.

The July 2017 NKMX survey was flown using an independent double observer
pair, sight-re-sight method (Borchers et al., 1998; Buckland et al. 2010; Laake, et
al., 2008). To configure the double observer pair and distance sampling
methods, we employed a survey crew of 7; two (2) data recorders/navigators
(one in the front right seat and the second in the rear left seat), two left side
observers, two right side observers and the pilot in the front left seat (Figure 7).
We installed visual barriers between each of the left and right side front (primary)
and rear (secondary) observers to ensure no visual cues to muskox presence
could be passed between same side observers. Additionally, we isolated all
intercom systems between the front observers, data recorder and pilot, and the
rear observers and data recorder. We also installed a quick intercom link
between the front and rear in case of emergency. As part of the double observer
pair sampling method, front and rear observers on both the left and right side
switched between the front and rear positions half way through the day though
remained on their designated sides. This switching between front and rear
positions was important to determine potential sightability, issues either with
aircraft related limitations to viewing, and/or differences between observer ability.

Observations from all survey crew members were recorded along with the
observer’'s role and position. Where a dedicated observer was indisposed, the
data recorder would move to the appropriate side to temporarily cover that
position. In the case, this was to happen to the front left observer, and then the
pilot, when feasible, would temporarily cover that side. For survey estimates,
only observations from the four dedicated observers were used. Two of the
selected observers, one for each side of the aircraft, had experience surveying
wildlife visually from aircraft while the two remaining observers were selected by
the local HTO/HTOs and were both Nunavut Inuit who had hunting grounds
located within the survey area (Rankin Inlet, Baker Lake, Chesterfield Inlet, and
Naujaat). The observers were further divided into front and rear teams, each
isolated from the other using visual barriers between the seats as well as isolated
through the use of two independent, intercom systems monitored by each of a
front data recorder/navigator and a rear data recorder/navigator. The pilot's
responsibilities were to monitor air speed and altitude while following transects
pre-programmed on a Garmin Montana 650 T geographic positioning system
device (GPS). The data recorder/navigators were responsible for monitoring a
second and third identically programmed GPS unit for the purposes of double-
checking the position, as well as to record the waypoints and numbers of
observed muskox groups, composed of adults and calves, on data sheets. The
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responsibilities of the observers were to constantly and thoroughly search their
1,000 meter strips and call out numbers of muskox within each of the delineated
bins marked out on the wing struts. All observations were separated into adults
and calves within each designated 250 meter wide sub-strip. In addition to
binning observations, actual group locations were also recorded by flying off
transect to each observation to record position. The rear right and front left
observers, the pilot and the two data collector/navigators remained consistent
throughout the 2017 survey. Though calves were recorded, only counts of adults
and yearlings were used in the final population estimate.

Statistical Analyses:

Survey data collected within the NKMX strata were analyzed using the Jolly
method (1969). This method has been used effectively for several decades to
estimate the abundance of numerous wildlife populations including muskox
(Campbell and Setterington, 2006; Jolly, 1969; Mulders and Bradley, 1991).
Only counts of adults and yearlings (> 1 year old) were used for the final
population estimates and lake areas were not subtracted from the total area
calculations used in density calculations. To further assure reliability in the
setting of any TAH using the current analysis, this report will base any harvesting
recommendations on the lower 95% Confidence Interval of the population mean
estimate.

As of writing this report, we are continuing analysis of the survey data using sight
re-sight and distance sampling methods, which will appear in the final GN DOE
file report. The double observer pair sight-re-sight and distance sampling
analysis might provide a more precise estimate of muskox abundance within the
NKMX survey area. As a result, the final estimates presented in this report could
change, though we are confident that any changes in estimated abundance will
likely fall within the current 95% confidence limits given here using the Jolly
method. The completion of the full file report is expected in the fall of 2019 and
will replace any and all previous reports produced for co-managers including the
present work. As other analyses are ongoing, the authors of this report and the
GN DOE would like to ensure the reader understands that the results presented
herein may change following more comprehensive analyses and may update the
results presented in this report within the final GN DOE File Report. Any and all
GN DOE research projects are required to produce a comprehensive thoroughly
peer reviewed File Report following the completion of the research program. The
GN File Reports represent the most comprehensive and complete reporting
format and as a result will be the main documents used to make management
recommendations.
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Trend Analyses:

For the purposes of determining the significance of any change detected, we first
conducted a z-test to compare the most recent population estimate (2017) and
the previous population estimate (2012) to assess any significant difference in
the population estimates. Specifically, we compared the 2017 population
estimate to the 2012 population estimate using equation 5.3 of Thompson et al.
(1998):

Y2017 — Y2012

Z =
JVar (Y2017) + Var(Y2012)

Where:
¥ = Muskox Population Estimate
Z =z Statistic;
¥Yx = Population Estimate for Year
Var(¥x) = Variance of the Population Estimate

We then compared the 2017 population estimate to the 1999 population
estimate. We used the two-tailed probability of the z statistic because there was
no a priori prediction about whether there would be an increase or decrease in
the population size. Hence the research hypothesis stipulated that there is a
significant difference between 2012 and 2017, and the null hypothesis stated that
there is no significant difference. To further explore potential differences
between the 2017 and 2012 population estimates, we used Monte Carlo
computer simulation methods. We assumed a log-normal distribution and built a
probability distribution for each survey through random draws (n = 1,000,000)
that were based upon the population estimate and standard error of each aerial
survey. Several levels of difference between the two surveys were then
assessed. We plotted the three survey estimates and applied a simple linear
model, Poisson (log) model, and binomial (logit) model to further assess the
observed changes in abundance.
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w =W * h/H

where:
W = the required strip width;
h = the height of the observer’s eye from the tarmac; and
H = the required flying height
;
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Figure 6. Schematic diagram of aircraft configuration for strip width sampling
(Norton-Griffiths, 1978). W is marked out on the tarmac, and the two
lines of sighta’ —a— A and b’ — b — B established. The streamers are
attached to the struts at a and b. a’ and b’ are the window marks.
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Secondary Observer {

|
@ Data Recorder

Figure 7. Observer position for the double observer sight-re-sight and

distance sampling methods deployed on this survey. The
secondary (rear) observer calls out muskox not seen by the primary
(front) observer after the muskox have passed the main field of
vision of the primary observer to their 9 (left side) or 3 (right side)
o’clock. The small hand on a clock is used to reference relative
locations of muskox groups (e.g. “muskox group at 3 o’clock” would

suggest a muskox group 90° to the right of the aircrafts longitudinal
axis.).
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Results and Discussion:

Initial results of the July 2017 NKMX muskox survey using Jolly (1969) indicate a
continued increase in abundance from July 1999 through July 2017 (Figure 8).
Current estimates show the northern Kivalliq muskox subpopulation to have
increased from an estimated 1,522 (95% CI = 396; CV = 0.09) adult and yearling
muskox in July 1999 to 2,341 (95% CI = 545; CV = 0.12) in July 2012, and 3,239
(95% CI = 1,050; CV = 0.16) by July 2017 (Campbell and Setterington, 2006;
Campbell and Lee, 2013).

There was not a significant statistical difference between the 2012 and 2017
population estimates (z = 1.55, p =0.12) using the z-test. However, there was a
significant statistical difference (z =2.83, p= 0.0047) between the 1999 mean
estimate of 1,522 (Cl = 843—2201, CV=0.22) and the 2017 mean estimate of
3,239 (Cl = 2221—4257, CV=0.16) using the z-test, which is consistent with
information gathered through local hunters that the numbers of muskox observed
in the area have increased over the past two decades. In the Monto Carlo
simulations, 92.4% of the runs demonstrated an increase of 100 animals from
2012 to 2017 (Figure 8). See Table 2 for levels of increase ranging from 100 to
500.

Table 2 — Percentage of Runs that resulted in an increase, for each level of
difference value explored.

Level of Difference Percentage of Runs
between 2012 and demonstrating an
2017 (absolute increase by the Value
numbers) indicated

+100 92.4%

+200 89.2%

+300 85.3%

+400 80.5%

+500 74.9%
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Figure 8. Distributions that were generated and used in the Monte Carlo
simulation exercise to explore differences between the northern
Kivallig muskox 2012 and 2017 aerial surveys.
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Generalized Linear Models:

We also fit a simple linear model, Poisson (log) model, and binomial (logit) model
to the three years of survey data. The observations and models suggest
population growth occurred between 1999 and 2017 in NKMX. Based on the
simple linear regression model (R2= 0.92, p= 0.18), the population was
increasing at an average rate of 4.3% per year from 1999 to 2012 and 6.5% from
2012 to 2017 (Figure 9). Carrying capacity for the population is unknown.

Northern Kivalliq Muskox Trend
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Figure 9. Plots of northern Kivallig muskox population estimates with
generalized Linear Models.

As with the CKMX subpopulation (MX/13), survey observations also suggest an
expansion of the NKMX subpopulation’s geographic distribution, eastwards
(Figure 10). Survey areas, based on the extents of previous survey observations
and 1Q, have increased from 35,378 Km? in July 1999 to 49,302 Km? in July 2012
and to 60,576 Km? by July 2017, yielding an estimated increase in NKMX range
area, between 1999 and 2017, of 41% (Table 3). A comparison using survey
observations of muskox to construct a minimum convex polygon show continued
expansion of the NKMX primarily to the east and southeast between July 1999
and July 2017 (Campbell et al. 2012) (Figure 11). Although our survey was not
designed to estimate predator densities, in total we observed five wolves and no
grizzly bears in July 2017. This provides no indication of quantitative changes in
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predator numbers from July 2012, when we observed 8 wolves and single grizzly

bear (Figure 12).

Table 3. A summary of northern Kivallig muskox survey results north of

Chesterfield Inlet/Thelon River and west to the NWT/Thelon Game
Sanctuary boundaries (1999-2017).
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1999 Campbell &
35,378 1,522 331 0.22 843 2,365 12.5 Setterington,
(July)
2006
2012 Campbell &
(auly) 49,302 2,341 275 0.12 1,796 2,886 13.2 Lee, 2013.
2017
(July) .
60,576 3,239 510 0.16 2,228 4,249 17.0 This Study

In addition to range expansion, the relative densities of the NKMX subpopulation
have also increased when compared to the July 1999 abundance survey (Table
4). Relative densities of adult muskox within survey areas has increased from
0.043 muskox/km? in July 1999, to 0.048 muskox/km? in July 2012, and most
recently, to 0.054 muskox/km?, in July 2017. Relative densities within the 2017
survey extents are consistent with muskox densities of adjacent subpopulations,
outside the survey area, and suggest that population stability and/or growth had
occurred, compared with earlier findings of density in NKMX. A survey flown in
July 1998 in the vicinity of the Thelon Game Sanctuary found between 0.021 and
0.063 adult muskox/km? (Bradley et al., 2001). Surveys flown to the north of the
NKMK survey area in the vicinity of the Queen Maud Gulf (1996) found between
0.030 and 0.090 adult muskox/km?, while a survey flown over the Adelaide
Peninsula in June 1992 recorded 0.78 adult muskox/km? (Gunn et al., 1996;
Nishi, 2001). Further north on the Boothia Peninsula, a survey flown in late July-
early August recorded 0.030 adult muskox/km? (Gunn and Dragon, 1998). The
most recent assessment of abundance and relative densities north of the survey
area was reported following the July 2000 Northeast Kitikmeot muskox survey
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(Figure 13). This July 2000 survey led to estimates which suggested stability in
muskox abundance in Northeast Kitikmeot since the late 1990s, with reported
relative densities within the southern extents of the survey area extending to the
north shores of Garry Lakes of 0.056 adult muskox/km?. Northern extents of the
2000 survey, extending to the northern shores of Adelaide Peninsula, reported
adult muskox densities of 0.030/km?, which was well below the June 1992
findings of 0.78/km? (Campbell and Setterington, 2006; Gunn et al., 1996).

Calf proportions within the NKMX subpopulation have increased between survey
years: from 12.5% in July 1999, to 13.2% in July 2012 and to 17.0% in July 2017.
The 2017 calf proportions are consistent with the estimated productivity that
would be related with a stable to increasing abundance. An examination of
muskox abundance on the Adelaide Peninsula across three abundance survey
years including July 1986, June 1992, and July 2000, suggested a period of
strong growth between July 1986 and June 1992, which was reflected in an
estimated increase in abundance from 213 (Coefficient of Variation, CV = 0.59) in
July 1986 to 1,165 (CV = 0.33) adult muskox in July 1992. However, the high
CVs for both surveys make it difficult to determine the confidence of this
increase, although actual observations support the likelihood of an increase.

On-transect observations of animals increased from 44 adult muskox in 1986 to
233 adult muskox in 1992. Over the same survey periods calf proportions were
reported as 17.1% in 1986 and 6.6% in 1992 (Gunn et al., 1996). While a survey
flown in July 2000 over the Adelaide Peninsula did not subsample nor estimate
the population of the Adelaide Peninsula due to low abundance, an examination
of the July 2000 observations over the same survey area covered by Gunn et al.
(1996) revealed a total count of 142 adult muskoxen and calf proportions of
14.8%. Examining these past trends suggest that caution must be exercised
when extrapolating calf proportions as an indication of longer term trends.
Additionally, calf proportions can vary widely from year to year. With this caution
in mind, a comparison between calf proportions recorded in 1986, just prior to a
reported increase in muskox relative densities within an area close to the July
2017 survey area, though qualitative, does corroborate the likelihood of the
observed calf proportions in July 2017 as being consistent with increasing
muskox abundance between July 2012 and 2017, when compared to a similar
muskox subpopulation with a similar relative distribution and shared Ecozone.

Overall, the July 2017 NKMX surveys CV exceeded ten percent of the mean
estimate, suggesting the need for stratification into two to three strata in future.
The more clumped distributions of muskox encountered in 2017 were the main
cause of the increased CVs. Because of the relatively high variance within the
current analysis, these results should be used with caution. In an attempt to
reduce overall survey variance, more statistical analysis of the July 2017 results
are ongoing for the entire Kivallig Muskox survey program. The complete
reassessment of the July 1999, 2010, and 2016 central Kivallig muskox surveys
and the July 1999, 2000, 2012 and 2017 northern Kivalliq muskox surveys
utilizing the double observer pair sight-re-sight and distance sampling analysis
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procedure is nearing completion and will be provided to all co-management
partners in the form of a GN File Report fall 2019.
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Table 4. Data summary for the July 1999 northern Kivallig muskox abundance
survey, Nunavut.

Statistic July July July
1999 2012 2017
Maximum number of transects N 136 205 227
Number of transects surveyed n 28 60 65
Total stratum area (km?2) z 35,378 49,302 60,576
Transect area (km?) z 7,276 14,405 17,600
Number of adult muskox counted y 313 684 941
Number of Calves Counted 39 90 160
Muskox density (muskox/km?) R 0.043 0.048 0.054
Proportion Calves Observed 125% 13.2% 17.0%
Population estimate (Adult Muskox) Y 1,522 2,341 3,239
Population variance Var (Y) 109569 75543 259659
Standard error SE (Y) 331 275 510
95% confidence limits ( 679 566 1,050
Coefficient of variation Ccv 0.22 0.12 0.16
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Community consultation:

In October 2018, the GN DOE met with the Kivallig Wildlife Board (KWB) and its
representatives from the communities of Arviat, Whale Cove, Rankin Inlet, Baker
Lake, Chesterfield Inlet, Repulse Bay, and Coral Harbour, to discuss all
preliminary results and draft population estimates for NKMX. During this
meeting, it was agreed that until the northern Kivallig muskox survey results were
ready, no decision would be made concerning the adjustment of either the
subpopulations TAH and/or NQL. Following the completion of this report, all
Kivallig HTOs and the KWB will be provided with a copy for discussion. Letters
indicating agreement with initial survey findings and support of GN management
recommendations have been requested from all HTOs and the KWB. Presently,
HTO members, local Conservation officers and local hunters are taking part in
the continued collection of local knowledge concerning the location of muskox
groups across the central and northern Kivallig, and incorporating I1Q and local
knowledge in the possible mechanisms surrounding their continued range
expansion into new habitats.
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Management Findings/Actions/Recommendations:

Central Kivallig Muskox Subpopulation (MX-13):

1. By July 2010, the central Kivallig muskox subpopulation (MX-13) had
expanded outside of its previously documented distribution, particularly to the
south (towards the Manitoba Border) and eastward (to the coast of the
Hudson Bay). The July 2016 survey observations provided evidence of a
slowing of this expansion, though small areas along the eastern and southern
extents indicated some continued expansion of their contemporary range
extents;

2. A management plan was developed in 2010 by the Kivalliq Wildlife Board, GN
DOE, and NTI Wildlife and Environment. The July 2016 initial survey results
have been released (Campbell, 2017).

3. Additional monitoring of muskox must include the ongoing collection of 1Q as
well as periodic population assessments as deemed necessary by local
communities, HTOs, and 1Q.

4. To improve TAH recommendations and overall management, additional
muskox research should focus on determining demographic parameters such
as sex and age characteristics and levels of natural mortality within the
population;

5. To improve TAH recommendations and overall management, additional
muskox research should also focus on barren-ground grizzly bear abundance,
distribution, and feeding behavior and their effects on muskox behavior,
distribution, and general ecology;

6. The central Kivallig muskox subpopulation (MX-13) boundaries should remain
as indicated (Figure 13);

7. Due to the lack of a statistically significant change in abundance of the central
Kivallig muskox subpopulation, and in the absence of more recent abundance
information, the DOE give a preliminary recommendation of no change in
TAH, which is currently set at 182 muskox and calculated using 5% of the
July 2016 estimates lower 95% Confidence Interval) (Figure 13). Following
the complete reassessment using double observer pair sight re-sight and
distance sampling analytical methods, the GN DOE recommends conducting
consultations on these recommendations with all co-management partners to
generate management recommendations for CKMX;

8. We continue to recommend no non-quota limitations of seasons and sex

selectivity for subsistence muskox harvesting based on the most recent
abundance estimate.
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Northern Kivallig Muskox Subpopulation (MX-10):

The DOE is planning to speak with the KWB (by teleconference) to discuss
survey results in spring 2019. During this meeting, a new TAH will be discussed
and recommendations to the GN DOE and NWMB made;

1.

The northern Kivallig muskox subpopulation (Southern extents of MX-10) has
continued to expand outside of previously documented distribution,
particularly eastward along the north shore of Chesterfield Inlet (Figure 11);

A management plan was developed in 2010 by the Kivallig Wildlife Board,
NTI and GN DOE. The management plan utilizes the results of abundance
surveys to help guide management actions and recommendations for Kivalliq
muskox populations;

The northern Kivallig Muskox subpopulation appears to have increased from
2,341 +/- 545 (95% CI) in July 2012 to 3,239 +/- 1,050 (95% CI) adult
muskox in July 2017, although the change was not statistically significant
(Figure 9);

Utilizing a harvest ratio of 5% of the July 2017 adult estimate (lower 95%
confidence interval) is not directly applicable in the current situation due to
the lack of statistical significance detected between the 2012 and 2017
surveys. For Monte Carlo simulations, 92.4% of the runs demonstrated an
increase of only 100 animals from 2012 to 2017 and for this reason, we
would recommend a more cautious approach (Table 2). Pending
consultation with co-management partners, we would recommend the
northern Kivallig muskox subpopulation TAH be increased from 90 to 95
muskox to maintain the stability of the population. This recommendation is
based on the increase in abundance indicated between survey years and the
upward trend detected in the trend analysis. (Figure 14);

Pending consultation with co-management partners, we would also
recommend no NQLs (Non Quota Limitations) for the northern Kivallig
subpopulation be maintained until such time as observed changes in muskox
abundance and distribution suggests a re-consideration of these restrictions,
following full consultation with all co-management partners;

To improve TAH recommendations and overall management, additional
muskox research should also focus on barren-ground grizzly bear
abundance, distribution and feeding behavior;

The boundaries of the northern Kivallig muskox subpopulation (within MX-10)
should be re-examined to assess the relevance of expanding northern and
eastern extents (Figure 11, Figure 14).
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Figure 14.  Recommended population boundaries and TAH for the Central Kivalliq
Muskox (MX-13) and Northern Kivallig muskox (MX/10) subpopulations.
TAH based on July 2016 and July 2017 preliminary survey estimates
respectively.
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Thursday, September 26, 2019

To Mitch Campbell, Keenan Lindell

On behalf of the Kangigliniq Hunters and Trappers Organization, we support allocation tags for
umingmak to increase from 90 to 95 in the area Mx-10 and you have full support from KHTO and Board
members and we hope to continue to work with your staff on any wild life issues in the furture. As itis
use in sport hunting and good for our economic in our community.

Andrew Akerolik
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Arvig HTO LO\* DLIc IS GSPOAANTNC

P.O.Box 39 NNbo<é\® 39
Naujaat, Nunavut abb< o0a2c
X0C 0HO X0C OHO
Telephone / >*b_5N™L (867) 462-4334
Fax / Aeb<bdPN™L (867) 462-4335
E-mail / "bn.CP>%>PdC arvig@kivallighto.ca

Re: Support Letter

To: Mitch Campbell & Keenan Lindell
Kivalliq Wildlife Research Program
Nunavut Department of Environment
P.O. Box 120
Arviat, NU
X0C OEO
(867) 857-3171(Mitch) or
(867) 857-3175 (Keenan)

September 25, 2019

To whom it may concern:

On the Arviq Hunters and Trappers Organization regular meeting on September 23, 2019,
Kivalliq Regional Wildlife Biologist requested to have the quota change of the MX-10 Musk Ox
and the results of the 2017 MX-10 Musk Ox survey found a population increase from the last
survey in 2012. The estimate in 2012 was 2341 and our estimate for 2017 is 3239 an increase
of nearly 1000 animals. Because of the increase the Arvig Hunter and Trappers Organization
Board of Directors fully supports to raise the quota from 90 to 95 and agrees with the quota
change.

On behalf of the Board of Directors for the Arviq Hunters and Trappers Organization

s A
Loty e ey e 0

Louis Angotingoar, Chairperson

If you have any questions or comments, please don’t hesitate to contact me @ 867-462-4334 or
arvig@kivallighto.ca

DSbsbNP*aS ¢ @ Ad /LI Dabbse - PR DBILAC L°ASDLSe 16 of 16



© ) <

s it t &
05X Ay e B2 5
<0 Box 255 de\

BAKER LAKE, NU. XO0C-0AO

September 5%, 2019

Kivalliqg Wildlife Board
Rankin Inlet, NU
X0C 0GO

RE: Request for 5 more Muskox Tags for MX10 (North)

The BLHTO is requesting for 5 more muskox tags for MX10 as all of our tags for that location are
all used up for this season 2019-20. We have some hunter requests for muskox tags for MX10
and if we are granted 5 more tags, it should be enough.

Thank you and awaiting your reply.
Yours sincerely,
Richard Aksawnee

Chairperson
Baker Lake HTO
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e L'bANC Nalod*DADD s ALt ARVIAT HUNTERS & TRAPPERS ORGANIZATION
P.O. Box 528, Arviat, NU X0C OEQ « Phone (867) 857-2636 « Fax (867) 857-2488

September 27, 2019

Mitch Campbell
Department of Environment
P.O. Box 120

Arviat, Nunavut

X0C O0E0

Dear: Mr. Campbell,
Increasement of Musk Ox Tags; MX-13

The Arviat Hunters and Trappers Organization held their regular meeting on Tuesday,
September 24, 2019 and the board of directors would like to inform you that you have been
approved for the letter of support.

This letter is written to state that we, the Arviat Hunters and Trappers Organization Board
of Directors have discussed and are in support of increasing Status Quo MX-13; Musk Ox Tags
by 5 from 90 to 95 and keep the other management the same from all other wildlife; (MX-10)

If you have any questions, comments or concerns, please contact the Arviat HTO. Thank you.

Sincerely, /774 A i é CZ'/C,C/C/\__

Thomas Alikaswa
Arviat HTO Chairperson
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September 30, 2019

Mitch Campbell
Department of Environment
Government of Nunavut

Dear Mitch,

The Aiiviit Hunters