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A A'N®PLYE NN®HCAS DNUNAS Doy D>PLYE 5a T BLYcAA < bNLAS (NWMB)-=0 <L
o0a T CAP>SM>Cenl*d bNLY*MS (NWRWB) (bNLAS) NPAA 2020-T€ <L L*» 2021-T, Nao®
A <YZLY® BPD>C*II D7D NG < Do Acno® Acn-oN® bN*™L¥< (NPAWG)
AR-—<INNo-51 >G> I*A AT P DNLG L 5= Acno® (PA)-T <P A*CI>ILY o¢
ADBHICPYO Aa*a ™o <'Lo ba*a*lo B>rY AN Ad (WAZ-T <L EAZ-T).

DALEANbeg-C Acnc 5N bNLYE A oot <Ll AN gt <L DGRy =0 a Al N®PLYC
>PD>*C*I D> * D NG 5o Acno® AcncoN® bN™=L¥c (NPAWG)-T: boAc*Lo 1<
>otbe<€ (A><n 2021) <L bNLA o€ Doy>rLe 5o bNLoDA*a *d< bNLN=LM L2s 2021-T
(>AJLI® 1).

A><ICAS AP CLPSILIT DPA* D NG < o Acnos 1€ (PA) <P A*CD>rLY o°

AcCB LD PP B NCP> o1 BEAMIAD>N® APTA® (LRP)-I" <L d“NPo"hAS ACH o™
B>M5A® (USR) CAIZ Y 5N° AMLAo® A5 dC>Yo? b oAc*Lo Mo AcD>Vo*
(boAM N T, DR ACCEY b o™ <L ICa®IlM < AoPYo®), oP*hob“C*D 0"
AfLD*CPR® LM <™ (HDR) <Do AB 5 dCPY 0% AR<N“NoT B'r* D NG L Do
Ao (PA) <P A*C>PLY 6 Acnobiae<I*D%® A srenosl <> “No-T AlLcD>ny>io?
<L Abv¥ oo LPLo ] > “NoT <> “Na* Pandalus montagui <L Pandalus borealis
Ctdo*L AaPyo.

a A'cNP*YLNC DPB*C*II B P * D NG Do Acno™ Acn=oN® bN*™UL© (NPAWG)
B>B>Pn7 C A-DICAS B r* D NG A Do Acno 1 (PA) AL boA*odda™ -0
INPNCH PO BPB*C™ Il B'r* D NG L Ho Acno™ Acn=oN® bN*™LY< (NPAWG)-*d<
AY<D>C*Lo DP>CCPIN PUP<AT DBV AAM>YE bNLA o (NSAC)-*d*o L'~ 9, 2021-T.

A A'cN®PLYC b oA Lo < Dotbe<c (A><dn 2021)-T, Ab>cnos1€ ALT>CenoSle5 baCl
(DFO) P'r oINS PP >+ P —b*NNo0 asaAd o aPLSa*lLo (LRP)-T

A 5HC>N 0 <AL Aa*a Lo B>ANADYE AoD¥ o (WAZ) <> oC*=Jn<®PLC

NP <D PLeb®N N0 aa ASA o aP*LSc*La (LRP)—*J¥S A% 5dC>¥.o ba*a Lo
B>MAD>YE A*Lo (EAZ)-T. C*d<l PLeB®*N N0 aba Ad Lo aPLSa-*Lo (LRP)-"Ux<
APLPYD>LRC IDNC>PLo Mo <L IDAa So-<I°5N° PP<lo <SPr<sC>c >SN Ne
AboHno 1 ALTDCeno®l-5 ba Cl (DFO) PP clo<" N o°.

P>PD>*C*II B>7r* D NG oo Acno® AcncoN® bN*™L¥® (NPAWG)-o® Ab®A*CD>-oN°,
D> I*AGC NP HAS ACH o< D>M<IAC (USR) -0 Pandalus montagui <L > Pandalus
borealis A% >dC>C Aa*a *LoC <L ba™a o B>ANAD>YE Ac< (WAZ <L EAZ)-T Lea
<DA*aP>c*ID%* Aboeno I ALTPCeno -5 baCl (DFO) bNLr o AlLcPBnYD>Yo® <L
<ADdy>Ya® DNPNCH>ILALY®, atLbds, I*PY 50~ NP HAS ACH oM< b>A<154\* (USR)-o*
ASIPNC>¥a Do 2021-2022 Abs>nob>< As<lo. Coa DGULBI® A=JPNNLY D

DY R* NG L so- Acno® (PA) P ACCILY® Ac Lo o P o b C*D o AlLD>*C>I
LclP<e*o (HDR)-o* hao® A GN-L5Jd. Ach®*?o® o P*ha b C* Do AlLPD*CPR® LM de™o
(HDR)=<_5 <ML bD>AP<TAD>Y® AP<TAS Ac Moo Ao®Pa > T Abocnos] <> “No-s]
DALNYD>NG®, P HC*D oS AALD>C>Y® L <I*a (HDR) A<-—<INCP>N<_0,d N =N A
ACHSa*1C bM< (USR) PrRy>a by ® D b>ALD 5 AcnbNd=a Go<L e,

PLrPe® <L 9D IsD Ve

bl o Acn=oN® bN*™ULYo* bN*aLe*N*dNJ bNLN“NP>*D 0dAn 2020-T <A 2021~
P>PD>*C*II B7r* D NG < oo Acna® Acn=oN® bN*™LI© (NPAWG)-T" Ac 7PN AbY®*AAcT
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B>ANCNC > INPo-HAS ACH T B>A<IA® (USR)—a® <G#P*C>ILYC 70 >heT
aAN>PnoT acd*Lo*L ASeD>S<-c<d¥® ACH eI Bo’Nlo-*I< (SSB)-J aa A*dN*Lo
<DA*aPV.o AA*KoC bl o, <D0 ADBOdCPYo° Aa*a*loc <'Lo ba*a. "o
BPEANAPYC Ad© (WAZ 4'Lo EAZ)-T. Abocnod® ALTPCenol-o ba.CI' (DFO)-*d°
<DcIYBIt P> PPN N-en>C AdLPaYD> NP> Oo bNLA oS, D dYyD>PLY® NP HAC
ACHST*C B>APA® (USR)=1 a\>NME (C-NJ® o07) CIN>E <D A >IC>Ya®
aoaAdN 1-T <Lo <Ip*ddo DALY 2-T.

on<ony* NJ, >P>*C*IM 'A% D NG <0 Acno® AcncoNt bN**L¥c (NPAWG)-*d<
AALPY o >CDE GNP HAS ACH o< b>AP<4* (USR) - P *<[ DWG*C>c >*Do*
DG>C>>T*D% A senos S ALT>Cenosl-s baCl (DFO)-*d P'cPo<I®*N*M>a 80 >\eT
A AP T aci*lol ASoD><-<INE ACHaM< > oMo (SSB)-J asa A*dN*Lo
<DA=a P>V AD*K oS (DAILY® 3; >AILY® 4). Sd°NEaHAS ACH > bI>pN<54* (USR)
DEGRCNE P rHPIP>C A oIS ALTD>Cenosl-o baCl (DFO)-*d< D>'a* D NG < o
Acro® (PA)-1 <DL 0 A _5dCD>N o —<ICD>I>Y] DPP<PNI DA > ACHN<I 't do.
NPCD>a*L NP HAT ACTH >N D>AN<IAE (USR)— IS DPYGHC>C 80 Shel PLe>¥gcDC
CAYB>cc >*D AP<IPCD>< 5Nt D>P>*C*IN Pa* D NG A 50 Acno™® ANt bNLc
(NPAWG) - 0 >bB>PD>*beg-5d= 5, <I%P4Y <IN d°NEaHAS ACH G SbI>A<I5A®
(USR)=>T <> “NA>Y 0 APLD>SCB> a5 o, A*SGNCD> o AP NN <-<lo-5] DGLD>Yot

A 5IC>N oS, BPLicnosl ASADNG® AdLcPnobioNt <HLo Aocnosd <ML PabPycnosl
DEUL>o* Absenosl.

Ab®AA“ 5N S N*a N> SINPTHAS ACH 1 b>A<54\" (USR) -t 70 >4, D>PD>*C*DI
DA NG L 50 Acno® AcncoN® bN=LIc (NPAWG)-dS AALPY b B>*DE A% _>dC>V.o¢
boAC*Lo =0 B>A>NC (ADOLALKD>YE <> ASaD>S<—<INE ACHSa*1< > oMM [SSB])
QEIJCLM-<CGICLL AP Pog™ SdiRP* D D>Sa Mg Av=a SC*C Lt HNC, <P AARS bNLAC
D>b>¢ b > <IGJME <IGJ IS <M M —SCoa-*La® ACH a1 b>rL'NCP> 50 Pandalus montagui
<L_> Pandalus borealis— o5 A*bAPLE 5N boA<<<Io D>V A5G << Cdy>AL <D
ac<*o DLIBN UV Aa>a*LoC <L ba*a Lo b>ANA>YE AgC (WAZ <L_> EAZ)-T.
D>PD>*C I D> a* D NG 50 Acno® AcncoN® bN*LYE (NPAWG) ALY b >*DC <ISGJCLE
Ab5>ICP>V 0 b oA Lo 0 (boAM N, DA ACC>YA qbSa <L <ICCSa *DI<
AcD>io) <PD*CP>D*an<dbSa*L AP CD'Y '~ 50 Sd°NPaHAS ACH e bI>pN<I4* (USR)-I™
<LN*T*N[ AcP¥bPo, <SEICLM-<EICLL AP d*CH* D N2 o™ ASoD><e<INS ACH o<

D> 05N> (SSB)-NJE C*do™L A% _5>dC>V¥0¢ N> *{>Le*D* 10 >N boM*Lo (Nt HAS
AC G bM< (USR) 70 >4 D2 325C 80 >he <2 oL C <Id>o*Lo).
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<DO*CPBc*oN® aPA<N® o DAPCPbCI*a*N-0OJd A5 R BrAnI™T < AaP>v]
NP>NN=I. b oAM N oMo A< oL FnI®N oJ <GP o d< ISN>a- SN

I NPoHNAS ACH o< bR\ (USR)-T (70 >heT) <D*CP¥=a * D> D' p ™
A D1 A*PCHCio*LC PNP*CHCio™o A< o *\>NNoo <'Lo CAL“CAcHo
D> 55 dya “NLA 5 PaPyeCHCoios] A <PDPCP>aC AcMyD>C APYNP<o.

D>PD>*C* Il D>"r* D NG Do Acno® Acni=oN® bN*™LYE (NPAWG) -*d< bD>r*bAP>*DC
Sd°NPa-NAS ACHSa-*1C B>AP<IA® (USR)—a® 70 SN[ Dot <GP o T DP>nlyc >*D®

P Do Do D r AT Ao D <L AANDY® P Do P> Ho- <P NP>V o€
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ANC>Ya* Dot Ay (TAC) - Nt 5B C o>, DGHCNE IadH><o
Abco b oo I N * D> o™, I/ D).

AboH>eno 1 ALTPCenoSl-o ba Cl (DFO)-*d*o /S-cD>NCP>**a*D%* A*J*N“NoT
DA DNAG L 50 Acno® (PA) <GP ACCDILYa? A b* Do bM< ADN® AP<LSd o <Do

A 5IC>No, A%ba A7 ALCAS NP+ NCD> 5N DotbeD>Sa T A > dIC>Yo°

boA Lo o IGICLE LPLo >V B> oD Aboeno®NJ. ba*a *La b>ALAD>YC
Ac D> (EAZ) A% 5T =5 IDN 5D B>ALEN<ISG S DN HAS ACHSa < B>A <4
(USR)= U >*D° PUo N0~ AcrL P>*D ACJ o D> o%D oS Aa *M*CD>NY.

P <, DPD>C®II D'+ D NG o Acno® AcncoNt bN*=Ly< (NPAWG)-T

A%®ba AYALC™ b APy AbY*DAPLYC L5 P2 D>NNPL=NE 9P o T dNbo-hAC
ACHa™< b>rP<A" (USR)-I Pandalus montagui--o A*L=a*La- bD>rN AN Ao*L (WAZ)
ALTD>Cenos1€ bLA>oS 1 bNLAS (MSC)=*d< Aty NI boA—*Lo " C ALY o

A= *NNa Nt CI Aboseno>Vl Cra ALTD>Cenos i< bLA>o5 1< bNLAC (MSC)-*d<
boA*Lo L ACHALHPNNTY® B>APLADY® AP<LA g <GP 5N CHIM A5 dC>Y ] 2021

NP>a ' d.

aa A dN 1. P b TICLo I BLAL<T APV NN <L DVYSLCPV® IV HANCH T €
BLAP< A Pl <IP=a “Lo LAY ALY ba *a Lo BLAY APV Pandalus borealis <L

Pandalus montagui C<o Aa*a*Lac BLAY ULV <L ba *a Lo BLrY APV AcC

BLYAC a5a A%PLNC

Aara*Loc bB>AN AN AL (WAZ)

ba-*a.*Lo ‘bB>ANAPNC AL (EAZ)

PlebcNNOT “d°N°o- KA Pleb*N NI NPT hAS
aaAA Lo ACbio e asaAA Lo ACbSe e
aPLeLo bBAL<A® (USR) | aP=Lie*Lo bB>AP<IA* (USR)
(LRP) (40->4°) (70->42) (LRP) (40->4°) (70->4°)

BPP>*C*I< PJ<AS 4,100 A*Cn~&< 7,200 A*CA>&< 15,800 A*Cn*&< | 27,600 A*Cn &<
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C*h&< PYJ<AS (Pandalus | 12,300 A*Cn>s< | 21,500 A*Cn*aC | 3,100 A*Cn~&< 5,400 A*Cn>&<

montagui) *oC® *oC® *oCYUn IV *5CYUn <IVLV®




ada *PLV< DG N°

ARI®NNat So DR DNLG L 50 Acno® (PA) <P A*CI>PILY® Ac Lo Pandalus borealis
<L Pandalus montagui—-o A 5dCP>N 0 Aa*a*Lo < <L ba*a*Lo b>rNAD>YC AgC
(WAZ <'Lo EAZ)-T 2021-2022-T AbocnolPl, AlLcPnyD>ec <L <D dy>e
bNLAc**L* Do >d< boA*a-d AT [*h o< DNPNC>YLYE Avea *¢YD<IPN®:

Aara Lo BBANAPYC Ad© (WAZ):

1. APLcD>AEC NPT HAS ACH >N b>A<ISA (USR) N o Pandalus borealis <L >
Pandalus montagui-o L o,

ba*a.*Lo ‘bB>AN AP Ad© (EAZ):

1. 0a2/0ab’ba*a*Lo > Na>T ha b, AlLcD>naC N HAS ACH o<
B>AP<AC (USR)-D>Na* Pandalus borealis "L Pandalus montagui-o Lt of.

2. PP*C_ 5% ALN<lo- <> N> ha bNPS, IDdy>¥ GNP HAS ACH o<
B>rM<1°4"° (USR) - Pandalus borealis <\L> Pandalus montagui-o¢ L of.

BOALEP N <t CBILA SV TP >0 <ICPT IV o DA AC DB o bALP<IA (USR)-I
Lo A ICPVo CLA T BOAY TV A (A TP T bAY oDV Aa>
ALAD*P L # D <P o ha B Aoy o), BPALa N> >0 AbVHCLo o
PPE*C*If BA*DN<KGA <N oo Neno® A <o 6NV (NPAWG)-d< 6N lon bt C
Ao, CALAYL, APLPnS>VE <> <D DoV pa 2 BLYen A V< IbALA Y (NWMB)-I
> padl CnSTB>Cenb*d 6Ly (NMRWB) L * D Acn. B J*an<Ib D%
AALrSBYa I DI N Y NCPoT Abocno/ ALTPCono o o' CMo”

A<PC*C™L BL: d<l€o CP>*¢, A 5no51¢ oal*L*Do < bLa€,
Abocno 1 ALTDCenotl-o baCl

Pco®: LA 7, 2021
g CC*NALYC

BAJILY® 1 — DPD>SC*I A DN<KG I 50 Acno® AcncsN® bN=ULIC: b oA*La*C
>otbe<d® (A<><in 2021)

BAJPLY® 2 — (<2U<C 1-4- 1) Pl PLD>Ia® D<A Y® ALP<A~o <L > SN HAC
ACHSa*< B>rAL<A* (USR)-o* Pandalus borealis <L Pandalus montagui-o“ba*a*Lo
<L Aa*a*Lo € b>ANAD>NC Ao

PAJPLY® 3 - [ A& /L] AboHenotdC ALSTDCenod-5 ba CI (DFO). 2020. PP b NCP>o ¢
DBAL<ADNE AP B P<AD>I® AP<A™o DPD>CCH*IM>C o< PU<™0 (Pandalus borealis)
<o CPEC P <o (Pandalus montagui) ba*a Lo <'"Lo Aa*a*LoC bB>AN AN Ag* o
ba C. Pl rda<I®/LY. Db>'A<PN. As<lor. Plerdo<I®PLIC DBD>'A<PN. Do*be<®. 2020/053.

BAJILY® 4 — [ASASD® DbLle<PLY®] A oenos]S ALT>Ceno Sl ba Cl (DFO). 2020.
PP b NCD>o51¢ BRP<IAD>Y® AP<IA® bE>AL<AD>N® ALP<A~a D>P>C*DIM>C o< PU<> 0o
(Pandalus borealis) <'L > C*h¢—< PU*<*o (Pandalus montagui) ba*a*Lo <'"Lo Aa*a*Lo*



B>ANAD>YE AdMea. ba C. Pero<I*PLY. >bBD>'A<PN. Ao, Predo<®ZLYC D>bD> 2 <N,
>otbe<I®. 2020/053.



BPD>SCOI B*asASN<osdc AP<LPAB>YIS GPPAARS bNLAS (NPAWG):
boAC L LC Potbed®
a><In. 2021

ALADr L aadoc®: Coa Da*be<™® boA* Lo ™a® D>atbe<Uv®, GPrANKD>ACD® PYJe—S<t
D>atbe<1® D>PD>SCSII D'asAN<ISo IS AP<ILPND>YIC <GP AANS bNLAC PP ASCD>o<5D% AvArdL—<C
<PEAANC bNLAMPE,

<P*AYLa*L <'Lo> CALAC*Lo*L

D>PD>SCDI D7 SAN<La 1 AP<ILAND>Y IS <GP AAN BNLAS (NPAWG) YPCD> >PLIC AN 2020.
DYNSACN<LSo-S 1S APKILAND>Y IS GPAAN bNLAS Ac D> 5N AbYSNI a-*d< <> NBNM*DT, NJIM <S>,
<A D LYo LN <L Acnt oS Aboenosd€ ALT>Ceno 1o baCT. Patdo Mg >PD>SCSII
DR AN a1 AP<ILND> YIS <GP AARE bNLAS Cd¥=a SCNS I“CCHNPLY® 1.

P CD>YE DPD>SCSDI B7ASASN<Sa-5 1S AP<ILPND>YIC <GPEAANS bNLAS b bCSPLYE C>DBC>N-5N®
bGAND>Y S oAAN 2020 NP-5J A><In 2021. DNBLNNo S b D oo NNGPLIC ICCC*NPLI™ 2.

AN <L DSLPE

AN DPE>SCSDT DPASAN<So-5 1S AP<ILPND>YC (PA) <IPPAANS bNLAE DDA 5NE Ao

DN AN 1S APLLAND>Y IS PP CD>PLY IS DP>SCSDI PYS<AS (<2Ce b ><In <) <L > CHB>D<
dY<KAS (<*Ce* L+CUA) ACH5a> < IPa Lo D2 A N<Lo5 1 Aol (WAZ), <L oCIn<PLI®

DR AN<L0-5 1S AP<ILND>YIC SPPC>PLY IS Ctdo™L ACH o D>V¥oC bava *Lo D' AN 1c AL (EAZ).

Lt o Dd<d Abocno /S <IPLASN A BB ALY P LN 1 AP<ILAS>¥ (Fishery Decision-Making
Framework Incorporating the Precautionary Approach) (At s>cno1c ALSTD>Ccno 15 ba CI [DFO],
2009) (CAYD>N® ALTD>Conpbdc D ?cN<QSos1c AP<ILPNDNT [PA] <IDO<IL*NC), Abcenco<dCC™L
DYASACN<ISaS 1S AP<ILND>IT DPPa SPNC> <50 A*LAYE ACH o> boA*La* =g a >a ASAMC

(b oAMN<L T E, DA< <L AAYa DI €D aa ASAME [NNGPLY® 1]) <L H<C>
ABSLAC> o= 5 DEL>YE ABPD>NLDA*an < A5 C>IC GPC>Yo <ID<ILAC (HDR).
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https://www.dfo-mpo.gc.ca/reports-rapports/regs/sff-cpd/precaution-eng.htm

DN SACN<LSoS 1S APLLANDIT PP C>PLY® Cd o™l A 5™ 0 B>AL'NCD>o<ILE A% LA N> ¢

<> NN PAANME <L ACHAa S NC>o*M* o <> No 1 AD AT CLe<DC, <L HCP>*,
AR-—<INCP>a 5o D'RA NG5 1S APILA>T <GPPCILY® CHBD>DC IU<KAS (<Ce* [ ~Cda) CRa
<Pra o B'r AN oI Aol (WAZ), A<D AR-c<Jo*L P b NCP>o 1 DA< A AP<T4®
(LRP) <'L_> DGSCP>¥® b>AP<ISAD>Y® AP<I4® (TRP), <*D<INE boAc* Lo Mo Cnb>T <PA>Y oS bNLAMS
(MSC) <*rCPrPLo o Abocno®™.

P b NCP o 1 bPALT AP ALI°A® (LRP)

Lt od Aboenos1 ALT>Ceonosl- baCl (DFO) D'aSAN<Eo-51° AP<ILAND>T <ID<ILM =0,

P B NCD> a1 BAP<IAD>I® AP<I4* (LRP) NPC>0-dic DFO PP P o<I"N* =5 AP<IAD>¥=a 5 5N°

DM cPo Ponda Il Gy o Mo ACHa>C. LA 2020, ba CI PPro<I5a-51< DDA <IN Aa AL
(CSAS) PrP-5N° <> o*Lo- AP<ISNEN>DE WPN= 5N PP b NC>o-5 1 b>AP<ITA>I® AP<Isa® (LRP)
Ctdo™L DP>SCSII PYY<AS (<Cet ><In <) AL CHRBP>DE JdY<<KAS (<Ce* L *CdA) ACbSa D>
QP Lo DASAN<TosLS Aol (WAZ), <o oCIA< oS ACH < D PP bNC>o-5 ¢
BAP<TAD>I® AP<LAE ACH o D>Yo ba*a o DA N a5 AcL (EAZ). Db LT

PrRY>o Lo I>o™a NPC>P>DC bAAN 2020 <> DoD>bSC>_ 5N BPD>SCII DS N<TSo-5Ic
AP <GPEAANS bNLAC, <IPA Mot PP o<Sa-51C DB P <I5NE D>o*b<1*L (2020/053)

Do yD>c P>OC a2l DLYcnrtd oS <> “No-S1¢ bNLAC <L pba &l ALT>CnpS<bde bOLAME
NPAn 2020 <'L_> L# 2021 bNLo* o

e  NNS*/LNC DPILPN M C

o Pclo<ig I BB <IN Dotbe<I™M 2020/053
e b>pPNSoIC NNGSPLNC 2020/072

e  bNLoP>~c2020/024

PP b NCP> o1 BrM<IAD>Y™ AP (LRP) NPCP> PO LA 2020 Aba AYNE PPN <D o™lo
NPCP<oNE 40->5 TCNJS <M L7 ASo D> <<V ACH o' B> o"NMo*< (SSB) b>rL7 YN
Bt Lo oS (NNGPLI® 1),


http://www.dfo-mpo.gc.ca/csas-sccs/Schedule-Horraire/2020/05_12-13-eng.html
http://www.dfo-mpo.gc.ca/csas-sccs/Publications/SAR-AS/2020/2020_053-eng.html
http://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-DocRech/2020/2020_072-eng.html
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SCIENCE ADVICE ON LIMIT REFERENCE POINTS FOR
NORTHERN SHRIMP (PANDALUS BOREALIS) AND STRIPED
SHRIMP (PANDALUS MONTAGUI) IN THE EASTERN AND
WESTERN ASSESSMENT ZONES
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Figure 1. Eastern and Western Assessment Zones
for shrimp fisheries in Arctic Region. Boundaries of
the Nunavut, Nunavik and Nunatsiavut land claim
areas are shown in red.

Context:

Fisheries and Oceans Canada’s Fishery Decision-Making Framework Incorporating the Precautionary
Approach describes a framework where reference points and harvest decision rules are used to make
fisheries management decisions. The limit reference point (LRP) represents the stock status below
which serious harm is likely occurring to the stock. The LRP is established based on biological criteria
by Fisheries and Oceans Canada (DFQO) Science. The Upper Stock Reference (USR) divides the
Healthy Zone from the Cautious Zone and is established by DFO Resource Management in
consultation with co-management partners, provincial and territorial governments, industry, and DFO
Science, to enact harvest decision rules.

Since the reorganization of the Northern Shrimp (Pandalus borealis) and Striped Shrimp (P. montagui)
surveys conducted in the Arctic Region in 2014, the joint DFO-Northern Shrimp Research Foundation
survey has covered the Western Assessment Zone (WAZ) and Eastern Assessment Zone (EAZ) survey
areas annually with the same ship and gear (DFO 2020a). LRPs for the WAZ were developed in 2013,
however, the restart of the time series in 2014 means they are no longer valid (DFO 2018a). Data
points acquired since the new survey began will therefore be used to establish new reference points for
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the WAZ. Reference points will also be updated for the EAZ since the original points were calculated
from only three surveys (Siferd 2015), which no longer correspond to the assessment area boundaries
(DFO 2019a).

DFO Resource Management has requested that Science establish LRPs consistent with the
Precautionary Approach (PA) framework for Northern Shrimp and Striped Shrimp in order to determine
the point below which serious harm may be occurring to the stock (i.e., the Critical Zone), and propose
an USR. This Science Advisory Report is from the May 12—13, 2020 Meeting on Science Advice on
Limit Reference Points for Northern Shrimp, Pandalus borealis, and Striped Shrimp, Pandalus
montagui, in the Eastern and Western Assessment Zones. Additional publications from this meeting will
be posted on the Fisheries and Oceans Canada (DFQO) Science Advisory Schedule as they become
available.

SUMMARY

e The Precautionary Approach (PA) Framework for the Eastern Assessment Zone (EAZ) was
established in 2009 on the basis of 3 years of survey data and the results of the
Precautionary Approach Workshop on Canadian Shrimp and Prawn Stocks and Fisheries
(DFO 2009b). The Western Assessment Zone (WAZ) PA Framework was deferred because
of changes to the survey design in 2014 that reset the survey time series. The goals of this
meeting were to establish the Limit Reference Point (LRP) and propose an Upper Stock
Reference point (USR) for the WAZ and update the existing reference points for the EAZ.

o LRPs for Northern Shrimp (Pandalus borealis) and Striped Shrimp (P. montagui) in both the
WAZ and EAZ are newly established as 40%, and the proposed USRs as 80%, of the
geometric mean of the spawning stock biomass (SSB) index. These calculations are
consistent with guidance in the DFO PA Policy.

o Inthe WAZ, the newly established LRPs for Northern Shrimp (4,100 t) and Striped Shrimp
(12,300 t) are based on a 6-year time series (2014-2019). Similarly, a newly proposed USR
is provided for each species (8,200 and 24,600 t, respectively).

¢ Inthe EAZ, the updated LRP for Northern Shrimp (increase to 15,800 from 6,800 t) and the
proposed USR (increase to 31,600 from 18,200 t) are based on an 11-year time series
(2009-2019). Re-calculation of the LRP and proposed USR for Striped Shrimp in the EAZ
resulted in 3,100 t (increase from 2,300 t) and 6,100 t (no change), respectively.

e The LRPs and proposed USRs are based on the best available scientific information, but do
not incorporate environmental or ecosystem factors into their calculations. Information
pertaining to these metrics are lacking.

e The PA reference points for the WAZ and EAZ should be re-examined when a population
model is developed or relationships between stock productivity and environmental or
ecosystem factors are sufficiently developed to inform stock assessments.

BACKGROUND

Canadian Precautionary Approach Framework and Limit Reference Points

In 2009, Fisheries and Oceans Canada (DFO) published the Sustainable Fisheries Framework
that provides the basis for ensuring Canadian fisheries are conducted in a manner which
supports conservation and sustainability. The framework is comprised of a number of policies
for the conservation and sustainable use of fisheries resources including “A Fishery Decision-
Making Framework Incorporating the Precautionary Approach” (DFO 2009a). The Precautionary
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Approach (PA) Policy applies where decisions on harvest strategies or harvest rates for a stock
are taken to determine Total Allowable Catch (TAC) or other measures to control harvests. This
is the case for Northern Shrimp (Pandalus borealis) and Striped Shrimp (P. montagui) stocks.

There are three components to the general decision framework for the PA:
1. Reference points and stock status zones;
2. Harvest strategy and harvest decision rules; and,

3. The need to take into account uncertainty and risk when developing reference points and
developing and implementing decision rules.

The first component of the PA framework, reference points and status zones, is the subject of
this advisory report. The PA is divided into three stock status zones: the Healthy, Cautious and
Critical Zones (Figure 2). The Upper Stock Reference (USR) divides the Healthy Zone from the
Cautious Zone and the Limit Reference Point (LRP) divides the Cautious Zone from the Critical
Zone.
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Figure 2. Elements of DFQO’s PA framework (from DFO 2009a).

The LRP is defined as the stock status below which serious harm is being done to the stock.
However, a challenge in setting an LRP is identifying the threshold of where and when ‘serious
harm’ occurs to the stock. This threshold is approximated based on the best available
information, below which validation is exactly the situation to be avoided. LRPs are based on
biological criteria and are established by DFO Science. In the Critical Zone,
conservation/biological considerations are meant to be the primary drivers for management
decision-making (as opposed to socio-economic factors) and there is to be no tolerance for
preventable declines as the primary goal is to rebuild the stock out of the critical zone.
Management actions pertaining to this zone are to promote stock growth and removals are to be
kept to the lowest possible level regardless of the stock trajectory.
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When establishing an LRP, the guidelines advise choosing a stock metric that can account for
changing productivity, generally the spawning stock biomass. An LRP should be determined by
accounting for periods of high and low productivity over as long a time-series as possible, and
based on the best information available on stock biology and fishery characteristics while
acknowledging limitations of the data. However, in some cases there may be insufficient
information on which to base choices of stock-specific precautionary reference points and
harvest rules. In these instances, DFO has a guideline of 40% LRP and 80% USR. The PA
Policy states:

“In cases where insufficient stock-specific information is available, these reference points
may be considered as the best available guidance for management and for assessing
the stock in relation to sustainability. Actual reference points for a stock may use other
metrics and be set lower or higher than these references but should be demonstrably
appropriate for the stock and be consistent with the intent of the PA.”

Furthermore, while reference points should be reviewed periodically, neither the timeframe nor
the triggers for review are specified in the PA Policy. Given that reference points have not been
previously proposed for Northern Shrimp and Striped Shrimp in the Western Assessment Zone
(WAZ; Figure 1) and that the current reference points in the Eastern Assessment Zone (EAZ)
have been in place since 2009 (DFO 2009b), Resource Management has requested a review of
the LRPs, and their rationales, to be carried out for these stocks.

Species Biology

Northern Shrimp is found in the Northwest Atlantic from Baffin Bay to the Gulf of Maine, while
Striped Shrimp is found from Davis Strait south to the Bay of Fundy.

Both species of shrimp are protandric hermaphrodites. They function as males early in their
lives then change sex and reproduce as females for the remainder of their lives. Females
usually produce eggs once a year in the late summer-fall and carry them, attached to their
abdomen, through the winter until the spring, when they hatch. Newly hatched shrimp spend
three to four months as pelagic larvae. At the end of this period they settle at the bottom and
take up the life style of the adults.

Recent research by Le Corre (2019, 2020) on the connectivity of management units via shrimp
larval drift found that virtually the entire population of Northern Shrimp along the Canadian
Atlantic coast (from Baffin Bay to the Scotian Shelf) is connected through larval drift processes
with variable retention success in a given management zone. Also, larval drift was found to
promote genetic homogeneity in areas with strong currents (Jorde et al. 2015). These findings
improved our understanding of recruitment mechanisms and may in the future help to inform
management of Canadian shrimp stocks.

Shrimp lifespan is uncertain but shrimp in the north are thought to live five to eight years.
Growth rates and maturation are likely slower in the northern populations.

Fishery

The fishery began in the late 1970s in what is known as shrimp fishing area (SFA) 1.
Exploratory fishing expanded into what is now the Davis Strait-East management unit
(previously known as SFA 2) and then to areas southeast of Resolution Island in Hudson Strait.
Quotas in these areas were based on fishery performance and not scientific survey data. In the
mid-1990s, the fishery moved southeast of Resolution Island in SFA 2, where the main fishery
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remains to date. Implementation of the Nunavut Agreement in 1999 shifted the main fishery east
of the Nunavut Settlement Area.

Currently, the fishery in the EAZ and WAZ is managed by a TAC which is divided into individual
quotas for 17 offshore licence holders and special allocations for Nunavut and Nunavik fishing
interests. Changes to the management of the fishery in what were SFAs 2 and 3 created new
SFAs and Management Units beginning with the 2013/14 fishing season (Figure 2). Nunavut
Wildlife Management Board (NWMB) and Nunavik Marine Region Wildlife Board (NMRWB)
advise on the allocation of quotas to Nunavut and Nunavik fishing interests, respectively. All
fishing to date has been conducted by large vessels (> 100’ overall length) with 100% At-Sea-
Observer coverage.

Fishing gear in the EAZ and WAZ consists of single and, more recently, twin shrimp trawls
requiring a minimum codend mesh size of 40 mm and separator grate (maximum 28 mm bar
spacing). Since 2003, the management year has been April 1 to March 31. The fishing season
is limited by the extent of sea ice, and is conducted between May and December in most years.

Northern Shrimp has been the main commercial species throughout the history of the shrimp
fishery in this area. Historically, most of the harvest of Striped Shrimp occurred as by-catch in
the directed Northern Shrimp fishery. Directed fishing for Striped Shrimp has become more
important especially with quotas available in the Nunavut-West and Nunavik-West management
units beginning with the 2013/14 fishing season.

Fishery catch per unit effort (CPUE) data are not considered to reflect stock status. Commercial
fishing locations are not broadly distributed; fishing vessels target areas of high density. A mix of
two shrimp species are disproportionally caught in the fishery and the composition of the two
species in the catch determines which species is designated as directed, which biases CPUE
calculations. Throughout the history of the fishery, economic factors (e.g., fuel prices, market
price of shrimp) have influenced when and where the species are caught. In the EAZ,
commercial vessel performance has changed over the years to target each species to achieve
cleaner catches of just one species. Renewed effort in the WAZ is relatively recent. In some
years, cleaner catches can be similarly achieved in the WAZ, however that varies in relation to
the distribution of the two species.

ASSESSMENT

This is an assessment of LRPs for both Northern Shrimp and Striped Shrimp in the EAZ and
WAZ (Figure 1). These two species have overlapping distributions, particularly in the Resolution
Island area, resulting in an overlap of their fisheries. The total removal, both directed catch and
by-catch, of each species is considered in the assessment.

DFO plans and the Northern Shrimp Research Foundation (NSRF) conducts annual surveys of
the EAZ (Resolution Island Study Area; RISA-W, RISA-E and SFA 2EX) and WAZ (SFA 3)
survey areas (Figure 3). Both species in the EAZ and WAZ were last assessed in 2019 (DFO
2019a) and updated in 2020 (DFO 2020a). Survey data in the EAZ are available for the period
of 2006-2019, however, the first three years are not considered comparable with the rest of the
series because of poor trawl performance, incomplete sampling coverage, and inconsistent
timing, vessels, and gear (DFO 2018a). Therefore the first three years of data are excluded, and
only 2009-2019 data are evaluated for the EAZ.

The WAZ (Figure 1) was surveyed biennially by DFO from 2007-2013. However, results could
not be combined with the EAZ survey results because the surveys used different gear and
occurred at different times of year. This prevented a comprehensive evaluation of the
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distributions of shrimp and a more practical look at broader stock assessment over a larger
spatial scale. In 2014, the NSRF was commissioned to take over the survey of the WAZ so that
it is sampled in conjunction with the EAZ as a means to maintain consistent methods among
management units. This action started a new time series for the WAZ. In 2019, the WAZ was
surveyed for the sixth year in the new time series. The advice contained herein marks the first
occasion that LRPs have been developed in the WAZ.

Fishable and female spawning stock biomass (SSB) indices from scientific surveys form the
basis of this assessment. Fishable biomass is based on male and female shrimp from the
surveys with a carapace length greater than 17 mm; this represents shrimp that are large
enough to be retained in commercial trawls. SSB is based on all female shrimp from the surveys
regardless of size. Fishery data are used to determine the observed exploitation rate index,
calculated as catch from the reporting records (Canadian Atlantic Quota Report; CAQR) divided
by the fishable biomass index from the same year. The potential exploitation rate index is
calculated to represent the exploitation rate if the entire TAC is taken. Bootstrapped 95%
confidence intervals are included for each of the indices.
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Figure 3. Locations of NSRF survey areas (left panel) within the Eastern (blue) and Western (green)
Assessment Zones and the management units (right panel) referred to in this report. Shrimp Fishing Area
(SFA), Exploratory (EX), Resolution Island Study Area (RISA), East (E), West (W), Nunavut (NU),
Nunavik (NK) and Davis Strait (DS). Red lines show the borders of the Nunavut, Nunatsiavut and Nunavik
Land Claims Areas.

For each assessment zone and shrimp fishery an LRP based on 30% and 40% of the SSB
index was explored (Walkusz and Atchison 2020). Currently, a 30% LRP is being applied as a
reference point by the Northwest Atlantic Fisheries Organization (NAFO) for the Northern
Shrimp stock in SFA 1, which is adjacent to the EAZ. This was noted but not considered in-
depth during a two-day workshop in 2008 among DFO-Science, DFO-Resource Management,
co-management partners and stakeholders in an attempt to establish LRPs in these shrimp
fisheries (2009b). Additionally, LRPs and the USRs were adopted at 30% and 80%,
respectively, of the geometric mean of female SSB for both Northern and Striped Shrimp in
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other southern SFAs. The SSB was deemed to be a suitable proxy for Busy. The contributing
factors leading to the use of 30 and 80% were three years of survey data (2006—2008) in
Shrimp Fishing Area 2, and that it was consistent with the approach taken by NAFO. LRPs have
since gone unchanged in the EAZ (Siferd 2015).

Adopting a 30% LRP as part of the 2020 process would be consistent with NAFO approach and
how shrimp fisheries are managed in the Newfoundland and Labrador Region. However, the
use of a 30% LRP is unsubstantiated for the WAZ and EAZ based on the best available
scientific information for these particular fisheries (Walkusz and Atchison 2020). Furthermore,
an LRP of 40% is suggested in the DFO PA Policy (DFO 2009a) for instances of data deficiency
and uncertainty. Establishing LRPs based on 40% average SSB for the WAZ and the EAZ was
determined to be the best way forward based on the information available and recent decreases
in stock productivity in southern SFAs (e.g., SFAs 4-6, DFO 2019b; SFAs 13—15, DFO 2019c).
Uncertainty remains with respect to biomass variability as it relates to environmental conditions
(e.g., temperature). Patchy shrimp population distributions have led to occasional large catches
and fluctuations and increased variance in biomass estimates for each of the assessment zones
in different years. Other SFAs have longer data sets and can justify using 30% LRPs, while the
WAZ and EAZ have shorter data sets, large fluctuations in biomass indices and a lack of stock
trends. Furthermore, Striped Shrimp in the EAZ appear to have recovered from biomass levels
equivalent to an SSB level near the 40% LRP; below this point the ability of the stocks to
recover is unknown (DFO 2020b). Similarly, it is not known to what extent Northern Shrimp can
recover from below their lowest recorded biomass levels (comparatively higher than Striped
Shrimp in the EAZ). When the PA framework for the EAZ was initially established using 30%
LRPs, the reference points were based on three years of data, the geographic area of SFA 2
and a different survey range. It was recommended that the initial EAZ PA framework be revised
as soon as possible (DFO 2020b). One of the potential options would be to move to a dynamic
LRP, which follows the pattern of the stock. Since information on shrimp stocks is limited in the
WAZ and EAZ, a fixed LRP is recommended. The PA framework may be revised in the future
when more data on variables affecting shrimp stocks in the WAZ and EAZ become available.

The recommended reference points follow DFO’s PA Policy (2009a) and include new data to
update existing LRPs in the EAZ and establish new LRPs in the WAZ. The geometric mean of
SSB was used as a proxy for Busy. Furthermore, this framework suggests a starting point for
calculating USRs. Accordingly, the LRPs and proposed USRs were calculated at 40% and 80%,
respectively, of the geometric mean of SSB for both Northern and Striped Shrimp (Figures 4
and 5).
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Figure 4. Newly established LRPs for Northern Shrimp (left) and Striped Shrimp (right) in the WAZ. The
LRP (red line) is calculated as 40% of the geometric mean of the SSB index and the proposed USR
(dashed green line) calculated as 80% of the geometric mean of the SSB index. Blue symbols are annual
stock status values, numbers indicate the fishing season.
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Figure 5. Updated LRPs for Northern Shrimp (left) and Striped Shrimp (right) in the EAZ. The LRP (red
line) is calculated as 40% of the geometric mean of the SSB index and the proposed USR (dashed green
line) calculated as 80% of the geometric mean of the SSB index. Blue symbols are annual stock status
values, numbers indicate the fishing season.

Sources of Uncertainty

The sources of uncertainty that were not quantitatively incorporated into the establishment of
LRPs for Northern and Striped Shrimp stocks in the WAZ and EAZ, include:

e Despite having data on temperature preferences of the two shrimp species, the distribution,
availability and dynamics of preferred habitats is lacking. Future efforts should focus on
moving towards an Ecosystem Approach to Fisheries Management to address knowledge
gaps and drivers of stock variability, such as: larval drift related to the connectivity between
management zones (stocks), habitat spatiotemporal variability, and ecosystem linkages
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(e.g., predator-prey interactions, oceanographic drivers). The lack of environmental
information contributes to uncertainty.

e Given the short time series and the lack of observed trends, it is not feasible to identify
periods of high productivity upon which to base reference points (as suggested in the DFO
PA Policy).

e Trawls used in the survey are known to have a catchability less than one but the exact value
is unknown. Therefore, the survey is an index of biomass and not an absolute estimate of
the total biomass.

e Catch data are known; however, the total fishery-induced mortality is unknown (landed catch
plus incidental mortality from trawling). Exploitation rates are a relative index rather than
absolute.

e Survey of all stocks is completed in the middle of the fishing season. It is uncertain how
much of the TAC has already been taken while the survey is ongoing. Results may be
confounded by the timing of the survey and the concurrent level of harvest.

e Itis uncertain to what extent these stocks have the capacity to recover from low levels of
biomass. High biomass variability exhibited in these stocks can lead to their positioning
within the proposed Cautious Zone of this PA framework. A longer time series and a better
understanding of the drivers of stock variability may inform recovery potential.

e The stocks’ natural mortality, including multi-species linkages, is currently unknown.

e Factors that may cause shrimp productivity to change are poorly understood within the WAZ
and EAZ. For example, it is uncertain to what extent larval drift exists between these
assessment zones, and to what extent shrimp productivity is impacted by their movements.

e Stocks of both species in both assessment zones exhibit relatively large inter-annual
variability in biomass and no trends have been observed. The drivers leading to this
variability are poorly understood.

¢ Northern and Striped Shrimp have populations spanning both assessment zones and their
relative distributions are likely to change inter-annually. The stock structure of each species
within and between assessment zones is unresolved. For example, it is possible there are
multiple populations of the same species within a single assessment zone.

¢ DFO has recently discovered that a portion of what was previously identified as P.
montagui from the Gulf and Scotian Shelf (Division 3PS) are in fact Dichelopandalus
leptocerus. There remains uncertainty about whether this species has recently migrated to
this area or may have been misidentified for several years. The same may be true in more
northern areas including the WAZ and EAZ.

CONCLUSIONS AND ADVICE

The work described here represents new and updated science advice on reference points for
the Northern and Striped Shrimp fisheries in the WAZ and EAZ. The advice is based on a
traditional approach of calculating SSB from shrimp trawl surveys, and explores a time series of
fishery-independent data. Data used to assess these fisheries are limited and highly variable,
and currently no trends in stock status have been observed. Striped Shrimp in the EAZ have
demonstrated an ability to recover from 40% of the SSB, the LRP, below which the ability of
these stocks to recover is uncertain. Therefore, we recommend a PA consistent with DFO
(2009a) that reflects insufficient stock-specific information: 40% LRP and 80% USR, with
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respect to the geometric mean SSB index. These reference points represent the best available
scientific information and constitute advice to management for assessing the stock in relation to
sustainability.

In the WAZ, the newly established LRP and the proposed USR for Northern Shrimp and Striped
Shrimp are based on a 6-year time series (2014-2019; Table 1). In the EAZ, the updated LRP
and the proposed USR for Northern Shrimp and Striped Shrimp are based on an 11-year time
series (2009-2019; Table 1).

Table 1. Established Limit Reference Points (LRPs) and proposed Upper Stock Reference points (USRs)
for Northern Shrimp and Striped Shrimp in the Western Assessment Zone and Eastern Assessment
Zone. Spawning stock biomass is reported in tonnes. Previous reference points are provided in
parentheses.

Western Assessment Zone Eastern Assessment Zone

Species
LRP USR LRP USR

Northern Shrimp
(Pandalus borealis)

15,800 31,600
4,100 8,200 (from 6,800) ~ (from 18,200)
3,100 6,100
(from 2,300) (no change)

Striped Shrimp

(Pandalus montagui) 12,300 24,600

The PA reference points for the WAZ and EAZ should be re-examined when a population model
is developed or relationships between stock productivity and environmental or ecosystem
factors are sufficiently developed to inform stock assessments.

OTHER CONSIDERATIONS

In general, management of key forage species, such as shrimp, under an ecosystem approach,
requires the adoption of a conservative approach with lower fishing mortality reference points
and higher biomass reference points than would be considered under a single species
management approach.

In cases where insufficient stock-specific information is available, DFO’s PA Policy (2009a)
suggests reference points that may be considered as the best available guidance for
management and for assessing the stock in relation to sustainability. The 40% LRP and 80%
USR provided as guidance are the results of reviews and meta-analyses across a wide variety
of fish stocks. However, it is uncertain to what extent this standard can be applied to shrimp
fisheries. Here, 40% LRP and 80% USR of the geometric mean SSB index have been used to
inform reference points for shrimp fisheries in the WAZ and EAZ without demonstrable
validation of stock productivity. Indeed, most larvae released in any management area end up
as functioning adults in another management area (in other words, most adults in any
management area originated elsewhere; Le Corre et al. 2020). This in and of itself is evidence
that the SSB index within an individual management area does not provide a defensible
measure of the future health within any individual management area.

The PA reference points in both the WAZ and EAZ are based on the best available scientific
information and need to be re-evaluated with new and/or alternative methodologies when data
are available to corroborate the advice contained herein. Actual reference points for a stock may
use other metrics and be set lower or higher than these references but should be justified for the
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stock and consistent with the intent of the PA. Ideally, more robust LRPs and associated PA
frameworks should be considered by Science and Resource Management when additional data
are available.
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