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AN®CDILYQ Y RC CL® AC®CDNa 5o DLEC bN oMt 542-%Ja s DLee,

. AZPR*Q 5o ™M DL oa ™0t APZbnd5b%o D¢ a N*CPH>bCP>bCHNe Acobd¢
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dLa<< ba*a*Lo - (S), NeoPN>< Do P/D> 5 ALYa (Al), C/DY® A%G 50 b¥ e ]Se™
(ES-IN) <L ba*ase<¢<da PP®C 5< Cnb Lo (EB-T). <M LNAC DULEC Sh>phSeC>e >IC

ASb O NN NI 0¢ CPRT bara ®</<da baCl>¢ PPPC®Io*Lo 1975-To® 2011-1¢
NP<5d, ac DLCPCHLLEDNe ACSHST*NC e PONC Codd NeoPND< AL*LGSbeC® Do
(ASbocnNS<Y<de DFO 2012, Doniol-Valcroze et al. 2015a). CLSTbYAC Y2 <1J¢ I NPone
ACSH®NPTNC SH>ALD>BIC AYASCH/LA g g, DLcPCibsheCs L Y Mg ba CP><
SN PPPSeCIg Lo ADYede (A PN >a APSAD< AL*Lo ADI®IAM <L
ASH5PDNST) PP<do DL ACSHSLALC Sb>phseC>c D/ e ¢ Clo. 2013-JcSeN oy,
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ba.Cl (COSEWIC-d%/b">APHS) <> P2 cP>PNC>ILONe ALST>Conosi AShocnrs<<ed® o,
DL P OULAC AcCnYDIL®IC NNSHAS Acbd* M oM 0¢ Dbcny>Y ot Il-of
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Pc_oLS0C ba Cr>C sgiNedre BPH>eCLIN (aeIs/LYg® CdNNr<< 1), IC>NPdS (Doniol-Valcroze
et al. 2015b). DL AALPYDILALC D></L P>CM o¢ PNHCA*aAYae AD>Yedl. PY<locCDse,
Lea % AlLaSt/cc DSTe® Ac.obdt AMA*POULo<o? oPCHCT a g\ o<dcsTL I o® (Dietz
et al. 2001, Heide-Jargensen et al. 2002, Watt et al. 2012). CAL*a Ac™L.o¢, a<Ln7>ReI¢
CLST® AN®CPYeISA>C DI A%LALDIC 6L ICHAST CPD> DI, D%/ N A*LAo® 3
HrLCASa® LSPASCHC> 5N AN®C>Sda Nt /2 cP>NCHC PO IBAADS PPeCLC oMo
AL*L, <IdPPDSTI>C SPPeC 5> 5 1d*o*La CYDYSIT, <L dla<< ba*a*La AL*N¢
ASRCD>ONE P2a<JC SOENNSADZLANLC ANARADZLLNG, IDAAOS< PPeC:LC oMo AL*L,
QLo AP ISTBC spPseC D>y dda Lo C/DYSRT LN od <l dlass
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D*LASH®ANE @ Pbdt Plcbia Mo Ly ACSH®NNod®dy g Mg® DL P HLAS
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QL 5/DR %G CdsbCLYy M g b LCAd Sdc >C>SbCc P>Io® 2012- IDeCH>c P>
DPcD>PCHTIC Shose So>AN®CHILaSLYLC. SE>ANEPRASC DL o SbeNC>Re_>eDC
acdffds®do® Pr*r/r*ocro®, dLo DAL/ o*Lo® oPIC Yo *LdC Na LI D>A\D>/LoNe
bN*LATH®I Ve AR HIJC (4asd%*ILc® 2). NorcAPIUN o DPIPIa? No I oG«
OPDAZLC DTN QL5 DCPCG®/L5Ne DPIC So S, DPI“ 5 CALP ber/Lia®
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CALAG™M® 05 DALP*0b®Io® a.c PCPNo® ID%CCH>RILHKC ID%CH>Y*a SheC e ¢
CALAc*ULNo. CALA®c™*LoS, <a\°D®C>ILIo® bD>riPNPho® ID%°C>od%Do®
JPBLNNC PP b g Sh>LNC>N<Sa<d%Ia® (Doniol-Valcroze et al. 2015a) <Do
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2) Sod DPIH Keotlsrar DAL/ sbeNNa Mt CdyD>arreo; Lo
3) PPt prPegt ot (@l AMPSGo o, ACShSo e ALSHS, DLSbSa™ ML),

AN QLS S DNILNNa™L Sb*LCA® g AcPeC>Rc M *a.c P> LPCLb
’be/D>aGeC DYt dgrd®Da® Sb>A\>NedC,

SoD>ANeCDc PeDogr DPY7D>c PSeDC

DaLZPra e POIGHC DD o c PCOPCHo N0 IMANNPT™MC DLEC A<lo SbENNSAD>oT.
CAPI< DeCP>c PO AlLaSLC ACShSa<seILSgaMeg® Sh>pdD>L*aSas ACShSg Mg
dlcra® PALYPYaSh®NCRC de g, PA<IoC>Se, CP>DSHCe > D> STLC
Dlco® ACSH®Ia® >AJa®. CALA* 0*L.0¢, CHIPCHYea S Mgt Uy e

Q. DCHCP>ILyN<bSLC (Marsh and Sinclair 1989). a.5a Abd‘N®eCHT*NC AYDbb>gsbeCse Ne
DBCP PR Ppedge CIyDLshGHLE LP* ot CHIG*A®NCHbCHY* 0¢ CAboA%Q S
PUCALDITCT e b LCA< Ao, ac PCHCHILEHNe Sbos® Cdybbor*a AL+ LC
CAPI<NA*a AC (Laake and Borchers 2004). AcCnYD>o ™Mt CAPHo*LNA®a e Cdbbo5beCio ¢
Q.5 bCSLC <tLs IDBPCHLIOT® Sh>ALLNPRSh®NNC >DC ICDIeCPLo® <Ll DALCa®
Cdvy>bCc DSa*Ma® CA Lo 2013-T Sb>phseC>c >®Io (Pike and Doniol-Valcroze 2015).
¢ <1JC SH>NNBCSHC P>PIC IDhCe > NP Sb.oADIA%aSa® <DPLY* g <L
APLSACD 5N P NCHT* Nt CAPIT*L Acn<a®, CAPI< Sb>ALPAC IDBC>c DD Ceda o
DPYT<eC>Ya LS DI YCLa® Sb>pahPaNe <AL Peg Peg® Sh>NL*NNT®.

SH>AL DY LNSh DD b CPYPdC IDeCH< 5Ne Na Lo DAL Mo b NCD>Re_>®IC CLAg®
CdyD>SbeCe D®Dg® (AeIA*Q DTN ALSCDSHCeANe CdYy>o*Nt CAPI<NAQ AC)
CLA*cN® sbP>rL NN YR P®Ia. CAPI] bn.CP>YPdC bl <CP>RDC CAYPC AbAPI®
ADCH>C DI gPIPC>T 0t APT®<Wa ¥5%°DC CLPdo™L SbP>ANSTSIC Sh>ANPCD>o <5 D¢
(Buckland et al. 2001) <L AcPyD>oNc CLedd <aPePONDYa? IQNbSo Mg (Marques et
al. 2007) ARCP>o*M*g® /dbeNro*/C, oAyNPRvg ¢ Cr DT CSb®eNNo™MC ALl /Sda e
sbb>rLoboc™Lo® CnP>dC

CAST L b dgPeg® sh>AL YNeha, Mg Mea® <Ly ACSh®eNNaNe

Q. D>COCP>HECPBIC 4IhCe A Ne PN o Sb®NC>Yo® a>a APdCnY><Ya® (Doniol-Valcroze
et al. 2015a). AMAg™NC DLEC CAYPYea SN eI/ g M g® IDg b* ®eDg* eg®

L DD D56 N CAYDPYa® CLPPSIa® AcSbbbea®Da® AN/ <Nsb®eD g,

LN Leg SR DLC A5y Ldo*L ANSeCDPLSbY DY D>Re D®Dgd DI a o Aot <L
DaLPvad <Wa® by ADG<YT N ARPCDYLY*Q Sa ¢ baPse e g gPLeC > >eDC
ARCDHNe Ag<a® CALA*a <DL Sa Mg DC>“ 5N a.c PCPCHYa Sose

A DCNLSTeD>La o1 ACHP*aSo™*M*a® DL CLAT NS AS%a Lo b e igLo.
ACSH®NPT N @NPCD>HC D> II®PCH<H5Ne IAPIPCD>HCST N ACShSa N CLAG™®
bePseAclC A PocL Lo, CLS™ bN=HNe ACShSa Nt CLAG® b edgNeg® SbnCP>Ybde
AN®BCPHHCc PP %/ Ne ACSh*a Mg CLA*GTNKSe b el (Dg <A\eDse/Lo* T,
ArAASSCRCHILNNCONe CLAYG® bNCH<ONe do*MC b LS, ShPpLYD>c®Do.

DLES SAPLAM SHC DN ALDS Sh*Lo Sb>AN®CH>SeN 5N Cdy>yea SheCe >SbIC
CP>ISa NP> oS, ACShSo Mo CALA*o <IN Y >IA*a.c >®IC (Marsh and Sinclair 1989).
CLASBCSa Mg <M ALNAS DUES AN®C>IL D>5IC Sh>pRC>Ya GSPPseC >y She B¢
ACSBPENST Mg, PPIGHNC ARISe//LYaC DL ra® CdPN>NNSHECe >eDC

SH>AY DY SbCe PSa Nea® b LCAbdS Sboa ST NPJN® 2 m—o® LSP*o® [[Co® DPISPNo®
o0a < sbrLo® >AZLA (Richard et al. 1994). PY<locCP>S, Ac Mo b g Mg AL™LC




PN®R<LIAo <L DPPCRIoT 2013-T ba.CM>Co SdNeDST P OLAS DLee dMdg e
<D/ Lo T

CdN>NLQ P N=Dd AALPYDIA*Q BCc P> DL CdPhbNa G5t AC>JSael 1 Cre
sprlLat DL/ vor e DYLADCONE Sh>AY D> DRI 24-%c DIt Dlca AcPoD>/Lc >*Da®
st I<eNC>ILINJIS AcCnyDRo® Sba My Mo oa cC APALSN 5 TNLCT JLICLS L
2009-T® 2013-1¢, CAPd< DL AdoP>osb®NP<o® AL*aNM 314 + 1.1% >5*No®
CLoGY<c D>®DC >AIL\La® Sba*asb®NPL® LP*g® 2 [Co® sb*Lo® ALDS, <L

AL*a NP 204 + 0.8% C/=asre 1 I'Cre DaLYvac ™ SAJLD>< ALD< sb*Lo. (Watt et al.
2015).

ACUARADALS"a S o® ACLM7D>oNe 7(PBR—°UO‘QC‘“’[><‘@") N>/ NP (Wade 1998),
JPPLLC>HC DT CAPDT L AcSbANe Ida  *CPPLI*Lodo® YLAYDILYa® (A5 DLIAC
AC®CHILLOC®ANE FLAYDRC), <IDeC>bCc PP aNeCPo* M 0¢ <DcSdyc<¢ bN“oNe CL™®
0Q ®CP>*Q®I¢ AC®CP>oONE:

Ac *LANPAL *o*"PBR

C Gb, a q, EYale —
BN NCHCPN T TALC = s T oL AT T o< LRC

brLIAe ALACMo o,
PBR Ac. *LASAPALO™ = 0.5 X Ry oo X N g ipasocye X E;

IYa P CDPLYo® YLAYD>GC G5PPIeC>ILoC (LRC-*1Y) a.cdfcD®C e AL*a Nl 1.28
(D®CH*Meq <D CHL®LNML*a % N0, SE=0.15, Richard 2008). Ry sy
LPaeLYg N AMAPAPC>YQ o™ BLIAC G5PeC>ILc D*I AL*a. NP 0.04
(D%®CH*Pea g CAPTHCot a\>NHPNCHCHAC SH>ALLD NN, Wade 1998).

N fpgsscuipary, SPPLADR® 20-Po>Are >heNhia*La® Lebda® SboA NN

Qg La 0o a5 APICES N-*La o, IMAPe<7e<INNaM*.of DLES a sa APdCTh™Ie
(F)-T* GPBLYDCD®I® AL*aNC 05 CHRa- I>AAD< PPeCLC oMo AL*N&a® <>
AdPPITBC SPPSeC H* <5 Id*a Lo CPDYSRA*LEOa® DUES (ANPCHhHC>SN° o sa o™
ALST Sb.oAC*LoM AL LS adt 6<<c<da™r9) <o a>Nsh®NCHo™ e 1.0-T
4P*Pea® DLctCbio™ Mo ALSa (D%CHLY*aL.o¢ CL o aB¢ ID%CH>REbI AALMY > of
ACSHSTeND>a ALSa).

JDPP7DALce¢

DRA*LCSHCST™NC PPP>OCI SHD>ANA>T o ALSa <IP>YedC 2013-I A*SCDSbCCe >IC
b, <Ly SboNM SH>ANSADLTa SbeCe DSLALC DLeC. CALAPb >IN 5NE, CLST® DL ALMC
SHD>ANPCYAYQ D DI AYCIINDd  AdPPDSTC spPseC 5> 5 d*o Lo C/DYS<STCC,
0a ST ACHGILC ArANPo™Mt bN*LYo® AL*a AU 2.76 (SPR<seC>ALoNe CV
3.8%), <tL> CAL®a®  SbD>ALYDPT*NC bN*LDST*NC <AL e gSheNPR>IC M Ag ¢
AL®aNM 1 ACDPSTe 3.08-U<.0¢ <4\eD%[ dg- CdNN*<Na® 3-1D¢ Cd\>NNDC
abCc DS Mg Do CdYy>A>HCc >IC DL Ua*a®. a.c DLCPCHILLC ACSHPNPo e
Do ALSo ACSHSAD>Yo CdPyD>C CANN<Na® AlasenNse/LYg ¢S 1-I. CLS® bNsoNe
JPPLABC> DTN @ PCHCHILYC ba CM>CAS SgiNeII DLcPCobsa Nt JspeC>c >seIe
141,909-0® Pc_oLso® DL o® (Acsb Ne 7,038-0® DLcro® ac PCeC>ILIo?

b AP gd). DB GSPPIPNDCHTSIC ARCHYC GSPBLYDc DI AL NP
aca®eC>ILI® 2.94 (SPP<LseC>/LEoNe CV 3.4%). CLea aNP>N*L, D*LAShseDse
DcSIYPILL LabDNP <SPR<APNesh®NC>Yot 3.18-1 o, DG Sb>pLeCDIL 0\ o
ALSg® CdPhD>oa ‘N<®D LGS 5dA*a > Do (Watt et al. 2015) <HL> <ID®CH>c Do Ne

CAPd 0*L CdyDULICD>ST* N 0¢ ShANDC DR o™l “bePedt LcbAdt a.oCL® 4.3 \ber<,
CAbda *L¢ ACSH®NPT* Mot a.c DCPCHIa®, bN“5N7 CALo CLST ACSCD>L*q SN D¢
NegPND< AL Lo <GSPeCPLc®Ds® 1,540-0°¢ P oLS.0¢ Dot CAPI CLST® bNC><HN®
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A ST 1. BPAYADC LIS BPAYALC LI b oAT ¥ L=< Cdob>bCc o<
(ALD BHUJI NCO T ) I > <TPL<ICCLALDN° < Ao ac DCHCPALYC <IPbtde
ACBT 0t IPPLCCLILo 0 35PN <IICCPC PIC 294 (PN 34%
245209, AU CI<IN <19 ba *ar/<la PPUC5< Cnb o, <ICCPcPLC APNYC
AL 453 (CV 38% >a *N* e >%I9,

sb Lo ALD<

ACSbSg*e L Poe >henpde ACSbSg>e Ardge

/SODANSADC  (km Pl CNJD)  SbDalSeCNC ArAore (4SPPseC>oNE)  GSPPseC>ZL NG
I>AADS ppseC,C
oMo AL*L 35,357 13% 4316 12,694 033
gPeDSTI>C
spPseC 52>
<d*c*Lo
CYDLSRe 40,669 4% 5,563 16,360 0.65
dLa<< ba*a*Lo 115,309 9% 16,921 49,768 0.20
NegPND><
D.oo P!> ALY 9,419 26% 11,915 35,043 0.42
CIDY%® A%G 5P
b e A 8,459 26% 3,566 10,489 0.24
ba*a*Lag SPPC_5<
Cnb*Lo 53,510 8% 3,799 17,555 0.35
bN>LsoNe
NegPND><
D.oo P> ALY
QL5 CODYSe
A%G 50 b S S 17,878 26% 15,481 45,532 0.33
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CINYI~C A J¥NT? 2. CLT b5 06 PCPT IS ACPCPYa ‘T ¢ AU 6- <o
IUcCb 6> I ba CIPCAC I PPPCEIT o < P%/<In Do *0¢ (b_>a/1I¢
Q@ 2 AICC AL Fr) <SPECPALC DI GAPNY 0.5 COCo <IPAADS PPPCUC o <o
ALY 0 <GH> <dPPITIC PPUCHY P Id°o o CAPLNI T, AFLIPsDALEn <160 0¢
@ a ‘T NCbHTY CAdao ALo <H> alf 5<c<ICWT ¥ g Il

AP <IN DT 0 @ >a AICHC (Fr—-*9 <TPCPALc >%I% 1.0~ </ ¢

L CHPY O AFLL> N G Yoo <U Ao hDy.0¢ BPAL <o A >Yo?
OLASCCLbC Lo 0"

<A>Yede DLcra® ACHAC Nar s o bN<oQre CLST®
ACSeCPD>Yeq Sg¢

A>AADS sppseCLC oMo AL*L 9,714 76

(r AP Y > /Fr=0.5)

AdPLISTI>C SpPSeC 2> 5 d*a*La CYD>YSEse 9,897 77

(ArApsor<n Y > oM< /Fr=0.5)

dLa<< ba*a Lo 42,081 658

oo PND>< Doa /D>y AL 24,895 389

CPDYS A%Q 50 b e <SS 8,564 134

ba*a*Lo PP®C 5 Cb Lo 13,214 206

CLS Sdé_6-<¢ bNeoNe 108,365 1,540

bN*LEoNe KegPND< DoaPd>o ALY, <L C/DYse 34,716 542

A%G 8 b ALY

aPbd¢ asarPNbso™Ne

o CLL®CSe/LAOab Mg Meg® ac PC®Ihsa<N= 5N CLTN® ACShSA>T*NC
Sh>ANSPCSHCAb®>C (Buckland et al. 2001). <IP>Yed¢ ACSH®< g+ DL P HLAS
Cb< g AdPPDSTC SPPHC 53> 5 1d*c Lo CYPYSIST <Ly IDAADS PP LC oMo
ALMo Lea b A DPYDLYDNCQYLLC. CPRoc dlas< ba*a Lo A<NsbsAC
AL DD SHPANP AN A LAl O <Ly oMo ACShSAD>Lea So* e,
AFLSbc P>GC CLed<d DeCP>SHCSa Mg DLALC®NONE ADI®Ie CHRa ADC
ALA*Lo Peel Sound-I <tL> dua< SPP®C*LC b*PeD*La. DL P SLACHS®
ACShAYLC ALSo <AYUa tAD>R Yo <L Y CaOa® Sh>pNSAD>cD>®Ia® (A5
DPONNOJ CBRa LPcPD< AP<a- CnDST Parry Channel-® <é\bD%/LoLo).
PP<ocCP%, APLPYDDASQ ®>C A H<SbCH g a®, <1vI%//La y P 5N®
0ac*P>Co¢ CLA*G® bN“HNPC ACSHCHL*a Sg* M a®.

o DLt CAYP>SHCHILo™ N brUetLn<ISbeCe P>®IC CHRa CYPDYD>< A®Q b b S s Lo
Lo NoPND< DooPlD s AL*o, asaPChN<dbbiocc D>®Ia® Sh>ANeCDILa e g®
ArAMaso Moo, <L D*ULDNAILRC>Y*a s Ne Mdo e oC.

o bN=LNCPLLOKSLE bNE*LLE PLI®CHL*q I 0a °CP> NP Ad<do Al <L ES, Cbd<P
<PILbo Mg N QedeILL A SbALYDAPLLNG, A oCo® SPrsPadNo®
aa A RNb DY LLC oCa® ePLYLosbSoSLMLC. /Dab\I
SH>AN®CPY A 15bSa<I5beIC SH>ANASNE <PILSbNNeLrLNe Codd LR <L A<D
ARECANNAC sbgdhseCSgNe QL DISIC Sodh®I > oSty Re—<Ig* " oF,
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o C>ReC ADAADS PPPCC oo ALMa, AMAIDHECLC P SLAS DLES
SHBALDC BRI CBRa IBAADS ANALIC CbLo. IMA*doATS CdybsbeCe I
HPAAPT T CPRG A>AADS PPCHLC oMda ALY g AMTJS, CDRo o
LY LT D>REANE ShaaehBLI oa “0¢ I>AATDC,

o PODTDC PPC 5D 5 AdarLa CPDYSKML SbBA®C>Y a ¢ B
P HBC DT ACTHITHE @ PCOCHILE ILATDH®IC M Ol <o
Lelbhe<irLa® B o</ o obrAba™La, CALA G 05
SHBALYDSHID DL Y ® SbEAAPC DRI ot Prdorc, ACTH®NNa™ e
ACYBILIAQ ®IE SHDANADLAL®ILa M 0f, CALY @ c DXCOC>®q Sorc D
Peda D> Do, P CD® Ao AALPYDYAh®D%® [P UL ac PCPCILa o
ACSb5G*Pea® P SLAC DLES CBRa AdPPITE spPeC 5* <5 Id*a™La CYDYSRIT.
o A>PIJC Codd ACTHST™NS ALAS IAD®CHILbeac ML Mg Sh>ALE>NSTSoN>PNe
Q JMUDSHCST o0 @ P Lo e, CAPINA®Q >N A o IdPPDTTC SPReC 53>
dd°aLo CPBLSeCr, CAPD< PCLAC AcCAYBrLIC NeaPN>< AL*a  ACTHSD><C
Dlc™o® <t b5, Sba< dP<do CAbST ACTH®NPGMCH>® a 5a %I Ac.

e CA*I< CAyDHC Do ¢2addia™ o <L PYo<Jio™ Nt CHISA %N of
Ar A< BMILC, CALA®G*M 055 MM M<ChRC 3t C2a
CLLPLIM @ 5o 5b>C, Sh>ANSCDL D®Ig® I A g NP HC>a <IN >C
dArigehba ACSHSTGAT™ hada CAPda Lt <IMia® Cdyba>a y%da®
B.OAC LA PYD>RE®. ARCHSNe CAMITUNAQ ™ CdWbCc Do ¢ Id*a Mg
CHIGeACNB>CB®Ig? APy DA, Coda *Le SH>AN®PCHYo®, CALA* G0
ArPQ®C> S/ a N 2,

JPCPNC Aldo-

SH>ANBCD>a g Doy D>ILLYC [ >t ACSh®NPa* Mo a.c PCPN*C /Cla® NeoPND<
AL g ObPD%/L<a® DL ba CM>CAC ALSIN*N g NSPHLNNDC ADT D> DIg
AeS¥QSo Moo, <L NSPNOCHILEONE A LASADSHCSa Mg ACLPYDALYo®
ac>CPNo? CAPHT*L DLcra® CBRo ALSo IdPeDST>C spPseC 5> 5 Ad*c Lo
CPDYSIAM D Lo ADAADS spPseCrLC oMo AL*Meo. PYUa<JS, da>ese D /eI
SHD>ANBCL*Q ST C LBbbCSo M a® ALST ADZARRCH N ACSb<ISbtLnc >seIe

Q. DCPCHY Sas ¢ ACSH®N o N eg® SbabLY*asost, Mo Mea® ac PCPNCP>se
ADZPLOC> DT ID®NCHa M0 0CC SH>ANPIC SboACP>CPoS I <BAPSaPC>Rc PP
DLca® bLMYShSgse b*NsedgsbeCe >eIgb.

JPYoSOD>ALRC

SH>AN®N0C DDA Dobbe<t NSPNCHALYC <POAN 20-24, 2014-T <SGJCLse

bNLN<c>Sa Mg baCclLll CAPST>ConnAD>SHhCHYC SPrsp<seN>a* Mo bNLAGE S (NMMPRO).
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