I*I Fisheries and Oceans Péches et Océans
Canada Canada

b CP><
L%r\c

i_o.

L

v .
o e
‘ . il R R
d " . - » 1 L s 4 & 1
’I United Nations Decade " e 47 - , . : 2]
of Ocean Science Lo : : e T o . n

0 for Sustainable Development [3 ' v

i R b’ . - I & 2
i ’ i

) .



AcchinYPDo "N

So>ALY DY Doy PRo Pobbo
Cd\>NNobI <IN Aa <IeC>Yo¢
B>ANNGS, Ao, DIl A%ba AYNo,
> NsbNNPeos I bNLAc S, BLYSo<dNede
bD*AbNN*NC, oo ctM>CAC QL <P,
SHANY 2 Aa/<Sa Ly AoAS b ASbNN e
QL SRS DoPSheC D¢ PSR >*I¢ >do*L
>otbo. Ach®/<YJ¢ CAPG<IcLE DPYYLobseDe
>P>C®II ALMo d<QN* %o . SJAIN<oNe
Achny2¢ A®ba AFYUPLY Doy Lo
>otbo¢ AcndYUc >®D¢ A oA¢ o *Lo
(AOAS 0a *L%), ASbrD?ae¢ 0a AS, ALAS, PdAS,
<L BLYcLC A <O,

Thank You
Qsdre
sdyeal™
‘dva A%c
‘dda

Merci

© P* AX*aPN*L.o ba Cl, PLO.C>Ho o"CIS
ALSTD>Ccnrbd® ba CT, 2025. NNGSPLYo aN>N*L
Fs23-549/4-13-20241ku2-PDF ISBN 978-0-660-74383-7

Citation:
ALSTD>Cnrbdt ba Cl. 2025. ba C>< AL Lea: BPP>CLD
<I<N*1¢, 2023. 31 LPAUAS. http://www.dfo-mpo.gc.ca/

oceans/publications/soto-rceo/2023/report-rapport-eng.htmil

sprLom <I7h: P SULAC Sd9NDedE AbSA™LJC /d< Pe*LJ%®De, Prc>nvs®: L8 DAL, This page: DL <At Lo DA,

aosaA®CPo N

Aceo<bNfecs

bN**LobI¢, PPdo d"A M C*L

B ML NCP oM oD ryD> ¢

Sb.0% PLYAC Sb.oAcbCia*M* o°

BLYAS CAL\A®Q*P2aSo-*MC QL
QN CP> RO QICCH o> ¢

JPPYD oM< bos® AN ¢
A¥*a o> o°

2 | ba (< AL <[ %a: PP>CII IQN*P< 2023 | ALST>Conrbdt ba CT

o%°bP>rPSo*L

D covnavot. @) wreugs


http://www.dfo-mpo.gc.ca/oceans/publications/soto-rceo/2023/report-rapport-eng.html
http://www.dfo-mpo.gc.ca/oceans/publications/soto-rceo/2023/report-rapport-eng.html

aLa ACCPo ¢

ba CP>< ALNC [%a D>o®bt a.Ha AY A

LeaP>ere sboAc*Lony*Lo <L <P’ asbeCseDe

ba C>< AL %g . Cbd< P>obbt hepseNC><¢
AP0 M ba CH< LRLEIM ' be e/l o ™ o
B>ANNON Ao>0¢ L > b oAc*Lony*Lo
ba C>< AL™M<,

ba CH< AL*NC [*a.: DPPCL®I <IN ¢,
2023 Do P oCo b>ALYD>Yo < A*SNbD o<
boAc*Lo*Lo AL* o IN**c ba C
D>P>C®I. Bo*be ha Y P> Ao

NNG®N>bNNDo BP>C®IIM 0o o <L A 0A¢
b N bNN* o, Ac®o<Socno ¢ LL>* Do
b bNM o€, <L ALST>Cnnbd ba CT.

>d< Do bt Do b®D DP/N<IPNo e

a oo AY®*/LYo¢ ba ClN aba AY®*/Lo* > o¢
>obot Ao o >Yo <L ALMo
o>rNoP>Yo € 3633, ‘b oAc*Lo™*L ba CP><
>P>CIL AL DPPN<IPNC Dodc P>D¢
CI"\>NNNC ADPNPCe/ LYo ¢ Sbo®

JPPY >0 <L Ac®o <ol A’NNb*Do

3 | ba CP>< ALMC L%a: DPBC®II 4QN*M< 2023 | ALT>Ccennred® ba CT

>P>C®II AL o QN0 Lea >ere

b oA Lo L AN, a ¥°CP>ROS, BLIYAS,

<L o nSbC>NHC®De PS>, >d< Dobbe
CA"\>NNSE PSP C>o N 0° oLy D>e
LRAPYDo PLYoC AP0 (CAbGDS), @ veC><e
oA (oo AN Ya lLo b Mo <L
ADC>o 0%, Ll ARy (D% CP>ob®DC
Q¥*CP>RITC <L PLYoC b oA <5+ o¢
(AL <LPAPPMPEg N LL P7ASeDC N®PSgShehe),

' Niemi A., Ehrman A., Ahmed M., Arey M., Azetsu-Scott K.,
et al. 2024. State of Canada’s Arctic Seas. Can. Tech. Rep.
Fish. Aquat. Sci. 3633: xvi + 204 p. https://www.dfo-mpo.
gc.ca/oceans/publications/soto-rceo/2024/arc-technic-
al-report-rapport-technique-eng.htmil

MNLCc® (MNLCc®), 0a.2¢, ba C. <*rcP>nx®: NN < r®Jq3 e,

B aoaA®CPo e

1 Ac*o<bNfegse

2 bN**Lo b, PPdo A" I CHL

3 Peori*Le*NCPo>r oo Dryb>©

4 bo%® PLVYA® boAcbCSo*M*o¢

5 DLYAS CALNA%A M So-P¢ 4L

QveCPROC OCCPo e

6 JPP7Po N “bo ARN* ¢

A¥*a o> o°

o%°bP>ro ™l

@ Qb'kﬂ-ﬁdqﬂ)

€ co>ncvo


https://www.dfo-mpo.gc.ca/oceans/publications/soto-rceo/2024/arc-technical-report-rapport-technique-eng.html
https://www.dfo-mpo.gc.ca/oceans/publications/soto-rceo/2024/arc-technical-report-rapport-technique-eng.html
https://www.dfo-mpo.gc.ca/oceans/publications/soto-rceo/2024/arc-technical-report-rapport-technique-eng.html

Ac®odbNMo-sb

So>ALAC QL BPD>CHII 0a Sb®b®YLYt A o™ A%ba AYSbNM< 4D HN L >N DPYP<IPNo¢ <L P2 1NN 5N oCe DPYP<IPNS

ACPLNCP>N DPPON <L AP oM AN ba CP< BPPBC*D*Lo.

ba C>< PP>C®I™, @ ¥/o-b®I% ba CI A% eI @
AL*Uo, AP<io-b™Do- James Bay NPDJ AL*L> o Ca*hbNCpoL
DLra PNy .0 0a D (d7aeUd® 1: bobbe e ~

OB>ANSALYDY 4L 0a . A oA oa *L>c®).
Coa DPD>C®I ASh/Dradse RO gt ALD<

pec e <L ALA%Q <N g, <A<

Ql o ¢ So>PRC> DIL MO, L A

QYR bR C>o-b<%0™ D¢ APSNH®D ¢
>P>C®II AL %o DPLYGS, @ d*C>RODg¢, <L
AN ARC<o >0t AOA® oa *L*ocL®

<L SoD>AN®NC ASPha Ao << <Io-b®D¢

DA A®YON <L Acn<sbsoNe RN o¢
AASICHYo . b oA *Lo*L NNGHC>PL e
DALY D> O e gh®DC ba CI
>P>C®D Lo . ALLD>® o[ >P>CI DPYN<IPNC
QP LSLALC <L Sb*LPdo ™M o¢ ISGUI

Q.5 AY®PCCPIoS, PP>C®ILI AC**NCC>NEoJ
AN<EILADHCH®IE, L AbdNSbso<®DL> ¢
APLcDoS e AMfo I5GJo ¢ Sb>ANSobde,
DPPNoNALYEQ *CD¢ I+ oL <L Sb.oADT™L
AP PegSh << ILQN* o, <ML @ sa ASHNC Yoo
P08 IPPRSoSheNeNSe, \_

00 *L¢ <L ASbDrase
0a A, ALAS, /dAS, <L
DLIcLC AD<IGTOC. AoAS

ADPLL 00 2, 0a b4\,
0a. Y2, <L ASALDAC
<JAD®PLK®.

A oA oa N CA7D>N AoAC

0a *L DPdLYS NHL AoAS n

v~

qdPcDc

Yoo PNP>< AL™L

oa /s

[ PNYXEVNE Y

- 0a.2¢

N oawaes

q<e>n® AL*L

4 | ba CP>< ALMC Leq: DP>C®II 4QN*M< 2023 | ALT>Cconeaed ba Cl

€ co>ncpo

aosaA®CPo N

Aceo<bNfeg
€ co\>NCoL: AoAT oo S

@ LY 1: Dobb ShD>ANTANY >
<'L oac¢ AoA¢ oa**o

@ co>NChoL: b NTbNrege
ALSa™ N> TY>Yo (MPAS)

@) rergde 2: H>ANENOC SH>A
<L .0Q Wb ILLE OBALC

bN**LobI¢, PPdo A"A M C*L

D S i*Le*NCP oM oD PyD> ¢

b.0% PLYAC Sb.oAcbCia*M* o°

BLYAC CAL\A%Q *M2a So-*MC QL
Q¥ CPROC qIeCH o<

dPP7D>o ™ Sbo® ARN™ ¢
AN ‘o> 0¢

o%°bP>rPSo*L

@) wrreyqs



>otb SOb>ANSANY DY <L 00 ¢ AOAC oa Lo

NSNS @)

<P/A® AL*L

oace

ADBALDOAS AAD5BPLE®
PSP /<P
A O/ A OA®
DL /DL
ASoHD>®/ AbHD>®
<> I%/L>Ec e
D> SHL®I®/>_SHLPD®

5 | baC>< AL < L %a: PP>CIM ILQN*M 2023 | ALST>Conrbdt ba CT

0a.2¢

7

8

9

10
11
12
13
14
15
16
17
18
19

ﬁd(__)quqb /qdr__)quqb
Ab5DN®/AsH HON®
CON™®/CoOSN™
DQbHijQb /quﬂquqb
dus<e/dise

SbLo O /bLo D%
<L
NPGSYT/NPGSY™
b*NSc o /b o
A 5L JAY SLsse
NeC /N

apie
<A>AAD®/A>AAD®

4dpIe

><d*a *Lo AL™L

ALD**q "D
AP s

N

oa /s

o>AAOD®/BD>AAD®
APALR® JAPALSK®
MALCc®/T*NLCc®
Ab HC®/AY Hc®

No G%® /NoGY®

b DLA® /b* DAL
'ipp‘ic‘ib‘lq‘ib
<o.o_qb:')qb/<o.o_qu<b
ASb OAC
PEALAY/PELAC
pLrPc

B \>Uybec alcore
@ DRIAD® ALAC NSUYYC o e

CoPND>< AL*U ba CI ALAS S>HTYDRC o @0l
(©) QYo <A TP ALAC N>ITYDRC aleo™L

25
PPseCo®

oad\®

31
32
33
34
35
36
37
38
39
40
41
42
43

AP
drI<GAL
D>IDYyse
NoPoogse
A_ob<5®
>HoD%®
<dcé\®
ADPA\®
NeOAC

26

b%r\QbH‘lqﬁb

h’.dchb

@ CAPDT oSNCAS ALAC S>UTYDYC al oL
JI ~NeoPN>< AL™L

. q<c+n® AL*L

27
28,
30,

40,41

P a2t
.3839 44 45
37

*. 36

35

33
CIDYes™ 34 32

31

44 CoDY®

45 grse

46 4778 %9

51

46 b o™

o0aYq>e

47 oa A*d®/a A
48 <UD/ D ®

49 qp>qb'bqb /qp>qbbqh
50 Ldé\°/Ldé®

51 PP/PPL®

b“ur\qbﬁb/b%r\Qbe

IP><Lo0

€ co>ncpo

aosaA®CPo N

Aceo<bNfeg
€ co\>NCoL: AoAT oo S

@ LY 1: Dobb ShD>ANTANY >
<'L oac¢ AoA¢ oa**o

@ co>NChoL: b NTbNrege
ALSa™ N> TY>Yo (MPAS)

@) rergde 2: H>ANENOC SH>A
<L .0Q Wb ILLE OBALC

bN**LobI¢, PPdo A"A M C*L

D S i*Le*NCP oM oD PyD> ¢

b.0% PLYAC Sb.oAcbCia*M* o°

BLYAC CAL\A%Q *M2a So-*MC QL
Q¥ CPROC qIeCH o<

dPP7D>o ™ Sbo® ARN™ ¢
AN ‘o> 0¢

o%°bP>rPSo*L

@) wrreyqs



AP ST o o ASo LY DP>CHDI
L PSob®NNRE SH>AN®N 0t So>ANSo-bs 5N

QL SbP>ANSCC oS I SGU LS. SoP>phSo><C

KSoP G N>HC®IC ALA%Q >N 5J

(bo Py <A NPOJ PNAM). CLEa >R
QI NPCHB>NE N BI<Pde <L

DI<5e<bde. CALAPb >IN 5, ID*C>o e

0C¢ A%®ba AY>NC <LL bid*a Sob Do ¢
P>ANHECST >V (A, D50~ ALST PN®NC>ILYS)
SgeRAI®NNRC Sb>D>ALY D> Yo IQN™M g,
Aso/D>NEON AMAC BLIAC <P L

@ 1**SHbCSo e 0t <I5GJ A <lo. BP>d oa ct I
DP_INC>E® Sp>ALHCo 5 ACTHNNLeQ D¢

NNG®C>LYoC DPYNP<PNo ¢ ACSHNIP*a Do
DPYP<IPNo ¢ K5GJ< Ao, D%C>o™ ¢

0CC A0S (A5, oA <L Sg-<ICNC>PLb e

(A5 5 DALPOPIE So>ANST) SoP>phSo><C

A®ba AY>NE ADZNN<®YLLY oo YD Ne
DLIAC 6%DCio e 0t L ACSSo e 0¢ 5 J<
AS<o (A5, a0t Ac HLso BMUPOrdE

P> DY A< <Ll A SoNMegs e
aHa AYCPo*N* 0 b oA Ny >0).

AcPYP>HC>o*NC owa Sb®b%®/ ¥ oa ¢
So>rheN o o>rNoDYo <L Sb>rNb¢Coed®
A®LEC L bNNC>a A <®DN o SbebseL ¢
SO>ALY N QL ShI>AN®NC So>ALY S DPYP<IPNS
(Q7a*Jgst 2: SbbrhNNoC b>ANo1¢ QL
0a.5b®bSeZLNC SoPALY ¢ @ ). AIFA€sbD>prhoe e
A DPYP<IPNb®NNLHPNHN ddoPe_ ¢
Cda *CP>¢ Ado > AcnsbNPeg >«

QDA A®CHALL AAJAN<oedE AcnsbNNeos e
DPPLSbNNENENLE ILNDbA S CelLYy g <L
DLYo ¢ D LAM o b oA o Ny M 0, AbY®D¢
Q. Ha A®Y<HN <L SbP>rNsbeC™ DN AP p Do,
bN‘NNo e ArLc_*o ¢ “b_o™ b>pLYy>Yo ¢
AP®NNR DPYNo L od d<N*Lo

APPR®D o, Cha ALLAD® <> oSb¢N<seDre
A>CNBNNeoSLc ALST BLYoC <L dN* 1o
AOA¢ oa *L%o.

@ cd*spNCPo L

P NbNM*o® ALSo- \>T7PDYo ¢
(MPAs)

AL Lo ba C>< DPP>COLC, L5Pb
ALALT S>> <GsepeC>c PHLN® >dNJda
ALA LcLbd€ P2 NB>A*LUS A 0A<IDAS
0a.c M eo® <5 > NA>HC>Yo®
A®ba AYASIN* <o

*  CnDT oNCAC AL™ A>T (TNMPA)
~epPseNCP>< 2010-€

o Yo o PRI ALY AT
(ANMPA) KPP NCP><% 2016-T€

CLST® ALAMT S>HTPADC (MPA)
OYUCPNNCACLoHT® <IDNsbLN®
GsePPsoNPINPY > D>ONE Ac PN

A OO DA A DN L5 Ab¥A<C>< o
><dco>< ALA* o bd®Co® P oL o

> Not e <SadN e <GsepeC>c >PLL e

Ab LA bNC>PLY 0¢ I>c No
bNLAGE_ e of, IYo A< 0PI ALAMT
SNSLYDP% (ANMPA) PCc<<ULC ba C ALAMT
SSLYADYS (MPA) 0%WC>NNCACL S0
<ON% 50 D=*LADNC> o Ldo LI

0a 5b%bbLY 0 Sb>rLony>Yo?; Coa
<IDNHNCHLAELE GP>LNNINPY>LALE So
DLYbo>RUIM IDNsbeo<<®
BLLA<KPNPY Do o5¥No® (DPc >N,
D>P>CCO ASb 5™, bd CE P OLAS, a ).

P DNNAC-GP Lo,

<> NrBbNP7>o e, <L sobpLN<MYo®
CL®da .o ALAMT \>HYADYo® (MPA)
Acn<dny>AYLC AcnsbNPeo N o

Ld<d A oA DHOAC ASba A7 dN*C <L,
ALSTD>Ccnrtd ba CIT (DFO), Ab<*A<CP><_>N°®
AP0 A®ba AYSbNNY>Y of,

S>Ido: CARC >DHG™D% <i“’?"#<‘“‘ AabdCre /dede ‘oo 7o A Sl (A“_)c.—'lﬁx'b). o>rH*DJ ALP D>aSod <L Cbbio L. drhcDns: C'q'H L*c-d<, DFO.
Cc®ALS Q°PCPo™U Fa.bdC™ bP>rN b Ci oo AL o <L DLYo ¢ SboA*o >0 I*GJc oLl A**a*Lo ba CH< BPPBC®I*o. <"rcPnx®: I*Dnd ¢, DFO.

6 | baC>< AL < L>a: PP>CIM IQN*M< 2023 | ALST>Conabd ba Cl

€ co>ncvo

aosaA®CPo N

Aceo<bNfeg
@ co>NC>oL: AoAT oo e

@ LY 1: Dobb SoD>ANTANY >
<'L oac¢ AoA¢ oa*L*o

@ co>NChoL: b NbNrege
ALSG™ N> Ty (MPAS)

@) rergge 2: H>ANENOC SH>A
<L .0Q oWb®ILLE O>AL e

bN**LobI¢, PPdo A*A M C*L

D ML NCP oM oD PYD> ¢

Sb.0% PLYAC Sb.oAcbCia*M* o°

BLYAC CAL\A%Q *P2a So-*MC QL
Q¥ CPROC qIeCH o<

dPP7D>o ™ Sbo® ARQN™ ¢
A¥*a ‘o> 0¢

o%°bP>rPSo*L

@) wrreyqs


https://www.dfo-mpo.gc.ca/oceans/mpa-zpm/tarium-niryutait/index-eng.html
https://www.dfo-mpo.gc.ca/oceans/mpa-zpm/anguniaqvia-niqiqyuam/index-eng.html
https://www.dfo-mpo.gc.ca/oceans/mpa-zpm/anguniaqvia-niqiqyuam/index-eng.html

aosaA®CPo N

1 Ac®odbNfegee
@ co>NC>oL: AoAT oo e

@ LY 1: Dobb SoD>ANTANY >
<'L oac¢ AoA¢ oa*L*o

@ co>NChoL: b NbNrege
ALSo™ > D>Yo (MPAS)
. @ Lraese 2: Sh>pLN of Sh>ANG S
o000 2010 2020 <L 0 SbsebTIL R Sh>ALY e

AOAC AcM7D>bCP>o M KepeNC>o* M 0¢
DPYNPIPNC ALD>< PP <L ALST

B> OC GRLE NS, 2 BN**Lob™D¢, Prdo I"APLCHML

AOAC BP>prL7*MC bB>rNNNC b Da of SbD>Prho TS, - . 3 PColri*Lce®NC> o™ onDryb>«
DP_I®NN< 5o ACH oo ¢ DPPYD>o*L o IN*L ; 5

L AP 0 ALY BLYAS, Asb?D>N=oN

ATBOAS, PCOLAS L o, ; 4 bo%™ BPLYA® b.oACHCio 0

Aa <o D> bNNC> SN PP Do

<D CPYoC sbbrLo ¢ Acn<sbsoN 5 .DLQA‘ CAi_"'\A"'é_“"P"'Q.“O“"’f“ ‘L
<IN*L.o <L A 6BNNeos1¢ PP C><¢ ¥ Vi QA veCPROC IO CPho ™M
IOdo ¢ Lo AP rSo Lot ' 'Gﬂ
il

9 RxnePLK". 6
oac'l b>PrlLocC D% C™D¢
‘ <L AL PCH N0 Aba AYPNoC KL

dPP7D>o ™ Sbo® ARQN™ ¢
A¥*a ‘o> 0¢

Na PNG< bN®AAS SN DPZPIPNo "
0 Sb S
>P>CII <N*Lo <L BLY* o o%°b>r oL

A

. D covnavot. @) wreugs
7 | baCP><AL*¢ L%a: PPP>C®II I<N* <2023 | ALTP>Ccnrbd ba Cl




—

e

bN=~Lo b,
PPdo 4"APPCL

———

—

ba CP>< BPPBCI*L A" AP Do € /db™D%® L ALP< b oA*on7*"*0,
b oAcob®NNLOL®NDON <PAS, <C*N°, <L PNdo BPPP>CeI% AL™C.

7d*L <L AL*L IP7r5beC*D¢ ba CIM PP>C™D*Lo
‘b.oAcob®NCI*a *I%* bN**LbNbc*L.o¢
ALS.0¢, PP IrpDesg D%, SH>ANPNDALY DMLo
20 <5GJo ¢ 4L AdoP>oh® AL DY @ Ha ASHNC
L DPPYONE QPrpsede L AL g e PN o
ALSoC @ *o ™M 0f, Ado D> So>rNsoD>e

Pd Lo AP SdtIICNC>PLY G L <"
JPP<IPNo € Sb>rheCP>No ¢ (AN Do 1979
NPDJ >l 19). Sd- I NCP>ALYC K*PN N> T R¢
boA*T N7 M0 A5 Da o™l <L ALST AP®DAS
ACSSa*NS, PP<do ALD< So*Lo D%, AL o

SBI<o: Pd* Sbo PPy Lo MNLC® (MNLCC®), 0a 2 ba C. Pacbs®®: NDPCE, Co®ALIS ALA%Q ST AL*Lo Sb>rNSa® ba CB< BPBC*D*Lo AL*Lor. <Prc>nvs: bAN i, DFO.

—

APPAHEC®IC DD/ ICo @ A®C>ILC
DI <5<ede So>rY b CheoSo >t I>YPde (A5
AD>SE LAY DPP<IPNNY) <CLL/B>2R_5%G¢ ALST
PNeYLYC, AIdo D> PRSI ALST <1Da e
H>AN>NH®IN o< NLAL* Lo DPYP<IPN o
A5 DBaso*l, Cnb>bso L, AL>C AMGo L, <L
’d ARo U <SGULIMC. APPaeC>ROC (sGJCLe
b’ 5N NNG®C>o N 0¢ DPYN<PNE. ba Cl
>P>C®DL o, b N*aP>oPhAS (Sho ¢
PNSEILLC Sp>AN®ILLC ALD< b oA Lo
be/ea ®Do ¢ >*LCo 20 <SGJAS.

8 | baC>< AL < L>a: PP>CIM IQN*M< 2023 | ALST>Conabd ba CI

aosaA®CPo N

Ac*o<bNrege

bN>*Lo-b™I¢, PPda I"APPCHL
@ rey<s 3: /< AP oL
@ Co\>NC>oL: b oADT M YA

M) rEYQ® 4 ADSLC LAY: 0N
Do *Do <L ArN<A<Eo ALM o

M) rreyqee 5: ba M >P>C*IT
ASLH%Pb®IE L P N O%HIE:
bN%AAYE DPPP PN AdorB> I

DCoM L NC> oM o-nD>LPYD>VC

Sb.0% DLYAC Sb.oAcbCio M 0¢

DLYAC CAL\A%a*P2a So->MC QL
QVCPH R LI CH o ¢

DPPYD oL o QNP
A¥*Q o P ot

0°bD>ro*L

Q covnavot. @) wreugs



?d< Y7L <ol

ZdL DPD>C®IN IPPa<ec <, Cod< P7aSoP> N b oAc o sb®NNN BP>CII AL<o ARN*o Mo, Ao P<<Ln. D CI\P>NNSE LA+ PI*L AP < <do*L.o".

PJAC ddo Do ALD< (A
P<c*Lo P<c*L

QYo <A 0PI ALAC NS>
al*c*o, ALD>< P o Zd> e
CSoPE 5N ACTH* N o8> D¢
>LN<PRALLo 40 <SGJc*Do .

ALP*%a D¢ P o540
BAN4P 45GJPLc Do ¢

{ PNdo ¥ ANPOJ
. PN PDAn

do 1 XA dPY PNAA POANR SAAN

ALD>o ¢ B _5%P< BT

[ 0%Y*Peo ¥or NPDJ
AP0 HAAN !
30 B obeg< Au>°~rmqﬁb3c|
[

Yo "Ide A  d'fY JNAn POANSAAN

¢dbSo->L: PPP>C®DLse

e ?d*d< APSNNo-: BP>CII @
AL*Po- bN*o-ny 1<

PIAS _HHEC®IE BPB>CPIMALM o
<Q°¢_Nede ALAC bN>*LsbC>No*MNUE.
pPr>o Da>c®Nc_5J 2007, YJAC

AN DD L LG ONE. CALELo S,
A KO C®D L Lo GEo N >ceDN.

?20<dJ° 2007

P*Jo-dJ© 2007 Cnp</¢d

Aqu
SNSLTY D o fegae

(B) ?dA Na /Lo AHLoOPCHAMLPYOC (D)

’dbo*L APYede

» 42% ‘N M*/LRC Pdbo™L

+ N Md*PLobod%®D¢
’2o<1Jc 2008

?dbSo*L APY*d©
¢ ° 2008

PdAC PdA

#dSoL BPDAC NPve PdA QLOPCRAM P ILOPCHAMLPROS bCo*
+ 10% <NECPBILLE AdTbio™L / / 7
+ AN R IPLA*Q D¢

JdoPx¢

N
\ALD‘\‘\Q.Q_QbDC
o YIAC ILOPCHRALEPYO halLon7*L AMPGID>Y @ D¢ /d°d¢. CL*a
° ALD*M*a NN (ALPYN*a D) 1*P*DN Yoo <-LoHPC>rY L PYO".

?dbSo-*L P>PP>*d¢

.. . ALD*eq D¢ ALLA DY ALDS 5N @ ¥ C><ROC Ng<Jo- PJCb®Ioe.
o ALDMe@ Do, TPINGE S BLYAS M PP D¢ PASLLGCT, AShoAS

b= sbCPea ®D¢, <L ALST>CAC BPLYAC <L ALST>CAS N <C o5PP <P D¢,

YdahsoyD>C 50, bCHWGATKD>C 5o 1979-2022
€2b:d PI*L ALLoOPCHAML PV Ado D> LY CH 1.5 Cope

Pd*a.*Lo- AL*L ?d*MC ALLoOPCPAMLPYOS ddo DALY C™*L 3

2023

c<°p<..2007-r, PIAC QL OPCH>A L PP > P <Nre,
P b*o-c P>*D¢ 2009, 2010, 2017, <L 2019

9 | baCP< AL <L %a: >P>CIM IQN*M 2023 | ALST>Conrbdt ba CT

LRy 3 &

aosaA®CPo N

Ac*o<bNrege

bN>*LobI¢, Prdo <"dP*PCHL
@ rey<e 3: /d< dPrn<ec oL
@ co\>NC>oL: b oADT e YA

@) 3YL 4 ADSLC LAY: 0N
Do *Do <L ArN<<Eo AL o

@) <rreygee 5: ba CT >P>CEII
ASDHPb®IE L P N O%HIE:
bN%AAYE DPPP PN AdorB>IC

>CoM L NC> oM o-nD>LPYD>VC

Sb.0% DLYAC Sb.oAcbCio*M*0¢

BLYAC CAL\A%a*M2a So-*MC QL
QV®CPH R LI CH o e

DPPYD o PC o QNP
A¥*Q o P of

0°bP>ro*L

D covnavot. @) wreugs



@ Ccd*spNCPo™L

SbOoADG*NC /JAS

456J Ao PdbeCseD<:

PR THC®I L
AP>OASQD>HCEIo >RS¢
><Ce 5N BPH>CIM Ao<o <GJr.

?dIbAC: PJAC /IP<OC <L
ddo>osb®IN< ICH>ID> > I5GJT.

oa J*U¥¢ PdAS: o dAS Sbo My Lo
o0a < Pec*Lo PR HAg ¢ PP*eCoe
Ac*LG*Ma %D 406G 5N 5
>R 5%5¢ AL® A*GobGod®N-od.

?dUANAS ALPJHC®DE YJAC

Q IP5Y%<O ool YA Lo o <L
Ao AN o H®INE AP C
D>P>ede,

JC S D<sa L AC®D, I a1+ Lo L
LN PRI Q5GJ A d<do L, < ALD*M>q 5D«
SgeRA®ILL o @ 0 ZdbeCe P> >P>ede
(Qraegqee 3: Pd< APrase<cc<doL ). >yede
PI* LMoL <N P/l I oSheDl

82% <d>o-*M>c- 1979 <L 2023 >P>C®D I
ACPLDd. Coa <*NRIE QNN Jd Lo
QPorLo CNPNNLSe I ACTHP>So M of
ZdDBAC (C\P>PNCP>o*L: Sb.oADo N /dAY).

Cra ACHPeGSa*L PPD>C®ILIM>*NO%, ba CP><
AL ACSo®NN*a ®D¢ /dD%bSo ¢ o veC>RDo,
SAcD>ALC®D o IPYDYo, YDA NS5t
7% D<o P>o*Lo ba C>< AL %0 (d7a®<® 3:
Pd< AP a<cc<doL @), APb A PP A< <Ne Jd¢
CyDvea ®D¢, ISGULLDTVE HL <IPA€ SPe ISGUAS
A PPLNE, NS N LLLAON DR Heg¢
SgRAL LR,

ALA bN**LobCPNNRS, CALA®b H®NHJ
LAY @ [a < So>ALYDYC. Coa. AShIDrass
>SASLC LA DAL ALASQ ST DL/ %0 bD ¢
ba. CP>< AL*UL.o¢ A*L*a.o ba.CP>< >P>C*D*Lo
(72U 4: ADDC LAY: 04N¥ Pa Do <L
AMN<4<>c< AL*Lo @). Ao *Lo A%®b L ADSLC
LAY bN**LAN7*Lo. SobriSo DAL 2003-T o€
SoD>rPLYC bN®A< <IN AT NAR > AN Lo
Hd>a.c_ "% ['CA® “o*Lo LAY <L bN%®r<cc<o*L

NI <o #dD%™ DRIAD®, A>T ADS JADS, Co®ALLS AL Sba My Lo PPeC o0, P>y Lo DAL

>aso*L brLC ACJC ALY <PAPT*L%Dre, Coa

Qe Recdo D>y CALALY® DL Co 26 <GJo©
AP>2<E LAY A< 0% bARC®NC 5 Ab>o PN
(7A=Yt 4: ADDC LAY: odNN® Pa Do 4L
AMN<<*c< AL*Lo ®)). Ac cP>NPILI® DSILASG*L
ATN<ALAS b™Lo LAY <YY< <AL SdrL o Lo
AL*Uo St (S3-I<e0%%D%®) <L Aoh®DN
JaD><pec*LC Abb>o*L_o A*L*a *Lo ba C><
D>P>C®D o . O CSoL CAP>boeh® AL DG
Sp>AN®C>She P>I® 30 <5GJ0¢ PLSILY 0 Sh>AN>N_0f
SboMNy*Lo A% b*Lo Abb*c*Lo oa < P-c*Lo,

Ado > DPPP<IPNC odCB>o ¢ AYD>YA<Sbc >D¢
So>p 5N CTL PRI o 5a APNHS 5.

AP7RbeCeDC ALST @ N CP>ROC K*epeNCP>c >eD¢
LAY o L PR Do CLeP o ALA®Q ST <L
o0a P> Pec*Lo AL* o, Do SoM <L Cnbsbioe
ARNHPN NI P> No T NarlLo* Lo <L
a'LJ*a o Lo ALST @ ¥%C><C BLYbHS 5N, Fesre
Y7 So>pNeCNC ALST A*L*a*Lo <'L ba*a*Lo
ba CI" PP>CD*Lo (A7r*"J4° 5: ba.CI" BPPP>CII
A><06%b®I 'L P N*L5b®D bN®AANC
DPPPAPNG < Ado DY 1 @) AP CHL QM oehle
Q7RI o So>AYDILYC Ao SGJo AN <L
ADGEC ALMPeg, Cod< /%1 >P>C®II ALDNS ASbeCseDe
D>a So*ho ¢ ALSoC ho <o Sbo My o ALST,

10 | ba CP< AL ¢ Lea: DPB>C®II A4N*1 2023 | ALST>Ccenerbd ba C

€ co>ncvo

aosaA®CPo N

Ac*o<bNrege

bN>*Lob%*I¢, PP<do I"APLCL
@) reyd 3; Pd< AP <do™
@ co\>NC>oL: b oADT e YA

@) FrYL® 4 ADS LAY 0NN

>a Do <L AI*N<KR*c < AL*Lo

@) ey 5: ba C >P>C*I
ADO®H®I L I N 6%
b A DPPP<IPNo Ao e

>CoM L NC> oM o-nD>LPYD>VC

Sb.0% DLYAC Sb.oAcbCio*M*0¢

BLYAC CAL\A%a*M2a So-*MC QL
Q¥ CPROC qIeCH o<

DPPYD o PC o QNP
A¥*Q o P of

o%°bP>rPSo*L



AD>SLC LAY: odN<® Da *Do <L AFN<R>o< AL*Lo

ADSC LAY 4*05% ALY a0 ALD< So™L bA<RSHeC®D® L HPCT¢

ey

‘ 2006
- - -
ALD< oL

- 4  —lp
> 4

AD>2><C LAY bARSbeC®I®

PPEYyNDC bARREG L DR HAG¢

AC 50 Do b

<on*L.o".

Ao SN PN AL,
ATN<ALEG Pd Do I>NNREDC
<L dbcheC®DN oo My Lo
prLo LAY, dyDerc 5o <PA®
ALD< So*L ANoSeNIC.

AT NARAC LASTC
I RN+ <O P>*D%®/bo M7 Lo
50% Ar<sDo 2003 NPDJ 2008.

>IN<R, bAR*G*L bAR**L
QPP RSHECe P>I%® @ | So*L 5-10
QSGJoCLE. <DL bARNC>ALI®
PPeYY NI bARE G A LYCHL Lo a
1997-Fo<.

bAR*c*L PNNdPo a 1**Lo™L,
b/l AT NIRAC ALD<
sbrLo DP>C®II AL JSo D¢
<c*Ne AL*L oS

%
s

>Nt ALD< So*L

LReY 4 @

ALST Ba.sD% <ZA® So*Lo- AD2>d LANT, 2004-2021
.

' o ES
| ( s

2004-2006 2007-2009 2010-2012 2013-2015 2016-2018 2019-2021

cecacee JEIN N oo

K 2004-To, BaSorn.LYC™L <PA® b*Lo LART Sg2n %Y >R, 250 NPODJ 850 M <> ACH>I% p<<n D% [C.

11 | baCh< AL L%a: DP>C®II AQN*N< 2023 | ALTP>Ccnrtd® ba C

LP<>¢ AL*L b 0ADc*L

AcJCPbea N ALD< LG <ZAP

oL _6®NC>LC AL 0t <L NPON

oo Py 0 LP<eY AL, Coa. dyDSeda >
oYY ®Do¢ ACHNA®Io AL DGDC
L0t CAYDI Sh_oebeDe,

HHL_O6%%®DC H>AN®CHILLC LY AL
(> Spreesydse, ICor), Hd%a e *MeG-O¢
P CA®PN<o LAY, LsP<dNse/LceD% 25-o-
<SQJceDo<.

e adl 1

ﬁ//ﬂlﬁr\ N
P o*L
Jbe elo A il

T

aosaA®CPo N

1 Ac%odbNreg-se

2 bN**LobeDs, PYdo AP PCHML
@ ey 3 g AP doL

@ Co\>NC>oL: b oADT M YA

@) rYL® 4 ADS LAY 0NN
Ba*do <L ATN<A<EoC ALM o

@) ey 5: ba C >P>C*IT
ADO®H®I L AN 6%
b A PPN Ao e

3 Deord*LeNCPo M o n>ry>e

4 oo PLYA® b.oAcbCSo N> 0°

5 BLYAS CALA®A*MP2a So-* < <L
Q¥ CPROC qIeCH o<

6 DPPY>G < oo™ 4QNP
A¥*Q o P ot

o%°bP>rPSo*L

@) wrreyqs

€ co>ncpo



ba CI" B>P>CII A 5<0%b%D¢ <ILL Y N*L_6%b™I¢ bN®AAL DPAP<IPNGC IdaDYe e ASCh o

A7ALBeCS DIPYN<IPN bN®ILCD>C®LY IdoP>o b (20 I5GIA B*LC 0 5%F ) IS *NOM @ Ha ASHNC IP7ADC ALAC ALM o

A ><465°bD°¢ Y N*L_5°b®I¢

SoD>UN*CDo ¢ Af‘ A ><0%b®I¢ A*L*a *L o ba CI :)P.JP<Pﬁ‘ bNstDLCP AL ¢ >N CDo N AL do N ba *a *Lo

>PP>CteD*L o LPL*Y AL*Lo 2 ba CI" PPP>C*D*Lo AD>P AL*LJS
30 A°GJc*I0o¢ 2 bN**Lob*I¢, PPdo 4"A L CHL

Cd*H>NNNE >LN o€
ddorDIc APrATHECDe oo b I YA Coaae dorDIE APrAshECeDe .
@ wrey<e 3: /d< I oL

AL*L Da eahse®, a8 AL*L Da SohSNcD,

B>a NN <ILs® D>a ®r/Rc<dob*Io @ Co\>NC>oL: b oADT M YA
D*Lo 0.1 °C O D*Lo 0.1 °C SdctJNo©

$ Sdctunoc <sSdoe A / B 4 qGJo + B @) CrY® 4 ADSE LAY 0INR™
2 .

B>a Do <L AMN<ARec< AL*o

CADb5o>L Cd \>NeNNse - ¢ CAD>sbso™L
QPRSI AP 30 BD>ANHCCos I ol g e kL LN PALESPLES QSGJr
LGJceD o »-qﬁ'\\- Ao<o L <L

n @ reyde 5:ba CF >P>CEI
~SbSbT)C L Q, ~ GblnSbT)C.
ANo*Mea ¥ AO<6%b™®D <L Y N*L_ObeDC:

_::& ", Sb C C C
()] @ QN‘} , ', bN%®AAS DPYP<IPNG< Ado DY
AL oy I \(}M = '

' AC>IT ANG- paiE e e 3 BCoMIMc™NCPo < on>ry> e

Ab*LC oo QL €IS bNSAAS SN
o JPPP<PNo Aﬂoi-‘i;f»fj%r
Ve -

"o, e - S 4 “bo% BLYAS b.oAcHCSa>M* o

ALA¢ qb-O'PV‘"bO"CDC As*b*Lo LP4*¢ DPPbde sdL A< —doD ¢ 5 bLeAC CA.L"'\A°'6_°"P°'Q_<0'°"PC <L
AL*Lo Pa. /R cdobtI¢ 'DO_QO'%'\%, ANoSeSC ALST A veCP RO IO CPo ¢
PAIC 'DQ_:bIJQc_C_qo-qbqhbqb? <yPDseCPC AL*L o

. . 4P>7ede ba*a*Lo don™L.o %C S oSb e
D>a /R o bHC*I dCo ALM >0 < Id<cdo P>~ ° izl:.z_bqg:%rr:c._gc-o asher
DALPOre /PEo A>T C°dao A*L%a Lo <d.on JPIoq \.(‘#}\P1

boAS0b™NON, ICao AL Da So ™€ ALD< Sb™Pe g A > 6°b D=

Sﬁffé‘fq”riﬁﬁi?;‘rd?ifﬁfpl2153q., <A< NeNSe ' AL% A*PGo™L 0*b>ro L
. oo M7*Lo ¢ b
DL oAl *o ¢ <°Gd <o f Ba NNJNSb®I
ba CP>< AL o

M bosonuvbicecre [ basreccdody

. Q covnavot. @) wreugs
12 | ba CP>< AL*¢ L%a: PPP>C®II AN+ 2023 | ALTP>Ccnrbd ba Cl




aosaA®CPo N

1 Ac*odbNfegse

>eor I L NC>ore

2 bN**Lo b, PPdo 1AL CHL

o n.PDMr7Pve

: : 3 Peori*Lce®NCPor< on>ryb>ye
OoC¢ DA DY CINDNNRE Ao LMo %D <L o >PY>PLYoC ALMo

dN*Peo boAcoP>Io IR B C i Lo PR H G Lo dP"rSo L oC. @ Ca"\>NCPo™L: ALB* QD¢

@ Co>NC>o™U: ALAC GP<bHLnc o

oCEIPIPIPNE C™>NNPLLE o 5a Do <L AbNPC PdBPNCHJ?
Ac_*o*dt ont+P>a Do b oAco Yo ALY o
AN ALDS <A PEg%,_0¢ PR _HEGC
Yo APPRSo Lot onda O ALST QP a) o ¢

@) 2oy 6: @ PN DIR G PARS
DI Cb%HeCo o dND°d AbSaMU¢ CO, >P>C*II AL >0
onDPY>C >R AL M o> Do

PdbPe- N 5. PP<loc, NN

<L BLYAC @ 1**U5bCSo* M 0 a_Ha ASC>N¢
Ado >N <L o P AL Lo DPB>CSDI
al*o* ot

1968-2006 <-L 2007-2020 Cd"~\P>N NS¢
?dD%bb o *NP>NHJ (ACH TN <L APDC)
SdNDed° AbSA\ LU, D<I¥<0¢ I°Ca Aq D

4 bo%® PLYA® boAcbCio*M* o¢

CdYDUSPN 0 Y2 o N AP e ML v C> RO
sped<]o¢ <Ll ASIN.o¢ o >Ny >SS
A<NN<od /dbreao*Lo <L <P *0o Yc*Lo
<IOdo o0 RN %o QYR D o€, PPdo

5 DLYAS CALNA%A M So-P¢ 4L
QNS CP> RO QICCH o> ¢

e NQPLYC aN®CPROC A obpy DALY OC 6 JPPYDo ™M bo™ ARQN™N¢

AL ®o ba Cl a<¥®CP>Yo ACb®Do ¢ 10 Av*a oM *0¢
<5GJ_0 DPPP<IPNT<. oA >GCPILILC James

5 Sb 4 S |C L] Sb s |c
Bay AL AP®DAS AlSIc B segNc>o PR —

ARCANCP>o N> o¢ <L >a Soseh>PL ¢
1990-*1*g “b_oA*on. 7™M Cd"\P>NN<C

ACHPEG <L CLea <+ oSN se
LeaD>re P Lo 4o c® 0t I e N<So e
AL AP®DAC @ bCoCH e QYo DPPCeII,
ba CI, Ac* AAYSD>Y*a fo b D¢ /dbr*c o *L.o¢
QL DPP>CSeD%e g Qe <Jo L ot P> ¢
>R H%G ¢ dc_a A®CD>AL D",

SDI<o: ADJE S YAN KAT. < dodd Lrs, CoeALLS ba CM PdP>NedE DIt (CCGS) AL, A2 ALY, ba C. rhc s L5N® 2<INA / GNeo<e,

. Q covnavot. @) wreugs
13 | baCP>< AL* L%a: PPP>C®II IQN*1< 2023 | ALTP>Ccnerbdt ba Cl



hNorccAS PPdo d AP PC
4O<obIL H<0¢ al o> 0 CdbCeIJ¢

LB LALLM e, PN TPINSLot DLYo

Arioe <P POo BLYoC NNGHCHILIC <PAST

<L Qc*Ner. PP<doc, bN**Lo b NG oL®NoNe

Ced0™L ALS.0, CAL®a A P7awe]e

So>ry DALMY O ba CD>< DPP>C™I*Lo . DPI*a *Lo

AL <L Lancaster Sound ZdA¢ (d7p*"J<® 3:
< ArPrp<cc<doL @)L DA% DN
H%a.c_*"*o PcCA¢ No<do ba*a*Lo
D>P>C®D%, Ced< /JAS ALLADYC ALD>**q D _o°
LSepsgaPe o¢ (CA\>NCPo*L: ALD*Ma D),
Ardo e P 5AC QSGJCLE SdN>obe D¢
CALMA®AQ Y a P Pp< 5 5o Ne 20

QGJo < <L >Ro 2001-2022 CALNA®G *M*q So-™

AP D>®DC, b oA o O CALA>Q
I7P>°CPYo /Lo DR S5*g ¢ AL

QN ZOr %, A Lo DAC,

£ D

cd*\>NCPo L

ALD*PeQ D

ALD>*P%q ¢ g [[g3N¢ KL JJAS >R _525¢
ALD**q D¢ Yd/LN<DNC. ALD* % D¢,
ALD**a D¢ b_oA_ 50 b‘N®I¢ o J®CP¢
Ca *IMNCH><C gl Re—<o*L 0,
Sb_oACoSb®NNHN Pd*Lo, o*Lo

>a SoL, <L 1MoL ArEN<I<Lp<
D>PP>CD[ AL*L_0b D¢, P7pSo ¢ /d* ¢
_O%HCSo >N 15PN oCTe, P M>Y_*D o
ALD**a D0 ¢ DIKLADT (P“&.JLL—""’<""b Jd*L
al*o*l). CALNAQ oL onDrybYoe
ALD*NQ %D g ¢ A5 5 K55I (>Ja *Lo
ALS®) gL N®, ALD* % D¢

LCa@ DD ACTHPEG 5N DR _He5¢
ALLADRTC QP7peC> N,

QPN QALY QP NCH o Pe

QTR AT, APPRSHEC®IC ALSo S
<L ba CP< PPP>CIcL o <P NN ¢
MAB>RCBPLYTS. SoD>phSoD><LCS L ALD<
Ao Ao DLYG <O o o> >eD¢
Ced<d ba CP>< BP>C®II AL SgENoPNARE [
DLYAC ALY A% Mo \Do M Do No <o
ba CD>< <<c_eNP*Lo <L </A® AL* %o C*a
LAY LEG®NNL® JHLY Yo ALLPY>Yo
Ced< A DL AP OC N P<®PLE 5PN
Nodo Pea MG NC BLYAC ALLAD><C

o NLY>RD 0t CINP>NINLE LA g h*D o
AP DO AN EG M o¢ L BLIAS
Ardo P08, AS?DNON MPYINGE ¢ BLYAS

<L BP>C®DM BULAS. CLea <A o¢CAT*L
on>a % AMdo ¢ ALT <N g,
ADKS®IM e L APra<cc<do*UL.ot IO®C>E,
ALA%Q Sa¢ ALAS, APy TPINGES BLYAC

<L pL M S0 b ICH*DJ ba P> PPP>C*D Lo,

Ab/P>Noo CPDYYC%™, oa ¢ ACh™NCCPHKC
PAHNA®Io PLYT ArDoe. DI 5Ysbede
H>ANSTDGCIL (LT o Ao So>rhsSae)
ALA%Q T @ ¥®CP>RDc< ba CI BP>C®IcL Lo

QO AR PR C*Io CALNATG ¥ D¢
BUSo¢ drdoPe o, Prdor, <P eosb®De 5GJre

LGJ I CINP>NNSE SbrlLedo™L YdADCiaL

SboACN<5ob®NNY - ®D° PLSo < A ™M of,

AD<L®I Yo PND>< AL*Lo.

APL <LADAOC ALT SboAo N o
QDA A®CH>LYEQ %I ba CI BP>CI
LAEYLPNCDC Do AP of BP>CeI
AADTYL Yo PR 3G YW AL %o,
Coa ASH?D*av® b oA Ny o ID<lo ¢
AL*U0 AL o (CI\PNCPo*L: ALA®
dPebLacso™re) <L ACSbSo™L_o¢ ADbsa,
ARG I DRIAD® AL o A>T >T¢
> Lo AP>AAD< PPC 5. /dD%beD®
al oo ho<do alDA%Q® DPB>CH®ILI
(QPaegqee 3: Pd< QPrase<cc<doL ).

14 | ba C>< AL ¢ Lea: DPB>C®II AN*1€ 2023 | ALT>Ccenerbd ba C

aosaA®CPo N

Ac*o<bNrege

bN**LobI¢, PPdo d"A M C*L

DML NC> oM< oo D>PyD> ¢
@ CI>NCBo L ALB e D¢
@ C\>NC>o*L: ALAS <iPSbLA.cSo*N<

M) CreYL® 6: QPO DR SEGC PARS
CO, DP>CIM AL o

Sb.0% PLYAC Sb.oAcbCia M o°

BLYAS CAL\A®Q M 2aSo-* M QL
Q¥ CPROC qIeCPH o<

JPPYDo N Sb_os® ARN™N¢
A¥*a oM *0¢

o%°bP>rPSo*L

@ cownavo, @) wreyae



AL o Da YR <lo™L_o dP*rbiC®D o ¢
SH>AYD>C DO ba e Lo AP ALY o,
DeLANC N SgEIICNC>PLY 0 DPPP<IPNC
A>Ybde ALD< oo Ba SN (2003-2019).
QYD ACHL IO O > _jegc

SO>ALYD LY, A*NNNC 5 BP>CseD%

P DaSo e Al Diedl Qe <o o°.
CALA®H H<®N 5, ALLADYo PP rSoSbe >,
ALD< oo Da Yo btLnc >®D¢ o <IJo oL
<QSGJIT, ddoP>o*L.o o>prhso > CLea
ADAC b >®D% Q3oL <L Sb*LPdbCio L
FPINGEC BLYAC APDC Ce%a. BOGD>ND>I
Cd"NB>NNL® Sh>pRSo > JCD>PS
APPRHC®IoC @ AT Y D¢ QN
QPR <o bSL MU, ANPASheCio e
So>ALD>YPJ2a D¢ APRNNAC DY

ACSH* SN0t DPAP<IPNC M0 Ac ™ o¢
ALST 4N Meo.

QP LSANL PR FSGC PAV®? —
ACP>YT PP oSb™McIs®

AFLSCDY DPYP<PNE DA% PO e ot
ALLAD>oSb®D%® DPYo S Sh_o® ALAS

o 0A 5BC>No*M*_o¢ carbon dioxide (CO,)
Yo ALAS AHLADNS > ‘NoM*o¢ CO,
g2 g Lo AG O CACLNE O
P, ba C>< BPB>C®I*o CO, PAT™ >R _5%¢<
a P54 CO,? PAJor, CO, HBC®I P Lo
AL aPeUsdrdo e, CO, <o NC>C AL

P 0% ADPNNKSYLYC DPAP<IPNE ASo? DY >Yo ¢
AN 5J aoaPNCbso™L PBY>o Lot Coa
AASINDL®, oC DPYN<IPNE CI\>NNo-b®IC
Sp_o% PP>Y>o L D Mo b®D® I5GY A H<lo <L
b oA Lo Lo NarLo*L AL (47peY<st 6;
QP LSAML DR SGC PANS CO, PPH>CII
AL*Poo @),

@ cd*spNCPo L

ALA® 4PbLn.cSo™e

AL GPSocSo*L b oATo D> ALY
P So >0, P tlLo IR
CO, 9P AOAS AcnbSo N> 0.
C*d< CO, 0WN®N=M ALSIS, K®PNNRD
KePl G CLea <I¢Ca NeN<se

P N*LJE NPRCeo ¢ <L Ao ™o ALST
BLYGE o€ <L oo Ac Yo NNE5N

SO OACDCio** 0 d'L AR o™ 0.
PP<M o, @ D A®YLIYoC JAD®ILLo ¢, P e
AR o> b oA ob®NNLC GPe*Lo
ALD>< AL*Uo.

ALA® ACF 2000 [(CAC \aPN><

AL*Uo Ado>RM—360-690 <ISGUAS,
PAoNC A®b Lo OHCH L L
<o*h D% D%®D%BC*IN Ad-HSA'LC, CO,
AP®NC> 0. CLea <dPC“bNNtLANC™Do
Ctdo™L ANYo ¢ ALSo¢. Cd"\>o*LJS,
Sd2RLE oI Yo SHP>pY > ¢
AL 0 A*Gob®D o< BPP>CI[ D¢
AL L0 NeoPND>< AL 0¢ <ML SPPseC_5<
APGHAL 0% CL%a <A Sh oA*o YL
ALA®Q ST AL*® 0% AMN<RAC d>o¢, Mdo,
A>RADG A>T, <L SN BPH>CI
ALD< P Moo N0 PND< AL 65bC®D¢
<L SPPSeC_5¢ APGHML 0% AMN<ILAC ALLo
GPCNDEooNe, C2Ro AL,
LAPYPNNLE ATNIRAS A D™ o

Cnb>< ALM o SgeR<ec<*+*L%*dN CO,
SgeRYEG ¢ D> NNE b oA Lo Lo

AL GPS0So L. N0 PNP>< ALY o

ALS® . > AN b o ALLn.Do*L_o¢

QDA ADHNC AR Do/ beCPID¢
QPR <AL ACTL LMD o€ <GP bSo*L ot
ba CI >P>CL*D*Lo.

ALD< P ALY YA NDOJ <L IPNDOJ. rrc D NN e tJqv e,

15 | ba CP< AL ¢ Lea: DPB>C®II 4NN 2023 | ALT>Ccenertd ba C

aosaA®CPo N

1 Ac*o<bNfegse

2 bN**Lo b, PPdo A" I CHL

3 P d*Le*NCP oM oD Py ¢
@ Co>PNC>o™L: AL D¢
n @ CIPNCH>o™L: ALAC GPSbHn o™

@) reYd® 6: @ PN DIRSGC PARS
CO, >P>CDI ALM o

4 bo%® PLYA® boAcbCio*M* o¢

5 BLYAS CALNA%A M So-P¢ 4L
QNS CP> RO QICCH o> ¢

6 JPPYDo ™M bost ARN™N¢
A¥*a o> o

o%°bP>rPSo*L

D covnavot. @) wreugs



QPO DR HAGC PARS CO, DPP>CII ALM o e (all v

PEcSH®NC>Y DPYNIPNE CINP>NNS ba CI BP>C®D*Lo AL*MC PASHC®I CO,—PP<lo PA>a bC* O, Abb>o-n %D U DP/N<IPNo< DPPN HJJ IC*MS .

AL Q'L P ™M , . 1 Ac*odbNreose

AP EbCP A% S CH e co, @ ﬁ 5 'y <4Gd A bdo AP7pSbeCsb D¢

Aqu AnL_-)d CO rlL"\,LIO— CA&%( - ClJDI7qb‘I<qb <r}y>qbccqb3qb pé\{o_c
2 ]

CO, PAY™: ALST>L%*N<5J CO, €O, PANC €O, a P L4 CO, AP**LA oYM =g <I>Yode

. < o L bc 2 bN**Lob*D¢, PPdo d*r ML C*L
r‘Lqubn"J\J, C02 o_po_e\,'bqé\%b. <L BN DN PAS N BRI IS,

P><<cA¥® Pd*L

<A>PLYC AT So*Lom CDSboehl ;
3 peordslcsNCho™rc onbrypb~e
AL o <L Ag*S><5N CO.,.

@ Co>NC>oL: ALBM D

@ Co>NC>o™U: ALAC GPbHLnc o

FP¥NGE < ALST APSD¢ 5 : @) reYd® 6: @ PN DIRSGC PARS
Q¥ePPLYE €O, 4o NCHo>Pe _ FPYNGEC ALST APSDC = : CO, >P>C™II ALM o
CO, APy Pd< ICo 2 AyA<6®I CO2 APSON. : d*e*LD¢ AL ’
Qo NCPRGAJ*Q D¢ g I>N<5JJ : ArAPSALLC ALDAM o N1, ¢ AJLBCRD oWNR<eCNo Pra, |

PERRG JIAYRN 5, NN S0 \=PNNRDE CO, PALT™, \SPMNEN €O, Fo<cedneors. P
P FBXIC CO, a P LSA™L. : ClL%a dog AL* g Sb*LaDo=<
ALMST @ PeUsansea C*L CO,.

4 bo%® PLYA® boAcbCio*M* o¢

5 BLYAS CALNA%A M So-P¢ 4L
QNS CP> RO QICCH o> ¢

6 JPPYDo ™M bost ARN™N¢
A¥*a o> o

o%°bP>rPSo*L
CO, AP*¥b<C*I° dNo- Mo
CO, b*Lo ALD>< <*pP*NJ%a C*L
AL oo DAY o b Do
FCLCIAQ TS, Yoo b
b *o AN ™Mo DP NN ALS® A*PGSbCSo-*L

“— G C @ NC S .
CO, AP bCP>No™M< ALT. b A5G- QPP adeg ¢
0TI A TL Ao ACTHST™NE PNDRCILYE <L PRAPAP Y D¢ Ada e,
CR A BBANFCHGNE DU mol € m2 G,
. D covnavot. @) wreugs
16 | ba CP>< ALMC L*a: BPPC®II AN*1€ 2023 | ALTPConertd baCl




—

Sb.o%® PLYAC Sb.oAcSb‘CSo- M2 "

0CC Sb>ANST DY DPPNNAoBRDALYC Sbo%™ ALST a¥eC>ROC I pbCH oL o 1°GJ Ao

'L €5GJo, <L Sbo%™ CL>a AA"Sb®NNYCa So-*L 0 >R_5%6- <PPC>Y 0 Ac M 0 PLY 0",

ALST BPLYA® bNe*LSbtC>NoSbtN<IseD SGJCL
D>N®CHCIo M08 @ ¥PCHC PP NS e ot
AB/D>NEON PIAD>D oL <L ALD>* g D%,
Cso™L.o¢ <L bP>Lo*L.o¢, D*tdrRc<lo*L . o¢
AL R <o *Lof, <L PLIcCD>Cio e
ACH®NNYo oY D>HC*DoC. Ido >
D>N%®CHC®I (A5, 10 <SGIAY), <L P *Lo
QPRI Sh o AN No e o¢

1. /do¢ <L ALD< SdcA*o™**o ax®C>ROS,

2. Ao <L BLYHDNC (o D> D¢)
QN®CP>NTS, <L

3. b*bdbCio e <L <D<obo e
d4d*o**0" ALAC <L /Lo AR o™,
<L AMN<KKRAC KL ALST X CP>ROS,

Q ICP>RODC PR Eg P L [PrA®DC

oo AP0 b®NNLEQ *D¢ a b Cio M o
ALSTD>Co ¢ BLYoS, Sb*Lbde <L <L SboNr
ArdoMe ot BPLIcD>®C e 0f, So_o%

o NbCio e 0t <L oY " No LA<So Mo,

<AL @ 1*%USbCSo ™M 0t So>ANSo >GCe/L ¢
CA\>NNPLLE A N BLIAS D P *DN¢
QI®CM e PPA®D o, P DY MUYoe.

psedyR-cdo-*L: Pdo< 4L d*o¢
Q¥ CP RO JPrase)C

ALST AP ACo /alc AtLn><¢

o PrYD>gE*LeD N, I A¢ i>L<'Q'L‘, [P<¢

ND>o b KL ASb LA o nd®a D¢ /dlr

ALST APDo ¢ APPN<ON, >N KL Md
<IP>NEONE, ALSTC APDAC NepNCHe Ydo ¢
onYDCNNLYTa D¢ onbC®D 0 ALST <L
S>o b D 0 A®b*Lo. AV r<c o b*®Do ¢ /dl”
QA vPeCPROC DA Do ™M /dl" ALT AP®IAC
AP OBSTRCD, [PYGE € BLYAS <L ASb*Lo
LD>0-Sb ™M oA SbC eI I NN D o PADA%Q o,
PPdo SbDrLYD D% AN g °KND> >N dlr
ALST ASdD o ¢ ADA>0bSo<SL*LC ADo*Lo
D>eR_3eGC AP g PG ASh Lo N> oTb O,

MN>ACLQ STERC> Sh_o% q ¥ >R |Prase)e
>a sl e oL .ot IDAT oo <L L C ASdY of
ALLADYOC A5 5 A HAC (CIZBNCHoL:

ASb 5AS, SbPALEg5ePCT), A O Sh_ oA o>
CdyD>ea D¢ IC>PPJNG >R HeG¢

ACShSo Lo ILN*N¢ AP AN N M AL SNJe

(42U 7: SboAc oM< ASh5* 0 @ ¥CHROC

APrpseD @), PV AP7R®D® bt oD

?dA¢ odCR Sbo M7 Lo ASBOAS, 0a.2€, CNP>NNNC Al ALST AP®DAS 'rcPnx®™:

DA o ACH 5N AL @ ¥ C>ROC L
bN**LoSbSo >N d*o >0 o bC*Io .
D>edr <ol IDATboITI® QLo > ¢
QYPCH>RO PLY o QL ICM ¢ ®DJ <l o¢
D>L< o¢ <A o,

>LGse L5p G e, DFO.

17 | ba C>< AL ¢ Lea: DP>C®II AN*1€ 2023 | ALTD>Ccnertd ba C

aosaA®CPo N

1 Ac*odbNfegse

2 bN**Lo b, PPdo 1AL CHL

3 Peori*Les*NCPo N o-nD>ry>e

4 bo% PLVA boAcbCio M 0¢

@ <7peJL® 7: Sb.oAco ¢ ASbH*0o¢
QVPCPH>ROC Yrpe)C

€ Co >N AoOAS, AP
M) Grravyge 8: IbBLANC 5 Ac® oS

A*SN%®Do¢ ALT>C o PLY of
QvbeC*C* o JChC*C*o

5 BLYAS CALA®A>MP*a So-* < <L
QVPCPH R LI CH o ¢

6 JPPYD oM Sbo AN ¢
AN*Q oM+ 0°¢

0bDYST L

@) wrreyqs

€ co>ncpo



S % MC S Qa ~C Sb M 7N\ GbM)C
b OoAco ™M AbO* 0¢ a®CPROC /7pr)D ] T 0 50 ASCP G-

A OAC b oAC T eI ACHID> 5PN PP @ I CPCH o, Ca HPNNN® AAKD>Y QD0 <L <APPCDY

’q C bAC L S|hC(SsbMC S C L Abéll<qbc.<‘_c<o-Qb: JJ i ’ 1 Aco-o-qunr‘o-o-qb

NAC™DNC AL AP>Y°dC oona<%DN 4CJ Ao

2 bN**Lo b, PPdo 1AL CHL

ALSJ®NGAS G N> D¢

'L ddoPo D> oN oo ’

3 pesri*LeNCBo>re o-n>ry>c

4 bo% PLVA boAcbCio M 0¢

n @ FreYd 7 b oACT M A0t
QVPCH>RDC JPrawIe
@ Co\>NC>oL: AOAS, SoALoPH!
A% 5AC AP 0° AlLnbve . G
00a.-°b*b /LY 0 oo c*0¢ : : '; - F & Qraey <o 8: JebDLANC Y Ao <SS
ALLALD> 0 5b%D¢ gsPN<ILR> of, oa I Yo, : ' = ] A<Nb®I < ALST>C o BL<.o¢
oP.0¢ I°Ca A™PLo S, A%®dP o, <L 74 : R QYBICPC o ICHCHCM 0
SboAMNLo ¢ : £

5 BLYAS CALA®A>MP*a So-* < <L
QVPCPH R LI CH o ¢

ASbHOAC AP P<Sbo D¢
spebd oM _of PR _HeG¢ 6 JPPYDo ™M bo® ARN™N¢

al oMo of LY CeNore : W~ - S — 9 ol 2 Av¥*a o[> o
IDPCACLON Paso®hot d*o< - : '

o%°bP>rPSo*L

oL CPo™N¢ @ . .
A oo AC B Soeh b Cio e
Sb_oA_5bCSo-"¢ w AbsP*a ™I A o>%0 Sb 14 @~ Sbo)C Sb
Cd\B>NNNe 16 °C 20 °C 23 °C orraiof Ao Aot A oAt e
<:C0.qb3rc3< >Lenre DLLN>re <P N AScNS, ALY Pa "l REcANT ASb O CP~Yo¢
b P Qq¥.ot. DRI S oA ST HACC SN AMGEEQ AN
\

. Q covnavot. @) wreugs
18 | ba CP>< AL*N¢ L%a: PPP>C®II AN+ 2023 | ALTP>Ccnrbdt ba Cl




¥

cd*~\>NCPo L

Cd*S>NCPoL: ADoAS,
So>AL>o-Pc!

AB HOAC AT NKARE0¢ ASb_H>DIKC
>P>C®I[ D shoMy*Lo 75°><%a Lo DP_LC.
Ce D Lo I>AAD< PP 5<o!

0a.c Lt A¥®@ D¢ ASh 520 ¢ {DbeCCH e
oPP=oo e,

ba C>< D>P>CD*L AbY®D¢ Pa >y >G Ao
<L KNeP<LcdNo ¢ Ab Lo ASbobcnoPYdo e
APba AZ7°NN<C Ao*cC.

o Cc@ I <DP%a ®DN BLYAS ASb HAS
LCa %Dl J>a D¢ e *L_o¢ AP Ao,

b oA dsSo bV Ab*MNJ° 4L
A*PS1%aSo ™M 0¢

LN I>PNJE PR Pea N A <o DLYoC BLYo
D P ¥ o *H>NNLEQ ®D¢ @ b CeC o
APPA®D o, AP 6J%a N edN <P/<.0¢ al o™ e of,
BONP LY, ALT AP Y AMKA ALY Lo \SPLo e o¢
ACDH N> AL o da ALST AP®Do¢

ba CI <PA® <L NP BPP>CeI® qN*Lo. IN*Do
Na Lo e ot PRGN AL KA ALLom ALST APSDC
PEcH®NCHYE IDcP e o5 ¢ @ ¥biCeC o PP r®D o ¢
ADobI¢ Podr R oL 0, PIA®NGAST N> O,
AT N<ALbS o\ >S50~ _o".

LRV EG, AMPGTHECED BLYAC @ -GG Shiaeh >
<DP*a S 5N aveC>Yo PP ®Do . A P HJIAC <L
LA <GPPI SPpD>L S Cio M NP N <IN

o NLCH o, IPb>Lo 51 Sb.oA 5B CSo e o
APPSR PP 5N al o 0t NPJ%a *C* o,
prLedo Lo <SGJI, <L Pdbso U Soo My o (P aey<s®
8: A*bPLAMC: Ao 5o A"¥Nb*D o< ALSTP>Co¢
PL¥.0¢ @ ¥bCHC g AChCHC g ®). DL,
AFLPYDALRC S oDA%E P o \D><DON Nodo AP0
P LS BN®CTHCNEONE, So>AAD>IL®D PYL®BNNC 5N
D>P>Hde PN®CSo* N 0¢ oML .o AP*LINNEoJ
PO T END> L0 @ PICHRCHME, CYDYeINe, <I<<AS
SYUNNCB>®D @ PbCeCH o DI o e 0¢ o[ *o 1 o
P o5 of. Cbd<l oCt al o™ ¢ A oo™t AL ¢
QLLAYLYC o SbiCeC oo PIc G M UPLYo ¢ @ v C> RO,
9. 0DA®A P S0 @ I®CHRODC IIPCH> N, AD®I <G
AS<lo B®AHSTPo ¢ gPb<IH®INS, AbLPea ®D¢ ALST

0 PDBC®D <IDP*a S 5N ID®PCCHIYo P ™o AP »Sa*L_o¢
>P>CseDr,

LRI o YD BN®CHC®I 0 b oA SBC o™+ of

CAyD>AL O ba CI BP>C®D™o, ALST>CAC BLYAC
QL ALSTDCAC N <G5epP <ol /LNC So oA o™ o°
QIBCHCH g P Do, PP<loc, ACTHSa ¢ G5 HAS
<AL QPRSP HUDYAS S2R<E <R ba *a Lo ba C><
>P>C®D*Lo. P HULAC D> LPEo 5N P o D¢ 1L
C2REMA*A M 55N oCo al *o** 0 A*<NN<oJ
BP0 *L0¢ <L ddoP>o i ALAQ PRSI0,

Sdeo: Co QN ASHOAS, Lra=J<®: b Led. ACom: P U™ AV HUSST (A Lse®), dLa s« ePC, 0a 29, ba C. A B> PN <aeyqare,

19 | ba CP< AL ¢ Lea: DPB>C®II AN 2023 | ALT>Ccenertd ba C

€ co>ncvo

aosaA®CPo N

Ac*o<bNrege

bN**LobI¢, PPdo d"A M C*L

B oMi*Le*NC> oM o-nP>rype

Sb.0% PLYAC Sb.oAcbCia*M* o°

M) reYq® 7: b OAC TN AT 5% .0°
QC>RODE PrpseIe

@ Co>NCHoL: A OAS, oL
@ wreyYd 8 IOBLANC 5 Act oo™

A*<Nsb*Do¢ ALST>C o¢ BLY o
axbCeC* o ACbC®CH o

DLYAC CAL\A%A*M2a So>M¢ QL
QVCPH R QI CP o ¢

JPPYP>o M “bos® AN N¢
AN*Q oM+ 0°¢

o%°bP>rPSo*L

W wreyae



LEOBLANC > Aco<So-® A*<NH®Io¢ ALT>C.0¢ BLY.0¢ @ ¢biCPCH eg JCheCeCH oo

P OLAS QL <54\ PRI 0% C o™ b oAcM]%*DN¢ LA 0 @ ¥bCPCH N0 boA*T N g, IDHC®D LA Do b>LoS e
PoeON LR CM 0 b oADoM o 0P 0. C*a b0IA*A P a o ™L JPDH™I™ b oAc AP Q. *D%® IP"r%™I 0¢ o X*bC™*CH >0 J-L
b oAD' * 0 P *c <DA*a >~o .

PcoOLAC (ba*a*lLo

ABSLE ALM 0 PeoLE) TR0 DL Ca e D= oD b 0A 550 0F,

> -

DPP>ed: AN/ o eh>RODC

> ¥ So 0 DY oh> N
<L AL%Q SN PR oS
TP o AS 5 PYAS L <D<

9S4 (ba*a Lo
ba Clr-A*L%a*Lo
AdPOE qSAC)

>PP>ed: ANo ] %b>LRODC
on oN APDoC AN *LH%BC*Ioe

P OULAC <DL C®DC orna A %®IN, Pb™IN, A*NGEHN< /<o IP<.0f, <HL PdcbdP>a **DNE, IDbC®I M fo<

P>Yy°d: ANo N <L ddo P oK
<L*oPLRO P> N*a o> 0¢
Do hP>oN PPdo Aar'<fbeCI¢

A>T ®hg¢ P ¢ A5 5 BLAC

LA Q®bP>LHC®I o-na A o i >N, ID%HC®I V=b 0 Ac*Lo T
<LebP>L= 5N Po®IN oP**c . IDHC®I a“cd*cDA*a " AN,
P<<A DN <ebP>Lo s 1S, U-boAc*LoIIN Aa./<®DN o b CPCH o

<L on“oN.

-

ba Cl BP>C*DLo

PPLCLCAC

* O%ECEIE PALID e

. QDQbCCQbDC
ANSMLG oo >o
<=L SN

+ IEODLIbC DY
>y <L PG

o ABHC®I NI

AD>YbdS APbo NI (b LD I NP Do FP<NCE o€ LYo

FPYNGE ot BLYoC Soo My Lo ALD< So*Lo

20 | ba CP<AL*NPCL>a: PP>C®IN AN 2023 | ALST>Cenrbd ba Cl

A*L%a *Lo Yo PNP<

AL*o

o CERENA®G SHECTDS
AC>PT al oo
ANgeh ¢
qﬁbbDL‘ibccquc
LAY A
Lb>LoNe 156G
Ao cL®
o b Co o>y
DA N<®I ¢ Lo

aosaA®CPo N

1 Ac*o<bNfegse

2 bN**Lo b, PPdo A" I CHL

3 Peori*Les*NCPo*r< o-nD>ry>e

4 bo% PLVA boAcbCio M 0¢

@ <R 7: Sb.oAco ¢ ASbH*0o¢
QVPCP>ROC Yrpe)C

€ Co >N ABHAS, AL P
n @) ey 8 IREBLANC S Actoio

A*RNH®D o ALTD>C o LY of
QvbeC*C* o JChC*C >0

5 BLYAS CALA®A*MP*a So-> < <L
QVCPH R QI CP o ¢

6 JPPYD oM Sbo 4N ¢
AN*Q oM+ 0°¢

0bDYiT L

@) wrreyqs

€ co>ncvo



BPLYAC CAL™NA®AQ M %a 50"
'L @ ¥CPHRDC 4I*CCP oS

ADZNPLRILNC DALYV DL IAC @l bCio ™M 0%, o “c <%0 av*CP>R Do

AD*LPLo e 0f, <AL < AP PP BLYAC ba CI BPPP>CI*LG¢ AL 0.

oCEIPIP<PN A Da AYAgSbe<ec ¢

al g e o PLIAC R Do
SpLedCio ™ 0¢ AL 1Mo, Cdo<I*N<_5C
ba C>< DP>C®D Lo, Dd<d I oM AFLPY DS

1. DBPPC®I LM —Ab/D>*Ada D¢
bNe*LsbNbSa*Ne_o¢ BP>C®IM L AP o
ALSo¢

2. AL P c*M*o—A > oa D> P o
AL*g Abbohg ¢ 20 [TCAS

3. MP¥‘—A 55 C AL*o Ao<lo BLYGE ¢
ArepsedL o™ e ot

SH>ANSG DY PR g BLYoC CdN>NINNE

Sp_o¢ DeCH>Yea L LC 4N g <L Sbo%

LPCE SIS 0¢ BLIYAC b oAc>LL*LC.

DPP>CS DLl 4*Po>L

SH>ANSoD>ILYE Mol ICL*DJ ba CI
D>P>C®ILo Dol IvUo So>rLo DY BLIYAS
Q **L5bCSo e of <L <P Pee P Of,

>ONP Y, D LCo 400 o>rhsA>Yo ba CI
DP>CICLIe, DA [PLGE_< BPLYAC Calanus
hyperboreous a.o7P>c_P>*2¢ 93% “b>rN >0 ¢
<'L Calanus glacialis >Gc>®D¢ 100%. <X N¢
FPoNAC ANDC (4505, Oithonia similis) ACSoc_>ST<¢
>RGN 93-100% SbB>rSAD>Lo (7 pe<se

9: 4*Po-N.bCeC P PPBCI ApD @),

CL%a DPb%®I® ALLADS 5N o> AL
Ab 5% 0t <L <5\ 0¢ L=a P> AL ba CD<
>P>C®I o ALY %o .

C2Ro PPP>C®ILI < o™Lof, LD e
N> BLoD A%b Lo
SH>ANBC>HEo P ILNC, SH>ANSTD>GCIL L Sh>p L
1552 <*APPOC Sh oAD' (M Ao C)
>0 Sb*E, PI<YULe 560 M Ao ¢

Qo YD>o N> DI CALAPb SN 5, Ca
OC® SHP>ALRST>I® A [IR>RNNEY 55 DC
LBpL o AT ADLEC LPAPMOC, QY g FR>C
H>AYD> RN ALSTD>Co BPLYo, ADOAS,

<L NHT<E @ 1L CCSo* M0t <I5GJ A H<lo
Jd.0%Cso™re o,

aosaA®CPo N

Ac*o<bNrege

bN**LobI¢, PPdo d"A M C*L

B oMi*Le*NC> oM o-nP>rype

Sb.0% PLYAC SboAcbCia*M* o°

PLYAS CAL\A®Q M eaSo-*MC QL
QN CP RO QICCH o<

@) FREYL® 9; Mo HCECHN
>P>C®DII ApDS

@ CIP>NCPo L NAADOAS
AC°b™0-0°Cio ¢

€ co>NC>oU: ALST >N
M ¢reyge 10: oa.ct I Cd > *CHVe

SE>ANC>o N ALD< Pec Lo <l
DLIAC AP LOC

JPPYD oM Sb_os® ARN™N¢
Av*a oM *0¢

o%bP>rPSo*L

Ne0C, PAAS, <L ANS o<CD>RE A% Lo ALa *Lo ba C>< DPBC®I*Lo. I'ac>nv®: bAN <\, DFO.

. Q covnavot. @) wreugs
21 | baCP>< ALY < L%a: DP>C®II I<N*M€ 2023 | ALSTPCcnrbd® ba Cl



ALSTD>C.0¢ BLY.0%, ALD< ANG*L <D CE_5<IC>Is
arl P OULAS bNHCSo* e 0¢ <L Sb_o%

ADBCS TN 0¢ @ IPCH>RODE oM
(Q5bDBLAP5: Ac®odSa-® A*¥NbIo¢
ALSTD>Co0¢ PLY.0¢ a.¥beCsC*M oo
ACsbCHCH g @), DN®CHCCio™ N ALSTDCAS
NLE<E Sp>AY > D¢ > ¢ Sgt_I<NC>PLLbdE
P>ANCD> o 0f, PP H>ND>N, <L
Sgt_I<CNC>PLLPdC GPS. 0C% So>AN®C>o e ¢
ALSTDCAC NHM<E @ 5a AL DL PO [beCeIN
IDobeIN <G=<iNbl (\>YAE), AN

AL*Uo (@ D7), AL DHL® (SoSd-HAY),

AL®L T<PPd (WDBYAS), <L MALC A aleo e
<PA® L e eNt ALM o, CPYYD oM Cbd<]
>LPO ] bN**LoSbo ™Mt ACSbn<sbD¢
B>ANS SN IDAC P ST 0 ¢ ILN*Lo

P7p*Do ¢ <L Ao* 0 b oAcNCP>o P> CL*P*o
>P>C™II o AP Do <L o MN*LG*o®*ha
DAL MR C* o

4P o NBCCHP BPB>CEII AdDC

8 NI CAS

LREY® 9 @

I e s ol

Calanus Calanus Metridia Oithona

Lo C e

ALD>< P c*Lo d*Mo™L

ALD< Pec*Lo al *o ¢, oa Sbb L o
SHD>ALY D> L <L oa.ct ¢ DPINC>NC
H>ANHCo I DPPNNALY BNR <L L%a
DLIAC RPN QL PP o ALST>Co ¢
DLYo¢ <L ASbOAS @ 1S CSo e 0t <L

o oA*G e 0t GJGCCHILLT S, DP>C®II oa ¢
DN®NNPLYE LR o ¢ BLYo ¢ CdYP>oiC*Ioe.
Ced< CdYyP>ROD CI\P>NNLEa ®D¢ N YLEPLYo©
DLYoC @ IMLSANLQECH g, <A BLIAS

DR 545 PLIA NP ARNNE D IM<Te
APPA®D o ALD< QN Lo (7p=Y< 10: oa.ct ¢
Cdea.°CPN<: SbPAR®CH oM ALD< Pc*Lo Al ¢
DLYAC apapO @),

D> M AL o Sb>ALo D> ABZNNN<®DC
DPYYD>o M 0 0% PR CdyP>beCeDe <L

o N> b oA ST >EE. o S
SHD>ALY A DANAPoC <L Lo D>ere BLYo e
CIND>NNLE @ cod NPsHeCio > ACSHLY LL*LC
QL <A oo oCtc.nPYoC. oactl
P NC>RC SoP>rhoS I DPPN<IN TSR >
A¥PYo ¢ P HULDYo CdyD>beCeDC Eclipse

Sound 2014-To¢ <ItL <I54\¢ >P<-cbCSo ¢

OCT al®o N0t A%< P HLDYAC L <14\
Cdy>RO D<o b /d*L.o dr*r oL ot
Cd7D>PYLRC oo c*o0".

ALD< Pec™Meo ol o %o, o I®C>LPLLC
ASb5® 0 <L 7<% 0f BLY o (A5, Co Q5C)

hyperboreus glacialis longa similis

Do HN®D BL>< Pa So* M 0¢ <L
C<bSo e 0¢ SJ2RYEG > 0t Ab¥NIc_ Yo
b oAC*Lo 0 Sb_oA 5B CSo** 0 (A5,

b 0A ST 0 <t o Cio N o) <L

o NLSCCM e 0¢. 0C DPYN<IPNE @ da AT/
Ced< ICP>PJNE ASHHAS LIP>a D¢ YdbIbbe d>o
QL ALD< AL 0¢ DPD>0FS. ASH HAS [>SeAse)se
d*Lo OB >®D18 Pc'ClM ALA®a Tl <ICo ¢do
(PN 0a 2) ALY Ao HAKNE o
ABHOAC o So 0 NNG®C>c >eDC,

CL%a NNSCDAL P> BP>PdE 6% Cia™ e
Cd"\>NNLE Cod<l g™ ALLA>< 5N bN**Lob%®DN
ATNAREG L ALD< 4N 2o SGJcLre,
PJAGC®IM g DA% >PN>a J.

SDIdo: 262 N NJF<®D% N 5L ><Qo Big Fish River (3o%). <*dcD>nv®: be > Lcd, DFO. Co™ AL <54, <rasx<: Yo NS Hie,

22 | baCP< AL*PCL>a: BP>C®IM AN 2023 | ALST>Cenrbd ba Cl

€ co>ncvo

aosaA®CPo N

Ac*o<bNrege

bN**LobI¢, PPdo d"A M C*L

D ML NCP oM oD PYD> ¢

Sb.0% PLYAC Sb.oAcbCia*M* o°

BLYAS CAL\A®Q*P2aSo-*MC QL
QN CP> RO QICCH o> ¢

W) R YQ® 9; IM o LHCECH
>P>CII ApDS

@ CI>NCPo L LACADOAS
AC°b™0b°Cio ¢

€ Cco>NC>oU: ALST >N
M e 10: oa ct I Cd o *CHS

SE>ANC> o ALD< Pec Lo <l
BLIAC AP LC

JPPYD o “Nc “bos® ARNO™N¢
A¥*a o> o

o%°bP>rPSo*L

@) wrreyqs



FPvse 4oL

FPYo <P oo, LA D> ALT CSnyAC
(CI"\B>PNCBo*L: ALST <>N) N®PNNcD>eDC
Sp_o% L Sb*LPdt IC>PVJNC TPYGE ¢ BLYAC
bNb¢Cio >N 0¢ bN=*Lc*DN o <lo
PATHC®I . Coa CSnLySe Cd™ >N >*D Cod<]

ANDETPINGE S BLYAC LSbeCseCNe Ced<l bNe*Le,

o NLANLD G JC>PYJND A% DD o

o o>V 0 o Lot CPd<l a.>a AL/ NIC
QDAL BLIAC b oA HHC>No ™™ of
Ab<®D DPY 5N Sho® <L b*L°d¢ I>c <Y P>NPK¢
> CP>NCoHMe ICo AL onyD>ROoe.

4D CP¥ 4'L CAL'NA®a*M*a o<

Ac ¢ oCE SobALo DY BLYoC a5 ASIRC
DA b®NNJI>a DN AN o . <¢Ca_**D°¢
ALST AP®IAC M APSo ™M D5d%a Db NN
A®b*L_0 N> ™MD 0 (A5, amnesic <L para-
lytic /. N*LJ¢ NYC D9 @ D) a.oyP>c P>*D¢
A*L*a *Lo ba D>< D>PP>C®D*Lo. Dd*a D¢
SIS NI P°D¢, <L CA®dIC
“>o b Ao e C>R*M D w.oa > 0°.
A oD>ALYD>NO® QCa D¢ ALST APeDC
ArfPso M 0t ACSho s> *LC ba C><
>P>C®D*Lo.

0Q.C¢ B>ANBCAQ ®D Koo ¢ >a C><
DP>CHIM o, P AYDPLI [ odiDe \t KL
Sbo My Lo ba C7M<dcLbdt Pe>Lo (b*D4\®, >¢_°b)
QDA AT®IIBARALHCSo "™ 0¢ ba ™ <L M<IcLl
>P>C®D*Lo. o.oAcNNo N ®CCH1 e <L

A ND>YEQ Do ¢ KL>CobtboeN<_5J DP>CII
Q.5 AQPI® P 0 ASH 5% 0¢ <L A0 0¢
DL ANLECH e of,

ACDH H%I% JdoP>Y I AChSo ™M o¢
JPPNIPNo € SoD>rN®CPHILRT ¢ fdRY>o b N-oNe
“>U N5 b oAca*Lo M of I dg-sh o°
ALSTD>C 0 BLY 0 ba C>< BPP>C*D*Lo.

@ cd*s\pNC>o L

N<ADBOHA ACb°b*0bCSo™M¢

AdPODC G ™Ne LL LSPAS PJ<AS

(> *Lo <L PSoeCdCE) Pa P>y DG Ao e
A OLACCHRI ba C< BP>C®ILo.
2020-T oS, Pa DYy D>GAo s e AYD>RC

P PP®C_3¢ APGH Lo AP ac >eD¢
Ao TP Ash STV MM LbgeDe
LA OAS AsbOLAIPNE P7aseC> >eIC
NP5 N A HPLALYNOD A ST
PP<lo- Ac_bd®NCP>o N LPdD A<CASDOHAS
<L PKAS AL D% APSNNPJ
LA OET M 0 AT e,

SO>ALYD>ANO® AL ¢ Ac Mo IGJo ¢
ArAgeR>RON ALCADH AT PP®C_H<
APSL*Lo. CL®a CALANEJ, n<IASH HAC
oL C®I oy o PYUKAS, DLAC <L
AP0 PLY.0¢ IDBCHL Yo AT OAS
oY@ ¢ Pa Dy DG Ao I PY<o.
APOG>NTP>I® L oy Db Cio>e
NL<CAD > 0t IDATH®I® JCM L*DJC

o NL5bC>NHC®I o — NP0 DN Pc_5LS.0¢
<L M08 NP o b SN LIS ASH HAC
ADPOME DA bR D¢ PY<<o¢ <L 1dPD¢
oG >0 AboOocnoPYot.

>Pc® PYLE, LpJL™: b B¢ o'rn®, ASbocneredt L
Cn>cnrtd® ba CT, DFO.

LSPAC BLIAC ALST>CoC N <do¢ ALLA><T©
QCa eI NC>LE AND>EC <Ll @ DYAS ALST>C.of
>L<.0¢ aN®CP>SCILo>c > ba *a *Lof
AP>2SC AL*Lo P OUAS, CALMA®GQ Y2 5D¢
ACShS>M¢ 38 000. ALSTP>CA® BLYAC @ K5C><¢
QA ®CP>DC®I CcLoCLE 5GJoe, DR Heg¢
AdoD>o®h%®, o Ha ALY 0t ACSHSo ™M e of,
PP<do <SGUCLS, Pa Py DGO ASb HAS

QLL PYKAS SD>AKCD>HCC®I g PNP><

AL o, PP®C 5¢ APSH Lo <L ba *a Lo
d<A® <L SPPseC5< 1d>o <o Cn>*Lo. Abd<
Cd"\>NNLE b oA N<L®D o ¢ ACHST e 0
AdPDE oG Mo <L BP>CSII <L
SPSgCICEC PYUKAS, M APA<IG <P NE5Ne
A<LADB A (CIWPNCPo*L: NAADOAS
ACbPb>obCio- M) <‘Ca NNt *D¢ dY<o
onYD>NoONe <L IPOSD"Y D> >N o PPy oN.

@ cd*spNC>o L

ALT >N

LRACP>NEALL <PpeY<e CIN>NNNE 56U
A><lo PR <o <L oSbeCseDe

A S NBPIHC®IE L PYo <1 [TPINGE©
BLYAS M AP®N< 5N N\aPND< ALLo .
FPINGE ¢ PLYAC AL 0YUNKc <o

ALST AP o50¢ bNE*LANY e Cbd<
ADS*%0f, Codd AN bC>oSbsD¢
ALbGE <I>NDBH*IN. PR DN/
LAY CIRPNNNE M Ao e <L

b oA o AIGT O AP NTeC®De

Ado D> - Pdb®N<_5J DP>PdC /AN 5J
DASURRIE <L ALA®Q DN 5J <I>YPde.
CL%a a5 A®Yo P> ®D% AL [PINGE ¢
BLYAC 6B CSo M0t ID%DN <2+ CxLo
A g @ I¥bCRCH o Aa <N oNe
ALSTOo ¢ ALST <>No .

23 | baCP< AL*PCL>a: BP>C®IM AN 2023 | ALST>Conrbd ba Cl

aosaA®CPo N

1 Ac*o<bNfegse

2 bN**Lo b, PPdo A" I CHL

3 Peori*Les*NCPo*r< o-nD>ry>e

4 bo%® PLVYA® boAcbCSo*M*o¢

5 DLVAS CALNA%Q M So-P¢ 4L
QN CP> RO QICCH o> ¢

@) AYL 9: IV o LHCECH
>P>CII ApDS

@ CI>NCPo L LACADOAS
AC°b™0b°Cio ¢

€ Cco>NC>oU: ALST >N

@ <22 10: oa.ct I Cda *CHRE
SE>ANC> o ALD< Pec Lo <l
BLIAC AP LC

6 JPPYDo*MC bost ARN™N¢
A¥*a o> o

o%°bP>rPSo*L

@) wrreyqs

€ co>ncvo



00t Cd%a ®CPR BPANPCHo N ALD< Pec™Uo M BLYAC < [ oo AP o

00 5b%hYC SH>AL YN PR B C>NYoS CIN>NNo b @ Ha ASHM BLIAC oCWUL*LC al o™ 0, PR H5%F ACHLI O <L NNGHCHIL*MDA>a D,

DpDCqur _OO_C._C Dﬁbncnqbccquc _OQ_C._C ‘ibD'xH‘ibCC‘ib:)C 1 AClO'qunﬁlO'qb
A>T Cdy>Yot BLYo P oM o0 KL® ba CT

>LP/Oo al*ony* o >P>CeD*Lo. AMAoh A KL™

- O>ALYDNC @ 1= Cio M Do DLYAC @ al oL CAryD>ys

Cd7D>ArLYHC*CM 0. oa ct e Qo 7>RDC AT HbCPCH 0 AD><PEOE Bl
DLYSo <L ALLLD>e (A><PIO KL CINDNCHE BLa).

NNGC>o N o¢ Cod<d DLIAC.

L Pp>c,

2 bN**Lo b, PPdo 1AL CHL

E e mae e o e

o E— i - 3 Peori*Le®NCPo P onbrybye

4 bo%® PLVYA® boAcbCio*M*o¢

L 5 PLYAC CAL'™WA®a M >aSo™r< <L
hLe Ashore<e QVPCH> RO IDPCP o

@) AYL 9: IV o LTHCECH
>P>CII ANDS

@ CIP>NCPo L NAADOAS
AC°b™0-0°Cio ¢

€ co>NC>oU: ALST >N
s @ 2 10: oot Cd o PCHRE

AotV o>pi*C>o M ALD< Pec™Lo e
DLIAC 7% eO¢

] I~ ~ 6 JPP7P>o M “bo ARN*M ¢
oac“AoA® oa**o ACHULIM O b oA ST DR Ao Av%a So-*Ne ¢
<IDbCeD¢ bR ede L A% o*R Y Co

o>rlL7 0" Do? N Q VGYheCeCH NG o SN ATe/YC ;

Ca’Ly* o <?’PbA%Q Do bN**Lo > o¢ obbro*L
ALSo A4\ D%®/LNo .

D>LG YA <Gn<e, J<c_* Ibé\/ Shutterstock.

. Q covnavot. @) wreugs
24 | ba CP>< AL L%a: DP>C®II A<N*M 2023 | ALTPCcnrtd ba Cl




aosaA®CPo N

1 Ac*odbNfegse

DPPYD G b.o%® JRN S

2 bN**Lo b, PPdo 1AL CHL

AV ‘oM 0of

Lea bB>AN®N 0 NPYBLYD>GHB> D¢ Sb_o% IRNMC A 1> So- M o <-L P 3 PEATPLETNChrt an b rybe

b oA/ N NN 0¢ b oA 5®C>I AL DPLa AdoASI Ac M o0¢ ALST>C o DLY.of.

4 bo%® PLVYA® boAcbCio*M*o¢
DPPYD>o N A D C>RODC P rNNNo

AL*Uo ACTHN<%®D¢ 4<N*Lo <I>c Nose.
QGIGC®PLITS, b oA SBCHNY BLIAC L 1LN*L 5 DLYAS CAL'N\A%Q M@ So-*¢ QL
P>ANPCDC D> oY D>HCPIoC <L IAD®/LYo . QA veCP> RO QI CP oM

CL*a @5 AYATDHNLT®N>ILI® P>y >IoC

o oAco ™0 V7RI 0",

6 JPPYDo ™M bost ARN™N¢
A¥*a o> o
4N*Lo AP ‘NVSb: PSPoS°

PP L A IR <I>NI >P>CII
AL*Lo oonYD>ROGS, A0 al o™ o, 1* oL
H>LCio Lo AP r®DC ARSI o So>LbCNeaJ

D>C 5L DP>CHIM I5GJ*Lo (472U <® 11: ol

.o J*a PPt P> oqede PPa? @), o D>HCHIC
b OoACT  P>NST™L.0¢ PPT® bV, JPrgSo
Pdbd D¢ QL ALSIE <> SN o <L sb™Lbde Pdl ALST
AP®DAC L [PINGEE PLIAC APST ™ 0% APSo LY ™N¢
BLNNNE AbY®DAYC Ao ®ho ¢ oLy >beC®D o ¢, <I>N
Pd_iSPbbtC®D¢ So>L NN I D¢ AP®NNN<S 5N

@ 2oy 11: ol aod>a®pde
Do odede JPoe?

@) reY 12; Mo ™M <L
BN Do BUAS <L APDS

@) CreY<® 13: 0a S BLNN>YEQ D¢ <L
b<™ AL Ibsoe

Cc DN 5J DPP>edC. oCt Sb>ANSo > hegPND>< o5bb>PYo L
AL o CI*S>NNNE 100-c_GN®DINH>LI ZdedsbeCseDe
LSPA%A >0 Aa/<Plo <>N I <dc®Ne .
ALD< oo @ ¥ C>ROC PBLISh<O% o AP®DC
0%bbc_N<NC QLN Sb>rALo Do, MTPINGE ¢

ALD< P CAWPo™L SboM7*Lo SPPSCTRL®, 0a 2¢. I'rc P NN Lrp UM Ne,

. Q covnavot. @) wreugs
25 | ba CP>< ALY < L%a: DP>C®II I<N*M€ 2023 | ALSTPCcnrtd® ba Cl



DLIAC M AT*M APSPRGAOS, g-5PsheNN<_N
FP<NGE o BLYo.

D>N®CCHCo™L PPTsLe o>La > Ao
>P>CII [PINGE o PLYoC <L ASb 2o
D>N%CNNNE Sgt I <L <€ ALST SoD>CL¢
CdYyD>CACLE N onsHeC®D 0. <I><¢_NNLC
oNYD>RIG > 1%a PN o O CNE e
DPC oCt oAy >ILLY AL a Lo
ba C>< >P>C®D*Lo CI"\>NNALY Ac L
D>N®CHCio* N P HLAS ID<Io-5beINC
’Peo b CSo*L ot DP<I"hed P o ALALLC
0°d¢, PO A¢ CINP>NNYC @b ™l
PP D<o C ¢ OBCSo* N ALS.0 ANG0°
700 MCAS A%bboh ¢ I®b>L5bC*DN
Cso >N <L ANo*h ¢ 5eb>L5¢C*DN
H>LNC U BEoPde.

4<RN*Lo AP NV /d

AFLPCON b o Ao ™M YdANGAST*\P>NDJ
ACHN.<b%D DPY bo oM “bo /d

> Nobio Lo AN 2. Coa P NSoD>Ise
ddo Do i ALD o NN o <do>o*L.o.
DP>C®ILIC, PIAPNGACT N> o>y
sgeRA 55N PLYCSo* Nt AN 0 oLy C®I o ¢
<AL AbSPYC LY Ho. PP<do Cra SdenSo st
dCo aOaA®ILIoC NNGCHIL M O¢

ba C>< >P>C®D*Lo . /JAYNGA ><Io¢
PECH®NNEEQ ®D% AbdP<o, So>D>ahSo>C
Cd\>NNLE, Lo Co NP>y c®D /AL bC*Do
P20 U SO g NN Cod<d TPINGE ¢
BLINAC AL PO ADCE € oo™
oS¢ CS N (AP AU 12: AMdo*M< 4L

BN DoM< BPLAC AL ArD @), CALA*G*L0F,
DLYGESNAC APAMEON, <L APALSe LS

ANDO5N. CLa CAL NS P<eNNLse BLSo,
PEcb®NN<ON AaPSo ™™ 0. YdI¢ I>c C><¢
APPA®D ¢ b P do N 0¢ P ™ o¢ [PINGE o
DLI 0 APRND<ALPCHL <P PN N oS C,
DA% P ADTR>Leq D¢

>LYGE NN 0% CLea CALPc D>®Ds NegpNp<
AL o TPINGE_< BLYAC (Pseudo-nitzschia)

K PNNLL*IN D5da *Do (neurotoxin domoic
acid). CL*a. _.o*bN‘Nc_P>eDs >LSo¢ oo M0,
pLPd o NG HL®TN S M APSTNC (a5
12: A do=P< <L b*N>a.D>o-*r< PLAS <'L

ArD @),

Pd*L APPA<Lec <IN ba C>< PP>C*D L Lo
(draegdse 3; Pd< APrase<ccdoL @),

CALA®Pb S<I®N<5J o 0Ac T IC>PTC PLYo e
LAY D AP D o al o 0. CLP o
oo PNB>< AL*Uo <L A>2<C ALM o, DPLo e
BULMAC A%Q P 5N D®C>YC /d_o¢ ACHSo e 0t
<L AL*.0 PaSo*L.o% \eoPND< ALM o,
pLdo L PIATDCIT L DL N®I®

DLo M0t PLWAS <PANA%a L bN**Lo L

Qo v D% ADSC ALo (A*L*a *Lo ba CP><
>P>CIL o) PIADCSo™L PP asedLL o< N5
CoP S PR _HGC P [PoseC® (Arp-y< 12
Ardo*re 4L b N*a DoM< PLAS AL ApD< @),

IPINGES BLYAC ba C>< BPB>CHI*or. ARDE <L SIAPAS, <A D>AI®: oo™ S5,

G LU 11 @

N \\JJ R
al o_o-d“o_‘“’PD" " \\
> _obd¢ /SPoSe?
>Ppbde I>Ybde >P>bde
O 4>AADS/ADAAD

24
18 ‘

— > — 4. 4
~ v B> 9 r
U >

UPO4
VDG
AdaD>
uvuUe
UVG]
uVvYo
UVAU

O ABODNA/AD DN

u

=y
<y
v
o

P

UpOL4
VP 5V
Adap>
uvue
VVG]
uvyo
VAU

N [ — A. A A, S

O A N =T S-S
by G > 2 > >
A A 5 > > 5
5 5 3

Il 24-AbSA< >eobde
B Deovds QL Deobge

24-AbGAC P obd¢

26 | ba CP< AL*PCL>a: BP>C®IM AN 2023 | ALST>Conrbd ba Cl

€ co>ncvo

aosaA®CPo N

Ac*o<bNrege

bN**LobI¢, PPdo d"A M C*L

D ML NCP oM oD PYD> ¢

Sb.0% PLYAC Sb.oAcbCia*M* o°

BLYAS CAL\A®Q*P2aSo-*MC QL
QN CP> RO QICCH o> ¢

JPPYD oM< bos® AN ¢
A¥*a o> o°

M) reyde 11 ol aod*a P>
Do odede JPoe?

M) reYqs 12: Moo <L
BN Do BUAC <L ARDS

M) ey 13: oa € BLINND>YEQ ®D¢ <L
b<> AL Ibsope

0°bP>ro*L

@) wrreyqs



AriosP 4L b N a Do ™M PLAC I APDS e (all

DLo M APDGE € <L PULAC Do %D M ALLY0 ¢ S oA*o Ny 0 @ ¥bCeCH o, BLY*a 5o APALSC.n.“ DN SR LA+ eg-5b™D< Id*o N o I5GJo .

aosaA®CPo N

ADDE APBEC®IC Loa D DINS QL Al AN L°dD<oN b Ledo ™M Q7 AP LCH e 1 Ac®o<dbNreo-se
Lodo- A%aSo-. AP A%a AS AdDS ANYbeCeD< BPPod©,

DULAS <4'L AMDC CAYDYC oy D> RO PLYAS

ALLADRC o PPN Mo A o> 0f,
ALST>Co¢ PLY o, <L N <.o¢

<1““l"o-“'wA‘, o SPN<K>boNAS APALS/LNE -
Lbda S>> o [[Sa*NC - AYD>LPLC
<L* o N 0¢ on.<¢C®D 0¢

QSGJI ACHPD I A% PG A]eD¢
PUAC Lo P> c PS*DNC.

LedD PLAC @ oY% D¢ ’d“Na*h Ao AL Mo

e —
S

,’)-Q

SbeNC LedD< BLAS BLobbcCsob<?
Do, PN D ¢
>da.o: , qo"’“c

2\ [ 4

A*a Do ™M o 7P>ROC ‘bo*oh o A*b*Lo

ANIE Ay bDC ADE o¢

AV LD Do o P 20
Yocc®e<n L ALST TPYNGES
ARSI A RSN,

arcencpor @
ARDNAC APseL e
onv¥ta.c®IN A>E o AL
FPSNSLoC AP ¢
ArAPseNENe, ANDSHAS
ANDPSHECDE,

A APPCPNC: b Lbdo*L
PIAPNGAN 5, ALST
FPINGE_C APSDC
ACSH®NGANSSNE,

AP PNCPo P A
A>SLC ALY o, ARDHAS
ACH O PO AN ADCE.o¢
ALST TPSNGE_ o€ AP o€
reP®do<. bN*a oA
ARDNAS A% Pc B>*DCE,

1 APPCPY ANT a M NNNe
o SPC

ARDNAS APSHECEDE DD
ArAPsePL o - so™Lbdo L
CeR=HIYNEJ. PP<oc MPINGE ¢
ALST AP®DAC AbSoo*Me¢,

aarpnchore A

NeoPND< AL o, <IMAP%D¢ MPINGE ¢
ALST AP%D¢ Ao-NNLeq D¢

D%d%a D¢ <L oy B> B>AOC
AR 0 bN%a D> HAS ANDSHAC
A%a Pc D>*DE,

27 | baCP< AL*P¢L>a: PP>C*IN AN 2023 | ALST>Cenrbd ba CI

D>PDog o Ao
| JIASNE 5

AL TS KT K~
R L <y TS »

R
Pdr ALTAP®DAS \ PN
FPYNGEC ALST AP®DAC

T e ¥ r

A*Q AC L2GC ARDNAC A%a A (DA%a DD > I

D>PP*de q <P>7°de >Pp>ed<

’dAN“oJ

Fx
***

R
By
**
Ry
% *

"2se
gees
- - Al
%

o~

n
Zdl" ALSTAP®DAC N

2
A

FP¥NGE©

e ¥ r

A*Q A L2GC ARDNASC A% A (DA% DD >PD> I

LT APS*DASC

D>PPede <P>7°de
i JdA®N“>OJ

&%ff%

7dl" ALSTAPDAC q .
FPINGEC ALST APSIAC

e ¥ r

A*Q A Lo ARDMAS  A%a A (DA% DD >PD> I

2 bN**Lo b, PPdo A" I CHL

3 Peori*Les*NCPo*r< o-nD>ry>e

4 bo%® PLVYA® boAcbCSo*M*o¢

5 DLYAS CALNA%A M So-P¢ 4L
QN CP> RO QICCH o> ¢

6 JPPYDo*MC bost ARN*™N¢
A¥*a o> o°

@ 2oy 11: ol aod>a®pde
Do odede JPoe?

n @) CreY 12 AMdo N <L
BN Do BUAC <L ARDS

@) CreY<® 13; 0a S BLNN>YEQ D¢ <L
b<> AL Ibsope

0°bP>ro*L

@) wrreyqs

€ co>ncvo



4eN>Lo AP SN¥st: BPLYYN KD ¢

BL*SN\D> (A5, inorganic nitrogen, phos-
phorus, silica) PAs®NN< ACo o yP>bC Do,
Sp_o% BLYNND>LC o 15 CSo e o

ba C>< >P>C®D Lo Sb>r®C>GCc >,

D> S NC>o M DPPYD>o e o
BLRNND>YE ACSSo N 08 BONNSY, La
DPPYD>IL®D® Cod<d ALAC ¢ aNe[ %D¢
ACSH®NNLE NPYLYG25% DLISN N> ba C><
D>P>CIL_0¢ SPPPCLC® 0f. MED>RCD>ILc >D¢
Do DJA%*a D>c DI 5%, oa > P-c* o

al e, I>YADI I>Oo ALY ACSb™NN<E
BLYNN>YoC P a *LC ba *a *L.o ba C

D>P>C®D*L 0 LPAC®b™ < 5N C>*LC>NN
ACS®NN [PINGLo ¢ BLRNND>YoC A9
LAGYAS <L LoLE™, <L o“ca oL, <ID>SPLe
AT PATHC®DE, 1YY 5N ALMo AN *L®Do¢

DLYRNND>Esh®INC Ced<d TPYNGEC BLIYAS
<ADpeCCH e (AP AU« 13: oa [
DLYVNPY*a. %D L b<* ALSibso>r< @),

b<® AL ALST BLY*<N N> 5T, Lo

P OADT  b<> ALLADY o L%b<C®D 0¢. b<™
FPoseS\D>Jo PAsbLE_ Do, CAYD>YS o%JN%e/L s
b<®. TPINGEC (AL, TP SIATRAS) P>R_H5%G< PAAS
DL UYL TPINGE o PLLIAY DM Lo

b oADG*U: b<™. Lo DPYY>oeHD> D¢
IP>Dcony o b ‘Nosld¢ ACbNC>o*"*0¢
CL®P b<® b oADT N d>5*L*D¢, oalC <L
ALSTC, daL5D¢ ACSH®NNYEQ *D¢ I+ <o¢
oabD<pPeceo <L AL onyP>RDc<, Ado >
APPASCC D (A5 5, 1998-2019) LPY d*Lo
CA™N>NINLE 3P Sg2R <5 LN CLePe o
oAD' 0¢ b<> 0> Lo IP>YPdC. CLa
QDA A®PCHIT I AHN D<K

SIYA*Q®INC (472U 13: oa <
DLYVNPY*a %D L b<* ALSibsa>rc @),
CALA*G Lo, IP><c <Y 9qYA>q D%
ALLAD¥ea %% A*<NsH®NNC S0 DPPY>o Mo
> B <™ ALS T AN 0¢, AD>S¢_*eC>PLe
b<® C2REMMDEA e ¥ D™ 0YNT Ho DR _HEG ¢
PP o0, AU P7RHECD% >d oL CO,. FPbADC
AMGo5%®D¢ SdIYAQ DG ®D¢ o oy D>ALC
K5PNN 5N BLCGT H%D ¢ AL <AA<INST b Do
CO, /ML o%*b%™D  hodo oa < Pc*Lo
A%a.P 0 bChec J*a So<®DN<, I*No>L

CO, Y*P®NCD> 0UNSo*L.o I<IYASQ ®D%®

DL 5b%*D% b oADT*L oYNo*L <L So_oNNe
SO A>Q D[ LD Ac D> PEC LG eC DN

<doP>o*L.

SDM<o: ALD< Pl dUE 5S¢ PP, 0a D¢ A>T Lo DAL, Co®ALIS A% A o ¥bCeC*M Jb* North slope. <a*J<®: bc® L.

28 | baCP< AL*PCL>a: BP>C®IM AN 2023 | ALST>Conrbd ba Cl

€ co>ncvo

aosaA®CPo N

Ac*o<bNrege

bN**LobI¢, PPdo d"A M C*L

B oMi*Le*NC> oM o-nP>rype

Sb.0% PLYAC Sb.oAcbCia*M* o°

BLYAS CAL\A®Q*P2aSo-*MC QL
QN CP> RO QICCH o> ¢

DPPYDG b o JQNP e
A¥*Q 5T e 0

M ey 11: ol aoJ*a b
>eo<bd¢ PPo?

@) oY 12: Ao AL
N P>o M BULAS <L ARDS

M) reyd 13: oa e BLN>Y Q ®I¢ L
b<® AL Jboe

o%°bP>rPSo*L

@) wrreyqs



oa % DLWN>Y=Q ®D¢ <L b<™ AL %o e e

P<LC KW IPRAOD L < o™ IIYA=Q O™ CLP® BLINH®NNR <L b<>o ALSIC. DoPorny*1 b oAcob®NN oS C>NRV/ODoC <L
CO2 AP b CPNo >0 I r* Do C.

1 Ac%odbNreg-se
A L*a*Lo DPPDCII: ALP< Pec*Lo*<P/do ddUA*a I AP>o*L ba.*a Lo DPPCI®: JPBEO AP YLV AL*MC ALS_iSbseD¢
S<IYATQ D% IP>Eg| SPRLEL®, b<= N Nba®Da ALD>< AL o AL A>ILLE ALSPE ALS [5b®IE AC 0 ALD< b Lo

) a ShSbM NS (CRO>C L <059 ¢ anc
@I ALD< P g ASG DA DL<%a PNsbNNN C>CBNN <L C2>2LC>NRD*NO. 2 bASLo-b%IE, PPdo- AP PCHL
SIQ YA+ PI LSGSe — : :
b A Do oYN*e<L-cdo*L c()2 do-NCP>tbg-seDc

N b ADI doNCP>x¢ X
CO, doNCP~e 3 peord*Lc*NCPo*r< onpbrypbve

IP><LEcdo ™l

Sd<%JA*Q D5 PAAS ALD< LSGS® _ASHeCeI5e o A

(S A o il o LD N ALAS AL o€ Sy -
LﬁqDL_)n 1 ik { : . . X 7 ’ o 4 qb_oqb >L€A< Qb_oACchcqo—%r\Q-_oc

DsedeCP>PLLC b<>

_. B 5 BLYAC CAL\A®a*Pea Sl <L
<LNDC ALP< Pec™Lo A*arPAC A% P bCLSPL NS y 3 A veCP RO IO CPho ¢

u| / __ €O, doNCp~e CO, Ao NCP>*N oL, SPPSEC 58, .0a- D€, PaJ<It; LbY Ar/Alamy
‘ C

OGN LA 6 DPYYD o< Sbo% 4N <
ceoCchNr C22LCBNPDPD ANSQ oL _of
bCL b C™ D ALD< L bCLst € AL S isbp A > >R ALY ACTH™NNNE I>NOC >N AL I>YADT
Pl ot IAPSNB>< N CbCL™rLxo™ AL I®bAY FPYNGE o BLrRNB>Yea ®Ia< A% 5 AL AT S II<OE, :
LeULa™ (Mn). Cod< BLYNDYeRsIe BLYea NH®NNE5N A5 @ AdnY> @ ¢reYdt 11 al aodra®Pde
A< <do™L DL P D¢ I>YADNE, (NO3) <L <°<A¢ (PO,37) ALD< So™L 0", P>%o°de PPoe?
‘d<IYA>Q ®I% g FPNNGE S ALST APSDC Dp*q eCxe
PAAS ALD>< ~<""_ Ctd PLY*a >ND>~e, @ Ryt 12: M Ao>re <L
Stored carbon PG J*G D¢ P DN sbNea DoM< DLAS <L ApDeC
A>IADT®
d*L A>PLYo ALM Sdentol PYNGES ALT AP®D¢ s @ CreYd® 13 oa S BLNNDYEQ D¢ <L
P><e<o™L oa* A% [ b<°' ALqubqo_%pc
[ SH<% | A SbT)Sb SI<YALQ eI IP>ro L 05 oo 0 . e
D%®b®C>ILC b< dIYA* Q™D Ao NNRE b<boos
LP<®Y d™L_0¢,d>osbseDse

ABSLE AL o, R, G0 A B o%bPrSoL

DLrYND>YeQ D¢ (Mn)

/ DL*NN>Y*a *D¢ (NO; <L PO2)

. Q covnavot. @) wreugs
29 | baCP>< AL L%a: DP>C®II A<N*M€ 2023 | ALTPCcnrbd ba Cl




0%°bPbrPYo™L

ba CP>< ALY L%a: PPDCSI <4<9N1S, 2023
Do /o b®D Y2 N/ LYo ¢ DPYY>o*L:0¢

‘b0 ALT <N* ¢ IP>cobio™** 0 <L

b oA L oM 0t ba CP>< PP>C®D*Lo. oCt
CdyD><e CaNPNNRE 4 ®*D¢ AtLn Do Lot
JPYYDo N 0 ARN*L b oA*on 7™ 0 <L
ACFO ony>ROC. CLea AYDYyn dhTD%®
QDA AN GP7a®I Bl ot L Sboe IR N¢
<IP>cobio ™Mot

D>d< >o*bt a.sa AYAYC /Do PLY YO
D>oD>bS 50 APSNS%I DG qP7aseD ¢
>R 3¢5 b oAco*Lo*L.oc aHa AS/JCPNTE.
DPPYD>NLG 5 APLSCHE®, o sa ASILY
al oL <L “b*Ltdo*L <D<dobsAry*L
APLPYDYSP<05DC, beda So-b®D¢ ACTH* D¢
SH>ALYDRYTOPN<IPNC <ot IDA%a >N%a N
al*ocL* o0t <L oa.c*of. PP<oc,
ACHPINC DPPYDC ADP LRI ASAJAN<IoodC
AcPcD>*Ro T Mo ¢ So>aLo s <L

Ac P>y Do o0t RO DPYLIPNC
O<ICP>o 08 DCP>C L Sb>ANSa ¢
LAPYODTE AcndrDYo . AcnsbNNeo s
A<t APPNNRE<™eq D¢ oCo ¢ <L
DPPNdoN>osl PLIYoC <L <N o
BLAPY M o

aosaA®CPo N

Ac*o<bNrege

bN**LobI¢, PPdo d"A M C*L

D ML NCP oM oD PYD> ¢

Sb.0% PLYAC Sb.oAcbCia*M* o°

BLYAS CAL\A®Q*P2aSo-*MC QL

QveCPROC OCCPo e

JPPYD oM< bos® AN ¢
A¥*a o> o°

o%°bP>rPSo*L

D covnavot. @) wreugs




\ -

: / : iy . . 5
; _Oé'_:"KK <RC.0¢ qd"J<1°ﬂC[>HL§",6‘ CdoN CnPT ¢d<dob LPED< CnPG oo, ba ClN D2D7%D< CnP>G oo, <7rce <M NASA. :
(- F . y s




	Learning together
	Connected, yet different
	Updating expectations
	How species respond
	Species stability and habitat use
	Understanding how ecosystems work



