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<L <+<2009).
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oot Yoo PND>< AL o <I>Y*dC bNAPCHH D%, F<I-AD> AL*Lo <L> AP d>< >GNT,
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A M a5 A'dCSat DPD><AD>A S DGMY® Clea b*LdSa*L A SGAD> <D,
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@ 5a AT bN* Lo o, Pr<lo C°d< bD>AN T D> Plbe >* DT DA T b>PALEAC
Lo oot Lo A D> D Dl AU C>YoC <IP>d< PP*C ¢ ba *a.*Lo (><C
<P 2019a). NI < tCYo© bP>AGNCioTC Acn<PNM€ <IDA=a >NENITE
DPYP<IPNo< Ac*la <L B *U>o Lo B>AGNFC*D® H<IC>o*Lo AYDYrn<c®
B>rbea-GAYa T CPda*L Acn/D>VoC.
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PAIN M gt B> T< Dl DGMabHlLI® oD>*—<1 (NDNA) <L_> PA7¥N*M=a* (MtDNA).
D> o5 o< PAN* 0> IDA° NPAYN a5 A™Po5 I PA N oo D oS oo (B><I>< <L
LP>N 2006), PP<lo- mtPA"YN a.sa A%P¥=a *D® a g o da.aM>VaC AyD>dac, A ><I*Dr<
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ALAD>>%® DU 0 ABALL AALPYD*LC 4Pt A%ILa gt (<> I M =15 1997, ><IHAC
1998).
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ADN <MD (2011) PAN 20 @ 5a AYACD>*DC 268-0° Dlc>a-¢ D% 5N* 15-0-* MPYo-©
B ECPNC>PLIC o 5a APdCSa <L, <ID% 5N D*=LANYD>YoS A Hb® Do b>phSaT <
(PCA), B> ® P P>*DC Ac Mg <ID>Y*de DiLe=C bN*=Lo>ia. >N C>o*L CALAMS>®
DLES CAb™LE JS (n=42) <MLL SI (n=12) <I>Y*d< bN™=Lo =g <A >*1D<, Pr<lo

PPCI>c >**MCDC PPHC ¢ DL bN*Lo*M>a* (n = 89) (ADL> <YM 2011). 2024-T, N JA<
AP (2024) D >*DE ICH Do < Pl CH Mot 60-0° Dl>a-¢ <L b>pc >*DC
<QNEDLH<LP NI CLAG® PATINME <A g->C b>AYD>a-dVoC PA YN Mg #Pe A% o€
Ab¥®A%DC | D*g-C bN**Ldegt NegPND>< AL*LC D> oSa*Ma*: 1) JS <L SI (PP*C ¢ A*Lea*Lo
(I>AACD® (I>AAD®: n=10), BB>AAD® (B>AAD®: n=8), AL CoHNI® (n=5)); <L 2) Al
ES, <L_> EBI (=g-*D% (<>g-*D%: n=1), PP*CNI® (n=4), b*"*DLA® (b*"*DLAY; n=2),
FCNLC® (MSNLC?; n=4), APAIR® (APAISRE: n=9), dLSe® (n=3), Aot (n=2)) (N JAt <P <0
2024). @ 5>aA%?oT< Ctda*L bN*™*LiaC <2 ea®*D% CAbo D**LAMY>YoC Acb* Do ©
BN C LA D 5 b M d ST e o AWa o1 C*PaC.

PANN M o* (MtDNA)

DL PAIN =g (MIDNA) b>ALFCIALATI®, <tL_s <ICNEDN<5d PARN M gt <PrpfPegoC,
b E LAL > D ba CP>< ba*a ™o <L bé_“¢C ba o C. A, B>PNLNE ba CT
bN®ASC> >*DC (n=29) (<="<« <P =5 1997). <IP*L b>ANSa D> PAIN gt (MtDNA) 433-
a* D> b>APLYC DL CAL™LE JS (n=39) N DM <Ay b >N DC CAd oL

<Yt CPNoC <P o0 ba CI AcDVo €, Pr<lo <A eg b >N ba CI 1o *C>YoC
Ac*Ma* (N LY PN 2003). >*L (2017) b>pitbeoc >*D® mtPA’¥N 93-0* D> ¢
B> GC <L bR >*D%® D¢ ICNPDNE PAIN* oot T2 Moo b*DC (PY<lo- 1.3%
<L PATN o ab) <> bR > [P A% g ogt, PY<lo-, CL*P® NNG*D®

A5 A®SC LM e M aHa ARYaTC <A PegD>Yo S ICNTDDAa n<IC ABALL [PYoC
B>ANLNPC >SLC (N LY <P, >UL 2017). b>phtbog-5a-T < Dle=< PAIN* o> (MtDNA)
A Ao®ha-C B>LGNC ba CI AbYDAan<c® PA'YN o, CALAPL>LE B> 5*Co< P 5LSaC,
DleP< b U o APy (LoCa <P 2024). PP<lo, SB>ANLAAS <IUa *CD>YoC,
<d<NEMoS1C PATINE, D> 525C A%YaTC Dl*a< AYD>Yn < CAL® b>AN T bo<IS >0

BbLCPNCBPLY I BP>APNAC SbBANCCP'YNIM &
QGJCLE Ac*L.o BPNHCioNe©

9 B M CCPNCP>PLYd-bALVo< &L Coa® Acrdc >*D Do b>rac > <IGJLIc,
B>AMPa P>*DC CGICLE Ac>Lo BNHCa*< D*LAN SN >N D> Do AT LEEJC
<A>YrdS AaPy>IC oA M C At C>N= SN P o<1 <SGIME (aoa APICE 1), 6-%¥C Ch*(, 8-
o P Lo Atbrac >*DC Ag-*UoS &L C*CP>N=LMC <IGJe B>*IIMC, L5 <P < P SLAS
ba My g >*DC (KL DGP<<Ie) <ID>Y*d< Ac*LoS a-A*LC*CP>- Nt <G o

<I>YD> >*DNC, PP<do- DNSo-*MC DNPN*Lo <IPB>pY D> D>D® Al D> NN <ID>Yde D><PC>AMC
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(HAS-3<ILehe <25 2013). PU-—*<® Db o d*LC b >*D% <SGJL* >LC o
A C*C> >*D%* ES-T <Y o™ g 2010-T, <L > >N D> ES-_I€ PS5 ¢C
<P>Y*Uo (e AdCE 1; ><I€ <Y< 2012b).

a—a AN 1. B CHICPAL I A L <IDP*a L v TGl ® > Coo IDA*a PNV T<
DPAP<IPNo< D= Aa*L o PNBC o< (PP ICV® HAv<ILb= I/ <> 2013, AcL<IPN<

CAL*L DI </ 2012b).

>cns QGJAS as>n BranyDrLY® aoNrre
bN=Loreo®
dla s¥< sppeC 2001-2002 2 LD P 5LAS AL C e C>vt 2001-T DN >*D< <>bLtdc Heide-Jgrgensen et
Aa->*LoS <q¢J°"L<T al. 2003
dLasN< PPRC™L 2001 <L 1 <ACPP* P 5L A C*C>Y® 2001-I Cdyb>tbeoc >*D® Heide-Jgrgensen et
2006 CPN>< AL o <5GJS CoL€ o JSLC BPN®N=5J dlase<  al. 2008
PPEC™M, o
APAN< ALAM  2004-2005 1 ACPP* P L% AN Ce*C>I® 2004-T DN >*D% Pa™Loc  Dietz et al. 2008
APAIN< ALA o CAbo Yo—¥c A 2005-T Pr<lo-
AMSGrbrgr >*D® ba va YU o6% 5o CoPN>< AL oS,
B 5D Al aAd > b 5<lg PPHC ¢ ><I*a *L oS,
DAY IRV >FD® <Y Do alon>L
a A A®CP > PN-LJ.
APAN< ALASL  2009-2010 1 <ACBP* P L® BPNC>D% APAN ALAL 0 <L Heide-Jgrgensen et
P ® <€ b>pYD>¢ >*D% > o D€ deo€ Pe[Co© al. 2013
b % 5o Yo 2010-T
Cr>y 2010-2011 1 <ICPPTE T DL d T C>¥* <Y 2010-T Watt et al. 2012b
CPD>5E, P> >*D% CoLPNB>< ALM o, <L BN%N-J
><I*a Lo AMGA*ac >*D% Ao *LoS DM C ot CID>Y™
CAJ™L APAN< ALAML 0 ¥ A 28, 2011-T. Coa Ta
CAbs*=a c >*I% APAIN< ALA o L5P™ o€ C*P o
ahLC™ bAoA o DDA 10, 2011-T
B A ST 2006-2007 2 L5P* P LAS & Ce*CP>¥ 2006-I >N D>*DC <P>htde Westdal et al. 2010
AL™LC Ac*Lo¢ <GI o
><I*a Lo
PLPGRA]S 2007-2008 1 <ACPP* P L AN C*C>Y® 2007-T >N >*D% Heide-Jgrgensen et

<LGIM o CAIMNA=Q™® Aoy o°

al. 2013

<P>7°d< Ac*Lo PNbCo*I*

103-0* B*LEC*NCP>PLYIC AL Co <IDAa >NNPLIC DPYN<IPNoC <I>Yrde Aoy>N¢

PO DS Dl*0€ ba CI <I>Y*d< AcyD>Aoc. Ctd<d o-d*LCE CIN>NENNE CLTbLE
(99/103; 96%) DL CREbC®D I>Y4d< bNWUD>AaC AcD>V¥aC AYD>N-5NC <I>Ybd< (CALS
<P 2001, CAE P2 2008; Ld <> ><I€ 2021; aasa APICE 2). PP<lo-, NKLE Dle<
(ALAS 2017-T <L <IC>P* 2010-T) o d*LC*C>¥* CAbo ES D><JN>*D% Al <> SNAD><
Ac*Lo <IB>Y4d< (24 N Al 24 <GPPI DR DYoo LCSC>se N 5. 2017-T, Clra

DEM >*D® 36 <50 CAbo Al I “NAD>Y< Ac*Lo CAb™LE bN=LME 250 D> >0 (14%)
<P>vrd<, 19-0* Dle*aC Td*LC*FACD>*DEC (Ld <L ><I< 2021).
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a a AtdN 2. bNo U1 b CHICLAL VI o L CE Dl 564CPVE <I>54d< (24 ve.A CAI*L 24
) CAP< d L CE <IDAa bV IYa o <o <I>54d< bNAPAC <I5d. bPAL>— P LA
T ULC*APCPUINC LD <P A< ‘oMo <> CALAYL PULPDAS < Ac. o Pr<o- <IP54d<
(Cdsd aaA'dC AT Td L C o D ot T <IN T Do o “LCE <I>54dS Cdod <A YT
ATl <L A2 g d LC 0 BLAN T T <IPL I <o <IPLP N DJ AFLMOS).

as>NL bN*ore
bN=Loreo® <A ap i A LCE< B>bB>r*hAC
Siec
dLa s¥< PpeC=L 0 16 ACM*DC DL TAMCH S CAb*Mac >*DC dLaSv< PP*Co
<> NAD>Y< Ao Lo <I>Yede,
APAN< ALAS 0 40 ACHM*DC DL AT CAbT M a > APAIN< ALA o

<> NAD>< Ag*Lo- <IB>Yede.

PPEC o baa™,  <DA=PAD%®  IDAaD>D® P lSot BMCCHNCH>ILYIC A LC*AACD>**M<DC PPPC

ba*a*lo

Cr>7e 4 47 4-%3 47-0* Dl &M C™aC CYDYTC DA > >*DC
<ot No APALN< ALA Lo > NADYE Ag-*La <I>Yde.
Cd<tbgC 11 b CHNC>PLYIS oA CE AcyD>PLIC Dl o°
CPDYTE, Pr<do <GP C>CA~a c >*D P<Ihede <L > CALALES
Ab¥S-b* D DPYP<IPN oS DA >YoC ™Mo <> CNAD><
Ac*Lo <I>7°d°.

AcnoN Bonda DL L® bB>aNeT< 4Do BDNoC

ALTD>Cntrtde o>AAG® DGO >*DC b>phdy>< 5N > on<la oo <> No <
Dle*a€ 7-0* <AL >*INo <M< Do >R 525 bN<<*Do-¢ <> No-¢
bN**LoB>V¥.0¢ DPBPNC>¥® di_a. DYSGUPLIC B>ONT AB/B>NDA*a* D NhLo® AAY*DoC
NegPN>< AL*Uo DL bN** LYo C LeaP>¥® Achny>rPLYoC ba Cl, CALALL<L>, ¥ ALA*Lo
QLo PPHCDY%* ALM o bN**UNE b>ANPC>IL D Clo

DELAYD>E® Co AL B>phSa-s I DPC*NNEba-PLLN Dlc*a-< bN**L¥a-<, PP<lo- b>rNPL-5N®
> ondaso*lo ACHPF*<-c<do*Mo® DG Yo Do B>ONIE LA HME ACHH< D¢
bN*=*Lo > =g* <ID*CP>IC D> <> No51 ba CT (<A< 2010). >oA<da*DbsL>L®
B>pPSG® DG*>% H>ANSa-TC DAY Lo <Do >DNIC LPCY*aSa-*M=g* DLéeC. bo®
ALTD>Cenrtde AALMLAUE LPCY=a SaTC A'¥Nc* bN**Lo*Meg* b>ANPC>'¥N oo
ACHN<LL® D> 32g-C B> C> YN oS ACH N L%, bN Lo =g*
AALPYD> <5 5N b>ANPCD' YN o 5o-A HbN<L®D®, ACHA <A Ao D> 36 >LC o
D> 5% Da-C MN>NCPLYoC <I5GJ0C 15-0F, P MDA C>V® CoLo€ <G, <L
Lea.c\¢ DPP<PNENE B> 5% Do PO >PaSo*Mog L />R 5+ DGbCia*N<; Cr<oc,
LPLEN<I%a- 1€ N> <IUa o5 1¢ ALLPYD>RE <15 5N NCCoC D*LAD HN® Sdiel>g-b<l®
LPLoS1S NPCP>Yea®D% (Hde <LL_> *Ch* 2007). b>AN*CD>'¥NM oo~ ACH oD o, A5
Ol ALTP>CenitdS DA ACHIA*an<dc>o DLIAS Ac®dr*Lo bD>ra o T
A®CP>a*Lo (PBR) aa A®YSaT< LPCYa ST (HM= <tL_> *Cehe 2007). DGLnY>¥
ACHIA*an<dc>o DLIAS A*C>a*L AAD* NN bN**Lo* =a* NP>No I N>a-*< <
LPLEN<WSotd< B> o5 *LC <I*a*L (b /Do DLYAS GeN>a <€ P P>So-51¢ > o= o)
(><AC 1998). B> D> Do B*ONIMC <ICo, <IDAUSIS ACHIA*an <o BLIAC
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A*CP> oL B>ANoTC dN*a*Lo- <a *CP>YaC I N Ly D% PO D> g
bN*Lo* o

<JC** DS, PBR a N *CD>c >*D% L* 5NE B><< (1998) (ICo CdoJ) <Do- B><DNIS, <> PBR
<A DFC> > ID>ros 1 aN>NL (1.28 [.SA2008]) aNAcS1e <*PP<I%PLI < bN_>MC
Ay *NC>YC pa *CP> 5N AYD>C (TALC) IC**D o< B>DNoC.

ACHIA*an<c>o BLIAS A®C>o*L = 0.5 * Ryax * Nuin * Fr

al: Nwmin = N/exp (z Vin (1+CV?))

20 >heN*Lom al oo MY CYeS B o' *LC <IMa™L (asa AMCE 1) (><IAS 1998)
bN®ASCI>PLIC N-TS, D05 MN>RCI>ALLE, <o DG bINRE A=< (CV).
z= &'LD% <o aclrd® 0.842 CoAlL 201 >hene,
Rutax = 59N> < o \>C D> o%r<-<INC bN*™Lo Mg, NACA @ \>NL b>ALY> 1N
C=alP>2>* 0.04. > oM< 5o 0.5-T< <FDAT*L o Ayn<\Do*LoC > 05U o°
AP* <o e,
Fr= ACHtb=a-5a-*L DGM® <G#peILe® 1.0- 1€ B>LN<IN Do b (<A <AL <A™ 1997)
LRLeL*CH ACHba-5a- L DGM® ID*C>® Lo \D>YaC \*PCD LYo b>MAGTSIC
D>BD>'YATTE (DaP>e-<k-dP* <™ < 2015).

bNPS AYD>Y=a *NC>C pa *C> 5N AYD>C = PBR/<IPUras1c a \>C (1.28)
<IPD>AYDNC @ NN bNT oM AYa Aot dS DI Coa™S (AALL NS BLYAS AYD>VE, D>LYAC
SPPECI>NE QL IPDAYDYS, <AL bYD>o S BLIYAC APC®DC QL5 DLbeo*D<, A 5MC
L5P%a® (APLL PS8R« 5 BLYAC SgPTC>VE <UL 5 BLbo-*D< Dd5N* AP 5o°))
<A HJ AYP>N Do (A< 2008).

AP MN>NCPLYoC <L CV Ac_bd™U¥oC bN*™Lo*o* bNC> > A5, >*DNIC 2,
EBI <'L_> ES <l do-*P* 5 bNC>>*D (CAb**LE a5a A*dCE 2), CALAJC> A% [P=o-* g€ CV,
<N Npin, <Lo> < o-*5 € PBR bN**L¥ 0 bN*™*Lo-* o (><IAS 1998).

BN <D BPIJE, asa Ay C>%he >*DC ><IACIC (1998) <L P T ID*C>< 50 n.5AC
<L 5™ (2015) CAIM o B><IC <=2 (2019b), oB>phSo-5 1 D> sn<a o *Lo ACH™ =g *\>g5 ¢
MPo*<oC bN**Lo*M=a* (C/D>Y®) D*LAL SN oCUNE ACHIA*an<c>a DLIAC ASC>o*L
ANPCPPLIC, B> oS 0 boAc Lo =5 >IN IDA% <GP %YL ASHJ ACDHIAan<c—>o
D>LIAS A®CD>oL. B>CONME, AALSJC IC*DC bNLME AYD>Y¥ea ®*NC>IC a ®CH> 5Nt AYD>3C
AYD><etd® <IGJCLE, <L aNAbeo- b C* DI PBR-*o- <Ida D> L AYD>¥ea * D Alb*Ire
SHI>ALYD> > LLE,

<Aoo B>*DN ID*C>Y* CLo AcH®*D%* Acnos¢ C-LSo51<, W, DS >o
<AL gD>YTE D oSa* 0 AW e o

Neer = We * (Nt + Nt * Rmax [T = (Nt /KP] = ACBIA“an <I—%o BLYA A*CPo*L)

al:
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Wi=exp (z*0.05-0052/2)
z = is a random normal deviate = (-2*Log(Uniform(0,1))*Cos(2*n*Uniform(0, 1))

ACTHSLLLE B>y diaS Acc CCPIME GPYLITC A N>NME DPCPNNTTC A ¥¢TE CHL®PLIC
BboASDDAQ I >AM 6 bN™UV0oS, D B>*CSC ah>N 0.05 <ID®CA% A4 <L b™ (2015). Cra. &N>N <Trrb*D
aP>*CHCE A€ boA—*Lo*1C Ado BLYoS D™ 0 <IP"d H<IP=a NI (L.SA <L Y™ 2015).
N; = bN*=™Lo*Peot < oL <GIME t; NO C>*L ES AP<I®D® 2016- B> o0 *LE MA>LCHPLIC <o

12,039 (Ld <t’*P=_> 2019)

Rinax = 99N> < AyD>¥ea * D¢ A \>C <P YLI® /CP>Y o 0.04 (CdJ® “dé_or)

K= 8*PcD>* N0 <*a™L DR 5+g Ty CP>N® bN*™*La g, AF/LIYD><® 25,000 (n.<A<
<L Y%*2015)

8 = NarloL.o® <o, T ChRo ‘I NP o *< IS A>c o™ 50% K (AP®<-c5a-1<)

10,000-0* B>*DNaS AL D>*DJC <H 5 4P JS Ud>a A€ 95% a LPryD>3® bN=Lo* eg*
ACH TPt onD>Iy>Y® <Da B>*ONIC. ac >*C >*DJS CALADA*an < bN*=La* =g
ACH= g *8> 5N G C d<eNa PSa*TC.

>*ON 1

/L E A 4 b Lo o EBL ES, AL <L SI): oC J¥NCALY® <o AC>VE Dos>o <
BN (n /€ 2071) D UA* oC Yo H<IC DAY T I BLOALYDVT < I > Ac > Dl
Boon 5 < No I bN*“ULo>voC a_sa APCPALYE AL THCenrtdc (2020), Ctd< (1A) <L
ACB* 50 (1B) Ac.*d*L v <IGJ A><o.

P ®<C AcPyL D>*ON CAIML (1A) AALRE Cod<T EBL ES, Al <L_> SI Aé_*d*L<< bN**Lo* =g
QA A®C>NE ASATE (2011) Lo <IYa NS TENLCT, APAINT, SPPeC<IT <L

b DULAST IDABAB>NE bN%* A% g€ bN*=Lo* o D>P<IPhedS <tL_s B>ASMLh S
HHECEN=NE (A5 A bd*Leede <I5GJ A<lo). ALA*a<IGAPY>¥a*L ST (2011) Dl
bNSb/>N<R=NDE IP>Yrde oC=Y*NC> > A/D>'ro- [ > o Da€ D> ES-T€
><bHC* Do Al <I>Y4d< (9.76 >5N; CdoJ aa AJCE 2).

<Y CP>RE Dah>a>1 B>4ON AbINA® (1S 2011) IDHCH> B>*D% b>pLSa T CH ML
B>*DNMe. CALASYD>>LE ALCATE (2011), AYD><~—<INE <G*P/Lc >*DC A *a*lo oa ™o
(BB>AACD®, >HARD® C_5N<® LR, A>T <L Mo GrT), <ID® 5NE a\>N*o Lea >
AYD>N=a #* DS AFD®IMC (450 DL ALT>Cendbde 2023); Pr<o, <*o®*D 1 <L Ab>*>o¢
PP D> LD Y AV C PP<lor AcB>N*Le >*DJC EBI <I>Y4d< DLt C>C Cre*>{LALC
bN*=Lo* o,

ACPBP* AcBGAY® C L AbYNENIS AL <%Wa o Do bN*™Lo* =gt <ID>Y*dbcC*I%,

C LM Asc™UoS, AN P>*CSC Al <IWad*aD>V® <I>Ytde AYD><-—<INoC

Pl <I*CD>PLYoC Loa P 5* N*PC> VoS <IDAa>¥oC B> *C>'YNM oo~ (2006 > 2015;
D><1€ <> H<= 2018), <I>Y*d< DPBH* D% 24 I A 24 <P IC. <ID>Y*d< D>« 5> Lo >NC
DPBPNCI>IE A bd*Letde BLYSa<I®Ntd> o bD"r b o ba CT; PP<la-, D> 551 24 d A-24 <'(¢
<D*CP>YE Ctdo>L B>*DNo< DPBHPNCH>LC D*LAdc>0-C P L5 0 B>ANFCD>'YNMo-So*
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o<IC>YLYoC <5GJ 30 B>*LC oS CIN>NENNE DLES A H5BECHD bN=Lo oot 24 <7
>Co. boboa<1JS, Ctd<d > 5AC ID®CP>AC b d< 5N* b>pRSa5 1S AcnbNMD< <t J<lo
CnDC CADT>CAS >Arcnos1¢ AcnrlyD>y=a D¢ (NAMMCO) <Aoo Dl <L >
B> _5HCE P 5LE B><Iva Lo <A +NF <L ba CM/bé > 5a.C b blhe AD>*A<g5
<AL P> NS 1€ Dle>o€ Ao B> 5*Co© P LS (JCNB) (NAMMCO-JCNB b= 5N®
A BNPDE 2021). D=LAL NS Crd<d DAL, <Yad™o®hD>c >* D <>Ytdc 0.47, 0.48 <L
0.24 oa.c*.0° CAbo Al ES, <L_> EBL, AFLP M.

bNoPS Ay *NC>YE oa *CP>_ 5Nt AYD>NC (TALC) D**LA D >*D% Lea.c\Sa* D> oo o
MA>A®C>VoC <AL B>ANAGSIC >B>VAT T <IDA*aD>Vo< C*do™L > oo oS (Dab>--
<=dP" P> 2015, Ld AP 2019) (a5a A*JCE 3). LeaD>¥® AyD>Yea *D< A/D*D <, Pr<o,
ALLPYDAC <> SN ot dS Tl > LeaP>Y® 450-UNC dLas¥< PP*C Lo, 195 APA<IN< ALA™L,
190 C/B>5*, <L_> 300 PP*C >* ba *a *L (ALSTD>Ccnabdc 2023).

D=LAP SN gAML CE o< DPYP<IPNS N HPC>C Sdé_o, AL D>*DJ 9.76 >4*N Dl ES
BHCD>®DC AL- € I>Yde. CALANLS, Dlc>o< <Ua Ava D> AL-T bN*=L¥< CL*Po* bN*Lo*M=c,
<M Ao AL bN*=Lo- Mo (N) bNJ b YD>a*< DUe< (9.76% CiR*>LC 12,049 D>< 55 1,175)
HBC*D CAb™LE ES CAJI™L AL

B>ra A B>*DJC AN, AP<I® 5C AYD>YoC 50 Do bNoNS AYD>¥ea *NC>IE 0a *C>5N®
AYD>RE NP _5J a N>N*LoC bNoPS AYD>Yea *NC>YE oa *C> N AYD>S, b P>Nad.
Poeadc >*DIC G*PP<IPNPNaS ALACD>*D o€ 1) I a®<UNNNE bNEDPE IC*D® AYD>E,
2) <P o®<UNE AYDNE CAbo Al 3) ES <IHL> 4) EBL, & 'L*DIFNENP=ac bNEDNS AYD>NE < Do
bN**Lo*M>g* <ICa bNoNE A *NC>YE 0a *CD>_5NE AYD>YE (a5a AJCE 4, <rJ<® 2).
Cleo >*DNIe, CALA<>® 38.5 >N CALADA*an<c® ES ACH™a*5> 5N° 1GJo©
<]<Ng°c.

BEIN 1A - C/BYSt bNoalc
Thb ALY BYC Sl dSasne

B3 9%0%
O 95%

ek
&h

L3
L=}
I

[3h)
&h
I

L]
(=]

in

J————

b=l g%Mgsnc (000-NJ*)
=1

o
1

L=
I

L 10 20 30 40 slﬂ
456y

LRAYL® 2 bN Moot <o Lo/ % D% L5V >IN TA << o *<UNTIW® NP vo<
CAP5TE (ES) 1L EDINTI*6 € b1 APV <D b oo <ICo b AsD>va “NCP>VE
0d *CLON* AFP>VE

11



APLNPBPN oC IS Dot > Node
>P>C*D< oa Lo d%ptAerL NN

PUe*Lo Ac Lo B>*DN (1B), 5BC*D o< IUa oS¢ g-d*LCCH™ *da, (A5

A PPN <G Ac™Uo), AdLSJE IC*DE AYD>IE CAL=L*DC <I>Y*d< bN*Lo-D>Yo
NSLo® bN*=La*Mc*: Al ES, EBI <'L_> SI DULéeC. C'<a, ACHDIA*an<dc>c DLIAC A®C>o*L
<L bNSNE AV *NC>IE 0a *CD> 5Nt AYD>YE Do bN*™Lo* 0 a.s>a A®C>LIC

@ 5aAdCE 4-T. CH I D>EONIC LPLEN<Pa S <o, ICHM D% <o o>
<P>YrdeH5q®D® DPH*D® 24 J Al 24 <Y1 Coa. D>*DNM Y, CALA<>® 38.5 >heN
CALADA*an<c* ES ACH* g 8> 5N <I5GJoC I<NaC. I/<IIL®, b>phe >*DJC >*DONIC
<AYa 5N PP<No AMGab® NN (A5 Do 24 Ve A <ML b P<c 24 GY) <L o

AN D>*C>C LPLN<ISo*dS bNoNE AYD>vea *NC>YE 5a *CD>_5N* AYD>YE (@ 5a AJCE 4).

>*DNoC 2-5, Doy >*DJS DPP<IPNGC bo® bNLNE AyD>vdea *NC>C pa *C>_5N®
AYDNC 5CoC aN*C>V¥o S ACHIA*an<dc>o DLIAS A®C>o*L Doy>LYSL L <> “No-s 1<
bN**Lo >0 CALA®c*Lo% A*LAcC APLPY N ot ACHDA*an<IbSa*Lo b>rLSoTC

> 5 <a®DoC ICJS Do CHIY<a D> DPONDI®, Poc®<L® AD M eg-®<® >IN (A)
ACP*D® ACHIA*an<c*a BLIAS A®CP>o*L Doy D>I® CP>Y5 IS, (B) PL*DAS

No SR CP>rLYo< <> “No-°1° bN**Lo D>V o Moo (ALLPY>S% Ca.> HAM), <L (C)
PULPDAS® IYal e DayD>o*<C > “No-51° bN*LoD>¥oC a'L*DMN< b Y>o* 0 Ao™ o
0ac*D>CP>YoS Ao <I>NI bN**LoD>{ oS (PPCP o a N C>o*C A 5™ oS,
0a.c<PDYDYI® pa > Al o DA™ DLb®D*D).

aaAtdN 3. ACbIA*an<I—*c BLYAC Ac*d’*L o bra/*cT A*Clo Lo (PBR) <. b
A5V S ICVE 0d *CL_N* A5V (TALC) AA<IV< ALA o€ (AL), CAB5% (ES), PP*C_>* ba *a * (EBI),
Lo dla V< PPHC o (SI) Db 6N om0t <ID® N ol h ot A *PCPALYe< <o o

Y ECDAL Vo< <IH_> <AL= 20 (CV) Dlc=< b1 Lo *0* ba. CT. "a >a. A #/Y® b1/

A5Dvea YCPVE 06 BCLN* A5V Dob>J*h € a.—<IDAa I <IJa AV ba CT, <G A_><lo
bl H><IPo.

bNore
ACHBIA*andc o  AYPY¥-a*NCPHV

Bl e gub ¢ ig=oc ! "
bN*Lo*fo* <°GJ <Ao< (CV) BLYAC ASCD oL 2P CB A
A7>x< (TALC)
AN
ALASL 2013 35043 (0.42) 498 389
(@i ol 2016 12039 (0.23) 150 117*
PPeC
b L 2013 17555 (0.35) 264 206
dlasi<
el 2013 49768 (0.20) 842 658
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aaAdN 4 ACBIA*an<I—*co BLYAC ACCPo L <I1L_ b1 AsD>vea “NCVE 6. *CL1* A5V
(TALC) <ID5* <ID® 51 sl b ot A PCLAL Vo <U o0 A4 CAL Vo< Dle-C b1 ** Lo c*
ba CT. <IP54d€ al oo <IDCCLA®* <o CPVE Yo <@ CPrLVE BN Crd<IUc > 047, 0.48 <L
0.24 ACA<IV=ALA L (AL), CPP5% (ES), <> PP*C* ba *a L (EBI, A><I*IIS <> CALA >0

N AEDV>a Y ICPVE 0d *CL N ASPVE B0n b0 <IGJ As<Io (TALC) <> <I>5d< (TALCs)
4SPCPVE AN AP a A D NP DN 0 H< I b NsD>vea YICIVE pd. *CL>51* A5>VC
Ctdo*l AL ES, <L EBI 61104 AAL /P NoT < Ctd<1 9.76% ES P SLAC <IDA*a >V CAbo Al

bNore bNore bNore
.C>.3“~J<‘a->€c bA“Lo oo /.\C‘bDA‘.‘o.n.«-‘a- AYP>Na*NCP>YC A7D>Xa *NCP>Vc A7D>Xa *NCP>VC
BNV BLYAC A®CPo*L oa*CPoN® oa.*CP>oON® oa*CPoN®
A7y A7PD>N<g AY>NM.s
1A <G Ac*Lo - APAS< 498 208 181 389
SJeNe_ > ALAM
bN <<= 5N Cr>y 132 54 49 103
Lda ol PPeC e 264 157 49 206
CAbo Al <L ba*a L
EBI dlasi< 576 - - 450+
PPRCL
<QEJ Ac ™o - AN« 434 181 158 339
sdNe_ ALA™L
<arlros e CrDy 150 61 56 117
ES-T PPeC ot 233 138 44 182
ba*a*lL
dlas3< 576 - - 450+
PPRCL
1B ACH* <0 APATNE 513 0 400 400
<QEJ Ac ™o - ALAM
<B>YrdID< CrDy 135 104 104
Lot PPeC ot 264 206 206
ba*a ™l
dla Sd< 842 0 450 + 450¢
PPRCL
ACH> <50 <TGJ APAISN< 444 347 0 347
Ac*lo - ALA™L
ASGon b e CoDy 73 57 57
Lo P CPo™e PPHC 264 206 206
PHQO’ - ‘dCrTL bo_%o_%b
Lot CPre dlasd< 576 450 0 450+
CAbO‘ AI <LL_) qpquc%b
EBI
ACH> 50 <TGJ APAISN< 421 329 0 329
Ac*lo - ALA™L
ASGon b e Co>y 9% 75 75
Lo P CPo™e PPHC 264 206 206
PHQO’ - ‘dCrTL bo_%o_%b
<o tCPv©
CAbo ES <L
EBI
dLa S¥< 576 450 0 450+
PPECL

13



APLNPBPN oC IS Dot > Node
>P>C*D< oa Lo d%ptAerL NN

* CALAHDLE 0 ST (2011), 6o AbDva “NICVE 06 “CPN* AYEE dld. < PPHC Lo (SI) TPCC>D% DG >0
AP %D A/B=IL <

>tON 2

AAC AUV <P oI bN** LYo ACH Do <Ihd< <> a /L *<—<Jo /<
G A><Ior: i) b%A4ALY EBI <L ES, i) AL <"L_> fii) ST 61710 v<,

A*5Go5 1S Yo 51 AL C*CH™Mdo, AdLS I IC**DS AYD>VE CAb™L*D A AN ©
<LAPED G I bN*YaC A*LAoC bN**Lo*=c*: EBI-ES, Al <‘L_> SI DLe=<, AL,
APLP5ME P SLAS CAbo ES-EBI bND®PLIC NP>LYD>1<<E, AD*g-®<tdC >N ICH *DC
<Yl a51C ES-EBI LPLo*d< No-S*C>Jo [P *< 1< bN*Lo*Mc* (ES). >*DN C*A 1L B>*DN e
aaA®S® ES bN Lo g NPy * D% 0-1¢ ClLo<5* 39-0* <5GJo-C (A=< 3A) <L>
84.1% D> 0P *<-<IDA*an<IC <GJo< <I<NoC. AYa oI N\o*C>PLo*MC &L'DN
bN*= Lo g >R 52 D> oo M0 L5 APLP 5N P HLAS CAbo ES-EBI bND%/LYC
NP>LYD> <<, Ctd<d ES bN*™Lo*=c* 46.2% <L > 43.2% bC<<-cDA*an<cC <GJo-C
AN, AALP SN (<< 3B <> Q).

A) B) C)
35
20 {SpALYDRC ShBledSaene BEALYDC ShuLedSoHNe SpRALYDRC ShBledSaene
3 90% 20 B 90% 3 90%
O 95% O 95% 30 O 95%
T . z > | = )
br
E 15 c% € 254
o Q
g g g
- v 201 o 20
7 g s
g 10 b b
< < 154 S 15
v v v y.-
5 % %
= 2 104 2 o
£ 5 7 710
[ = (= [
0 o -l
54 5
0 01 0

T T — hr T T T T T r T T U T T
20 30 40 50 0 10 20 .30 40 50 0 10 20 . 30 40 50
d56J 45GJ 456J

LPYLL® 3, b1 oot < T I/ DB LY VS CADYC (ES) (B0 . € b1 o)
BONI2 ALy B#<C ES <> PP*C ¢ ba *a * (EBI) Dlc-< bNBbC*<C <I>5d< CY #/L < <L
BRPBR Da5>4<< A) <IC 50~ Che> L ES <I5d Aal5>v® B) AFLI5J b1 o 0t <U Vo o
D526 C) AALL—>J o o0 <o <I>c. oI b Lo >V

>*ON 3

AMAC AUV <P oI 6N Lo PVYo  ACH* oo <IP>btd< <L > a L *<—<Io*/<
<G A< ) b ES <L AL i) EBL <L _> ifi) ST 61U <,

AMSGoS 1€ <Ya o 1C oA M CPCH™Mdor, AALS I IC D Ay CAbL D A SASDIC
LA ID>YdC bN*=LYo< A*Ao< bN*Lo-*M~c*: AI-ES, EBI <'L 5 SI DUeC, AALP NS,
APLP 5P P SULAS CAbar AI-ES bNDPLYC NPDLYD> <<, ADg-*<bd< D>*DN ICH D
<IalvoS 1€ AI-ES LPLo*d No-S<*CD>Jo- MPo-*< 1< bN*Lo-*Mo* (ES), <L Cl*a
DGMPCBLY*D® ES bN*Lo*M*o* 0- 1€ CLo<5* 23-0* <5GJo-< ("R *J<® 4A) <'L> 96.5%
CALADA*an<c® Do o *\D>c 5N <GJo <INoC. <Ya /o1 \o-5C>rILa <
a'L'*DN bN* Lo *Meo® DRS¢ Do a0 <L AALM SN P OLAS CAbo AI-ES bND*PLIC

14



APLNPBPN oC IS Dot > Node
>P>C*D< oa Lo d%ptAerL NN

NP>LYD>**<<C, C*d< ES bN*Lo*Mo* 44.0% <L > 78.6% bC<<-cDA*an &< GJo-©
<No S, AALPOM (7p*d<1™ 4B <L C).

A) B) C)
35
SbbrLyPIC ShdLedSasNe SoP ALY PAC ShLbdio e SoPrLYPRC Sh%Ledia®Ne
15 - B 90% B 9% 0] @ 90%
O 95% 30 O 95% O 95%
o T G*
= 225 2
o & 015
S0 - S g
=2 <20 I
v - o
< (5 [
i3 4 ¢
s c 15 210
La £ £
v v v
% 5 ¥ | %
X X 104 3
g F § 5
(= (= [
5 5 5
5
0 0 0
T T T r T r T T T T T T T T T
0 10 20 3 40 50 0 10 20 | 320 40 50 0 10 20 | 20 40 50
EALTY) 454 EALTY]

LPYL® 4, b1 o oot < T <o/ - DrY>VS CADYC (ES) (B0 . € b1 o 0"
BN 3 ALy 6#<C ES <> AA<I< ALA *L (Al) DL bNBCH<C <I>br4d< CHL 4L << T4 >
ACHIA*an <o BLVAC ACPo* (PBR) ho <@ CALY® A) <IC*>o Cte ES <I5*d< Ao 5>v* B)
AALL ST 6N o oot <o oo > 526 C) AL >J oo 0 < Do <I>c. Mo/ b1 Lo>Vor.

>N 4

LP* Ac_bd*L¥® <> N5 bN*™LoD>V¥.0S ACH™ <50 <ID>5*d< <L a L *<-c<lo*M< <5GJ
A<lom: i) bN®A%PLIC EBI, ES <Lo> Al <I*L_> ii) SI bN*=L~<.

A*Go5 1 QY a5 1 AL CPCH M da, AlLSJ- IC D AYD>NE CAbL* DS AACDIC
<LAPED G A>T bN Yo L o bN*Lo*Mc*: EBI-ES, AL, <'L_> SI DULeS, ACLM O,
APLPSME P SLAS CAbo EBI-ES-AI bND®PLIC NPBLYD>1<<E, AD*g-*<bd< >*DN
ACP*DC IYa o1 EBI-ES-Al LPLo*d< hoS<*C>Jo MPo-*< 1€ bN**La-*Ma* (ES), <L
ClLea DS*LcPC>LY*D% ES bN**Lo*Mg* 0-1° CLo<* 15-0* <5GJaC (D**LAD Ho
Adoa* A% DIMC q  PCHCIS, <rpsd<d® 5A) <L_> 99.7% CALADA*an<c*

D> 0o P> 5N <G <INo €. IWa o1 NS C>PLo < aL'DN bN**Lo* o
D> 525 D> oo 0 <L> AFLP M P HLAS CAbo EBI-ES-AI bND®PLIC NPLYD>1<<C,
C*d< ES bN*™Lo M=o 46.2% <L > 57.8% bC<<-DA*an << <GJo-< <I<NaS, AALP M
(<Irae=J<q® 5B <L o> Q).

15



APLNPBPN oC IS Dot > Node

>PP>C*D< va.*Lo <Pt AZL VN
A) B) C)
; 35 : 1 30+ :
187 SpbrLY ¢ Sh%lLedSg®Ne SoPpLy PR ShbBLedSa™Ne Sl rLy B Sh%ledSo®ne
@ 90% | o 90% @ 90%
oz O 5% = O 95% o35 O 95%
- 2 2
£ S 2 T
g"] g g™
v 8- bl 20 u
s Z S5
b 5154 b
c & c c
G z z
v v v 10 \
% e g 101 %
7 7 7 )
G2 S 81 S
0 o 0

5w % » @ % I R T w B % e =
q564 q564 qs6d
LAY 5, b1 o oot <o <oA% LV CAPY 5 (ES) (B ¢ € b1 o)
BtONI 4 ANy B *<C ES, PP*C* ba *a L (EBI), <L AA<LV<ALA L (A) Dl bN1BC*<C <IP>b4d<
CHL L *<€ <IL 5> ACBIA*an<I—*c BLYAS ACPo*L (PBR) Yo <*CPALY® A) <IC " >o- Cte*L ES
IBEIC ATV B) AL > b1 oo <P, >3- C) AALL>J oo 0 <I Do
< NI bN* Lo Vo

>*ON 5

Aé_td*LE® <ID>c“No51° bN*=LoD>Y¥o Acb® 5o~ C*do*L EB, ES, Al <'L_> SI bN**L¥c ACH*™ <50
<P>Yrde <L a U< c<do < <15GJ Ao,

AMSGos1° <IYa a5 1€ o dMCPCH™Mdor, APLS I IC*D AYD>VE CAb{* DS ALADIC
LA IC>PTC bN*Lo-*Mo*; EBI-ES-AI-SL. AALM 51 P SULAS CAbo- EBI-ES-AI-SI
bND®PLYC NPDLYD> <<, AD**g-*<d< D>*DN IC** D <*Ua Ao I EBI-ES-AI-SI LPLo*d"
No-S<CP>Jo- ES bN*Lo*Mo* 0- 1< CLo<5* 8-0* <IGJa-< ("2 *J<1® 6A) <L> 100%
CALADA*an<c® Do o *\D>c 5N <GJo <INoC. <Ya /o5 1< \o-SC>rPLa <

atL' oSN bN*™*Lo*o® >R 5>*g< > oo ™0 <'Lo AALMHMC P OLAC CAbo EBI-ES-AI-SI
bND*PLIC NPDLYD>**P<<E, C*d<l ES bN**Lo*Mo* 48.6% <L 54.6% bC<<-cDA*an<I&C
<QCJo< A<NoS, AFLP M (<2< 6B <L Q).

16



APLNSYBPN oC I Dl o B> Nosdc

PP C*D< pva.*Lo <P A%PL'¥N
A) B) C)
S RALYBRC ShBLbdSgsNe SpBALYPRC ShsLbdigsne 30 {SbPALY PRC ShBLbdsgsne
Y B 90% 0 = 90% B 90%
g- 0O 95% g- 0O 95% 2‘25- o 95%
€ <25 <
E. 8- E'zo- E,zo‘
& & &
© 5 tis 4 154
c c o
¢ ¢ ¢
IR Y 10 y 107
7 7 7
S 5 5 g %
0 04 0
0 10 20 g 30 40 50 o 10 2’0 . 30 40 S0 o 10 20 . 40 50
456y 456y 456y

<LAYIH 6, b o oot <o <o/ D% >V CHPY I (ES) (B ¢ € b1 o ")
BONI 5 ALy 6#<C ES, PP*C_>* ba *a *L (EBI), <I'L > AA<INV<ALA L (Al), <L dlé. V< PPHC o
(SD) Dl bNBC*<C <I>54d< CY *L < <L > ACBIA*an <I—*c BLYAC A*CPo*L (PBR)

b SRUCALY® A) <IC 5o Che L ES <I5d AoV B) AFLL>J b1 oot <P ot
P50 C) AZLL > Po o0 < Do <P No I b1V

B>*DN 6
LPCNe@ So*NC LoaD>¥% Q%o *C>VC ES-TC ACH™ 5o <I>Y*d< <L > a L+ <<lo-*< <5GJ
A><o.

DG D>TNE B>ANPY D> 5C LPCY*a So-*Lo LaD>v® <3a /*a5 1€ QL5 bD>AYSo-T <

D> nda ‘oo CPBYTC bN*Lo*Mo®, AlLl 5J <d*o A D% Qa1 <GJo© I,
a1 B AALP oM. Cr o I N*a P> Ia o T, CALATI®®>® 42.9%
AT A Peg®ND>EIA*QNAES A5Gdot Sdoa€ (rd]ds® 7).

BPEON 6 - ABYedS - CPBYST bN=L+c

B lepbaly Bt Souledsgsne
B 90%

] O 95%
o
)
€ 25 -
“F'm_
Z
=15+
¢
% 10
7
[ =
=] 5 <

4

0 10 20 ' ' 50
q45¢y

LAY 7. N oot <P <L o/ D% LoV CH>5 I (ES) BN 6.

17



APLNPBPN oC IS Dot > Node
>P>C*D< oa Lo d%ptAerL NN

>ON 7
D> 0é_ € AGA G, PD® Ial*o-5 IS DoyP>¥ea * D% a c<IDAa SIS <o "A>VIS AgD>VIC
NegPN>< AL*Lo.

Cea D*DN <tAPSac D>*D® b>rha b oJ; PY<o, DPPc >*Ce>C Cra D> o © Mg DLe©

LY bCP>¥=a *D altbo<IPN®, I5GJ As<lo b DAa ®, >R 52" <> “No-51° bN*LoD>o.
sd°N>o-*<® LPLEN<Ia*d< bNOMS AP *NC>YC pa *C>5NE AYD>IC AYD>{q *D°

B MDA ® aPDAa® <SG 117 bN<M< Cdo™L SI, Al ES, <'L_> EBI bN<L50C (a.sa A*dCE 3).
CL=a <Na*8>¥% b= oM< <IGJCLE Aa tCP>V¥oC LPLN< a0 d< qUa *CP>C K5t C>*<C
APLBYD>NON Aclo, <5GJ Ac o, <o > NS < bN*=Lo>Yo.

aaAYe T asa®DeC, <CAPCPVe, <'Lo P cMy>VaC
B> on<a®D%bL L% bbarsesdc

APl aba AY*PLIC dé_o <ID®CPLIC D>py>odiac Dl bN**Lo* g Pl b* D
BANLEN® LMo oS, > 0% D ACPPNNE AW <IDAYMLC IYalo51C b>LGNaC
DA P>NC>YoC <AYar*NoS AAL®A® 5N, B> oS> DLIAC b M C*NC>IL¢d<

A LC*CP>C P IE AN, &Ly Do, Avn<Do L, <L PaDYso®
APLPN®ID>PNENGC, BD>AN®PLIC <ISGICLE Ao*Lo P Do A Da< oA Coa® 1D A<
(N=9) <ID*/LNC IGIL® >UC 0. <IB>Y*dS Aa*LoS BPNBECio> IS *\>AC AL Coa*,
PP<lo- C*d< P SLAS AL ChH B>*DC A Aa *LoS <IB>Y*dC (aa APdCE A1). A, P L%
A LC*CD>Jo <1 22-T <Lo> CAbs*Mac >*D® <I>Y*d< Aoy Lo <I>Y*dS, Cra Ac*LoS
>NBCSa>NC PLLPDADA*Q®*D® b Pa d5>aC > 5aC A LCHC>IL*N=5J. PJ-—T€,
CALASN=5J > 100 b CPNC>PLYIS o-d*LCE <GP C>¥ Dl 0, CLea die* bN=ore
Dle< > oSN o (MN>NCHILI® <o ~ 142,000; Do b>-<k<dP* <YM 2015).

A*PSGoD>NE DL€ boony Moot DPYBLYD>N<I D A, Pr<lo CALAJCD>¥R>oC
<LAPED 5 DLEC TS T CRoDA*an <1< DI <INIC A GRS ¢ PYGro<JSo-5 ¢
QLo P> D>ros 1 DTN 6 (Che <P 2018), /dANNGTE, <L > oal
A<<INNGTE (LAYE P25 2024). brbror<IJS, < HAS D>P>*CHD< AL Mg b C* D <>Yydc
QLo <RI ®DE DLEC bronb et <> Ac®dP o (>AS I <25 2017). CL*do>L
APLBPD>NCD>NEDE Clo b>phSaD>Ie,

AP D>*D% bi?N N D> oA<la®DB L% b2 b>AL Do bo® Il o>®
Doy>IA*an<IbL%* CALALL D, A ALA*a<IGAPY>Ya-¢ CALAJCDY A <Ibe >*DC
Ao T D> oA<a®D%LM® b>rPSa T APL D> AD*eg-®<[ < >*DN Ctd< A)
AYDNLE CAL™L*DC > oo bN**La*Ma* (ES), <L <P >*DNC No-5<FCP>PLIC
aL*N<5NC B) MN>LCPLYE b Lo Mo ACHa*Mo*, <L C) > oSS ba ™o

<> NADY< AcLo. CPd<d Acc CCUDAan e >R 5+gC b, PP<lo- DPY>Lo b >0
bo® NoSRCP>ILYC AALPYDLYSLALE, @ lLPyDo®<U¥® AcnYD>4®, >CONPY>c >ONC
N*PC>NE o%b*LPC>TVE AP0 aa PaP>V¥oS. ACHIA*an<lc>o DLIAC A®C>o>L
AN*CDo*C D=LAD® D AdLo T AYD><-c<lg* € 1 <L IN*g-*<[ € P D> a \>C
0.04. <D >*DJC AYD>*begPa* Do 1-I< >*DNcL o, PP<lo- bN*INJIC <> No-sI<
bN**Lo>¥.0S, <IN *R>LY*>% ALLPYD> 5o~ AcLYSLE a0 T bN*Lo =g bN® %’L¥oC.

18



APLNPBPN oC IS Dot > Node
>P>C*D< oa Lo d%ptAerL NN

ARNMed N> g <® P PD>S>NC a N>NE, CAL <P (2007) &NACD>*DE S N>g-*<[ <
AcP<So*M=o° a\>N*L 0.03, DG*Lo*\D>DA*an < BLIC*D o< D> oC. >*DNoS
N*PC>VoC Do, <D P>*DJC <I'p ot aN>NoC PN o ALTD>Cenrtde b>AAGSIC
>bB>PATTC ANAGTTS ACDHBIA*an<dc*o BLIAS A®CP>o*L D> ba CIT Cdb/B>NoNE
Do >e-k<dP" <P 2015); PP<lor, Ach®?S>JC AlLbP>Ntbeon <t aN>N* =g Ctdo™L
D>bB>"VAT T LPLEN<W o dS Aa /o5 Sd° N> D>NoC, P CoD® <ol C*rL

B> ST,

>N 1A <L 1B D**LAD®DE Loa >¥® %o AP C>NC Ka-5<tCP>/LIC B>+DON <ID*CP>A%

N SRA/T T Dl <YadD><* D Ac** 5 ba CTI. b>r4So-e>< >*DN IS
B>ADA @ P>*D® NP<_5J NSNS AYD>Yea *NCNE 0 *C> 5N AYD>YE <o <IB>Ydc
APy IC. PP<lo, B*DNC b >NYaC bNLNE AYD>Yea *NC>NE 0a ®C> 5N AYD>YE Ao
bN**La*Ma* (A5 Al) CALAJ*a *D< <L _> b>ry>a Ad=a *DE.

@ DPCRC>ILY® DONC ATINES D5 Mo DPBPNCHE <I>Ytd< Cdbr>NoJ AMSGonly e,
Co A1 ActLND>NS, o<l D>*DJC D 50 DPIIBN>aC a tLa So-T< M Cltde

B> D>YoS AL boany P DU DAL SN IDAa >YoC b>ANCCD>'YNMo-Sa-. PY<or,
B>M >0 dv® ala So*L DP<IPRedS ASMSGon Y S PPARPLY® (A€ PP 2022), <L
LA Do IDPPL b o< 5N AYa o5 DM o Do <o 1 (><1° <L > H<-
2018), CL*a. <P"MSaP>¥® AMSGony Moot <PDAYa*D® a'LaSo o <Yarl o5 1c. Ctd
ALADN® AALNSDPNNG, PP<lo P Ca<DC QoL o CoAL b>rNSoD><,

AlcoL

B>CONPYI>NE >N N*PCNE Clo- D™ PPHC 5C CIN>NNSE D> 5 <la ® Dl <D<

D> P05 1¢ (CALADA*a. <5< 43-100% >*DNa-C 2-5) AaD>V¥oC DL bN o>V
bNBECH NN <I>Yd <> ASASD® bNSME AYD>=a ®*NC>YE ba ®C>_5NE AYD>3C

QY CPNEHME TP *RC bN*= Lo o (A0, IDo-SH¥a*<® >IN), > b5 @ L*Ir<
bN**Lo* g I oM< >R 55 > o5 5. ba C /S>a<1JS b>rlalos1c ID*C>YIC
Abos>nos1 > NoTE B>b*>% 5-25 SheNt > 5a<la® DM ACHPo- <o 1 <N+ Ire
D> on<da®>% <A D%ILa*L (ALT>CenibdS 2009) <L IC**D< >N bN<<*Do-C

bN**Lo Mg (>*DNC 2-5) CALAJCD>B>*>C > 43 >4N ACH* o *\>a <.

AALPBID>No <M Lea>¥® (deo®A*DMC <IUa o D>¥* (>N 6), CALAS A 42.9 ShN*
ACH= g \D>5 5o I<No€ <GJa< ES-T; CALAJCD2* 1d o-*Lo B> o<l ®Il€
ACHBPg*<-<oTC ABALL Lea>¥® <AGP=a oM< D**LAD® D IMda-*M=g* MN>NC>ILIo©
2004-T (n.SAC <P 2010) C*d<IU LD 6CE MMM MA>NC>PLYoC CAb™LC 2013-T
(Do b>-<=dP" <Y< 2015) > 3+g< 2016 (Ld <I’*M<_> 2019), b>ArSony>< ID >*D%

AD> o€ Lracho?t N*PCD>PLYoC DPYM<PNo< (CAL™=LE 2016; Ld <A’ 2019). CALALLS,
B> >b*DC bN<<P Do Lea>¥® DPHPNNNE <> “No-51¢ bN**LoD>¥oS, D> 55 CAb
<AD*DaC oM hSa€ IMda*Me o< DPP<PNoC, B> on<aPCPccn D Dl o°.

<AADS, ALLPDS, APSa ® D, ISGJCLE Ao*LoS PNBCia*< CAb™LE 8/9 b M C*NCP>IL<*d<
T LC5a (89%) <GcL™ >*LC oS, I>Y*dS Aad-*LoS >N Ca*< 99/103 (96%)

B ECPNCDPLYdC oA MLCE Ay P 5L 0 I>YdS, AL oCINS PAYNM > oF
B>M >0 dva (N JAS <P e 2024) <APD*PLYC <ID>Y*dS bN*Lo>Yo. ALTD>Cenirbde

19



APLNPBPN oC IS Dot > Node
>P>C*D< oa Lo d%ptAerL NN

DA NG o Aol <G®PLACC>PLY .0 CALASINS % >7aP A< 5C bI>ANACTTC
DPP<PNC aa ®<C, <IDP*a " <<C, >R 5+gC &L H><I*<C (ALT>Cenid® 2006) <L
CALALS, DL€ <> CPYn<Ie=C MPo*<C ACH*<*N5J Ac*Lo b>pry>odia<

bN*=*Lo Mg G#PeACC>ILY oS, Cra b>pNSa>IE, AdLc > DJC bN*AAG < >PI>*dC
Ay P HLAS <IDA*aP>NHME bé € ba & qYa PN o8, L <A<t <> Ndo©
AALBD>N GRS JC P HLAT <IB>0d bNAD> D ba CI <1 *CP><k*d< <ISGJCLE >PI>*d<

Ac YR b€ pa o (LMD aPDAa® ~ 200-550 P HLAS <ISGICLS; NAMMCO
2023). b*boa-<1JS, L=a>¥%* Dl 0% <> “Na51° <P ASC>ILI® Adla *>% DL IDA>a >
ALLPDME D> oS e oS, PP<lor, DUeC AIPAbEC® D DP<IPhedS A Gan M A S o-P<IbC* D
ANG-*4dS IBINIE <P Abba®hdS <I*dN%AC (AC <IP<_5 2023). B> 5*C o< P L5 0F,
MPeo-*h¢ D> 5n<la oS¢ B> oSa*1C Cd*N>SC bo My bio N> TC Py 5 Cdbl>NNE <o *hE
B> 5 <la ®D D bN*=Lye, <IYatCP>o*d< DdbCia*N (ALT>Cenrtdc 2024). Sd°No-*hI<
BN AALSBP>NNTE bé_¢-C 5a & IYa cC* oo <L P 5L Mot IDAaP>Vo< <IUa AN oC
LA IYa B> D€ D=LAM SN ooy C (><IC <P 2020)
AALPYD> o/ >NNP<EE <> AR—<IPCP>LY® Ctdo™*L NAMMCO-JCNB bD*r< 5N AcnsbNfeDe
(2021). b*Ld o Ao MN>NC>PLYoC Dl 0, DPYP<IPNEN LS I tCP>YoC Dlc>o
(A5 BI>ANLAN® BI>AL S5 IC PATIN > ogb, P> oS, <L P> <L > <IN T d>ogC
G®pr AL Lo <IWUad™o51C), ADP<-—*NNLY* D% dAJl oy Neot B>EOND>So-T <
<Aoot C*d<d bN**Lo* o,

SdSNEDME b>phéo b B> KegPND>< AL* Lo P LSo* bN*™UVo€ ba CI Acn < >*D% iy
2023-T <Lo> Lea P> DA C>Y®, Chd< btbeo<IJC D> oSa M= o MY C>PLYoC Aco<I*D¢
N>R CPPLYeC IC* D 0 D™ 0 bN**Lo>V¥o<, CALANNDAan<&C B>*DNre

=LA HNE DA DNAGAL 5o Acno T AR—<INNoTC b>PAGS I >B>'NAGC

P> NoT€ Ctdo*L AayD>V¥oc (HM= <> *Cehe 2003). CALASIY>S* <> No-T <
NeoPND>< AL*o DL€ D*=LADHN® LeachSo® DP Mgt <>y d< bN™ Lo M=o bN**Lo->Yo
DPYBLo*\>a oo o b DoC <L Ac*LoC BPNBECSaC > oo o G*P AL *<C.
CALA<>®, > 5n<laSob* D% pa I ACHPg*<-c<0, CN>S>* >*DNoC ‘dé_o. Clea
bN*= Lo g Acn’IY® &L d® PUo<IJS B>ANAGSIC D>BD>VAGTE <L DA * D NG < 5o
AcnoTe.

NN*CP>/L¥° bNLo T bNLbNr>~c

<N~L <ANBSA</bD A bNNE

Lianne Postma (Chair) ALTD>Cendbd® — B>AAC®, <~N>A> <L >GAn
oa*lo

David Boguski (CSAS) ALTD>Cendbd® — B>AAT®, DP>SC*D< pa Lo

Joclyn Paulic (CSAS) ALTD>Centbd® — B>AAC®, <~N>A> <L >GAn
oa*lo

Cortney Watt (Science co-lead) ALTD>Cndbdc — b>ANAT®, DP>*C*D< pa *Lo

20



APLNPBPN oC IS Dot > Node
>P>C*D< oa Lo d%ptAerL NN

<N*L <INBA<I/bD AN

Marianne Marcoux (Science co-lead)  ALTD>Cenr*dS — bB>MAG®, DP>*C*D< pa Mo

Richard Di Rocco ALTD>Cont*dS - Abocno IS <> No e,
D>P>*C*D< pa Lo

Chantelle Sawatzky ALTD>Cenibde — B>ANAG, DPD>*C*ID< pa *Lo
Steve Ferguson ALTD>Cenibde — B>AAG, >PD>C*ID< pa *Lo
Christi Friesen ALTD>Cenrtd - Aboeno 1 BN TS,

>P>*C*D< pa o

Justine Hudson (Rapporteur) ALT>Cenibde — B>ANAT, DPD>C*ID< pa *Lo

Courtney Shuert LYo >AC TIA®IG N>7APLA®

Jason Harasimo 0a T DLYcANIC bNLMMC

Mike Ferguson PP*Co D>LYcnrN<PIT bNLAC

Jason Akearok 00 2T DLIcnrN<C bNLrNE

Barbara Taylor NOAA, oM®*</* < A ornol® b>rN a1 Acn<é®
(AlcPLI™)

Denis Ndeloh 00 2T DL M bNLrNE

David Lee oa > DL

Pamela Wong PNTD>C BLIcAN >0 bNLAE

AAPADNC DLDLYNCLC
Aguilar, A. 1987. Using organochlorine pollutants to discriminate marine mammal populations: a

review and critique of the methods. Mar. Mamm. Sci. 3(3): 242-262.

Allen, AM.,, and Singh, N.J. 2016. Linking movement ecology with wildlife management and
conservation. Front. Ecol. Evol. 3:155.

Begg, G.A,, Friedland, K.D., and Pearce, J.B. 1999. Stock identification and its role in stock
assessment and fisheries management: an overview. Fish. Res. 43:1-8.

21



APLNPBPN oC IS Dot > Node
>P>C*D< oa Lo d%ptAerL NN

Brakes, P., Dall, S.RX., Aplin, L.M., Bearhop, S., Carroll, E.L., Ciucci, P., Fishlock, V., Gord, J.K.B,,
Garland, E.C, Keith, S.A., McGregor, P.K., Mesnick, S.L., Noad, M.J,, di Sciara, G.M., Robbins,
M.M., Simmonds, M.P., Spina, F., Thornton, A., Wade, P.R., Whiting M.J., Williams, J., Rendell,
L., Whitehead, H., Whiten, A., Rutz, C. 2019. Animal cultures matter for conservation. Science.
363(6431): 1032-1034.

Breed, G.A.,, Matthews, C.J.D., Marcoux, M., Higdon, J.W., LeBlanc, B., Petersen, S.D., Orr, J.,,
Reinhart, N.R., and Ferguson, S.H. 2017. Sustained disruption of narwhal habitat use and
behaviour in the presence of Arctic killer whales. PNAS. 114(10): 2628-2633.

Cope, J.M,, and Punt, A.E. 2009. Drawing the lines: resolving fishery management units with
simple fisheries data. Can. J. Fish. Aquat. Sci. 66(8): 1256-1273.

Dawson, J.,, Pizzolato, L., Howell, S.E.L., Copland, L., and Johnston, M.E. 2018. Temporal and
spatial patterns of ship traffic in the Canadian Arctic from 1990-2015. Arctic. 71: 15-26.

de Greef, E., Miller, C,, Thorstensen, M.J., Ferguson, S.H., Watt, C.A., Marcoux, M., Petersen, S.D.,
and Garroway, C.J. 2024. Unraveling the genetic legacy of commercial whaling and
population dynamics in Arctic bowhead whales and narwhals. Global Change Biology. 30:
e17528.

de March, B.G.E., and Stern, G. 2003. Stock separation of narwhal (Monodon monoceros) in
Canada based on organochlorine contaminants. DFO Can. Sci. Advis. Sec. Res. Doc.
2003/079.ii + 16 p.

de March, B.G.E,, Tenkula, D.A., and Postma, L.D. 2003. Molecular genetics of narwhal (Monodon
monoceros) from Canada and West Greenland (1982-2001). DFO Can. Sci. Advis. Sec. Res.
Doc. 2003/080. i + 19 p.

DFO. 2006. A harvest strateqy compliant with the precautionary approach. DFO Can. Sci. Advis.
Sec. Sci. Advis. Rep. 2006/023.

DFO. 2009. A fishery decision-making framework incorporating the precautionary approach.
Fisheries and Oceans Canada, Ottawa, ON. (accessed June 2024).

DFO. 2020. Information related to the delineation of the Eclipse Sound and Admiralty Inlet
narwhal stocks. DFO Can. Sci. Advis. Sec. Sci. Advis. Rep. 2020/048.

DFO. 2023. Arctic Region Variation Order 2023-001. Fisheries and Oceans Canada, Ottawa, ON.
(accessed June 2024).

DFO. 2024. Conservation implications of moving the northern boundary of the Belcher-Islands
and Eastern Hudson Bay beluga total allowable take zone south of its current location. DFO
Can. Sci. Advis. Sec. Sci. Resp. 2024/026.

Dietz, R., Heide-Jgrgensen, M.P., Richard, P., Orr, J., Laidre, K.L., and Schmidt, H.C. 2008.
Movements of narwhals (Monodon monoceros) from Admiralty Inlet monitored by satellite
telemetry. Polar Biol. 31: 1295-1306.

22


https://www.dfo-mpo.gc.ca/csas-sccs/publications/resdocs-docrech/2003/2003_079-eng.htm
https://www.dfo-mpo.gc.ca/csas-sccs/publications/resdocs-docrech/2003/2003_079-eng.htm
https://www.dfo-mpo.gc.ca/csas-sccs/publications/resdocs-docrech/2003/2003_080-eng.htm
https://www.dfo-mpo.gc.ca/csas-sccs/publications/resdocs-docrech/2003/2003_080-eng.htm
https://www.dfo-mpo.gc.ca/csas-sccs/Publications/SAR-AS/2006/2006_023-eng.htm
https://www.dfo-mpo.gc.ca/reports-rapports/regs/sff-cpd/precaution-eng.htm
https://www.dfo-mpo.gc.ca/csas-sccs/Publications/SAR-AS/2020/2020_048-eng.html
https://www.dfo-mpo.gc.ca/csas-sccs/Publications/SAR-AS/2020/2020_048-eng.html
https://dfo-mpo.gc.ca/fisheries-peches/orders-ordonnances/arctic-arctique/2023-001-eng.html
https://www.dfo-mpo.gc.ca/csas-sccs/Publications/ScR-RS/2024/2024_026-eng.html
https://www.dfo-mpo.gc.ca/csas-sccs/Publications/ScR-RS/2024/2024_026-eng.html

APLNPBPN oC IS Dot > Node
>P>C*D< oa Lo d%ptAerL NN

Dietz, R, Richard, P.R,, and Acquarone, M. 2001. Summer and fall movements of narwhals
(Monodon monoceros) from northeastern Baffin Island towards northern Davis Strait. Arctic
54(3): 244-261.

Doniol-Valcroze, T, Gosselin, J.F., Pike, D., Lawson, J., Asselin, N., Hedges, K., and Ferguson, S.
2015. Abundance estimates of narwhal stocks in the Canadian High Arctic in 2013. DFO Can.
Sci. Advis. Sec. Res. Doc. 2015/060. v + 36 p. (Erratum April 2022).

Frank, R., Ronald, K., and Bruan, H.E. 1973. Organochlorine residues in harp seals (Pagophilus
groenlandicus) caught in eastern Canadian waters. J. Fish. Res. Board Can. 30: 1053-1063.

Hammill, M.O., and Stenson, G.B. 2003. Application of the precautionary approach and
conservation reference point to the management of Atlantic seals: a discussion paper. DFO
Can. Sci. Advis. Sec. Res. Doc. 2003/067: iii + 17 pp.

Hammill, M.O., and Stenson, G.B. 2007. Application of the precautionary approach and
conservation reference points to management of Atlantic seals. ICES Journal of Marine
Science 64: 702-706.

Heide-Jagrgensen, H.P.,, Dietz, R, Laidre, K. L., Richard, P., Orr, J., Schmidt, H.C. 2003. The
migratory behaviour of narwhals (Monodon monoceros). Can. J. Zool. 81: 1298-1305.

Heide-Jgrgensen, M.P., Dietz, R, Laidre, K., Nicklen, P., Garde, E., Richard, P., and Orr, J. 2008.
Resighting of a narwhal (Monodon monoceros) instrumented with a satellite transmitter.
Arctic. 61: 395-398.

Heide-Jagrgensen, M.P., Richard, P., Dietz, R., and Laidre, K.L. 2013. A metapopulation model for
Canadian and West Greenland narwhals. Anim. Conserv. 16: 331-343.

Hobbs, R.C,, Reeves, R.R, Prewitt, J.S., Desportes, G., Breton-Honeyman, K., Christensen, T., Citta,
J.J., Ferguson, S.H., Frost, K.J.,, Garde, E., Gavrilo, M., Ghazal, M., Glazov, D.M., Gosselin, J.-F.,
Hammill, M., Hansen, R.G., Harwood, L., Heide-Jargensen, M.P., Inglangasuk, G., Kovacs, KM.,
Krasnova, V.V., Kuznetsova, D.M,, Lee, D.S., Lesage, V., Litovka, D.I, Lorenzen, E.D., Lowry, L.F,
Lydersen, C., Matthews,C.J.D., Meschersky, 1.G., Mosnier, A., O'Corry-Crowe, G., Postma, L.,
Quakenbush, L.T., Shpak, O.V., Skovrind, M., Suydam, R.S., and Watt, C.A. 2019. Global review
of the conservation status of monodontid stocks. Mar. Fish. Rev. 81(3—4):1-53.

IWC (International Whaling Commission). 2000. Status of monodontid whales. In: Report of the
scientific committee. J. Cetacean Res. Manage. (Suppl. 2): 243-252.

IWC (International Whaling Commission). 2002. Annex I - Report of the Working Group on Stock
Definition. In: Report of the Scientific Committee. J. Cetacean Res. Manage. 4 (Suppl.): 261-
281.

Kerr, LA.,, and Campana, S.E. 2014. Chapter 11: Chemical composition of fish hard parts as a
natural marker of fish stocks. /n Stock Identification methods 2nd ed. Edited by S.X. Cadrin,
L.A. Kerr, and S. Mariani. Academic Press, San Diego, Calif. pp. 205-234.

23


https://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-DocRech/2015/2015_060-eng.html
https://www.dfo-mpo.gc.ca/csas-sccs/publications/resdocs-docrech/2003/2003_067-eng.htm
https://www.dfo-mpo.gc.ca/csas-sccs/publications/resdocs-docrech/2003/2003_067-eng.htm

APLNPBPN oC IS Dot > Node
>P>C*D< oa Lo d%ptAerL NN

Marcoux, M., and Watt, C. A. 2021. Eclipse sound narwhal (Monodon monoceros) movement
and hunt composition and its relevance to stock delineation. DFO Can. Sci. Advis. Sec. Res.
Doc. 2020/067. iv + 25 p.

Marcoux, M., Montsion, L.M., Dunn, J.B., Ferguson, S.H., and Matthews, C.J.D. 2019. Estimate of
the abundance of the Eclipse Sound narwhal (Monodon monoceros) summer stock from the
2016 photographic aerial survey. DFO Can. Sci. Advis. Sec. Res. Doc. 2019/028.
iv+16p.

Mayette, A., Shuert, C.R., Hussey, N.E., and Marcoux, M. 2024. Proximity analysis between
icebreakers and narwhals in Tasiujag. Nunavut, Canada. J. Wildl. Manag. 88(8): e22655.

Montana, L., Bringloe, T.T., Bourret, A, Sauvé, C., Mosnier, A., Ferguson, S.H., Postma, L., Lesage,
V., Watt, C.A,, Hammill, M.O., and Parent, G.J. 2024. Reduced representation and whole-
genome sequencing approaches highlight beluga whale populations associated to eastern
Canada summer aggregations. Evol. Appl. 17(12): e70058.

NAMMCO (North Atlantic Marine Mammal Commission). 2023. Narwhal — 9: Narwhal hunting
and utilisation. (accessed January 2025).
https://nammco.no/topics/narwhal/#1475844711542-eedf1c7b-5dde.

NAMMCO-JCNB Joint Working Group. 2021. Report of the joint working group meeting of the
NAMMCO Scientific Committee Working Group on the population status of narwhal and
beluga in the North Atlantic and the Canada/Greenland Joint Commission on conservation
and management of narwhal and beluga scientific working group. December 2021,
Winnipeg, Canada.

Palsbgll, P.J., Heide-Jargensen, M.P., and Dietz, R. 1997. Population structure and seasonal
movements of narwhals, Monodon monoceros, determined from mtDNA analysis. Heredity
78:284-292.

Petersen, S.D., Tenkula, D., and Ferguson, S.H. 2011. Population genetic structure of narwhal
(Monodon monoceros). DFO Can. Sci. Advis. Sec. Res. Doc. 2011/021. vi + 20 p.

Postma, L.D. 2017. Genetic diversity, population structure and phylogeography among belugas
(Delphinapterus leucas) in Canadian waters: broad to fine-scale approaches to inform
conservation and management strategies. Thesis (PhD) University of Manitoba, Winnipeg,
Man. 296 p.

Rantanen, M., Karpechko, A.Y., Lipponen, A., Nordling, K., Hyvarinen, O., Ruosteenoja, K., Vihma,
T., and Laaksonen, A. 2022. The Arctic has warmed nearly four times faster than the globe
since 1979. Comm. Earth Environ. 3: 168.

Richard, P.R. 2008. On determining the Total Allowable Catch for Nunavut odontocete stocks.
DFO Can. Sci. Advis. Sec. Res. Doc. 2008/022. iv + 12 p.

Richard, P.R. 2010. Stock definition of belugas and narwhals in Nunavut. DFO Can. Sci. Advis. Sec.
Res. Doc. 2010/022. iv + 14 p.

24


https://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-DocRech/2020/2020_067-eng.html
https://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-DocRech/2020/2020_067-eng.html
https://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-DocRech/2019/2019_028-eng.html
https://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-DocRech/2019/2019_028-eng.html
https://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-DocRech/2019/2019_028-eng.html
https://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-DocRech/2011/2011_021-eng.html
https://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-DocRech/2011/2011_021-eng.html
https://www.dfo-mpo.gc.ca/csas-sccs/publications/resdocs-docrech/2008/2008_022-eng.htm
https://www.dfo-mpo.gc.ca/csas-sccs/publications/resdocs-docrech/2010/2010_022-eng.htm

APLNPBPN oC IS Dot > Node
>P>C*D< oa Lo d%ptAerL NN

Richard, P.R. 2011. Allocation model for landed catches from Baffin Bay narwhal stocks. DFO
Can. Sci. Advis. Sec. Res. Doc. 2011/056. iv + 27 p.

Richard, P.R.,, and Young, R. 2015. Evaluation of the sustainability of a flexible system of total
allowable annual catches of narwhals (Monodon monoceros). DFO Can. Sci. Advis. Sec. Res.
Doc. 2015/006: v + 13 p.

Richard, P.R., Laake, J.L, Hobbs, R.C., Heide-Jgrgensen, M.P., Asselin, N.C., and Cleator, H. 2010.
Baffin Bay narwhal population distribution and numbers: aerial surveys in the Canadian High
Arctic, 2002-04. Arctic. 63: 58-99.

Shuert, C.R, Marcoux, M., Hussey, N.E., Heide-Jgrgensen, M.P., Dietz, R,, and Auger-Méthe, M.
2022. Decadal migration phenology of a long-lived Arctic icon keeps pace with climate
change. PNAS. 119: e2121092119.

Shuert, C.R, Hussey, N.E., Marcoux, M., Heide-Jgrgensen, M.P., Dietz, R., and Auger-Méthé, M.
2023. Divergent migration routes reveal contrasting energy-minimization strategies to deal
with differing resource predictability. Mov. Ecol. 11(1): 31.

Strong, J.T. (1988) Status of the narwhal, Monodon monoceros, in Canada. Canadian Field-
Naturalist 102(2): 391-398.

Taruski, A.G., Olney, C.E., and Winn, H.E. 1975. Chlorinated hydrocarbons in cetaceans. J. Fish.
Res. Board Can. 32(11): 2205-2209.

Taylor, B.L. 1997. Defining “"population” to meet management objectives for marine mammals. /n
Molecular Genetics of Marine Mammals. Edited by A.E. Dizon, S.J. Chivers, and W.F. Perrin.
The Society for Marine Mammalogy, Lawrence, KS. pp. 49-65.

Taylor, B.L., and Dizon, A.E. 1999. First policy then science: why a management unit based solely
on genetic criteria cannot work. Mol. Ecol. 8: S11-S16.

Taylor, B.L.,, Chivers, S.J., Larese, J., and Perrin, W.F. 2007. Generation length and percent mature
estimates for IUCN assessments of cetaceans. Southwest Fisheries Science Center
Administrative Report LJ-07-01. 24 p.
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=dd195ac71a51be8d92609
ad7b888ea5d555eaea2

Wade, P.R. 1998. Calculating limits to the allowable human-caused mortality of cetaceans and
pinnipeds. Mar. Mamm. Sci.14(1): 1-37.

Wade, P.R., and Angliss, R. 1997. Guidelines for assessing marine mammal stocks: report of the
GAMMS workshop April 3-5, 1996, Seattle, Washington. NOAA Technical Memorandum
NMFS-OPR-12. U.S. Department of Commerce, Washington, DC. 93 p.

Waples, R.S., and Gaggiotti, O. 2006. What is a population? An empirical evaluation of some
genetic methods for identifying the number of gene pools and their degree of connectivity.
Mol. Ecol. 15: 1419-1439.

25


https://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-DocRech/2011/2011_056-eng.html
https://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-DocRech/2015/2015_006-eng.html
https://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-DocRech/2015/2015_006-eng.html
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=dd195ac71a51be8d92609ad7b888ea5d555eaea2
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=dd195ac71a51be8d92609ad7b888ea5d555eaea2

APLNPBPN oC IS Dot > Node
>P>C*D< oa Lo d%ptAerL NN

Watt, C.A. 2017. Narwhal Biology: An overview. /n Narwhal: Revealing an Arctic Legend. Edited
by K. Johnson, W.W. Fitzhugh and M.T. Nweeia. International Polar Institute and Arctic
Studies Center, Washington, D.C. 233 p.

Watt, C.A., and Hall, P. 2018. Catch statistics for narwhal (Monodon monoceros) in Canada from
1970-2015. Can. Tech. Rep. Fish. Aquat. Sci. 3270: vi + 224 p.

Watt, C.A, Ferguson, S.H., Fisk, A., and Heide-Jgrgensen, M.P. 2012a. Using stable isotope
analysis as a tool for narwhal (Mondon monoceros) stock delineation. DFO Can. Sci. Advis.
Sec. Res. Doc. 2012/057. iv + 29 p.

Watt, C.A, Orr, J,, LeBlanc, B., Richard, P., and Ferguson, S.H. 2012b. Satellite tracking of narwhals
(Monodon monoceros) from Admiralty Inlet (2009) and Eclipse Sound (2010-2011). DFO
Can. Sci. Advis. Sec. Res. Doc. 2012/046. iii + 17 p.

Watt, C.A,, Hornby, C., and Ferguson, S.H. 2019a. Trace element and stable isotope analysis
elucidate stock structure in a narwhal (Monodon monoceros) population with no genetic
substructure. Can. J. Zool. 97: 1084-1091.

Watt, C.A., Marcoux, M., Dunn, J.B., Hodgson, R., Moore, R., and Ferguson, S.H. 2019b. Effect of
the 2015 narwhal (Monodon monoceros) entrapment on the Eclipse Sound narwhal stock.
DFO Can. Sci. Advis. Sec. Res. Doc. 2019/030. iv + 12 p.

Watt, C.A,, Doniol-Valcroze, T., Witting, L., Hobbs, R.C., Guldborg Hansen, R,, Lee, D.S., Marcoux,
M., Lesage, V., Garde, E., Ferguson, S.H., and Heide-Jargensen, M.P. 2020. Hunt allocation
modeling for migrating animals: the case of Baffin Bay narwhal, Monodon monoceros.
Marine Fisheries Review. 81: 125-136.

Westdal, K., Richard, P., and Orr, J. 2010. Migration route and seasonal home range of the
Northern Hudson Bay narwhal (Monodon monoceros). In A little less Arctic: top predators in
the world's largest northern inland sea, Hudson Bay: 71-91. Edited by S.H. Ferguson, L.L.
Loseto, and M.L. Mallory. Springer Nature, Dordrecht, Netherlands. pp. 71-92.

Whitehead, H. 1998. Cultural selection and genetic diversity in matrilineal whales. Science. 282:
1708-1711.

26


https://publications.gc.ca/site/fra/9.859536/publication.html?wbdisable=false
https://publications.gc.ca/site/fra/9.859536/publication.html?wbdisable=false
https://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-DocRech/2012/2012_057-eng.html
https://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-DocRech/2012/2012_057-eng.html
https://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-DocRech/2012/2012_046-eng.html
https://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-DocRech/2012/2012_046-eng.html
https://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-DocRech/2019/2019_030-eng.html
https://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-DocRech/2019/2019_030-eng.html

>PP>SC*D< pa*Lo

APLASPBPN 0C I Dl AB> e NosIc

d%ptAerL NN

>AJ/LY®

aaAdN AT D B CHICPAL I rd *LC Abo*C dia W< PP*C o (S, ANV ALA
(Al), <L > TP (ES) <L P >AC B Po"C CAba b <I>54d< (Ve A 24-<T 24) o4 L C*

OPPP<IPNo € DA a NN <IPrd Ao o PN Coo* o

A tdM® | AcYD>o M D> # <P>Ydc DM C™LC
bN**Lo* = . <doD>a*L .
aaAdC | (CGQJ/CHP /P> 5% - 32-0* D> 5o (Ve A 24-<'1¢
ot (>=oAC)

Gb ) 24)
SI 1 2000-08-14 65 11
SI 2 2000-08-14 99 11
SI 3 2000-08-17* 9 8*
SI 4 2000-08-16 74 9
SI 5 2000-08-17 104 8
SI 6 2000-08-17 118 8
SI 7 2000-08-17 89 8
SI 8 2000-08-19 15 6
SI 9 2000-08-23 421 2
SI 10 2000-08-24 381 1+
SI 11 2001-08-12 47 13
SI 12 2001-08-12 74 13
SI 13 2001-08-07 134 18
SI 14 2001-08-12 12 13
SI 15 2001-08-09 134 16
SI 16 2001-08-09 84 16
SI 17 2001-08-08 12 17
Al 1 2003-08-14* 131 11*
Al 2 2003-08-16 136 9
Al 3 2003-08-16 210 9
Al 4 2003-08-18 133 7
Al 5 2003-08-18 134 7
Al 6 2003-08-16 73 9
Al 7 2003-08-18 236 7
Al 8 2003-08-21 83 4
Al 9 2003-08-20 26 5
Al 10 2003-08-20 51 5
Al 11 2003-08-21 113 4
Al 12 2003-08-21 23 4
Al 13 2003-08-21 33 4
Al 14 2004-08-11 37 14
Al 15 2004-08-13 108 12

27




APLASPBPN 0C I Dl AB> e NosIc

>PP>SC*D< pa*Lo BPEABILINN
Lo A Pd*UN® | AcYD> o C D> ool # <D>Yedc D5 e Ce™
g~ . agl>o .
aaAdC | (EG/Cp /> 5% 32-0* D50 (R A 24-<¢
ot ><A%)
Sb
) 24)

Al 16 2004-08-15* 140 10*
Al 17 2004-08-13 280 12
Al 18 2004-08-24* 161 1%+
Al 19 2004-08-22 128 3
Al 20 2004-08-22 169 3
Al 21 2004-09-07* 23 NA*+
Al 22 2004-09-07* 21 NA**
Al 23 2004-09-10* 12 NA**
Al 24 2005-08-17* 148 8*
Al 25 2005-08-17* 175 g*
Al 26 2005-08-18* 132 7%
Al 27 2005-08-18* 220 7%
Al 28 2005-08-19* 133 6*
Al 29 2005-08-20* 15 o
Al 30 2005-08-21* 64 4%
Al 31 2005-08-22* 117 3*
Al 32 2005-08-22* 24 3*
Al 33 2005-08-22* 9 3*
Al 34 2005-08-22* 95 3*
Al 35 2005-08-22* 163 3*
Al 36 2005-08-23* 151 0%
Al 37 2005-09-02* 18 NA*+
Al 38 2009-08-15 193 10
Al 39 2009-08-15 260 10
Al 40 2009-08-17 291 8
Al 41 2009-08-17 299 8
Al 42 2009-08-18 145 7
Al 43 2009-08-17 320 8
Al 44 2009-08-16 176 9
Al 45 2009-08-17 723 8
ES 1 1997-08-22* 16 4*
ES 2 1997-08-08 30 17
ES 3 1998-08-19 46 6
ES 4 1997-08-21 14 4
ES 5 1997-08-24 76 1
ES 6 1998-08-14 7 11
ES 7 1998-08-21 165 4

28




APLASPBPN 0C I Dl AB> e NosIc

>PP>C*D< va*Lo <qepPeACPLNN

A Lo A‘dd“‘l:x"" Ac:'(Do-:‘{‘C%D“_)“t oo, # <u>bwdc [>=Za°~rc cw*gf

o :.JQ.A dC | (A°GQJ/C*P* /D> > (> >A9) 32-0* D<o (N A 24-<'rY

) 24)

ES 8 1998-08-25 71 0
ES 9 1998-08-25 40 0
ES 10 1999-08-12 80 13
ES 11 1999-08-13 69 12
ES 12 1999-08-15 80 10
ES 13 1999-08-15 84 10
ES 14 1999-08-21 45 4
ES 15 1999-08-21 211 4
ES 16 1999-08-21 5 4
ES 17 2010-08-21 252 4
ES 18 2010-08-21 292 4
ES 19 2010-08-22 410 3
ES 20 2010-08-22 189 3
ES 21 2010-08-24 151 1
ES 22 2011-08-16 128 9
ES 23 2011-08-16 180 9
ES 24 2011-08-16 314 9
ES 25 2011-08-19 126 6
ES 26 2011-08-19 302 6
ES 27 2011-08-18 201 7
ES 28 2011-08-18 221 7
ES 29 2012-08-13 30 12
ES 30 2012-08-14 128 11
ES 31 2012-08-17 128 8
ES 32 2012-08-18 124 7
ES 33 2012-08-19 119 6
ES 34 2016-08-22 81 3
ES 35 2016-08-18 3 7
ES 36 2016-08-22 86 3
ES 37 2016-08-29 9 NA*
ES 38 2016-08-29 20 NA=
ES 39 2017-07-31 126 25
ES 40 2017-08-01 57 24
ES 41 2017-07-31 78 o5
ES 42 2017-08-03 84 22
ES 43 2017-08-03 84 22
ES 44 2017-08-03 218 22

29




APLASPBPN 0C I Dl AB> e NosIc

>PP>C*D< va*Lo <qepPeACPLNN
A Lo A‘dd“‘l:x"" Ai?Do:bqub>LJ%ql: oo, # <u>bwdc [>=Za°~rc cw*g
o :.JQ.A dC | (A°GQJ/C*P* /D> > (> >A9) 32-0* D<o (N A 24-<'rY
) 24)

ES 45 2017-08-05 64 20

ES 46 2017-08-12 77 13

ES 47 2017-08-16 50 9

ES 48 2017-08-30 66 NA=

ES 49 2017-09-02 84 NA=

ES 50 2017-09-02 40 NA*

ES 51 2017-09-03 44 NA=

ES 52 2017-09-03 69 NA%

ES 53 2017-09-10 53 NA=

ES 54 2017-09-11 52 NA%

ES 55 2017-09-11 72 NA*

ES 56 2017-09-11 66 NA=

ES 57 2018-08-17 55

ES 58 2018-08-17 80 8

*CLTbN™ 0 ad*LC50°, I¥PCD>a* < D> 5% <L D oSa™PC D> HAS I>ydS Nt C> >
DLAD® oNE D<o DLtC>N=LMC. Ao (*), Ca. DP/P<PN <DA*a D> > D
<L DM P o< bDAYD>L Ao o IDPC>c >*D® AcyD>a*< > 5 o°,

FACYD>TME PYRMW HUCD>PD® Ab¥a-s I B>MaS I I>Y*dC al o o,

30




APLNSYBPN oC I Dl o€ B> Nosdc

>PP>C*D< va*Lo <qepPeACPLNN
YcA 24 - 4qun¢ 24 (dApYybde)
1 - .lli '_
4 5 M
~ 1! =N
" : __ﬁ..:' “"f""' '.- ¥
] I g .l':.- J \\\\\
o h & =
i W, -.x -h". =
Iy " o ! =
A= S i !
™. & N S
. -.,'.- - ) _j_ _‘:.:; - -'—\.:Iil { BE ‘;'\._,.'\' y y
.: a i '-Ei ‘;‘:_5% —-}.‘ -, i : I -
mdLas sppwcsy, (n=16) | | N e
BC/BY™ (n=47) 5. ' i : AN
BABAGSd ALASL (n=80) | ; 4 o

LRAYL® AT BLAY TV ICY Do b CHNICPAL I ol *LCo< CAb*LC dlé V< PP*C o
(><EUVE), ANV AL o (DUNFC®), <L CHPE® (B5D5%) CAL*LC a5a A*dCE AT <Ibd< (Ve A

24-<T 24).

31



>PP>SC*D< pa*Lo

APLNSYBPN oC I Dl o€ B> Nosdc
d%ptAerL NN

g

B duasd< spRsCsL (n=17)
B C/pye (n=58)
B AbADSYE ALSSL (n=45)

YcA 25 - dvf¢ 23 (ASMSSanyee)

LRAYL® A2, BLAY TPV ICY Do b CHNICPAL Y ol *LCo< CAb*LC dlé V< PP*C o
(><EUVE), ANV AL o (DUNFC®), <L CHPE® (B5>5%) CAb*L a 5a A*IC AT P Cor

<IBLIC (A Gon 5 <TYY 25-Ve A 23).

32



APLNPBPN oC IS Dot > Node
>P>C*D< oa Lo d%ptAerL NN

Coa DotbPL¥™ AY*AD>>% Ab™|C:

DECA® bD>ral<g®NT DDA <IPN o (CSA)
>PI>SC*I< pa *Lo
AboH>cno 1 ALTD>CcenoSl-H baCl
501 University Crescent
>Ac A<, LeD<, R3T 2N6

DEPC bGA>Y4d<: DFO.CACSA-CASCA.MPO@dfo-mpo.gc.ca
AP<I*PA* DEPNL: www.dfo-mpo.gc.ca/csas-sccs/

ISSN 1919-3769
ISBN 978-0-660-97843-7 Cat. No. Fs70-7/2026-0021ku2-PDF
© AMNDNG® P Avea So-b>o ba CT, CAL*a PUL*D*C>o Lo Mo C*L oS
ALTP>CenrtdS, 2026

Cea Dotb®?LY® DblLle<dnyD>rL<LE D>daa AAKN>NNNE Ll bdS Av=a >N = ba C
%’

Ao*ND <DA*a P> ¥

Abo>nrtd ALn o>, 2026. AL S /P>PN14E oC I D2 <I>c. o/ <TPA%/L *vN);
LPCvea ‘o€ Dl—*c< bols o PP*C_>* ><I*a Lo <L > ba *a *o. AL T>Cenrtdc
ba. CI™ bLAYT I BN <o NMGA L BT I P/ 2026/002.

Also Available in English.

DFO. 2026. Considerations for a New Narwhal Management System: Sustainability of Narwhal
Around Northern and Eastern Baffin Island. DFO Can. Sci. Advis. Sec. Sci. Resp. 2026/002.

Aussi disponible en frangais :

MPO. 2026. Eléments a considérer pour un nouveau systéme de gestion du narval : durabilité du
narval au nord et a l'est de l'ile de Baffin. Secr. can. des avis sci. du MPO. Rép. des Sci.
2026/002.

33


mailto:DFO.CACSA-CASCA.MPO@dfo-mpo.gc.ca
http://www.dfo-mpo.gc.ca/csas-sccs/
http://www.dfo-mpo.gc.ca/csas-sccs/
https://open.canada.ca/en/open-government-licence-canada#:%7E:text=Open%20Government%20Licence%20-%20Canada%201%20Using%20Information,Governing%20Law%20...%208%20Definitions%20...%20More%20items

	ᐃᓱᒪᒃᓴᖅᓯᐅᕈᑎᒃᓴᑦ ᓄᑖᒧᑦ ᑑᒑᓕᖕᓂᑦ ᐊᐅᓚᑦᑎᓂᕐᒧᑦ ᐋᖅᑭᒃᓱᖅᓯᒪᔾᔪᑎ: ᒪᑭᑕᔪᓐᓇᕐᓂᕐᒥᑦ ᑑᒑᓕᖕᓂᑦ ᖃᓂᒋᔭᖓᓂ ᕿᑭᖅᑖᓗᒃ ᐅᐊᖕᓇᖓᓂ ᐊᒻᒪᓗ ᑲᓇᖕᓇᖓᓂ
	ᑐᑭᓯᓇᖅᓯᑎᑦᑎᔾᔪᑎᖓ
	ᕿᒥᕐᕈᓂᕐᒥᑦ ᐃᒪᐃᓐᓂᐊᕋᓱᒋᔭᐅᔪᓂᑦ ᐊᒻᒪᓗ ᒫᓐᓇᐅᔪᖅ ᐊᑐᐃᓐᓇᐅᔪᓂᑦ ᖃᐅᔨᓴᐃᓂᕐᒧᑦ ᖃᐅᔨᔭᐅᓂᑰᔪᓂᑦ ᑐᕌᖓᔪᓂᑦ ᑲᑎᙵᔪᑦ ᓇᓗᓇᐃᔭᖅᑕᐅᓯᒪᓂᖏᑦ
	ᓱᕈᕐᓇᖅᑐᑦ ᖃᐅᔨᓴᖅᑕᐅᔾᔪᑎᒥᓃᑦ
	ᐊᐃᓱᑑᑉ ᐊᒻᒪᓗ ᓇᑭᙶᕐᓂᖓᓂ ᖃᐅᔨᓴᖅᑕᐅᔾᔪᑎᒥᓃᑦ
	ᑭᓲᔾᔪᑎᖏᓐᓂᒃ ᖃᐅᔨᓴᖅᑕᐅᔾᔪᑎᒥᓃᑦ
	nᑭᓲᔾᔪᑎ (nDNA)
	ᑭᓲᔾᔪᑎᖏᓐᓂᒃ (mtDNA)

	ᖃᖓᑦᑕᖅᑎᑕᐅᓯᒪᔪᒃᑯᑦ ᖃᐅᔨᓴᕈᑎᒃᓴᑦ ᖃᐅᔨᓴᖅᑕᐅᔾᔪᑎᒥᓃᑦ
	ᐊᕐᕌᒍᑕᒫᑦ ᐃᓂᖓᓄᑦ ᐅᑎᖃᑦᑕᕐᓂᖏᑦ
	ᐊᐅᔭᒃᑯᑦ ᐃᓂᖓᓄᑦ ᐅᑎᖃᑦᑕᕐᓂᖏᑦ


	ᐱᓕᕆᓗᑎ ᐅᓗᕆᐊᓇᖅᑐᖃᕐᒪᖔᖅ ᖃᐅᔨᓴᕐᓂᕐᒥᑦ ᐊᑐᓂ ᐆᑦᑑᑎᓄᑦ
	ᐆᒃᑑᑎ 1
	ᐆᒃᑑᑎ 2
	ᐆᒃᑑᑎ 3
	ᐆᒃᑑᑎ 4
	ᐆᒃᑑᑎ 5
	ᐆᒃᑑᑎ 6
	ᐆᒃᑑᑎ 7

	ᓇᓗᓇᐃᖅᓯᓂᕐᒥᑦ ᓇᓗᓇᖅᑐᓂᑦ, ᐊᒃᓱᕉᑕᐅᔪᓂᑦ, ᐊᒻᒪᓗ ᑭᒡᓕᒋᔭᐅᔪᓂᑦ ᐅᓗᕆᐊᓇᖅᑐᖃᕐᒪᖔᖅ ᖃᐅᔨᓯᕐᓂᕐᒧᑦ
	ᐃᓱᓕᓐᓂᖓ
	ᑎᑎᖅᑕᐅᓯᒪᔪᑦ ᑲᑎᒪᓂᕐᒥ ᑲᑎᒪᖃᑎᒋᔭᐅᔪᑦ
	ᐱᕕᒃᓴᐅᔪᑦ ᑐᓴᐅᒪᔾᔪᑎᒃᓴᑦ
	ᐅᐃᒍᓯᒪᔪᖅ
	ᑖᓐᓇ ᐅᓂᒃᑳᒃᓯᒪᔪᖅ ᐱᔭᒃᓴᐅᕗᖅ ᐃᑲᙵᑦ:




