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DD Bd< D*DAC AcH®>C CAda™L P2 o<1 CAYP>c P>*Do* "IN Il BPB>*C*II
DD <L CLAG* P2 o-<1JS CAYD><R >*DC “d<MEDI <L “"AbH>T" D* DM =gb, <L
Lel®NJe N I*CB> B¢ _o°_‘Jc_—quo-‘_l"’ ClLo LA 2004-T. boAc—*Lo*C B> < C>bo-Gl®
NI+ CPcc B*D Bonda DM o® Clo oA 2015-T.

* bAALIS (BNLAGEC b oA LS o B> 5n<da *Dl 5o B>LIAC ba CT)
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2. DPLYAC boAc Lo o* bB>ANNL<IPNC

SISt DD b>AN*CD>*ba Gt CAY A >*DC bAAIC bNLAGE = 0¢ CAYD> 5N o3l Clo
2004-T AcCy><5N NNBBA 0 Lebe<a® 1-T BLYAC <A H><d o0 L0 (/<°d<) 2011-T
(ba.CD>< LL*d™ o 2014-T). NI DD bP>pN*Cbac >*D bAA dT bNLAGE =0 CAYD>_5N®
> 5n<la®*Il —Sa* CLo 2015-T, AcCAY> 5N A< CALAC*LcSa*N€ <lo-J* Do 20-0 <GJo.

SISNED® DD ALLPY D> ACH o CAL *a® ba Cl, a0 0a ¢<I< <L 0a > ADZDbenic-
NatureServe-d< AcC®¢PLIC Sd5NFDMt DD AL Vot D on<da® Il o oa W<l ba Clo.
(DL 1 <ID*CP> 5N e Aa*CB>PL N CAYD>YE NatureServe-d* o< AD>YDbenirtdso (2017-1)).
D>PD>SC*D< AP D*Lo Mo, INPIMt D*DC CAYD>SC AL <o 0 B osn<da ® Dl S oa P<IT
CA*do™ AD>YDbcnirtd oS NatureServe-d< <tL_s N*I<*C> >*AN® > >A<da* Dl - G*C>{* Clo
2014-T <ICJIE BLVAC <A ><I— >0 LL*NJIC (0a <IT). 0a ST, SI°NEDMt DED*NC
CAYAPL=DE ANCP> 50 0a 2T DLYAC B> oA <da ™Dl oMo Lelb* Mo *LoC. <ICJC oa '
BLVeno I Ll ® NI ACDLHKE <Ua P CBbBCio Moo BLYAS <M A H<Ie*DC Pr<lo
Ll DS CAbo SdENPDMt DD o Lea v,

A D*’Lo*r< 1: Ac7P o< boAc* Lo T2 A>*0<d*CP o 0 AcCnyP>o < "d“N*II* D*Drc.

AP>PDbenr*d° NatureServe-d© AcCn7*Mc .
T baCh= A ba.ClN'>o PPP>*C*D< dA*D*’Lo*Lo
oe ba.CT (N) o e boAc Lo boAc Lo
(G) (S)
oa/]® — )
/de —Lele<® 1 | 0o SP<T - >on<da Dl o
T12 N1b S1S3¢
(ocSa®) 0a.2 - AcYDrPLM
022> — SNRd

aT1 DPct ALLAD D> 5nda Dl 5o, T-AcCnyD> oM (CL*do*LAa ® DG LYo D>LIYAC)
N*d<I*CbD> o<

bN1T = AL D on<la Dl S

€ST = AL >onda Dl 5o

4SNR = AcCnyD>o*Cb D

3. BLYAS Iy 0 bP>AL'YNC

ba CI L=a>i® /CLo® <4*D%’LoT'LC D*DAC L=a > AcCnyD>o*C, L CNe <=A><NIc (1961)
CALMS b oA DT a5a A®CUI™: SdSN*DMt DD (R. t. pearyi); a <FDb DT> DD <

(R. t. groenlandicus); a<FD <D DDA (Rt caribou); <L JGND>< D*DAC (R t. granti).
CecLry>c >*D CALASDAGCP>*, CAYD>YC Ch= D*DAC (R. t. dawsoni), o5 >*D< ACHP&*N*
AP Sa g <SGINE 1900-*M0. ALY CAPd oL a<* D% a1 D*D o CAY>Y oS ASAT
P Lo PN*M>C DD M o4, a LAY A M =g I NEDM DD ACH A >0 o *</>c*La,

4 Clo 2011, bAA*DS o >*D NP CBPLAMN o AT J® D (DU) D Do ba CI ID%Do* Mot <M <DNo
DP>PNE® aa AYAcS IS <M Pog->M DP DA bN*Lo o AccD>NPLo o 5*¢C. CL*d< N*d<I*C>aC
D>o*bPC>2C< DPYa “N<I*Da* DP—P>* Do 5 AD*CP>Va *Da* AcCnyP>¥=a oM< a c<IIL*LC ANC>o <
AYA<Da M b oA DRYT M o< D* DA ba CI. CA*dA ALAcT PecoT 5 DDA a <FDH DT> DD M C
DPB*CP> >*D< AcM7P>o® (DU2), CAYDDA*ac®*AN® ADACT PecSoT 5 D*D* .
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AD<L®IMt C><a P T PPHC o > IMARP%*Ia51° b o AcD>PNPha MR/ <IPLa I¢
<DO*CP>Lec CL*do™L d=N*Il* D*Do*.

3.1 bo® CPDbSo M BLVAS

SICNPDre DD D*DeLo MPEINE ba Cll a AT <P <L P>Lc* (Banfield 1961;
AB_ 5 DN <Lt NEdE 2013; DA< <IUa NN 2013; CoN<< <IYa NP 2013) <L
aADdoH*a®, aPDva® dPC (Banfield 1961). >PD>*dC [°d<d CP2> b 5*DA*a>bND® <I>Ybd- >

B> 5>FD® JC I <L dé_J€ <L M9 P<Sa Lo déds, C*Lb* Do CA*INDa a<FIb DT>
DD egr CH\AYD><* Dot (DLYAC M 5<o* =0 bNLAGEC 2012). o D>1C B> 5D IC>I*
C*b%ANE KD DP LDt Y2>o-<1J< (Banfield 1961). CLA®g® d<N*DIt DD <tL> AsAccT PecoT o
DD P<LSa Mot [ @ VT J (BLYAS <IMA H<Sa*Me o bNLAGEC 2012), ALY g <
CA*da L deC atv* oo <IPC <P DB DT DPDAC <L a <D™ IbCia*Nc D*DAE, Sd°N*Irt
DPDAC QN e CD%, [Pg*R>NSC heg®h>e 5Nty <P gt AdLA T Peca 5 DD gt
(ABPDN<o <JaltNbdc 2013).

3.2 DPLVAS dldo>r< 4'Lo agoP€
3.2.1 ago*c

AALPYDRE ACHGANyD>o® CLoa® 0a Y<T pa ', IMA*PDE NIt DD AbbCSAry><
P>AAD< PPHC Mot C2L AIPEDTDC b€ pa *LoC Pr<doc C><a ACHP*aGA Y>> ba oo
(bAA IS bNLAGE S 2015). SdNEDMe DD ACH*DC ba CM>C 9NN PPHCLN 0, A CO<In 1<
CP><a PPHC M (bA AT bNLAGESE 2015). ISNEDM DD PCCP>* A g bCT I pa* Ao C><o
ADI* D4, Pearce Point-o0><la- <'L_> Parry Peninsula-AP>nP>< 02<o (Ab5* DN o <IJa b Ntde
2013; <>_5D< <IWYa NS bNLAGE < 2013).

A NI DPOC HHCT R PPCULNP> Yo <°GJIN, CALAT Lo CLA*o<15* PPPCLNAS
DB DA >R D B M IDA*a™ ACP>N*IC. <L, 'd°N*IM* DD b>rLYB>T Y BPNBCio ™
PUo- DG 5T PLACDSo-To® ACHAD>IC L >*Do* (Canadian ba CI' BLYcno-5 19 ANNGAN 2013;
bAAIS bNLAGE S 2015). ISNEDM® DD PLAAS o PRNAPNYGMI™ poal, >PCP*an<oN* AR*boTJN®
TN RCHC (JAA® <Ia NS DS HLT DT> q%a NS bNLAGL S 2013; b>AAD< Aa NNE
2013).

>LYAS CLJ< (CINTNP<IPE 1) C>Re- b C*>C SdsNEDIMt DD o av*<CH* o b>rLY> Vo CL*d<
DLIYAS @ gbCSa*M B>ALWNNAS oCPALCC> >*D ID*CH> 5N KA D*YLo Mo
BANPCP P> Lo va &S AoAC bPrLY o <L Cd7B>bCoia ™ DPD>*CP>< o
<DO*CPDBCA*aodc®Do® JAD®*CPrLYo* AR oH<InyP>PLYo® NNDBNJIC AbPD>*rALIC CLAc®
AcCAyD>rLo g DPDBA>RVo-* < I NP DM D*D*o* (Johnson et al. 2016). L=ah®
D>obPCP>bCHYL* D M A<D <IN D Db Ca® PPLC 5 (LI A< bNLAME NPAN
2016), A ><AnyD>rPLo M ABYDYDPLo Mo PP CD> D> > AcMyD>¥o /Nt PPEC 5T
CALME SSNDre D*DC ACHGIA o> o CP>Ra- PPHC 5, CALALYASDLAD oM o4, DLIAS
A ¥*<PCHMeg NI DD CP>REDC adlno5<IbCio M o* Y Co o< CLDL (CINNP<PE 1).
CA*d< adlnyD> 5<Lo>C Aein D> IDPCHLIv ot <Y o I NI D* D oS, a & bCio o
CLA*g® a®*<* Y *o. CL*a a¥*CP>-LoOdC o™ <M PCHPB*D% APy D> oo

b oAD>PNNAS <> SNA>DC>EE NI Mg (ba CIN BLYc—no-51° AMNGARC 2013).

adlnyD> H><AbCo e <TAMTY M CACda*LE DBD>Y>PLo o bAA IS bNLAGE = o° (2015)
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AcyD>PLMLE CAYDN® PPCT PN*I>o (King William Island-T"), CALACP>LC Lc*Do® <Dcdy <o
<> CNA>DC>IE NMSd Mot (baCI BLYcno51S AMNGARE 2013). Ac A*a * =g
B>ALNNR bR < >LC ACHAYo*o* P Co CL*J< GENEIM® DD E I oot D DPY> <> {o®
('[>"'DHP_>I"C, ASAT PecoT o DD DR HaC o <P DB M DT> DD eot) I bCia™= o0~
LA e M egt DAV BCio® b C¥dE b>APC> o ot P Coeo* o alny>Li*o* o®
SIS DD oS, pa S b>rHCHILIC NIt D DChor Y Co W o alny>Livac* o
(CdNNr<Pe 1) PP A<D Clbda o I eg® SINPIMe D*D*NC, Lea % >b>ID><_5N*

D> 5P H<I® DT> <1 b€ bNLAGE S 5 DPPa*Pc >*DC a by DL e adbnyD>Liva c

<L PP CBYN b N CP><o Peca T AcY> 50 CAYP>N® oa *L Wollaston Peninsula-I o2><o.
CL>a SBB>ANSADPLALE dENFIMt DD, AcYD>PL® D™ GPBLY>*D 0 b>AN*C>ILo<1%D ¢ (Error! R
eference source not found.).
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@®  Survey Observations
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(Community Information)
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(Community Information)
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CINENP<IPE 1. SNt D*DC @ &b Coa*< <ID*ANE b>AN*N o IR HD>AD> 5N Pr<ICC>IL=5Ne
Johnson et al 2016 bP>rY* NS <L ID*CP><HN CLA0® BN A D>Sa oot DPPYD>c > <L >

oac*> 0% >bB>IHCHILIC (1970-2020) N P>LI-HNE <AL o CAMdao alny>Lie* o <L
e ACHAYo o P Co alnyD>Lia* 0.

*PNSI>a oo S A¥®LC CL a>dbCioMog* <> C>abCio>M o Hadley Bay-I Y Ce-Do
adnyDLve gt ILo A>o I CDYn e BI<IN<o® <L >N <P DCAGA o> o~ CLA o
gD D*DE I Los> AsA“cT Peco T DS, Lo Pdiva SN<Io<ILC BP<htge,
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Please see the Inuktitut translation below :
Survey Observations = bP>rN*C>o* g Cd7>bCo ™M
Peary Caribou movement routes (community information) = d“N*2I D*DA® a>*dAr<*C*N< (bac™o DPYYI>PLI)
Important Peary Caribou Habitat (community information) = A'LAb>o* "d“N*II D*D o avny><* D (pac™o
DPP7D>ILNC)
Local Populations = oa.c*o D*Db4><*o*M< CL*do*L
Territorial boundaries = ba. CP>< B>PD>*C*Dg-*La <A D*’Lo- &I
Outside Core Range = P C& D€ avlny>o<I*<*Dg*
Glaciers = <>YA<D<
Potential areas needing protection = \>*o<{*CP>DA*an ¢
Kilometers = PEITCAS
© 2020 Her Majesty the Queen in Right of Canada. Environment Canada = © 2020 CA*a. dA* A¥*aP>N%bc*Lo°
ba CT, PL*D*CP> o <N, W<Id* o ba CI
Beauford Sea = D*DY*D< Cnb*L
Baffin Island = PP*C_>*
Ellesmere Island = <I>YASD< PP*CL
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3.22 ooac*o D IbAP<* < CL*do*L

Cdao AriP®das1c b oAcD>PNNG®, DBD>ID>a1C AL "D*DbA><*a < CL*do*L" DP* D* Do
bN*L<* D SINEDMt DD oo AMJ* Do I Mo D* Db, CALA*UYa* adln<*C* =g CAL™LC
oY Mg DI RPCHM oS NP, L™ * Do a PMbCo oo <L a I o, CL*d
DDA D CLédo*L <* o bnIBLC <M o5 ArDCP*anIb*C o, >PArbCP*a *C* ™,
BBCPa*CH oo <L A7 <BeAN adlnCHM o K<oIbCPa S ANCD>o5 ¢
<IN o boA* Lo o (AN, W<Ld° ba CI" 2011; Johnson et al. 2016).

D Db g CLbdo*L d°N*II* D*Da® DPP>*CP>PLSC L Do® PPPCLA M HbC o™ Ma®,
Nr*~Ceg o5 NalLao* *ag® bD>PN*CD>PLo* g <'Lo bP>rLAC 0 AALMY D oMo, <L ID*C>o ™o
ADbAC bP>PLY DB g, ADYIba® <Nl I<NM>Cao'o b>rLY>o Mo, na cC b>rLY o <L
B>AN*NG® b>rYD>PLYa® (Johnson et al. 2016). aLvo® b>rL YN DLE <D CP>Y*a ®*Da*
boAc*vra o gt DPD>PCP>Y*a ‘o D*DbA>< oM< CLdog*L. PPac“CD>*®, aha®*Dbn>c

<A DRCP>Ya So* Moot DPDBAD> <> CL oL, BI>ALNNPNAS AcdH><ISa>MS ARCD> 5N,

?CL>2C 4 D*DBA><* o< CL*do-*L >da.o (Johnson et al. 2016):
1. AbHD>< PP*C*Lo — AbHD>< PP*C*o - DI~ *</*LC A*>a*Lo P-aD>< PP*CLLNAS
2. PLACD>< CAPSLHAC AL a*lo PPCAC
3. P*MACP< CnDPGSHAC ba*a* Lo PP*CASC
4, PUACD< PP*C*o — dbav< PPPCLNAS do*Meo - ASD<I*DA>< o><lo
CA*< D*DB5A> << CLbdo*L Cd*\>¥< CAbo CINNP<PE 2.

D D%B> R a1 CLbdo*L DPD>*CP>o*N"C NNGPC>PLYC <GPP<IeCP> <% AbAL<IbG LI,
BUIAQ® oCa* B>AYD>IBP<E IDAQD>PNE. b>ALYD>o<I*>* CLbd<d NPDLo* ' D DBAD> <o <
CL*da*L Db boH<I* D LtDo® ADPIbT o <ID* ANk o I*UD>bCSa*C SNt DD <L
ABPD>RLNE ALLA<N0* bPbebCa M=o b*LIA*a® CALAD*abCLC 20-CLE 30-CLo>*&¢
<CGINo* W <0G ANt I<N*Lo ADYGT*Lo*L oS >R 55 o PR b NP *’Lo> o (baCl
D>LIYcnos IS ARMSNGARS 2015).
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Local Population

() Banks - Northwest Victoria Islands * N
(] Western Queen Elizabeth Islands A
(] Eastern Queen Elizabeth Islands Eastern

Queen Elizabeth

{T7) Prince of Wales - Somerset Islands - Boothia Peninsula -
Peary Caribou Distribution

O

Glaciers
)
"Areas outside the core range are shown in a lighter colour.

Western
Queen Elizabeth
Island

“‘Prlnce of“ﬂ ales
) Somersel I%Iands - gk
: Botglhla Penlnsula

T ~ - '-.I_A_L‘_ a-fg‘
Pl ~ 3
e \ - ‘-j"’:% £ - < Queen Mau
i &5 130 260 o . - 2
Kiometetea, JUmingmaktok,
2018, Her Majes ty the Queen in Right of Canada, Environment, T

Lambert Conformal Conic Projection, Standard Parallels 80° N and’?? N Central Mernidian S95W

CdNNr<Pe 2. nac™o D*IDBA><*o*"< CL*do*L d“NtII* D* D < <1“Pr‘<1“"CI>HL_)ﬂ" Johnson et al.
2016.

Please see the Inuktitut translation below :
Local Populations = oa.c*o D*D%bA><*g*"< CL*do*L
Banks - Northwest Victoria Islands = AbH>< PP*C*Lo - D<I*a *</*LC A*L>a "o P-caB>< PP*CLNAS
Western Queen Elizabeth Islands = P*LAc>< CAl>G5<IC Ao *Lo PPHCLNAS
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Prince of Whales — Somerset Islands - Boothia Peninsula = P*LAC>< PP*C*Lo- — dla ¥~
PP*C* o Ado*o - ADL* D>~ p><o
Peary Caribou Distribution = “d“N*2I* 2*DAC a.&bCo ¢
*Areas outside the core range are shown in a lighter colour = *CA*d< /. C&<D adln?P>H><*<* Do
C*BN*C>>< b>Lo*ho®
Kilometers = P_TTCAS
© 2016 Her Majesty the Queen in Right of Canada. Environment Canada = © CA*a. dA*
AV >NbBT*L o ba CT, PLL*D*CP> o I<NcenrN<Id* 0 ba CT

3.23 DDA AMdo*M< <'Lo boAc<-cdo e

B>ratPS CLL*PLE Dot <Moo CLbda*L ISP DPDBSA> < g g <P b C*>% <L >
<P 5N NPCHAGASM > GNPt PPHCLNAS, P> o M o5 a g-*g-*'C SgNP I DD
QI oal, <L BLYAS a 15U Y¥ea b Cio** o acc<PdDA*a™® PPHCLN>*T Vo CD><a (B>*/*D<
<QYa PN 2013; Do HLR DT> <N bNLAGE N 2013; <B>5D< <Ia NS bNLAGE M 2013;
B>AAD< AU PN 2013; ba CI DLYcno5 1S ARCNGARE 2015; bAAYDT bNLAGE < 2015). ba. €
AcC*/LMLC AlLA> oM eo® CALE D*DAC B>AN*FCHCA*an b Moo <L > AcC*/ 5N

NS PCP> ¥ og* dio D>B>IPNE, <L > <INSa b C*ANt Cdy>Yea b Cio* CLPd< INEIMt D¥D*Ne
B oo bdo™ o B>RHaC AcCnyD>Vraso™ o AccB>NLGC <o DD ¢ P = of
<LACT 0 CP> o o M*<P<lo adP-aTr* o >* *D< a Nt 2016; ICAPNI< <IJa *Ntd<
2016; > HI® DT> 1o N bNLAGE S 2016; AbHD>< <1*Ja*NC bNLAGE T 2016). <L A,

P N<I<LD> PN d AbASC>HCASC INPC> <D 50-C I><¢_bCPa Sa* gN* It
DPDBIA> R oo (bAAYIS bNLAGE N 2015). CALAa-*Lo¢, <IPDR>c*=oF,

P NP> g 0 5aC, B>AN A>T 5o '€ INPDM DPDAC . bCio Mo AZAPC>LIASC
ACDPT BN QDN <L <SGILND> < Do b>pY>a D A otdS <Ido-<1 5P ®DE (B> 5 HA® DT ><
<Ya NS bNLAGE M 2013; bAAYDS bNLAGE P 2015). AoAC bI>ALY DB M /A Db ot <1<l
AN Tr D DALY YE <L > pacC ACH*NP<>a =g NIt D* Do CLAc* b>ALY>DCLC
bolPyrAca o <N Do,

DMADHNE AD o< DA D> B>ALWNNAS, Lea>¥® CLAe® <IM oM< Sd° NI DD ba CLl
CLo*arry>o< boly oo 13,200 AP<lotrLio (bAA*IS bNLAGE 1< 2015). a.c >C*C> >Soc
CLoalryB>c®D< 13,200-0*, bC*LoN ooy egalMy>c >*Do 22,000-0*, S9SNt DI <IGJI
1987 <'Lo> ac DC*CP DS a* ba My =55a* 50,000-AC NI DD AP<IhSo* o 1960-
“Peg, AT ®\D>L <IN CLa=aPy>c >*DC 5400 AP<lotrLo =g 1996-T (b A*d< bNLAGE*C 2015).

SNt DD g AP AP <M AP< D <L s AMAveaA<IbC* ANt <L_> Aé_g*d®
DdGHCncN® (Tews et al. 2007b; <B>_5D< <IN bNLAMGEE 2013; AbHD>< <IUa N bNLAGE M C
2013; ba CI DLYcno5 1S AMSNGARE 2015; bAAYIS bNLAGESE 2015). ISNEDM DPDAS IMdo->Me
B>ALYD>SC M Av=gbCoio Mo <L PUo<JE M APA<IDCncoNe, Pr<o <IMddeabec bdN®
P> A% D%, <M APPbo P Sa ™S <AV S P> HeCH>C (<KP>5D< IWUa N bNLAGEL 1 2013;
ABHD>< <1%Ja N bNLAGE M 2013).

AbHD>< PP*C*Lo - DI * <P LC A *a Lo Pecal>< PP*CLA =g D*DbSA> <> CL*do>L
A= /L>LC CLA* CALME <5GJ =g 1970-*" >0 PY<lo CI\D><-<I* D M AP* << >So-*<
>*LCo 10 <°GJo- (Johnson et al. 2016). b>rLo*>a* ba.c-C CAbo ABH>T <*PNb%*D<

U AP*< oMot (AbHD>< <I*Ua N bNLAGE N 2016; AbHD>< <I*Ua N bNLAGE N 2021). P T
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A B>CH*CPBU (A D*ILa>C 2) CLaD>*DC 2,742 9°NEDMt DD AbHD>< PP*C*Lo <L Il Ao
299-U P>*DC CP<o D<A*a *</*LC A*L>a*o P-ca>< PP*CLL* o (Davison and Williams 2013;
Davison et al. 2014). CLo- 2019-T, 0a N<IT-<I<Ncnr*dS bal>Centcs b>MNGM C><a AbHD><
PPEC Lo, DPPAD>D>*DC Mo bGAry>a® Clo a >C*C>o*M~c 1,913 + 406 (95%CI)

AP t’LYo. 0a VT -<<NnrbdC 0al[BCnrcn bBrc BT Ch< o DI a *</*C

AL ®<¢ o P, CLo 2019-T, ac >C*C>c >%Dao 78 + 136 (95% CI) AP<la*/L¥a* d<NEDr*
DD oot CRo anaAdC>o A-T <Lo a\>N>a* 98 + 91 (95% CI) AP<lo*rLio C><a ACHSa
@ a A®CP>PLYg C-T. CALI< SPr<I*C>ILNDE A AbrD> Y D>PL* oo b GAS, a N>l
LA g b MO Mg og® ac PCHC> >*Dot Clo 2014-T (AbH>< PP*C*o-) <L 2010-T
><*a* <P LC AL a o PecaD><). C><o Peco T, V@ bC*>% <rP  egogt <A DADCPa So*
DD g GENEDM DPDE A5 AsAcT PecoT 5 DD gt b LC A dSo Mo ARCD>o5IC
<AILBCLC adlny* oo Acobd< <GIM (baCl DLYcnoS1 ARSNGANE 2015).

PU-cD>c P>*Da aN*CPIG® (K0 D%*/Lo < 2), CLA*aby\* ‘Nt D*D*M< C><ko P*LACD~
CAP>SHAC A a o PPCLAME DPDBsA> <o CLbdo*L CdyP>c B>TNE C><a ALAT (3,224),
Prince Patrick->ne¢ <Dl (3,067) <LL_> P*LD>'T (1,463) PP*C*M =g~ (Davison and Williams 2012;
Anderson 2014). <do P> " b oAc<-c<o*c CLda o D*Dba><*a* o I AP*<-<aG*CP>2>¢,
P> boAc<R-la ™ BN A>T o A BD>ALYD> D A'NCD>HN®

B>AL VNN DN 5L *C. a0 bD>rLYD> o g, PP<laCP>*, Db b C*/LIC P>V d°

A AP*<c<dSa* Mg (b>AAD< <IUa P N1< 2016).

P T B>ANSADUM® (KA D%*PLo 1< 2) CD> <o dA™ AchAIC PP*C>o-G*CP>< ba *a Lo NNG*C>ILC
CLo=a 2,255 Sd°NeDt DD CP> <o a <P D DI LAC pao <L Clo 918-% g <IP>AAD<
PP*C ><lo- (Jenkins et al. 2011; Anderson and Kingsley 2015). CLA*g"* <doP>o<I®*D] /a*h 1"
PM>o<d*D5 AR<lo < CLd<A DPDBA> RS bD>ALYD>* DS ARC>oc ¢
B>ALYNEN B 5o (Johnson et al. 2016).

P LA PP*C* o — dlav< PP*CLNAS Ado* g - ADL*DAD>< r><lo- D*DbAD><* oM< CL*do*L
Ao Ao™ 0 BB >HDC Lralh® b>ANPCD>c >* Do (KA D*/La>1< 2) CLo 2004, 2006 <-L_>
2016 (Dumond 2006; Jenkins et al. 2011; Anderson 2016a). CA*dNDa. P<co T, CL*a. D*DbAD><* ¢
CLbdo L A<Dt <I¥Sa bCC* D b>ANP=a Sa* A'NCD> 5N D DB A>a*M (Dlo <Lt
ASD<FDIND>< 52<lo) DPDBA><L o= o @ <P DB DT> DD gt CP>. <INSa bCLE
LA egt B> BCPa % SIS NEDM DD oot CAda*LE a<* DB DT>Cot b>AN*C>o M=o
N*T¥dS. AALPYDPLATRE SIENEDE DP DS o PPAM 2o * N> Cia*Mo* CAL*Lo® >N AD>CAa o o*
(IAL® < NS CoHNKS <IYa NN 2013; baCl BLYcoS IS AMNGARE 2015). CdyD>bCio* o
Ao*0° pac g D>UAPD< B>AAD L <I>AASDS, <L b>ANPNoS b>pY>PL N DPPa D CALI<
SIS D*D*C 5BCLC CH<*LE P AT ClLo B>P<thedc (Miller and Gunn 1978; <I>AASD< sd<N*Dr*
D*Deno bNLo* o Ac=a-<I*/N* 1997; Miller et al. 2005; Taylor 2005; B>%*/*D< q*Ja N < 2013;
B>AACD< Y PN E 2013). HDCioNC SIS NIt DD E CALAG* = 5 DUD>C>¥AT >V LC
CA“Lo 2004-T DAL b>rYD>arl~o g M Aa*C, DA C>YAT>JIN PS> a<IJC A CLAabA®
DDA ADPIDBTIC H<<IGr >*Dab C>>*L P LA PPHC o DNP<<I* N, P>

b oA Lo<d*DC b>PLYD>MLC A'NCP>o 1€ bDrL VNN BN H<1o®, PP<lo <DA*a >v©
<D*CP><5N° BENCC> >*Do bP>rYy>c >+, Ado<do<I*D ¢ boA*L*Lo**

A g*<-—<1o<I*D< (Johnson et al. 2016). ba. >0 b>ALY>o* M0 DPPa [ P >IIC
boACRCco ™ D>ALYD> o M o®. (CoHW< <YUa*Ntd® 2016) Ac Mg > D*IDbA><*g*NC
CLbdo L <AL ®D <GILND> Do (>4A*D< <IUa*NPdT 2016; SICAPNRI< Ia*Ned< 2016).
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0a.EC B>ANNR>*DE CALA*bA® NIt DPDME Lea>v® b oAM o oot <L > Ac o

A AP*< <= NE, (ASHDN<Sa <IWa b NPdE 2013; DA% D< <IYa PN E 2013; bB>AASD< IatNNE
2013; AbH>< <®Ja*NE bNLAGE N 2013; CoH5N<I< <IWUa NN 2013; bB>AAD< <Ia P N1E 2016;
ABH>< <o N bNLAGE S 2016; AbHE< <*Ua*N bNLAGE M 2021). IMALNAS ba &€ PLLEDAMT
APLB®DE GNPt DD E Mg * << g egt, Pr<lo <P 0 5DA*abC*IE (A 5D N<So
<Y tNede 2013; DA% <IYa P NNE 2013; B> 5PHIR DT> <1a NS bNLAGE N 2013; <D>_5D<

<Y NS bNLAGE N 2013; CoHN<< <Ua PN 2013; ba. CI BLY¥cno 51 AMSNGAE 2015), <L
AT o boADaPa* N (A5 DN<o I tNPdS 2013; D>*A*D< <o PN E 2013; CoHWN<

<Y PN 2013). ICBP® Ac™LE pbac™o AL D>®DE Lea>y¥® M ego®\>ob L>LC
<ADBCA*a*C* g A bCAa Yo M bAAD® PCHCLC CAL d°NEDMt DD < (AbHD><
<Yt bNLAGESNE 2013), <o IS AlLSbe D>rcoN® DDA MAP*<<ILH<PaAc o o®
al>d AN BN T T 5 a IMUD>AL<FC = o (B> 5 HA®DT>C <IUa NS bNLAGL 1< 2013).

AAT®NAC pa&C aaAYABCC>G 5P GENEDM® DD b oA o g, AC S pa
AP *hAS @ 5a AYAC>*DE CLAe <do<I*D IS, P> 0<% o5 AMAveo*<c<lo*Mc*

AN CP>rILo 0. Ac*LE pac® CRy D' DBA>c T o N<IC AL a </l D' Db\ o,

DI H<EDDDAC, GNP D Do P Co adlnyD>Li*o> o, a saAYAc>*D¢ Ado>o<I*D_I°
AR Sa<IGAPY D> g (> HLI® DT> <IN bNLAGEC 2016). PM>¥*dS, pa < <> DT,
P NN La Dot abn DLt =g D*D o Db >+ CAI<] D DbSAD> << CL*da*L

A ARA<ba L= g g (<KD>D< IWYa N bOLAGL N 2016a), CA <> A5 DNIT>C
CarLreoN® AMeddegtlLR<Googb Loah® <GIh*/LYo (ADo DN o IUa Nt 2016).
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<AA*D#PLoMC 2: AM Ao P <L boA<-cda*l o bBANNNC }d°NEDM* DL D DbSAP<L 1< CL*do*L ba.Cl (0a. /T, oa.>'T D). NNG*C>YA&<

Johnson et al. (2016).

. e Leah® aMdef< e >CPCPv© aredo*r-o
# >PP>*C*D< S B AD@ i e (-0GA-D) boAc<-c<o*fc PP
<A D*PLo*L CLdo*L <o . ' ‘Pc_I'.JC <lda-l>.\'J‘= Pl I
<5GJr R I i o e s (10 <°6Jor) | (30 AGJor) | DPPPCHEcP
< SPPSb( Y _ <
é;ﬂi%zz%fcbc_ $:I:[Z%O_ 2014 2742 (Davison et al. 2014)°
1| oa P AL Lo D><*a *<P*L i< <rANg*De A<
PecaP>< C A**a o 2010 299 (Davison and Williams 2013)de
PPPCLNAC P-—SoT
M><dD>< 2012 3224 (Davison and Williams 2012)f
Prince Patrick 2012 3067 (Davison and Williams 2012)2
Eglinton 2012 214 (Davison and Williams 2012)
Emerald 2012 45 (Davison and Williams 2012)
P*LACPD< Byam Martin 2012 153 (Davison and Williams 2012)
Cnb>SH<dC AsA< > C? 2016 14 (Anderson 2016b)%h . .
2| 0o IT 00>t | (ra e Lougheed 2016 140 (Anderson 2016¢)° PRRLARA ) idsed | dldeed
PPCLNAS PLD>C 2013 1463 (Anderson 2014)
Cornwallis 2013 4 (Anderson 2014)¢
Little 2013 1 (Anderson 2014)
Cornwallis
Helena 1997 0 (Gunn and Dragon 2002)
gtﬁg: c ;f:a‘:;rw 2007 2255 (Jenkins et al. 2011)
3| pa>c o>pLYD> oD>rLY D> oD>rLY D>
ba"a Lo <">HA-CD< 2015 918 (Anderson and Kingsley 2015)
PPeCLNAC PP*C
PALAC qPPPL:bACLJ;_ _ 2016 0 (Anderson 2016a)?
PP*C*Lo— dlav< | dlav<
4| pa € PPCULNAC - PP*CLNAC 2016 0 (Anderson 2016a)¢ o>pLYDM I Ag*De o>pLYD>
ASD#DN>< <do*la
02><o Russell 2004 0 (Jenkins et al. 2011)
ACDI® D5\ 2006 1 (Dumond 2006)°
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3> DA CD>>D-JPPI*C>NI*D (PPHCAS I Mo Moo Lt M) CALS Mo b oN* <GLho. Ao a.c >C*CHo*< PP*Co
D Lo Moo 526 o DPCHCHB>*DNC ICHPT TP *ha B> o. AAT™NC a.c BCHC>VE GPPLI*C> >TVE AP D> 5N o°GAS. s (Johnson et
al, 2016). bAA S bNLAGE M+ 0¢ a.c PC*C>o*M< Lra. ‘d°N*DM* DD CLe=aG*C>NC 13,200 AP<o*?Lol. Mo Clro- Ab/D>"Rr*DC oG =g,

b DPA>CD> N B>M*FCHo Mo Acn<IYo<I*Da* bNLo*Mo- oa.c*o 2013 <L 2016.

€2019-T, 0o WAT-deNenrdS palD>Conitcs B> AbH>< PPC o o PCPC> >%Do* CLoDa 1,913 + 406 (95%Cl) AP<lo*rLia d°N+Dr*
D*DE. Co I GPPLRC>ALY DS AbD>"Y D> > LC 5°GAS, CAYo™L LeDAa *D Mo Mo* a.c PC*C> >*Da 2014-T.

4 Por<IJS Clom 2015-T B>ANPCHUM <M o *h> >%D DD DI o *</LC A a o Pec oD (MM YaG* C> N PCLAC 4; a.c PCHC> >PeD<
AAa*r9). Clo 2015-T b>M*FCH>*D AST, CLab>*L*D%* ¥ A/<LeT. Davison, T, and J. Williams (2015).

€ 2019-T, 0o WAT-<INeNr IS pal>Contcs B>AC>*D BIa <P LC A a Lo PreaD><, ac PC*C> >*Do Clo 78 + 136 (95% ClI) AP<lo*rLio
NI DD asa AdCa A <M 98 + 91 (95% CI) APdarrLia d°NEDM* DD 0 a 5a AdCc o C-I b5aNDC. ac PC*CHo*< Clea
JPPLCDALAM DS Ay D> D> LC 5°GAS, APPSO o PC*C> > o Clo 2010.

f oCPAC*CH>>*DC de<dn. 2015, o *Tob*NNB"< CA*Lo T. Davidon CAba Johnson et al. (2016)

9P <t aN*CD>oN®

h oCPALI*C> >*DC B> C>a*1< (Johnson et al. (2016). . >C*C>ALa < PPI=CHILM AN,
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3.3 ACHnEE DGLYC S NIt DD L= o
3.3.1 avPa*C* < <'Lo BLY-a PN <

avPrandc™©

SJCNEDMe DD MV avPan<c oal® allvo® P> a? ALT? N\>aI*CD>¥*a ‘o >

P NP> D5 <L DLY¥So* o PPR*ID>*<t Dot CLE L. (AA® I NS bI>AACD<
QYN 2013) <talaSo<PNt PLA*a P aSo T D<o JaSo®. D*DbA><* oM< CL*do*L,
SIS DEDE @ v®<EDE AP PEDNG* & <* Db o T oal Po<o > <o*DI oal®,
APSAD>PLY=a S g pal <d*o*/* Do >DIULAD>Y=a*DoC (Johnson et al. 2016). >*Da-[ b CLC
NPCI>A\GA* o *ha 0PN D>*CD>bC o =0 DLV S <dLo> ot A* o *h>Yea So-*LoS <L >
<>NBENPa 551 (AA® <Yt N S D> 5P HLL® DT> <IN bNLAGE S 2013). Po<i€ pa AS
APPADPLEN®DE, A5 odd<C&/paDAa A, ID*CP>*o®h><DC d°N* It DD < (Thomas
et al. 1999; Larter and Nagy 2001b). oa & <IB>AADT bP>ALYC NPt DD MC
APPADPLILNA YT << a*=a®, ADo*Na® APP/LN*Do® avGv o ®h>HN° (KAA® <Ja PN C).

ANt DD o P<IHbC*DC pal® APPADYLYG® o PPhod a®C*a®. d°N*IM* D*DAC a v*<C* ¢
<AGbAC CLo 9-10 CPo® <5GUT, o y* 8N bSArY=a *C* oo a ¥*<*C* o (Larter and Nagy 2001b; >LIYA<
<A~ <o oS bNLAGEC 2012; bAAIE bNLAGE N 2015; Johnson et al. 2016). >PB>*dS, Sd<N* DI
DPDAC @ ¥*CH: eg® A<D Lt Dot boAc*o Mot <I>C <L ¢d<, CLAc*Lo o <o
LI ED ot avA<RANE (BLYAS <IM A H<Io M=o bNLAGEC 2012; D>*A%*D< 1o PN < 2013;

D> 5P H<I® DT> <1%a NS bNLAGE N 2013; Johnson et al. 2016). Sd“NEDM D*D M o-P<IbeCoT <<
adeoo® <I>NDNL o T D>k Hreg < I>CAYAN Y *C*>g® L°AP*a*C**g® <>CAYALN®
NPD*a Sa<IGIMe AP*D < AICo <*PSa 5o =g (Larter and Nagy 2001b; Miller and Gunn 2003b;
bAADS bNLAGE M 2015). ALAC*LLY>C CLbd<, oAC<LC AP®DE, Jon<>o51¢ CLb*d<] bbY< bl
No G Mg HaC PR H0 ¢ pa A <I>NDBNK o T, <>Nb oo™ o oa S, DR g AD>Zb* Do
D>d<bA> < o =g APSAD>Ya S, A5 bbhat, DYGe_ Yo o< (Miller et al. 1977; Russell et al.
1979; Miller et al. 1982; Thomas and Edmonds 1983; B>_5*H<I* DT> <o NS bNLAGE M 2013).

<I>NBM o T, T PRBIA>a o I g *\D> I DS ACH oMo (Miller and Gunn 2003b).
5deNDre DD S a IMU>¥+a SLC pal LetDot AP®ADILIbB o =g (A5 B*DNP I Dby —vot,
o0aGc*o® <'Lo APb P a Do \>o o <IB>74d°); HBCLC IN* oo PP ]C
>AMEI/<IYN T o5 PR BAD> T o YT, <L BPNBCAHNE ba * Ao 1° ACHEHLI™
AP®DC (Johnson et al. 2016). <I>Y*dS, d°NPDM® DD C b RN I 0 o PN b *\>V o ADL*I*
ASdahN<L*N=5MC 5Cdo>a?, 0aGb*N=1J <L AP*broPa * Do \>ab*N=-_J (Miller and Barry
2003). CL*d<1 ADVNa® APSAD>Y*a 5o ACHA<LLA>LC AP*boP*a Sa 1%, AP N<Pa S0
<L PP ACHBA*arP*a a0 (Miller 2003).

o Phn<*C M e

<LRPBCHLC ACH M PR ISGICL® AL ao DA™ av®< CH* o (bD>AAD< IUa N C
2013), d°N*DM® D*D*MC atlan<dde>c Mot <AL PEOND>Ya® o PR bA=5N® (Miller 2003).
AD<LPIM® o P bAYS S CL <IN Do PIRYAS, D>BDYEC, Adob, IR P o, P—SaSo > (Parker and
Ross 1976; Shank et al. 1978; Thomas and Broughton 1978; Miller et al. 1982; Larter and Nagy 1997,
2004), <L DA pacC B>ALIC oot -PHd<o- o PO Yo Mo I a® ACH b S AP Do
>4 D< <Ia NN 2013). NMDYAS CLeaPy>NE <10% o Pry><o-% <I5GJI d°N*DMt D*D oo
(Miller and Gunn 2003b), P/<lo- CL*d<l AL D>o*hD><* DS o Py >0 1 DP<Ihed >PD>d 5 Ao
(Miller et al. 1982; B>LYAS <l A% 5<I a1 o< bNLAGE_© 2012). >SY*a A5 ALLA>NC> 5<IbCd <D<
PR oS QL SN DD CLbdo*L CdaDA*abA*a *DyHC*DC a IM>R-—<o Mo oad®
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(Staaland et al. 1997). <d“N*DM* D*D*M< o D>bCLC bPCPCH> NS g *h>¥=a * Do AP* Do <L >
N o *CPCD>o*N\>Ya* Do A CLY oL 0a Giat, AP®DS o<Id o \>a Mg <L > D>PD>*d°-
AP®*Da* >bBP>Y—*o* (Thomas and Kroeger 1980; Gunn et al. 1981; Thomas and Edmonds 1984).

al << bN-0oN® a.obCo*-0

<ACPN*IDCPa o< M doN° DM/ D<o Mo pad® CnbP<o /ddd AtLnds2>® CL do™L 9Nl
DD oC CL< 5<MLC Ad-cn Do <L CLbda o PPECLN>Yo IDPL- LN <TAPPEDND>Ya®
DL 0 - 050051, TAYSo5 1S, A 0= 5> o P> SAL S <L/ 5+¢-C PLoM* o

P EN<ILRAG NP I >R 55 ADVo*/L oL o <IN (ba CI BLYcno1° ANNGART 2013; AbH><
<Ia NS bNLMGE M 2013; bAAIS bNLAGE M S 2015; D>SA*D< <IJa*N*d< 2016; Johnson et al. 2016;
B>AACD< AW PNME 2016; CoN<S <Ia*NdS 2016). Ao~ CLdo*L <D o

DAL DM Y ®>C bNM N PY<lo AL NN BN <L CALADA*a ><*L*LC. CLa A*¥NP oM,
Cl'Ro 5B CaG*CP>IAa So<* D%, DM DLaGHC>* o *8>_5N* <M 5N A P>N<e-<ICSa* 0
C'o NNG*/Lo* 0.

QA& ®APC DLYAC b oA *<>a < Cdy* N> eC
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<A Do 3T <ID*<ECH e BLYAC b <L ao <o <SG a 1Mo AdaP>¥NJC
<LRPBCHLC D*AD T 1 PR bR aP*a So S, CL* <1 <PDPC>YL*LC ISGJCL™® I>NbSa-s1c
?d<5 boA*La*LoS, TP bPa S I%; I¥a Sa-*N>IN® o PP S <

<I>N%B <51/ b 5L 1526, P> \>RYNE b oAcD>Pa 5o (A5 >IN U
o= o M) >R HgC a IMP>BCPa ‘g a (Miller 1991). CALAG <05, *d=N*DI* D*D*<
HBCPa®*>C oPIN[* bad® o PN DNIb o T 0% ADI*IM" o PR D NIPo*N-DJ
APNBNL* N a-N=J (A D N<Sa Aa Nt 2013; DA D< <Ia P NNC 2013; DAL IUa NS
D> 5P HI® DT> <Q%a NS bNLAG A 2013; Co58<< <IUa P N*NE 2013; DA< <Ja*N*d< 2016).

DPDAC Mg bN*LYC <PDHCP>IL R >C 0P bR a Sa*Ma* (Miller et al. 1977). A5 >*DNCJ,
ASAT PPOCT, I>YtdS DD C><a <IMda-*\D><*>C (CLo-L¥*D< 10.1) Yoo~ >P>*dC

bN L o oo (CL&L* Do 4.4), <L AoIDR¥a*'o- D* DA Cdy>< D <P * DG (Miller et
al. 1977). P<oc, oP*hod*a AcJdN® <>NboII /A dbodd-He <™ d°N* DIt D*Doc

A A¥=aPC>Y*a.n < (Miller et al. 1977; Miller 1991).

SISNED DD ICYT* PPECI M ear*aLC BLo* o >R 5o PN®CPa * D¢ PPHCLN* o
AbSAD>¥=a *Dg* Cnl>T ¢d°d< (Johnson et al. 2016). I*M"*8o- PP*Car, 45> CP><a AbH>< PP*C*Lo
<LAMEDND>YT 0aAS b oA a0 PPHCT H5bCA*ar*aLC, CA<I M ALN>o PP*CoAC
HBCP=a®IC YNNIt DD DA > 0% o PREID>UNAC BLi=a oo (Miller et al. 1977;
Miller and Gunn 1978; Gunn et al. 1981; <I>AASDT dN*DI D*Deno-51€ bNLo*NC Acro<o* o
1997-T; Miller and Barry 2003; Miller et al. 2005; ba. CTI" B>LYcno-51° ANNGARS 2012; B>LYAC

A~ <o oS bNLAGEE 2012; B>AAD< 1a N> 2013; bAAIE bNLAGE 1< 2015).

APLPYD>BCTNE PP*CULN o H55Co < I PN>o*ho oa I CALACA<IBH®DE NIt DD e
D>LI*D>*C>CAcLo*M 0 oMo D DIP>*<D o o Py =g (Miller and Gunn 2003b; >LYA<

<A H<a> = o bNLAGEC 2012; Johnson et al. 2016). SdSNEDMt D*DNC>* PLAR Y pal®

T ALND>o<I*D o <EJ oS, PNo<dn-o5N* ado<dTLYMob (baCl BLYcnoS1S ANSNGANE 2013; <A™
<Ya P NE). AALPYD>SLC 5BC5a>C <A NG, PN el U>AN<CH S 12-% g D=a */N*

ACo 540 ARNB*DE A >N ST - AP* DDA o< C><o <IL_> NPC>CAcLoT o >LY o
DPDIPD>*<D ¢ <L AP T *LoC P I I 5 CLAI (bAA IS bNLAGE < 2015). Sd<NEDr®
DD @ DA b CTE pal AMla®/L M Do* <GJCL® BLo*Mo, ClLo 56 o5no*Ma* <L
FSdAY —*N=5MC. o5lLe®NesMe <IMAa N <IMA ST (JD>LeD) ho<lo® CAda *LE

& < DBA DT> DD Moot (Hda "D *LC C>ALN =050 Do D*DAC bN*L-_N*) (Festa-
Bianchet et al. 2011; bAA*d< bNLAGE_ < 2015).

DMADHNF ao avbCio o ARI*C>V¥a S =g, dN* D D* DN Johnson et al. (2016) YS>o<1J-_>
B>AFC>BC D>o* Mo Lt Do AbA“cT PeoT 5 D* Do (Poole et al. 2010), boAc*Lo Cnl>T
?d D* Do AbSAD>N<PaSo<PNt >N CoCn<db®>C >90%-0* /dbo*Lo*Lo Cnb>T C><o <L

ARob*NP 5N Clo 10 cm SNl > >*LCo 5*oC.

2°AAMP<CHPE AL psede®< o P

SNt DD <AL PEDNG* <IDPadUSC oA T<I*C* o pal. oP<IbCLC <M EDND>Yo®
a¥Pa*C* g alio® APSADILYG® o P R*>SAD> a5 So<I* Do (JAA® <IUa NS bAAdS
bNLAGE < 2015) <L CLAe >%* Do 5T b C* D Id>a-* D N> *\a' 540 IN>a* =g <D
<D*CPULIAT*NLAD*LC. (B>AATD< <IWUa P NE 2013; AbHD>< <Ia N bNLAGE 1< 2013; Johnson
et al. 2016). o5 <*D< ClLo Y *<¢>o T (Miller 1991, 1992), <L >CP>* CLo oo *A>c
<ID*CP>BCAN <GIN <IPNBN< /P I b N<* T > (Miller 1993a, 1994). <" bC* - = oF,
aTbCia™ ' HNAS IR *<<IbCN>C Ado D> (AbHD>< <1Ua*NS bNLAGE < 2013),
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aa*bodnHo Ao INEDM® DD IDPLa*N>¥bCa It bnd*o I ¥N>a*ha* (Gunn
and Fournier 2000). bB>AL YN b NI HL*D® ao oc<IbCL®NC CLAo. PP<lo—, a>a AdCbne>®
dNEIrt DD A<Dt ID*CPH>HCoia ™ Pre<Y* 1 bo>a < o< AP>Y*a ‘c*\>bC o1 (Miller
and Barry 2003) CAd*o-*LNA*a 5 so- o<IAbAUy*ANe (Miller et al. 1977).
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<A DL C 3. NI DDA BLo M0 b oAD" b*Ld“> a&bCo-*M< CL*dao (Johnson et

al. 2016).
oa.A° SICNPDt DDPE PLo*M 0 bo AP Ar<*CM <
Db AP o ¢ bdc bdc
CLdo™L 2'nATTT ronrpegs | oeIbCre | I
AbHD>< PP*C*Lo:
ABH>< PP*C*Lo — | Al*<¢<lo LA AL D
D> *<*LC AN 0 Aa /PP dC . AH.“*’<H40' JAAAT
A a o vel Y A QLP e <I“D/\r.\.r“ LA
Peca D>~ D> *<*LC AP\ L o°
SPPECLANMC A ra*o Peca D> ¥ DAOAN
5-r*21-1¢<
NAN®
LA
P“”LA91>< AP\ ™ot ¥ NP-LJ A <o PAAAS
CnP>GoC AP<IN T * Lo Y A; YO AT LPS | PAS<r<doC
AL a o AL Dt*Lao? 4OAA
PP*CAC ?CL M 0% AAPPS e N
P*LA9[>< . . AfP<I<o? YNANS JAAAT®
CnD>GLHC AP o *Lo® Afdo® ¥= | Y Al AL/ qPf?‘“’<n’<1.oc LA
ba*a*Lo PP*CAC <*DAn
P AP~
PP*C*Lo — dlavs | PLACD< PP*C™o:
PP+C*Lao AMA<E g Aal<Pr o Y AP* <Lg IS i;:::lio::ﬂ/\rﬁ NAN®
<do*l o - ACD<]‘.‘*’D‘6\°°I_: GOAA LA
ACDI®IDA>< AP o*Lo® AroC v
o2><lo

3.3.2 <A¥aPCP<*D.o° A'VCP<*DC

SJNPDe PO o5 LVADSS, CLa. DPc* LIN®NGAM DS b oDA*a ™ <"ANCD>rPLoTo® boDA*a®

ArA¥=PNP<CH* 0. LSa“HAS o= /L bCLC DP>bPNE Lo AM Aot 56,

05G*C AN 5N ACHYT <GICL® oe<dPa /o o* (b/A*IS bNLAGE M 2015). &L *DoS
TPRBIAD> Y 5o D>PD>*JC PP D M AP* < <o 5o o SIS NEIM DD (bAAdS
bNLAGE_*E 2015). SboAT*NC NMo-, <TD*CH>HCLC a-sHAS o PhoJ abCio b, ANC>o<*DC

Lacs Ae<dcyPa So<ILMC <SGJI (SLYAS Il H5<ISo-* = 5 bNLAGEC 2012). CL*d

ANCD>BCSaPC ALLAD> Vo <AL HC> <D A<c<datPL¥a Sa** 0 o5nvea oo <Ido>o<I*I*
<L <MD o a s o Mo (bAAE bNLAGEE 2015). P> <IbCia® ALLnD>Yo <NPC>—bC*DC
TPhoJra bCa®, AScGPC><N®, A lDA*a SbC* N o PR* > oo, IMA<IHA S DIGP e * D
QLR 5+ M Ao *<*DE oS -<I¥=a o< (Miller and Gunn 2003b; <AA® <o PN S;

<P 5D <IYa NS bNLAGE NS 2013; bP>AAD< <IUa P NN 2013; AbHD>< 1ot bNLAGE S 2013;
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CoNN< AYa N 2013). o5nva ®rA%>C DPD>BGYDN® NIt DD Ado-*Mo- 7 <L > 9-T

<GJo?, La s HAS >PLBPa* D NP>LYo* 15-0° (bAA*dS bNLAGE > oS 2004; oo &S B> 5 HI®D® et al.

2008; BLYAS M 5<5a-*M 0 bNLAGE © 2012; bAALDS bNLAGE M 2015).

4. Ponda.®O€

4.1 Pon<darCPy< OPYocI*CPo*c

gD DP D IV pal Ao o, DPDBA><RVo*< CLbdo*L <M N<IPa *D<
av®*<*CM oo, CALAGS IS, D on<aPCP><R*a 1S SN DD o LA NIP*a D ag*a o,

Koo, <'Lo CALAT* Lo CA I AL D o™ Ac o AALBCE<R¥ g >C I o®. D> oHndaPCPNC

CLT® <CAPPogPe CLPSCM<I™ILE.

D> _5n<laPCP>NE [gENPDIMt DD o NNGHCH >*DC CLAo <M ARP*?<InYD>o > o boAcD>PNPNAS
NavD><e-c<do*=g; bNLLB>C>o* o 8-Ue >* Do vaco. CLédd  <AP%Ia51C b oAc>PNha,
D> _sn<da®De5 NIt DPD e o B> Cbro-G* CAYD>—c >*D L Do* CAdo™L oa N<IT
>2o <% Ac*D 0 CLA*G® a5a A N®D*ILy > egb. CL4 < oa N<IT AcCnyD>rLIC BotbPNC
D> _5n<da PN <A DA >0 b 5N <A DN D Do, ADP<RPCH> 5N b>ALY> oMo
<D*CP>DCPaSa* DP>bNJa o1 DLio <IM* " H<de* Do Moo DLYcno T
Acn<U<Do,

D> _5n<la o GPC>NE DPB*DE Pa td DA AS Acn o =g (A5 DYGea<IbCia*) AD>YD%bSo >o0C
NP<< Dot (A5 B*DONP oI P oN<Praso) ANCD> <D, ANCYa * D 5ogC ¢S g\ AG* N So®,
AD>NeGPCD>Va 5o <L /P> 520 <NPCP>Ya So® DLY.oC boADDAQ S o¢ (LMoo B>LIAC),
bN*L <Dt HeaC BLig® (ACH oMo agDA*a®) CLA*g" 55 ACc>o << <<NM>Co >
(Salafsky et al. 2008). > 5>n.<la PCP>VC b>ALY>Ya * D pa N, ba Cll, 94*D*’Lo o 5>*cC.
B>ANPCDo o D>on<arNS, LraAa® > on<laPCP>c®DC CAM<IS on B>y N\ Pro<So® Clo
deo® 10 <GJa® <MD AALPYD>PLISC, PP <lo-CD>*, CAL*Lo* > 5n<daPCD>¥e, <I/<1J*LoNe
A< HogC PDAR<INE > A <a PN I 5051 b>ALY >IN <IDNES o> Clio
NNG*ILo o 4.2 DPYYI>N<IPa 55N Lea D% > 5n<laPCD>C.

>ondarPCPo ™Mo aosaA*d“NP*CPPLo M <A*D*/La*< CA*dao dN*II* D* Do
(DL 4) A7APCPPY>C Acnr o DAY NDo Lo <ID*CP>L5N* AbAS
B>ALYDBM /AP DB AN A<NenoT 5 bP>rLYe® CLdo*L d=N*DI* D*D* < /NAn 2014-T.
D>ob N<tbro® Do Cda*L ACH*>* <A D*Lo*< CINNP<PN o~ CAbo bAA T bNLMGE Moo
bAAd=c* (2015). AcniC AALAN®/D>PNb DD <Moo, ALnD>oba o, <L b 3UD>*<C
<Londao M LMo S A'NNDBHDC ago*Mo® D* DA CL I o P> <D CPrALo <o

D> 5nda®DoS Ao deo® Go<* Do, AlLnD>a 1< on>ry>o>C bC <-<o<IGAry>o
ALAACDH NG PYUA Do PRLD* NN DDA D oHn<araNM<I* Do, b3 UD>*<E >/ be>
L=ab>NP >o5nda L L C DR gC D ondPaSo<dcSa o ¢S\ <D CD>Va So-* ¢

ac DC*C><"D CLAc® AALPYD> 5N <M oS <L \MPALAD> o bSa e,

CLA*G* Cd=oP< B>on<a®D .08 FDFCDH>¥=a o< goNPDM* DD JeN DL <o <&
<d o *¢*Da >,
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oa vl
K> d*N© b a .
o B>on<da o e <LD*CPorea QLo e A'Lnb>ore BB >atb*CPoc
Ponda‘So™ #
C AL JbL&NC P SAC .
1 Ao AN Paby e ALADPEDE | AtLADSPeDC ALA>s P P P
Na Yo e
1.1 A ' SDST® Aol <EAD>Y 0 > ALLAD>PeDe ALLAD>*PeDe ALV >* g * D
. an~ %NC_ )
3 D>%LSdN D> 5o <L > DY Geg<ISo- <N ALFAP;‘F‘,P A<D >* g * D
. @~ WNC_
3.1 QoA LN PLot > AJCSa <D ALrApjrh r A<Dt ALAD> oS
32 D>YGeg<IAC D>YGADA > <qCNED re<re A PED >% D g [ —*DC
y B> PN/AMG NS AMNGAL-L <qd=o-*Dr*- Ac A= C- ALn>c* - S e
>L¢Dc QNP res<re ALAD> P gh
4.1 <*dNE oarB>NIC™ o5 <I5INJCE <D re<re A<Dt ALAD> P oSk
NL b C AL . c
42 DLAMO® A0 AALBYA ALADPEDE | AtLADPeDC AlLAD>rDe BIALY >
><IAYNC
. <Qdeo*Dre- AcA*q M e- ALAD> o - : .
Sdb JS A C Sb S Sb C ° < C LW aly b C
43 NRGETEAY iy Fours AL (e >* g *D Cnb< ALJE AMSG<*D
, ALAD> P g% ,
44 bLCAC ALLAD>PeDe ALLAD>*PeDe A<D ZC A~ ‘Tqr ¢ NPBHCA>Q *D b Crc
a
5 DLYoS o PR I>AC <D rpsre ASLLEDr® >*Da-T*De
5.1 <Y AD>a® bNAAM> o5 <D re<re A<D >*DoTe*D |, qda o
6 ADAC NPPLo M < ANBCSa>e > <N AcA*aln™" As<LEDM® >*Do T D¢
6.1 APy D>CI>NE brySayD>3C ALLAD>PeDe ALLAD>*PeDe ALLAD>~PDC >*Do T D¢
D>a C*DS, pa bN*DS ST ®C
6.2 boACD>F<-—<INC o C*DHAS QNP AcAsalLn>l A<D
>DG>N e
q i c e b S —Sb—)C
6.3 Aba Ayn Y>>V <P 4 A Ava LAl AP >*Dg [ "D
Acn<lny><c
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<LALFDE QPP <IbD> P >PNE >*Dg [ —*DC
. . <d= Sb b_ ) >°" SbL Sb_
8 DLYAS <L <a>PeDe 2;31: bedeq D A'/‘\“ <1°~T~%|1
ACbSa>ne >
N > DT *DC [0 JLAS PP*DIAIC Ao <
D (o .
81 L o< >/l s e <Adeo*Dre- <P - ALAD> oS- <o <dnyD><*DC (CLA*
‘ SLIAS dL Ac_se <genEDS AcA*alnsr A<D CLo™*ac®Dc
CLD>L%< <N )
> DT ®DC [0 PRFID>TNE (A5
ci ; D> LAS)
. <>°u D CDQ C <Cb Sb ben. Gb b <°‘.C b .
8.2 b>*">PNE BLYA n*D dea Ol As<PEDr NI ADE (L
<LPA9)
ACHE* <N BLIAS NaLoee . N . . N A
8.3 AU bI>ALY D> resr bI>ALYD> P
9 APAR-<INE N L >* Dot B>ALYD> birea ®Dr* H>ALYD> P >* g =D
9.4 <PCIAC PNN- PNY > <FCIAC B>ALYD> brea ®Dr* BI>ALYD> >* 0T *I
9.5 P tdS NP<<INE AP ®DeC P B>ALYD> brea ®Dr* BI>ALYD> >*Do T D¢
. P D>< Pae<ec<do™l <ML >EDN® - N ALAD> o - >* Do —* D
P SN BCig <da+D< & ALAD g5k
> DT *DC  |o CADT PIAY*<-<lo™
A veCPD ¢ Y p*<L—<]¥C SIS - . ALAD> o - e CnDT AL®
11.1 breq ®Dr* ANt e<-—<lo*
L Sb. « Sb C Gb Cc Q| GbL Sb
<DL IPP*<e <D <do*D AL ok A< o Lo s ool
« AP®DE QPPN e
d o *Dr- A A% - ALAD> o - o /b b Ccfo
L S -Sb L a —Gb Q| SbL Sb
114 Y ONLo®™ L Do g4 S ALAD o b ALAD>* o8 o <lon.
CLAc"* BPonda’oc Mo <4*D*CPh¥a‘o™®: ALAP>Yr >*ILnt- dd oI Ly

a LDUCPo < — bo® BLIAC CIyD>PLa>NS, ALLPYD>o*NC, <N YD>* D 5egC <FDPC> oMo IP<IJ* Do d 500 B> on<da Dl o> . >on<a Do
<D*CPVa o™ L > AlLn Do o <* o0 anhaA®CPrPLYo, AALPYD 5N Lea PN Yoot I-o Dondarsa‘c™ e Donda ™D ¢

LD CP>N=a S BB>Pb* D MAv=gPC>o* g CL o™ DLV >R 500 ¢ AG*N*C>a> M 5/ ADNGPC> o= o< I<N*Meo I<NM>C* o>,

Ad o A* DMt DPDAC Ao S S av®<C M50 Ao P a S Do <I*Ma* =g AlLA>o* o5 L>C a5a AN C>PLo o > on<la®D o
<LDOPCP>PLo ™o, >*DIWLn<HM™ (75% bCICP> o I€), >*DII® (40%), <do*2< (15%), <'Lo> <°N~aT (3%). b>rLY>N< <ID*CP><* D DPP>PC>Va N5
bo® <PIPCP>IaSa*C. (A5 B*DNM oY, CAYD> TN ac< e DAa® <* oM =g* AlLAD> o o 55 b>ALYD>* ' dNt. aca>CH*CPLM DS <P D*C>¥=q So- <
A BPCH*CPPLM D Bondaso*o* /. CabdN® AAS<InyD>PLo > a® (A5 B>*DNMoY, b ay oL APAPYD>N<KIGY oL oS /ALLAD>* oL o >R 5>a-C
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<LCNre™ o< Bondase o CAYLE=a>RD>*D®); ALab o™ I o oo ALAD o o526 Bon<a DS B3 UDA® ALaba>re
@ e ANFCHALING <LDHPH o™ B>IR oS Ab¥obPa o™,

b Lo P — D>y So® DLIAC <PD*CP>PLita So* Mo ‘dea® 10 AGIAC A s<lo- I Do, DPHGED® > DGHC>o > o Ac Mg D>LIAC
<LDPCD>YLYaSo Mg, (b¥d*a®* DI = 71-100%; << = 31-70%; Ac A*aLn " = 11-30%; FP¥ = 1-10%; A'LAD>*"D ICo < 1%).

< A'LaP o — Ctda o, AdRPPNC>Ya S DLIAC D> oA <da Dot onPry>io® <D*C>Ya So® Clo déC 10 <GJAS <P+ As<lo D> 5o ¢
AP R CHM gt 3 PSS = o NPLNE P DGHCHLE D Lt Dot MAdg /Lo D* DA CL<. (A'Ln<50® = 71-100%; AtlLnD>o® = 31-70%;
ALAD*Pa*ha® = 11-30%; <Id=a*D* = 1-10%; ALLAD>*DI <ICo < 1%; <* Dy <D Ab¥SabPa D 5*5C ICH dia>+aC > 0%).

4 LB oS — >HDI® = bid®: ALAD N o®8% = YS>o*hAa [ D *DC (P>C* Do Clo As<lo 9é€ [ICo < 10 <GIAT Ao B> A LA C* =g 3
PLbSa o)) >R ACHP o *’L* Do L*a>c*D® (>NPaTY PM>¥d); ICN*o-T D = /S A>T AP D> * D¢ (VS g\ Db>a*8) >R >gC
LeaP>c®D% ACHRP*I/L®DC (>NP=a T <Ado /Sa*\); ALLAD>D/ACAPYD>a Y D = CAMLECA*a AS, BPNSo<IGAPYD>NG* DS, >R 5egC <FD%Pa b D
QMo Pr<do Al A~ *LJ <t APC>=q *D%,
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4.2 Bob*CPo*M< >on<darNC

AL o*<>C > _5n<daPCD>YE GENPIMt DD = < A’YNDHDIC <PPD®C>Vea So-* < P ><

<L <la*LoS, CA>T 5 PdAY*<-—<do*LoF, /db-bCa>*L o> oP\a*

NP>NY*a AcbCo*a® <'L> CnPT AL ANtc<-da*LoC. I g *C>* AL D><¢

> 5o PCP>N2C< sdNeDt DD -5 CLdA /dAY*CD>bCio™< CnbP>T DI W0, <L CL*d]
ACHAYST =0 JLAL, SIAPA <co<IcPCP>V*a * D5, DYG>o<IhS <L DYLeg<ILh D> CI>NC,
TP LA T N> BLAVAS, DM D> C> < a5 DLV, Ao™ 0 <'ANFC>BCio M <L

LIt CP><*a < > HA<laPCP> e CLAd o™l BLYoC. D>on<arCP>I <Do A J* Dot >otb*C>o¢
dCo CA*I< >*DHg gt AN~ =0 <L <Do B>on<daPCPC <A D%Ya o o <L
<D*CP><* Db a \N>NBPNC>< 5N Lt Do 0 N<T 8>=<I%NS Ac "D a5a A NFTDARG =g,
> oon<a o D>bBD>IP>NC Clea CAD > < D*Nq ® D dNtIM* DD < dcPDo<I®*Da
<CJo<*Do < *Do.

4.2.1. /b= AP 3*<cdo L <'Lo P NIDCor® (0aNAT A>20<1* N Acl*D Bonda o e
11)

ALAD>o* <Y< > Hn<daPC>SC CLAd 0L NIt P oS ANNES P D>< e <ec<lo*Lo.
DPD>SC* < ACHLE AlLAD>o*< ot Da /<o CAL* o PN*</<lo* 1900-* o
<G P>+ Dot DM (Post et al. 2009; Zhang et al. 2011; IPCC 2013; Ab_>*DN<So- L*Ja  *NEd°
2016). CdR*D <IPD*CP>o Mot P> I *Lo*LoS Clo av*<tC* g JN*DIMt D*DAS,
CLA*o <5 ¥Lo<® pac™o <TIFCPLAQD>ULNE. B> <IPPa* D Ac € Ldo*L Cnl>T AL®
QN> *ND> o Moot Ao <AL <o din<d®PLa* o ALAS, ALP o *\>c*D< C/C
CP<INAD, AP* DB D> * D%, /dPLbec b C*IDE, <onbCio®h>c*I%
SIAPbSGTHH>V® /P DN I HAS ACH o oa, IR PPLe®DC b PdRcSo™® <> DAY*<*a, >LIA>
CdyD>*YDC aoDAa® ACh*<c > Do /S>o<1S, (baCl B>LYcnosIS ANSNGARE 2012;

AB 5P DN<Eo <IYa NP 2013; Do HLI® DT> <IUa NS bNLAGE S 2013; <D>_5D< <*Ja*NC
bNLAGESME 2013; AbHED>< <%a*NE bNLAGE 1 2013; CoHN<I< <IUa N1 2013; ba CI BLY¥cnos1c
AMNGARE 2015; A5 DN<To IYa Nt 2016). Ado<lo®D 1 <EPD*CD>o 1 P P>< <P r*<-—<lo-*L oS
boAPCP>Ya S5 av*CP><*DC pa AS B>ALY>DEC.

a*To® > 5A<daPCPC D> Creo <0 D%’Lo T, CA*I<IL PIAY*<-c<lo51¢ <FD*CP><-—<INC
DD o AbPa ATNCP><*DC PPFCAC Id*o<IJS, avAYa Aca* g > CnbD>T ALAC sdi<er’/<-c<lo*LoC
AN cR-<los1, BPD>*dE NP>NY=a Ac<¥a**C g PR */D> AL <C DB 5, "2 *dLaC

AP®AD> g ACTH T *N\D>* AN PN T PHAS AP®DE, K o-*ha* < on bCSo*L o

PN H<IPa Ay <> pal PSP D> AP *<c <o *LoCP>% <FD*CP>PLYa [ <P

D> _>n<aP*a ®DC NIt DD o (ba Cl DLYcn o1 AMSNGARE 2012, 2013). SISARAS Cd\>*1<D¢
oo <dePCP><* DS ACH T N>R * D, CAPILNAa > T PR T oot o PR/ D>bCT I DLIAC
A b PN <L® D PP o g >R H2gC D Db PP H< g VNS, AP D¢
alD>*dbCSa*Ne <IPAP= TN (A5 D>*DNMJ Jdt/<IPPYAT) DPDA-> AbPa AcD>v¥=a *D PPHCLLN™> o<
?deta AcUAS, YLAR-—<tboPa SLC Acn <Y oS <AL C>bCPa S o (A5 D>*DNMJ
DA 5 <0Gt LA SISOV * Dot > Po*Na*).

a¥P @ ®CHM T QPR ANS CALACNR a0 (0o NT K> <q*N° Acl*D BPondaseM < 11.1)
Cn DT PdAY ‘o (Cdol>: Cnb>< ALJC A5Gt DC

P D> Da®Y <o LS ANCPILY® TP Nno® Ao Mg, AYNMPo* o, /dbPa So*La' > CnbT
<o PR/ TN DC Lo Pdi=a ‘o™ D>PD>*C*II (IPCC 2013; Panikkar et al. 2018).
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@ >CHCDILY® CnbT PdAY*<><lo-* < bida<I*D® ¢/>a*5I" (Sou and Flato 2009; Wang and
Overland 2009; Collins et al. 2013; IPCC 2013). AC%°c*'< /dDBA I o* <°GJo® DP>C bC/LLC
CLo 50% >N\N*a-Do® AGIAS Ad*o-*Mo- 2005 <'L> 2012, a.c >CH*C>IL*D CLoa® 75%
>SNeN Mg DPD>C®I <I>YdS Cnl>T ¢IA*YLS*Los CALMo® <GJ* =g 1980-*M~c* (IPCC 2013).
ac >CPNo DPPYD>*D ISGICL® Cnl>T YAy *<-<a-<I*D< AL*a.NJ 3.5% >\=NI* CLB>L NP<J
4.1% >N\*NoS, 9 <GIAC a.oCL® >PD>*C*DI (IPCC 2013).

A BPOG>NE ID*CD< 5N e BCCP>*IE IP>Y4de /dba*NC ACHRe*<-c<lo<1*D* CLo 45%
ba CI DPD>*C*D< PPHCLN>o Mo <IGJo* 2041-I" 2060-1 NP-_J (Sou and Flato 2009).

ac >C*CP>o*NC CL <A ACHR SO>S0 AS<I*CACLNNSNE <ID*LSC o BC*C> oMo
CnlDT ?dAYP=a Sa*N, ARCDo5 ¢ Pcn¥NE <ID*C>< D I Na*’Ln>e>LC ac PCPCPo o
Abe o PJAY P < <LbCio Moo <I>Ytde BP>*C*II >y >bCio Mo J>a *N*/LVc*
<LGIN>* Dot (AS 5D N<VSo <IWa*Nde 2013; IPCC 2013). L=alh® b>AP<I®C>LMT CAb>ST
PIAYbCoa® CD><a AbHD>< PP*C Lo B>y >*DC AN < <Jo g P> ><* D% ClLo

D> gt LP o -AM Aot 50 2-3 IDo oo CL® 1 °C-I"* (Cooley et al. 2020). <I*M=c-C>, AL
PPR>*D® IGICL® (A5 D<o *<P™L PPCT PN*I>o (King William Island-T) P*LACD>< PP*C*Lo
QLo ASDL* DA< 52 <lo) PIU=FN<LAD® >P>L® (ba CI BLYcno 1 AMSNGAMC 2013).

CADT Pd AL 2% <I5GJ< AcJC S5SNI DD o< 1B dNPy><>LC al*U>¥=a So*= o PP*C o

Ad o <IJPa 55051 (ba. CI BL¥cno51° AMSNGARAC 2013; Post et al. 2013; >*/*D< <q*Ja*Ntd 2016;
B>AACD< QY PN 2016; CoHN<I< <IUa NP 2016). AbPan<IbLC CLA*c® <SGJCL*DM <L >
<QGIM ACBAPED UG E Lt Do Adcad-> PLR>a*M o <t AP=a *DdPNryT ot (Miller et al.
2005) ><<_>*g¢ PLALLAN<b T **0° AP AD>b P a “c<I°LC pa A€ (AD > DN o <Ja.*Ntd<
2013; B>*A%D< <IYa NN 2013; KAA® <IYa NS B>AACD< <IUa NN 2013; Cos<< IatNe
2013). /< sd=neDre DD NPBNY*a A bC*LNC DN o® I AA®AN® <1GJI" Pdbd<
ABSANAPNLN® PPPC o<dn<Ibso* oo Ud>a<IJ- 55, CALAGS IS ANCP>Ya *Da*

D DBPFPCPYa ‘o™ Ac g, A5 g 56 PP*CLN>Vo* (Miller et al. 2005). Miller et al. (2005)
DPPa Y > AbSANAPNY < <M oS PPHCLN>Ya D o¢, IMA<IHAC SdSNEDM DD PC
ACHDIA*aGr*DC CP>Ra P l>< <L <>AAD< PP*C*M o Victoria and Ellesmere Islands
ARCD> 5N Crd<t PPHCE <M IND*LNE alvo® av*C>* =a P a’So® . PPHCLLA* o<IPa AcJN*C>*
Salo* oo <A e Crd<hAa D> PaLC, D* DA A PD>NYa o™ <NSg*K>cP=a * D¢

<Y pr<Lcdo Lo <N, <LCP*, PP*CodP*a AcJN®, M AP*<-<lb*orP*a Acvra T
ocdP*aa® ba My~ Dag® PP*Cao® D*DINry><*[Yo* (Gunn et al. 1981; Post et al. 2013).

DPDAS AP <c<No* < PN%Ba<I* D AbPa bC o /d°dS P > b It Da *rP<-<I* a5 Lo
(Cooley et al., 2020) <L Pt e<-<I*Ma oL o /dbA~aPa L (4> >*DNM 5 -

54,000 km2/<ISGJCL®; Yadav et al., 2020) A"RCP> 50 P P>< <P *<-<lo*L. P/dAPNR-<lo® Lea >c*D%
<PDALGoLE DD AbPaSo Mo <L AMAP*<c<lo** 0% ALT AA<DE D*DAS Abn.IG*LI™ /d
L 5<0*N5J A (baCI BLY¥cno 1 AMNGAMC 2012, 2013; A 5D N<Wo- <IJa*Ndc 2013;

D> 5P H<I® DT> <1%a NS bNLAGE N 2013; AbHD>< <1%Ja N bNLAGE S 2013; A5 D N<So

<o NP 2016; D> 5PHIR DT> <1t bOLAGE N 2016). Ao IC>YT oa ™ b>pyD>c >*DC
PN L*C>HCA e >So* o Abn <D AD>V=a So-*S, IC>I* D*D o ASctLnc B>*D% >CPa o
Pdo<I*Dg* A" aL>o<I*Dob AbSAD>Yea S (B> *D< <IUa*NtdC 2016). <>, A*TJ*D AoDHNE
D> 5 * Dl bCTNE BLI*C>V¥=a o o-¥NoS, dLbos<IPa So*Lo- 540/ P* D<o >*aC <L >

<o <dcPNo NPC>Y=a S 5° (Poole et al. 2010) <L_> o P Y>> 5 D>So M= o¢ (BLYAC

A 5= o bNLAGEC 2013), DDA bN*L 5Nt BCPo* =g Pdla T AbP=a A =c*.
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PNy *< o5 Yoo, Cnb>< ALJS A5G DC ID*C><* D5 /dYB>NC ATNCD>¥=a T
Pdr*dC>¥a 5. CLea >b>Y>re® CAbo NNGEYLo Mo 4.2.2 Cnl>< ALJS AMSG<qDE,

DP/P<IN<*baPLIAC b oA*LPC> <o *Lo* CnbD>T YdAPNR-<do*La®, Cdo<®*<N® NNbAS
Ac*ba "< II-[<D< Johnson et al. (2016).

CnbT AL® d**<-—<lo*L AG%NN<-<Jo*L>
0aN<T acDA*a® Cl< AL dert?-<*LS ClM g <M Da* ANCP>o1° Acb* Do
D>a®le-c<lo*LoS AL® CAlT <L <P>*<cc<lo*M=o° <IP>VASDE, ADYAS, <> /dDbHAC P e,
sde®<c<lo Lo CAP>T AL® <FDAT<ITIE bo® <IMAACCENNI® <L boNl Ao >bCPa 5o,
Py AP*NP=a S Lo, PP<locCP>* CAbT AL® di®<-c<a*LC>% D>P>*C*Il Pyo <A<
LA eaSC, Y AS PNRT >0 DP>PCHIN PPHCLNM o diRlt? <o oS, ANC>*D Cn >
ALAC NP <-<lo*M= 0%, <L> CAJ< ba *a *LgD¢ A*>a*Lo o Py *</D>a >N SgsNEIr*
PPRCLN D Nt <L CAb>S1C <<*<-<1"YC>>< (Pelletier and Medioli 2014).

Je* <o, NP> 0a A€ A'NCINE P Dot <P D*C>V¥=a S PYUT oa N
PIPLNL D> CLA < DB pal® D*ADAa S >LC, I>*<-<IG™ oa JIRH<—<I5LE,
a5 CLY Pr <P g D dDB AT PAR-<lo<I*Da* (Pelletier and Medioli 2014).

A B>CH*CPC IGJ* o 2200-YPL* Do IGJ =g~ CIIL*DC Jirt /M <I*’Lic* pa o’ Loa >
C*leR-c<Ic*Do* bCtLV¥o*, <L CAI<IL Lea>¥® pa Mo di*<<I’Lo* =g CIL*D< Cnl><
ANc*LC <C& Do, dio<IPL* Do Cnl>< ANc*La* (Warren and Lemmen 2014).

Pl B>APNC . PC*D pa NAT CnlbT AL® sd*?M <o <d*o-* = 0.26 t0 0.82 m [Cc>g*
CLo <5GJr 2100 (IPCC 2013). SdR*Pa*MC AGAY*a * D I Fo® P'ha® ba C>< DP>*C* Do <L

bC 5N* AC o <MALNAS PPSCAS (Pelletier and Medioli 2014). <LLC>® ¢d

03 <K Lo Lo G C>a g, A5 DP>CC®IN, (CIol PdAY* <<l D>otb® D dé_o)

AR <I*D A'LLADR® >* Do ™0 L= AP>bC o o0 . CL*a AALM<OM A'RCP>Y*a D% ALD><
ANg*Lo° <L <IP>YAD <R P>*DC IP>*<-<do*LoS, PG N*<-<do<I*D° pa A /YT (Forbes 2011;
Warren and Lemmen 2014) D> ANCPo<*D acDA*a “NL® AP®*I DG a0

CnP>%b <o 1< (Kokelj et al. 2012). <A< D>PB>*C*IIN pa &< b>rBCH*/L*DC 'y o</ o oal
ASPN*ILo™ ooy oo I oo D> *YLR o M=o (Forbes 2011; AbH>< <*Ja N bNLMGe_ <
2016). CLT® a.c >C®*CPPLIC AlLn<5¥a®* Do TP eNnY*a ‘o™ o PR o* <DA*a>v*a * Do <L
AD>IN>Ya S Mg SNt DD >P>CCHIN o PN 0 PPPCLN>Yo.

AP®DE IR S
Bar <o DPB>SCHIT <IP*h =< 4P o oo <L ACHPa o< o PHN<IRAT AP DC
“geNFDM® DPDNE (Post et al. 2009). o' A a “o* LS I r*<ec<do*Meo, Lidd a So™ Mg Coomee <L
P PoPa ‘e FDATILC AP* Do Avo*P=o> CL*d<I D" Do a*hnh><* D (AoA<ISAS BLIcA M
bNLAPS, @ T o™ DBy NS 2021 DPPa L DC A bo® DAL C CLAd< IR a™e SgNDr
DDME QIR o,

Ao DPB>*C*II AP®DC APPa So oo IP'p*<<lo** L b>pYD><In>< (Ahern et al. 2011;
ba CI DLY¥cnoS1¢ AMNGARE 2012; <B>_5D< <%Wa N bNLAGE 1 2013; AbHD>< <%Ua*N< bNLAGE <
2013; bAAIS bNLAG N 2015). <IVSalDA*an<c® AP*Dbio*h>Jo <L <IACL M o *h>bCPN*
Ab¥Sa-bP=a SL*LC SdNEDMt DPD e < <ID>Y4d< o PPhbSa*h>—PN® (bAAIS bNLAGEL M= o¢ 2004; Tews et
al. 2007a), Ao<<®*II Ac* o oM*<P<lo a¥*CP><*Do (Jia et al. 2009). AP*DC I "<I*/L>C CLo
18.5-34.2% >\*No* <GJ oo 1982- 2011-1€ NP<J ao DA ® BPP>HC*I*</T. (Xu et al. 2013).
ACHSa*\><dNt AP <IP>Y4d< JAT o *\>Vea LC D o%a*\>_5N* NI DDA, CALAc Lo
AD>o*aha® M AP* <o ®ND>V¥ea by * D PP DGGGVA P> ¥ea BANL, <ID5_5N*
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TPUND T HN> M P> Clo e PdR-c<I<bCPa Sa*L o boAc>* P a o a* (CIoNe
?dR-<doT* b oA o =0 > 5n<daPN® ICHDT). CLA I * << AP* Do
AAPYD> N> <IGAPYD>SC Abea P> a<IGA Y D> 5N IS N*o Moo DP>*C*D<, ba *Lo ASI®
ARPSA>BCPa ‘g * Lo ACND M 5L o APPCPI<dbgP*a*Da* (Walker et al. 2006; ElImendorf et al.
2012a) ALbP*a ‘g*Lo-0o AP*<-c<I¥*a “o*~o <IP>%*d“ (Boulanger-Lapointe et al. 2014).

PY<locCP>*, APSAD>a*h>cPN* Ab¥ ‘o bP>a GY* a2 d°N*DI* DD g, APP<-<IN©
AN, >R 54 alla®PLR*d Nt AlLnD>Yo® DLo o IDP*a Sa* > oS gNEIM DD T,
A5 o5 . AP®DBSa<IGAPY D> 5NE MR P> CIN, CHLd< o PPy >R} o< A<I*DI™®
ARG My D>2>< Ac M=o <A D*’LY¥o (Hudson and Henry 2009; EImendorf et al. 2012a; ElImendorf et
al. 2012b; Pearson et al. 2013). PY*CAS a.<Dv< o P> NP *MLC INEIM* DD oS, CL I
AN o PR#D>BCCLE AP<PT>CAYD> NP * Do oPHPNKNNARY o Ay <IbSa g,
AL+t <I>%4d< (Thomas and Kroeger 1980; Klein 1992; Larter et al. 2002). <d=N*D* D*D*<
TPHAPLAYSC AP* Dot a ASDN>o %o, pa G>a*, <L \>o*'o* (Larter and Nagy 1997, 20013,
2004). <Mdg*\>PNe PIC>YAC a <D Py AS IMAveoPC>Ya SLC CL*do%L

TP DT> RYe M o AD>VNG* DD o .

DPDAS @ MBI BLo*Mo IDBECHCC (A0 o' ¥o®, oe<IbCior™ ) atla*/L<*LC
DPHEN<IPNRES ACHT*NC AP®DC DPDAC o P*h<*C*1< (Post and Forchhammer 2008). /c_><
W*<ec<o oS P> *ID* AP<IobCLC oPhny><*DC (Jia et al. 2009; Xu et al. 2013).
CL*d< Sd°NEDMt DD E AP >NP<LDCP*a G o<1 NE Do <*C o BLo*Meo <L> 5bCPa ‘oMo
<AAN=AB>NLJ ACJS, A5 BPONPSI Aal<PPliD>Yca Do do>o > (Miller 1991, 1993a),
ADPYB®PDIND>>C 4 LA DBC o™ DD o€ IR ‘o™ * o o°'Nv*a‘T** o> > 5*d CPoc™ag® L Do
(Post and Forchhammer 2008). CALAGS1S, a 'LaGyr®D YD SgsMEDt DD ALl >Yo®
QRFDIBHLE AP* DDAV S oo, CLea alla®lLicaPeaso® ANC>o<*D%
TPHRBNT D>V So-* ' oS GENPIM® DD <PD*C>PL N boA oM BLAaPa So-*M .

DPPP<IN<*baPLJAS ADNo® <L s AP Do <*D*CP¥a o< d“N°*II* DD, AP*DC
APAD> <Y o IP'P a0 CdoI®*<N° NNHBAS Ac*bo*< II-T <D< Johnson et al. (2016).

PCONLHBCio® QLo PebCio™ (0aNdT A>a<d*N° Acl*D Pondase < 11.4)

rd< g

Lsdb PdYSaLE Do ea S <> <> DS o PdbeaG LS, P dbcPC> V¥ a LS <INPC>Vg SNt DD,
TP AY>BCPaSa® <IAPLaT. CAL® Pdb-c *DHBG . on <P a AcH>C>IaSLC <L
ASCGPC> Y ®N?, DYGPC>N0. (Miller and Gunn 2003b; bAAdS bNLAGE 1< 2015).

PIPLN<L* D50 << CALACb ' D50 Mo PCP>bCHPLYC SgNEDrt DD < (Miller
and Gunn 2003a; <P>_52< <1%a N bOLAGE M 2013; B>AAD< qa N1 2013; AbHD>< <%Ja *N©
bNLAGEE 2013; CoHN<< <IWa NN 2013; bAAYIS bNLAGE*C 2015). M Ac® Lo o

?dbec * D5 C 5o Cdy>bCHILIC IMPo- B>PD>*C*Il bal (Gunn and Skogland 1997; Miller and
Gunn 2003a; Harding 2004; Tews et al. 2007a; Sharma et al. 2009; Tews et al. 2012; CoON<I< <Yt NN
2013), P> P a*<-<lo*Lo CALACR-c<IDA>a So<IG MY ALLA <15 /b bCSa-*N<
anP>ry><5N* (Hansen et al. 2011; Liston and Hiemstra 2011; IPCC 2013; Semmens et al. 2013).
<LFD*CP> S *C Pdbec_bCa-51C GNPDM® DP D C a 5a *>C D*LAD®ANE CLY <IN o0, ao o,
B> CALA*a* =g, <Y< Pdbec*a € DPDAC <P Moo onb*ha* a oV a* o o bor* o
A o< <FDAYQ *>C, Pr<lo- ALMYD>DAa InC Pd<R*a*N< C><oa® CALAC< o *q,

LM g D> ED® (ba CT BLYcno5 1 ANSNGARS 2015).
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DPPP<IN<*b*oPLIAC P 5N o1 b oA LPCP> R o g * BPP>*d< AP*Do* oP*hAS, Cdo<*<N*
NNBAS Ac b II-M <D< NNG*C*< Johnson et al. (2016).

Jon g

>otbD>*YLAT >N oGt >ST o A0 pac>a, CLA*g"* > 5UNAS <Aoo, <L
donD< L\ o> =g (Wang et al. 2006; Wan et al. 2010; Spreen et al. 2011; ba.CTI' DLYcn.o-51° ANSNGARS
2015; Wang et al. 2015). <¢"A%*¢Lo-G*CP>MeC a I <on<*o® a P don<¥a* b>rLY>Vo (ba CT
D>LYcnos IS ARMNGARE 2015). <BA<b DonyGME DPD o< <PPC><*LC NMdS al*L>o =0 <L
>aSo*M=of NMo, Ao<I*I gt AN<I* DI, Jon DI CH>* <FD*C>Iean > /N <> oal
<AAPLY® <> pa 1€ ICY¥=a So*M =g, <PDA<DI™ CL d oL o PN /D>SA><*a*M~o* (Miller and Gunn
2003b). >PD>*C*D< Ac*Lo, <on DT, A'NCD>Ya *> CnD>T ¢d A*Go*La* (Spreen et al. 2011),

D> 5+ ¢/d° >NPa‘o-*La* (Wang et al. 2015), CAL® <*D*CP>¥=a SLC ¢d°d< Abn.<I®DA*< D*DAC,
PP<loc, <onDo® Ab¥Pan® D*Do* ono*c* ClLo <>Y>chio™o PIALb =g * >gsIc

<K oot <'ONPCP>Ya o *o* (Hagemoen and Reimers 2002; Weladji et al. 2003; Moen 2008).

4.2.2. PN AMPG NN Lo AMNGAAS BALPPD IS (baNdT A>2a<q*NS Acf*DC
B>ondase < 4)

BI<¥dAC (0a NQT 4>20<*N" Acl*D Pon<da oM< 4.3)

Cnb<ALJS A5Gt DC

DTSR <P P Cl>< ALJS AMIG<R D DP>hede <M H<IbCHM D, DPP>d-1, <L BAS IS, ho<lo
BY>oo, ICDPT DI Ad* <D ALT CAlT ¢dI <M< M <PD%PNea SLC NIt DD e,
A A*N=NE DI</DTIRAS ARC> <> Pdia Ac'NC>o5 1S, CLAGT*L 05 LAMIC > *h><t/N®
PIL o M0 AMSGADYEa Sa®. CLea PdbPa o <A< dCI>Vea *>% PPHCLN o D>V a So-** o¢

a 1MUY So* M o I o GENPIM DDA (CIoNE dia B>D>I>NE CnlT /dAs o) (Miller et al.
2005; ba. CTI' DL¥cno51 AMNGAAC 2013; <5< <%a* N bNLAGE 1 2013; b>AAD< <IUa NN
2013; AB5* DN I *Ntd 2016; ICAPN< <Ia*NFdS 2016; B> 5 HLIP DT> <IJa *NC
bNLAGEE 2016). D*DAS ALJP*a Acv¥=a SLC AP0 0 PP *<*LJGH<IPN® LDAM T ALST
DT<INADPLI CLlea /d< /dhg<_ IM<Id™< Pre<1J® D BI<I® DA< <RPCP>¥=a SLC
0aP*a T 0% AL~ o, CALAGT*Lo-_> AA<*D (Miller et al. 2005). Ac*L oa.c® b>pc >*D%
AAYB ot DTN AbSA<IIE DPDAC Pl <o NN (B> HLL DT> <o N bNLAGE 1 2016).
DPPa<I*CPUM ADAT PecaT 5 DD AdLa ®D D*DAC C><a ACHAES >NCaDo* >90%
>4N*" Do PdPLo Tt <tL_> 10-30 cm B>*DS>Ne*o vNICo* A'¥Nob* NPy <l—>o*
ABSAD>P<IP=a *?c >*'o*La CnD>T ¢d< (Poole et al. 2010).

QIR <a M Cnlb>< /d<IC boAc*L CLOLE P b>< P r*<<lo*LoS on D> My>e*
A<-c<DA*aco® CLA o DI <IN<bPa oL o BPB>*C* DT <L > IdoB>o*h>¥ea So-*Lo¢
DI<I*DA>Yea 5o (BPD>SC*D IS bNLAE 2009). B> << Co* =g DI <IN<Ib D>V o, <L
A AT*h>HCPN®, HDCT N <L 05N AD><R*a*NC D*DAC DI IR 5 alLaPNe>g<*De
>P>*C*D 1< bNLANE 2009; <<Nenr*dS bal>Ceni=s 2016), <L D*D o€ DISPCHYa 5o o
AAMINY D> S o (Miller et al. 2005). A*SGINT <I>¢_PNE <IN DI<RS, /IP>NS, Ao>o®

DI <I® DRI DTN <> *NNRE, <L > AP<IYAYD>C> o5 DI ID*C><*a <

M AP*<e<dASLC BPB>SC*IN CAl>T ALT, <L DI<I*D%>bCPa 5o CP'—<-—<IN* (Gunn et
al. 2011; ba.Cl D>LYcno5 1 ARCNGARE 2012; <D>5D< <IUa NS bNLAGE M 2013; Ab_>*DN<TSo

<Y tNEde 2016; SICAPN< <Ia Nt 2016; B> 5> HI® DT> <I*Ja NS bNLAGL N 2016; Dawson et
al. 2018). CL*d<1 b>ALYD>*D< Cy>DCLC <o *h>o < DI <I¥b—a® P CJ* D CAL™C
DTN N> > D (455 B>*DNMP oI Clo LAM <HLos 0AAAT) CALACSLC P >< Da Y <-c<lo*Lo°
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QLo ALLA<LM A<cc<dPLe o Clea. CAL*LS 1990-T (Pizzolato et al. 2014). CAL\A=a * D,
AN DTSR Ab*< %D C>>a Cnl>*d D<o PPHC 5™ 1 AbSA I*d/n<IUoGPC><U I,
P <ot AMAP*<c<PLMLC, CL> R >*Do* <I5GJ* o 1980%>c* CLo*Do¢ 20-30-* o <VSGJCL®
Clo <5GJ*Mg 2009-2013 (>C& Dt >75% >\No* < APA<®/L 5N <INt dS bal>Contco
2011, 2016). M da*N< ALAC*Ur®>C <PAAa NN CACda ME <G =g 2016 <L 2019 CLAc*
ALA™NG® 5-31 AbSAD>D>%AN <SGIM <ILo> 12-24 Ac_JE <ID*CP> D>So* o <G (ba CI><
?d/>N*S, a o D>bB>Iny e 2021).

AL BCPPeC M AR*< <o DI <IN bo® #P5%a Do ALbPC>V*a So-*=g* LelSa® AGA SN
<LCdcPrrafoc ™ o® AP a®*IlM Do *’Lic® AL  Hdo® dJAPTCADC o 0, AL DO ot HoC DI <8<
>CCIN Do W bCia oo® <L dAPA>Y=a So Mg DAY >R 5*gC ALS 5do® ANPT™
(ba CI BLY¥cno 1S ARSNGAN 2015; D> 5P HLIS DT> <%a NS bNLAGL S 2016). SgSNEDM* DD e
P> T LY P CD>* <D CPLY=a T CL*d 0™ <*Cde<InyD> <IN o, I*2*PLa*1< /dA®

b oA M DI IR 0 Lo"AP>DCAa o 0 A<M <*DAT HICP>Ya T DI IN<IPra o™
Ar AP <o = o°. (deNenr*dS sal>Cent- 2016).

ALAD=a o< CLY<I B> on<da P DMADHDC a-c<I™a* PPCa Ab*A>< Do <LD%Pa PNt <o
A do™Peg® CA] LD*CHrLo Mg DDA,

4.2.3. oJNA<-c<A¥a®DC AP L GbP> M ePBPCPVC BPLVAC boAc Lol ADP o (oa. N
> q®NS Acl*D Pon<dase < 8)

25J°N<]-cq¥=a *D° CL&FDDbPB*M D/ o *LoPLYC PLVAC AP0 (0a VT A>=o<q*N°
Acr*D B>ondase e 8.1)

dLA D <*a<IPCP><e* D>

SISNED DD ALLMYD>SC b oA N N<o® CLA* ACHa>Mo, <A <Da* dLbA U 5N <L
o <IoNBGNE (SLIYAS <M A H<Eo =0 bNLAGEC 2012; A 5> DN<So <IJa*NPde 2013; D> %D <
<Y PN 2013; KAA® <IYa P NS D> SHIR DT> <IUa NS bNLAGL N 2013; <D>_5D< <IUa*NC
bNLAGESE 2013; B>AAD< I PN 2013; AbHD>< <*Ua*N< bNLAGE < 2013). PY<lo5CH>,
AALDBC*DC <Gro<dePCV¥a * D JADY<I*CAY>bCPa ‘oo I’ gL * Do >P>*C*II
>Lio® D* Dot 5o CLdo*bP ar*a®Da* JNEIM DD =5 (Ab_5*DN<Wo <IUa Nt 2013;

<P 5D <IYa NS bNLAGE NS 2013; AbHD>< <IN bNLAGE N 2013; bAAYDS bNLAGE 1< 2015;

D> 5P H<I® DT> <I%a € bNLAGE S 2016; <D>5D< <IUa NS bNLAGL N 2016a; AbHD>< <o *NE
bNLAGEE 2016). &<PDBDTI>C D*DAS, A5 >IN, IMA<ISDCILE <Geo<iPNH*DE

a ' J<5BC T (Leighton 2011), AASD*CP>HCP=a *Da* dNEDIMt D*D < <PDNINE. ACTH>C

QL HPCP> R Tt <o dPCP> <ol D* Do onva AcbCio*Ma (Leighton 2011). P ><
Q<o o bN<-cayPNS CAYI a <FDB M EDT>C DD M I og* ALAD>< P-caP><L
DD egt, CLA< o< C<eP>¥ea ®>C ACH5N® JN It DD =g (ba CI BLYcno 51 AMSNGANC
2015; bAAIE bNLAGE 1< 2015).

P> D>a ®Y <o Lo CP>® dLPCHP << T¥* ACH*<c > Dot DP>*C*II PP*CL\>Yo (Kutz
et al. 2014). >*DNM o, beaNDS DPHPIM CAYD>Yo* >< PNPcSo-*-lungword-o* (Varestrongylus
spp.), ACHANG® CLAa® D* Do <L_> DI L~ (Ovibos moschatus), /ST b>ry>c >* Do
ACHSa>1< Peca[ CLo 2010-T (Kutz et al. 2014). CALSNA*a D%, & 5T dLAC Teladorsagia boreoarcticus,
ACHcP=a T GNP It DD g, b>pY >R >TYE ACH oMo~ AbH>< PP*C*Lo <L P T
D*D*M=o- (Hoberg et al. 2012). Ac_*< CL*d<1 oC< dLAS AL SC>*DC gD D* Do A S pa &€
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Db LM C AL SC>o oo JADI/<I*Cy>DCPa S N <o dL o/ IAP ™,
JATD A # D= GENFIM DD o° P B> Ba *PR-c<lo*La- AlLP=Me.

CL*d<1 ILAC AP A <Geo<IPCi*a *D5 AcCnyB>rLLLHI* DN <Id*o--<ICND o< DAY
so et CLA*aSN<® SNt DD eg, A S ba S AALD®DE > _sa<la o< CLbd
ALADNC>o*N>Y <1 ANc<ISo Mo I g DL A5 D>*ONod DIl NMT<So
TPhAY> Do AP o> D Dot ALY Do 455 @ <P DB M D> DD et <L
ArAP*<e<¥=a Sa*Ma LA I<APA> <oo<IcPCP>V*a * D5 P P>< W * <ol A'NCD> 5o
(> S HLL® DT> <IWJa N bNLAGE 1 2016; AbHD>< <I%Ua*N< bNLAGE 1< 2016).

P D> I pe<ecda ™ ANCP> P ® D% I Po*\>cP=a ‘oM oS ACH >N CL*d<1 D*DAC dL*I<,
PO I PP<R*DC JLAC Sd°NEDMt DED% > < Do (Moen 2008; Culler et al. 2015).
<UANPCP> Y= 5o PO I o D AL <o T <> >PC>Ya SLC DD oS

TP 5P AveaSLC <L 0B ¥ta Ac5NE ALLADRT ARCP> o5 1¢ <M H5<lSa-*= o< CLd< dLA“L,
PO oM< M AC<S0*M 0 (Hagemoen and Reimers 2002; Witter et al. 2012), <'Lo
ACH*<<IDA*an 5N P >< >da > H>% Lo (Morschel and Klein 1997). PO <P <
PLYD> o= oS ANt <P D*C>PLY*a * D D*DAC onv=aSo* a,

TP g D> H<Pa 5o o< CL*do*L PL M *a ><1°c-51< (Colman et al. 2003; Weladji et al. 2003
). AT AP <e<IoNE PPIAC AP <A<t a L g PC>Ya SLC 9N DIt DD = oF,

T P> N <IBPN=5M CALE D= ob NN <A a5 1< DLAaPNN M = o8 P> <L >

o5 So<VLC. AL pacC CdbCe<atDe Pr<etDo® PILLat I gt MoM<lo®

do*hL <SS Mo, (> HA® DT> <1Ya NS bNLAGE < 2013; AbHD>< <1*%Ja* NS bNLAGE N
2013; A% 5*DN<o AYa*N*d< 2016) <P =g 5> ACH*Do* oCa* I°APa* dL¥a* P DIn<g >
(A% D N<Wa- <Y NI 2016). AbAS ALLD*DC M AR*< <o g DYG*<<IbC*D
SJSNEDrt DD g CALAC*LYE ANCP>o5 1< P B>Sda 5<% Ca Lo <L PL o H><1C

CHPL o< 5 P I <o I M ' (AD D N<Wo Ia*NEd< 2016).

BPD>CC4DTB>CH e *D PLVAS AP®DC QY L dbB> L PPCP> <0< (La N A>aq*NC
Aclf*D Bondasoe < 8.2)

T P> BC T - PILAC
oac®a AoAS CLYE ABHD<, D 5tHLI® D%, <> 5%, DA< L5 CoHWN<lom AlLSb®D< DI LA

D> 5 daPrCP>RcSo* =g NIt DD (B> HLI® DT> <IUa NS bNLAGL < 2013; <>_5D<

QYo NS bNLAGE N 2013; CoR<< <WUa P NE 2013; DA% D< <ot NPdE 2016; D> 5 HI D>
<o NS bNLAGL N 2016; AbHD>< <®Ua € bNLAGE*1C 2016; CoN<I< <IUa*Ntd< 2016). SI<NEDr*
DM M AN g * Lo @ tLa®PLeC DML Chio* oS, ana D% CALA a0 <Ir e<> D

a DA ® GENPIMt D DBA> <P 0.

455 B>*ONM LY, atlLJaPC><YLC ACHDBCo Mg CLAa* C><a AbH>< PP*C*La, P*LACT 5> <L
dLa < PP*CULNM o PY<lo a'LJaPCD>PLM5N Ch<o PHLACD< A*L*a *Lo PP*CLN*M o (Gunn and
Dragon 1998; Gunn et al. 2000; ba CI" DLY¥cn.o-51< ARSNGARE 2012; B> 5 HLI DT> <Ia A *N€<
bNLAGE N 2013; ba CT BLYcno5 1S AMSNGARE 2015; bAA IS bNLAGE*1C 2015; Co5R<I< <I*Ja*Ntde
2016).

SdeNPDre DD Cdy>Lee>C AP POND>Yo pal A g BI*Lb4>Va4 (Kevan 1974; Thomas et al.
1999; Jenkins 2006; <P>_>2< <I%a.* N bNLAGL M 2013; CoN<< <Ua P N*Me 2013; bAA DS bNLMGE_ 1<
2015). CALA*a.ArYD>2>< A'RCP<5N° DDA DI *LC*0o<d*CAcLo™ Aa/]d*CP>Y*a T o*
>_n<ar*a®Do* (Jenkins 2006; ba. CI" B>LYcno5 1S ARSNGAN 2013), DPDAC LL*NbC*"LC DI *LAS
NA =g (A5 DN<o- <Ia P NEde 2013; JAA® <Ia NS <D>5D< <IUa N bNLAGE 1 2013),
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>R g g DI LAC LDYPa Sa* gt <>t <L o PPABIANr<CC* g (BLYAS <A 5<WSa*Me o¢
bNLAGE_C 2012). AALPYDPLTRE MAJNE DITLAS, MFADCTLC dLRPAS, <LP o 1JYyP>alJaLC
d=NtDrt O*D*N< (Miller 1993b; Nagy et al. 1996; Miller 2003; Gunn 2005; Gunn et al. 2011; ba CI"
D>LYcnoS IS AMNGARE 2013; Larter 2013). BT*L> 0 b'*CAcL <o =0 a I*U>ASNAPNPLAINCE
SIS DD, A<Dt <My &L B>ILAC,

CALA>a b\ oA CP>bCio* >0 AlLa D PN YDSa N> g g CLbd< dNeIIt D*D*C
DI*LA<D> CALAC*NC CP < DA*abCia* o Ao ag® av*CP><* Do <L

TP NbBCP><>a*Mg* (Kevan 1974; Wilkinson et al. 1976; Miller et al. 1977; Parker 1978; Shank et al.
1978; Russell et al. 1979; Thomas and Edmonds 1983; Schaefer et al. 1996; Thomas et al. 1999), DI ~LA®
DDA H Ao \>add*aLC CAda*LAhA*a™ oPho?, <<N*La CALA*Lo**a® L Do,
APRGPCP>V¥q *Dg* CLdo d°“N*DI* D*D o< (Larter and Nagy 1997; Gunn et al. 2000; ba.CI
D>LYcno SIS AMNGARE 2013; B> 5 HI® DT> <1Ja NS bNLAGE 1< 2013). Ac*M*g bD>PN*C> >*Da
DPPa D aon Y’ NP> g ®*\D>Yea o< D CP>cHC* D o PN H<I—oT (Miller et al. 1977,
Parker 1978; Staaland et al. 1997; Larter and Nagy 2001b) >*<_~g< DI *Lb > A5G
(Vincent and Gunn 1981). na.c® 0 B>b>rD><c >*DC, < D*CP>va o Y 5N bCas 1 BILAS,
AP BCHCHM e <IPD%*PPLYa * D NIt DD Moot (baCl BLYcno51S ASSNGARE 2015).

BLYAC D! Dat o Ph > #< D - PP>AC I <ILPAS

D>PD>*CH I <ILPAS ACHAUSC adlbPa G CAYdo*LAA*a® a ¢*CP><* Do d° NIt DD e
aocDA=a® (Miller 1992; Miller and Reintjes 1995; van Zyll de Jong and Carbyn 1999) o-sP*h*/D>*<tAN"
D*Dot <L LT, Lt Do AChHa*M >0 (Gunn et al. 1998; Gunn et al. 2000; Larter 2013) ><<_>*¢¢
Ac*S\>HLYT o (Miller 1993b; Gunn et al. 2000; Taylor 2005; >LYAS <A 5<I5a-** o< bNLAGEC© 2012;
ba CI DLY¥cnoS1¢ AMNGAAC 2013). <ILPAS D*DPD>BCLE A<Dt 056G g >R 5+5C A*a>o®ha*
D*Do* (Miller et al. 1985). ALPAS D*DA-5> CAda. g NA*abCT* ADPYnYD>< 50 CL*a C>AAM o
<QCJa, ALPAC D DP>bCSa* N M A¥=gPC<*boPa LC D* Do >R 5 ¢

A AP*< <IN A~c'VCP>v=a ®*/N°, AL b ULDA*a™ DDA M Avo*’Lo* oo <L

LM e®N=oNe MALNY o D Hn<aPC>Yot ACHA*aPa e (Nagy et al. 1996; Gunn et al. 1998;
Gunn et al. 2000; Miller and Gunn 2001). D*2DA AL<I*2* <PDO*CP>AGAD*a LC boAcP> o o
ADZA<CH* oo <IDHNY, A5 o' <-c<Ie® N atllan<d®Dot 5o o <c<ISa*M=g* (b>AD<
QYN 2013). LRSS o PN <INy D> a /<o o <I'APC> <€ o >dbCio* = o

55K c<ArRCH o (baCl BPLYcno1° ANMNGARS 2013).

D>_sn<ar=a oM <LPAS a.cDA*a® SN It DD o< <Tr < LLC CLAe av*<*C* g PY<lo
APLPYD> D>*D% ALLAD N> ® pa o Ac* o, (baCl >LYcno51 ANSNGARE 2015), A<I*DI*
C><o PN*I> A*L>a Lo (baCI DLYcno 51 AMSNGARE 2013; Ab_5>*DN<Wor <IJa NP 2013;
DA% < IYa PN 2013; B> HIR DT> <9 b€ bNLAGE N 2013; AbHD>< <1%Ja*N bNLAGE_ <
2013). MRPAS Mo *h><LC CdyB><*o*C acDAa® D*DbA>< Do MA—*Do (Gunn 2005;
AB_ 5P DN<o <Yt NEdE 2013; DA< <IYa PN 2013; D otHLA® DT> <IUa NS bNLAGE < 2013;
C R IYa P NME 2013; Ao DN<o Yar*NdS 2016; B> HLA® DT> <Ia NS bNLAGEL 1 2016;
<P 5D <IYa NS bNLAGE NS 2016a; ABHD>< <ot bNLAGE*NC 2016), PP<lo-—CP>%* Cdy>bCoo-*N<
ALPAC DPBA*a* g >® M AP*<<lo*M=g* <JLPAC (baCl BLY¥cno51c AMNGARE 2015). ICD>P*
pac® AALBNB T oo D>B>Yb >*I® Ko tAD>bC oM 0 ARC>*D <ILPAC

D<@ < bCSa*h>Sa® PL- 5N CL o™ AcnrdD> < Do (B> HI* DT> <Ia NS bNLAG e
2016). DPYa<TAD>o*M*0 pa &S Clo 2016-T, CL™® ba &S, A*DD=5N <IC>P® bac?, AcCHl >*DC
Aot <M AP*PLIcY 5o <ALPSo® <D*CD><-—<IoN* CLAd< DPDAS ALLA<In T AALSC> NS,
CLA*abNAS ba &€ D >*DC D*DPD>C>CioC (AD<I*I* LR 5) pa < <N =g, <L

A SN, B>* AT, CoN<o <L B>AADT pa - AcCH > ALP o AlLAD>o*<Ya*
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> 5 <darCPo® AP D%Lo =0 (AD* DN Ia Nt 2016; B>#AD< <IJa *N*d< 2016;
D> 5P H<I® DT> <9%a NS bNLAGE N 2016; <D>_5D< <IUa NS bNLAGEL M 2016a; bP>AAD<

<Y NP 2016; AbHD< <Ua NS bNLAGE N 2016; CoN<I< <Ia Nt 2016). <ILPAC
<YNalJasLC D* Do LDANT CAbT D> HegC AéJS CAbT ¢drLo T, C>D*CH>bCHILHNe
Ac Lo ICP>PS IS bac™1¢ CALD>So* =0 (AD>* D N<to <Ja*Ntd< 2016).

B>rALIDM DL o M ALPAC DD DCio ™0 <D CH>R*o*"C dN*II* D* D AlLndo o
B>rL YNNAC CLdo ™ MLo<LC, BN CE>N<bronIbio<I®D<,

<M E DLYAC

INEDMt DD DD Po<io® <d<Na® H<K o™ pa'dS, P/<o bdNtdc (Wilkinson et al.
1976; Miller et al. 1982; Thomas et al. 1999; Larter and Nagy 2001b). oa &< AcC®*¢//LIC CAda*L
BHGN g <L b3St CAJo*LhAa® o PR D>ND> Yo og® YNNI DPDAC o P <tCH =g
ARCD5NE <PAbéis® 0%NAYaLC AP® Do LA> oo, cn<bl™® A > AP*DcLo*, JAG* g >
(ba.CT B>LYcnos1¢ AMNGARE 2013) o\ bPaPC>Yea SLC D* Dot <LLCP>*, M AP*<<<lo-*M* o
d*LAS, CALAG >0 ADPYbca<d® D 0o *AP>cT* avTAR-Jo<G My>o (Reed et al. 2002).
CALA*GPNE g PP PR > o <I® D YNNI DD, HGNA-, bUA> CAPI* LA™, <P <
DLYAS AP* Do o PbAS 455 Db qP5 (CALI LA™ o PR *P/D>Pa ST SN DMt D*DAS

o Pr<*C*M g (Larter and Nagy 2004).

0a.EC anaAYACD®IC a oo, <'e,o, b ot <L NNlo<Sao® o7 *PD>bC><* Yo NI
D Dot (ba Cl DLYcno 1 ARSNGANT 2012, 2013; D5t HL® DT> <IN bNLMGESME 2013). P ><
A< <do*LoCP>* AR-<IPC>¥*a T PR *D>HCPa o> I NI D*DbA><* o0
A€ BLIAC D<@ *</ 1 5<-c<ILC ANCPo Lo <<, Clea > <TDea®D%
DPD>*C*D< J<N*M oot <L I<NM>CAy Mo (Post et al. 2009). A5 >*DNM LY, A< <Ia N
CdR*DE I Ao *h> o> *g* YN D*DCPH><*D CL oL <P, 0 b8 >0 (ba CT
DLYcno 1S AMNGARE 2012, 2013; D> PHA® DT> <1a NS bNLAGE S 2013; AS>*DN<So
<N 2016; B> 5PHLR DT> <Ua NS bNLAGE N 2016) DR 5gC <P, AS

PP Do \D>RSa gt DY Ui g gt P >a*h® (A% 5 DN<LSo- <IJa*Ntd< 2016).

BANSCIbron IS DPPyDo<ITLC o PReID>H< o™ CAIo*LhAa® NI DD BILAL,
BOACM LT PRSI H<EDDLIAS YENFDM® DD o, DL o <L <ILPSo.,
DPPP<INLLaPLIAS A *h>LAIBC T oot Dot ® Dot <L o hH>*N><*DE

> <daPCP>ea Mo, Cdo<I*<NE NNBAS Ac*bec->1< [I-7<D< Johnson et al. (2016).

4.2.4. B'LPD>AC <'Lo BYG o <°AS (0alP>Co® 4ibARYe™) (0a VT A>od*N° Ac*DC
B>on<da ‘oM< 3)

Clea A'LAD AALDBCP2>® Ao™ 0 <L AobddoH™ 0 <P D CPNa ‘o™ o DYGro<Ja IS,

D> A< 58> IS, Lt ® D> %5 IS <L s CAb>T ALSo 4 M<L 0t > 0<% D<ot ‘dPSa * Dot
<D*CP>HCio oo LD oMo NIt D DbA>< o> o CL*da L (ba CI BLYcno5Ic
AMNGANC 2012, 2015). CA P Lobo® P A>bCo Mg, >YGeo<A>bCa* o>

D DBPr* <L P>*D* CLo AP<®Do® 1970-*M>o (Miller et al. 1977; <I>AADT d°N*DIr
D*Denosl bNLo NS Aco<o*Ma 1997-T; ba Cl BLYcno 1S ASMSNGAN 2013; <AA® <IUa NS
CoONK <Ya NN 2013). BLLINND>PNE <L DY G o< D< Lea>v® ACH H><I*CALNC>—*D¢
ACHAD>< g >g d°N*IM* D*D* o, PP<acCP>* AILYD>**a o™ pa[D>CAC
Acn<R-c<IePa T /S *h[ <> NPCHAGA=G*N>*N=_5J >P>*C*D< pa*L, oal>Co®

A <BA>Ya S D> A <aPCP>P*a ®DC It DD 08, <Sa>CP>IL/ P D<IPN® ag D a oM<
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<Lo BMPa? o™ CL I DG 5o C. SNl BPB>*C*IIN na.c AFLONDLC BYG o <IPLC
(AA™ <aNtd 2016; B>AAD< <Ia*N*N< 2016), birNCP>a 7PN > 5n<aPCPboSo<SLC
CL*do™L d“N*2II* D* D> o°.

0alM>Ca® ANk DYGro<a T <IbAR Mg A'CD>¥=a *>C d°N* DIt DD o°
a¥*CD>BCPa 5o Mg AG*N*CP>¥a S 5. CL*d<d ALAC*LcPa T*LC, oa APNYD>=q So*<
ALADo*>eq > Yoo pa AS LFI*CD>a 5t PLia oo AYAAD> < g DY G o <I*CD>a ¢
ANRCD> 5NE SgENEDt DEDME PLAYQ LC av®<c D>*CH g >R 54 a D> JAr D>HC* g
batcCAcLaS 1 bal® AYAAD® Do Acnia® (JAA® <a PN1C). SIENEDMt DD Cdy>beCHILIC
botcCAcLa N <*M¥No* bal™ Yadb* Do <AL <'LAYG® 455 a>d° b NN 5D > o
PoPNo® CnD>T ALSo, <> >N 5 pa*PNo® <L deTJ>a* PL<*LC (Riewe 1973; Taylor 2005;
ba CT BLYcno-51° ARNSNGARS 2013; AbHD>< <%Ja NS bNLAGE 1< 2013). B*DNM oY, <IBAADT, pa &©
CdBC*DC J°N*IM* DD H5BC* DI PN N TNV DA S B> DI bA LG (AL
<Ya P NC). PP<doCD>% <A DC > b oAD>PNMRFPCHM T <LANCP>HCa* 0 AoAS
Acno*l=o° (Slaney and Co. Ltd. 1974; Slaney and Co. Ltd. 1975; Gunn and Miller 1980; Taylor 2005;

A% 5P DN <Ia P Nede 2013; JAA® <Ia NS b>AAD< IUa N 2013).

bt CALBC < AALPYD>*LC ADMIM b oAc*LPC>ia Sa® CL*do™L d°NEDM DD oF,
ACHT*LC NPCP>¥=a AcHCSa*>a* AD>INC adln < >*C < (Taylor 2005; <AA® <*Ja N 2013)
<L AD*CPY=a Ac< a5 a P>PJSAN<CH T PG (>S5 HLI® DT> <Ia NS bNLMGE C
2013). DA*ND>YBA=G > CD>, bty D>CACLRC> <, AlL SC> 50 <I>AADTD> 6 pac™ o
(AA® < NP 2016). Na v B> bCa*1C Ae 5 DoAY D5a5 1 LNt o> <I®INHAS
AGASCP<broPa T3¢ DLIBSA>¥a Sa* ha h>a rPN?, <L <TA<ICD>P=a *AN: D> D e
5D*a 5o o D* DA (Russell et al. 1979).

0alD>Co® AYAWD> oo <PDPCPHILYea®>C b oA =o€ NIt DPDMC, >I% g L5 >V 5%a*
BHENA DS Mg D*D o o <IPCP><*LC, DJ'CP></N* (Taylor 2005; JAA® <*Ua NS
B>AACD< QY <IN 2013; AbHD>< <Ua N bNLAGE P 2013). A*a DBAS AbH>T Cdc >%*D<
DD DL o LAsadil™® > >0 SIP>NoS NALY D> o /B>AY*L > 5 (AbHD>< <I*Ua <
bNLAGE N 2013), AAc> DobbCH*/LIC CAM Lo DA< <o Moo LA NI D>SA> oo >
<QPINALY0* PLADBCHILNE APSa*DAA 5 0, A Do 1 D> o5a<darCP><* Do SNt DD oC (ba CT
D>LYcnosIS ARCNGARE 2015).

0alPCo® ARIDA*abCPN*CP>< P>YGro<o T AR-cIDA*a "o ACH ac*\>crPa g™ *o"
DI<I<E, > on<aSLC CLEd< SNt D*DM o AbP*a bC oM 0 PPPCLNAS 1d*a-*LJS (CdoMe
NNGSPLo = 4.2.3-T Calb>< ALJS A*SG<_DS).

<LORCPALNDPanSC 0alB>Cob AYAAD><-<lo* g AR-<IDA*aPN® AtLAD>Ya® AD>SEDr®

0a D CLIM <EPDHCPHAGACD R (A5 D*DNMHJ o5d Mg AbH>< PP*C*Lao, >LYAS

A 5o o bNLAGEC 2012; ABHD>< <1*a NS bNLAGE 1< 2013, 2016), <Aoo NI

D D%BA>R T (ba CI BLYcno51¢ AMNGARE 2013), D> 5+0¢ ACHn<ctLn*o <D*C>bC* Do
A>T o <DSa*M o D*DAC A5 o5 c<IbCia o >R 5o o PR b NP lLo o oal
(CoNKS IYatNde 2016). BHLINND>SAD> <D <L DYG o<TAD> < DS AcCnyD>rLLH<I®N-5NC
CLA*o <N*DM o G*C> g <PFD*bCP o =g, Lea>v® AChH 5 o> o NI

D DB Do, Bon<daPCP>¥=a o CLAd<I AL A< 5¥=a *>,

>otb?LN<Pbeo®* Do CINLIAS D> Hn<a o Moo BLLID>AC <L DY G a<SAS A'NCD> o a,
Cdo <N NNBAS Ac_tbeo-*< [I-F<D< Johnson et al. (2016).
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4.2.5. AoA° QACICP>*M< Lo <'ANDBC e (0a VAT A>=o-<1*N Acl*D Bonda o < 6)

ADAS <L ALIC> S Acno oS Aba AYSos ¢ <L AP<UAY>Nb = o€ IMAP*<<*LC
<D*CP<-<o*< GNP DB A> <o =g, CLII ARC>*DC <[ Ao*><Sa "¢ A G+
PPDrIS, HG=CPd< (YCL*d), SdcTJc*d<, b>LCAdT <tL> <rc>PN* o b LCNC>IYa* Do,
<UONJCD e * Do YNEDM DD oot <IMA€ pa e Bb>PbB*ILIC AL SCDo oo
INLD>YbACa H<LDC oo, T A®I* Do Moo <L DN So™ =), N*M¥E I Nar*a o> < <L
B>V M PPDFINEQ P D b oAM T ot DPDAC (A5 DN<Wor <IUa*NtdS 2016; SJCAPNL<
<QYatNede 2016; B> 5P HAR DT> <1a NS bNALAGE 1< 2016; AbHD>< <1*Ja N bNLAGESC 2016;

C N IYa NP 2016). <€ CLI A< bo*c CAcLPC> <t dN® >R 5e5-C

o PhoJa Ac5CP>JNE, DD o< <PRPCDbgP>a * D Aaldnd%bSo-*M= o< (Weladji and Forbes 2002).
AB 5P DNT>C ba e ALSNDTI® DPCH> g gt <b>o*<YLH><IL*LC bCAC (A5 D>*DNrJ
<LD*CP> 5<AtdND NS T de™ 0 b CAS o-5 N ¥ ¢ D> et <L > ACH Yo o0,

<ANa H><I*CALNCBDBCIHNE <L bo*NC>CCALDC 5N CLAd oL BLYo® b*LC o> =a) CLb <1
Ll ¥l Lt CRAa *PLMLC AcntByot DYSro<d*o > 5eaC 1dN*Mo b*Uio

(A5 DN<To- <Ia*Ntd< 2016).

AoAS<IB>AADT <L bBAADT BBBPBHLMYC AALSNMY Mgt BN * N0 ALY o o
A5 Yy D>HCSo Mot DLIAS <L I*ULPP NP CD>R¥o-*Mg* ADI* <PFDAR G g gNEIM*
Dot bLPYD><R*a < DPDAC <A< ASdy>LC An™ o (JAA® <IUa NS, B>AACD<

<a PN 2013), Ae¥n7B<oN AN PCB>BCio ™0 b oAM o™ 0 d°N*IM™ D*Do¢,
CALAT*L o0 PLYRLC D*DAC CB<E, IV rPCPY*a*/N'O AP PPCH 0 PR 5o ¢
a'LJgPCP>Y=a LC MM =g boAC>*N=5MC, (ba CI B>LYcn o1 ANNGARS 2013; JAA® IUa NS
B>AACD< QWU PNM S 2013). 0a>C LRLAS <L 0a Y<I< LLAS sac*o AcnbNHLC
<ID*NNR—<Lo® AALSNPY Mo CL oL BN Acn<ny> R o oo <L Loa>c*D®
SdeNDMe DD MR N CILAMANE. b>APNGt AcP>DAYT*DC d*LPPNo* pa ' Clo do-J*Do
18-%9c* Do <°GJdo (a*To®* >B>/n7*< M. Anderson, 2016).

<LGIL® D>a *DNAC B>DGHCoMS, A<Dt DIV pal Do, ID*CH><-c<IDA*a —*D°
ArACCH*C> <Nt C><Ro- INEIM DPDBA> o oo, >a CP*DINAS D> D<LY o bid<AN®
PPECLNAC do*M 0. CL*d<d Acn<1%<* DS <LANJCD>¥=a D geNEDMt DD (bD>AAD<

<a PN 2013). DEYDYea 5o, APAPYD>¥=a 5o >a. C* DN o< B*DIC>C><* D ID*C> 5o Mo
ALY <PDARYLC BLYAS <D*<PCH g IDc*NM CL< NIt DPDNS, CLb <
AALDBCP o ana APCPHCP>*IDC (A DN o <Ja Ntd< 2016).

PPPCULNAS NPCP>HCa 1S >GNNS AR-c<IDA*@*>C, < ALNJCD>¥ea * D D Dot <L /D> 5 gC

A ¥*<PCHM g, CLA*oLbASN<® o >CNFDAMBFNC><LNE NP<<PDE > GNE (ba CI BL¥cnos e
AMNGARC 2015). Ac*o oac* D> > A—<DA*ac o o on>>o* =g*
<LEIND>o<I* Do b>AATD< ba CLl MU d Lo C><a D' DA< PPHCo (b>AAD<

<Y PN 2016). 0o ECCB* D>B>Ib >*DC ALLAD> o0 AcCny>yn<IbSo><5 ACbn<ILAC
2aC A5 oSO M <L a P> AN <RCHE <UANCI>CCAC- 5MC ¢S o™ ba CLl
MUARPSA<IP< D 6C, (B>AATD< I PN 2016). AL SC>DCLC <IMd 5D AbAS NP<<EDE,

> GENDE, B>ANPN s, Dra I* N> D5 <A CDa* Aba AY$< D, pa IMB><LC P

D>Sda So*\>o Lo, CLb <UL BB HNE ALlLn<o™ot <HANJCD> <o *Megb GNPt DP DN (B> %<
<ot NEdE 2016).

DPPP<IN<tboPLJIAC < D*CP>bC oo CL*do™L A G NCP><R*D ¢ Ao™ 05 Cdo<I®<N® NNBA®
Actbra < II-F<D€ Johnson et al. (2016).
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4.2.6. PLY*P>CP< oM< (0a VT 4> <4*N° Acl*D Ponda ‘o < 5)
CJa s e <l bN*PARYT® (0o VAT 4> <d*N° Acf* D Bonda e < 5.1)

SISNED® DD ALLA <o APy AbAS <L AbA<IHA S Ac®d DD 0 <L AB*INK = oC
D>P>*C* DI, CALAC™UI CLo B>*LC& 0 4,000-0-* <GJa* (Meldgaard 1960; Fitzhugh 1976; Manseau et
al. 2005; Howse 2008; Friesen 2013). CA*d<l A oA<IHAS P <I* PN oo CPNIM oC (1984) <L

0a 2T 0aCPNo* <*MPNE (1993) AcC*PLSC pa DDA Avea >N ot IYalJ=a o™,
A<tdPLA*a S 5NE <L Aol o Bon<dasoh ™ =o5Nt Chd<t L 0a CPNo PN ACHPC>2C
ALAD¥ot DLYcno Tt <> Ni¥*ao® CA Do DLYAS <> CP><*g-** o B>BD>'A <% bNLA M o¢
(0@ P<IT) <L 0a @ BLYCAANIE bNLAE (BLYcArN<de o) Ct<a SN D DbA>o* 0.
DYoo T <> N <> NAE D SdyD>Pea®>C LelD>5dy Moo <YatC>V¥a o * o Llio®
QA D* Lo g o C*oC I D*Dnos I BPA* DN 5N <ot dD>V=a So-*C

AU <PFIyD>PLAan<IbST P DD Moo, CAY<IS pac™o <> CN><VIE, A5 a1 bNLAGME <L >
b ABNAE, IWUa TPV So*o* DPD>*N><*LC Ac>NPLYoE.

QYo PCP> HIbCia* g CA Lo A'YNAGD>*LC <l Aveo*/La* > oC NI DD, CAI<IL
AcPYD> 5N <A <T>C bsaN NPPLo =0 A5 6> ADANDS AP<IchSo* M=o <SGJAS 1900-*M=o
(Petersen et al. 2010). <IFA*LC I<NEDM® D*DbSA>NE NPCH>Y=a b *CC*DE <I*Ua*NoC PP (ba CT
D>LYcnos IS AMNGARE 2013; AD 5 DN I t*NPde 2013; B> 5 HIR DT> <IJa N bNLAGE 1<
2013; AbH>< <*Ja*N< bNLAGE P 2013; bAAIS bNLAGE N 2015) <L <YadD>bCio o
A<Mt CLobC*Do 80 km PiMCot DYoo vac*o ac<I*cDAa® (AbH>< <*Ua *NE
bNLAGESE 2013). <HLCD®, M AR pa € DI e *<PD>o®<*g D NIt D*DbA>oT,
AobAD>DELC. CLA<I ANCB N, AbAS <L AbA<IHAS IWUa <> AALPYD><*eDC

> 5n<arC><g® Sd°NPDM* DPDAC Lea > <> C>< o * Mg boA*Lo* o (AS_5* D No
<JatNede 2013; DA% <IYa P NPE 2013; B> 5PHIRDT>C <Ia NS bNLAGE N 2013; <D>_5D<
<o NS bNLAGE N 2013; B>AATD< <IWUa P NE 2013; CoN< IYar*NNe 2013; ba CT DLYcnosC
AMNGARC 2015).

00 CLAg BP>ABECHILIC NS *NC>o* Mo D*DAD>YaSo o < APA<PCD> H<*/L <D<
SISNPDMt D Do, AlLa o <IYadD><*a*NC ANC>*Meg® GNP D*DAC AChH oMo o> ¢
(ba.CT B>LYcos1S AMSNGARE 2013). CL4 < DALY LH<I®ANE, DDA H><IbC* D CLA*oLbh®
ACHAD> oMo (DAL <Ua NS <D>5D< <IWYa N bNLAGE N 2013; AbHD>< <*Ua NS bNLMGE <
2013; bAAIE bNLAGE N 2015). AN <1 *NPdS AAL®A%/NE Ao a® <Ya PN NCA/LIC <ot
<QGJg® AP 5N DPDAS, <L PRI bCHIL 5Nt DDAV o o* Lt Do® <IMdo>Nc
DD (Larter and Nagy 2000a; bAA*d< bNLAGE = 6 2004; Gunn 2005; Taylor 2005; oa > L<L*d*<
2014; bAA*JS bNLAG S 2015). AC>PT* D>*ONENb* > Cr <o B>AADT 5B NN >o* o

<o dD>y=a So gt A DLAD>c >So* = oS, <M AP* <<l >*Do* (Miller and Gunn 2003a).
>*DNPN A Al® AN D DY>ANNCAcLo o C><a AbHD>*T <L B> 5P H<I®*D< <*Ua N1 oF,
CALAG* 055 Ab¥Sab* D> >*DC ob*NCD>o Mg <A H<IbroPac >So* =g NI D*D*NC
ClLo <5GJ*M o 1990-*N=g (BLYAS <A H><Ta-*M= 0 bNLAGEC 2012). P T, <IUaAD>V=a SN
CLoarry>o< 1-3% >hNeN*Megeo® C><a AbH>< PP*C* o <L <ICe*MacL® Nt
dCH*NC>o* =g D*DCHA>Ia o o M Ac*Do <GJo* (BLYAS <A H><Sa*M= o bNLAGE_C
2012). b¥r/LN<So*Ne <> “No*M=g- D*LADLC alio® b>ALN<LBCo* D*DAS ACHSa Mg
<Y D> H><IPNE AP C> Y Sa Mg D* Do >R 5 C M FP*b 0P Sa**o°

<da D> oHCPY*a o™ c*.
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APLBCPNSC D>B>ID>< Yo DPDCP> <D <A g-PCP>bCPa So-*M* o< dN* It D*D o<,

ALLPYD> <P YN bNLA o LlLGe ™S (A5 B*DNM LU A5 D>*ONC S, Lelso AGATS IS
LYot <>a® <L D> g DPDC>VE) NPNCH> > ALLSCH 5Nt <IC>YT oa T

> sn<aSo T P aSo 0 D*DCP> HIbCP oMo (ABH>< <*Ua NS bNLAG < 2016). <LLCD>,
Q= HAC YN DA 5+TC <VFC >R HgC bo® PP S, DPDC>< oS AALMYD><RYE A D™
boA*LPCP>Ya ST o D*DAC M Po*Mo (ba CI DLY¥cno 51 AMSNGAME 2013; <D>_5D< <IUa *N°
bNLAGE > 2016b). CAdao SINEDM® D*DE IdPLDCH>JIN® A b 5N* ASAcT PecaT > DD gt
(A5 B>*DNP 5 C><o PecoT) <WUa P CP>DCPa So-*NC <I¥Sa S *h>Vea 5T1C S NEDM D DY>Sa-51<
ARNPed TR aPeg BB>ANNGAQ M EN<LE CLAdo ™ o</ <Ig-CDC SgEN DMt DD e

QI TN *PINE (KP>5D< <IYa NS bNLAGE*NC 2016a). oac®o0° AL SC>PeC <Ja A C>Lo*N<
A<= So*Mg* CL* oL SIS NEDM* D Dot o> PNEN>BCPa *Po<IPN® DV*CD>Yea Y 5N
A0S bac>oS, ADPAYD> <o Clea. AILYD>HCSo>1C IS NFIMt DD A-<IDA*a LS

AV g* <o = o IS D*DAC (M. Anderson, a*Fa® >b>Iny>1< 2016).

B>ALYD>o<I*>® BB DDA bCia* < Cto NNG* HPLo Mo <M AP%*Io5Ic
boAD>PNNT A'YNDLC DPD>PLa® D DIYD>*CH>DCo® D> <larCP>Va L*LC CLbdo™L NI
DO E, IYadD> e So o <> No® a > N®DADC o bLPYD>S% CLAg* DPD>*C* <

QA D*ILo = o Ll o€ <L > <> NA>CD>YC bNLA = 0 Lt 5N Do 0aCPNo® <IPN oot
ALA<5S® QYo A= SN <> CBYn<Ibio*N< CALY DM CB>"MCAcLyn<bso

Yot C>DCPa oo CLlea Pon<da®*Do<*MLC /2o *il. <Ado D> DGLAYD>S>C <M AP%J o5 Ic
boAD>PNNT A'NNC? B AP DN<IHC IR o NI DB A> <o A o™ 0/A oA >> 0>
<Yt AD>DCPaSa*C D*AD 5N ACHSo* o A'rbC* Do Moo 5d- 1€ <L <t D*DAC
dda*Mea A*AJ* Do

4.2.7. Bon<daPNC bo® qD%P¥a g bP>ALYD> Mo
S¥ A (LaNAT A>2a <N Acl*D Pondase*M<9)

A T a® >V HD>A><IC P I pa ' 0arlY<T 5 PP<lo DPD>*CHDI*</>g
bCLAAD>BCA=a *>% P *d* Do >¥ He<dnyD>-<I¥a® I Na*L*Da* A D*’Lo*M=o (Gamberg et al.
2005; Hung et al. 2005; Law and Stohl 2007). > 5n.<la.PN< NI DD oC P >V 5 < <o-*Lo®
B>ALYD>ED® b oA o g, ACbHPa 5o Dd*a *Neo® Idt/<IPPY oo <L NAGYAa >Vo*
>ILAS Do ACHSC <A PDECHLLC aoDAa® D*DbA>o g ba CI (>P>*C*DI

AP Dno T Acn<®Jo > 2003). AIC>ZT* b>AL*C> >*IT, Sd°NFDMt DD C><o- AbHD><
PPHC*Lo JdbSa>NC <L <DEPhYS oS ID*CP><* Do by ™ (cadmium) <<N*DF >LC ho<lo
oot <P DA DB U>Vo CP> <o d°H*D< ba*a o D' Dot <L PN*M>C A e *</*Lo
Do, Ctdo*Los Dotbe<lo® NNS*DE AL 5 CALAC PS> N*UD>Y b N o *hD> 5oL o

oa g SdN*DMt D*D =5 - Phny><* Do (Larter and Nagy 2000b). PY<lo-—<CP>*, CLSc

LI e DPP o< CULMT Jdebia M=o, DA C>N<TboTLI <IP<IJS, JENEDMt DD AbHD><
PPEC*Lo ACHAD>T*R>c >*DC JdcT?, 7-*Na D*DbAD>Vo CLAG* 8-0 b>AN*C>c >*Do*
a<®*IBAEDT>C DD M et <At (GP>FC*IN AP * Do T Acn<IJo*2012). Jdbsa <
LA b HLPNHNE DDAV, CLA e DPDAC <IPD*CP> o 5L DS CLd oL Jdc* o (AMAP
2018). ACH o> 53UVA DG APAR-<*=a ®DC b>APCI >*DC 15-g* "M D*

D D%BA>o o ba C>< ><Iva *</*Lo CLo <GJ* o 1990 ACH NI > LLPD CA Lo
>P>*C*Il APSa*Deno T Acn<IJo>1< 2003). <LD*C>V¥=a oM D* DA oCP*<—<INo¢
NPDL*D 0505 AP * D> 0%, oINA DG APAR-<Ia 5o, It b>ALY>*LC (Gamberg et al.

5 LeLGe L <8ar® NS b7 bNM S, bALAGE M, NMSIN*Me D, > CPo- 0 DLIRC>Yea o= 0% bLADAMY <. <*Ja A*NC
bNLA o~ LeLGe S > CP><*DC 0o W< BLYcn o1 Lelso® LebAne.
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2005).

DNASD G AR5 *DEC ACH T <L JdebdUo P ACHP o *<-<laMyD>*LC <L/ aC
CALAC*UDA*acSo® agDA*a® >P>*C*II (>PD>*C*II AP *Deno T Acn<Ja>N< 2017).
ACHPE* <L H<I*N= SN Mo Ao asa®Ib*>% bo% <FDIFC>Vea o g P/ ><
W*<e<o™L CL L 0%UNASDG® AP5a * Do <L A ACHo* Mo Jdba*NC IMr<tdba>M< Ac.
P> QP t<ecdo™ ANCPYa SLC bo® AP%a * D \PCH>BCLC <L <FD*C>bCio<LMC,
<AL bo® DFRCHILYALBLMC D> H2gC Dry>bCPa So<IL*LC <<NM>Vo. oacC
AL ® <P gD B> bBECHILYE APL SNNYT ot A EOM >YAa D> cbCio oo <L >

>V S5D>BCir oot a<* Do Ad<lcNo* 0a YT IRHM g Do BLIAC <FD*C>Va oo, Ldo<
AcC BTG NIt DPDegb (A5 DN<Tor <Ia*NPdS 2016; B> HLI® DT> <o € bNLAGE 1<
2016; <P>5D< <A%< bNLAGE N 2016a; AbH>< <%Ja*N bNLAGEPC 2016). P b><
¢ ot <L Da*/-c<do™oC Yo ANC>oG*CD> 5Nt <IMAo*\>bC oM o<

NP o®h 3bC oo 5 a <P*IAS Ad<-cbCa*NC Ac* o <A D%*’Lo* o (IPCC 1996; Stocks et al.
1998; Dale et al. 2001), NPENAD> Y= * Do 1€ N 5LY oS > HD>PC>< o> ot <L >
APAR-—<IbCia*Mo* Pl <o (Friedli et al. 2003; Law and Stohl 2007). Sd<N*Dr* L<L*d<
aP>N*DAAM o ST, 0a BT b>A D> diertd <o < Da /<ol Pl

<LIAR T bCLAAD>BCSa o b*U>a*La (A5 D>*DNM U AP ® D bCLebCio* o oa ¢
P ) (PD>*C*IN APSa* Do Acn<IUo>N< 2017). PY-cT o, A << APSAD>V=a So <
>PD>*C*I (CIolS AP®DC PS> NNS* Lo o 4.2.1) a*To® <IP'd¥eaLC bo®

AR5 *DbP<e<eaSo® <N, AP 2 bCia* o I>NB>< b DS, oal AN >aso™o®

QL 5/B>R 5o Po<abio*ea®, CALAT* 0%, <P"d¥=aLC bo® APa®*DC oal® AN AP*DA-S
DL o<1bCPa S Mot ony>< oM 5 CLI <L <FDC>HCio*M= ¢ <I<N*N< (Macdonald et al.
2005; Stern et al. 2012). <*D*C>¥>a So-*N< P >< P2 *<<o*LoS Avn<ID~C
B>ANFCD>N<Lbr o< * AN > DPPY>N<Lo<ILC A< <FD*CP><-<Io*C >V 5™ o€ <L >
ML 6C AR5 *D oS NPCH><-<lo*L BPB>*C*D<.

0a.EC ALSNDBLE <PCdo* AP5a * Dot > CAMLo <I*3No* 0al>Co® AYAAD>< >*Do,
B>ANFCD < D>* Dot 5 <L a C*IM 0 AcndD>< D> eg® NOL*N*CPL Do, ber®

D> _5n<aPCP>*=a SLC GN*DIM D*DLAS boAc™*U¥=a So*M* o (ba Cl DLYcno51¢ AMNGAN 2013;
DA< Ia AN 2013; JAA® Yo P NS B>AATD< 1Yo PN E 2013; ba CI DLYcnosc
AMNGARE 2015; A5 DN<To- <LYa NP 2016; SICAPNKI< IYa Nt 2016; <B>_5D< <IJa*NC
bNLAGE N 2016a; B>AACD< A tNNC 2016; AbHD>< <I*Ua NS bNLAGE 1< 2016). >*DNC 5,
Yo NS ao??L¥C PLIot D> A<I5DCBNAT<IH 0 CA>YPLYo? pal, /<L <cc<*Mea*Dg* dD*o5Ic
AS M AcCAYDPLE®DC WSS CDY A <Ibia™ CLA< AP®C>ILYE ALLADN® o>y D> 5N°
Ao*0° [Fo pac™o (baCl DLYcno 1 AMNGAN 2013; D% *D< <IUa PN < 2013; ba CT
D>LYcno SIS AMNGARE 2015; A5 DNt <Aa NP 2016; <D>_5D< <IUa NS bNLAGE 1< 2016a;
B>AACD< IYa PN NE 2016). ALSHIAC ID<otPLc DI <INt <L BT <IN >CIN* g <D
ATHCDPLRM o <P *CP>DCDC ANCPHVE AP *DD>PCP><-<los 1 > Hn<daraYo¢
SISNED® DD 5 (ba CI DLYcno51S AMNGAME 2015).

AR5 D™ 0% LPDPC>PLY=a S GENPDMt DD D DB AD> R E A B>ALYD> 5D Pr<lor
AAPYD>R-c<Ia*hD>a TYE D*D o oMy & Do APAQPNCH>R-c<o*a. ALAD>® b
A5 ® D LPD*Y DA~ AU M D Do, FDAWQTC boAc™ M AoAS <> Aod<ILAS CLida™L
TPIRNBH<DE Ao NN o,
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ACHC*<-cdo* < BLYAS <M g Mo ADYDbd° N0 halol o bN<-cdo*l*o°
BPL¥be*<-cdo M 4drLio (oo VT 4>0 4N Acf*D< Pondae < 8.3)

<LDRCP>Iea S € GNP DN DD E CLA<I ACTH*<<lo* e o ALY D DPDAC Id/Lo* = o°
NaLo*o ADYDBT o boA*LcPC>Y=a SN Lea>¥® b>ALYD> LLC. CAYH< PY<lo CP><o-CDC
ALLAD NG <Id<-<ILC <A S DPDAS, DI * <P LC AL a*<¢* Lo Pc—aD>< <L
ASAD>< Peca D> <5 DD oot <AL ASDIDAD>< 5> o <Id<-—<- 5Nt @ <P DB DT>
DD M e, bR 5e<IbCio o halo ™S <I>*LJC B>ANFCUM NPC> > SgenIre
DD ha Lo g <A LLC <P DB M EDTI>C DD oot <L > AbAcT PecaM o DD o6,
CP><d<5 AbBAcT PecoT 5 DD Irbia®h>Me 5Nk halo™ oo CA*do™ a<PIB DT>

DD egt, ho<do® CAPda*LE S NED* DD o (Zittlau et al. 2003). <o *NE >atbbCHLIE SgeNe DMt
DM <G AP oot DDt IR CHM g, IR tPLbC* D <Ay Do Ac N MM oo
>4+ D< QY PN 2013; B> oPHLL DT> <IYa N bNALAGE S 2013; <P>5D< <I%a N bNLAGE 1<
2013; AB5* DN ANt 2016). . <FIBMEDTI>C DPDME << = PN DI =Y ¢
ARCD a5 1€ P B>< P p*<c<da™l, oe<d*<-c<o*h>Pra ®>C,

5. Mol adda’Se*Mo0-2 DSLny>c

U o0 DGl y>v<
D>d<1 IC&<DC: AdoD>o<*II <Aoo DELAY>YE Ldo*L Acb®>C:

o CLT®dNtIr* D*D* ¢ pa.c P CaD boAMNAdHNS, ACDHOA*ar=ad- oM /S N
ABILTR0C,

o SINPDM® DPDC oM< AP pbCLC ADPIDBTIC <P bCo*a® LeDA*a* Do,

o SINPDM® DD pa P Co<tDS AB'NNENAY>HCP*aSo<ILC Ao™0%/Aod<I>> 0>
<Yt dD>¥a SN, Lt Dot Moo boAc*LcSa* o,

P <R o€ D*DAE oMot DGLAYD>YE CLEda*L NI D*D*C Hb*NNYLo*
At <ccdo oo ¢S o<1 <GJ<2031 (B>*DNMD deob 10 <ISGIAC PUo<IJE CLIOL <IFAP*dgsIc
boAD>PNNT® AcyD>o Lo BLYIAS <A H<l—So* e o D> <o T o o* NNbBb4 d° AocL o).

a s bCo o DGl y>ve

e CALAC*UNCD5N® NIt DD CLAo- ba CIT ACbHSo* o L*a..

o SIENPDM® DD E @ U VeabCi 5N acDAa® oal <L CADT ¢d°d° (CLdao <L
Adeo*Meo PPFCLNACS) DR *DN<IPLEHME ADYDDTIC <IDPa 5o 0 oal® <L
5BCPa ‘oMot (KN*NC>CAcL 5N a I U>BCAaRa o/ SNC>Y A <o 5N?)
Av*<CHM ot <o a I BCP a5 5N boACTDEME, A5 > P SN<I* DI SPa 5o T

IP—LPCL N

DA 5N® DB>PHCHLa 1S, <> NA>HCD>IE, D* Do > B>ALA, pa &> AbAS DPPa Y >
AN DPNC>7 N Ib M d NI DDA AP Mo IDP*an<IbLC <L AMAP*<c<IN*a“HN®
<L adDA*aBCPa 5N av*<CIbAY M0, CALACA<bLANLE. Mo <L agD*a o™ o
DGLAYD>NE AT bSLC CLA I DLYAS <M< Aot hbndbio* Mo, <DA*a >¥*a So* o' >

T PRED>P N LBP AN, <L C>DP*a 5N CLAe® oal® <L CAl>T ¢drt. CLbd<d DSLnyD>©
ACHALBLA >+ D I AP <INy D>a<IPN® Ao NN I CLd o™ DGMo<I® Do,
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DPD>PCH> 5N b oAMLMC DPDAC A g a 500 BPLA*aP*a L, Mo b>ANPCD>o-<* D¢ Ldo-™L
Lt sNe ACe<Da:

e DDA oo ®*\D>bC*La*Mo* Nodo DdG*/Lo**c*® <do>o<I*II.

o AUP<ES 0aAS ACHA*aP*a o> 0 <L boAD*gP*abC a5 boATb*N-5J (A5
P oN* D<o Pa %) <L ADAC boAcDr/n<tC g,

o Ao* 0% AbY*ARCDYA<IBPEHN® (A5 D>*ONM S onr*hatC>CCA<bio® > 5+ BLIAC
D> BCio o > CPYNb T ).

o  CALAC™¥=a %/ 5Nt <AdaD>a<I®D 1 (JeB>a P NTCH>ILIC <GLINa PYA HNE) <doD>oc>at.

6. o PIVe* boAcPPNAAS CLA D boAcBPNPAAS G~JLoSI¢
DGLnyP>o<d*De®

6.1 AcnI*JcdoI ATATCPILYC P0o*aC Ac bLIM7D>-c<IN€

ba CD>< <L DP>*C* DM C <A D*’Lo Mo LLAS, DLIcArN<dS, DLIAC > C><*g* = o¢
Db A <I®NE LA (oa SP<IT), AAS L5 AbA<IHAS, bac, <IYa NI /bNLAGL <1,
L<LD>*M<DE MNP <o <BD*CP>PLo<I%DC <I*M¥Nob Lab® D <Tr P eDN>Yo*
boAD>HBCH>ILLC <> “No51C \>ea-<So-5 1> NI DD oo <L av*<tC M eq,

Aca<ny>NE AYASCD> o < >R 540 A bLMYD><R—<INC Ldo*L Acb*><:

o bLPYD>ONE DPD>CP>LN' D B> “NrB>BC>Y 0 NI D Do 0a YT CA*do™*L oa P
Leltd*= 0, Aba AYSA*Lo d<eNenrtdS oalD>CendtdeS, DLIAS <> C><*g = o
DB <*NS bNLANE, (0o P<IT), AdA<oA > IYatDendc bNLM Mo, <Ua NS bNLAMGE M E,
<L 0a 2T, 0a2>C Ll d® INenrd M, DLIcAM I <L <Ia NS b A b e,

e biNo® Acn BN/ > N T, N>0<o-T*, BT <L > a > N*DAGTT® AcnoT oa /<
o0a 2 <> Nr>HC>0°1° AV >N T 0.

Cdole <A DL 5 CMP*Do* CIVLJIA® Pa*do Mo Ac My C,
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<A D®PLa M 5. @ Ad P CP>ILIC AYA®CIC bidve 5o6-C M AP%Jo-5 1< Acn<InYyD>c

darl®

<A D*PLa M </bD A BN 56-C

AriP*dos1c >eNed-o¢< Acn<nyb>vc

B> ®

o0a VT -<<Ncnr* <
oalP>Cenp*=D, 0a>C
LLAS-<<Ncnrbde <lo
M JA®Y D nrtdc ba CI

2a N -<INenrbde
oal>Centes <L BLIAS
<> CPo™ M=o BB P<I*NE
bNLAME (Loa SP<IT)

002 LRLAS-<<Ncnr*de

0a. YT /o0a2 5 oa vl
Pal>bthot? <D DLIcrosIC

2 NIT-<IN A
oalDCne,™ D,
MSJA®SAndtde ba CT,
D>LYAS <> CPo* o

Db AP<I®NE bNLANE -

00 /<, AbA® CAACS ba CI

AcCnYD>o*M a 5a A®CP>a*M 5 SdENEDM® D*DBADC, <GPPI C>Nbeg-Sa- < D* Db AD><R Vo <

CL*do*L ana A*CPo o boA* LR o o PPP*CLN>YG* 5BC o< Ldo™L <D*< a0

o AoAS BP>PLYDDBM/ADYDB o AN, ARNenoT > bB>rLYPNS, pba ™0 bD>rLY> o 0
<'Lo alyo® bBraPYD>Sd7D>No DN

o <*M¥Not CALA*c* BLYAS C>D*o* Nalo ™o DPPa<PC>o*M ID*CP>N* D*DAS o™ <
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NPD>a bCLMC, bo5_> D*ADAY LT BLIC <2 DL *<PDP pa o, CLAI< b>ALINNHAC
bN*A*CPYNEC ADPP<IPCPYa ‘o<I’LC DIDbA>< o *0* ha Y D> o Mg P D> AD><*D<
ACHST* gt <L Mo =g NNGHC>IL<*DE,

BEALHPCPIN® Loa DV /S04 boABPCP Ve D€ dN I D*DenoJ avbC*C* o
ALAPOC:

(1) 6LAY S P B <R <o < DPCP> <o ¢

P D> <<l ALLPYD>S% ALLA Do <o > _5n<aPCo > 5 NI DD oS, <P oo
D> HndarPCPYvot ARLCPbroPa® Nt. CnPT YAV <o, CnPT AL® AN‘c<-c<o®, oal
avlnyD><' Do W r*<-do*c, ARl *c ID*<*ID° <I>Nb*N-HI-LP <o ®, > 54 ¢
/dco® AlLn<do% 0 <P DAY LC dN*IM Do ave<tC* g . >N C>a ™ <
aPN*D*C>o* o P P> Pl boA*LPCP> g D*DAC av*<*C*" o asa ‘o™ o°

<K bC TN P P> boAP>o*Lo® < ANCP>Y*a a0 A'NCP>N?, ave<C*"< AL D>l
a>N®FDRC>YA<Ib*>C, D DAC M AP*<—<I*L*LC <L b>ANPC>BCCHNE <> C>¥ea SLMC
<L DA< PCRE LMD H5NE, <EDC oM P> e <c—<lo*LoS ANC>JIN®
AD>NGPCP>< Do <IPD*CP>V*a ‘g * g dN*IM* D* DM C a v*<C 50, Ao >a*0C,
<GPPLPCPYan<IbLC <IN D> oHA<aPC> <RI AYA<IbPN® (baCI DLYcno 51 AMSNGAAC 2013).

(2) BEAYFCo 1< Loa Y™ B>_n<Ia PCP>VE I DDA boA o0

CAb< INPDM DD CLAo L=a>¥® AALPYD><5NE boAM o, LA, <*o-<IPC>Y*a * D>
AN ®* > ACH*<-<DON® A'NCD o ¢ P D= <Y * <o, <L AP a®DEC pal® <L
< PEN N A b* Do AcndD>Yot ADPCDM* <D C>Yea SLC boA g NIt DD,
CALAc*L oS, b>rLo™ b oA o o NItd< boA Lo g® dNI* DD, <L ACbH 0o
AP DB AP* Dot a > N®D*C>YrA <> DPY>LY>N<o<LC ICHN o> =0

D> on<a®*IbBa ™0 boA*LcPCP>Na ‘o g D* Db A><* "< CLdo*L, DPPYD>N*a d-o*
Atbeo® MAP*Y <INy D> 5 boAcD>PNN b b <Iba<IL*LC.

(3) BEALNPCL o€ oon<JaPCPVE < 20t CAda *LhA*a® o Pt /D> bC> < Vot
AT ®h>a o oot DML, ACh oo ILPASI/ 5 DD S I BLVAC DD/ <D<
(apAS <P, ASBE)

CAJ a5 NAa DCLC BLIAS A<Dt <FDFC>PILIC A0S av*<CH g NI DPDAC
QLo BIELbBsaD> <o oo (AL <IUa NS D> HHIR DT> <Ia NS bNLAGE S 2013; <B>_5D<
<Yt bNLAGESNE 2013; CoHNKS <IYal N 2013; %A% D< Yo tNtde 2016; B> 5 H<IS DT >C
<Yt bNLAGE S 2016; AbHD< <*Ua*N< bNLAGE P 2016; Co5N<I< <IUa*Ntd< 2016).
CALADND>NE ARCD o5 1¢ o PR* DS SN A<D Cio o a¥*Clo >R HegC DD gt
TPRBID>AD> g *R>a* [ oC <ILPS o°. CLra DPYB>LY>N<In<Ib* D% CALAC* LS CAL®
boA>PNNT*C>Ya YL C <> CB N B ona o S Ava<oPNe.

ACHAYT oo C>* I M =g D*DAC, oIbC>NY=a oM CLEda>L IENEDMt DD I M o' >
D*Do® LraP>¥® b oA*Lo M B>ALYD>*ILC, PP<o <Dc*<c<IDA*aP*a®* D% Ao *LoC P ><

K r*<cdo*l. a P> N?*D*CP>BC o™ ocP>HCP>NR o< CA*daohNA*a D> atPra ‘o™ I o
D*Da® DPYBLYB>N<bondba<I*DC boN <L bo® <PDP*CPHPLI*a‘o**o* CLdo*L
D>_on<ara o < GNPt DD ACHo* oS CLA0® <M YD o oo <L < o<IPC><e
<AD*CP>bCP*a g0 CLdo™L.
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TPNFI>LEDC DD gt BLYAS, A5 CLAI< <ILRPAS, <P, AL MAR*<<<I*LC Ac* >0 oal

(A% DN<Wo <IWYaNPde 2013; DA% D< 1Y P NP 2013; BPHIR DT> <1t bNLAGE SME
2013; CoHNKS <IYa N 2013; A 5D N<or <IWUatNPde 2016; B>*A%D< <o *Ntd 2016;

D> 5P H<I* DT> <I%a b€ bNLAGE SN 2016; <D>5D< <IUa NS bNLAGL N 2016a; AbHD>< <o *NE
bNLAGEE 2016; CoHN<I< <IWUa*NdS 2016), AL ANCD>o51C P D>< <P *<<lo-*LoS A"NC>V=a 5L©
D>LIAC o PRSI D>Sa P> RSa g N DM DD =g, CALAG*L oS, AD>o*hat
DPYBLYD>N<PFbeon<Ib®>C <PPDPC>ILY=a g SN DPDC o PR BID>H <D o€ SIS HC.

P> CP¥=a PNt D* Dot o PNPD>H<EDE ADP<IPa* Dy SLC IN* It DD o M APA<PCP>Y=a Sa-5S,
PY<o DPYDLYN<bon<dbB® D CALA*ULVo® <> “N¥*a 5o T* AFLN®D>PCD>c D> o
<DD*CHo<LMC. <> CPYa S DPDIPD>H<DE BLIAC AL GC>* DL 5ot <FD*PLY=a SLC DDA
BboA T gt D> g W Mgt Ay Do o <N > o I<N>CY ™ o-0.

6.3.2. avLn¥>a M <'Lo BPLYAS \>*o<*C>a*< <'Lo I>C>a*M*

DPD>*CPL N <P D*CP>H<IAIC>o<I* DS <L <D*NNo* Mo~ CLA* 0 <> CD>*ho*
b oAC>PNNG* CAL ASTAD>CDo <> bD* b J=ao* DGLH* Dot CAL= S Aarl*C>iLo* o,
CA*do LA™ A <IDUN> g 5N* LA APOND>Ye b NSNCACLHCPo<* Dot > CHo*o°
DGlnY>Yo.

<IHPCBIIPCACN N <'AaPCPYN® ALaBo o dN It D*DoC a¥ny>< Do A CAdorL
2nAB< Do <L CnbT Pd*dc Abn<*DAB< o0

DI<I¥bbCio® <L PID>NbAYo® ACH*<cc<IDAa SLC BPB>*C*II (<KP>5D< <IUaE
bNLAGENE 2013; B>AASD< I PNE 2013; AbHD>< <*Ua*N< bNLAGE 1< 2013; Dawnson et al. 2018)
CALAG 00, > CBYA<b®>C <PFD*CP>V¥ea So-*C CL < Acn <o CALAG*Lo->

P> P n<Ib*>C PPCLAM T DC o oo HPLAN T NIt DDA, <Sa>NC
NayD>PLrA<IB® D Ac PO <MY harD> <D <P D*C>PLY~a * D¢ <> C>Vea 5d- e
alLabCn<dbio™ < DI <INDo<I*D <L ¢dB>No* IDa<I*D< CAL® <*ANCH>CAcLNE SI<NEDre
DPDMC H<LbCia* Mo PPHC o UD>bCio* ot (KP>5D< <IYa NS bNLAGL*N 2013).

Aar<ECYA<IBPDCD® <ANCD> 5P CACLyN <D PN GNP DD oS alnyD><¥DC A,
oA (DAL Ia P N*C). boMl, boA“Do?®, aog <L B AoA®hava‘c™ < Cl'dao

<P CPrNLbio<I* D, ADI®IN® o°nbdD><Vo o I’ Moo A'LnPYo® ad*<*C* o
AcCn7DPL N LN CLAe? APP*N*CP>rPLo* o, ADYDbd- 6 <'ANCP>bCo ™
aD>N®D*C>YN AL Yo <I*DC, B DIGHC>BC 5N . AP5a *D%B5o-5 1 <UANA“G-GAY® (455 I NNa*
Na S -cD>*Lo ] I o'H Ao* 0 AcndP>< Do) I CPHBCNIboI*DC L*Do® pa I°
Lo/ 545 palP>C oS <Sal>CP>PLYo, AALNYDPCD>ILONE Loa >V Yoot S\M>o<%Dl
av*CP>*anIbio* < CL*do*L dN*II* D*D* 0% 0a A <D*CPY*a‘o**o* AcndP>ia o™

<P CBrnLbo M BbbD>PD>ALM> NNG*PLo* o 6.3.4-T.

DNFN>BCaC, a P L bCa*MS, b oA LPC>¥=a S5 APAPYD><* D <LANLCP><*DdC A5
CLbda < <N bC*DIob-b Mo, PPDIe*, AINa* ha PN <*M¥Na* Ya db* Do <L

AP<LYAY o1 pal Do® <D <RYLC Do NI DD oo <L pa Mo J°N*DI*

D DB A< g M egb. CL*d< DPPo<IPC>yn<ES <> CP> N <ID55N ba T, 0a Y<MD, baCell
LeblnyD>io® <o IDBCSdyD> Yo (B> o HLIS DT> 1%a NS bNLAGL A 2013; B>AAD< <a NMe
2013). AvndBrNt, Itbro ™Mo <> “N"YN*ho® N PN NN LC < D*CPOI*CAcL YN\D>o<* Do
Di¥=a SN 0% A*Alc* o+ 5* Sd°NEDM DEDAS, ID—*NC>Yn 1PN, <DNBLLC L <> cNr<iPN©
CL*do*L a P> N*D*C>Yn <IbGy* D Ado-, IPr<I®C>HC 5N Ay <IbG LI,
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<HANCD>BCoa < SIENP DMt DD a >N D*CDo* Mg <L b>ANPCD> o0 Acn<YUa*Mo (4>
>*DNM5J <UD, <> CP>R¥o M QLo IR N*C>R¥o-*MC) ID*CP>H>I*CAcLyn<b*><
<L CLAd<D a B>CDANNE >R < Aa Moo ®< Ui S ID*CP>*Ln <1< (JAA® <a NS,
B>AAD< qWUa NN 2013).

Bon<daPCPvVoS <" DCPI<IR INAAC DIGPCB< o ABT I I*DAVa ‘o< dN*DI*
DDA Ao =o*

SISNEDE DD <PD*CP> H<IA L dN N> Y= 5o DIG*CALP<PCD> 051 ANC> Vo <IN
boA o g <IN bECFIE ANC> o5 <> NN H<IbCa* <. Pr<lo-C>*, CL*d<
NOLLYea*NEN<K-c<IN APAR-<INo® Acn<UNa* NP N*C>Vea SLC <*D*C> H><I*CALNC>H5N®
AP YN I DEDAC IMda>NC. 455 B>*DNMoY, boDAa® APLD>PC>JIN®

<Y A>CACLNC o g SIS NI DD Mo <D *NC>Yea > <> SNp>bN+D o

bLPYD> <@g+ o€ CAdo™L BLYcAMN<Ps 0 <> BLVAS <> C><*a* > o Db <q*NC
bNLA 5 (oa SP<IT) (baCl DLYco 1 ARSNGANE 2013), boAcD>PNENT*PLHN
D>b>P>ALBC Do IUa AD>PLDC oMo boAD>PNEN D SN D I oot IUa b AD>bCio*o®
AL BCP>Ro* NPNEN—<Na P 5N, Ao ®ho® b>AL YN <AHLE DPDAC Moo

boAc <o o> Moo, <L_> D*DC>bCia*M=g* b>pLY>Vo?, CLEd<I AbNCD>veq SLC
NPENNRea o™ ADo®hot <IDLha* AbICo<I*Do* <M<FdlLAara So<I*Do*

D OIP>SA>BCPa So*M=a* (Johnson et al. 2016).

LPNN<IN® AR * Dot I*D*CP<-~I¥a *Do-* bBAL VNABo<I*Dab bD'ABNIr N0
bLAB<*DC NN, & 'L *a<d*Do* DG*LVo* dN It Dt Db AP < L0 acDA*a®
avln<'C* o

ALA<5S® bLPY DY A <IbSa N <Sa D>CP> g€ D r* DN 5N AR-—<INNa<I* Dot AlLM<5PE

by <o € <D R<Neq *DC Lea >I* I ¥No* ha d>cPa* Do, <L D> on<laPC>YoC
DG o <* Do pac>a D*Ib®AD>T* oS (B>AAD< IYa N C 2013). AcnD> <o oo
<SPl nb® D ID*NC>bHCT 5N <Sal>NPE CAL* allabCoLC, ao o™ a* <L bo®

P eN*Co<LMC <AaPCP><* D SgSNEINMt DD 5, AD<I*IMt <FD*CHAGA o IDS—*N-51C,
A'LADYG > pa M aea o (AbH>< <*a NS bNLAGE N 2013).

6.3.3. Ac a<I®*NN'VNC bPBAL-CPNPAAS, <PAD>BCPH > AL AclflSo e

NPt DD W>o<I*CP>dro™ 'L ACHAa dra® AAND>Y*aLC AcP>Ya Sc 1"

b b N>bC>V=a So-5 15 Acnr>bC>V¥=a So-51¢ <[P o< <> SNA>Y ¢ <A Do

<A\ D*Lo 0, pac>o 5, bR BN oo 5. GP>LY=a PN 4> Vot AcndNPINhbso,
DPPBLYD>N<IboP=a.SLC dN*II*t DD, AbY o bo<I®Da® NN <L bP>rLYD>N<I®Do*

<DP*a ‘o™ AALPPCP<R*a1*D 0%, AcCnYD>rALoN Ado <ot brLYD oo, Acn<dbC o™ oo
Ao* 0% Aodh< o> 05 DPDDBA><*g*Mg. Ac>o<IPN*NAC IYa A< *>a® pbac™o AbiP>a v¥¢
PO D>PC><-<INo° CAL*L T b>ALNC>DCA*a So Mg b¥?NC>rLYc*
<LFCIP>DA*an D Mo oo, ID5a5 5 CP>bCA b M o oot >R 5*gC 03N So T
<LYaPCBCACLDBCALb T o,

AVMAT® ba. CLT, oa. VLl bDABNLICHVa ‘o0 I'L> Acn BN ADVa ‘oo
BBALYD Lo 0t bBAR-<IVa ‘o FL> I DHCPo I *dCPVa “*Do* a V*<*CeL * 0o
DDA Pon<IPCP Vot ba.Clm (A0 BONroJ Peb< XA <o Lo

< CdednyB<-<Iv0oC AP%a * DD oIS, Cnb>< ALJIC A6 0 B IVLC)

P> CP>DBCior* Mo >N o baCll 0a T 5 AcMyD>cnbDE SNt D Dot A>o<los S,
Ldo*L Acbn=oNt, pal® nalPCo's <aPNot, CAlbT BIdNdbio T, /< W <o *o*
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PN R-<ILA< o, DPD> BN SN <> SNA>a b Cio* Mo, Ary>NNDHBCT SN
<DO*CP7Lbo g AbAS BP>ALY DB M /AD>YbB o AN AN bPLYD o o <L
0a.C BPrLYM o P> NR-cLo**0* <D*CP><R Do, CL*dd Abv o b a<ILC
B>ALYD> M 5o Mgt >R A=A Sa-5 15/ AbICI>¥=a - o+ > NIt D* Do <> “Ni~a 5o,
<L*d-cnPUM <*OD*CPHAAICP Y a o1 <L <'ANCP O CAcL/ %o 0 D° Do A'LnP>x¢
asln?B><*c* o,

6.3.4. LcLAS <9D<LAD

Ac Lo boADPCPYa*>C APaPCP>Y*a Do’ B on<aPCP>{C A'YNDH*IDC <DO*CP>V*a oo
Lcle<© <o <D<ALS, CL™LE AP<Pa *Da® oac*c® baCcLS, AN L. > NAD>o o
AcnbNPd=aSo>Nc ID<ULcD>Pa oM< <ID* NN AbY®A*CD> 5N <ID<ILAS ACHPNE,
ACHALD LA o< LC N >o<*CP>V*ao<ISLC dN*I* D°DI*M< a.gc DA*a® oa *dD°F.

AZLPYBo T 'dN I DDA ACHUbn Db o I No°d° <aPN*SNA°<'Lo IDIny>V AoAC
0a.9IN 0, a*To*roc AoA/AoA<NIA“D oa dN*T0, I<NnoT* bBBAYI b TG LS pa A
IIHCPVa oo (B'LIPP> AN, BYG oo, PINVIbPa ‘o0, > G DenolS
X 0 0) Lo <‘abNhcn<iolo

ba CI <IMAP*/ 51 b oAcD>PN*NG?, A b 5NE <P M=a* NNbo® A’YNb* Dot NIt DD e
P> N T <L N> <PCPHP<* Do, (A5 B>* DN pa S AbH>< <IN« 2008; oa ¢

D> 5P HI®D® <15 2008), <aAgS1S AP<I®NC>ILIC, AALPYD>SdsNE <ID*NC> 5N IENEDt DD e
avln<tC* oo BLo o IDBCHC g ACHA<I>0* AL SCPNgPCPYo® av*C> R > g g*
ARCPYo (AA® <Y NS D>AATD< <IYa NN 2013; bAAIS bNLAGE < 2015; Johnson et al.
2016). Lelnby><t DS <L <ID®C>¥LLE Ko b>bCS HN° Ab¥sobo<I* D CLb o™l <Sa >CP>oS1C
AP<L*NC>RLYo* <> DPPa S N<IHCI 5N <IDP=a 5o <D CH>AGA Do <L > b*U>o<I—G>LE
<D*CP>AN oM NI DD o DG <L > CLA*0* ASN<IINA=a M<IbSo-T*
A>Zbn b o a® Lt HNe bLPY Do Moo <D CP>AGAM o *N\>Vo A’YND* Do,

7.  ACHA<dELAS av*Chea o<

APy >0 b oAP>PNPNAC or in an Acn<*ho® <“aP>Nc<o for the species. ACbn<dctLAc
a¥*CP>Ya So S a¥*CP>AND>SC ACHALD® D DLAa Pa So- = o M ARP*<-—<I¥*a So-*" o >0
DLYAS, LeL®NJS AcyD>PL*N<ore CAYPRe oYcle®Do?, B>on<da Il Do, >R+ ba CT
0L ® Do AcCnyD>rL5NE BLYAS ANCD o= 6 ACHN<bLA D 0 a P So<I*CH e
NNGEC>PLN® IMARP%PaS 1€ b oAc>PNNT®, boAcD>PNN 0 >*0< <SaP>No BLYcnvo.

NNG*PLa*= 41(1)(c) /<7*d° Ll o Lclb®>C P/ <Iny>o >0 boAcP>PNPhAC
Acb<IbSa Mo AcCnyD>rLio® DL oS ACHA<LAL av*CAKNM S, <IWSa o LdS, <L
>N b 5N b o AD>PCP>BCa<I* Do A'NCD>¥=a * Do ACHPe*<-<I>5C>¥a *Dg*
(NNG*¢Lo*~o Error! Reference source not found.). AcCn7>c D> 5N°, ALLA Do avbn7D>*hAC
>eg<JtCPYA<Ib*>C AN CP> Y= So-*Mob, ID*C> N> NNGHCDPLo M0 ba AS IDN* o
<aPCPvo, <<Ncno T s bR C> <Y gt Lo/ AVveaDNDBAD><Do®. CL < ba CI
A AP*Ia5 1 b oA>PNNG® @ 5>a APC> <D Ao N Ia M=o L *a®, DADHNE AD>o*<a®
<DA=aP>Vo® b>rL YNNG CLdo™L d NIl DD g, AcCnyD>o " CP>* <’*beo*c
ACHAALAE <L />R ADIP<I*C>o M Lo D>¥® ACHA<LAC a ¢ C>¥ea Sa-* < Sd°NEDM®
DD o AP <c<o<TC bP>rL VNNAS <DAa PPN,
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ACHALLAC ad*CP>¥a * D AcCnyD><* D ¥ ML, D*LA> 5N AD>o*< IDA=a >¥C
b>rNPCPrYLYo®, AbA-D BBrALYDD M o Lo ABPDIBIC <N A<NenoT 5 B>rL WNNAS.
AL OLC BALYNNAS AcCnyPY*a o Mo ACHONILAC av*CP>Y*a®*DC ba o
ACHAD> <> g, PP<lo- CnD>T ¢/d ACHA<LBLA D® AcCn<eD>rL*L.C Ctwo IAR%*dosIc
boAP>PNNo® (CINNP<PE 3). CALAG*L oS ACHAIDB LA o av®CP>Ia Q" NA o' L* HI™>C A
<YLY 5o 1S MM <L ago ™S DGD>PCD> Y a Sa®. AAND>PLYb®>C H>ANCD>Vha®
(NNG*PLo o 7.2). \a 7DPLYo® ACHPCP*a*Do® bPrL7B>7ndbaI* Do AYA*CP>Ya ‘oI LC
0a M ACHOAILD LA YoI*DC ad*CPDBCdco.

7.1 AcCn¥yP>or< BL¥ 0 ACHACLAS aveCPY-a A K e

ACHALLAE av*CP>ANAC CLdo™L d°N*DIt DD 0 AcCnYD>PLYLC aa da e <IN ™
Ac*\ BN <AL > CLPd o™ <ICE ACHA<IbAoN® (@ > dSAr<CH gt D> D<IH™ )
CLA*0 oal <L CADT Pdrt. Y- T, Sd°NEDMt DD IDBCLC <2 Do av®<CHM o
D>PD>*dC <I>Yrdes, <L o5AP<RC Mo, oA CH g5 <IGICL® DLo* =g, SdNEDMt DD e
D<o J=aSLC CLbI< ACHIT PPHCT P> _5+5C I ALND>Y¥=a * Do PP*Co, CALAGT*L.o_> <SGJCL™
0% AN bnIb®>C patdc Lo/ 5+ Cnl>*dc ¢d°dc. CALAT*L oS, Sd°NtII*t DD e
ACHALE <O Mgt <AL PEDND>NT* pao®, ICYo* CLA® 5 oa € <IDA<I*M 0 Pd 1>
D>lLo* g IDbCH*CAIbPCH o <IDP>a So<ILC. JA<<I-—CD>*, dN*DM* D*D* < ID*<LC
avod®*C* g <L boAc* Lo o val® o PR bA>NLTc<Yo<I* Do P

<K bCGoLP NI ASMD>DBCPac<I* Do (NNG*/La ™ 3.3.1) CALAc Lo <M<
2abALH®>C LA EOND>IT® a P *C* o <'L> 0a AS boAc Lo g <A Dot N I
PIvDGME o DAa 5 AP®ILYC NPCYa Acc Lo T ac PC*CPILLC A—<IDA*ac *La® P ><
<KAo * Lo, ALPYDHo o5 AlLnDNo® D oHondarCPyra o™ M An®?<ny>yra oM onc
SdeNtIre DO (NNGHPLo ™= 4.2.1). B'p* D N<An<IbGeC dNtIM* DD e QA PI<ILM
abPran<bio oot AbSAD>Y=a *Do* <o <A PEON>YoS ba o <> BNAD>BCPa *D o
AAPLNb Db *<E Pdibbec << 56 Ab¥Sa-bPa So<I°LC CL*da L NPC>¥*a *DC, P L,
SIS DPDPE <ID*PLE®>C av® < >*C* o PLACLIC o <SGILND>No* <ID4beg-PL Ty =o*
<A oMe Yot CL D NS> C o™ CdYy>beC*LN 5bC o™ 0 oa*d® <L ¢*dd-.
CALAG*UL oS, NIt DD <IN 0 pal® Pt adATan<Ib®>C AchbN<In<IbGr®

<K rbC oo IDP*a < <L a I*LD>Ar<*COB M e,

oo DD oS PrecD>AUD>BCH Lo ID*C>V¥=a ‘oM o* ACbn<IbtLnD>o o a llLJy*ND
<D*CH>LoH<PN® CLE o™ DG 5NE ENEDM® DD oS, AALPNE Lea>e®D® ALY >N o™,

Pl D>PC>Ya S AALNSYD>PC>o<PN® AALPY DY A <1B5Gy*>C <Mdot <2 Lo egb
avPran<dc®Meot CLA< INEDMt DPDAS, b UDAa P boAC*LeGoI*<E, <5 <ICY=a n.<Ib%/N®
adDAa® CAL* D*DAC 5B CP*an<IbLC CLA o <ISGICL® <P oA < CH > o DU DIA Q™
ALLAD> NG B> o<In <IN (A<D /dbbec H><I*N5J). ¢S o*h CLI b>ALY>o-h>—PN,
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	ᐳᔪᕐᓗᐃᑦ (ᓄᓇᕐᔪᐊᕐᒥ ᓴᐳᓐᓂᐊᖅᑏᑦ ᐃᓚᒌᒃᑐᑦ ᐅᓗᕆᐊᓇᕐᓂᖏᑦ 9)
	ᐱᑕᖃᓕᖅᐸᓪᓕᐊᓂᖏᑦ ᐆᒪᔪᐃᑦ ᐊᔾᔨᒌᖏᓐᓂᖏᓐᓂ ᐱᐅᓯᑐᖃᑯᑦ ᑎᒥᖏᓐᓂ ᓴᓇᒪᓂᖏᓐᓂ ᑲᑎᑉᐸᓪᓕᐊᓂᖏᓐᓄᑦ ᐆᒪᔪᖃᓕᖅᐸᓪᓕᐊᓂᖏᑦ ᐊᑯᓯᒪᔪᓂ (ᓄᓇᕐᔪᐊᕐᒥ ᓴᐳᓐᓂᐊᖅᑏᑦ ᐃᓚᒌᒃᑐᑦ ᐅᓗᕆᐊᓇᕐᓂᖏᑦ 8.3)
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	6.3.1. ᓇᐅᑦᑎᖅᑐᖅᑕᐅᖃᑕᕐᓂᖏᑦ ᖃᐅᔨᓴᖅᑕᐅᕙᖕᓂᖏᓪᓗ
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	6.3.3. ᐃᓕᓐᓂᐊᖅᑎᑦᑎᔾᔪᑏᑦ ᖃᐅᔨᕚᓪᓕᕈᑎᒃᓴᐃᑦ, ᐸᕿᔨᐅᖃᑕᐅᓂᖅᐳᑦ ᐊᒻᒪᓗ ᐃᓚᒌᒃᓱᕐᓂᖏᑦ
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	7.3 ᐱᓕᕆᕕᐅᓂᖏᓐᓄᑦ ᓱᕋᖅᑎᕆᕕᐅᔪᓐᓇᕋᓱᒋᔭᐅᔪᑦ ᐱᑕᖃᕆᐊᓕᒻᒪᕆᖕᓂᒃ ᓇᔪᒐᕆᔭᐅᕙᒃᑐᓂᒃ

	8. ᐆᒃᑐᕋᖅᑕᐅᔪᓐᓇᕐᓂᖏᑦ ᐱᕙᓪᓕᐊᓂᖏᑦ
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	9. ᐅᖃᐅᓯᒃᓴᐃᑦ ᐱᓕᕆᐊᒃᓴᓄᑦ ᐸᕐᓇᐅᑎᒃᓴᓕᕆᓂᕐᒧᑦ
	10. ᑐᑭᓯᓂᐊᕐᕕᐅᓯᒪᔪᑦ
	ᑎᑎᖃᐃᑦ ᐃᓚᒃᑲᓐᓂᖏᑦ 1: ᐊᒃᑐᖅᑕᐅᓂᖏᑦ ᐊᕙᑎᖏᑦ ᐊᓯᖏᓪᓗ ᐆᒪᔪᐃᑦ
	ᑎᑎᖃᐃᑦ ᐃᓚᒃᑲᓐᓂᖏᑦ 2: ᐃᓚᒋᔭᐅᓂᖏᑦ ᐃᓄᐃᑦ ᐊᒻᒪᓗ ᐃᓄᕕᐊᓗᐃᑦ ᓴᓇᔭᐅᓂᖏᓐᓂ ᐊᒥᓱᕈᖅᓯᐊᕆᔭᐅᓂᖏᓐᓄᑦ ᖃᓄᐃᓕᐅᕈᑎᒃᓴᐃᑦ  ᖁᑦᑎᒃᑐᒥᒃ ᑐᒃᑐᖏᑦ
	ᑎᑎᖃᐃᑦ ᐃᓚᒃᑲᓐᓂᖏᑦ 3: ᐃᑲᔪᕆᐊᖅᑕᐅᔭᕆᐊᖃᕐᓂᖏᑦ ᐃᓚᒋᔭᐅᑲᓐᓂᕐᒥᔪᑦ ᐃᓕᑕᕆᔭᐅᓯᒪᔪᑦ ᐃᑲᔪᑕᐅᔪᓐᓇᖅᑐᑦ ᐊᒥᓱᕈᖅᓰᔪᓐᓇᕐᓂᕐᒧᑦ ᖁᑦᑎᒃᑐᒥᒃ ᑐᒃᑐᖏᑦ
	ᑎᑎᖃᐃᑦ ᐃᓚᒃᑲᓐᓂᖏᑦ 4: ᓱᕋᖅᑎᖅᑕᐅᖁᓇᒋᑦ ᖁᑦᑎᒃᑐᒥᒃ ᑐᒃᑐᖏᑦ ᓇᔪᖅᐸᒃᑕᖏᓪᓗ

