ICES
CIEM

ARCTIC FISHERIES WORKING GROUP (AFWG)

VOLUME 5 | ISSUE 63

ICES SCIENTIFIC REPORTS

RAPPORTS
SCIENTIFIQUES DU CIEM

ICES INTERNATIONAL COUNCIL FOR THE EXPLORATION OF THE SEA
CIEM CONSEIL INTERNATIONAL POUR L’EXPLORATION DE LA MER



H.C. Andersens Boulevard 44-46
DK-1553 Copenhagen V
Denmark

Telephone (+45) 33 38 67 00
Telefax (+45) 33 93 42 15
www.ices.dk

info@ices.dk

ISSN number: 2618-1371

This document has been produced under the auspices of an ICES Expert Group or Committee. The
contents therein do not necessarily represent the view of the Council.

© 2023 International Council for the Exploration of the Sea

This work is licensed under the Creative Commons Attribution 4.0 International License (CC BY 4.0). For
citation of datasets or conditions for use of data to be included in other databases, please refer to ICES
data policy.


mailto:info@ices.dk

ICES Scientific Reports

ARCTIC FISHERIES WORKING GROUP (AFWG)

Recommended format for purpose of citation:

ICES. 2023. Arctic Fisheries Working Group (AFWG). ICES Scientific Reports. 5:63. 329 pp.
https://doi.org/10.17895/ices.pub.23267150

Editors

Daniel Howell

Authors

Jane Aanestad Godiksen e Caroline Aas Tranang e Ricardo Alpoim e Matthias Bernreuther

Bjarte Bogstad ® José Miguel Casas e Elise Eidset ® Johanna Fall ¢ Sofie Gundersen e Elvar Hallfredsson
Hannes Hoffle e Daniel Howell ® Berengere Husson ¢ Edda Johannesen ¢ Kjell Nedreaas ¢ Arved Staby
Brian Stock ¢ Tone Vollen e Kristin Windsland

I c E S International Council for
the Exploration of the Sea



ICES | AFWG 2023

Contents

i EXECULIVE SUMIMATIY oeiiiiiiiiiiiiitieietetetetererererererererererererererererere et tere e teresereserererereseseresarereserernnens iv

ii EXpert roup iNfOrMation .......c..eiiiiiie et e e e e e e ere e e e snre e e e s e eereeeenes vi

1 [a oo [N o1 o ] o ST PPPR 1
11 TErmMS OFf FEFEIENCE .. e s e s aee e e s arae s 1
1.2 AdditioNal FEOUESES ..ceieeeeeee et e et e e e e e e e ar b e e e e e e e e nnrraneas 3
1.3 Responses to terms of refErENCE....cccuuii i s 3
1.4 BENCHMAIKS ettt ettt s e st e st sbeesabe e sbeesareeea
1.5 Total catches
1.5.1 Sampling effort—commercial fishery and recreational fishery..........ccccovveriiiiiiinnnnne.n. 4
1.5.2 The percentage of the total catch that has been taken in the NEAFC regulatory

areas by year in the [ast YAl ........uuiiiii e e 5

1.6 Uncertainties in SUNVEY data ......cc.veeccieee e ciee e eseee et e et e e snee e e st e e e eneae e e ennnes 9
1.7 F Yo T Lo |1 V-SSR 10
1.8 ASSESSMENT METNOT ISSUES ...eiueiiiiiieiie ettt st esbaesreeea 10
1.9 Proposals for status of assessments in 2023—2024 ..........c.ccevieeeeeiiiieieeee e e e 11
1.10 EcOSYstemM iNfOrmMation ....cc..uuiiiieeecccceeee et e e e e e e e e e e e aens
1.10.1  0-8roup @bUNANCE..... ..ttt e e e e e et e e e e e e e e eaarae e e e e e e e nnraaeeas
1.10.2 Consumption, natural mortality, and growth
1.10.3 Maturation, condition factor, and fisheries—induced evolution...........ccccevvvvvveeeveevennnns 36
1.10.4 Recruitment prediction for northeast Arctic cod.........cccevevciiieicciie e 37
1.10.5 HiSTOIIC OVEIVIEW ..ciiiiiiiiiiiiiie ettt ettt e e ettt e e e e e s e bee et e e e e e s e eanraeeeeeesesannaeeeas 37
1.10.6  MoOdels USEA IN 2021 .....cciiiieiiiiiee ettt sree et e e e st e e s sba e e s sabbe e s sbbeeessaraeessanes 39

2 NOrwegian Coastal COU ....uuuiiiiiiiiiiiie e et e e e e e e e e e e e e aara e e e e e e e eeanraaeeas 41
2.1 Fisheries (DOth SEOCKS) .....iiiceieeiiiee e e e s e e e eaes 42
2.1.1  Commercial CatCh data ..cc.eeouiiiiiiiieie e 42
2.1.2  Recreational CatCh data .......ceevieiiiieniie e e 44
O T A U=Y - U] - | o] o T PSR U SPURRN 45
2.2 Northern Norwegian coastal Cod........ooiiiiiiiiiiiiiiiec e e 50
2.2.1  StOCK STAtUS SUMMAIY ..ottt ettt e e e e e ettt e e e e e e s e antbeeeeeeseeansbaseeaseesnnnnes 50
2.2.2  Thefishery (Table 2.2.1-Table 2.2.4) ....cccrree et e e 50
2.2.3  SUIVEY FESUILS . .eeeiiiiieeiciiie e ettt e et e e ettt e e et e e e ettt e e e s tae e e estaeesateeeesssseeeassaeessseeesansseeeanns 51
2.2.4  Data used in the aSSESSMENT ..ccc.eiiiiiiriie ettt sttt sab e sbe et e e sabeesarees 53
2.2.5  FiNal @SSESSIMENT FUN.....iiiiiiiiieiiiiee ettt et et e e s st e s e ate e e sttt e e s sbeeessabeaessbeeessnbeeeenans 54
2.2.6  REfereNCE POINTS....uiiiiii et e et e e e e s e ab b e e e e e e s eesanrbaeeeaeeeennnnes 55
2.2.7  PrediClioNS cooeeeiee ettt ettt e st e e et e e s abe e e sabeeeeabeeeenaa 55
2.2.8 Comments to the assessment and the forecast .......ccocevvvevniiinieenieeniec e, 56
2.2.9  Tables and fiUIES ....ccccuiii et ree e et e et e e et e e e e tr e e e snta e e e naaeeeerreeeaan 56
2.3 Southern Norwegian coastal COU.......cccciiiiiiiiieiiiie et eeee e e e areee s 91
2.3.1  StOCK STAtUS SUMMAIY ..ottt ettt e e e e et e e e e e e s e aatb e e e e e e s eeantraseeaseesnnnses 91
2.3.2  Fisheries (Table 2.3.2—Table 2.3.4) ... e et 92
2.3.3  REfErENCE flEEBL.cc et 93
2.3.4 Standardized CPUE index (Table 2.3.6 and Figures 2.3.3=2.3.7) ..cccccevceeeecineeeeiieeeae 93
2.3.5  Stochastic LBSPR (Table 2.3.1) ccccuuieeieiiii e ctee ettt e et e e e s nae e e seaeeeeaes 95
2.3.6  Results of the assessment (Figure 2.3.6—Figure 2.3.13) ....ccccccveeeeciiieeecieee e 97
2.3.7  Additional informMation........c..eeiiiiiii e 98
2.3.8  Comments t0 the aSSeSSMENT.......iiiiiiiiieeiiee et s e s 100
2.3.9  RefrEeNCE POINES...uiiiiieiieeeeeee e e e et e e e e e e et re e e e e e e e e saaraereeeeeeenannes 100
2.3.10 Catch scenarios for 2023 and 2024.......coccueivieerieiniienieenie et 100
2.3.11 Management CONSIAEIatioNS ......c.ueeeecuieieeciieeeceee e e e e e et e e srere e e e eeae e e enaeeeenreeeas 100
D T 7 =Y o ¥ =T o 1Yol o - [ o USRS 101



ICES SCIENTIFIC REPORTS 5:63

2.3.13  RECENT ICES QUVICE ..eiiiiiiiieiiiieeeiiee ettt ettt e e sttt e e st e e s sabae e e sbteeessabaeessaneeeesareeenn 101
2.3.14 Figures and tableS .....ceei ittt e e et e e e e e e b e r e e e e e e enannas 102
[\ [o] g o T=F- 1] Y o1 d Tol ol Yo SO P PP P PP 118
Northeast Arctic NaddOCK.........eiiiiiiiiiiiiee e s s 119
NOIthEast ArCtic SAITNE......cuiiiiie it saee e 120
5.1 The fishery (Table 5.1 and Table 5.2, FIgUre 5.1) ......cooooiiiiiiiiee e 120
5.1.1 ICES advice applicable to 2022 and 2023..........ouiiiiiiieeiiieee et e 120
5.1.2 Management applicable in 2022 and 2023 ........cooiiiiiiiiiiiieee e e 120
5.1.3 The fishery in 2022 and expected landings in 2023.........cccceecieeeeciieeecceee e 120
5.2 Commercial catch-effort data and research vessel SUrveys .........cccoccveeeevieeeeccivee e 121
5.2.1  CatCh-per-Unit-ffOrt ......ooociiee et 121
5.2.2  SUrvey results (FIBUIE 5.1=5.2) ..ciii ittt ettt e e e e e ette e e e ta e e eenaaeeeeareeeas 121
5.2.3  ReCrUItMENT INICES cooiiiiiiieiiiee ettt ettt s sre e e st e e st e s sabe e e sareee s 121
5.3 Data used in the asseSSMENT ......uiiiiiiiie e s 122
5.3.1 Catch numbers-at-age (Table 5.3) ..ot e 122
5.3.2 Weight-at-age (Table 5.4) .....uee ittt et e e et enee e e s areeean 122
5.3.3  NAtural Mortality ...oeeeeciirieeee e e e e e e e et e e s nreee s 122
5.3.4  Maturity-at-age (Table 5.5) ..ot ettt e et et e 122
5.3.5  TuniNg data (TABIE 5.6) ...ccceuiiieiiiiie ettt ee e e et e et e e e ta e e e ear e e e eeareeaas 123
5.4 SAM runs and settings (Table 5.7) ...oo i 123
5.5 Final assessment run (Table 5.8 to Table 5.11, Figure 5.3—=5.6) .....cccceeeeevveeercvveeecnnennn. 124
5.5.1 SAMF, N, and SSB results (Tables 5.9-5.11, Figures 5.5-5.6) .......ccccceeevrvrerrcvreesrnnnnnnn 124
5.5.2  Recruitment (Table 5.10, FIGUIE 5.5) ..uiiiiciuiee et ceee e eeeee e siee e eetae e e e e anee s 124
5.6 Reference points (FISUIE 5.5) . ...uii ittt e et e aae e e e 125
5.6.1  HArvest CONTIOl FUIE c.oo.eeiiieeiee ettt ettt e e s aaee s 125
5.7 T T 4 o] o PSPPI 125
5.7.1  Input data (TAble 5.12) ...ccoeiiee et eee et e e e re e e st e e e sta e e e ennaeeeenneeean 125
5.7.2  Catch options for 2023 (short-term predictions; Tables 5.13—14)........cccccceecvveernnennn. 126
5.7.3  Comparison of the present and last year’s assessment .........ccccceveveeeeecveeescieeeseeneenn. 126
5.8 Comments to the assessment and the forecast (Fig. 5.6).....ccceeciiieeiiiieeeciiieeccieee e, 126
5.9 TabIES AN FIGUIES ..veeiiee ettt e e e e e et re e e e e e e e e nrbaaeeeaeeesnnes 127
Northeast Arctic beaked redfish.........oooiiiiiii e 158
Northeast Arctic golden redfish .........ooouiiieeciie e e 159
7.1 Status Of the fiSHErIES «...eiiii e 159
7.1.1  Recent regulations of the fiShery.......ccee e 159
7.1.2  Landings prior to 2022 (Tables 7.1-7.4 and Figures 7.1=7.3) ....c..cccoeeeecreeeeciiee e 159
7.1.3  Expected [andings in 2023 .......ooiiiiiii e e e e e e areaaaaeean 160
7.2 Data used in the assessment (Table 0.1 and Figure E1)........cccoeeeeiiieeeeciieeeeciieee e, 160
7.2.1 Catch—at-length and age (Table 7.5 and Figure 7.4) .......ccccceeeveeeivcieeeecciee e 161
7.2.2  Catch weight—at—age (Table 7.6) ...ccoceieeeee et 161
7.2.3  Maturity—at—age (Table E1, Figure 7.5a—bh) ....ccooiieiriee e 161
7.2.4  Survey results (Tables E2a,b—E3a,b—E4, Figures 7.6a,b—7.8) ........cccoveeeecureeeecrieeennen. 161
7.3 Assessment with the Gadget MOodel ... 162
7.3.1  Description of the MOodel ...........ooeiiiiie e 162
2 T A O F- - W E =T I o o {0 011 Y= SRS 163
7.3.3  Assessment results using the Gadget model (Figures 7.9-7.13) ....cccceeevvveevcvveeecnneenn. 163
7.3.4  State Of the STOCK ..ocuii it 164
7.3.5 Biological reference POINtS ........ueeeiieieciiiiiiicc e 165
7.3.6  ManagemMENT AVICE ....ueiiiiiiciiiieee ettt e e e e e e e e e et e e e e e e bbaaeaaaaeean 165
7.3.7 Implementing the ICES Fumsy frameWork........coooiiiiiiiieiiiiiie e 166
7.4 TabIlES @NA FIGUIES ..eeeiiiee et e e e e et e e e st re e e enseeesrnaeeaeansreeeanes 167

7.5 Additional tables and fIgUIES .......coeciiir i 198

ICES



ICES

AFWG 2023
8 Northeast Arctic Greenland halibUut .........coooiiiiiiiiiii e 214
9 Northeast Arctic anglerfish........ ..o e e e 215
9.1 [C1=T 0 1=T - PO PP PSUPTRRPOPIN 215
9.1.1  SPeCies COMPOSITION coovieiiiiiiiie i 215
9.1.2  Stock description and Management UNItS .......ccccveircieeeeciieeceiee e ereee e 215
1S J0 . T - T [ -V TR 216
1S TN S ST o 1T oY TR 217
9.1.5  SCIENTI IC SUIVRYS ... ittt e e e e et r e e e e e e e s ataereeeaeeeensraaeeaaaeean 218
9.2 [ = F OO PP RTPPPPRT 218
L R IF- 1 o [T Va3 e = = SRS 218
9.2.2  DlSCANTS . ceueeietieeiteeitie ettt ettt et et e et sttt s bt e e e s b e e et e b e e e be e s b e e e be e s beeebeesbaesbeenas 219
9.2.3  Length composition data ......ccuuiiiiiie i e 219
9.2.4  Catch per unit effort (CPUE) data ......cccueeieiuiiieeeiiie ettt et e 219
9.3 MEthods aNd rESUIES .....eveiiiiiee et sbee e e s areee s 220
9.3.1 The length-based-spawning-potential-ratio (LBSPR) approach.........cccccocevrvcvreernnnnnn. 220
9.3.2  CPUE standardization.........coceeeiieiieiiiieeiee ettt sttt st st sree e 221
9.3.3  JABBA . ettt be e b e e bt e s b e e e be e s beeebeesbeeereenas 223
9.4 TabIES AN FIGUIES ..veeiiee ittt e e e e e e rtbe e e e e e e e e arbaaeeaaeeesnnes 226
10 2 T o YT W or- | o 1= o NP TP 251
11 RETEIENCES ..ttt et e st e e e st e e e s s bte e e s bbe e e s e bee e s e ateeesabaeeenbeeeeaan 251
Annex 1: [T o i o [ A o] o =L | £ 256
Annex 2: RESOIULIONS ..eeiiieeiieeite ettt ettt sttt sb e e sbe e s be e e beesbeesbeesbaeeseesanes 257
Annex 3: WOTrKIiNG OCUMENTS.....cciciiieeiiieeecitee ettt e e e e e ere e e st e e e sata e e e sasaeeesnseeeennsaeeesnnees 260
Annex 4: P NU o [ A =T o Yo o £ ST PUPPPRNE 325
Annex 5: STOCK ANNEX UPUALES.....uiiiiiiiee ettt e e e e e e e e e etba b e e e e e e s e aabbeeeeeeeeennraanens 329



ICES SCIENTIFIC REPORTS 5:63

Executive summary

Since 30 March 2022, all Russian Federation participation in ICES has been suspended!. Although
the announcement of the suspension stressed the role of ICES as a “multilateral science organi-
zation” this suspension applied not only to research activities but also to the ICES work of
providing fisheries advice for the sustainable management of fish stocks and ecosystems. As a
result of the suspension, it is not possible to run ICES stock assessments or provide ICES advice
for the Barents Sea stocks of NEA cod, NEA haddock, capelin, beaked redfish (Sebastes mentella),
or Greenland Halibut, as management and data collection for these stocks are shared between
Norway and Russia. There are therefore no AFWG stock assessments for these stocks this year.
Assessment and advice for these stocks are being conducted outside ICES through the bilateral
Russian-Norwegian group, the Joint Russian-Norwegian Arctic Fisheries Working Group (JRN-
AFWG). The most recent assessment reports are available via the Institute of Marine Research
(IMR) website:

e The report of the JRN-AFWG 2022 is available here: https://www.hi.no/en/hi/nettrap-
porter/imr-pinro-en-2022-6

e Report of the Joint Russian-Norwegian Working Group on Arctic Fisheries (IRN-AFWG)
2023

e Barents Sea Capelin—Report of the Joint Russian-Norwegian Working Group on Arctic
Fisheries (IRN-AFWG)

The assessments in 2022 and 2023 occurred outside ICES but were based on the stock annexes
previously agreed within ICES, used the same data and models as previously, and were con-
ducted by the same Russian and Norwegian scientists that were involved in the previous ICES
assessments. The managing body in the Barents Sea (the Joint Norwegian Russian Fisheries Com-
mission; JNRFC) has endorsed this approach and has used the advice from the JRN-AFWG as
the basis of management following the same procedures previously used for ICES advice. There
is therefore currently no possibility to produce, and no current management need for, ICES as-
sessments for these stocks.

This year AFWG is providing ICES advice for saithe, coastal cod north and coastal cod south,
with golden redfish (S. norvegicus) advice next due in 2024. In addition, an assessment has been
run for anglerfish, although there is no formal request for advice for this stock. Assessments for
Greenland halibut, NEA cod, NEA haddock, beaked redfish (S. mentella), and capelin were run
at the JRN-AFWG in 2022 and 2023, and there are links to the resulting advice below.

Stock-by-stock summaries (ICES)
The stock trends for the assessed stocks are as follows:

Cod (Gadus morhua) in subareas 1 and 2 north of 67°N (Norwegian Sea and Barents Sea), northern Nor-
wegian coastal cod; cod.27.1-2.coastN

The coastal cod north assessment gives an SSB estimate of 71 599 tonnes for 2022 (down from 72
888 tonnes in 2021), and the catch advice is 26 612 tonnes (slightly up from 29 347 t last year). The
stock has had a declining trend since 2016, partly due to the weak 2018-year class that is now
part of the fishable biomass. There is no Bim for this stock and the status relative to this reference
point can therefore not be determined, but SSB is above the biomass limit for which the HCR is
valid (SSBiowerbound). The fishing mortality is 0.31, well above target F in the management plan

1 https://www.ices.dk/news-and-events/news-archive/news/Pages/TemporarySuspension.aspx
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(0.176). However, because of better recruitment in 2020-2021, a small increase in the stock is
expected in 2023-2025 even under status quo fishing. It should be noted that this stock cannot be
directly managed via a quota (as the fish are not visually distinguishable from NEA cod in the
same area), and therefore management is based on gear and area regulation.

Cod (Gadus morhua) in Subarea 2 between 62°N and 67°N (Norwegian Sea), southern Norwegian coastal
cod; cod.27.2.coastS

The new ICES advice guidelines for data-poor stocks indicate that advice should be given on a
two-year basis. Accordingly, the advice given in 2022 for 2023 is extended to 2023 and 2024, and
no new advice is given.

Saithe in subareas 1 and 2 (Northeast Arctic)

The NEA saithe stock is currently in good status, with the SSB well above Bpa at 727 666 tonnes,
very slightly up from 715 674 t in last year’s assessment. Following the HCR the catch advice is
223 123 tonnes (almost unchanged from 226 794 t last year). This stock, together with the associ-
ated North Sea saithe stock, is aiming for a benchmark, likely in 2024.

Anglerfish (Lophius budegassa, Lophius piscatorius) in subareas 1 and 2 (Northeast Arctic)

Data-limited model results based on length data from the fishery suggest that the biomass seems
to be doing well and that the exploitation pattern is appropriate, while the rate might be
near/slightly above the level that would lead to maximum yield. Management is based on tech-
nical measures rather than a quota. AFWG does not currently give advice on this stock but con-
siders the current assessment of sufficient quality to base catch advice on if requested by the
managers.

Stock-by-stock summaries (non-ICES)

Information for the stocks not currently assessed by AFWG (latest 2023 Greenland halibut, NEA
cod, and NEA haddock; latest 2022 beaked redfish and capelin) via the IMR website:

Barents Sea capelin

e The JRN-AFWG advice from 2023 is available here: https://www.hi.no/en/hi/nettrap-
porter/imr-pinro-en-2023-8

NEA cod

o The JRN-AFWG advice from 2023 is available here: https://www.hi.no/hi/nettrapporter/imr-
pinro-en-2023-5

NEA haddock

o The JRN-AFWG advice from 2023 is available here: https://www.hi.no/hi/nettrap-
porter/imr-pinro-en-2023-4

Greenland halibut

e The JRN-AFWG advice from 2023 is available here: https://www.hi.no/hi/nettrapporter/imr-
pinro-en-2023-6

Beaked redfish (Sebastes mentella)

e The JRN-AFWG advice from 2022 is available here: https://www.hi.no/en/hi/nettrap-
porter/imr-pinro-en-2022-5
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