ICES
CIEM

WORKING GROUP ON SOUTHERN HORSE
MACKEREL, ANCHOVY AND SARDINE
(WGHANSA)

VOLUME 5 | ISSUE 67

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) 3393 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

WORKING GROUP ON SOUTHERN HORSE MACKEREL, ANCHOVY AND SAR-
DINE (WGHANSA)
Recommended format for purpose of citation:

ICES. 2023. Working group on southern horse mackerel, anchovy and sardine (WGHANSA).
ICES Scientific Reports. 5:67. 573 pp. https://doi.org/10.17895/ices.pub.23507922

Editors

Leire Ibaibarriaga

Authors

Jose Antonio Canseco e Leire Citores ® Erwan Duhamel ¢ Susana Garrido e Leire Ibaibarriaga

Hugo Mendes ¢ David Miller ¢ Maxime Olmos ® Rosana Ourens e Lionel Pawlowski ® Alfonso Pérez
Fernando Ramos ¢ Joseph Ribeiro ¢ Margarita Rincon Hidalgo ¢ Isabel Riveiro ¢ Maria Santos
Andrés Uriarte ¢ Laura Wise

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



ICES

WGHANSA 2023

Contents

i EXECULIVE SUMIMATIY Loiitiiiiiiiititeietetereretererererererererarereserereeeseresetesetasesesetesesssesesesesssesssesssssssssssnsnsssssens v

i EXpert group iNfOrMation .......ccuiii it e et e e et e e s e e e e nta e e e anneas Vi

1 [a] oo [N o1 o o S P TSTRPPS 1
1.1 TErmMS Of FEFEIENCE i e e s te e s naaeeas 1
1.1.1  The WG work in relation 10 the TORS.....cccuiiiiiiii it s 3
1.2 [0=T o o] kY { AU ol (| S T PP 6
1.3 CondUCE Of the MEELING ....eiieeeiee e e e e e e e er e e e e ereeeens 6
1.3.1  List Of PartiCiPantsS...ccccuueieiciiee ettt e e et e e et e e s e e e et e e e e naa e e eanreas 6
1.3.2  Timing Of the MEETING..cccueiiiii e s 6
1.3.3  Interactions with other eXpert BroUps........cccevceeriieriiiieiee e 6
14 Quality of the fisheries data........ccoiiireeiie e e 7
1.5 Overview of sampling aCtiVITIES .......ceeciiiiecciee e e e e e 7
1.6 Benchmarks and interbenchmarks .......cocuierieiiiiinieiie e 8
1.7 1Yo 312 3 o FO OO OO PORPPPUPRROPRY 9
1.8 Transparent assessment framework (TAF) .....oocieceeiieeeiee et 10
1.9 Ecosystem and FiSheries OVEIVIEWS .......ccceeiiiieriieriie ettt 10
1.10 MSE to propose alternative HCRs for anchovy in division 9.a .......cccceeveieviennereneennee. 10
1.11 LT =T: [ ol s W =TT PP PRUP 11

2 F Y Tol o o X AV =T o 1= - | KSR 13

3 2 VAo 2 T oF- 1V A1 o Tl o Lo 1Y AV A PR SUUUSOt 14
3.1 ACOM advice, STECF advice and political deciSioNns .......c.ccceeveeeerciiieiniieee e 14
3.2 The fishery in 2022 and 2023.........ooiiiiiiieeeee e e s s 14
70t R T oY T = 1Tl SR 14
3.2.2  CAtCRNES e ettt e e e b b e e et e e s abaee e sbaeeeeas 15
3.2.3  Catch numbers-at-age and [€NGth .........ooiiiiiiiiiiii e 18
3.2.4  Weights and lengths-at-age in the catch ..........coeeiiiiiiiii s 21
3.2.5 Preliminary fishery data in 2023 ........ccuoiiioiiiiiceee e eee e e s s aaee e 23
33 Fishery independent data......cccoccveeeeiiiii i s e e s e e 23
3.3.1  BIOMAN DEPM SUIVEY 2023 ......eeiiiieeieieiteeieeenite ettt esiteesieeesieesssesesaaessseeessnessneeesanessens 23
3.3.1.1 SUIVEY dESCIIPLION .uvvieeiiieiiiiieeee et e st e e e e e st e e e e e e seaabtr e e e e e e seasaraeeeeeesennnnnnes 23
3.3.1.2 Total daily egg production eStimate ........cccccccuiiiiiiiiiiiiiiee e 24
3.3.1.3 Daily fecundity and total DioMass..........cceeiiiiiiiiieecciee et 24
3.3.1.4 POPUIGLION @t @ ...uiiiieiiiiiiciiie e ctee ettt et e e et e st e e s e e e st e e et e e enaaaeeeenaeeeean 24
3.3.2  PELGAS spring acoustiC SUNVEY 2023 ......ccciiriiiiiiiieeeeiiiiiirieeeesesssinrreesesssssssnrseesesssessnnees 36
3.3.3  Autumn juvenile acoustic survey 2023 (JUVENA 2023) ....ccceecvveerrvierieenrieesreecreesae e 40
3.4 27 Te] [ =4 Tor-] o F- ) - SR PUSTRN 44
R R (V- § (0 L A2 | - T USRS 44
3.4.2  Natural mortality and weight-at-age in the stock........ccccuveviiiiiiiiiiiei s 44
3.5 State Of the STOCK ..eieii e 44
3.5.1  StOCK @SSESSMENT c..ueiiuiieiiiieiieeittt ettt ettt et s bt e sbt e sttt e bt e e bt e e sbeesbeeesatesbeeesaaeenaeas 44
3.5.2  RetroSPeCtiVE PatterN oot e e e e s e e e s e ssbareeeeeessesnnnees 64
3.5.3  Reliability of the asseSSMENT .....c.ccueeiiiiiei e e aaaees 69
3.6 Short-term PrediCtions ... e e e 70
3.6.1 Evidence for changes in @dViCe .......ccuuuiieeiiiiiiiieec e e 77
3.7 Reference points and management considerations ........ccccceveceveeevcieeeecieeecsciee e 79
TR R 20T =Y Y ol I Yo [ £ SRS 79
3.7.2  ShOM-TEIM AUVICE ittt ettt e saa e s b e e saa e s sbe e e saaeenaeas 80
3.7.3  ManagemeNnt PIANS ....cccc it e e e a e e e e e eeeabra e e e e e e senaranes 80
3.7.4 Species interactions effects and ecosystem driVers ..........ccccocoeeeeeiiieeeciiee e, 82
3.7.5 Ecosystem effects of fiSheries........ceicciiiiieee e e 82



ICES SCIENTIFIC REPORTS 5: 67

3.8 REFEIENCES ..t et e e st e e e st e e e s ate e e ssabaeeesaneeeens 82
ANCHOVY iN DIVISION 9.3 .ciiitiiiiiiiiii ettt ettt ettt e st e et sabe e bt e e sareesaneesaneesanee s 83
4.1 ACOM Advice Applicable to the management period July 2022—June 2023................. 83
4.2 Population structure and stock identity ........ccccouveeeiiiie e 83
4.3 The fiISHEry i 2022.... ..t e e e st e e e e nre e e sabeeeesntreeennnes 84
4.3.1  FiShING FlEELS ..eeeeieiieeeee ettt 84
4.3.2  Catches by stock component and diViSiON .........cceiiviiiieriniiiieiniiir e 85
4.3.2.1 Catches in DIVISION 9.8 c.uuuiiiiiiiieiiiiee e eiteeerite et e st e e e sbe e e s saee e e sbaeeessabaeessasaeeesnsaeeeens 85
4.3.2.2 Catches by StOCK COMPONENT ....ccc.viiiiiiiee ettt e e e e e aae e e s aaeeeeas 86
. T B [~ or= oo [OOSR PP PUPRRRTPROt 87
4.3.4 Effort and landings per unit of ffort........ccoeeieeiiiiiciie e 88
4.3.5 Catches by length and catches-at-age by stock component.........c.ccecceeriiiiiiiniiinnienns 88
4.3.5.1 Length distriDULIONS ..ccc.ueiiiiiiiiieiiee et 89
4.3.5.2 Catch NUMDErs-at-a80 ...ccouiiiiieiiieeie et 90
4.3.6 Mean length and mean weight-at-age in the catch.........cccceeeiiiiiiiieeccce e, 90
4.4 Fishery-independent INfOrmation...........cocciiiiiiiiee e e 91
4.4.1 DEPM-based SSB StIMAES .....eevuiiriieeiiienitiesieesiee st e eieesteesree st e sveesbeesveesabeesseesane 91
4.4.2  SPring/SUMMEr aCOUSTIC SUMVEYS ....eecverierieriieterieeeeetetesieseeseessesseseessensessessessessesseessensens 91
4.4.3  RECTUITMENT SUMVEYS .eoneeiiiiiiiiieiiiiee sttt e et st e e sne e s e e e e s enne e s snneeeeas 94
4.5 BIOIOGICAl data....eiiiiieiieiiie ettt s 97
4.5.1 Weight-at-age in the StOCK.......ccooiii i 97
4.5.2  MatUNtY-at-ABE oo 97
T T\ F=Y {0 =Y I oo T - | 1 Y AU U 98
4.6 K] ool AN YT 1Y 0 =T o | PSR USR 98
4.6.1  WesStern COMPONENT .....coiiiiiiiiii e e 98
4.6.1.1 Biomass survey trend as base of the advice .........cccocveeeiiiiiiccn e 98
S A Yo 1V d o [T s oleT 0] e Jo ) o 1T o | AP UPRRN 99
4.6.2.1 Model used as basis Of the AAVICE ......cccuiiiviiiiiiiiiiiece e 99
4.7 REFEIENCE POINTS ...uiiiiciiee e e et e e et e e e s tae e e e s abe e e eeasaeeesabeeaans 100
4.7.1 Western COMPONENT ....cciiiiiiiiie e e e e e e e e e e e e e e e e e e e e e eeeeenens 100
A Yo 101 d U= g g I ol o o Yo} o =T o | 0 S 100
4.8 State Of the STOCK ... .ii e e 100
4.8.1  WeStern COMPONENT ...ciiiiiii e e e e e e e 100
4.8.2  SOULhEIN COMPONENT...iiiiiiii it e e e e e e e s e tae e e e e e e e s asraareeeeas 101
4.9 CAtCh @AVICE ...ttt st 101
4.9.1  WesStern COMPONENT .....ciiiiiiiiie e e e e e e e e e e e e e e e e e e e e e e eeeenens 101
4.9.2  SOUthErn COMPONENT......uiii i e et e e et e e e e e e e sbaeeeesreeeennneas 101
4.10 Y o) o (=T 0 o o] o] [Tt o 3R PUPUSRN 101
4.11 Quality Of the @SSESSMENT.......uiiiiiiic et et e et e e e are e e e eaneeas 101
4.11.1  Western COMPONENT c.oiiiiiiiiiii e e e e e e 101
0 I A Yo 1W ] d o [T o @e T 4 e Yo  1=1 o | PP 101
4.12 Management CONSIAEIAtIONS ....c.uviiiceeieeeciieeeeiee e e e e e e s e e e e e e enre e e s nneeeens 102
4.13 oo 1 VE f =T g I ole] o 1Y o [=T =Y o o LS 102
4.14 Deviations from stock annex caused by missing information..........ccccccovvveieeenieenn. 102
4.15 Stock specific Management Strategy Evaluation...........ccccooeiiiiiiiec s 104
4.15.1 WeStern COMPONENT ...ccciiiiiii e a e e e 104
4.15.2  SOULhEIN COMPONENT ...iiiii it e e et e e e e e e e et ta e e e e e e e e snabaareaeaas 105
4.16 RETEIENCES ..ttt sttt st st e s bt e s bt e st e e s bt e sbeesneesane 106
SAPAING GENEIAl ..eiuiiiiiiiiiie ettt st e st e e s be e s it e e sabeesabeesabeesabeesabeesareens 123
Sardine in divisions 8a.0.0 ......couiiiiieiie e e 124
6.1 Population structure and stock identity ........ccccvivieiiiiiciiiiie e 124
6.2 INPUt data in 8@, b, d..eeeeeeiceeee e e e e e e 124
6.2.1  Catch data in diViSioNSs 8@, B, uueueieieieiiieieiecececccccece e 124

ICES



ICES

WGHANSA 2023

6.2.2  Surveys in diviSions 8ahd .......ccouiiiiiiiiieieiiee e s 129
6.2.2.1 DEPM surveys in DiViSioNs 8abd .......coceiiiiiiiiiiiieiiiceeeee e 129
6.2.2.2 Acoustic spring survey (PELGAS): 8ab......ccuvivieciiiiicieee ettt 137
(T2 T 1 To Lo { or- 1 e =1 = F RSN 141
6.2.3.1 Catch numbers-at-length and age ........cccccuvieeeiiii i e 141
6.2.3.2 Mean length and mean weight-at-a8e ......ccccceeviiriiiiiiini e 141
6.2.3.3  IMIATUIILY weeeeiiiiiieiee et s ear e e 147
6.3 STOCK @SSESSMEBNT .eeiiuiiiieiiiee ettt e st e e st e e e saba e e s s atee e sbreeesnabaeeeennes 147
6.3.1  Historical stock deVeIOPMENT .......coeieiieieciie e et 147
6.3.2  State Of the STOCK c...eiiiieiiii e 148
Lo . T B 1 - =4 To 1) f [oX S TP 151
6.3.4  Retrospective PAttern ...t e 153
6.4 ShOrt-termM ProJECLIONS ...cccveiiiieeiii ettt sbeesanee s 155
6.4.1 Evidence for changes in adViCe ........ceocueiriieiiiiiiieiie et 157
6.5 Medium-term ProjECTiON .......uviiie e e e e e 159
6.6 MSY and Biological reference POINtS ........ceeeecieieiiieee et ree e 160
6.7 Y Yo Yot o T=Y o Yl o] -] TSRS 163
6.8 Uncertainties and bias in assessment and forecast........ccccvvvveriiiieeeenciee e, 163
6.9 Management CONSIAEIAtIONS ......eevviiiiierieeiiee ettt st 163
6.10 0] = T ol TSRS 164
7 SArAINE IN SUDGIEA 7..eiiiie ettt ettt et e st e e s beesabeesabeesabeesabeesaseess 165
7.1 Population structure and stock identity .........ccccveeiiiieeeiiiie e e 165
7.2 TRE FISHEIY <. e et e e st e e e s tb e e e eate e e e ebaaeessreaaans 165
7.2.1  Analysis Of the CatCh ....ccouiiiii e 165
7.3 BIOIOGICAl data....coiiieeiieiieeeee e s s 166
7.3.1  Size composition of the CatCh .......cooviiiiiii e 166
7.4 Fishery-independent information..........c.ccueeeeiiii e 166
TAL  TRE PELTIC SUMVEY ..uvviieiieeieiiiiieeee e ettt e e e e e sitare e e e e e e stta e e e e e e e seaaataeeeeeesenanstaneeaassennes 166
7.5 STOCK @SSESSMEBNT .eeiuiiiiiiiiei ettt e et e e e st e e s e ate e e sbreeesnabaeeeeanee 167
7.5, 1 SPICT ittt ettt et sttt e bt e s bt e ae e s be e e bt e s beeebee s beeeneenane 167
7.5.2  L1-0VEI-2 TUIE ettt ettt ettt ettt st s bt e bt e s b e e s bee s beesbeesbeeenneennne 168
7.6 Y o) o 8 (=T 0 0 o] o T[Tt o 3PP 168
7.7 REFEIENCE POINTS ...uiiiiciiee e e et e e ette e e e etae e e e s abe e e eeasaeaesareaaans 169
7.8 Quality Of the @SSESSMENT.......uiiiiiii et e et e e are e e e aaeeas 169
7.9 Management CONSIAEIAtIONS ....uiiiiiiiiiiiiiiee e e e e s sra e e e e e aes 169
7.10 REFEIENCES ...ttt st ettt e e st e s bt e st e e s bt e sbeeeaeesane 170
8 SArding iN 8C ANT 98 ...uveiiiieiieeie ettt st st st e e s ar e sbeeeanee s 186
8.1 ACOM Advice Applicable to 2023, STECF advice and Political decisions ..................... 186
8.2 The fiISHEry iN 2022.... ..ttt e e e st e e e eabe e e e eabaeeeebreaaans 186
8.2.1  Fishing fle@tS iN 2022 ...oeeiiiie e e e e e e e e et e e e e e s e s nabaareaeaas 186
8.2.2 Catches by fleet and ar@a........c.uueeieii e e 186
8.2.3  Effort and catch per unit of effort........cccceeicviiiecii e 187
8.2.4  Catches by length and catches-at-age ........cccvreeiiiiiciee e 187
8.2.5 Mean length and mean weight-at-age in the catch.........cccccereciiiicien e, 188
8.3 Fishery-independent information..........cccccooeeeiiiiec e 188
8.3.1 Iberian DEPM survey (PT-DEPM-PIL+SAREVA)........cooiiiieiiiieeeciee et 188
8.3.2  Spring Iberian acoustic survey (PELACUS-PELAGO) ........cccuieeeciireeciiee et 189
8.3.2.1 Portuguese SPring aCOUSLIC SUMVEY ...iccicuiiiiieriiiiiiiieeeseeesesrrreeeessssssrreeeeesesessssrneneesens 189
8.3.2.2 Spanish SPring aCOUSTIC SUIVEY ......uviieeiieeeiiiieceiiee ettt e ettt e e s e e e aee e s e e e ntae e s nnneeas 190
8.3.3  AUtUMN ACOUSEIC SUIVEY INAEX .eeiiuiiiieiiee e st e ecree et et e e e eee e e s e e e ae e e ennneas 190
8.3.4  Other regional INAICES....cuiiiiie e e e e e s abaaeeeeeas 191
8.3.5 Mean weight-at-age in the stock and inthe catch ..., 191
8.3.6 MatUNity-at-a80 .. 191



ICES SCIENTIFIC REPORTS 5: 67

8.3.7  NAtUural MOrtality coooveee it s e s e e st e s s ata e e s nanaeas 192
8.3.8  Catch-at-age and abundance-at-age in the spring acoustic survey ..........cccccevvueeenneen. 192
8.4 Assessment Data of the state of the StoCK .......ceevvviiviiiniiiinie e, 192
8.4.1  StOCK ASSESSIMENT .eiuuviiriiieiiiiisieesieesite e st e st e ste e sttt e siteesiteesabeesabeesabeesabeesabeesaseesabaesaseens
8.5 RetrOSPECIVE PAtterN oo
8.6 Short-term PrediCtions .........oee e
8.6.1 Evidence for change in @dVICE ......coiveeiiiiiiieeiee ettt e
8.7 REFEIENCE POINES .. .eiiiieiiee ettt st e s b e s b e e nee e
8.8 Management CONSIAEIAtIONS ....c..uviieciieeeiiiee et et e e e e ere e e s e e e e sra e e eeanreeesaaeeeans
8.9 RETEIENCES .. ettt ettt e st e s be e s be e s beesabeesbeesbaesnaaesane
23 0 T =1 o = O SRS PROTRRTP
8.11 FIGUIES . ettt s e s e s e e e e
9 Horse mackerel in Division 9.a (hom.27.9a)
9.1 ACOM Advice Applicable to 2023, STECF advice and Political decisions...................... 262
9.2 The fiShEry iN 2022.......evie et e e et e e e st e e e eata e e eeaaaeeesbbeaaans 262
9.2.1  Fishing fle@tS iN 2022 ......veiieieieeeecee ettt e e et e e et e e s abae e e e ba e e e estae e eaaeeas 262
9.2.2  Catches by fleet and @ra.......c.ueeeeiiii et ettt e e e e e 263
9.2.3  Effort and catch per unit of effort.........ceoeiiiiiiiii e 269
9.2.4  Catches by length and catches-at-age .......cccovveeriiiiiierie e 269
9.2.5 Mean weight-at-age in the catCh........ooueiiiiiii e 276
9.3 Fishery-independent information..........ccccveeeeciii e 280
9.3.1  BOLOM-TraWl SUIVEYS ....evieiiiiieeeecee ettt ettt e et e e e e ate e e e abae e e s bae e e eatae e enaaeas 281
9.3.2 Mean length and mean weight-at-age in the stock........cccceveeiiiiiciei e, 284
9.3.3  MatUNEY -3t eei it 284
9.3.4  NAtUral MOrtality woooeeeeeee et st s e 284
9.4 SEOCK @SSESSIMENT ...ttt s e st st e st e s e sanee s 285
9.4.1 Model assumptions and settings and parameter estimates...........cccccvvvveeeeieiccrvnnennnn. 285
9.4.2  Reliability of the @aSSESSMENT ...cccccuiiiiiciee et et 289
9.5 Short-term Predictions ... e e e e e araaaes 296
9.6 Biological refer@nCe POINTS ....ciccciiiieiiiee e e e et aae e e s aaeeeeas 299
9.7 Management CONSIAEIAtIONS ....cuuiiiiceieeeiiiee e ctee et e e s rae e e e sr e e e aaee e snaeeeens 299
9.8 Preliminary analysis in preparation for benchmark........cccccoeeviiiienincin e, 300
9.8.1 Exploratory analysis on the selectivity pattern........cccccceveiiiieeie i, 300
9.8.2  Proposed abundance index from the commercial fleet ........cccovvieeieiiciiieccciee e, 303
9.9 0] ET =T o Lol T U PUPRRR 306
10 BlUE JACk MACKEIEI AZOIES ......veiiiiiiiiieeiiee sttt ettt ettt et et e sabessae e e saneenaees 307
10.1.  Blue Jack Mackerel in ICES @reas .......cceevueereeerieeneienieesiiee s e sieeeseree st sreesneeesaneesanes 307
10.2.  The fiShery in 2021......cooiiiiiieeiee ettt sttt e s b e s sbe e e saneesaees 308
10.2.1  FiShiNg FIEEES....uuiiiiieii ittt e e e e e e e e e e st e e e e e e e e seabbtaeeeeeesennnnnnes 308
10.2.2  CatCRES. ittt ettt e et e ettt e e e e st e e e e aba e e seabaeessbaeeeeas 309
0 e T 5 & (o o PRSP 309
10.3.  Basis Of thE @0VICE .eouviieiiiiiieee e s 309
10.4.  Catch scenarios for 2023 and 2024...........eoveeeiieeniienieerie ettt s 310
10.5.  Management CONSIAEratioNS .......ccieciiieieiieeeciee e e ree e e e srere e e see e e e e e e eenaaeeesnaeeeans 310
10.6.  Suggested inter-seasonal WOrK ...........oooi i 310
10.7.  REFEIENCES «..eeieiiiieeeet ettt et e st e e s ab e e e s s bee e e ssbaeeseasaeeesbbeeenas 311
Annex 1: R Wo] o g A (ol o= ) &SRR 316
Annex 2: WOTrKIiNG DOCUMENTS ...eeiiiiiiieiiiieeeitieeeeitee e stre e e st e e e seee e e snaeeeesataeeesnnneeesnseeeensseeesannes 318
Annex 3: SEOCK ANNMEXES ..ttt sttt st e st e s be e st e s beesabeesabeesabeesabaesntee s 423
Annex 4: AUIES 1ttt ettt h e at e s h b e e at e e sht e e bt e e sabeeebe e e sateenbaeenaaeeaes 424
Annex 5: Joint Session WGACEGG-WGHANSA ... ettt e e 439
Annex 6: Working Documents of the 27.9.a anchovy MSE.........ccccoooiiiieeciiieeeciee e 440

ICES



ICES

WGHANSA 2023

Executive summary

The ICES Working Group on Southern horse mackerel, anchovy and sardine (WGHANSA) as-
sessed the status of anchovy in Atlantic Iberian waters (ane.27.9a; western and southern compo-
nents) and horse mackerel in Atlantic Iberian waters (hom.27.9a) in the May meeting. The status
of anchovy in Bay of Biscay (ane.27.8), sardine in southern Celtic Seas and the English Channel
(pil.27.7), sardine in Bay of Biscay (pil.27.8abd) and sardine in Cantabrian Sea and Atlantic Ibe-
rian waters (pil.27.8c9a) will be assessed in the November meeting. The status of jack mackerel
in Subdivision 10.a.2 (Azores grounds) (jaa.10.a2) won't be assessed this year, since the advice is
provided biannually.

The stock of anchovy in Bay of Biscay (ane.27.8) has been above Biim since the reopening of the
fishery in 2010. SSB in 2023 has been estimated as the second highest of the historical series.
Recruitment (age 1 biomass at the beginning of the year) in 2024 is estimated above the average
of the time-series. Harvest rates (catch/SSB) have been stable in the last years.

The stock of anchovy in Atlantic Iberian waters (ane.27.9a) is composed by the western compo-
nent (distributed in areas 9.a North, Central-North, and Central-South) and the southern com-
ponent (distributed in area 9.a South). The advice is provided for the two components separately
for the management calendar from July to June next year. Based on the MSE work developed for
each component, the advice is based for the first time on constant harvest rate rules. For the
western component, the combined PELACUS and PELAGO acoustic biomass estimate is used
as an indicator of stock development and the advice is based on the stock indicator for 2023,
multiplied by a constant harvest rate of 0.25, with no biomass safeguard. For the southern com-
ponent, the relative SSB from an analytical assessment conducted with GADGET is used as the
index of stock size development and the advice is based on the stock indicator for 2023, multi-
plied by a constant harvest rate of 0.5 with a biomass safeguard.

In the last years sardine in the Bay of Biscay (pil.27.8abd) shows a decreasing trend in SSB. In
2023 spawning-stock biomass is estimated below MSY Btrigger, Bpa and above Biim. Since 2013 the
fishing mortality has been oscillating above Fmsy and Fpa, and below Fiim.

The advice for sardine in southern Celtic Seas and the English Channel (pil.27.7) is based on
the PELTIC survey biomass index in the total area. The index ratio indicates an increase of 62%
in 2023 compared with the two previous years.

The biomass (age 1+) of sardine in Atlantic Iberian waters (pil.27.8c9a) in 2023 is estimated to
be above MSY Btrigger, Bpa and Biim for the fourth consecutive year. Fishing mortality in 2022 is
below Fwmsy. ICES advice is based on the ICES MSY advice rule. However, the catch options ex-
plored for 2024 include several harvest control rules that were assessed by ICES as precautionary.

The SSB of horse mackerel in Atlantic Iberian waters (hom.27.9a) fluctuated from 1992 (the be-
ginning of the assessment) to 2013 and afterwards has increased continuously to historical max-
imum values in 2023. In 2023 SSB is estimated at 1 214 200 tonnes, well above MSY Buigger, Bpa,
and Bim. Fishing mortality has been below Fusy over the whole time-series, with a decreasing
trend in the last years. Recruitment shows a decreasing trend from 2017 to 2021 but is still above
the average of the time series. The lack of the survey index in 2019 and 2020 is reflected in larger
confidence intervals for SSB and recruitment in the last years.

The jack mackerel in Subdivision 10.a.2 (Azores grounds) (jaa.10.a2) is classified in category 5
and advice is provided biannually. The latest advice for this stock was provided last year.
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Introduction

1.1 Terms of reference

2022/2/FRSG13 The Working Group on Southern Horse Mackerel Anchovy and Sardine
(WGHANSA), chaired by Leire Ibaibarriaga, Spain, will meet by correspondence 29 May to 2
June 2023 (WGHANSAT1) and in Pasaia (Spain) 20 to 24 November 2023 (WGHANSAZ2) to:

a) Address generic ToRs for Regional and Species Working Groups for relevant stocks
(hom.27.9a and ane.27.9a in WGHANSALI and pil.27.7, pil.27.8abd, pil.27.8c9a and ane.27.8 in
WGHANSA2);

The assessments will be carried out on the basis of the Stock Annexes. The assessments must be
available for audit on the first day of the meeting.

Material and data relevant for the meeting must be available to the group on the dates specified
in the 2023 ICES data call.

WGHANSAL1 will report by 16 June 2023 and WGHANSA2 will report by 8 December 2023 for
the attention of ACOM.

According to the generic ToRs, the working group should focus on:
a) Consider and comment on Ecosystem and Fisheries Overviews with a focus on:

i) identifying and correcting mistakes and errors (both in the text, tables and figures),
and

ii) proposing concrete evidence-based input that is considered essential for the advice
but is currently under-developed or missing (with references and Data Profiling Tool
entries, as appropriate).

The input will feed into the annual updates of the overviews. Delivery of contributions other than
those outlined above is also welcomed but will be utilised during the revision process (around
every 5 years).

b) Conduct an assessment on the stock(s) to be addressed in 2023 using the method (assess-
ment, forecast or trends indicators) as described in the stock annex; - complete and doc-
ument an audit of the calculations and results; and produce a brief report of the work
carried out regarding the stock, providing summaries of the following where relevant:

i) Input data and examination of data quality; in the event of missing or inconsistent
survey or catch information refer to the ACOM document for dealing with missing
data and the linked template that formulates how deviations from the stock annex
are to be reported.

ii) Where misreporting of catches is significant, provide qualitative and where possible
quantitative information and describe the methods used to obtain the information;

iii) For relevant stocks (i.e., all stocks with catches in the NEAFC Regulatory Area), es-
timate the percentage of the total catch that has been taken in the NEAFC Regula-
tory Area in 2022.


http://ices.dk/about-ICES/Documents/Approaches_Missing_data_2020_and_template.pdf
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d)

iv) For category 3 and 4 stocks requiring new advice in 2023, implement the methods
recommended by WKLIFE X (e.g. SPiCT, rfb, chr, rb rules) to replace the former 2
over 3 advice rule (2 over 5 for elasmobranchs). MSY reference points or proxies for
the category 3 and 4 stocks (guidelines)

v) Evaluate spawning stock biomass, total stock biomass, fishing mortality, catches
(projected landings and discards) using the method described in the stock annex;

1) for category 1 and 2 stocks, in addition to the other relevant model diagnostics,
the recommendations and decision tree formulated by WKFORBIAS (see An-
nex 2 of  https://www.ices.dk/sites/pub/Publication%20Reports/Ex-
pert%20Group%20Report/Fisheries%20Resources%20Steer-
ing%20Group/2020/WKFORBIAS 2019.pdf) should be considered as guidance
to determine whether an assessment remains sufficiently robust for providing
advice.

2) If the assessment is deemed no longer suitable as basis for advice, provide ad-
vice using an appropriate Category 2- 5 approach as described in ICES tech-
nical guidance for harvest control rules and stock assessments for stocks in cat-
egories 2 and 3 or ICES.

3) If the assessment has been moved to a Category 2-5 approach in the past year
consider what is necessary to move back to a Category 1 and develop proposal
for the appropriate benchmark process.

vi) Catch scenarios for the year(s) beyond the terminal year of the data for the stocks for
which ICES has been requested to provide advice on fishing opportunities;

vii) Historical and analytical performance of the assessment and catch options with a
succinct description of associated quality issues. For the analytical performance of
category 1 and 2 age-structured assessments, report the mean Mohn's rho (assess-
ment retrospective bias analysis) values for time series of recruitment, spawning
stock biomass, and fishing mortality rate. The WG report should include a plot of
this retrospective analysis. The values should be calculated in accordance with the
"Guidance for completing ToR viii) of the Generic ToRs for Regional and Species
Working Groups - Retrospective bias in assessment" and reported using the ICES
application for this purpose.

Produce a first draft of the advice on the stocks under considerations according to ACOM
guidelines.

Review progress on benchmark issues and processes of relevance to the Expert Group.
i) update the benchmark issues lists for the individual stocks in SID;

ii) review progress on benchmark issues and identify potential benchmarks to be initi-

ated in 2024 for conclusion in 2025;

iii) determine the prioritization score for benchmarks proposed for 2024-2025;

iv) as necessary, document generic issues to be addressed by the Benchmark Oversight

Group (BOG)

Prepare the data calls for the next year’s update assessment and for planned data evalu-
ation workshops;

Identify research needs of relevance to the work of the Expert Group.

Review and update information regarding operational issues and research priorities on
the Fisheries Resources Steering Group SharePoint site.
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h) If not completed previously, complete the audit spread sheet ‘Monitor and alert for
changes in ecosystem/fisheries productivity’ for the new assessments and data used for
the stocks. Also note in the benchmark report how productivity, species interactions, hab-
itat and distributional changes, including those related to climate-change, could be con-
sidered in the advice.

i) Deliver conservation status advice in accordance with the “Technical Guidelines on the
conservation status advice”. The advice is only to be given when conservation aspects
were identified and where clear, demonstrable management action can be recommended
for any non-catch anthropogenic pressure. It can also be used to highlight clear demon-
strable sensitivity to climate change. The qualification required to show clear, demon-
stratable management action is high. Avoid generic statements that are of no specific ap-
plication to management.

j)  Update SAG and SID with final assessment input and output

Information of the stocks to be considered by each Expert Group is available here.

1.1.1 The WG work in relation to the ToRs

The generic ToRs for Regional and Species Working Groups were addressed for anchovy in Di-
vision 9.a (ane.27.9a) and horse mackerel in Division 9.a (hom.27.9a) in WGHANSAI1 and for
anchovy in Subarea 8 (ane.27.8), sardine in divisions 8a-b and 8d (pil.27.8abd), sardine in Subarea
7 (pil.27.7) and sardine in divisions 8c and 9a (pil.27.8c9a) in WGHANSAZ2. The assessments were
carried out on the basis of the stock annexes prior to and during the meeting and coordinated as
indicated in the table below. The advice for anchovy in Division 9.a was based for the first time
in the application of constant harvest rate rules evaluated by simulation before the meeting (sec-
tion 1.10 and Annex 6). The status of jack mackerel in Subdivision 10.a.2 (Azores grounds)
(jaa.10.a2) was not assessed this year, since the advice is provided biannually. The assessments
were audited during the meeting (Annex 4). WGHANSA1 and WGHANSA?2 reported by 16 June
2023 and by 8 December 2023 respectively for the attention of ACOM.


https://sld.ices.dk/
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Stock Stock code  Stock coordi- Stock coordi- Advice to Periodicity in Time period in Category Advice  Notes
nator 1 nator 2 be provided years the year for basis
in 2023 releasing the
advice
Anchovy (Engraulis ane.27.9a Fernando Ra- Susana Garrido  Yes 1 June 3 (south compo- PA, in- Benchmarked in 2018. New bench-
encrasicolus) in Divi- mos nent); year ad- mark approved for 2024. Two stock
sion 9.a (Atlantic Ibe- vice components, western and southern,
rian waters) 3 (western com- assessed separately. Advice for pe-
ponent) riod 1 July =30 June.
Horse mackerel (Tra- hom.27.9a  Gersom Costas Hugo Mendes  Yes 1 June 1 MSY Benchmarked in 2017. New bench-
churus trachurus) in mark approved for 2024. There is a
Division 9.a (Atlantic long-term management strategy,
Iberian waters) agreed between all parties, evalu-
ated to be precautionary by ICES in
2018 and updated in 2021. For
2023, EU Commission requested
ICES to provide advice based on the
MSY approach.
Anchovy (Engraulis Leire Citores Leire Ibaibar- Yes December 1 Man- Benchmarked in 2013. New bench-
encrasicolus) in Sub- riaga age- mark approved for 2024.
area 8 (Bay of Biscay) ment
plan
Sardine (Sardina pil- Joseph Ribeiro  Erwan Duha- Yes December 3 PA Benchmarked in 2021. Stock up-
chardus) in Subarea 7 mel graded from category 5 to category

(Southern Celtic Seas,
and the English Chan-
nel)

3. Advice can now be provided an-
nually.
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Stock Stock code  Stock coordi- Stock coordi- Advice to Periodicity in Time period in Category Advice  Notes
nator 1 nator 2 be provided years the year for basis
in 2023 releasing the
advice

Sardine (Sardina pil- pil.27.8abd  Maxime Olmos Lionel Paw- Yes 1 December 1 MSY Inter-benchmarked in 2019.

chardus) in divisions lowski

8.a—b and 8.d (Bay of

Biscay)

Sardine (Sardina pil-  pil.27.8c9a  Isabel Riveiro Laura Wise Yes 1 December 1 MSY Benchmarked in 2017 and Inter-

chardus) in divisions benchmarked in 2021; reference

8.cand 9.a (Canta- points changed in 2019 and 2021, in

brian Sea and Atlan- the context of the evaluation of a

tic Iberian waters) management and recovery plan. In
2021 ICES received a request from
Portugal and Spain EU members to
evaluate a harvest control rule
(HCR) that will be part of a manage-
ment plan for 2021-2026. ICES
found that the generic HCR was pre-
cautionary with maximum allowed
catches between 30 000 and 50 000
tonnes. For 2023, the EU Commis-
sion requested ICES to provide ad-
vice based on the MSY approach.
The precautionary generic HCR
should be included in the catch sce-
nario table.

Jack mackerel (Tra- jaa.27.10a2 Dalia Reis Yes 2 December 5 PA

churus pictoratus) in
Subdivision 10.a.2
(Azores grounds)
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1.2 Report structure

Ad hoc and generic ToRs relative to the stocks for which assessment is required are dealt stock
by stock in respective chapters of the report: anchovy in Subarea 8 (Section 3), anchovy in Divi-
sion 9.a (Section 4), sardine in divisions 8.a-b and 8.d (Section 6), sardine in Subarea 7 (section 7),
sardine in divisions 8.c and 9.a (Section 8) and horse mackerel in division 9.a (Section 9). MSE
work to update the advice rule for anchovy in division 9.a is summarised in section 1.10 and all
the relevant documents are provided in Annex 6.

The list of participants, the working documents and presentations presented, the stock annexes,
the audits and a summary of the joint WGACEGG-WGHANSA session conducted on 29th May
are provided as annexes.

1.3 Conduct of the meeting

WGHANSAL1 took place by correspondence from 29 May to 2 June 2023. WGHANSA?2 took place
in Pasaia (Spain) from 20 to 24 November 2023.

1.3.1 List of participants

The full list of participants to WGHANSA1 and WGHANSA?2 are given in Annex 1. All the par-
ticipants abided with the ICES code of conduct, and none had conflicts of interest that prevented
them acting with scientific independence, integrity and impartiality.

1.3.2 Timing of the meeting

WGHANSA continues to have two meetings per year: in June, by correspondence, to address
generic ToRs for the stocks of anchovy in 9.a and horse mackerel in 9.a and, in November, in a
physical meeting, for the remaining stocks. The participants recognise that two meetings per year
(one of them by correspondence) is not an ideal situation and admit that the duration of these
meetings could be shorten as happened with WGHANSA?2 that finished one day earlier than
planned. However, the five days duration of WGHANSAT1 allowed to cope with potential delays
in the acoustic survey results that are used as input for the assessment of anchovy in 9.a and with
the additional work of evaluating the performance of constant harvest rate advice rules. So, over-
all WGHANSA considers that the timing and duration of the meetings are adequate.

1.3.3 Interactions with other expert groups

The Working Group on Acoustic and Egg Surveys for small pelagic fish in Northeast Atlantic
(WGACEGG) is the main working group interacting with WGHANSA. Both working groups
continue improving their interaction by creating dedicated time slots during their own meetings.
On the first day of WGHANSAL1, there was a joint session between the two groups where the
results of the PELAGO and PELACUS spring surveys were presented and discussed (see Annex
5). Similarly, on the first day of WGACEGG there was a joint session between the two working
groups where the results of the surveys were presented and discussed. Beyond improving com-
munication and promoting joint discussions, these joint sessions allowed to have the acceptance
of WGACEGG on the survey results before their inclusion in the stock assessment.

During WGHANSAL1, the ICES secretariat presented the status of the Regional Database and
Estimation System (RDBES). All stock coordinators were encouraged to participate in the work-
shops about RDBES that will be carried out along the year.

ICES
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In addition, the ACOM leadership presented the workplan of ICES on rebuilding plans and ref-
erence point framework and encouraged the group to participate in the upcoming
WKREBUILD2 and WKNEWREF workshops.

During WGHANSA?2, the ICES secretariat presented the most recent advances on TAF and in-

vited the participants to the workshops planned for 2024.

1.4

The differences between the WG estimates and official data in 2022 were minimal, and as is the
usual procedure, estimates of the working group were used to perform the assessment in all

cases.

1.5

Quality of the fisheries data

Overview of sampling activities

The 2022 sampling summary by stocks on national basis is the following:

Anchovy 9a
Country Official Catch % of catch sampled No. samples No. measured No. Aged
Spain 6810 100% 224 7135 1434
Portugal 3533 100% 27 1801 510
Total 10343 100% 251 8936 1944
Horse Mackerel 9a
Country Official Catch % of catch sampled No. samples No. measured No. Aged
Portugal 17658 100% 177 1768 335
Spain 7339 99.6% 141 7836 847
Total 24997 99.9% 318 9604 1182
Anchovy 8
Country Official Catch % of catch sampled No. samples No. measured No. Aged
Spain 24 961 100% 261 29 206 2226
France 234 0% 0 0 1501
Total 25196 100% 261 29 206 3727
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Sardine 8abd

Country Official Catch % of catch sampled No. samples No. measured No. Aged
France 23298 100% 26 1293 1394
Spain 3061 100% 110 10968 500
Total 26 359 100% 136 12 261 1894

Sardine 8c9a

Country Official Catch % of catch sampled No. samples No. measured No. Aged
Portugal 24 665 100% 120 9 847 1742
Spain 15764 100% 132 11372 3773
Total 40429 100% 252 21219 5515
1.6 Benchmarks and interbenchmarks

The WG updated the benchmark issues lists for the individual stocks, reviewed the progress
conducted and identified potential benchmarks to be initiated in 2023 (Table 1.6.1). The Bench-
mark Oversight Group (BOG) approved the benchmarks for anchovy in division 9.a, anchovy in
Subarea 8 and horse-mackerel in division 9.a. These benchmarks are being settled on for 2024.

Table 1.6.1 History of benchmarks and proposals by WGHANSA.

Stock Stock code History of Benchmarks WGHANSA 2023
Proposal 2023-2024

Anchovy (Engraulis encra- ane.27.9a Full Benchmark 2018
sicolus) in Division 9.a (At-

lantic Iberian waters) Benchmark approved for 2023-

2024
Horse mackerel (Trachurus  hom.27.9a Full benchmark 2011 Benchmark approved for 2023-
trachurus) in Division 9.a Full bench K 2017 2024
(Atlantic Iberian waters) ull benchmar
Anchovy (Engraulis encra- ane.27.8 Full benchmark 2013 Benchmark approved for 2023-
sicolus) in Subarea 8 (Bay of 2024.
Biscay)
Sardine (Sardina pilchardus) pil.27.7 Full benchmark 2013 -

in Subarea 7 (Southern
Celtic Seas, and the English

Channel) Full benchmark 2021

Full benchmark 2017

Sardine (Sardina pilchardus) pil.27.8abd Full benchmark 2013 -
in divisions 8.a-b and 8.d

. Full benchmark 2017

(Bay of Biscay)

Inter-benchmark 2019

ICES
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Stock Stock code History of Benchmarks WGHANSA 2023
Proposal 2023-2024

Sardine (Sardina pilchardus) pil.27.8c9a Full benchmark 2013 -
in divisions 8.c and 9.a
(Cantabrian Sea and Atlan-
tic Iberian waters) Reference points updated in
2021

Full benchmark 2017

Inter-benchmark 2021

Jack mackerel (Trachurus jaa.27.10a2 - -
pictoratus) in Subdivision
10.a.2 (Azores grounds)

1.7 Mohn’s rho

Mohn’s rho values for Category 1 and 2 stocks have been uploaded at https://commu-
nity.ices.dk/ExpertGroups/Lists/Retrobias/overview.aspx and they are summarised in Table
1.7.1. Further details and corresponding plots are provided in the respective chapters of the re-
port.

Table 1.7.1. Mohn’s rho values calculated by WGHANSA for Category 1 and 2 stocks.

Stock Stock code Terminal Number of Foartho  SSB rho:was SSBrho Rrho: was R rho
year of retrospective value the interme- value the interme- value
catch assessments diate year diate year
data used used as the used as the

terminal terminal
year? year?
Horse macke- hom.27.9a 2022 5 -0.0757 No 0.0821 No 0.1907

rel (Trachurus
trachurus) in
Division 9.a
(Atlantic Ibe-
rian waters)

Anchovy (En- ane.27.8 2023 5 -0.301* Yes 0.437 Yes -0.168
graulis encra-

sicolus) in Sub-

area 8 (Bay of

Biscay)

Sardine (Sar- pil.27.8abd 2022 5 -0.14 Yes 0.24 Yes 0.29
dina pilchar-

dus) in divi-

sions 8.a-b

and 8.d (Bay of

Biscay)
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Stock Stock code Terminal Number of Foartho  SSBrho:was SSBrho R rho: was Rrho
year of retrospective value the interme- value the interme- value
catch assessments diate year diate year
data used used as the used as the

terminal terminal
year? year?

Sardine (Sar- pil.27.8c9a 2022 5 0.457 Yes -0.363 Yes -0.138

dina pilchar-

dus) in divi-

sions 8.c and

9.a (Canta-

brian Sea and

Atlantic Ibe-

rian waters)

*Corresponds to the harvest rate Mohn's rho.

1.8 Transparent assessment framework (TAF)

The Transparent Assessment Framework (TAF) is an online open resource of ICES stock assess-
ments for each assessment year. All data input and output are fully traceable and versioned us-
ing a sequence of R scripts. This allows anyone to easily find, reference, download, and run the
assessment.

WGHANSA continues making progress towards implementing the assessments into TAF. An-
chovy in division 9.a has different repositories for each of the stock components (western and
southern). The western component is fully implemented in TAF. The assessment of the southern
component could not be implemented in TAF as it is conducted with GADGET and it is run in
external high-computing facilities. However, once the model outcomes are available, the process
to automatically generate the working document on the assessment of the western component
of anchovy in 9.a is uploaded into TAF. The stocks of anchovy in Subarea 8, sardine in Subarea
7, sardine in divisions 8.c and 9.a and sardine in divisions 8.a-b and 8.d are fully implemented in
TAF. Furthermore, some of the report sections for anchovy in Subarea 8 are semi-automatically
generated using markdown and some progress has been made to automatically produce a draft
of the advice sheet for sardine in Subarea 7. The WG will continue working inter-seasonally to
finalise the implementation in TAF of the assessment of horse mackerel in division 9.a.

1.9 Ecosystem and Fisheries overviews

No additional progress has been made on these ToRs.

1.10  MSE to propose alternative HCRs for anchovy in divi-
sion 9.a

During the WGHANSA 2022 meeting it was agreed to conduct a dedicated workshop in the first
quarter of 2023 to evaluate by Management Strategy Evaluation the performance of constant
harvest rate rules that could be used as an alternative to the current advice rule. Following the
new ICES strategy for specific minor modifications during inter-benchmarks periods, the MSE
for the two components of the 27.9.a anchovy was presented at an online meeting with

ICES
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WGHANSA members and ICES designated external reviewers’ on the 5% of May 2023. The re-
sults, conclusions and extra work developed is described in section 4.15 of this report, indicating

the working documents that contain detailed information on the work done, reviewers com-

ments and conclusions. All the relevant documents are included in Annex 6. Based on that work
ICES advice for anchovy 9.a for the period July 2023-June 2024 was based on constant harvest
rates advice rules for each component that were assessed as precautionary.

1.11

Research needs

Beyond the specific issues identified for each stock, the WG identified the following topics of
general interest for future research:

For the stocks assessed using Stock Synthesis, explore the possibility of conducting the
short-term forecast with Stock Synthesis.

Evaluate the possibility of conducting stochastic short-term forecasts. This would allow
to estimate the probability of SSB or F being below/above PA and MSY reference points.
For stocks for which a MSE framework is available, further investigate potential discrep-
ancies between ICES MSY advice rule and alternative precautionary harvest control
rules. Approaches to better communicate these alternative options to managers and
stakeholders are needed.

Further investigate the assessment bias found in the MSE frameworks developed for
sardine in divisions 8.c and 9.a and sardine in divisions 8.a-b and 8.d and assess their
impact when evaluating harvest control rules and when calculating reference points
based on the MSE framework.

Develop research models aimed at better representing the population dynamics of small
pelagic fish, taking into account all stages of the life cycle and explicitly representing
demographic rates such as growth, recruitment and mortality (fishing and natural mor-
tality).

Maturity and reproductive parameters of sardine need to be further studied.

The exact boundaries of some of the stocks assessed by WGHANSA are unclear and
further studies are needed.

Preliminary results from a genetic study suggests that the boundaries of the sardine
stocks in Subarea 7 and 8 might be misplaced. Considering that a stock ID workshop
might be needed in the near future, studies using alternative methodologies to identify
stock boundaries are needed to be able to apply a holistic approach in the delineation of
the stocks. These complementary tools could include otolith-shape, otolith-microchem-
istry, isotope analysis, or the use of parasites as biological markers, to name a few.
Some of the stocks assessed by WGHANSA (e.g. anchovy in Subarea 8 and sardine in
divisions 8.a-b and 8.d) have shown clear trends in recent years in some biological pa-
rameters such as weight-at-age and maturity-at-age. While the underlying reasons have
to be further studied, the potential continuation in time of these patterns need to be mon-
itored in following years.

Currently the recruitment index for sardine in divisions 8c and 9a is based on the age 0
biomass in the 9aCN from the IBERAS survey. Based on the most recent surveys, the
representativeness of this area and the possibility to extent the index to a larger area
needs to be evaluated.

Sardine in divisions 8c and 9a is assumed to be in a low productivity regime. However,
in the last years there are indications that the stock may be moving towards a higher
productivity regime. More research is needed to re-assess the current productivity re-
gime and to adjust the reference points and the advice accordingly.
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e The transition to the Regional Database and Estimation System (RDBES) will require
substantial work from regional and species working groups, beyond the usual terms of
reference. This work will need to be planned and coordinated in the ICES community to
ensure a smooth and efficient transition.

ICES



ICES

|  WGHANSA 2023

2 Anchovy General

This section of the report has not been updated.

13
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Bay of Biscay anchovy

3.1 ACOM advice, STECF advice and political decisions

In 2013 and 2014, the STECF evaluated a set of harvest control rules for the management of the
Bay of Biscay anchovy stock (STECF, 2013, 2014). The European Commission, EU Member States
and stakeholders chose the harvest control rule named G4 with a harvest rate of 0.45. ICES re-
viewed this harvest control rule in 2015 and concluded that it was precautionary (Annex 5 in
ICES (2015)). Subsequently, in December 2015, ICES advised that “when the management plan
is applied, catches in 2016 should be no more than 25 000 tonnes”. In January 2016 the Council
established the TAC in 2016 for the Bay of Biscay anchovy stock at 25 000 tonnes (Council Regu-
lation No 72/2016).

In May 2016, based on the good state of the stock, the South West Waters Advisory Council
(SWWAC) asked for a change in the harvest control rule used for management to rule G3 with a
rate of exploitation of 0.4 and an increase of the fishing opportunities for 2016 from 25 000 to 33
000 t (SWWAC Advice 101 released on 05/05/2016). In June, the Council increased the 2016 TAC
to 33 000 t (Council Regulation No 891/2016), on the basis that “The stock biomass and recruit-
ment of anchovy in the Bay of Biscay are among the highest in the historical time-series, thus
allowing a higher precautionary TAC in 2016 in accordance with the management strategy as-
sessed by the Scientific, Technical and Economic Committee for Fisheries (STECF) in 2014”.

This new harvest control rule has formed the basis of the ICES advice and the TAC subsequently
established by the Council from 2017 onwards.

In January 2023 the Council established a provisional TAC of 21 000 tonnes for the Bay of Biscay
anchovy stock for the period from 1 January to 30 June 2023 (Council Regulation No 2023/194).
The final TAC was set in March at 33 000 tonnes (Council Regulation No 2023/730) from which
90% corresponded to Spain and 10% to France. However, these percentages might be modified
due to bilateral agreements be-tween countries.

According to the European Commission Regulation No. 185/2013, the deductions from the an-
chovy fishing quota allocated to Spain because of over-fishing of mackerel quota in 2009 shall be
applied from 2016 to 2023. This supposes a reduction of 3696 tonnes in the 2023 Spanish quota
of Bay of Biscay anchovy.

Regarding the landing obligation regulation that aims at progressively eliminate discards in all
Union fisheries, in October 2014 the European Commission established a discard plan for certain
pelagic species in southwestern waters (No. 1394/2014). This includes an exemption from the
landing obligation for anchovy caught in artisanal purse-seine fisheries based on evidence of
high survivability and de minimis exemptions both in the pelagic trawl fishery and the purse-
seine fishery from 2015 to 2017. These exemptions have been extended until 2023 through vari-
ous regulations (Commission Delegated Regulation 2018/188, Commission Delegated Regula-
tion 2020/2015, Commission Delegated Regulation 2020/2015).

3.2 The fishery in 2022 and 2023

3.21 Fishing fleets

Two fleets operate on anchovy in the Bay of Biscay: Spanish purse-seines (operating mainly dur-
ing spring) and the French fleet constituted of purse-seiners (the Basque ones operating mainly
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in spring and the Breton ones in autumn) and pelagic trawlers (operating mainly during the
second half of the year but with decreasing catches along years).

Since the reopening of the fishery in 2010 the number of fishing licences for anchovy in Spain
have been oscillating between 149 and 175. For France, the number of purse-seiners able to catch
anchovy since 2016 is around 28. The exact number of vessels is not fixed, due to important
movements in this fleet. Most of them are based in Brittany. The number of Basque French purse-
seiners has decreased progressively and some of them joined the north of the Bay of Biscay in
the last years. The real target species of these vessels is sardine, and anchovy is more opportun-
istic in summer or autumn.

The number of French pelagic trawlers decreased drastically during the closure of anchovy fish-
ery (2005-2009) because they were targeting mainly anchovy and tuna. Currently around 12
pairs of trawlers (~24 vessels) are able to target anchovy. In the last years a shift has occurred on
the French anchovy fishery. Pair pelagic trawlers mainly targeted tuna between July and Octo-
ber, and single pelagic trawlers didn’t catch anchovy. In 2022, there were very low catches by the
French fisheries (234 tonnes), 91.9% by purse-seiners and 8.1% by pelagic trawlers. According to
the very low price (anchovies were too small for the market), vessels have dedicated their fishing
effort to other species, particularly tuna and sardine.

A more complete description of the fisheries is available in the stock annex.

3.2.2 Catches

Historical catches are presented in Table 3.2.2.1 and Figure 3.2.2.1 Total catches in 2022 were 25
196 tonnes, from which 4992 corresponded to Spain and 234 to France. In 2020, the French
landings of anchovy drastically decreased because vessels found only small or medium-size
individuals, and the price was very low, so vessels stopped targeting an-chovy. From the
Spanish catches, 8 tonnes corresponded to anchovy used as live bait for tuna fishing. Discards
are less than 1% of the total catch and they are considered negligible for this stock.

The series of monthly catches are shown in Table 3.2.2.2. In 2022, most of the catches occurred
between April and May, where the bulk of the Spanish fishery occur. Although catches were
recorded in all the months.

The quarterly catches by division in 2022 are given in Table 3.2.2.3. Most of the catches took
place in the second quarter (72.1%), followed by the third quarter (13.9%) and with lower
catches in first and fourth quarters (12.6% and 5.4% respectively). The major fishing activity of
the Spanish fleet occurred in the second quarter (72.7%) followed by the third quarter (13.4%),
whereas the French fleet operated mainly in the third quarter (70%). Re-garding fishing areas,
most of the Spanish catches in the first semester corresponded to ICES division 8.c East,
whereas in the second semester catches occurred in division 8.c East and West. All the French
catches corresponded to ICES divisions 8.a and 8.b.

In previous years, non-negligible catches originate in divisions 7.h and 7.e (statistical rectangles
25E5 and 25E4) were reallocated to Division 8.a due to their very concentrated location at the
boundary between 8.a, 7.h and 7.e in the same period. In 2022 around 60 tonnes have been de-
clared in 25E5 and 25E4 and these catches have been reallocated to 8.a.

15
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Table 3.2.2.1: Bay of Biscay anchovy: Annual catches (in tonnes) as estimated by the Working Group members.

COUNTRY FRANCE SPAIN SPAIN UNALLOCATED OTHER COUNTRIES INTERNATIONAL
YEAR 8ab 8bc Live Bait Catches 8
1960 1085 57 000 n/a 58 085
1961 1494 74 000 n/a 75494
1962 1123 58 000 n/a 59123
1963 652 48 000 n/a 48 652
1964 1973 75000 n/a 76 973
1965 2615 81000 n/a 83615
1966 839 47519 n/a 48 358
1967 1812 39363 n/a 41175
1968 1190 38429 n/a 39619
1969 2991 33092 n/a 36 083
1970 3665 19 820 n/a 23485
1971 4825 23787 n/a 28612
1972 6150 26917 n/a 33067
1973 4395 23614 n/a 28009
1974 3835 27 282 n/a 31117
1975 2913 23389 n/a 26 302
1976 1095 36 166 n/a 37 261
1977 3807 44 384 n/a 48191
1978 3683 41536 n/a 45219
1979 1349 25000 n/a 26 349
1980 1564 20538 n/a 22102
1981 1021 9794 n/a 10815
1982 381 4610 n/a 4991
1983 1911 12242 n/a 14 153
1984 1711 33468 n/a 35179
1985 3005 8481 n/a 11486
1986 2311 5612 n/a 7923
1987 4899 9863 546 15308
1988 6 822 8266 493 15581
1989 2255 8174 185 10614
1990 10 598 23258 416 34272
1991 9708 9573 353 19634
1992 15217 22468 200 37 885
1993 20914 19173 306 40393
1994 16 934 17 554 143 34631
1995 10 892 18 950 273 30115
1996 15238 18 937 198 34373
1997 12020 9939 378 22337
1998 22987 8455 176 31617
1999 13649 13145 465 27259
2000 17 765 19230 n/a 36 994
2001 17 097 23052 n/a 40149
2002 10988 6519 n/a 17 507
2003 7593 3002 n/a 10 595
2004 8781 7580 n/a 16 361
2005 952 176 0 1128
2006 913 840 0 1753
2007* 140 1 0 141
2008 0 0 0 0
2009 0 0 0 0
2010 4573 5744 n/a 10317
2011 3615 10916 n/a 14 530
2012 5975 7896 n/a 531 14 402
2013 2392 11801 n/a 14192
2014 4012 16114 n/a 20126
2015 4261 23992 n/a 28 258
2016 2300 18 060 310 20670
2017 3153 22955 332 9 r 26 450
2018 3151 27 607 15 r 30773
2019 2048 24 802 7 r 26 857
2020 138 25661 24 r 25823
2021 64 27917 1 r 27 982
2022 234 24 953 8 r 25196
2023 (Up to end of Octo 878 26 312 27190
AVERAGE (1960-2004) r 6394 26 337 r 32824
AVERAGE (2010-2022) r 2973 18 622 100 21967

**: Experimental fishery
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Table 3.2.2.2: Bay of Biscay anchovy: Monthly catches (Subarea 8) (without live bait catches).

YEAR\MONTH
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
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39

0

0
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4483
1060
2226
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6089
8746
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M
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6913
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12329
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4839
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11922

14428
2506

890
3247
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630
57

0

0
2955
4492
5663
5166
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4482
3811
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J
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806
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1858
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5927
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1985
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0
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584
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o
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1940
1069
1188

590
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TOTAL
14763
15088
10429
33856
19282
37685
40086
34487
29843
34176
21961
31442
26794
36994
40149
17497
10595
16360

1127
1753
141

10317
14530
14402
14192
20125
28253"
20360
26108
30758
26850
25800
27981

25188
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Table 3.2.2.3. Bay of Biscay anchovy: Catches in the Bay of Biscay by country and divisions in 2022 (without live bait
catches).

QUARTERS CATCH (t)
COUNTRIES |DIVISIONS 1 2 3 4 ANNUAL %
SPAIN 8abd 146 10 189 18 364 1.5%
8cE 3009 18030 2458 207 237031 95.0%
8cW 15 101 695 75 886 3.6%
TOTAL 3170 18141 3342 300 24953] 100.0%
% 12.7% 72.7% 13.4% 1.2% 100.0%
FRANCE 8abd | 7 164 59 234 100.0%
8cE 0 0.0%
8cW 0 0.0%
TOTAL 5 7 164 59 234] 100.0%
% 2.0% 3.0% 70.0% 25.0% 100.0%
INTERNATIONAL 8abd 150 17 353 77 598 2.4%
8cE 3009 18030 2458 207 237031 94.1%
8cW 15 101 695 75 886 3.5%
TOTAL 3175 18148 3506 358 25188 100.0%
% 12.6% 72.1% 13.9% 1.4% 100.0%
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Figure 3.2.2.1. Bay of Biscay anchovy: Historical evolution of catches in Subarea 8 by countries. 2023 data are prelimi-
nary

3.2.3 Catch numbers-at-age and length

In 2022 there were no length and age samples available from the French fishery due to the low
level of catches. Catch numbers-at-age of the French catches were estimated assuming that the
percentage of numbers-at-age per quarter were equal to the percentage of numbers-at-age of the
Spanish catches in divisions 8.a and 8.b, where the French fishery occurs.

Catch numbers-at-age by quarter in 2022 for Spain and France are given in Table 3.2.3.1. Age 1
individuals were predominant in the third quarter representing the 47.4% of total catches
while age 2 individuals were predominant in the first and second quarters with a 63.5% and a
60.1% of total catches respectively for each quarter. Age 0 individuals
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appeared in third and fourth quarters, representing the 11.5% and 59.6% of the total of each quar-

ter respectively.

Table 3.2.3.2. records the age composition of the international catches since 1987, on a half-
yearly basis. In 2022, the one-year-old anchovies dominated in the catches in the second

semesters, representing the 45.0% while age 2 was dominant in the first semester representing
the 61.3% of the catches in that semester.

See the stock annex for methodological issues.

Table 3.2.3.1: Bay of Biscay anchovy: Catch-at-age in thousands for 2022 and quarter (without the catches from the live
bait tuna fishing boats).

TOTAL
Sub-area 8

QUARTERS 1 2 3 4 Annual total
AGE 8abc 8abc 8abc 8abc Villabc
0 0 0 21726 14 039 35765
1 31238 145 465 89 845 6 021 272 570
2 97 577 463 356 69 686 2903 633 522
3 24 957 152 537 8 338 593 186 425
4 0 0 51 0 51
5 0 0 0 0 0
TOTAL(n) 153773 761 358 189 646 23 556 1128 333
W MED. 20.65 23.84 18.49 15.21 22.32
CATCH. (1) 3175 18148 3506 358 25188
SOP 3175 18149 3506 358 25188
VAR. % 100.01% 100.00% 100.00% 99.99% 100.00%
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Table 3.2.3.2. Bay of Biscay anchovy: Catches-at-age of anchovy of the fishery in the Bay of Biscay on half-year basis (including live bait catches up to 1999 and from 2016 onwards). Units:

Thousands

INTERNATIONAL

YEAR | 1987 1988 1989 1990 1991 1992 1993 1994 1995
Age Isthalf  2nd half | 1sthalf 2nd half | 1sthalf = 2nd half | 1sthalf  2nd half 1st half 2nd half | 1sthalf 2ndhalf | 1sthalf 2ndhalf | 1sthalf = 2ndhalf | 1sthalf 2nd half
0 0 38 140 0 150338 0 180085 0 16 984 0 86 647 0 38434 0 63 499 0 59 934 0 49771
1 218670 120098 318181 190113 152612 27085 847627 517 690 323877 116290 1001551 440134 794055 611047 494610 355663 522361 189081
2 157 665 13534 92 621 13334 123683 10771 59 482 75 999 310 620 12581 193137 31446 439 655 91977 493 437 54 867 282301 21771
3 31362 1664 9954 596 18 096 1986 8175 4999 29179 61 16 960 1 5 336 0 61 667 1325 76 525 90
4 14 831 58 1356 0 54 0 0 0 0 0 0 0 0 0 0 0 4 096 7
5 8 920 0 99 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
[Total # 431448 173494 398971 529130 294445 219927 915283 615671 663677 215579 1211647 510015 1239046 766523 1049714 471789 885283 260719
YEAR 1996 1997 1998 1999 2000 2001 2002 2003 2004
Age Isthalf 2ndhalf | 1sthalf 2ndhalf | 1sthalf = 2ndhalf | 1sthalf 2nd half 1st half 2nd half | 1sthalf 2ndhalf | 1sthalf = 2ndhalf [ 1sthalf = 2ndhalf | 1sthalf 2nd half
0 0 109173 0 133232 0 4075 0 54 357 0 5298 0 749 0 267 0 7 530 0 11184
1 683009 456164 471370 439888 443818 598139 220067 243306 559934 396961 460346 507678 103210 129392 50327 133083 254504 252887
2 233 095 53156 138183 40014 128854 123225 380012 142904 268 354 64712 374424 98 117 217 218 77 128 44 546 87 142 85679 20072
3 31092 499 5580 195 5596 3398 17 761 525 84 437 18 613 19 698 5095 37 886 3045 34133 11 459 12 444 1153
4 2213 42 0 0 155 0 108 0 0 0 4948 0 76 0 887 1152 4598 16
5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
[ Total # 949408 619034 615133 613329 578423 728837 617948 441092 912725 485584 859417 611639 358390 209832 129893 240366 357225 285312
YEAR 2005 2006 2007 2008 2009 2010 2011 2012 2013
Age I1sthalf 2ndhalf | 1sthalf 2ndhalf | 1sthalf = 2ndhalf | 1sthalf  2nd half 1st half 2nd half | 1sthalf = 2ndhalf | 1sthalf 2nd half | 1sthalf 2nd half | 1sthalf  2nd half
0 0 0 0 0 0 0 0 0 0 0 0 16 287 0 4 656 0 3761 0 10 343
1 7818 0 48 718 3894 0 0 0 0 0 0 125198 135570 164061 159675 56 013 167 935 84 863 81 392
2 32911 0 17 172 991 0 0 0 0 0 0 77 342 13864 214454 11080 254 863 69396 223958 45 177
3 6 935 0 6 465 320 0 0 0 0 0 0 10 897 815 7161 503 5 055 1115 87 493 5559
4 586 0 49 2 0 0 0 0 0 0 1711 189 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
| Total # 48 250 0 72 405 5207 0 0 0 0 0 0 215149 166725 385677 175914 315932 242207 396315 142471
YEAR 2014 2015 2016 2017 2018 2019 2020 2021 2022
Age Isthalf 2ndhalf | 1sthalf 2nd half | 1sthalf 2nd half | 1sthalf  2nd half 1st half 2nd half | 1sthalf 2ndhalf | 1sthalf 2ndhalf | 1sthalf 2ndhalf | 1sthalf 2nd half
0 0 37 068 0 443 0 74571 0 23725 0 1770 0 373 0 62 514 0 3744 0 35765
1 228729 187159 560920 251508 261072 136044 469 609 82 487 682918 178348 305170 87 158 527627 544756 556251 148372 176703 95 866
2 336 224 12181 357044 128579 363465 58 740 425 906 48 549 399 932 37574 543415 77 355 235637 51618 514673 60779 560 933 72 588
3 53 703 3035 27 236 6914 45212 2287 92731 7 660 39483 1210 52 579 6673 30 559 1601 37413 167 177 494 8931
4 4271 0 173 0 231 0 2339 0 292 0 440 0 171 3 862 0 0 51
5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
[Total # 622927 239443 945373 387443 669979 271642 990585 162421 1122624 218902 901605 171559 793994 660492 1109199 213062 915131 213202
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3.2.4 Weights and lengths-at-age in the catch

The series of mean weight-at-age in the fishery by half year, from 1987 to 2022, is shown in Table
3.2.4.1. See the stock annex for methodological issues.
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Table 3.2.4.1. Bay of Biscay anchovy: Mean weight-at-age (grammes) in the international catches on half-year basis. Units: grammes.

YEAR 1987 1988 1989 1990 1991 1992 1993 1994 1995
Sources | Anon. (1989 & 1991) Anon. (1989) Anon. (1991) Anon. (1991) Anon. (1992) Anon. (1993) Anon. (1995) Anon. (1996) Anon. (1997)
|Periods isthalf 2ndhalf [ 1sthalf 2ndhalf | 1sthalf = 2ndhalf | 1sthalf 2nd half [ 1sthalf 2ndhalf | 1sthalf 2ndhalf | 1sthalf 2nd half | 1sthalf = 2ndhalf | 1sthalf  2nd half
Age O na 11.7 na 51 na 12.7 na 7.4 na 14.4 na 12.6 na 12.3 na 14.7 na 15.1
1 21.0 21.9 20.8 23.6 195 24.9 20.6 23.8 18.5 25.1 19.6 23.0 155 20.9 16.8 25.3 22.5 26.9
2 32.0 34.2 30.3 30.4 28.5 35.2 28.5 27.7 25.2 29.0 30.9 28.8 27.0 29.4 26.8 28.1 32.3 313
3 37.7 39.2 34.5 445 29.7 42.7 44.8 40.8 28.2 39.0 37.7 27.4 30.5 na 30.7 30.0 36.4 36.4
4 41.0 40.0 37.6 na 27.1 na na na na na na na na na na na 37.3 29.1
5 42.0 0.0 48.5 na na na na na na na na na na na na na na na
[Total 27.3 20.8 24.6 10.7 23.9 15.6 21.3 24.0 22.1 21.1 21.7 22.5 19.6 21.2 22.3 24.3 26.9 25.0
YEAR 1996 1997 1998 1999 2000 2001 2002 2003 2004
Sources: Anon. (1998) Anon. (1999) Anon (2000) WG data WG data WG data WG data WG data WG data
Periods Isthalf 2ndhalf | 1sthalf 2nd half | 1sthalf 2nd half | 1sthalf = 2nd half | 1sthalf 2ndhalf | 1sthalf 2ndhalf | 1sthalf 2nd half | 1sthalf 2ndhalf | 1sthalf  2nd half
Age O na 12.0 na 11.6 na 10.2 na 15.7 na 19.3 na 14.3 na 9.5 na 15.4 na 15.5
1 19.1 23.2 14.4 20.3 21.8 23.7 17.1 27.0 21.7 28.2 22.7 27.5 25.0 28.8 21.0 25.4 21.7 24.9
2 29.3 27.7 26.9 30.1 24.3 27.7 29.8 33.5 29.1 33.0 31.8 31.1 31.6 334 36.2 29.5 35.7 33.5
3 35.0 35.7 32.0 29.7 31.9 28.7 34.7 38.9 32.8 36.9 36.3 38.6 42.8 36.5 40.3 36.4 39.3 40.7
4 46.1 39.7 na na 31.9 na 55.9 na na na 40.7 na 45.6 na 36.9 37.9 44.0 42.8
5 na na na na na na na na na na na na na na na na na na
[Total 22.2 21.6 17.3 19.1 22.5 24.3 25.4 27.7 24.9 29.0 27.1 28.2 30.9 30.6 314 27.1 26.0 25.2
YEAR 2005 2006 2007 2008 2009 2010 2011 2012 2013
Sources: WG data WG data WG data WG data WG data WG data WG data WG data WG data
Periods Isthalf 2nd half | 1sthalf 2nd half | 1sthalf = 2nd half | 1sthalf = 2nd half | 1sthalf 2nd half | 1sthalf 2ndhalf | 1sthalf 2nd half | 1sthalf 2ndhalf | 1sthalf  2nd half
Age O na na na na na na na na na na na 14.4 na 8.9 na 12.6 na 12.0
1 19.3 na 20.3 17.8 na na na na na na 25.0 25.9 225 20.5 16.7 22.3 20.8 219
2 24.5 na 27.7 19.7 na na na na na na 32.1 27.4 324 27.3 28.9 25.9 28.8 28.7
3 27.6 na 31.3 19.7 na na na na na na 43.7 43.2 36.4 34.8 38.7 26.5 315 31.6
4 24.5 na 37.3 34.3 na na na na na na 43.0 444 na na na na na na
5 na na na na na na na na na na 55.7 na na na na na na na
[Total 24.1 na 23.0 18.2 na na na na na na 28.6 25.0 28.3 20.6 26.9 23.2 27.7 23.7
YEAR 2014 2015 2016 2017 2018 2019 2020 2021 2022
Sources: WG data WG data WG data WG data WG data WG data WG data WG data WG data
Periods Isthalf 2ndhalf | 1sthalf 2nd half | 1sthalf 2nd half | 1sthalf = 2nd half | 1sthalf 2ndhalf | 1sthalf 2ndhalf | 1sthalf 2ndhalf | 1sthalf 2ndhalf | 1sthalf  2nd half
Age O na 16.1 0.0 9.4 na 14.3 na 8.5 na 12.5 na 11.9 na 9.3 na 13.7 na 14.6
1 18.3 26.3 17.0 19.9 19.3 20.0 19.8 23.3 20.7 22.1 20.2 21.0 16.5 16.8 19.9 20.0 155 17.5
2 25.1 33.3 25.5 28.1 24.5 24.1 25.1 26.8 25.0 28.3 27.4 26.0 21.6 21.9 22.3 22.2 23.2 20.1
3 28.9 45.8 28.7 38.5 317 32.8 28.8 30.7 33.7 28.8 32.2 33.6 28.4 28.7 27.6 36.3 31.2 23.2
4 26.0 na 25.5 na 32.6 na 29.9 na 27.8 na 27.7 na 29.3 294 324 na na 33.2
5 na na na na na na na na na na na na na na na na na na
[Total 22.9 25.3 20.5 22.9 23.0 19.4 23.0 22.6 22.7 23.2 25.3 23.7 18.5 16.5 21.3 20.5 23.3 18.1
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3.2.5 Preliminary fishery data in 2023

The provisional catches during the first semester of 2023 were 24 213 t, from which 24 208 t cor-
responded to Spain and 4 t to France. 62% of the catches (in mass) during the first semester were
age 1. During the second semester provisional catches until the end of October were 2977 t, from
which 2104 t corresponded to Spain and 874 t to France. Overall, the total catches in 2023 from
France were low (878 t).

It must be emphasised that 2023 fishery data are preliminary. No age structure was available yet
for the French catches in the first half of the year, and they were assumed to have the same age
composition as the Spanish catches in April, when most of the catches of the first semester took
place. For the assessment, 2023 November and December catches were assumed to be 635 t (2.3%
of the total annual catch which is the average percentage of the catches in November and De-
cember in 20102022, after the re-opening of the fishery). Therefore, the total catch in November
and December was estimated at 635 t, resulting in 3612 tonnes for the second semester 2023.

3.3 Fishery independent data

3.3.1 BIOMAN DEPM survey 2023

All the methodology for the survey and the estimates performance are described in detail in
annex A.5_stock annex - Bay of Biscay Anchovy (Subarea 8). A detailed report of the survey and
results 2023 is attached as a working document at ICES WGACEGG 2023 in annex 3 (Santos
Mocoroa. M et al. BIOMAN 2023).

3.3.1.1  Survey description

The 2023 anchovy DEPM survey was carried out in the Bay of Biscay from the 3 to the 26t of
May, covering the whole spawning area of the species, following the procedures described in the
annex A.5_stock annex- Bay of Biscay Anchovy (Subarea 8). Two research vessels were used at
the same time and place: the RV Vizconde de Eza to collect plankton and adult samples and the
RV Emma Bardan to collect adult samples. Some specifications of the sampling are given in Ta-
ble 3.3.1.1.1.

Total number of PairoVET samples (vertical sampling) obtained was 778. From those, 584 had
anchovy eggs (75%) with an average of 314 eggs m?2 per station in the positive stations, and a
maximum of 4350 eggs m? in a station. A total of 18 039 anchovy eggs were encountered and
classified. The number of CUFES samples (horizontal sampling) obtained was 1,824. Frome those
778 (63%) stations had anchovy eggs with an average of 30 eggs m™ per station and a maximum
of 845 eggs m* in a station in the positive stations.

This year 19% of the anchovy eggs abundance was found in the Cantabrian Sea, the eggs were
distributed all over the area and beyond 200m depth isoline, the area surveyed limit was at
6°20'W. In the French platform there were eggs all over the platform and passed the 200 m depth
isoline almost in all the area up to the limit of area ICES 8 (48°N), except for the west part of the
platform from 47930 to 48°N that arrived until 180m approximately. (Figure 3.3.1.1.1). The total
area covered was 113 814Km? and the spawning area for anchovy was 77 312Km?, 68% of the
total.

In relation with the adult samples, 42 pelagic trawls were selected for the analysis. The spatial
distribution of the samples and their species composition is shown in Figure 3.3.1.1.2. The most
abundant species in the trawls ware: anchovy, sardine, blue whiting and mackerel. Anchovy
adults were found in the same places where the anchovy eggs were found. This year the biggest
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anchovy was found in the Cantabrian Sea. The smallest anchovy was found around the mouth
of the Gironde River. Spatial distribution of mean length and mean weight is shown in Figure
3.3.1.1.3

This year the mean sea surface temperature of the survey, 15.5 °C was lower than last year (16.7
°C), the minimum was 12.47 °C and the maximum 18.21 °C. The mean sea surface salinity (34.98)
was lower than last year (34.8) with a minimum of 31.31 and a maximum of 35.96. There were
atypical weather conditions this year during May, it was the warmest of this century and the
second driest in the historical series.

Figure 3.3.1.1.4 shows the maps of sea surface salinity and temperature registered during the
survey.

3.3.1.2 Total daily egg production estimate

The estimates of daily egg production(Po), daily egg mortality rates (z) and total egg production
(Prr) are given in Table 3.3.1.2.1 and the mortality curve model adjusted is shown in Figure
3.3.1.2.1. Total egg production in 2023 was estimated at 1.01 E+13 with a CV of 0.0949, lower than
the last five years but still above the historical mean. Figure 3.3.1.2.2 shows the historical series
of Po, z, spawning area and Pro

3.3.1.3 Daily fecundity and total biomass

To estimate the total Biomass following the DEPM a daily fecundity (DF) estimate is necessary.
To estimate the DF the sex ratio (R), the female mean weight (Wj), the batch fecundity (F) and the
spawning fraction (S) estimates are required. The anchovy adults from the survey were used to
estimate those parameters. This year there were no problems in estimating those parameters.
The results of all those parameters are showed in Table 3.3.1.3.1 and the historical series in Fig-
ure 3.3.1.3.1. The final total biomass obtained as the quotient between Pi: and DF was 160.549 t
with a CV of 0.1178, lower than the last five years but still above the historical mean.

3.3.14 Population at age

To estimate the numbers at age, the age readings based on 2813 otoliths from 42 samples, well
distributed over the spawning area, were available. Six strata were defined based on the egg
abundance, the adult distribution and the mean size, mean weight, and age of adult anchovy:
Cantabrian (C), South (S), Centre (C), Garonne (G), West (W) and North (N) (Figure 3.3.1.4.1).
82% of the anchovy in numbers were estimated as individuals of age 1 (76% in mass), 15% of the
individuals in numbers were of age 2 (20% in mass) and 3% of the individuals in numbers were
of age 3 (5% in mass) (Table 3.3.1.4.1). This was a high year recruitment in relation with the
historical series. The anchovy age composition by haul is showed in Figure 3.3.1.4.2. The time
series of the numbers at age is shown in Figure 3.3.1.4.3. The historical series of the total biomass
at age and weight at age that is downwards is showed in Figure 3.3.1.4.4 and those parameters
for this year and the length at age are showed in table 3.3.1.4.1.
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Table 3.3.1.1.1: Bay of Biscay anchovy: Details of the DEPM survey BIOMAN 2023.

Parameters Anchovy DEPM survey

Surveyed area (43°18' to 48°00'N & 7° 36 to 1°13' W)
R/V Vizcon de Eza & Emma Bardin

Date 03-26/05/2023

Eggs RV Vizconde de Eza

PairoVET stations (plankton) 778

% st with anchovy eggs 75%

Anchovy egg average by st 314 eggs/m?

Max. anchovy eggs in a St 4,350 eggs/m?

Total ANE egg collectedé&staged 18,039 eggs

North spawning limit 48°00'N

West spawning limit (Cantabrian) | 6°20'W

Total area surveyed 113,814 Km?

Spawning area for anchovy 77,312 Km?

CUFES stations (plankton) 1,824

Adults RV E.Bardan,Vizconde, Thalassa& PSeines
Pelagic trawls 40(EBardan)+5(thalassa)+5 (Vizconde)
Pelagic trawls with anchovy 35(EBardan)+3(Thalassa)+3(Vizconde)
Selected for analysis 41

Hauls from purse seines 1

Total adult samples for analysis 42

Table 3.3.1.2.1: Bay of Biscay anchovy: 2023 estimates for daily egg production (P0) (egg/m?/day), daily mortality rates
(z) and total daily egg production (Ptot)(eggs/day) with its Standard error (S.e) and coefficient of variation (CV).

Parameter Value S.e. cv
Po 130.59 12.39 0.0949
z 0.28 0.056 0.2026
Ptot 1.01E+13 9.6E+11 0.0949

Table 3.3.1.3.1: Bay of Biscay anchovy: estimates of adult parameters for applying the DEPM for anchovy in the Bay of
Biscay (ICES 8abcd): sex ratio (R) (% of females), spawning fraction (S) (% of females spawning per day), batch fecundity
(F) (eggs/batch/mature female), female mean weight (Wf)(g) and daily fecundity (DF) (eggs/g/day) for the application
of the DEPM and total biomass (B)(tons) with their standard error (S.e) and coefficient of variation (CV). Total egg pro-
duction (Ptot)(eggs) estimate is showed as well.

Parameter estimate S.e. Ccv

Pt (eggs) 1.01E+13  9.6E+11 0.0949
R’(% of females) 0.53 0.0066 0.0123
S (% fem. spawning/day) 0.34 0.0181 0.0533
F (eggs/batch/mature fem.) 5,566 437 0.0786
Wr(g) 15.94 0.96 0.0599
DF (eggs/g/day) 63.21 4.42 0.0699

B (tons) 160,549 18,914 0.1178
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Table: 3.3.1.4.1: Bay of Biscay anchovy: Anchovy total biomass (B), percentage at age, numbers at age, percentage at
age in mass, total biomass at age in mass, mean weight at age (g), mean length at age(mm), with the correspondent
standard error (S.e.) and coefficient of variation (CV) from BIOMAN 2023.

Parameter estimate S.e. Cv
BIOMASS (tons) 160,549 18,914 0.1178
total mean Weight (g) 13.32 0.73 0.0550
Population (millions) 12,071 1,657 0.1373
Percentage at age 1 0.82 0.021 0.0257
Percentage at age 2 0.15 0.016 0.1047
Percentage at age 3+ 0.03 0.008 0.2412
Numbers at age 1 9,866 1,485 0.1506
Numbers at age 2 1,828 232 0.1272
Numbers at age 3+ 377 93 0.2470
Percent. at age 1 in mass 0.76 0.024 0.0316
Percent. at age 2 in mass 0.20 0.018 0.0920
Percent. at age 3+ in mass 0.05 0.010 0.2042
Biomass at age 1 (tons) 121,532 15,359 0.1264
Biomass at age 2 (tons) 31,538 4,321 0.1370
Biomass at age 3+ (tons) 7,479 1,721 0.2301
Biological Features estimate S.e. Ccv
Weight at age 1 (g) 12.3 0.64 0.0523
Weight at age 2 (g) 17.1 0.80 0.0467
Weight at age 3 (g) 19.6 112 0.0574
Length at age 1 (mm) 126.5 1.88 0.0148
Length at age 2 (mm) 141.0 1.82 0.0129

Length at age 3 (mm) 148.0 2.12 0.0143
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Figure 3.3.1.1.1: Bay of Biscay anchovy: Spatial distribution and abundance of anchovy egg obtained with PairoVET (ver-
tical sampling net) (eggs per 0.1 m2) (left) and CUFES (horizontal sampling net) (egg/m?) obtained during the DEPM survey
BIOMAN2023.
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Figure 3.3.1.1.2: Bay of Biscay anchovy: Species composition of the 42 hauls obtained for the anchovy adult parameters

analysis for the application of the DEPM.
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Figure 3.3.1.2.2: Bay of Biscay anchovy: historical series including 2023 estimates for daily egg production (P0)
(egg/m?/day), spawning area (Km?), daily mortality rates (z) and total daily egg production (Ptot)(eggs/day) for anchovy
in the Bay of Biscay (ICES 8abcd). The red line is the historical mean, the value showed in bold is the historical mean and
CV is de coefficient of variation over time for each parameter.
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Figure 3.3.1.3.1: Bay of Biscay anchovy: historical series including 2023 estimates of the adult parameters for anchovy in
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ICES



ICES | WGHANSA 2023

% BIOMAN2023 3-26 May

.++..|+~.++++++++m

+++.W+.Q+..+..>.+~+
Anchovy mean Wé)\

D 4-9

54 47°—|

® 20-3 Anchovy ¢

39Bordeaux

1 113 225 337 450

R
b b 30 44—
IR
I 2
F 28
H 27
Santander N 5
111213 141516 17 18 19 20 21 22 23 24 25
¢ ¥ ¥ ¥ ¥ r
Figure 3.3.1.4.1: Bay of Biscay anchovy: 6 regions were defined to weight the adult samples to estimate anchovy numbers

at age in 2023: Cantabrian (Ca), South (S), Centre (C), Garonne (G), West (W), and North (N). The red lines represent the
border of the regions, the green bubbles the abundance of anchovy eggs (egg/0.1m2) in each station and the small colour
bubbles represent the mean weight (g) of individuals within each haul.
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Figure 3.3.1.4.2: Bay of Biscay anchovy: Anchovy age composition in space by haul during BIOMAN2023.
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Figure 3.3.1.4.3: Bay of Biscay anchovy: Anchovy historical series of numbers at age from 1987 to 2023 from BIOMAN

surveys.
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3.3.2 PELGAS spring acoustic survey 2023

An acoustic survey (PELGAS) is carried out every year in the Bay of Biscay in spring onboard
the French research vessel Thalassa. The objective of PELGAS survey is to study the abundance
and distribution of pelagic fish in the Bay of Biscay. The main target species are anchovy and
sardine, but they are considered in a multi-specific context and within an ecosystem approach
as they are located in the centre of pelagic ecosystem.

A consort survey is routinely organised since 2007 with French commercial vessels during 18
days. This approach is identical to last year’s surveys, using the commercial vessel’s hauls for
echoes identification and biological parameters to complement hauls made by the R/V Thalassa.

Four commercial vessels (two pairs of pelagic trawlers) participated to PELGAS23 survey:

A total of 100 hauls (including not valid) were carried out during the consort survey including
56 hauls by the R/V Thalassa and 44 hauls by commercial vessels.

43°0" — —43%0"
|

Figure 3.3.2.1: Bay of Biscay anchovy: total abundance of anchovy per ESDU in 2023.

The biomass estimate of anchovy observed during PELGAS2023 is 78 941 tonnes, which is about
the average of the series, but far away the strong maximum as observed in 2021.

In the Gironde area, the configuration was very unusual in terms of energy compared to what is
usually observed, with a very low energy attributed to anchovy. It may be linked with absence
of river discharge this year.

The one-year-old anchovies were present in more coastal areas than older fishes (in terms of
energy and, as well, biomass) and they were sometimes mixed. The average size of one year old
fish was comparable the average size in recent years but shows a clear decreasing trend, year
after year. Bigger (and older) fish appeared close to the surface or in midwater from the central
part to the North of the Bay of Biscay.
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The other picture of anchovy we can have in 2023, as explained previously, is the fact that we
were able to scrutinise the lateral echograms and to have an idea, with the echointegration, of
the amount of biomass we lose this year if we take into account only the vertical echograms. In
2023, 20% of the total index of biomass were localised close to the surface. The biomass of 79 000
tons doesn’t take that in consideration.
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Figure 3.3.2.2: Bay of Biscay anchovy: length distribution of global anchovy as observed during PELGAS23 survey.

Globally we observe that length structure shows a classic distribution, with fish from 9 to 18
centimetres. It must be noticed that even if some individuals were small (less than 12 cm), almost
all fishes were mature and in their spawning period (including individuals starting their matu-
ration). This observation on maturity contrasted with the 2015 observation where a large pro-
portion of the population was not spawning at the period of the survey.
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Figure 3.3.2.3: Bay of Biscay anchovy: Anchovy numbers at age as observed during PELGAS surveys since 2000.

The huge 2015 age class is not followed in 2016 and in 2017 as well (Figure 3.3.2.3). Once again,
it could indicate that an overestimation occurred on the recruitment in 2015. Several investiga-
tions have been done to explain, without results for the time being.
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Figure 3.3.2.4: Bay of Biscay anchovy: evolution of mean weight at age (g) of anchovy along PELGAS series.
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As previous years, we observe that globally the trend of the mean weight at age is a decrease
(Figure 3.3.2.4). This trend is almost the same for sardine in the Bay of Biscay, even this trend
seems to stop since 2016. Further investigates should be done. Potential hypothesis are related
to an effect of density-dependence or a change in planktonic composition, although we do not
have real explanation for the time being.
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Figure 3.3.2.5: Bay of Biscay anchovy: Distribution of anchovy eggs observed with CUFES during PELGAS23.
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Figure 3.3.2.6: Bay of Biscay anchovy: Number of eggs observed during PELGAS surveys from 2000 to 2023

During this survey, in addition of acoustic transects and pelagic trawl hauls, 649 CUFES samples
were collected and counted, 68 vertical plankton hauls and vertical profiles with CTD were car-
ried out. Eggs were sorted and counted automatically with the zoocam system, and staged dur-
ing the survey.
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Between 2011 and 2021, the bay of Biscay marked by a large quantity of collected and counted
anchovy eggs, with the same magnitude over the values, reaching the maximum in 2011 (Figure
3.3.2.6).The strong maximum appeared last year, and the total number of eggs reached the aver-
age of the series 2010-2021. Their spatial pattern of distribution was quite usual, with major part
of the abundance South of 46°N (Figure 3.3.2.5). However, eggs are present almost everywhere
in the bay of Biscay, according to the adults distribution. Eggs are particularly abundant on the
platform, and were not present front of the Gironde.

Spawning occurred over the mid-shelf in the North, an area where eggs are observed rarely.

This very high abundance of eggs in 2022 could maybe be explained by their concentration just
at the depth of the CUFES pump. This concentration never observed before and the fact that the
water was strongly stratified may conduct the vertical model to maybe overestimate the Ptot.
But this is just an hypothesis.

Globally, the total number of eggs seems to be around the average of the last 10 years, except last
year when the number of eggs was exceptionally high. According to the level of biomass, the
estimated fecundity seems to be high, but under the strong maximum of last year.

333 Autumn juvenile acoustic survey 2023 (JUVENA 2023)

The methodology of the autumn juvenile acoustic survey JUVENA is described in detail in the
stock annex - Bay of Biscay Anchovy (Subarea 8). The results of the last survey in autumn 2023
were reported and discussed in ICES WGACEGG 2023 (Boyra et al., 2023, WD WGACEGG2023,
ICES, 2023). Therefore, in this section only a short summary is provided, highlighting some is-
sues of relevance for this assessment input.

The main objective of the JUVENA survey is estimating the abundance of the anchovy juvenile
population and their growth condition at the end of the summer in the Bay of Biscay. In 2023, as
in previous years, the survey was coordinated by AZTI and IEO. AZTI led the assessment studies
whereas IEO led the ecological studies. The survey JUVENA 2023 took place between the 16th
of August and 29th of September on board the chartered RV Angeles Alvarino and the RV Emma
Bardan, both equipped with scientific echo sounders (Boyra et al., 2023; WD to WGACEGG). The
sampling strategy followed an adaptive scheme with an inter-transect distance of 18 nm. The
survey covered from 722" W in the Cantabrian area to 47°39" N in the French coast, with a total
of 91 hauls to identify the species detected by the acoustic equipment, 57 of which were positive
of anchovy (Figure 3.3.3.1). As usual, most of the biomass of juve-niles was located off-the-
shelf or in the outer part of the shelf in the first layers of the water column along the
Cantabrian coast but on the French shelf this year was different from last year in that it was
concentrated in the more coastal area of the shelf and was not observed in the more oceanic
area (Figure 3.3.3.2). The biomass of juveniles estimated for 2023 is around 531 000 tonnes
(Table 3.3.3.1.) and ~73 000 tonnes for adult anchovy, a bit lower than the mean of the temporal
series. The combination of both results foresees a healthy and sustainable status of the overall
anchovy stock for the next year (Figure 3.3.3.3.). The mean size of anchovy was 7.4 cm long
with a mean weight of 2.33 gr, both values are lower than in the previous year but still above
the average of the time-series.
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Table 3.3.3.1: Bay of Biscay anchovy. Summary of the estimates obtained in JUVENA autumn acoustic surveys from 2003

to 2022.

Area+ Size juv
Year Juveniles age 0
(nm?) (cm)

2003 3476 7.9 98601
2004 1907 10.6 2406
2005 7790 6.7 134131
2006 7063 8.1 78298
2007 5677 5.4 13121
2008 6895 7.5 20879
2009 12984 9.1 178028
2010 21110 8.3 599990
2011 21063 6 207625
2012 14271 6.4 142083
2013 18189 74 105271
2014 37169 5.9 723946
2015 21845 6.8 462340
2016 16933 7.3 371563
2017 19808 6.6 725403
2018 26787 6.3 489708
2019 20298 6.1 114074
2020 29849 6.1 228879
2021 26723 53 208241
2022 24354 8.6 481893
2023 13175 74 530,986
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Figure 3.3.3.1: Bay of Biscay anchovy. Survey transects and species composition of the pelagic hauls in JUVENA 2023.
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Figure 3.3.3.2: Bay of Biscay anchovy. Positive area of anchovy in JUVENA 2023. The pie charts show the percentage of
juveniles (white) and adults (black) in the fishing hauls.
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Figure 3.3.3.3: Bay of Biscay anchovy. Bubble maps representing acoustic backscattering by ESDU of 0.1 nm for total
anchovy (top) and age 0 anchovy (bottom).
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3.4 Biological data

34.1 Maturity-at-age

As reported in previous year reports, anchovies are fully mature as soon as they reach their first
year of life, in spring the year after the hatch. See stock annex - Bay of Biscay Anchovy (Subarea
8) for details.

34.2 Natural mortality and weight-at-age in the stock

Natural mortality is fixed at 0.8 for age 1 and 1.2 for older individuals (age 2+).

In the CBBM assessment model the parameters G1 and G2+ representing the annual intrinsic
growth of the population by age class are assumed constant along years and are estimated based
on the weight-at-age data from the surveys.

See stock annex - Bay of Biscay Anchovy (Subarea 8) for further information.

3.5 State of the stock

According to the stock annex, the assessment of the Bay of Biscay anchovy can be conducted in
June or November. The management plan currently in place is based on the November assess-
ment. This year the final assessment of the stock was conducted in November 2023, and followed
the methodology described in the stock annex.

3.5.1 Stock assessment

The input data entering into the assessment of the anchovy stock consist of:

*  total biomass estimated by DEPM and acoustic surveys (BIOMAN and PELGAS) with
their corresponding coefficients of variation;

*  proportion of the biomass at-age 1 estimated by the DEPM and acoustic surveys (BI-
OMAN and PELGAS);

*  juvenile abundance index from JUVENA;
*  total catch by semester;
*  proportion (in mass) of age 1 in the catch by semester (in 2023 only for the first semester);

e  growth rates by age estimated from the weights-at-age of the stock.

The historical series of spawning—stock biomass (SSB) from the DEPM and acoustic surveys are
shown in Figure 3.5.1.1. The trends in biomass from both surveys are similar. From 2003 to 2018,
a parallel trend but with larger biomass estimates from the acoustic surveys is apparent, except
in 2016 and 2018 that the DEPM biomass estimate was larger than the acoustic biomass. In 2020,
the DEPM SSB estimate (around 334 300 t) was the largest of the historical time-series, well above
the second highest value (223 200t) observed in 2019. The acoustic survey provided the largest
SSB estimate of the historical time series in 2021 (451 660 t) with a much higher value than the
DEPM SSB estimate for 2021 (199 490 t). In 2023 both the DEPM and the acoustic surveys pro-
vided lower SSB estimates than in 2022 (160 549 and 78 941t respectively) with a more pro-
nounced decrease in the acoustic estimate (19% decrease in the DEPM and 56% decrease in the
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acoustic estimate). The largest discrepancy between the SSB estimates from the DEPM and acous-
tic surveys occurred in 1991, 2000, 2002, 2012, 2015, 2021 and 2023.

The agreement between both surveys is usually higher when estimating the relative age compo-
sition of the population. In 2023 the DEPM survey age 1 biomass proportion was around 0.76
and the acoustic age 1 biomass proportion was around 0.85 (Figure 3.5.1.2).

The historical series of the juvenile abundance index from the autumn acoustic survey JUVENA
is shown in Figure 3.5.1.3. The 2023 survey index is well above the average value of the temporal
time series and slightly above the index in 2022, with a higher value than the 2019, 2020 and 2021
index values that were slightly below the average.

In 2019 due to the bad weather conditions the JUVENA survey could not cover the region to the
north of 46.6°N. The 2019 juvenile abundance index was considered likely underestimated. This
has been confirmed in next years by the BIOMAN and PELGAS surveys. Besides being among
the largest SSB estimates of the BIOMAN and PELGAS surveys time series, the age 1 proportion
estimates were above the average indicating large recruitments.

Due to the low total French landing in 2022 (234 t), length sampling was not available and age
structure from Spanish catches in divisions 8.a and 8.b was used for catch-at-age calculations (see
Section 3.2.3). Figure 3.5.1.4 shows the historical series of total catches by semester. In general,
catches in the first semester are larger than in the second semester. The absence of catches from
2005 to 2009 corresponds to various consecutive fishery closures due to the low level of the pop-
ulation. The fishery was reopened in March 2010. In 2023, the preliminary total catch was around
24 213 t in the first half of the year and 3612 t in the second half. The latter was under the as-
sumption that the November and December catches were 635t (2.3% of the total catch which is
the average % of November and December catches in 2010-2022). Definitive 2023 catch estimates
will be provided in WGHANSA 2024. Regarding the age structure of the catches, age 1 propor-
tion in the catches in the first semester in 2023 was 0.61, which is above the average age 1 pro-
portion in the time-series (Figure 3.5.1.5).

Historical series of intrinsic growth rates by age (computed from the weights-at-age of the stock)
suggest a larger growth at-age 1 than at-age 2+ (Figure 3.5.1.6).

The data used for the November assessment are given in Table 3.5.1.1..

Figure 3.5.1.7 compares prior and posterior distribution of some of the parameters estimated.
Summary statistics (median and 90% probability intervals) of the posterior distributions of the
parameters estimated are given in Tables 3.5.1.2 and 3.5.1.3. Recruitment (age 1 in mass at the
beginning of the year), SSB (at spawn-ing time which is assumed to be 15th May), fishing
mortality by semester and harvest rates (catch/biomass) from the final assessment are shown
in Figure 3.5.1.8. The estimated level of SSB in 2023 is approximately 116 065t, which is among
the four highest in the time-series, and the 90% probability interval is around 78 813t and 174
121t. This probability interval is among the widest in the time-series, accounting for the
discrepancies observed in the surveys of the last years. The posterior median of recruitment
in 2023 is around 83 436t and the 90% probability interval is between 35 363t and 189 329t.
The posterior distribution of recruitment in 2023 is wide because only the JUVENA 2023 survey
provides direct information about that recruitment (age 1 biomass) level. Assuming no fishing
takes place in 2024, the SSB in 2024 is estimated around 134 560t with a 90% probability interval
around 82 166t and 239 025t (Figure 3.5.1.9).

Overall, the Pearson residuals for all the observations used in the assessment are within -2 and
2, showing no major discrepancies between the observed and modelled quantities (Figure
3.5.1.10) and indicating that the model estimates are a compromise between all surveys inputs
and catch estimates and all along the time-series. Since 2013, the time-series of biomass from the
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DEPM has positive residuals, and for some years large negative residuals are observed for JU-
VENA recruitment index (e.g., 2020 and 2021), and for the acoustic index (e.g., 2023), which
should be further investigated in next years.
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Table 3.5.1.1. Bay of Biscay anchovy: Input data for CBBM.

| a7

BIOMAN PELGAS JUVENA CATCH GROWTH
DEPM survey Acoustic survey Acoustic Semester 1 Semester 2 G1 G2+
survey

Year Age 1 Total cv Age 1 Total cv Age O pre- Age 1 Total Age 1 Total Age 1 Age 2+

(tonnes) (tonnes) (tonnes) (tonnes) vious year (tonnes) (tonnes) (tonnes) (tonnes)

(tonnes)

1,987 10,637 21,943 0.480 NA NA NA NA 4,561 11,719 2,219 2,666 0.405 0.141
1,988 37,813 45,230 0.310 NA NA NA NA 6,739 10,002 4,018 4,404 0.266 0.125
1,989 4,128 9,477 0.410 6,476 15,500 NA NA 3,026 7,153 643 1,086 0.323 0.129
1,990 71,142 74,371 0.208 NA NA NA NA 17,337 19,386 12,080 14,347 0.566 0.130
1,991 7,821 13,295 0.271 28,322 64,000 NA NA 6,150 15,025 2,743 3,087 0.626 0.198
1,992 56,202 60,332 0.125 84,439 89,000 NA NA 19,737 26,381 9,939 10,829 NA NA
1,993 NA NA NA NA NA NA NA 12,152 24,058 12,589 15,255 NA NA
1,994 23,739 37,777 0.204 NA 35,000 NA NA 8,236 23,214 8,849 10,408 0.594 0.283
1,995 28,416 36,432 0.159 NA NA NA NA 11,600 23,479 4,961 5,629 NA NA
1,996 NA 26,148 0.260 NA NA NA NA 13,007 21,024 10,397 11,864 NA NA
1,997 21,098 29,022 0.110 38,498 63,000 NA NA 6,730 10,600 8,675 9,852 0.911 0.324
1,998 68,015 78,277 0.101 NA 57,000 NA NA 9,620 12,918 14,811 18,481 NA NA
1,999 NA 45,932 0.244 NA NA NA NA 3,681 15,381 6,136 10,617 NA NA
2,000 NA 28,321 0.245 89,363 113,120 0.064 NA 12,036 22,536 11,463 14,354 NA NA




48 | ICES SCIENTIFIC REPORTS 5:67

BIOMAN PELGAS JUVENA CATCH GROWTH
DEPM survey Acoustic survey Acoustic Semester 1 Semester 2 G1 G2+
survey

Year Age 1 Total cv Age 1 Total cv Age O pre- Age 1 Total Age 1 Total Age 1 Age 2+

(tonnes) (tonnes) (tonnes) (tonnes) vious year (tonnes) (tonnes) (tonnes) (tonnes)

(tonnes)

2,001 45,779 75,826 0.126 67,110 105,801 0.141 NA 10,379 23,095 13,828 17,043 0.649 0.266
2,002 4,330 22,462 0.147 27,642 110,566 0.113 NA 2,585 11,089 3,720 6,405 0.249 0.032
2,003 11,401 16,109 0.173 18,687 30,632 0.132 NA 1,055 4,074 3,376 6,405 0.769 0.206
2,004 9,042 11,496 0.117 33,995 45,965 0.167 98,601 5,467 9,183 6,285 7,004 0.410 0.157
2,005 1,441 4,832 0.202 2,467 14,643 0.171 2,406 146 1,127 NA 0 0.277 0.205
2,006 10,085 15,113 0.238 18,282 30,877 0.136 134,131 982 1,659 69 95 0.493 -0.307
2,007 7,946 13,060 0.178 26,230 40,876 0.100 78,298 42 141 NA 0 0.524 0.146
2,008 3,940 12,898 0.200 10,400 37,574 0.162 13,121 NA 0 NA 0 0.458 0.333
2,009 5,460 12,832 0.140 11,429 34,855 0.112 20,879 NA 0 NA 0 0.618 0.439
2,010 25,543 31,277 0.159 64,564 86,355 0.147 178,028 3,099 6,111 3,544 3,971 0.325 0.276
2,011 112,202 135,732 0.160 115,379 142,601 0.077 599,990 3,701 10,913 3,256 3,576 0.465 -0.123
2,012 8,936 26,663 0.202 73,843 186,865 0.046 207,625 948 8,600 3,869 5,753 0.777 0.307
2,013 24,090 54,686 0.179 42,508 93,854 0.128 142,083 1,759 10,928 1,722 3,144 0.670 0.013
2,014 59,283 91,299 0.125 86,670 125,427 0.063 105,271 4,188 14,274 4,752 5,278 0.427 0.101
2,015 113,677 181,063 0.101 313,249 372,916 0.074 723,946 9,524 19,416 4,976 8,838 0.257 0.143
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BIOMAN PELGAS JUVENA CATCH GROWTH
DEPM survey Acoustic survey Acoustic Semester 1 Semester 2 G1 G2+
survey
Year Age 1 Total cv Age 1 Total cv Age O pre- Age 1 Total Age 1 Total Age 1 Age 2+
(tonnes) (tonnes) (tonnes) (tonnes) vious year (tonnes) (tonnes) (tonnes) (tonnes)
(tonnes)
2,016 65,312 152,049 0.114 35,604 89,727 0.130 462,340 5,024 15,380 2,501 3,991 0.765 0.456
2,017 62,488 94,759 0.122 83,713 134,500 0.154 371,563 9,316 22,763 1,705 3,248 0.567 0.079
2,018 145,159 192,088 0.116 136,397 185,524 0.070 725,403 14,138 25,499 4,095 5,236 0.773 0.325
2,019 118,102 223,210 0.115 129,269 183,166 0.053 489,708 6,164 22,760 1,842 4,085 0.167 0.105
2,020 252,547 334,283 0.116 NA NA NA 114,072 8,831 14,870 9,173 10,350 0.424 0.332
2,021 132,182 199,490 0.104 327,454 451,660 0.097 228,879 11,081 23,606 2,970 4,323 0.546 0.348
2,022 84,315 198,741 0.106 73,926 180,749 0.098 208,241 2,742 21,323 1,673 3,341 0.532 0.138
2,023 121,532 160,549 0.118 67,258 78,941 0.121 481,893 14,916 24,213 NA 3,612 NA NA
2,024 NA NA NA NA NA NA 530,986 NA 0 NA 0 NA NA
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Table 3.5.1.2. Bay of Biscay anchovy: Median and 90% probability intervals for some of the parameters estimated in the CBBM.

Notation 5% Median 95% Meaning of parameter

qdepm 0.714 0.875 1.071 Catchability of the DEPM B index

gac 1.224 1471 1.771 Catchability of the Acoustic B index

qrobs 0.014 0.254 4.402 Parameter of the observation equation for the juvenile index

krobs 0.984 1.251 1.523 Parameter of the observation equation for the juvenile index

psidepm 1.926 3.283  5.437 Precision (inverse of variance) of the observation equation of DEPM B index

psiac 3.534 5.994 9.802 Precision (inverse of variance) of the observation equation of Acoustic B index
psirobs 1.113 2.086 3.627 Precision (inverse of variance) of the observation equation of juvenile index

xidepm 3.412 4.043 4.749 Variance-related parameter for the observation equation of DEPM age 1 proportion
xiac 2.757 3.320 3.857 Variance-related parameter for the observation equation of Acoustic age 1 proportion
xicatch 2.368 2.705 3.027 Variance-related parameter for the observation equation of age 1 proportion in the catch
BO 16,076 20,971 26,878 Initial biomass

mur 10.336 10.600 10.874 Median (in log scale) of the recruitment process

psir 0.818 1.223 1.754 Precision (in log scale) of the recruitment process

sagelsem1 0.395 0.460 0.540 Age 1 selectivity during the 15t semester

sagelsem2  0.848 1.021 1.220 Age 1 selectivity during the 2" semester

G1 0.485 0.538 0.596 Intrinsic growth at age 1

G2 0.167 0.217  0.272 Intrinsic growth at age 2+

psig 21.154 29.708 40.141 Precision of the observation equations for intrinsic growth at ages 1 and 2+
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Table 3.5.1.3. Bay of Biscay anchovy: Median and 90% probability intervals for recruitment, spawning—stock biomass, fishing mortalities by semester and harvest rates (Catch/SSB) as
resulted from CBBM.

R (tonnes) SSB (tonnes) fsem1 fsem2 Harvest rate

Year 5% Median 95% 5% Median 95% 5% Median 95% 5% Median 95% 5% Median 95%

1,987 12,082 15,772 21,056 15,743 20,587 27,067 0965 1263 1.625 0.270 0.381 0.539  0.531 0.699 0.914

1,988 25,708 31,082 38,026 23,283 28,537 35,614 0.826 1.061 1332 0306 0413 0556 0405 0505 0.619

1,989 6,468 9,101 12,831 10,520 15,183 21,361 0.718  0.992 1375 0138 0.204 0.317 0386 0.543 0.783

1,990 58,777 67,106 77,564 45,148 52,622 62,349 1.029 1.269 1.546  0.591 0.782 1.024  0.541 0.641 0.747

1,991 17,483 22,933 30,459 21,681 28,970 38,594 0.905  1.191 1.567 0.214 0302 0442 0469 0.625 0.835

1,992 67,379 85,773 108,572 52,229 69,852 91,586 0.927 1.251 1.684 0.287 0.411 0.619 0406 0533 0.712

1,993 52313 66,097 81,189 60,972 72,688 86,665 0.711 0.892 1123 0464 0.603 0.789 0.454  0.541 0.645

1,994 33,600 41,453 51,658 38,850 47,513 58,370 0.952 1.192 1469 0493 0663 0.89 0576 0.708 0.865

1,995 33,886 44,708 58,369 28,197 39,493 54,064 1.173 1.605 2182 0.269 0402 0635 0538 0.737 1.032

1,996 40,834 50,734 62,514 38,127 46,596 57,558 0.993 1.279 1.640 0.551 0.761 1.035 0.571 0.706  0.863

1,997 30,808 39,820 52,286 34,146 44,458 58,695 0499 0670 0889 0431 0622 0909 0.348 0460 0.599

1,998 71,444 93,286 120,868 69,933 91,790 119,180 0.347 0469 0.625 0.368 0.527 0.778 0.263 0.342 0.449

1,999 31,035 45,206 64,871 51,450 68,651 90,231 0.399 0539 0732 0309 0435 0626 0.288 0.379 0.505

2,000 74,824 91,407 110,956 76,732 93,383 112,329 0579 0.724 0912 0.309 0.407 0544 0328 0.395 0.481

2,001 62,087 73,470 87,417 77,714 89,405 104,767 0.558 0.676 0.817 0424 0532 0.664 0.383 0.449 0.516

2,002 9,304 12,887 17,986 31,332 37,749 46,361 0.458 0.568  0.691 0.411 0.533 0.680 0.377 0.463 0.558
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R (tonnes) SSB (tonnes) fsem1 fsem2 Harvest rate
Year 5% Median 95% 5% Median 95% 5% Median 95% 5% Median 95% 5% Median 95%
2,003 15,529 19,677 24,661 21,859 26,988 33,046 0.314 0396 0498 0515 0.687 0917 0.317 0.388 0.479
2,004 24,673 30,373 37,865 24,273 30,387 38,383 0.685 0.884 1136 0471 0656 0914 0422 0533 0.667
2,005 2,702 4,186 6,188 10,128 14,130 19,403 0.116  0.162 0.227 0.000 0.000 0.000 0.058 0.080 0.111
2,006 11,493 15,891 21,519 14,248 19,319 25,612 0.187 0.252 0.344 0.008 0.012 0.017 0.068 0.091 0.123
2,007 14,695 20,729 28,345 21,428 28,719 37,560 0.011 0.014 0.019 0.000 0.000 0.000 0.004 0.005 0.007
2,008 5,952 8,679 12,538 17,207 22,661 29,344 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2,009 6,704 9,527 13,670 14,493 18,924 24,615 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2,010 35,527 46,046 59,920 36,120 46,471 59,922 0.330  0.431 0.561 0.150 0.208 0.290 0.168 0.217  0.279
2,011 86,618 110,011 139,440 91,420 114,540 143,256 0.244 0.312 0397 0.055 0.074 0.099 0.101 0.126  0.158
2,012 33,797 44,556 58,244 76,222 94,311 116,940 0.162 0.205 0.258 0.127 0.163 0.210 0.123 0.152  0.188
2,013 28,156 37,107 48,753 52,089 65,885 82,679 0.302 0.382 0483 0.096 0.126 0.166 0.170 0.214 0.270
2,014 53,464 69,443 89,665 63,843 81,796 103,214  0.387  0.491 0.631 0.121  0.163 0219 0.189 0.239  0.306
2,015 83,715 105,684 135589 97,868 120,651 150,132 0.368 0467 0.582 0.138 0.183  0.241 0.188  0.234  0.289
2,016 38,385 50,432 67,270 72,895 91,995 117,571 0.298 0.383 0488 0.086 0.115  0.151 0.165  0.211 0.266
2,017 49,189 63,504 82,906 63,569 81,588 106,105 0.538 0.706 0.904 0.076 0.103 0.139 0.245 0.319 0.409
2,018 79,420 101,339 131,022 87,121 111,310 144,661 0495 0.659 0.846 0.086 0.117  0.161 0.212 0.276 0.353
2,019 45252 61,204 83,036 69,692 92,957 124420 0429 0585 0.779 0.083 0.116  0.161 0.216 0.289 0.385
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R (tonnes) SSB (tonnes) fsem1 fsem2 Harvest rate
Year 5% Median 95% 5% Median 95% 5% Median 95% 5% Median 95% 5% Median 95%
2,020 78,938 104,290 139,318 96,003 125,293 166,147 0.254 0.342 0454 0.149 0.207 0.285 0.152 0.201 0.263
2,021 80,828 105,992 140,816 104,285 137,584 184,420 0.340 0457 0.608 0.057 0.079 0.108  0.151 0.203 0.268
2,022 30,053 42,062 59,686 64,313 89,420 124558 0.365 0508 0.699 0.071 0.102 0.148 0.198 0.276 0.383
2,023 70,266 105,404 156,052 74,813 116,065 174,121 0412 0606 0917 0.049 0.077 0.125 0.160 0.240 0.372
2,024 35,363 83,436 189,329 82,166 134,560 239,025 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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Figure 3.5.1.1: Bay of Biscay anchovy: Historical series of spawning—stock biomass estimates and the corresponding
confidence intervals from DEPM (solid line and circles) and acoustics (dashed line and triangles).
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Figure 3.5.1.2: Bay of Biscay anchovy: Historical series of age 1 biomass proportion estimates from DEPM (dashed
line and circles) and acoustics (dotted line and triangles).
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Figure 3.5.1.3: Bay of Biscay anchovy: Historical series of the juvenile abundance index from the autumn

acoustic survey JUVENA that is related to recruitment (age 1) next year.
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Figure 3.5.1.4: Bay of Biscay anchovy: Historical series of total catch (solid line) and catch by semesters (dashed and
dotted lines for the first and second semester respectively). Note that the catch in 2023 is provisional and the catch

in 2024 is set at zero.
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Figure 3.5.1.5: Bay of Biscay anchovy: Historical series of total (solid line) and age 1 (dashed line) catch (in tonnes).
The left panel corresponds to the first semester and the right panel to the second semester. Note that the catch in

2023 is provisional.
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Figure 3.5.1.7: Bay of Biscay anchovy: Comparison between the prior (dotted line) and posterior distribution (solid
line) for some of the parameters of CBBM.
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Figure 3.5.1.8: Bay of Biscay anchovy: Posterior median (bullet points) and 90% probability intervals (solid lines) for
the recruitment (age 1 in mass in January), the spawning—stock biomass, the fishing mortality for the first and sec-
ond semesters and the harvest rates (catch/biomass) from the CBBM. It must be taken into account that the fishing
mortalities in 2024 are fixed at zero and SSB in 2024 results from no fishing in 2024.
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Figure 3.5.1.9: Bay of Biscay anchovy: Posterior distribution of SSB in 2024, under the assumption of no fishing dur-
ing 2024. The red vertical line represents Blim at 21 000 tonnes.
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Figure 3.5.1.10: Bay of Biscay anchovy: Pearson residual medians and 90% probability intervals to the survey and
catch observations used in the CBBM. From top to bottom and from left to right, residuals of the age 1 biomass
proportion from the DEPM, total biomass from the DEPM, age 1 biomass proportion from the acoustic, total bio-
mass from the acoustic, recruitment index, age 1 proportion in mass in the 15t semester catch, total catch in the 1t
semester, age 1 proportion in mass in the 2" semester catch and total catch in the 2" semester.
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Figure 3.5.1.11: Bay of Biscay anchovy: From top to bottom comparison of the posterior median (points) and 90%
probability intervals (solid lines) of the recruitment (age 1 in mass in January), the spawning—stock biomass, the
fishing mortality in the first and in the second semester and the harvest rate assessed in WGHANSA 2022 (cross)
and in WGHANSA 2023 (bullet).
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3.5.2 Retrospective pattern

A five-year retrospective analysis of SSB, recruitment, fishing mortality by semester and harvest
rate was conducted. For each run, assessment was conducted using DEPM and acoustic surveys
data until the terminal year and recruitment survey data until the intermediate year. Catch data
for the intermediate year were assumed to be zero, so that SSB and fishing mortality by semester
for the intermediate year were not considered reliable, i.e. only estimates of recruitment in the
intermediate year were analysed.

The trends for SSB, recruitment and fishing mortality by semester in the retrospective analysis
are similar. However, looking at absolute values, the estimates from the retrospective analysis in
general are not within the 90% probability interval of last year’s assessment (Figure 3.5.2.1). Alt-
hough results from assessments in 2018, 2019, 2020, 2021 and 2022 show similar time series, re-
sults in 2023 have been notoriously revised for the last 5 years estimates (Figure 3.5.2.1). Recruit-
ment has been revised downwards (except for 2023) while fishing mortalities were revised up-
wards as noted in the previous section.

Retrospective bias was measured in terms of the Mohn’s rho (Mohn, 1999) using the function
mohn() in the R package icesAdvice (https://CRAN.R-project.org/package=icesAdvice). The rel-
ative bias for recruitment in the intermediate year was positive in 2019 and 2022, and negative in
the other years, with high absolute values for 2020 and 2021 (Figure 3.5.2.2). It ranged between -
0.7 and 0.3 and the Mohn's rho was calculated at -0.17. The relative bias for SSB in the terminal
year was always positive (Figure 3.5.2.2). The relative bias for SSB ranged between 0.3 and 0.5,
and the Mohn’s rho was 0.44. Mohn’s rho for the fishing mortality by semester and annual har-
vest rate was -0.28, -0.33 and -0.30 respectively. The relative bias for the three time-series was

negative in all the years and ranged between -0.25 and -0.4 (Figure 3.5.2.2).
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Figure 3.5.2.1: Bay of Biscay anchovy: From top to bottom retrospective pattern of recruitment (age 1 in tonnes on
1%t January), SSB, fishing mortality on 15t and 2" semesters and harvest rate. The shaded are represents the 90%
probability intervals from this year’s assessment.
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Figure 3.5.2.2: Bay of Biscay anchovy: From top to bottom relative bias of recruitment (age 1 in tonnes on 15t Janu-
ary), SSB, fishing mortality on 15t and 2" semesters and harvest rate. The horizontal dashed lines represent the
Mohn'’s rho statistic for each time-series.

353 Reliability of the assessment

Compared to commonly used assessment methods in ICES, the Bayesian two-stage biomass-
based model (CBBM) entails changes in both the methodology used for projecting the population
forward and establishing catch options and in the terminology in which the assessment and con-
sequent advice is given. The state of the stock is given in terms of spawning biomass, recruitment
is understood as biomass at-age 1 at the beginning of the year and management options may be
given in terms of catches. Due to the Bayesian framework, all the results are given in stochastic
terms and deterministic point estimates are replaced by summary statistics of the posterior dis-
tributions of the parameters, such as medians and percentiles.

The Pearson residuals for all the observations used in the assessment show no major discrepan-
cies between the observed and modelled quantities (residuals within -2 and 2). However, the
residuals of the age 1 proportion (in mass) in the catch of the first semester have been negative
from 2010 (fishery reopening) to 2015, and the residuals of biomass from the DEPM have been
positive since 2013. The former can be related to changes in the selection pattern of the fishery,
while the later can be related to interannual changes in the percentage of biomass in the Canta-
brian coast, which is not covered by the acoustic survey. In addition to these patterns in residuals,
this year the assessment results have been revised greater than in previous years (downwards
revision for the SSB for the most recent 4-5 years and upwards revision for fishing mortalities).
This revision can be also related to the previously mentioned issues such as the conflicting signals
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in the surveys or incorrect model assumptions (constant growth). All these patterns and revisions
should be further investigated in next years.

The catch data for 2023 are preliminary and the definite data will be available for WGHANSA
2024. As a result, the fishing mortality estimates in 2023 must also be considered as preliminary.

In 2015, the WG tested the sensitivity of the assessment to the reallocation of the French catches
near the border of Subarea 8, and it was demonstrated that the influence was low. This should
be further investigated in the next coming years, especially if the reallocated catches exceed the
limits of the historical series.

The assessment scale is given by the survey catchability estimates. It therefore must be empha-
sized and admitted explicitly that the assessment should always be examined in relative terms,
exploring the trends in biomass or harvest rates.

3.6 Short-term predictions

As the assessment, the short-term forecast for this stock can be conducted in June or in Novem-
ber. In June, there is no indication on next year recruitment, so the forecast has usually been
based on an assumed undetermined recruitment scenario in which all the past recruitments were
equally likely. In November, the forecast can be based on the next year recruitment distribution
derived from the November assessment. The short-term prediction presented here, is based on
the results from the final assessment conducted in November described in the previous section.

Recruitment in 2024 is estimated in the assessment and it is mainly informed by the latest JU-
VENA juvenile abundance index and the parameters of the JUVENA observation equations. Fig-
ure 3.6.1 shows the posterior distribution of recruitment in 2024 from the assessment in Novem-
ber. The median recruitment (age 1 biomass on 1st January) in 2024 for the November projections
is around 83 436t.

The method for the short-term projections based on the November assessment is described in the
stock annex approved in October 2013.

The European Commission requested ICES to provide advice based on the harvest control rule
(HCR) named G3 with a harvest rate of 0.4 (STECF, 2013, 2014).

The full formulation of this HCR is as follows:

0 if SSB, < 24000
TACjan,-pec, = | —2600 + 0.45SB, if24000 < S5B, < 89000
33000 if SSB,, > 89000

where SSB,, is the expected spawning-stock biomass in year y. See also Figure 3.6.2 for a graph-
ical representation.

In this rule, the TAC from January to December is based on the spawning biomass SSB,, that will
occur during the management year, which at the same time depends on the catches taken during
the first semester of the management year. So, both parameters (catches and SSB) are inter-de-
pendent and vary together. This leads to seek the value of fishing mortality during the first se-
mester solving the system for the median values of recruitment 2024, biomass at-age 2+ at the
beginning of 2024, the growth rates at-age 1 and 2+ and the selectivity at-age 1 in the first semes-
ter. The % of annual catches taken in the first semester was assumed to be 60% following STECF
(2013; 2014). The simulations done by STECF for similar HCR suggested that the performance of
the HCR was not dependent on the assumed split of the catches by semesters.

According to HCR G3 with harvest rate of 0.4, the TAC for the fishing season running from 1
January to 31 December 2024 should be established at 33 000 t. Under the assumption that 60%
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of the annual catches are taken in the first semester, the deterministic SSB in 2024 is 119 026 t
(Table Error! Reference source not found.). When the projection is stochastic, the median SSB in
2024 is around 120 858 t with a 90% probability interval between 68 537 t and 225 284 t (Figure
3.6.3). The probability of SSB in 2024 being below Blim is below 0.001.

Starting from the posterior distribution of recruitment (age 1 biomass) and biomass at-age 2+ on
the 1st January 2024, the population was projected forward for one year. Total allowable catch
during 2024 were explored from 0 (fishery closure) to 70 000 tonnes with a step of 5000 tonnes
for a range of percentages of catches being taken in the first semester from 0 to 1 with a step of
0.1. Probability distributions of SSB in 2024 were derived for each of the catch options. For all
cases, the probability of SSB in 2024 being below Blim is below 0.025 (Table 3.6.1 and Figure
3.6.4) and the corresponding median SSB values in 2024 are above 83 973t (Table 3.6.2 and
Figure 3.6.4).

Under the assumption that 60% of the annual catches are taken in the first semester, the proba-
bility of SSB in 2024 being below Blim is lower than 0.05 for total catches up to 138 309 t (Table
3.6.1 and Figure 3.6.5). The harvest rate in 2023 was equal to 0.24. The same harvest rate in 2024
would lead to catches around 28 945 t and SSB around 120 735 t, with probability of SSB being
below Blim lower than 0.001.

The final catch options table for 2024 is given in Table 3.6.3.

Following the stock annex, the usual underlying assumption for the short-term projections is that
60% of the catches are taken in the first semester. This value corresponds to the average of the
percentages of catches in the first semester from 1987 to 2004 before the fishery closure and it was
also used in the evaluation of the management plan (STECF, 2013, 2014). However, the percent-
age of the catches taken in the first semester since the re-opening of the fishery has been 0.75. In
2020 a sensitivity analysis was carried out to test the potential influence of this assumption. In
general, given the current high levels of biomass, the impact in the final catch option table was
low.
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Table 3.6.1. Bay of Biscay anchovy: Probability of SSB in 2024 of being below Blim under different catch options for 2024 and alternative catch allocation by semesters.

P(SSB < Blim) % CATCHES IN THE FIRST SEMESTER 2024
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

R esti- TOTAL 0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

mated CATCH 2024
5000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
10000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
15000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
20000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
25000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0002 0.0002
30000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0002 0.0004 0.0004
35000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0002 0.0004 0.0005 0.0009
40000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0002 0.0004 0.0007 0.0009 0.0013
45000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0002 0.0004 0.0005 0.0009 0.0013 0.0022
50000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0002 0.0004 0.0009 0.0013 0.0022 0.0031
55000 0.0000 0.0000 0.0000 0.0000 0.0002 0.0004 0.0009 0.0011 0.0022 0.0025 0.0044
60000 0.0000 0.0000 0.0000 0.0000 0.0002 0.0004 0.0009 0.0015 0.0024 0.0047 0.0095
65000 0.0000 0.0000 0.0000 0.0000 0.0004 0.0007 0.0011 0.0020 0.0035 0.0066 0.0155
70000 0.0000 0.0000 0.0000 0.0000 0.0004 0.0009 0.0015 0.0025 0.0047 0.0126 0.0246
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Table 3.6.2. Bay of Biscay anchovy. Median SSB in 2024 under different catch options for 2024 and alternative catch allocation by semesters.

P(SSB < Blim) % CATCHES IN THE FIRST SEMESTER 2024
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
R esti- TOTAL 0 134,560 134,560 134,560 134,560 134,560 134,560 134,560 134,560 134,560 134,560 134,560
mated CATCH
2024 5000 134,560 134,219 133,879 133,538 133,196 132,851 132,508 132,162 131,817 131,472 131,126

10000 134,560 133,879 133,196 132,508 131,817 131,126 130,434 129,741 129,052 128,364 127,674

15000 134,560 133,538 132,508 131,472 130,434 129,396 128,364 127,329 126,296 125,258 124,209

20000 134,560 133,196 131,817 130,434 129,052 127,674 126,296 124,911 123,507 122,113 120,717

25000 134,560 132,851 131,126 129,396 127,674 125,950 124,209 122,461 120,717 118,961 117,206

30000 134,560 132,508 130,434 128,364 126,296 124,209 122,113 120,018 117,905 115,797 113,663

35000 134,560 132,162 129,741 127,329 124,911 122,461 120,018 117,555 115,085 112,600 110,067

40000 134,560 131,817 129,052 126,296 123,507 120,717 117,905 115,085 112,239 109,340 106,445

45000 134,560 131,472 128,364 125,258 122,113 118,961 115,797 112,600 109,340 106,084 102,794

50000 134,560 131,126 127,674 124,209 120,717 117,206 113,663 110,067 106,445 102,794 99,073

55000 134,560 130,780 126,984 123,158 119,315 115,441 111,517 107,526 103,536 99,441 95,344
60000 134,560 130,434 126,296 122,113 117,905 113,663 109,340 104,999 100,564 96,060 91,560
65000 134,560 130,088 125,604 121,066 116,504 111,878 107,166 102,440 97,577 92,682 87,755

70000 134,560 129,741 124,911 120,018 115,085 110,067 104,999 99,810 94,581 89,278 83,973
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Table 3.6.3. Bay of Biscay anchovy: Catch options for 2024 under the assumption that 60% of the catches were taken in
the first semester.

STOCHASTIC DETERMINISTIC
Basis Catch P(SSB SSB Harvest rate
2024 2024<Blim) 2024 2024
G3 with hr=0.4 33,000 0.000 119,026 0.277
Zero catches 0 0.000 132,726 0.000
Sgg;e deterministic harvest rate as 28.045 0.000 120,735 0.240
P(SSB2024<BIlim)=0.05 138,309 0.050 71,729 1.928
Other options 10,000 0.000 128,621 0.078
Other options 20,000 0.000 124,476 0.161
Other options 30,000 0.000 120,291 0.249
Other options 40,000 0.000 116,062 0.345
Other options 50,000 0.000 111,789 0.447
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Figure 3.6.1: Bay of Biscay anchovy: Posterior distribution of recruitment (age 1 biomass at the beginning of the year) in
2024.
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Figure 3.6.2: Bay of Biscay anchovy: Harvest control rule G3 with harvest rate of 0.4 according to which the TAC from
January to December is set as a function of the expected spawning—stock biomass (on 15th May) in the management
year.
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Figure 3.6.3: Bay of Biscay anchovy: Posterior distribution of SSB in 2024 if the annual catch is set according to the LTMP
at 33 000 t and 60% of the catch is taken during the first semester. Vertical black dashed lines represent the 5, 50 and 95
posterior quantiles, whereas the red vertical line is Blim (21 000 t).

75



76

ICES SCIENTIFIC REPORTS 5:67

o |
N
Q S
S
w
[}
E «© |
@ o
w
®
()]
c = ]
4&‘ o
=
o
S o«
£ =
o _|
o
I I I I I
0 20000 40000 60000 80000
Total catch 2024
o _| » A
- 8.
\ 5000\
7%
< ° \
S @ ®
o
cg \900(
o
E « |
@ o
o5 770000 70
‘6 Q
L
£ 11504
c 120099
S e TSI
S«
2 o \ 1250
130000
o _|
o
T T T T T
0 20000 40000 60000 80000

Figure 3.6.4: Bay of Biscay anchovy: Contour plots of probability of SSB in 2024 being below Blim (on the top) and median
SSB in 2024 (on the bottom) depending on the total catch in 2024 (x-axis) and the % of the catch in the first semester (y-

axis). The vertical red line is set at 33 000 t.

Total catch 2024

ICES



ICES

WGHANSA 2023

o
o
o _| D
o -
o~ o
o
=4 —
g 1 E o
o ¥ 9 o
[a1]
»n ®
B
o o
o
e
o
= =
o
o
o
e
o
(=)
o
=
o
T T T T T T T T T T
0 50000 100000 150000 200000 0 50000 100000 150000 200000
Total catch (t) 2024 Total catch (t) 2024

Figure 3.6.5: Bay of Biscay anchovy: SSB in 2024 (on the left) and probability of SSB in 2024 been below Blim (on the right)
depending on the total catch taken in 2024 when 60% of the catch is taken during the first semester.

3.6.1 Evidence for changes in advice

A comparison of the input data used in the forecast from the current and previous assessments
is provided in this section. In Figure 3.6.1.1 estimated time series for recruitment, SSB and fishing
mortalities for first and second semester for previous and current assessments are shown. All
estimated quantities for both assessments are compared in Table 3.6.1.1 and forecast assumptions
from previous and current advice sheets are shown in Table 3.6.1.2.

The advice for 2024 is unchanged from the advice for 2023. In both years the SSB is above the
upper trigger in the management plan, resulting in the maximum allowable catch under the
management plan harvest control rule.
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3.6.1.1: Bay of Biscay anchovy: Recruitment, SSB and fishing mortalities for first and second semester estimated in pre-

vious (last) and current assessments.

Table 3.6.1.1: Bay of Biscay anchovy: Estimated quantities in previous and current assessments.

Notation 2023 assessment 2022 assessment Meaning of parameter
5%  Median 95% | 5% Median  95%

qdepm 0.714 0.875 1.071 | 0.684  0.831 1.007 Catchability of the DEPM B index

gac 1.224 1.471 1.771 | 1.223 1.452 1.722 Catchability of the Acoustic B index

qrobs 0.014 0.254 4402 | 0.027 0.480 8.440 Parameter of the observation equa-
tion for the juvenile index

krobs 0.984 1.251 1.523 | 0.919 1.185 1.453 Parameter of the observation equa-
tion for the juvenile index

psidepm 1.926 3.283 5.437 | 2.325 4.013 6.836 Precision (inverse of variance) of the
observation equation of DEPM B in-
dex

psiac 3.534 5.994 9.802 | 4.582  7.985 13.310 Precision (inverse of variance) of the
observation equation of Acoustic B in-
dex

psirobs 1.113 2.086 3.627 | 0.962 1.801 3.139 Precision (inverse of variance) of the
observation equation of juvenile index

xidepm 3.412 4.043 4.749 | 3407 4.075 4.791 Variance-related parameter for the
observation equation of DEPM age 1
proportion

xiac 2.757 3.320 3.857 | 2.816  3.393 3.945 Variance-related parameter for the
observation equation of Acoustic age
1 proportion
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Notation 2023 assessment 2022 assessment Meaning of parameter

xicatch 2.368 2.705 3.027 | 2.354 2.693 3.015 Variance-related parameter for the
observation equation of age 1 propor-
tion in the catch

BO 16,076 20,971 26,878 | 16,046 20,858 26,452 Initial biomass

mur 10.336  10.600 10.874 | 10.329 10.613 10.884 Median (in log scale) of the recruit-
ment process

psir 0.818 1.223 1.754 | 0.759 1.165 1.679 Precision (in log scale) of the recruit-
ment process

sagelsem1 0.395 0.460 0.540 | 0.393  0.462 0.540 Age 1 selectivity during the 1% semes-
ter

sagelsem?2 0.848 1.021 1.220 | 0.852 1.027 1.239 Age 1 selectivity during the 2™ se-
mester

G1 0.485 0.538 0.596 | 0.487  0.541 0.599 Intrinsic growth at age 1

G2 0.167 0.217 0.272 | 0.175  0.227 0.285 Intrinsic growth at age 2+

psig 21.154 29.708 40.141 | 20.434 28.282 38.333 Precision of the observation equa-
tions for intrinsic growth at ages 1
and 2+

SSBass y 74,813 116,065 174,121 | 94,268 137,278 194,166 | Estimated SSB in the assessment
year

Table 3.6.1.2: Bay of Biscay anchovy: Forecast assumptions from previous and current assessments.

Year* Current assessment (2023) Previous assessment (2022)
Assumed recruitment 2022 42 062 98 865

2023 105 404 82389

2024 83436
Catch 2022 25196 25496
HR 2022 0.28 0.19

*2022’ = Intermediate year in the previous assessment; 2023’ = advice year in the previous assessment

3.7

3.7.1

Reference points

Reference points and management considerations

The reference points and their definitions are found in the stock annex for this stock, which was
approved in October 2013.

Bay of Biscay anchovy is a short-lived species classified in category 1. According to the guide-
lines, the classification of status of stock for short-lived species should be based directly on the
distribution of SSB at spawning time relative to Bim. Bim is set at 21 000 tonnes. Given that the
current assessment provides the probability distributions for SSB, the probability of SSB being
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below Biim can be directly estimated and the definition of Bpa becomes irrelevant. Alternatively,
F precautionary approach (PA) reference points don’t need to be defined, since ICES does not
use F reference points to determine exploitation status for short-lived species.

According to the recent advisory practice (ICES Advice 2019, Book1, Section 1.2 General context
of ICES advice), the ICES MSY approach for short-lived stocks is aimed at achieving a target es-
capement (MSY Bescapement, the amount of biomass left to spawn), which is more robust
against low SSB and recruitment failure than a fishing mortality approach. In addition, fishing
mortality is not allowed to be higher than Fep, a limit fishing mortality that constraints the ex-
ploitation rate when biomass is high. This applies to the Bay of Biscay anchovy. Hence, defining
an FMSY is irrelevant, and advice aiming at MSY is equivalent to the precautionary approach
advice. ICES advice for this stock is based on a management plan and MSY Bescapement and
Feap have not been defined for this stock.

3.7.2 Short-term advice

Providing a risk adverse advice according to the precautionary approach in the short-term per-
spective translates into recommending a TAC, which implies a low risk of leading below Biim, for
selected scenario(s) of recruitment.

The Bayesian assessment model provides estimates of the uncertainty, which are expressed as
posterior distributions of the interest parameters. The posterior distributions express the uncer-
tainty of the results given the uncertainty of the data and the prior assumptions, and presumably
represent more realistic estimates of the uncertainty than the assumptions underlying the dis-
tance between Biim and Bpa in the common deterministic framework.

According to the current stock annex, the assessment of this stock can be conducted at two points
in time: in June when SSB is estimated based on the most recent spring surveys information and
in November when the assessment can incorporate the most recent juvenile abundance index
from JUVENA and any other updated data.

Similarly, the forecast can be given based either on the June or November assessment. In the for-
mer the assessment goes up to June, and given that there is no indication on the strength of the
incoming year class, an undetermined scenario is assumed based on a mixture distribution of all
the past recruitments. In the latter, the assessment covers the whole year up to December and
the next year recruitment distribution is derived from the assessment which includes the latest
juve-nile abundance index.

3.7.3 Management plans

A draft management plan was proposed by the EC in 2009 in cooperation between science
(STECF) and stakeholders (Southwestern Waters AC). This plan was not formally adopted by
the EU, but it was used from 2010 to 2014 for establishing the TAC for the period between 1st
July and 30th June next year.

In February 2013, the Bay of Biscay anchovy stock was benchmarked in the Benchmark Work-
shop on Pelagic Stocks (WKPELA). The new stock annex for this stock was approved in October
2013 after further discussions held during WGHANSA 2013 and afterwards by correspondence.

Given that the 2009 long-term management plan proposal for the stock was based on the meth-
ods described in the previous stock annex (approved by WKSHORT 2009), STECF was requested
to assess the harvest control rule and possible alternatives scoped with the stakeholders, and
provide advice taking into account the long-term biological and economic objectives established
in the plan. The STECF expert group met from 14 to 18 October 2013 and concluded that the
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change in the assessment methodology did not affect the usefulness of the LTMP proposal and
that the HCR remained within the precautionary limits of risk.

In addition, the STECF expert group advised on a possible revision of the HCR (including
changes regarding the HCR and the management calendar) and set the basis for conducting an
impact assessment for the Bay of Biscay anchovy long-term management regulation (STECF,
2013).

The data analysis for support of the impact assessment for the management plan of Bay of Biscay
anchovy was carried out by an STECF expert group that met from 10 to 14 March 2014 (STECF,
2014). A range of alternative HCR formulations were tested and they were considered to provide
a sound base for developing options for fisheries management. In particular, for all the HCRs
tested, the STECF noted that changing the management period to January—December reduced
the risks of the stock falling below Blim, and leaded to a small increase in quantity and stability
of catches compared with the management period July—June.

During the two expert group meetings, the STECF concluded that the HCR in the 2009 LTMP
proposal remained appropriate as a basis for advising on TACs. Therefore, in July 2014, the TAC
from July 2014 to June 2015 was set according to this draft plan.

In the second semester of 2014, managers and stakeholders agreed on adopting the HCR named
G4 in the STECF report with a harvest rate of 0.45 (Figure 3.7.3.1). According to this rule, the TAC
for the management period from January to December is set as:

0 if SSB, < 24000
TACjan,-pec, = | —3800 + 0.4555B, if24000 < S5B, < 64000
25000 if SSB, > 64000

where is the expected spawning-stock biomass in year. In this rule, the TAC from January to
December is based on the spawning biomass that will occur during the management year, which
at the same time depends on the catches taken during the first semester of the management year.
So, both parameters (catches and SSB) are interdependent and vary together. This leads to seek
the value of fishing mortality during the first semester solving the system for the median values
of incoming recruitment, biomass at-age 2+ at the beginning of the year, the growth rates at-age
1 and 2+ and the selectivity at-age 1 in the first semester. The % of annual catches taken in the
first semester is assumed to be 0.6 according to STECF (2013; 2014).

Subsequently, the European Commission requested ICES to provide advice in December 2014
based on this new HCR, which was used to set a new TAC from January to December 2015. In
2015, ICES reviewed the selected harvest control rule and concluded that it was precautionary
(Annex 5 in ICES, 2015a). Subsequently, ICES advice for year 2016 was again provided in accord-
ance with this HCR. In May 2016, the SWWAC recommended to modify the management frame-
work (SWW Opinion 101). Based on the good state of the stock, they asked to use the harvest
control rule G3 with a rate of exploitation of 0.4 (Figure 3.7.3.1), which sets the TAC for the man-
agement period from January to December as:

0 if SSB, < 24000
TACjan,-pec, = | —2600 + 0.4SSB, if24000 < SSB, < 89000
33000 ifSSB, > 89000.

This rule complies with the probability of risk of 5% as evaluated by STECF (2014) and has been
assessed to conform to the ICES criteria for management plans (ICES, 2016, Annex 9). The
SWWAC recommended an immediate application of this HCR and in June 2016 the European
Commission increased the fishing opportunities for 2016 from 25 000 to 33 000 tonnes. The Eu-
ropean Commission requested that this rule was used as the basis of the ICES advice from 2017
onwards.
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Figure 3.7.3.1: Bay of Biscay anchovy: Harvest control rules G4 with harvest rate of 0.45 (in red) and G3 with harvest rate
of 0.4 (in blue) according to which the TAC from January to December is set as a function of the expected spawning—stock

biomass (on 15th May) in the management year.

3.7.4 Species interactions effects and ecosystem drivers

Anchovy is a prey species for other pelagic and demersal species, and also for cetaceans and
birds. Recruitment depends strongly on environmental factors, and several recruitment predic-
tions have been proposed in the past based on environmental variables. However, their predic-
tion capacity is still being tested.

3.7.5 Ecosystem effects of fisheries

These effects are not quantified.
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Anchovy in Division 9.a

4.1 ACOM Advice Applicable to the management period
July 2022-June 2023

The stock was benchmarked in February 2018 (WKPELA 2018 ICES, 2018a). WKPELA 2018 sup-
ported the proposal of considering two different components of the stock (western and southern
component) due to the different dynamics of their fisheries and populations. However, until the
stock structure along the division is properly identified, the provision of advice will still be given
for the whole stock, but with separate catch advice for each stock component. Given the high
natural mortality experienced by this stock, its high dependence upon recruitment (the fishery
depends largely on the incoming year class, the abundance of which cannot be properly esti-
mated before it has entered the fishery), and the large inter-annual fluctuations observed in the
spawning stock, ICES is aware that the state of this resource can change quickly. Therefore, an
in-year monitoring and management, or alternative management measures should be consid-
ered. However, such measures should take into account the data limitation of the stock and the
need for a reliable index of recruitment strength.

From the above reasons, the management calendar for the application of the advice has been
agreed to be the one from 1 July of year y to 30t June of year y+1 since 2018 onwards.

ICES advised for the period 1st July 2022 to 30t June 2023 that when the precautionary approach
is applied, catches from the western component should be no more than 14 083 t and catches
from the southern component should be no more than 1694 t (no more than 15 777 t for the whole
stock). The TAC for this same management period was initially agreed in 15 777 t (Portugal: 8231
t; Spain: 7546 t). After the application of inter-annual flexibility criteria and swaps the national
quotas were finally adjusted to 8231 t for Portugal and 7968 t for Spain.

Official anchovy landings in the division in 2022 were of 10 299 t. Estimated total catches were
10 343 t. Provisional estimated catches for the current management calendar are 13 106 t (western
component: 5869 t; southern component: 7237 t).

4.2 Population structure and stock identity

A review of the anchovy sub-stock structure in the Iberian Atlantic waters (Ramos, 2015) was
submitted in 2015 to the ICES Stock Identification Methods Working Group SIMWG; ICES, 2015).
At that time, SIMWG considered that there was evidence to support a self-sustained population
of anchovy located in the Gulf of Cadiz (GoC, ICES Subdivision 9a South), but there was a lack
of information regarding the origin of European anchovy in the western subdivisions (compris-
ing subdivisions 9a North, 9a Central-North and 9a Central-South; Figure 4.2.1).

This stock was benchmarked at WKPELA in 2018 by ICES (ICES, 2018a) and an updated review
of this issue was provided to this workshop, which included new available information of the
potential connectivity of anchovy population of the 9a West subdivisions with the south Iberian
population (Garrido et al., 2018a). Evidence shown at that time led to the decision of considering
the anchovy populations inhabiting the southern and western Iberian regions as separate stock
components for management purposes. The western component comprises the subdivisions 9a
North, 9a Central-North and 9a Central-South. The southern component includes the Portuguese
and Spanish waters of the Subdivision 9a South.
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A Working Document was submitted and presented during WGHANSA-1 2022 with updated
information on anchovy stock structure in the 9a area (Garrido et al. 2022). Anchovy spatial dis-
tribution in Division 9a provided by surveys shows a persistent discontinuity between the west-
ern and southern components of the stock for several life stages (eggs, juveniles and adults) and
during different seasons of the year. Landings also show this discontinuity, with more than 90%
of Portuguese landings occurring in Subdivision 9a C-N since 2017. No correlation was found
between anchovy catches between the two areas, suggesting independent dynamics. The hy-
pothesis that the western stock might come from migration from the southern component was
not supported by the current data, since there was no correlation between anchovy abundance
and landings in the western Iberia with anchovy abundance in the southern Iberia in the follow-
ing year. The spatial discontinuity and the independent dynamics between the western and
southern anchovy populations point to the presence of a self-sustained anchovy population in
the western Iberia, independent of the southern component. A review of studies conducted in
Portuguese estuaries have also shown the persistent presence of recruits in numerous estuaries,
mainly in the Subdivision 9a C-N, which, agreeing with the concentration of eggs in this subdi-
vision, points to the presence of a self-sustained population in this area. Morphometric and ge-
netic studies seem to indicate a differentiation of the western and Cantabrian populations, as
well as a separation with those from the Gulf of Cadiz, but additional analyses are needed as
these conclusions might be affected by the presence of two ecotypes (marine and coastal), which
are often not considered in these studies. From the evidence presented in that working docu-
ment, WGHANSA supported the separation of the western and southern components of the an-
chovy 27.9.a into two stock units: the population in Subdivision 9a South and the populations
from sub-divisions in the western coast (9a North, Central-North and Central-South). Such a
proposal was then submitted to the ICES Stock Identification Methods Working Group (SIMWG)
for consideration (ICES, 2022). SIMWG stated that the results of those studies detect differentia-
tion between both stock components (e.g. Silva et al., 2014; Zarraonaindia ef al., 2012) but may be
biased by different (and unknown) proportions of each ecotype in the samples used. SIMWG
advocates for the need for future monitoring programs to include sampling that considers the
ecotypes presence and to further use genomic markers that display an appropriate level of reso-
lution both geographic and genetic.

4.3 The fishery in 2022

43.1 Fishing fleets

Anchovy harvesting throughout the Division 9.a was carried out in 2022 by the following fleets
in each stock component:

Western component

Portuguese purse-seine fleet (PS_SPF_0_0_0).

Portuguese multipurpose fleet (although fishing with artisanal purse-seines)
(MIS_MIS_0_0_0_HC).

Portuguese trawl fleet for demersal fish species (OTB_DEF_>=55_0_0).

Spanish purse-seine fleet (PS_SPF_0_0_0).

Spanish miscellaneous fleet (artisanal métiers accidentally fishing anchovy)
(MIS_MIS_0_0_0_HC).
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Southern component

Portuguese purse-seine fleet (PS_SPF_0_0_0).

Portuguese multipurpose fleet (although fishing with artisanal purse-seines)
(MIS_MIS_0_0_0_HC).

Portuguese trawl fleet for demersal fish species (OTB_DEF_>=55_0_0).

Spanish purse-seine fleet (PS_SPF_0_0_0).

Spanish bottom otter trawl directed to demersal fish in 9.a South (OTB_MCD_>=55_0_0
anchovy discards).

The Spanish fleet fishing anchovy in the Western component was composed in 2022 by a total of
36 vessels. From this total, 28 vessels (78%) were purse-seiners (Table 4.3.1.1). No information
on the number of Portuguese vessels fishing anchovy in 2022 was available to the working group,
but it may be assumed that the fleet operating in 2021 and 2022 should not be very different from
the one in 2020. The Portuguese fleet targeting anchovy and operating in the Western component
in 2020 was composed by a total of 113 vessels in the Subdivision 9.a Central North and 52 vessels
in the Subdivision 9.a Central South (ICES, 2021a).

Number and technical characteristics of the purse-seine vessels operated by Spain targeting an-
chovy in their national waters off GoC (Southern component) are also summarised in Table
4.3.1.1. In 2022, GoC anchovy fishing was practised by 54 purse-seiners, 7 vessels less targeting
anchovy than in 2021, and still lower than in previous years (74-78 vessels for the period 2016-
2018). Details of the dynamics of this fleet in terms of number of operative vessels over time in
recent years are given in ICES (2008a; WGANC 2008 report) and subsequent WGHANSA re-
ports. The Portuguese fleet targeting anchovy and operating in the Southern component in 2020
was composed of a total of 22 vessels (ICES, 2021a).

4.3.2 Catches by stock component and division

4.3.2.1 Catches in Division 9.a

Anchovy total catch in 2022 was estimated at 10 343 t, which accounted for 42% decrease in rela-
tion to the time-series maximum (since 1989) of catches recorded in the previous year (17 837 t),
and they represent a negative change in the recent period of consecutive high catch levels which
started in 2016 (Table 4.3.2.1.1, Figure 4.3.2.1.1). The above estimate is the result from adding up
10 231 t of official landings and 112 t of discards (see Section 4.3.3).

As usual, the anchovy fishery in 2022 was almost exclusively harvested by purse-seine fleets
(98.9% of the total catch). However, unlike the Spanish fleet fishing in the GoC, the remaining
purse-seine fleets in the division (historically targeting sardine and fishing anchovy as a com-
mercial by-catch) only have targeted anchovy when its abundance was high, as occurred in 2011
and in 2014-2022.

Provisional official landings during the first semester in 2023 amounted to 3502 t (updated until
30" April for the Portuguese fishery and until 17t May for the Spanish one). Preliminary, 39% of
the official landings from the Spanish fishery in 9a S in January—-May (percentage estimated as
the mean of those estimated for the period 2009-2022) were added to account for catches in June
2023 not yet reported. After such computations, the landings in the Spanish fishery in 9a S during
the first semester in 2023 were estimated in 3836 t.

Provisional catches during the current management period (July 2022-June 2023), as the result
of summing up total catches from the second semester in 2022 and provisional official (esti-
mated) landings from the first semester in 2023, amounted to 13 106 t for the whole Division
(5869 t from the western component and 7237 t from the southern component).
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The contribution of each stock component to this total catch is described in the following sections.

4.3.2.2 Catches by stock component

The updated historical series of anchovy catches by subdivision are shown in table 4.3.2.1.1 (see
also Figure 4.3.2.1.1). Table 4.3.2.2.1 shows the contribution of each fleet in the total annual
catches by subdivision. The seasonal distribution of 2022 catches by subdivision is shown in Ta-
ble 4.3.2.2.2.

Western component

The total catch in 2022 for this stock component was estimated at 3548 t, which accounted for
65% decrease on the 2021 catch (10 276 t; i.e. the historical maximum within its time-series), but
still above the time-series average (2345 t). Catches from this component in 2022 accounted for
34% of the total catch in the division. The fractions composing this total catch in 2022 were: 3548
t of official landings and 0 t of discards.

Provisional official landings during the first semester in 2023 amounted to 3354 t.

Provisional catches during the current management period (July 2022-June 2023) amounted to
5869 t.

The distribution of these catches by subdivision is as follows:

Subdivision 9a North

In this Spanish subdivision a total of 15 t was caught in 2022, which accounted for 98% decrease
in relation to the 2021 catches (747 t), 0.4% of the total catch estimated for the Western component
and 0.1% for the whole division. These catches are well below the time-series average (387 t).
Purse seiners were the main responsible for the fishery (99.9% of the total catch in the subdivi-
sion). The fishery was concentrated in the first quarter.

Provisional official landings during the first semester in 2023 amounted to 2683 t (up to 17" May
2023). Those ones corresponding to the current management calendar amounted to 2685 t.

Subdivision 9a Central-North

This subdivision concentrated a great part of the anchovy fishery in 2022 in the Western compo-
nent (99%), but it was not the case for the whole division (34%): a total catch of 3509 t was esti-
mated (with all of these catches corresponding to official landings; neither unallocated nor dis-
carded catches were reported). These catches represented a 63% decrease regarding the catches
estimated the previous year (9521 t), but they are still well above the time-series average (1901
t). Purse-seiners practically harvested the whole fishery, mainly during the first and third quar-
ters in the year.

Provisional official landings during the first semester in 2023 amounted to 669 t (up to end of
April). Official landings for the current management calendar were 3158 t.

Subdivision 9a Central-South

Anchovy catches from this subdivision were 24 t (all of them official landings), accounting for a
214% increase in relation to the catches in 2021 (8 t) but still staying this value below its time-
series average (57 t). Such catches accounted only for 0.7% of the total catch in the Western com-
ponent and 0.2% of the total catch in the division. The fishery was mainly harvested by purse-
seiners, mostly during the third and fourth quarters.

Provisional official landings during the first semester in 2023 (up to end of April) in this subdi-
vision amounted to only 2 t. Official landings for the current management calendar were 26 t.
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Southern component

Subdivision 9a South

The total catch in 2022 of this stock component was estimated at 6795 t, which accounted for a
10% decrease with respect to the 2021 catch (7562 t), but above the time-series average (5106 t),
and represented 66% of the total catch in the division. The fractions composing this total catch in
2022 were: 6683 t of official landings (Portugal: 0.1 t, Spain: 6683 t) and 112 t of (Spanish) discards.

Almost the whole of the total catch (98%) was captured by the purse-seine fleet.
The fishery was concentrated during the second and third quarters in the year.

As mentioned above, provisional official landings during the first semester in 2023 amounted to
3836 t, all of them fished by the Spanish fishery. Preliminary; 1076 t, corresponding to 39% of the
Spanish official landings in January—-May (mean 2009-2022), were added to the Spanish data to
account for landings in June 2023 not yet reported. Official landings and total catches during
2022 in the subdivision for the current management calendar were 3357 t and 3401 t, respectively.
Preliminary estimates for catches for the current management calendar (July 2022—June 2023)
amounted to 7237 t (landings: 7193 t; discards: 44 t).

4.3.3 Discards

See the stock annex for previous available information on discards in the division.

General guidelines on appropriate discard sampling strategies and methodologies were estab-
lished during the ICES Workshop on Discard Sampling Methodology and Raising Procedures
(ICES, 2003).

Covid-19 disruption and the interruption of the IEO’s on-shore and at-sea sampling programs
during the first semester in 2020 because administrative and budgetary reasons prevented from
estimating discards during that semester in the Spanish fisheries in subdivision 9a N and 9a S.
Sampling programs performed as planned in 2021.

Average discards estimates (in t) in subdivision 9a N for the available time-series (2014-2022)
show that quarterly discards could be considered, for the time being, as negligible, almost null.
The same considerations have also been applied to the discards in the Spanish fishery in 9a S.

Western component

Subdivision 9a North

No discards have been recorded during 2022 in the subdivision 9a N. The overall annual discard
ratio for the Spanish fishery in this stock component in 2019 was 0.0006 (0.06%) and may be also
considered in 2022 as negligible as described above.

Subdivisions 9a Central-North and Central-south

Regarding the Portuguese anchovy fishery in this stock component, the official information pro-
vided to the WG states that there are no anchovy discards in the fishery.

Southern component

Subdivision 9a South

No anchovy discards have been reported from the Portuguese fishery.
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Discards in the Spanish fishery were recorded in the purse-seine (3 t) and the bottom-trawl fish-
ery (109 t) mainly during the third quarter. The estimated discards (112 t) represented an annual
discard ratio of 0.02 (1.7%) and may be considered as a very low ratio.

43.4 Effort and landings per unit of effort

Western component

CPUE indices are not considered for this stock component.

Southern component

Annual standardised landings per unit of effort, Ipue, series for the whole Spanish purse-seine
fleet fishing GoC anchovy (Subdivision 9.a-South) are routinely provided to this WG. An update
of the available series (1988-2022) has been provided this year to this WG (Figure 4.3.4.1). Details
of data availability and the standardisation process are commented in the stock annex. At pre-
sent, the series of commercial Ipue indices is only used for interpreting the Spanish purse-seine
fleets” dynamics in Subdivision 9a S. The recent dynamics of fishing effort and Ipue for this fleet
has been described in previous WG reports. Fishing effort experienced a strong decrease since
2017, which was coupled to a parallel decrease in catches. A relatively stable trend in effort (with
some increase in 2020 and 2021) has been recorded during the 2017-2022 period, which was cou-
pled with steeply increasing catches resulting in an increasing trend in lpue in the very recent
years (from less than 1 t to at around 1.2-1.9 t/fishing day). However, a probable overestimation
of the annual estimates computed so far was suggested in previous WG reports because of a
probable underestimation of the true exerted fishing effort on anchovy, since fishing trips tar-
geting anchovy with zero anchovy catches are not considered in the effort measure.

4.3.5 Catches by length and catches-at-age by stock component

Length—frequency distribution (LFD) of catches and catch-at-age data from the whole Division
9.a are routinely provided to this WG from the Spanish fishery operating in the GoC (Subdivision
9.a S), since the anchovy fishery in the division is traditionally concentrated there. Data from the
Spanish fishery in Subdivision 9.a N were usually not available since commercial landings used
to be almost negligible. The same reason is also valid for the Portuguese subdivisions (included
the Portuguese part of the 9.a S (Algarve)), although in this case anchovy was also a group 3
species in its national sampling program for DCF. Nevertheless, the local increases of anchovy
abundance in subdivisions 9.a N and C-N recorded since 2014 have led to a circumstantial ex-
ploitation of the species by the fleets operating in those areas. The respective national sampling
programmes accounted for this event those years but in an accidental way. A higher sampling
effort has been made in the port of Matosinhos (9.a C-N) since 2018 to have monthly biological
data of anchovy in that area that represents the bulk of catches in the western component.

Quarterly LFDs in 2022 have been provided for the Spanish fishery in subdivision 9.a N for the
first quarter only. Landings of the remaining quarters were raised to the corresponding quarterly
LFDs in the previous year. Quarterly ALKs were based on half-yearly ALKs made by combining
PELACUS (April) survey samples and May and June commercial ones (for the first and second
quarters), and July and September commercial samples (for the third and fourth quarters).

Quarterly LFDs and ALKs from the Spanish fishery in subdivision 9.a S were also available and
showed a relatively good coverage. Nevertheless, no LFD was available for landings from the
first quarter, being these landings raised to the LFD of the second quarter. LFDs from bottom-
trawl and purse-seine discards were available in all of the quarters when they were estimated.
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LFDs from the Portuguese fishery provided to this WG are the ones from the anchovy purse-
seine fishery in Subdivision 9.a Central-North, given that only 0.7% and 0.003% of the Portuguese
catches occurred in the 9.a Central-South and 9.a South (Algarve) subdivisions, respectively.
Data was only available for the 1+, 3+ and 4t Quarters.

Catch-at-age data in 2022 have only been provided for the Portuguese fishery from subdivision
9.a C-N for the 34 and 4™ Quarters. No age structure is available for 2022 Portuguese anchovy
catches in subdivisions 9.a C-S and 9 a. S (Algarve), related to the low catches observed in those
areas.

4.3.5.1 Length distributions
Western component

Subdivision 9.a North

Quarterly and annual size composition of anchovy catches for the whole fishery in the Subdivi-
sion 9.a North in 2022 are shown in Table 4.3.5.1.1. Size range in catches from the whole fishery
varied between 11.5 and 18.5 cm size classes (main mode at 16.5 cm size class and a secondary
mode at 13.5 cm size class), with the annual mean size and weight in catches being estimated at
16.5 cm and 32.0 g, respectively.

Subdivision 9.a Central-North

The size composition of 2022 anchovy catches from the Subdivision 9.a Central-North is shown
in Table 4.3.5.1.2. These length—frequency distributions (LFDs) correspond to catches landed by
purse-seiners and polyvalent fleets throughout the year and incidental bottom-trawl catches in
the second semester, hence the raising and further pooling processes applied in order to obtain
overall LFDs by quarters for the whole fishery were done using the data from purse-seine fish-
ery, that accounts for >99% of all catches. Anchovy size composition in catches from the whole
fishery in 2022 ranged between 10.5 and 19.0 cm size classes (main mode at 16.5 cm size class
and a secondary mode at 13.5 cm size class), with a mean size and weight in catches being esti-
mated at 15.2 cm and 24.5 g, respectively.

Subdivision 9.a Central-South

No length composition is available from the Portuguese fishery in this subdivision since the
catches were very scarce.

Southern component

Subdivision 9.a South

Quarterly LFDs from the Spanish catches in 2022 for the whole fishery is shown in Table 4.3.5.1.3.
Size range of the exploited stock (landings plus discards) in the whole fishery varied between 4.5
and 18.0 cm size classes, with the main modal class located at the 12.5 cm size class and a sec-
ondary one at 9.5 cm. Anchovy mean length and weight in the Spanish 2022 annual catch (12.3
cm and 12.8 g) were the highest estimates in the time-series but they used to be the smallest
anchovies in the division.

No length composition is available from the Portuguese fishery in this subdivision since the
catches were very scarce.
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4.3.5.2 Catch numbers-at-age
Western component

Subdivision 9.a North

Estimates from the fishery in this subdivision in 2022 are shown in Table 4.3.5.2.1. These esti-
mates are shown together with the age structure of catches in previous years with available data
in Table 4.3.5.2.2 and Figure 4.3.5.2.1. The estimated total catch in numbers in 2022 was of 0.5
million fish, composed by ages 1, 2 and 3 anchovies, with ages 1 and 2 accounting for 60% and
33% of the total catch in numbers, respectively.

Subdivision 9.a Central-North

Estimates from the fishery in this subdivision in 2022 have been provided to the WG (Table
4.3.5.2.3, Figure 4.3.5.2.2).

The estimated total catch in numbers in 2022 was of 388 million fish, composed by 0, 1, 2 and 3
years old anchovies, which accounted for 16%, 65%, 17%, and 2% of the total catch, respectively.

Subdivision 9.a Central-South

No estimate from this subdivision in 2022 has been provided to this WG since the catches were
very scarce.

Southern component

Subdivision 9.a South

Table 4.3.5.2.4 shows the quarterly and annual anchovy catches-at-age in the Spanish fishery in
2022. Total catches in the Spanish fishery in 2022 were estimated at 530 million fish, which ac-
counted for 14% decrease in relation to the 618 million caught during the previous year. Such an
increase was caused by 28%, 10% and 13% decreases of ages 0, 1 and 2, respectively. Age 1 group
is the dominant age group (76% of the total catch in numbers). Age group 3 anchovies were
absent in the fishery.

The recent historical series of annual landings-at-age in the Spanish fishery in 9.a South is shown
in Table 4.3.5.2.5 and Figure 4.3.5.2.3. Description of annual trends of landings-at-age data from
the Spanish fishery through the available data series is given in previous WG reports.

No data are available from the Portuguese fishery in this subdivision since the catches were very
low.

4.3.6 Mean length and mean weight-at-age in the catch

Western component

Subdivision 9.a North

The resulting estimates for the fishery in 2022 are shown in Tables 4.3.6.1 and 4.3.6.2. Anchovy
mean length and weight in the catches were estimated at 16.5 cm and 32.0 g. The available series
of estimates are shown in Figure 4.3.6.1 and indicate that anchovies by age group from this sub-
division are usually larger and heavier than those harvested in the southernmost areas. In 2022,
all the age groups experienced a small increase in the mean length and weight in catches.
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Subdivision 9.a Central-North

The available estimates for the fishery in 2022 are shown in Tables 4.3.6.3 and 4.3.6.4. A series of
regular estimates is only available since 2017 in this subdivision. Anchovy mean length and
weight in the catches from north-western Portugal in 2022 were estimated at 15.2 cm and 24.5 g
(Figure 4.3.6.2).

Subdivision 9.a Central-South

No estimate from this subdivision is available.
Southern component

Subdivision 9.a South

The 2022 estimates of the mean length and weight-at-age of Gulf of Cadiz anchovy Spanish
catches are shown in Tables 4.3.6.5 and 4.3.6.6. Figure 4.3.6.3 shows the recent history of the
evolution of such estimates. Anchovy mean length and weight in the Spanish 2022 annual
catches were estimated at 12.3 cm and 12.8 g respectively, a slightly higher mean size and higher
mean weight than those ones recorded in the previous year. In 2022, all the age groups experi-
enced a small increase in the mean length and weight (but age-1 anchovies, which showed a
smaller mean weight than in 2021) in catches.

4.4 Fishery-independent Information

Table 4.4.1 shows the list of acoustic and DEPM surveys providing direct estimates for anchovy
in Division 9.a. The WG considers each of these survey series as an essential tool for the direct
assessment of the population in their respective survey areas (subdivisions) and recommends
their continuity in time, mainly in those series that are suffering from interruptions through its
recent history.

4.4.1 DEPM-based SSB estimates

BOCADEVA series

Anchovy DEPM surveys in the division are only conducted by IEO for the SSB estimation of Gulf
of Cadiz anchovy (Subdivision 9.a-South, BOCADEVA survey series). The methods adopted for
both the conduction of these surveys and the estimation of parameters are described in the stock
annex and in ICES (2009) and Massé€ et al. (2018).

The series started in 2005 and their surveys are conducted with a triennial periodicity. Since 2014,
this series has been financed by DCEF. The last BOCADEVA survey was conducted in summer
2020. The next survey will be conducted in July 2023. The time-series of mean estimates and their
associated variances for the egg and adult parameters, and the SSB are shown in Table 4.4.1.1
and Figures 4.4.1.1 and 4.4.1.2.

4.4.2 Spring/summer acoustic surveys

General

A description of the available acoustic surveys providing estimates for anchovy in Division 9.a
is given in the stock annex. Survey’s methodologies deployed by the respective national Insti-
tutes (IPMA and IEO) are also thoroughly described in Massé et al. (2018) and Doray et al. (2021).
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A summary list of the available acoustic and DEPM surveys providing direct estimates for an-
chovy in Division 9.a is given in Table 4.4.1. Detailed information in the present section will be
provided for those surveys carried out during the elapsed time between 2022 and 2023
WGHANSA meetings.

PELACUS series

PELACUS 0423

The Spanish PELACUS acoustic-trawl time-series started in 1984. Since 1998, survey strategies
and methodologies, together with the Portuguese PELAGO, are standardized with the French
one PELGAS. Moreover, since 2000 the three time-series are using CUFES to collect sub-surface
sardine and anchovy eggs. PELACUS was carried out on board R/V Thalassa from 1997 to 2012
and since then is routinely conducted on board the Spanish R/V Miguel Oliver. An inter-calibra-
tion survey was done in April 2014 off Garonne mouth (i.e. at the spawning season and area of
both sardine and anchovy). No significant changes in both fish availability (acoustic) or in fish
accessibility, catchability or selectivity (trawl) were detected, and therefore similar performance
for both vessels was assumed.

PELACUS 0423 was conducted between 7t and 30" April 2023 on board the R/V Miguel Oliver.
Sampling grid this year was based on acoustic transects separated 10 nm, between 20 and 1000
m depth, and with random start in each of the geographical strata, which correspond to the ICES
subareas. Detailed information on this survey was not available at the time of writing this report,
namely the distribution and abundance of anchovy in subarea 8c (this information will be pre-
sented in the ICES WGACEGG meeting in November this year). The occurrence of anchovy in
the subdivision 9a N increased since last year when the occurrence in this area was incidental.
Figure 4.4.2.1 shows the distribution area and density derived from the NASC values attributed
to this fish species in the surveyed area by PELACUS 0423 and PELAGO 23 surveys (see below).

A total of 3223 t, corresponding to 168 million fish were estimated in the subdivision 9.a N (Table
4.4.2.1). Length composition and age structure of anchovy estimates were not available at the
time of writing this report.-Figure 4.4.2.2 shows the time series (1996-2023) of anchovy biomass
estimates from PELACUS in area 9.a N.

PELAGO series

PELAGO 23

The PELAGO 23 survey was conducted from 15t March to 4" April on board R/V Miguel Oliver.
Seventy-one (71) transects were acoustically sampled between Caminha and Cape Trafalgar (30-
200 m depth). A total of 40 pelagic trawl hauls were carried out by the research vessel; 28 addi-
tional hauls were done by 1 purse-seiner. The distribution and species composition of all of these
hauls are shown in Figure 4.4.2.3.

Regarding the mapping of acoustic energy, anchovy was mainly concentrated in 9.a CN and in
the 9.a S (CAD). The distribution along the 9.a CN extended further south, in the northern 9.a CS
area, similarly to the previous year (Figure 4.4.2.1).

Anchovy acoustic estimates for the whole surveyed area were 6590 million fish and 96 977 t (Ta-
ble 4.4.2.2).

In 9.a Central-North were estimated a total of 3018 million fish and 69 825 t, estimates which
represent the third highest peak of abundance and the second of biomass of the time series, re-
spectively (34% and 36% decrease in abundance and biomass in relation to the 2022 estimates;
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Table 4.4.2.2, Figure 4.4.2.5). The estimated population in this subdivision ranged between 12.5
and 18.5 cm size classes, with a mode at 16.5 cm size class (Figure 4.4.2.4).

Anchovy population in 9a Central-South was supported by 21 million fish and 366 t, entailing
89.3% and 89% decrease of abundance and biomass in relation to the 2022 estimates (Table
4.4.2.2, Figure 4.4.2.5). The population showed a size range between 11.5 and 17.0 size classes,
with a 13.0 cm modal size (Figures 4.4.2.4).

In the Subdivision 9.a South, with values of 3551 million fish and 26 785 t (Table 4.4.2.2, Figure
4.4.2.5). The Spanish waters concentrated most of the population (99.6% and 98.6% of abundance
and biomass, respectively). The above 2023 estimates accounted for 418% and 299% increases in
relation to those estimated in the 2022 survey (Figure 4.4.2.5). In 9a South-Algarve were esti-
mated a total of 14 million fish and 374 t representing a decrease of population levels in relation
to the last years (Table 4.4.2.2, Figure 4.4.2.5). The estimated population in subdivision 9.a South-
Algarve ranged between 14.5 and 19.0 cm size classes, with a mode at 16.5 cm size class (Figure
4.4.2.4). In 9a South-Cadiz were estimated a total of 3 537 million fish and 26 411 t, entailing
strong 541% and 486% increases in abundance and biomass in relation to the previous year’s
estimates, respectively (Table 4.4.2.2, Figure 4.4.2.5). The estimated population in this subdivi-
sion 9.a South-Cadiz ranged between 8.0 and 18.0 cm size classes, with a main mode at 11.0 cm
size class (Figure 4.4.2.4).

The age structure estimated for the PELAGO 23 survey has not been included in the present
report because some inconsistencies were found in the age readings. An intercalibration exercise
including readers of Portugal and Spain will be conducted this year to determine the age of the
PELAGO survey anchovies.

Table 4.4.2.2 and Figure 4.4.2.5 track the historical series of anchovy acoustic estimates from
PELAGO surveys in the Division 9.a. Anchovy experienced a huge outburst in 9.a Central-North
in 2018, after the decreased biomass recorded in 2017, and reaching population levels even higher
than the previous historical peaks recorded in the 2011 and 2016 outbursts. After a strong drop
in 2019 the population has experienced consecutive increases in abundance and biomass which
culminate in the historical maximum recorded in 2022. Anchovy in 9.a Central-South had low
abundances in the past and had a 3 order of magnitude increased in number and biomass. Bio-
mass levels in the subdivision 9.a South, after experiencing an increasing trend started in 2018
which peaked in 2020 have shown consecutive drops in 2021 and 2022 down to levels well below
the historical average and an increase in 2023 (Figure 4.4.2.5).

Figure 4.4.2.6 shows the age structure of the population estimates in the western component.
Age 2 anchovies constitute the bulk of the population in spring 2022 (68.8%), followed by age 1
(26.0%) and 3 (5.3%). Strong incoming recruitments seem to be inferred in in the period 2019-
2022, in particular in 2020.

Size composition and age structure of the population estimated in the southern component
through the time-series was described in previous reports. In Table 4.4.2.4 and Figure 4.4.2.7 we
revisit the trends observed in the age structure of the population as estimated by the PELAGO
and ECOCADIZ survey series. Age structure from the PELAGO 2023 survey is not considered
for the abovementioned reasons. As described in previous reports, Portuguese acoustic estimates
for anchovy until 2013 were not provided age-structured to the WG. As an alternative, this age
structure was estimated by applying the Spanish Gulf of Cadiz commercial age-length keys for
the second quarter in the year. It should also be taken into consideration that such keys are based
on commercial samples from purse-seine catches and therefore they may result in a biased pic-
ture of the population structure because of a different catchability.

The population age structure in previous years suggests strong 2000, (exceptionally) 2001, and
2006-year classes, with the last one still being present in 2009 (as age 3 anchovies). The strength
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of the 2007, 2008- and 2009-year classes decreased in relation to that observed for the 2006 year-
class: population numbers of age 1 anchovies in 2008, 2009 and 2010 showed 49.7%, 43.3% and
68.9% decreases in relation those ones estimated in 2007. Notwithstanding the above, the extreme
situation that the population reached in spring 2011, when no anchovy was detected in the PEL-
AGO acoustic survey, seems uncertain because the observation of high egg densities during the
survey is not consistent with the null detection of biomass with acoustics and with the estimates
provided by the BOCADEVA DEPM survey (32.7 kt) some months later. These reasons led to the
WG to consider the 2011 acoustic estimate with caution. The population age structure in 2013
suggests a failed recruitment, which, however, seems to show clear signs of progressive recovery
in the three following years, especially in 2016. The decreased population levels in 2017 pointed
again to a failed incoming recruitment. The situation in 2018 and 2019 seems to be quite similar
to the one occurring in 2015-2016. Conversely, the 2020- and 2021-year classes show again a low
strength.

ECOCADIZ series

ECOCADIZ 2022-07

The 2022 survey was not conducted (neither the 2021 survey because a malfunctioning of the
echo-sounder). The ECOCADIZ 2022-07 survey was planned to be conducted during the usual
dates (first fortnight of August) onboard R/V Miguel Oliver. However, the usual ship-time sched-
uled for ECOCADIZ was invested in 2022 in other surveys/compromises instead, and no other
research vessel was available to conduct the survey. Given that there are two other acoustic-trawl
series covering the Gulf of Cadiz on an annual basis (PELAGO in spring time and EOCADIZ-
RECLUTAS in autumn) and the lack of available ship time, this series has temporarily been sus-
pended by IEO until further notice and its continuation is not still secured, as long as the sur-
veyed area doesn’t cover the entire stock distribution of the Iberian-Atlantic sardine nor both
stock components of the anchovy stock in 9a but southern stock component.

Notwithstanding the above, a combined BOCADEVA-ECOCADIZ DEPM-acoustic-trawl survey
will be carried out in early August this year. Survey time allocated to the acoustic-trawl survey-
ing (c.a. 7 days, the half of the usual survey’s duration) will include not only the acoustic sam-
pling and the conduction of ground-truthing hauls (including the collection of anchovy DEPM-
based adult samples), but also some extra night hauls providing hydrated anchovy females.

Time-series of available estimates so far are shown in Table 4.4.2.3 and Figure 4.4.2.8.

Table 4.4.2.4 shows the time-series of population estimates at age in the southern component
estimated by PELAGO and ECOCADIZ surveys (see also Figure 4.4.2.7).

4.4.3 Recruitment surveys

SAR, JUVESAR and IBERAS autumn survey series

The last survey in the SAR series (aimed to cover the sardine early spawning and recruitment
season in the Division 9.a, but also covering the anchovy recruitment season) which provided
anchovy estimates was carried out in 2007 (see Table 4.4.1). Table 4.4.3.1 shows the historical
series of anchovy acoustic estimates derived from this survey series in the Division 9.a available
so far. The JUVESAR autumn survey series, an acoustic survey restricted to the Subdivision 9.a
Central-North, the main recruitment area of sardine in Portuguese waters, started in 2013. The
scarce presence and abundance of anchovy in the 2013 and 2014 surveys prevented the provision
of acoustic estimates for the species. The last survey in this series was conducted in 2017
(JUVESAR 17), because in 2018 the JUVESAR acoustic sampling area was incorporated into the
new IBERAS survey series, described below. Point estimates of anchovy abundance of the
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JUVESAR/IBERAS series are at present scarce but the trend is so far not consistent with spring
survey series.

IBERAS is a new acoustic-trawl time-series aiming to get a synoptic coverage of the Atlantic
waters of the Iberian Peninsula and the Bay of Biscay targeting on Young of the Year (YoY) of
sardine and anchovy. Since 2017, both the Bay of Biscay (JUVENA) and the Gulf of Cadiz (ECO-
CADIZ-RECLUTAS) were routinely prospected by R/V Ramon Margalef and the Northwest coast
of Portugal (JUVESAR) by R/V Noruega since 2013. The idea is to fill the gap between both JU-
VENA and ECOCADIZ-RECLUTAS surveys and incorporate the JUVESAR series, following the
same radials in Subdivision 9.a Central-North. This new time-series is being conducted either in
the vessel R/V Angeles Alvarifio or in R/V Ramén Margalef, twin of the former. Both vessels have
similar shape, with slight changes in the main engine but using the same equipment (acoustic
and trawling devices). Together with this synoptic coverage, using similar vessel equipment will
limit both the vessel and trawling effects on the overall precision and accuracy of the estimates.
In 2018, due to the lack of available vessel time in September, the survey was delayed until No-
vember, but in 2019 the survey was planned in September, at the same time of JUVENA and
previous to ECOCADIZ-RECLUTAS one (see Table 4.4.3.2).

The rationale of this new time-series is to track and assess early juveniles for predicting the
strength of the recruitment previously to the incoming fishing season (e.g. next year) as this will
heavily depend on the incoming year class. This strategy is of special interest to manage the
fisheries for short-lived species because of the short time between spawning and the exploitation
of subsequent emerging recruits. Due to the recent situation of the sardine stock, with the bio-
mass at the lowest productivity ever recorded and with a continuous period since 2004 of bad
recruitment as compared with previous periods, any recovery of the biomass will likely be trig-
gered by the strength of the recruitment.

IBERAS 0922

R/V Ramén Margalef was not available for IBERAS and therefore R/V Angeles Alvarifio was as-
signed to perform IBERAS 0922. Due to additional unexpected problems in the diesel engines,
the duration of the survey was shortened to 9 days including the days used for calibration. The
surveyed area had to be reduced accordingly, to cover only the main recruitment area of sardine
on the west Iberian coast from latitude 41.7 to 38.1°N. The survey was conducted between 30t
September and 8% October. The survey area (from 20 to 100 m isobath) covered 65 tracks with
random start and evenly distributed each 8 nmi on those areas out of the main expected sardine
recruitment areas and each 4 nmi on the main ones. (Figure 4.4.3.1). The vessel's acoustic equip-
ment consisted of a Simrad™ EK-80 scientific echosounder, operating at 18, 38, 70, 120 and 200
kHz, working in CW mode. All frequencies were calibrated according to the standard proce-
dures (Demer et al., 2015) at the start of the survey. The backscattering acoustic energy from
marine organisms was measured continuously during daylight.

A total of 16 pelagic hauls and 9 purse-seine hauls were done as shown in Figure 4.4.3.1. An-
chovy occurred in 52% of the hauls, with a 10.8% contribution in the total catch.

Anchovy was present in 9a N contrary to the former year (Figure 4.4.3.2). The bulk of the esti-
mated population was concentrated in the subdivision 9aCN, with the centre of gravity of its
distribution being located in the coastal waters, but more offshore than in 2021 (c.a. 40 m depth).
To be noted that in the northern part of 9aCN schools were distributed mainly offshore, there-
fore, as the outer shelf waters deeper than 120 m depth are not sampled in IBERAS, part of the
population was probably not sampled.
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Anchovy biomass in autumn 2022 experienced a decrease to 7.6 103t (482 million fish). Anchovy
recruits accounted for 70% of the total number of individuals estimated in the survey (Table
4.4.3.2; Figures 4.4.3.3 and 4.4.3.4).

ECOCADIZ-RECLUTAS survey series

ECOCADIZ-RECLUTAS 2022-10

ECOCADIZ-RECLUTAS 2021-10 survey was conducted by IEO between 12t and 27% October
2022 in the Portuguese and Spanish shelf waters (20-200 m isobaths) off the Gulf of Cadiz on
board the R/V Angeles Alvariiio. The R/V Ramon Margalef, i.e. the vessel routinely used in this
survey series, was not available because maintenance works at shipyard. The adjustment of the
survey to the Angeles Alvarifio's surveys calendar entailed a reduction of 3 days (14 days at sea)
in relation to the usually planned days (17 days at sea). Half working day was also invested in
engine repair at land. Results from this survey have been reported to this WG by Ramos et al.
(WD 2023).

The 21 foreseen acoustic transects were sampled. A total of 18 valid fishing hauls were carried
out for echo-trace ground-truthing purposes. Sardine and chub mackerel, were the most frequent
captured species in the fishing hauls, followed by horse mackerel, anchovy, Mediterranean horse
mackerel, bogue, Atlantic mackerel and blue jack mackerel. Sardine and chub mackerel showed
the highest yields in these hauls, followed by anchovy and Mediterranean horse mackerel (Fig-
ure 4.4.3.5).

Total estimates of total NASC allocated to the “pelagic fish species assemblage” in this survey
were 28% lower than those recorded last year. Such a decrease was more noticeable in Portu-
guese waters. By species, chub mackerel (21% of total NASC) and Mediterranean horse mackerel
(20%) were the main contributors to the total back-scattered energy, followed by sardine (19%),
anchovy (18%), and bogue (11%), with the remaining species showing relative contributions of
acoustic energies lower than 6%.

GoC anchovy was mainly found in Spanish waters, with areas of high densities being observed
between Isla Cristina and Bay of Cadiz (Figure 4.4.3.5). GoC anchovy acoustic estimates in au-
tumn 2022 were of 1837 million fish and 11 912 t, accounting for 5% and 31% decreases in abun-
dance and biomass, respectively, as compared to last year’s estimates (1973 million, 17 512 t).
Current overall estimates are also lower than the time-series average (i.e. 2851 million; 21 399 t;
Table 4.4.3.3; Figure 4.4.3.6).

By geographical strata, the Spanish waters yielded 99% (1825 million) and 98% (11 719 t) of the
total estimated abundance and biomass in the Gulf, highlighting the importance of these waters

in the species’ distribution. The estimates for the Portuguese waters were 11 million and 193 t
(Table 4.4.3.3; Figure 4.4.3.6).

The size class range of the assessed anchovy population in autumn 2022 varied between the 5.0
and 16.0 cm size classes. The size distribution showed a mixed composition, with one main mode
at 10.5 cm, a secondary mode at 9.0 cm, and with a small proportion of individuals being ob-
served at 5.0 cm. It is noticeable the occurrence of this last modal size, a consequence of the record
of very tiny juveniles in the coastal waters located between Guadalquivir river mouth and Rota.
The size composition of anchovy throughout the surveyed area confirms the usual pattern ex-
hibited by the species during the survey season, with the largest (and oldest) fish being distrib-
uted in the westernmost waters and the smallest (and youngest) ones concentrated in the sur-
roundings of the Guadalquivir river mouth and adjacent shallow waters (Table 4.4.3.3; Figure
4.4.3.6).
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The population was composed by fishes not older than 2 years. Age 0 fish accounted for 93%
(1705 million) and 91% (10 797 t) of the total estimated abundance and biomass, respectively
(Table 4.4.3.3; Figure 4.4.3.7). Spanish waters concentrated the bulk (99.8%) of this juvenile frac-
tion. The estimates of age-0 fish experienced a similar trend than the one showed by the whole
population in relation to the historical peak recorded in 2019 and the values recorded in 2020.
Age-0 fish have shown 5% increase in number and 11% decrease in weight in relation to the
estimates recorded in the previous year. The recent strong decreasing trends for the whole pop-
ulation and juveniles seem to have slowed down in 2022, although the 2022 estimates are still
well below their time-series averages (Table 4.4.3.3). Age 1 fish represented 7% and 9% of the
total abundance and biomass, while Age 2 fish accounted for <1% of the total abundance and
biomass (Figure 4.4.3.7). The 2022 autumn estimates of mean size and weight of the whole pop-
ulation (10.3 cm, 6.5 g) were somewhat lower than their respective time-series averages (11.3 cm,
9.5 g).

The time-series of survey estimates is shown in Figure 4.4.3.8. Figure 4.4.3.9 shows the corre-
spondence between acoustic estimates of abundance of age-0 anchovies from ECOCADIZ-RE-
CLUTAS surveys in the autumn of the year y against the abundance of age-1 anchovies estimated
in spring of the following year (y+1) by the PELAGO survey and in summer by the ECOCADIZ
survey. Some positive relationship seems to be suggested when the most recent ECOCADIZ-
RECLUTAS and PELAGO surveys estimates are compared.

4.5 Biological data

4.5.1 Weight-at-age in the stock

Western component

Weight-at-age in the stock estimated from the combined PELACUS and PELAGO surveys are
shown in Table 4.5.1.1

Southern component

Weight-at-age in the stock is shown in Table 4.5.1.2. See the stock annex for comments on their
computation.

4.5.2 Maturity-at-Age

Maturity stage assignment criteria were agreed between national institutes involved in the bio-
logical study of the species during the Workshop on Small Pelagics (Sardina pilchardus, Engraulis
encrasicolus) maturity stages (WKSPMAT; ICES, 2008 c).

See the stock annex for comments on computation of the maturity ogives in both stock compo-
nents.

Due to some inconsistencies in the maturity ogives of anchovy in the southern component, not
noticed during WKPELA 2018, we assume that all individuals with age 1 or higher (B1+), are
mature for assessment purposes.

The macroscopic maturity scale used by IPMA (Soares et al., 2009) has been validated with his-
tology (microscopic identification of macroscopic maturity stages). Results show that only his-
tology allows the correct identification of mature and immature individuals macroscopically
identified as stage 1 (Immature or Resting); therefore, the maturity ogive of this species must be
obtained during the spawning season with histology.
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453 Natural mortality

Western component

Natural mortality, M, is unknown for this stock component. It has been suggested in WKPELA
2018 to follow the M pattern at-age used for the anchovy in the Bay of Biscay, which is 1.2 for
age 0, 0.8 for age 1 and 1.2 for older ages, for further modelling exercises. Recent work on growth
estimates (Wise et al., 2022) estimated other values for the natural mortality (M0= 1.285; M1=
1.028; M2=0.827; M3= 0.703; M4= 0.724).

Southern component

M is also unknown for this stock component. The following estimates for M at-age were finally
adopted in WKPELA 2018: M0=2.21; M1=1.30; M2+=1.30 (similar at any older age; see ICES,
2018a). A description of the rationale and whole process for deriving the above estimates is
shown in the stock annex.

4.6 Stock Assessment

Both components of the stock are assessed following the ICES framework for category 3 stocks
with the assessment and advice based on survey trends.

A stock-specific management strategy evaluation (MSE) process was conducted this year to up-
date the assessment method (see Pérez-Rodriguez et al., WD 2023a,b and Wise et al., WD 2023a,b).
A constant harvest rate rule (chr, Method 3.2, ICES, 2022) was determined for each component.
The chr rule was tested alongside the 102 with 80% uncertainty cap rule.

The chr rule is based on the stock biomass indicator of the current year, multiplied by a sustain-
able harvest rate, as follows:

Ay+1 = HRMSYproxy*Icurrent

where Ay and lerent represent the catch advice for July to June of the following year and the
stock biomass indicator of the current (y) year, respectively. For the Western component the stock
biomass indicator input has been taken from the results of the acoustic spring surveys covering
this area (by adding PELAGO and PELACUS estimates for areas 9a N, 9a C-N and 9a C-S), while
for the Southern component the biomass indicator input has been obtained from the results of
SSB estimates from the Gadget assessment model.

The chr rule was found to be more precautionary for both components than the current 102 rule.
The chr rule of 25% was the maximum value estimated for the western component while a chr
rule of 50% was the maximum value estimated for the southern component.

The basis of this procedure for both components was approved by WGHANSA-1 2023 and the
methodology followed for its approval is described in Pérez-Rodriguez et al. (WD 2023a,b) and
Wise et al. (WD 2023a,b).

4.6.1 Western component
The stock assessment procedure for this component is described in the stock annex.
4.6.1.1 Biomass survey trend as base of the advice

The anchovy biomass indicator for the Western component is computed as the sum of PELACUS
(9a N) and PELAGO (9a C-N and 9a C-S) acoustic estimates of biomass.
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4.6.2 Southern component

4.6.2.1  Model used as basis of the advice

The model used to provide the estimates of the SSB indicator is a Gadget model. Gadget is an
age-length-structured model that integrates different sources of information in order to produce
a diagnosis of the stock dynamics. It works making forward simulations and minimizing an ob-
jective (negative log-likelihood) function that measures the difference between the model and
data. General model specifications are described in the Stock Annex, while details on data input,
implementation and results up to 2023 are described in Rincon et al. (WD 2023).

4.6.2.1.1 Datainput

Data input for optimization routines is summarized in Table 4.6.2.1.1.1. It corresponds to all the
information of the fishery available until the end of June of 2023, together with data from ECO-
CADIZ and PELAGO survey series up to 2022 (no ECOCADIZ survey in 2021 and 2022).

Due to discrepancies on mean length and weight at age in PELAGO survey for 2023, a cross
validation for age composition was required. This cross-validation reveals some mis-estimation
in the otolith reading suggesting that more analysis is needed to agree on the definitive age com-
position. For this reason anchovy age structure from PELAGO survey in 2023 was removed from
the model.

Catches (landings +discards, discards from 2014 onwards) from Spain and Portugal are assumed
to be removed from the population by only one fleet from 1989 to the second quarter of 2023. For
the first two quarters of year 2023, provisional catches estimations of Spanish (until May 17%)
purse-seine fleet were used and catches for June were estimated as the 39% of January to May
catches based on historical records from 2009 to 2022.

4.6.2.1.2 Model fit

A summary of the goodness of fit of model estimations compared with data is shown in Figures
4.6.2.1.2.1, 4.6.2.1.2.2, 4.6.2.1.2.3 (length distributions), 4.6.2.1.2.5, 4.6.2.1.2.6 and 4.6.2.1.2.7 (age
distributions). These figures show that length and age frequency distributions of catches and
surveys match reasonably well with available data. Goodness of fit for length distribution of
catches (Figure 4.6.2.1.2.1) is better in the last 20 years compared to the first years, in coherence
with the assumption of two different selectivity periods. The model seems to not capture well
enough the fluctuating or sharp patterns of year 2013 for the ECOCADIZ survey (Figure
4.6.2.1.2.2) and for most of the years for PELAGO survey; in this survey series the length distri-
bution fit is better for years 2000, 2005, 2008, 2017-2020 and 2022 (Figure 4.6.2.1.2.3). Age distri-
butions present a very good fit in almost all the cases (Figures 4.6.2.1.2.5, 4.6.2.1.2.6 and
4.6.2.1.2.7), except for some mismatch in years 2014, 2020, 2021 and 2022 for PELAGO survey
(Figure 4.6.2.1.2.7). There are no remarkable differences compared with the fit of the 2018 model
implementation.

Figure 4.6.2.1.2.4 shows the model residuals from the fit to the catch-at-length composition and
the acoustic survey length composition, while Figure 4.6.2.1.2.8 shows the model residuals from
the fit to the catch-at-age composition and the acoustic survey age composition. In both cases the
residuals from the present assessment are very similar to those in the benchmark model imple-
mentation.

Figure 4.6.2.1.2.9 presents the comparison between observed and estimated survey indices. It
can be observed that the model assimilates the trend of survey indices in most of the years but
in particular, it does not assimilate the first four years of the PELAGO series.
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4.6.2.1.3 Model estimates

Parameter estimates after optimization are presented in Table 4.6.2.1.3.1, while Figure 4.6.2.1.3.1
presents model annual estimates for abundance (removing Age-0 individuals to be accurate with
the time of the assessment), recruitment, fishing mortality and catches at the end of the second
quarter of each year. Figure 4.6.2.1.3.2 shows annual estimates for biomass of individuals of Age-
1+ at the end of the second quarter of each year. Due to some inconsistencies in the maturity
ogives not noticed during WKPELA 2018, we assume that all individuals with Age 1 or older
(Bi+) are mature, i.e. these biomass estimates result equivalent to spawning stock biomass esti-
mates. The SSB estimate used for the advice was the estimate for year 2023 corresponding to 4402
t (Figure 4.6.2.1.3.2). Detailed model outputs are available at https:/github.com/ices-
taf/2023 ane.27.9a south assessment/tree/main/results, where each file corresponds to the fol-

lowing description:

. sidat: model fit to the survey indices.

. suitability: model estimated fleet suitability.

. stock.recruitment: model estimated recruitment.

. res.by.year: results by year.

. catchdist.fleets: data compared with model output for the length and age-length distri-
butions.

. stock.full: modelled abundance and mean weight by year, step, length and stock.

J stock.std: modelled abundance, mean weight, number by age consumed by the fleet,
stock and year.

. stock.prey: consumption of the fleet by length, year and step.

. fleet.info: information on catches, harvest rate and harvestable biomass by fleet, year and
step.

U params: parameter values used for the fit.

4.7 Reference points

4.7.1 Western component

Reference points were not calculated for this area.

4.7.2 Southern component
A Biim of 1226.13 and a Bpa of 2010.85 t were calculated with updated values of SSB following the
procedure agreed at the most recent benchmark (Figure 4.7.2.1). Bpa is defined as the upper 95%

of the distribution of the estimated SSB if the true SSB equals Bim based on a terminal SSB coeffi-
cient of variation assumed as 0.3 as recommended by ICES (ICES, 2017b) for short-lived species.

4.8 State of the Stock

4.8.1 Western component

The stock size indicator (a combined index from PELAGO and PELACUS estimates for areas 9aN,
9aCN and 9aCS) was obtained this year.


https://github.com/ices-taf/2022_ane.27.9a_south_assessment/tree/main/results
https://github.com/ices-taf/2022_ane.27.9a_south_assessment/tree/main/results
https://github.com/ices-taf/2022_ane.27.9a_south_assessment/tree/main/results
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4.8.2 Southern component

The SSB has been fluctuating without a trend over the time-series showing a increase in the last
year, which is consistent with the trend of PELAGO survey biomass estimates, and with a de-
crease of F. Time series for recruitment and F are fluctuating with no clear trend (Figures
4.6.2.1.3.1 and 4.6.2.1.3.2).

4.9 Catch advice

49.1 Western component

The ICES framework for category 3 stocks was applied (Method 2.2: Constant harvest rate, chr,
rule; ICES, 2022). The combination of anchovy biomass estimated in the PELACUS and PELAGO
acoustic surveys is used as the index of stock development. The advice is based on the product
of the last index value (73414) and the MSY proxy harvest rate (0.25).

4.9.2 Southern component

The ICES framework for category 3 stocks was applied (Method 2.2: Constant harvest rate, chr,
rule; ICES, 2022). The SSB estimated by the assessment model was used as the index of stock size
development. The advice is based on the product of the last index value (4402) and the MSY
proxy harvest rate (0.5). The index ratio is estimated to have increased 30%.

4.10  Short-term projections

No short-term projections are presented for this stock.

4.11  Quality of the assessment

A MSE has been developed for each component resulting in a new assessment method that pro-
vides advice based on the application of constant harvest rate over the stock size indicators, as
detailed in Pérez-Rodriguez et al. (WD 2023) and Wise et al. (WD 2023).

4.11.1 Western Component

This stock component is assessed based on survey trends. The acoustic spring surveys that cover
the distribution area of this component (PELAGO and PELACUS) were normally carried out and
it was possible to have estimates for this year.

4.11.2 Southern Component

The biomass estimates provided by the Gadget model are assumed as absolute. Even with some
instability (as shown by the occurrence of a certain retrospective pattern) and also with a high
estimated catchability for both surveys, the MSE simulations in Pérez-Rodriguez et al. (WD 2023)
showed that the estimates are precautionary. In addition, a harvest rate of 0.5 over that biomass
has proved to be sustainable and optimum in the short, medium and long term.

A comparison with last year’s estimated time-series is presented in Figure 4.11.2.1. This figure
shows the annual model estimates for relative SSB of individuals with more than one year of age,
relative fishing mortality, recruitment and catches (in tons). Pink line corresponds to the current
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year’s estimated time-series (the one estimated by the model described here), the green line, to
the estimated in 2022 and the blue line, to the estimated in 2021.

4.12  Management considerations

ICES has agreed with the clients that the catch advice will be framed in a management calendar
set from 1st July (y) to the following 30th June (y+1), instead of calendar years.

Other management considerations and the current management situation are described in the
stock annex.

4.13 Ecosystem considerations

Ecosystem considerations are described in the stock annex and there have not been remarkable
changes in the last year.

4.14  Deviations from stock annex caused by missing infor-
mation

For this year assessment, there were some deviations for the southern component of the stock,
but they were not related to the Covid-19 disruption. For the western component there were only
deviations that were previously considered in the 2020 assessment. Those deviations in 2020
were related to missing survey data associated to PELACUS survey, details which were provided
at ICES (2020b; WGHANSA 2020 report).

1. Stock: ane.27.9a. Anchovy 9.a southern and western components.

Missing or deteriorated survey data: YES. ECOCADIZ 2022-07 acoustic-trawl survey was
the Gulf of Cadiz pelagic ecosystem survey (20-200 m depth) to be conducted by IEO
onboard RV Miguel Oliver (SGP) last year. The ECOCADIZ 2022-07 survey was planned
to be conducted during the usual dates (first fortnight of August) onboard R/V Miguel
Oliver. However, the usual ship-time scheduled for ECOCADIZ was invested in 2022 in
other surveys/compromises instead, and no other research vessel was available to con-
duct the survey. Given that there are two other acoustic-trawl series covering the Gulf of
Cadiz on an annual basis (PELAGO in spring time and EOCADIZ-RECLUTAS in autumn)
and the lack of available ship time, this series has temporarily been suspended by IEO
until further notice and its continuation is not still secured, as long as the surveyed area
doesn't cover the entire stock distribution of the Iberian-Atlantic sardine nor both stock
components of the anchovy stock in 9a but southern stock component.

3. Missing or deteriorated catch data: NO.
4. Missing or deteriorated commercial LPUE/CPUE data: NO.
5. Missing or deteriorated biological data: For the western component: missing length fre-

quency distributions (LFD) for Spanish commercial catches in the second, third and
fourth quarter (Q2, Q3, Q4) in 2022 in 9a N; missing age-length keys (ALK) for Spanish
commercial catches in Q1 and Q4 in 9aN, but landings were very scarce in 2022. Missing
LFD and ALK in Q1 and Q2 in 2022 for the Portuguese fishery in 9a CN. No data from
the Portuguese fishery in 9a CS in 2022, but catches were very scarce in that subdivision.
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For the southern component: missing LFD for the Spanish fishery in Q1 2022. Missing
LFDs and ALKs for commercial catches from the Portuguese fishery, but landings were

almost null (0.001% of total catches from this component in 2022). Discrepancies on the
age structure in PELAGO 2023 were found, mainly some inconsistencies on mean length-
and weight-at-age compared to previous years as a consequence of an unusual high rel-
ative proportion of age-2 fish in the estimated population.

Brief description of methods explored to remedy the challenge: For the western component:
2021 Q2, Q3 and Q4 LFDs from 9a N were propagated to the corresponding 2022 quarterly
catches in 9a N. Quarterly ALKs for Spanish commercial catches in 9a N were based in a

combination of samples from commercial (May and June) and research (PELACUS 0422)
samples (the same ALK for Q1 and Q2) and commercial (July and September) samples only
(the same ALK for Q3 and Q4). Methods to remedy gaps of biological information in the
Portuguese fishery have not been explored because the very low catches recorded in those
quarters without biological data. For the southern component: Q2 2022 LFD from the Span-

ish fishery was propagated to their Q1 2022 catches; quarterly LFDs and ALKs from the
Spanish fishery were propagated to the very low quarterly catches from the Portuguese
fishery. The assessment model for this year did not include the missing data corresponding
to 2021 and 2022 in the ECOCADIZ time series. No further analysis was performed to un-
derstand the effect of this missing data, but considering that PELAGO survey estimates were
available and that estimated biomass was consistent with the last year estimates, it was as-
sumed that PELAGO and fishery information was enough to provide an accurate biomass
index for this year. A cross validation exercise of the age-readings from a sub-set of otoliths
(images) used for the PELAGO 2023 ALK was performed by IPMA and IEO assessment age-
readers during the WG meeting. This exercise revealed certain disagreement between read-
ers suggesting that a more detailed analysis is needed to agree a consistent ALK and the
resulting age structure of the estimated population.

Suggested solution to the challenge, including reason for this selecting this solution: For
the western component: 2021 Q2, Q3 and Q4 LFDs from 9a N were propagated to the
corresponding 2022 quarterly catches in 9a N. Quarterly ALKSs for Spanish commercial
catches in 9a N were based in a combination of samples from commercial (May and June)
and research (PELACUS 0422) samples (the same ALK for Q1 and Q2) and commercial
(July and September) samples only (the same ALK for Q3 and Q4). Methods to remedy
gaps of biological information in the Portuguese fishery have not been explored because
the very low catches recorded in those quarters without biological data. For the southern
component: Q2 2022 LFD from the Spanish fishery was propagated to their Q1 2022
catches; quarterly LFDs and ALKSs from the Spanish fishery were propagated to the very
low quarterly catches from the Portuguese fishery. The assessment model for this year
did not include the missing data corresponding to 2021 and 2022 in the ECOCADIZ time
series. No further analysis was performed to understand the effect of this missing data,
but considering that PELAGO survey estimates were available and that estimated bio-
mass was consistent with the last year estimates, it was assumed that PELAGO and fish-
ery information was enough to provide an accurate biomass index for this year. The ALK
from the PELAGO 23 survey was removed as data input to the model, relying only on its
length composition and abundance estimates for year 2023.
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2. Was there an evaluation of the loss of certainty caused by the solution that was carried
out? For the southern component: A comparison with last year model implementation

was performed where it can be observed that estimated biomass without this survey was
consistent with the previous estimated biomass time series.

4.15  Stock specific Management Strategy Evaluation

During WGHANSA meeting on May 2022, the working group agreed on proposing to conduct
a dedicated workshop in 2023 to evaluate by Management Strategy Evaluation the performance
of a constant harvest rate advice rule that could be used as an alternative to the current applied
1-over-2 advice rule.

The proposed draft Terms of Reference for such workshop were:

The Workshop on the Management Strategy Evaluation of constant harvest
rates strategies for anchovy in Division 9a (WKANEMSE), will meet to:

a) develop a Management Strategy Evaluation framework to test alternative
advice rules for anchovy in Division 9a (Iberian Atlantic waters);

b) identify constant harvest rate rules that could be appropriate to provide ad-
vice for this stock and compare them with respect to the current basis for
advice (1-over-2 rule with 80% uncertainty cap and biomass safeguard)

On the 5t of May 2023, the results and conclusions of a first group of simulations conducted with
FLBEIA MSE framework separately to the anchovy 27.9a south and west components were pre-
sented by members of WGHANSA to the ICES designated external reviewers.

4.15.1 Western component

Following the stock-specific MSE work and considering the high sensitivity of the CHR advice
rule to the value of the catchability of the survey index, it was recommended that the advice for
Anchovy 9a west should be based on a CHR with a HRmsy.proxy= 0.36 applied to the most recent
survey-based biomass index derived by the combination of the PELACUS and PELAGO survey
in sub-divisions 9aN, 9aCN and 9aCS. Advice should be applied in the current seasonal man-
agement calendar (July to June). In addition, a biomass safeguard factor based on Iuigger = Iminpa =
1.64 * min(Inist) = 2017 tonnes should be considered.

Other main results and conclusions included as part of that first MSE work (see Wise et al, 2023a
in annex 6) were the following:

. In the long-term, when compared to the 1-over-2 rule, the CHR advice rule outperforms
the 1-over-2 advice rule by allowing for higher relative yields with risks below 5%. For
example, in the base case scenario a harvest rate of 0.5 has higher risks than the 1-over-2
rule but leads to 200% higher relative yields.

o In general, the change in selectivity pattern (allowing for 20% of age zero catches) in-
creases risks. However, mean risk increases in the long-term is small (from 5% to 9%).

. The CHR advice rule is sensitive mainly to the management calendar (populations crash
with the interim year advice) and the catchability of the survey index (risks increase
sharply).

. The CHR advice rule is not very sensitive to the initial depletion level of the stock alt-

hough risks may increase.
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. The CHR advice rule is also sensitive to the standard deviation of the mean recruitment
assumed. Risks almost double when the standard deviation increases from 0.5, to 0.75
and to 1.

. From the different options tested, the Iminpa biomass safeguard type is the one that is able

to reduce risks the most both in the short and long terms.

During the online meeting, the external reviewers expressed their concerns and criticisms, which
are compiled in the documents 2023_anchovy_9.a_MSE_review_SHF and 2023_an-
chovy_9.a_MSE_review_BE in annex 6.

During the meeting the 5% of May it was agreed that updates on the MSE framework and a sec-
ond batch of simulations would be performed to deal with some of the main reviewer’s concerns.
The methodology employed, the structure of the simulations, results and conclusions are de-
scribed in Wise et al, 2023b (see annex 6). In this work, the main conclusions were:

. The CHR advice rule also outperforms the current 1-over-2 advice rule when additional
uncertainty is included in the operating models.
. New values for Bim were adopted according to the re-estimation of the reference points.

For the base case productivity (h = 0.75) this means that now Biim = 16 279 t is lower than
previously assumed value (0.2B0 = 20 000 t) decreasing risks. The opposite behavior was
observed for the other two scenarios of productivity.

U For the base case considered a harvest rate of 0.4 is considered to be precautionary by
ICES standards in the medium and long terms. In this base case we take into account the
high sensitivity of the CHR advice rule to the value of the catchability of the survey index
(QIDX = 1.5).

U However, to account for possible shifts in productivity, we now support the harvest rate
HR = 0.25 as the basis of advice for the CHR advice rule to be applied to the Anchovy 9a
western.

During the WGHANSA meeting from May 29t to June 2 2023 it was agreed to support the
proposal, for the western component of the 27.9.a anchovy, of a switch from the current 1-over-
2 advice rule to a CHR advice rule with a HRmsy_proxy=0.25.

4.15.2 Southern component

The main results and conclusions included as part of that first MSE work were (see Perez-Rodri-
guez et al, 2023a in annex 6):

U The sensitivity analysis showed that in order to account for uncertainty in the most rele-
vant factors affecting the perception of stock status and behaviour of the commercial
fleet, the final settings for the MSE framework should include:

e Biomass safeguard in the 1over2 and chr HCRs

e  Assessment error with sporadic high error values.

e Limitation to recruitment to the maximum observed in the historic period

e Distribution of catches over the year as observed in the last 10 years of the historic
period.

e OM conditioned with input data from Gadget assessment model with survey catch-
ability as approved in the ane27.9a_south component 2022 assessment (ICES,
WGHANSA 2022). This is the most precautionary scenario regarding the uncer-
tainty in survey catchability in the assessment model.

. With this configuration of the MSE framework, the maximum precautionary HR in a chr
was 0.5. Accordingly, HR=0.5 applied to the estimated SSB (by the Gadget assessment
model) could be proposed as the HRmsyproy for the 27.9a_south anchovy.
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o When compared to the 1-over-2 rule, the chr with a HR=0.5 produces higher yield while
being precautionary.

During the online meeting, the external reviewers expressed their concerns and criticisms, which
are compiled in the documents 2023_anchovy_9.a_MSE_review_SHF and 2023 _an-
chovy_9.a_MSE_review_BE in annex 6. Reviewer’s concerns are summarized in Perez-Rodri-
guez et al, 2023b (see annex 6), where some extra clarifications were added.

During the meeting the 5 of May it was agreed that a second batch of simulations would be
performed to deal with some of the main reviewer’s concerns. The methodology employed, the
structure of the simulations, results and conclusions are described in Perez-Rodriguez et al,
2023b (see annex 6). In this work, the main conclusions are:

. Despite the increase in risk of being below Blim as result of higher uncertainty in the
biological-fisheries elements simulated, the results of this second part of the MSE contin-
ues to support the harvest rate HR=0.5 as candidate reference point to be used on a con-
stant harvest rate chr HCR, with a biomass safeguard Buigger= 1194.132 tons. This chr
should be applied to the SSB estimated by the gadget assessment model approved by
WKPELA 2018.

. The results of the first and second MSE exercises proved that the HCR chr with HR=0.5
overcome the performance of the lover2 rule, reducing the risk of falling below Blim in
the short term, while producing a higher yield in the short, medium and long term.

During the WGHANSA meeting from May 29t to June 2 2023 it was agreed to support the
proposal, for the southern component of the 27.9.a anchovy, of a switch from the current Iover2
HCR to a chr HCR with a HRwmsy_proxy=0.5 and a biomass safeguard Brigger= 1194.132 tons.
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Table 4.3.1.1. Anchovy in Division 9.a. Composition of the Spanish fleets operating in Southern Galician waters (Western
component, subdivision 9.a North) and in the Gulf of Cadiz (Southern component, Subdivision 9.a-South) targeting an-
chovy in 2022. The categories include both single purpose purse-seiners, artisanal and trawl and artisanal vessels fishing
with purse-seine in some periods through the year (multi-purpose vessels). Storage: catches are dry hold with ice (one
fishing trip equals one fishing day). Similar tables for yearly data since 1999 are shown for the Gulf of Cadiz Spanish fleet
in previous WG reports.

Subdivision 9.a North

2021 Vessels targeting anchovy

Engine (HP)
Length (m) 0-50 51-100 101-200 201-500 >500 Total
<10 5 5
11-15 2 9 6 17
16-20 2 4 6
>20 1 5 2 8
Total 7 9 9 9 2 36

Subdivision 9.a South

2021 Vessels targeting anchovy

Engine (HP)
Length (m) 0-50 51-100 101-200 201-500 >500 Total
<10
11-15 3 1 4
16-20 6 21 9 36
>20 3 10 1 14

Total 9 24 20 1 54
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Table 4.3.2.1.1. Anchovy in Division 9.a. Recent historical series of annual catches (t) by subdivision, stock component
and total division since 1989 on (the period with available data for all the subdivisions). Catches in Subdivision 9.a South
are also differentiated between Portuguese (PT) and Spanish (ES) waters. (-) not available data; (0) less than 1 tonne
(from Pestana, 1989, 1996 and WGMHSA, WGANC, WGANSA and WGHANSA members). The rest of the historical series
of catches is shown in the stock annex. Discards are considered negligible in both the Portuguese (9.a C-N to 9.a S (PT))
and Spanish (9.a N, 9.a S (ES)) fisheries. Notwithstanding the above, the estimates for the Spanish fishery include esti-
mates of discarded (and unallocated) catches since 2014 on. Discards estimates for the Spanish fishery are not available
for the first semester 2020 because Covid-19 disruption and interruption of the IEOQ’s observers at-sea sampling program.

Year 9.aN 9.aC-N 9.aC-S West. 9.aS (PT) 9.a S (ES) South. Total Division
Comp. Comp.

1989 118 646 141 905 36 5330 5365 6270
1990 220 431 4 655 110 5726 5836 6491
1991 15 187 3 205 22 5697 5718 5924
1992 33 136 1 170 2 2995 2997 3167
1993 1 22 1 24 0 1960 1960 1984
1994 117 236 8 361 0 3035 3035 3397
1995 5329 2521 9 7859 0 571 571 8430
1996 44 2711 13 2768 51 1780 1831 4599
1997 63 610 8 682 14 4600 4614 5296
1998 371 894 153 1419 610 8977 9587 11006
1999 413 957 96 1466 355 5587 5942 7409
2000 10 71 61 142 178 2182 2360 2502
2001 27 397 19 444 439 8216 8655 9098
2002 21 433 90 543 393 7870 8262 8806
2003 23 211 67 301 200 4768 4968 5269
2004 4 83 139 226 434 5183 5617 5844
2005 4 82 6 92 38 4385 4423 4515
2006 15 79 15 110 14 4368 4381 4491
2007 4 833 7 844 34 5576 5610 6454
2008 5 211 87 303 37 3168 3204 3508
2009 19 35 5 59 32 2922 2954 3013
2010 179 100 2 281 28 2901 2929 3210
2011 541 3239 1 3782 78 6216 6294 10076
2012 39 521 220 779 56 4754 4810 5589
2013 69 192 131 392 67 5172 5240 5632
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Year 9.aN 9.aC-N 9.aC-S West. 9.aS (PT) 9.aS (ES) South. Total Division
Comp. Comp.

2014 581 678 21 1281 118 8933 9051 10332
2015 173 2533 10 2717 2 6878 6880 9597
2016 222 6908 10 7140 19 6581 6599 13740
2017 1069 8854 170 10094 26 4585 4611 14705
2018 992 7871 370 9233 65 4433 4499 13732
2019 991 5205 4 6200 113 4701 4814 11014
2020 309 5327 2 5639 155 7163 7317 12956
2021 747 9521 8 10276 109 7452 7562 17837
2022 15 3509 24 3548 0 6795 6795 10343
2023* 2683 669 2 3354 0 3836 3836 7190

(*) Provisional official landings data for the 2023 first semester updated until 30t April (9a.CN, 9a.CS, 9a.S-ALG) -
17t May (9a.N, 9a.S-CAD).

Table 4.3.2.2.1. Anchovy in Division 9.a. Catches (t) by gear and subdivision in 1989-2022. Discards are considered negli-
gible in both the Portuguese (9.a C-N to 9.a S (PT)) and Spanish (9.a N, 9.a S (ES)) fisheries. Notwithstanding the above,
the estimates for the Spanish fishery include estimates of discarded catches by gear since 2014 on. Discards estimates
for the Spanish fishery are not available for the first semester 2020 because Covid-19 disruption and interruption of the
IEO’s observers at-sea sampling program. Landings by gear in subdivisions 9.a C-N to S (PT) are not available by subdivi-
sion until 2009.

Subarea Gear 1989 1990 1991 1992 1993 1994 1995* 1996 1997 1998 1999 2000
9.aN Artisanal 0 0 0 0 0 0 0 0 0 0 0 0
Purse-seine 118 220 15 33 1 117 5329 44 63 371 413 10
9.aC-Nto Demersal Trawl - - - 4 9 1 - 56 46 37 43 6
9.aS (PT)
P. seine polyva- - - - 1 1 3 - 94 7 35 20 7
lent
Purse-seine - - - 270 14 233 - 2621 579 1541 1346 297
Not different. 49 541 210 - - - 7056 - - - - -
By gear
9.aS(ES) Demersal Trawl 0 0 0 0 330 152 75 224 190 1148 993 104
Purse-seine 5336 5911 5696 2995 1630 2884 496 1556 4410 7830 4594 2078
Subarea Gear 2001 2002 2003 2004 2005 2006 2007 2008 2009
9.aN Artisanal 0 0 4 0 0 0 1 0.1
Purse-seine 27 21 19 4 15 4 4 18
9.aC-Nto9.aS (PT) Demersal Trawl 16 13 7 7 27 14 9 4
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Subarea Gear 2001 2002 2003 2004 2005 2006 2007 2008 2009
P. seine polyvalent 32 13 184 197 57 24 376 141 38
Purse-seine 806 888 287 455 62 57 484 185 30
Not different. By gear - - - - - - - - -
9.a S (ES) Demersal Trawl 36 23 14 6 0.2 0.4 0.3 0.1 0.02
Purse-seine 8180 7847 4754 5177 4385 4367 5575 3168 2922
Sub- Gear 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
area
9.aN Demersal 0 0 0 0 0 0.2 0 7 0.6 0.6 0 0 0
trawl
Artisanal 4 0 1 6 0 21 6 6 0.4 0.1 0.1 0.1 0.01
Purse-seine 175 541 37 63 581 152 217 1057 991 990 309 747 15
9.aC-N Demersal 5 4 1 0.5 2 3 2 2 0,3 0.2 2 2 5
Trawl
P. seine poly- 45 1116 177 17 9 150 294 332 403 34 122 400 126
valent
Purse-seine 50 2119 342 175 668 2381 6613 8521 7468 5170 5203 9119 3379
9.aC-S Demersal 1 1 0.4 1 3 2 1 0.2 1 0.02 0.02 0.01 0
Trawl
P.seine poly- 0 0.1 17 4 1 0.4 4 13 14 1 2 2 0.1
valent
Purse-seine 1 0.4 202 127 18 8 5 157 355 4 0 5 24
9.aS(PT) Demersal 8 13 16 2 5 1 3 6 1 0 0.1 0.1 0.04
Trawl
P.seine poly- 4 33 0.1 2 0.04 0.02 0.04 0 0 0 1 2 0
valent
Purse-seine 17 33 41 63 113 1 16 20 65 113 153 107 0.1
9.a S (ES) Demersal 0 0 2 0 99 33 118 204 90 209 105 66 110
Trawl
Artisanal 0 0 0 0 0 0.1 0.1 0.01 0 0 0 0 0
Purse-seine 2901 6216 4752 5172 8835 6845 6463 4381 4343 4492 7058 7387 6686
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Table 4.3.2.2.2. Anchovy in Division 9.a. Quarterly anchovy catches (t) by subdivision in 2022.

Subdivision/ QUARTER 1 QUARTER2  QUARTER3  QUARTER4  ANNUAL (2022)
Component % ) % % % ct) %

9.a North 11 756 1 95 2 111 1 37 15 0,1
9.a Central North 1020 291 02 001 1860 530 628 179 3509 344
9.a Central South 0 00 01 02 18 753 6 245 24 0,2
Western Comp. 1032 291 2 005 1880 530 635 179 3548 3438
9.a South (PT) 0 00 0 00 01 1000 0 00 01 0,001
9.a South (ES) 532 72 3542 482 2659 362 609 83 7342 719
Southern Comp. 532 80 2862 430 2659 399 609 91 6662 652
TOTAL 1563 153 2864 280 2679 262 722 71 10210  100,0

Table 4.3.5.1.1. Anchovy in Division 9.a. Western Component. Subdivision 9.a North. Spanish fishery (all fleets). Seasonal
and annual length distributions ('000) of anchovy catches in 2022. Discards were sampled but they were null, hence
landings equals to catches.

2022 Q1 Q2 Q3 Q4 TOTAL
Length (cm) 9.aN 9.aN 9.aN 9.aN 9.aN
6 0 0 0 0 0

6.5 0 0 0 0 0

7 0 0 0 0 0

7.5 0 0 0 0 0

8 0 0 0 0 0

8.5 0 0 0 0 0

9 0 0 0 0 0

9.5 0 0 0 0 0

10 0 0 0 0 0
10.5 0 0 0 0 0

11 0 0 0 0 0
11.5 0 0 1 0 1

12 0 0 2 0 2
12.5 0 1 3 1 5

13 0 2 8 2 12
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2022 Q1 Q2 Q3 Q4 TOTAL
Length (cm) 9.aN 9.aN 9.aN 9.aN 9.aN
13.5 0 2 10 3 15
14 0 3 5 5 13
14.5 0 4 1 5 11
15 4 8 0 3 16
15.5 4 10 0 3 18
16 80 7 1 1 90
16.5 101 6 6 0 113
17 72 4 10 1 86
17.5 40 2 7 0 49
18 20 2 3 0 25
18.5 4 0 1 0 5

19 0 0 0 0 0
19.5 0 0 0 0 0

20 0 0 0 0 0
20.5 0 0 0 0 0

21 0 0 0 0 0
21.5 0 0 0 0 0
Total N 326 51 61 24 461
Catch (T) 11 1 2 1 15

L avg (cm) 16,9 15,7 15,3 14,7 16,5
W avg (g) 34,2 27,9 27,1 23,2 32,0
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Table 4.3.5.1.2. Anchovy in Division 9.a. Western Component. Subdivision 9.a Central North. Portuguese fishery (purse-
seine fleet). Seasonal and annual length distributions ('000) of anchovy catches in 2022. Discards are null, hence landings
correspond to catches. Length frequency distributions were not available for other métiers. Only data for the 3" and 4t
Quarter LFDs from the métier PS_SPF_0_0_0 are available.

2022 Q1 Q2 Q3 Q4 TOTAL
Length (cm) 9.aCN 9.aCN 9.aCN 9.aCN 9.aCN
6 0 - 0 0 0

6.5 0 - 0 0 0

7 0 - 0 0 0

7.5 0 - 0 0 0

8 0 - 0 0 0

8.5 0 - 0 0 0

9 0 - 0 0 0

9.5 0 - 0 0 0

10 0 - 0 0 0

10.5 954 - 0 0 954
11 392 - 0 0 392
11.5 2692 - 0 0 2692
12 2300 - 0 177 2477
12.5 6793 - 0 89 6881
13 8192 - 0 527 8719
13.5 7514 - 0 1180 8694
14 6676 - 48 5295 12019
14.5 4885 - 48 4110 9043
15 4154 - 749 4066 8969
15.5 1176 - 4386 2027 7589
16 3815 - 7625 875 12315
16.5 1515 - 10959 1905 14379
17 784 - 13552 1884 16220
17.5 0 - 8967 1633 10600
18 0 - 4687 389 5076

18.5 0 - 1357 406 1764
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2022 Q1 Q2 Q3 Q4 TOTAL
Length (cm) 9.aCN 9.aCN 9.aCN 9.aCN 9.aCN
19 0 - 121 0 121
19.5 0 - 0 0 0

20 0 - 0 0 0

20.5 0 - 0 0 0

21 0 - 0 0 0

215 0 - 0 0 0
Total N 51842 - 52498 24565 128905
Catch (T) 1019 0 1860 621 3500

L avg (cm) 13,9 - 17,1 15,4 15,5
W avg (g) 19,6 - 35,4 25,3 26,8

Table 4.3.5.1.3. Anchovy in Division 9.a. Southern component. Subdivision 9.a South (ES). Spanish fishery (all fleets).

Seasonal and annual length distributions ('000) of anchovy catches in 2022. Discards were sampled and estimated.

2022 Q1 Q2 Q3 Q4 TOTAL
Length (cm) 9.a S (ES) 9.a S (ES) 9.a S (ES) 9.a S (ES) 9.a S (ES)
4 0 0 0 0 0

4.5 0 7 0 0 7

5 0 0 0 77 77

5,5 0 21 0 185 206

6 12 86 24 413 534
6.5 30 85 54 438 608

7 65 173 163 754 1155
7.5 66 264 314 740 1384
8 196 705 716 794 2411
8.5 260 458 1068 3152 4938
9 493 524 1473 7194 9684
9.5 918 1909 2593 16421 21840
10 693 3259 4333 8477 16762
10.5 2412 13403 5610 5977 27402
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2022 Q1 Q2 Q3 Q4 TOTAL
Length (cm) 9.aS (ES) 9.a S (ES) 9.a S (ES) 9.a S (ES) 9.aS (ES)
11 3200 18665 11438 7254 40557
11.5 6620 36813 22848 5697 71978
12 5885 32479 28921 6078 73364
12.5 6238 33939 30422 13692 84292
13 5578 29822 28394 7088 70881
135 3832 20789 20806 2681 48107
14 1936 9876 15289 564 27664
14.5 1018 5058 7128 433 13638
15 562 2723 4677 433 8396
15.5 259 1288 1412 0 2959
16 20 0 1194 0 1214
16.5 11 0 0 0 11

17 0 0 0 0 0

17.5 9 0 0 0 9

18 19 0 0 0 19
18.5 0 0 0 0 0

19 0 0 0 0 0

19.5 0 0 0 0 0

20 0 0 0 0 0

20.5 0 0 0 0 0

21 0 0 0 0 0

215 0 0 0 0 0
Total N 39241 209629 186919 84477 520266
Catch (T) 532 2862 2679 722 6795

L avg (cm) 12,4 12,5 12,7 11,1 12,3
W avg (g) 11,5 13,6 14,2 8,3 12,8
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Table 4.3.5.2.1. Anchovy in Division 9.a. Western component. Subdivision 9.a North. Spanish catches (all fleets) in num-
bers-('000) at-age of Galician anchovy in 2022 on a quarterly (Q), half-year (HY) and annual basis.

2022 AGE Q1 Q2 Q3 Q4 HY1 HY2 ANNUAL

0 0 0 0 0 0 0 0

1 170 35 51 23 205 73 279

2 128 14 10 1 141 11 152

3 28 2 0 0 30 0 30

Total (n) 326 51 61 24 377 84 461
Catch (t) 11 1 2 1 13 2 15

SOpP 11 1 2 1 13 2 15
VAR.% 1,00 0,99 1,00 1,00 1,00 1,00 1,00

Table 4.3.5.2.2. Anchovy in Division 9.a. Western component. Subdivision 9.a North. Spanish annual catches of anchovy
in numbers ('000) at-age (only data for 2011-2012 and 2015-2022).

Year Age 0 Agel Age 2 Age 3
2011 2725 23903 380 0
2012 0 668 599 7
2013 n.a n.a n.a n.a
2014 n.a n.a n.a n.a
2015 0 1667 6667 66
2016 4677 9206 881 1
2017 14116 21150 10310 184
2018 0 33336 8551 354
2019 0 3274 5942 196
2020 0 4091 4170 1526
2021 12697 12148 4331 30
2022 0 279 152 30
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Table 4.3.5.2.3. Anchovy in Division 9.a. Western component. Subdivision 9.a Central-North. Portuguese catches (all

fleets) of anchovy in numbers ('000) at-age in 2022 on a quarterly (Q), half-year (HY) and annual basis.

2022 AGE Ql Q2 Q3 Q4 HY1 HY2 ANNUAL
0 0 0 36030 26185 0 62214 62214
1 69111 23155 132676 27411 92266 160088 252354
2 3667 0 31306 31407 3667 62713 66381
3 4896 0 1632 234 4896 1866 6763
Total (n) 77674 23155 201644 85238 100830 286882 387711
Catch (t) 1020 0,2 1860 628 1021 2489 3509
SOpP 1 0,3 6 2336 2 8 9
VAR.% 0,83 0,001 0,33 0,0003 0,67 0,31 0,37

Table 4.3.5.2.4. Anchovy in Division 9.a. Southern component. Subdivision 9.a South. Spanish catches (all fleets) in num-

bers ('000) at-age of Gulf of Cadiz anchovy in 2022 on a quarterly (Q), half-year (HY) and annual basis.

2022 AGE Ql Q2 Q3 Q4 HY1 HY2 ANNUAL
0 0 0 34856 69028 0 103884 103884
1 37114 199275 146031 18917 236389 164948 401337
2 3220 13069 7991 597 16289 8588 24877
3 0 0 0 0 0 0 0
Total (n) 40334 212344 188877 88542 252677 277420 530097
Catch (t) 532 2862 2679 722 3394 3401 6795
SOP 464 2880 2690 739 3344 3 6772
VAR.% 1,15 0,99 1,00 0,98 1,01 0,99 1,00

Table 4.3.5.2.5. Anchovy in Division 9.a. Southern component. Subdivision 9.a South. Spanish annual catches (all fleets)

in numbers ('000) at-age of Gulf of Cadiz anchovy (1995-2022).

Year Age 0 Age 1 Age 2 Age 3
1995 34497 33961 189 0
1996 484540 162483 2053 0
1997 333758 279641 44823 0
1998 436307 1015535 13260 0
1999 124784 472348 32279 0
2000 118808 197497 3844 0
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Year Age 0 Age 1 Age 2 Age 3
2001 158126 541331 23342 0
2002 74399 708070 17515 0
2003 71847 381407 13109 0
2004 105958 398862 2590 0
2005 37906 482256 3495 0
2006 11303 491307 5261 0
2007 61692 559217 7342 0
2008 57477 138295 30970 394
2009 9695 184941 20051 2673
2010 34462 210384 11118 257
2011 199191 406217 16117 0
2012 25265 335487 8348 0
2013 176169 300781 5950 0
2014 73210 808350 6155 0
2015 196337 460887 13667 0
2016 87979 460201 19758 0
2017 118554 402410 4339 8
2018 39467 316336 6450 0
2019 163216 265091 17311 0
2020 196225 373573 28237 1357
2021 144927 444421 28745 0
2022 103884 401337 24877 0
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Table 4.3.6.1. Anchovy in Division 9.a. Western component. Subdivision 9.a North. Mean length (TL, in cm) at-age in the
Spanish catches of Galician anchovy (all fleets) in 2022 on a quarterly (Q), half-year (HY) and annual basis.

2022 AGE Q1 Q2 Q3 Q4 HY1 HY2 ANNUAL
0 0 0 0 0 0 0
1 16,7 15,4 14,9 14,6 16,5 14,8 16,0
2 17,2 16,2 17,7 16,0 17,1 17,5 17,1
3 17,7 17,7 0 0 17,7 0 17,7
Total 16,9 15,7 15,3 14,7 16,8 15,2 16,5

Table 4.3.6.2. Anchovy in Division 9.a. Western component. Subdivision 9.a North. Mean weight (in kg) at-age in the
Spanish catches of Galician anchovy (all fleets) in 2022 on a quarterly (Q), half-year (HY) and annual basis.

2022 AGE Ql Q2 Q3 Q4 HY1 HY2 ANNUAL
0 0 0 0 0 0 0 0
1 0,032 0,026 0,025 0,023 0,031 0,024 0,030
2 0,035 0,031 0,039 0,029 0,035 0,038 0,035
3 0,039 0,039 0 0 0,039 0 0,039
Total 0,034 0,028 0,027 0,023 0,033 0,026 0,032

Table 4.3.6.3. Anchovy in Division 9.a. Western component. Subdivision 9.a Central-North. Mean length (TL, in cm) at-
age in the Portuguese catches of Northwestern anchovy (all fleets) in 2022 on a quarterly (Q), half-year (HY) and annual

basis.
2022 AGE Ql Q2 Q3 Q4 HY1 HY2 ANNUAL
0 0 0 15,4 14,8 0 15,1 15,1
1 12,9 13,4 16,0 15,7 13,0 16,0 14,9
2 16,4 0 16,1 15,9 16,4 16,0 16,0
3 15,9 0 15,9 16,9 15,9 16,1 15,9
Total 13,3 13,4 15,9 15,5 13,3 15,8 15,2

Table 4.3.6.4. Anchovy in Division 9.a. Western component. Subdivision 9.a Central-North. Mean weight (in kg) at-age in
the Portuguese catches of Northwestern anchovy (all fleets) in 2022 on a quarterly (Q), half-year (HY) and annual basis.

2022 AGE Q1 Q2 Q3 Q4 HY1 HY2 ANNUAL
0 0 0 0,025 0,022 0 0,024 0,024
1 0,014 0,013 0,028 0,029 0,014 0,028 0,023
2 0,030 0 0,032 0,030 0,030 0,031 0,031
3 0,026 0 0,031 0,032 0,026 0,031 0,027
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Total

0,016

0,013

0,028

0,027

0,015

0,028

0,024

Table 4.3.6.5. Anchovy in Division 9.a. Southern component. Subdivision 9.a South. Mean length (TL, in cm) at-age in the
Spanish catches of Gulf of Cadiz anchovy (all fleets) in 2022 on a quarterly (Q), half-year (HY) and annual basis.

2022 AGE Ql Q2 Q3 Q4 HY1 HY2 ANNUAL
0 0 0 11,1 10,6 0 10,8 10,8
1 12,4 12,4 13,0 12,6 12,4 13,0 12,6
2 12,8 13,9 14,4 14,1 13,7 14,4 13,9
3 0 0 0 0 0 0 0
Total 12,4 12,5 12,7 11,1 12,5 12,2 12,3

Table 4.3.6.6. Anchovy in Division 9.a. Southern component. Subdivision 9.a South. Mean weight (in kg) at-age in the
Spanish catches of Gulf of Cadiz anchovy (all fleets) in 2022 on a quarterly (Q), half-year (HY) and annual basis.

2022 AGE Q1 Q2 Q3 Q4 HY1 HY2 ANNUAL
0 0,000 0,000 0,009 0,007 0 0,008 0,008
1 0,011 0,013 0,015 0,012 0,013 0,015 0,014
2 0,013 0,019 0,020 0,017 0,018 0,020 0,018
3 0 0 0 0 0 0 0
Total 0,012 0,014 0,014 0,008 0,013 0,012 0,013
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5 Sardine General

This section has not been updated in this report.
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6 Sardine in divisions 8a.b.d

6.1 Population structure and stock identity

Sardine in Celtic Seas (7a, b, ¢, f, g, j, k), English Channel (7d, e, h) and in Bay of Biscay (8a, b, d)
are considered to belong to the same stock from a genetic point of view.

Therefore, it has been previously considered that the sardine stock in divisions 8a, b, d and in
Subarea 7 as a single-stock unit. The assessment of this stock as a single unit assumed that the
trends derived from the observations made in the Bay of Biscay through the scientific surveys
(PELGAS, BIOMAN) could be extended to the Subarea 7.

Information from the ICES WKSAR workshop (ICES, 2016) suggests higher growth rates for the
populations of the English Channel and Celtic Seas than for the Bay of Biscay but it is unknown
if this results from different oceanographic conditions or from population characteristics. Fur-
thermore, there is no information on connectivity between the Bay of Biscay and English Chan-
nel/Celtic Sea. Bordering catches in Subarea 7 (statistical rectangles 25E4, 25E5) to the Bay of
Biscay are generally considered to be taken from sardine populations in the Bay of Biscay. The
recent PELTIC surveys (abundance of eggs, larvae, recruits and adults in the Channel) and re-
sults from the calorimetry/growth analysis suggest that Channel/Celtic Sea can be a self-sus-
tained population. In fact, there are historical (Wallace and Pleasants, 1972) and recent evidence
(Coombs et al., 2009) that a significant spawning takes place regularly in Subarea 7. In a recent
acoustic survey series in this area (PELTIC surveys) relevant concentrations of all life stages
(eggs, juveniles and adults) have been found as well (van der Kooij et al. Presentation to WKSAR
report ICES CM 2016/ACOM:41). Furthermore, the Cornish fisheries has been operating there
for more than a century.

In terms of stock assessment, the availability of data strongly differs between the northern (Celtic
Seas, English Channel) and the southern areas (Bay of Biscay). Additionally, each area presents
different historical exploitation patterns. Therefore, analysis and management advice between
the areas may differ.

The workshop concluded that in the absence of evidence of connectivity between the Bay of Bis-
cay and Subarea 7 sardine populations, and taking into account the indications of shelf-sustained
populations in each area (whereby all stages are found in substantial amounts in both regions) it
would be preferable to deal with the Bay of Biscay and Subarea 7 separately.

6.2 Input datain 8a, b, d

6.2.1 Catch data in divisions 8a, b, d

Official landings per country are given in Table 6.2.1.1. Working group estimates are provided
in Table 6.2.1.2. Differences are generally related to unallocated catches. Most of the landings
correspond to France and Spain. As part of the interbenchmark process in 2019, French landings
have been revised from 2013 to 2017 (ICES, 2019).

As in previous years, French sardine landings have been corrected for notorious misallocations
between 7e,h and 8a. A substantial part of the French catches originates from divisions 7h and
7e, but these catches have been assigned to division 8a due to their very concentrated location at
the boundary between 8a, 7h and 7e. French sardine landings declared in 25E5 and 25E4 have
hence been reallocated to 8a. Those two rectangles use to typically account for 25% of the French
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sardine catches reported in the Bay of Biscay. In 2022, they accounted for 44%. This is one of the
highest proportion of catches in 25E4-25E5 in the time-series.

The Spanish fishery takes place mainly during March and April and in the fourth quarter of the
year. Spanish vessels are purse-seines from the Basque Country and other regions of the north
of Spain, which operate mostly in division 8b. Spanish landings averaged around 4000 tonnes in
the late 1990s early 2000s with peaks in 1998 and 1999 at almost 8 thousand tonnes. Catches have
then decreased until 2010 to below 1 thousand tonnes. Since 2011, catches have raised again,
reaching 16 237 tonnes in 2014. Landings in 2022 were 3 117tonnes.

French catches consistently increased from 1983 to 2008, with values ranging from 4367 tonnes
in 1983 to 21 104 tonnes in 2008. Since 2009, French landings displayed an increasing trend which
stopped in 2013 with 20 066 tonnes landed, which is close to the time-series maximum. In 2018,
landings reached a new maximum with 25 195 tonnes. In 2022, 23 299 tonnes were landed. About
83% of French catches are taken by purse-seiners while the remaining 17% is reported by pelagic
trawlers (mainly pair-trawlers). Both purse-seiners and pelagic trawlers target sardine in French
waters. Average vessel length is about 18 m. Purse-seiners and trawlers operate mainly in coastal
areas (<10 nautical miles. Both pair-trawlers and purse-seiners operate close to their base harbour
when targeting sardine. The highest catches are usually taken in summer, even if sometimes
catches can be important during winter. Almost all the catches are taken in southwest Brittany.
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Table 6.2.1.1. Sardine in 8abd. Official landings (in tons) reported to ICES (1989-2022).

8a,b,d
: - 2 2 :
. g E g E £ £ 5 = =
g £ 2 2 e x 3 3 £ e 8
1989 8811 0 0 0 0 0 0 0 0 8811
1990 8543 0 0 0 0 0 0 0 0 8543
1991 12482 35 0 0 0 0 0 0 0 12517
1992 8847 43 0 0 0 0 0 0 0 8890
1993 8805 45 0 0 0 308 0 0 0 9158
1994 8604 0 0 0 0 0 0 0 0 8604
1995 9877 0 24 0 0 0 0 0 0 9901
1996 8604 0 0 0 0 0 0 0 0 8604
1997 10706 0 26 0 0 0 0 0 0 10732
1998 9778 873 0 0 0 0 68 0 0 10719
1999 0 2384 0 0 0 124 11 0 0 2519
2000 10615 3158 34 0 0 0 38 0 0 12505
2001 10004 3720 333 0 0 0 135 0 0 10589
2002 11977 4428 23 19 276 0 4 0 0 15519
2003 9809 1113 68 1750 68 0 0 0 0 14925
2004 11155 342 6 1401 0 0 0 0 0 13231
2005 10975 898 1 974 0 0 54 0 0 17694
2006 10884 825 2 49 0 12 78 5 0 16986
2007 13231 1263 0 0 0 48 0 0 0 16814
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2008 18071 717 0 0 1 39 0 0 0 23133
2009 15847 228 0 0 0 0 0 0 0 21229
2010 12877 642 0 0 0 0 0 0 0 22432
2011 12469 5283 5 0 0 0 0 0 0 25155
2012 10854 14948 0 0 0 0 0 0 0 33100
2013 13614 12423 445 0 252 0 0 0 0 37291
2014 14730 16237 0 0 0 0 0 0 0 39829
2015 13132 13055 0 25 7 0 1 0 0 31574
2016 14320 6824 65 0 0 0 0 0 0 30122
2017 17265 6380 0 0 0 0 0 0 0 30249
2018 18161 7094 0 0 0 0 0 0 0 32289
2019 21099 3250 0 0 0 0 0 0 0 24349
2020 24596 6746 0 0 0 0 0 0 0 31342
2021 20239 5922 0 0 0 0 0 0 0 26161
2022 12907 3117 0 0 0 0 0 0 0 16024
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Table 6.2.1.2. Sardine in 8abd. Sardine landings (in tons) by France (1983-2020) and Spain (1996-2020) in ICES divisions

8a,b,d as estimated by the WG.

Year France Spain Total
1983 4367 n/a
1984 4844 n/a
1985 6059 n/a
1986 7411 n/a
1987 5972 n/a
1988 6994 n/a
1989 6219 n/a
1990 9764 n/a
1991 13965 n/a
1992 10231 n/a
1993 9837 n/a
1994 9724 n/a
1995 11258 n/a
1996 9554 2053 11607
1997 12088 1608 13696
1998 10772 7749 18521
1999 14361 7864 22225
2000 11939 3158 15097
2001 11285 372 11657
2002 13849 4428 18277
2003 15494 1113 16607
2004 13855 342 14197
2005 15462 898 16360
2006 15916 825 16741
2007 16060 1263 17323
2008 21104 717 21821
2009 20627 228 20855
2010 19485 642 20127
2011 17925 5283 23208
2012 15952 14948 30900
2013 20515 12423 32938
2014 19467 16237 35704
2015 15701 13055 28756
2016 22930 6824 29754
2017 24055 6380 30435
2018 25195 7104 32299
2019 21300 3279 24579

ICES
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Year France Spain Total
2020 24593 6747 31340
2021 20370 5828 26198
2022 23299 3061 26360

6.2.2 Surveys in divisions 8abd

6.2.2.1 DEPM surveys in Divisions 8abd

The DEPM survey BIOMAN takes place annually in spring in the Bay of Biscay with the main
objective of estimate the total biomass and distribution of anchovy as well as the numbers at age,
percentage at age, length at age, weight at age and anchovy biomass at age in the Bay of Biscay
(8abcd) and the egg abundance of sardine in 8abd. Triennially, the SSB of sardine is also included
as an assessment index since 2011. Since 2020 the SSB for sardine is estimated annually as well
as the numbers at age, percentage at age, weight at age and length at age to be available as inputs
for future assessments. The daily egg production (Po) (eggs /m?), daily mortality rates (z) and
total daily egg production (P:wt)(eggs) parameters were as well estimated for this year (Table
6.2.2.1.1) and for the historical series in all the area surveyed, in 8abd and in 8abd without part
of the Northwest. Apart from the frequentist method that was applied up to now, to estimate Py,
z and Pwt, a Bayesian method was applied (Citores et all, 2023 in press) with the aim to avoid
incurring in incorrect sign for z (Figure 6.2.2.1.1). Currently, the input used for the assessment is
the total egg abundance in the 8abd without the Northwest part to be consistent with the histor-
ical series and the triennial DEPM since 2011.

The survey took place from the 34to the 26t of May. All the methodology concerning the survey
and the estimates performance, are described in detail in the annex A.5_stock annex - Bay of
Biscay Anchovy (Subarea 8). A detailed report of the survey and results from 2023 are attached
as a working document at ICES WGACEGG 2023 in annex 3 (Santos Mocoroa. M et al. BI-
OMAN 2023).

This year the sardine eggs were scarce in the Cantabrian Sea without reaching the 200m depth
isoline. In the French platform, there were sardine eggs from South to North all along the East of
the 100m depth isoline area in general. This distribution was similar to last year. (Figure 6.2.2.1.2)

In the sampling with the PairoVET net (vertical sampling) from 778 stations a total of 276 (35%)
had sardine eggs with an average of 108 eggs m per station in the positive stations, a maximum
of 1640 egg m=2in a station and a total number of 29 770 eggs m2. In the sampling with CUFES
(horizontal sampling) a total of 607 stations (33%) had sardine from 1824 stations with an average
of 4.3 eggs m™ per station in the positive stations and a maximum of 78 egg m2in a station.

Total egg abundance for sardine was estimated as the sum of the number of eggs in each station
multiplied by the area each station represents. This year sardine egg abundance estimates for
assessment was 2.88E+12 eggs, considering the 8abd and removing part of the Northwest, to be
consistent with the historical series. This estimate was below the time series average (5.68E+12)
(Figure 6.2.2.1.3, Table 6.2.2.1.2).

To estimate the reproductive parameters for sardine in the Bay of Biscay from BIOMAN survey,
17 adult hauls were available. Mean weight and mean length are showed in Figure 6.2.2.1.4. Age
composition is showed in Figure 6.2.2.1.5. BIOMAN survey produced DEPM spawning Biomass,
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it was reported in WGACEGG 2023 (Santos Mocoroa M. et al. BIOMAN survey 2023), and for the
purpose of independent shelf documentation they are summarized in the Table 6.2.2.1.3. The
age composition of the stock was estimated as well (Table 6.2.2.1.4). All the estimates were ob-
tained from the mature population of the 17 samples that represent a 63 % of the individuals.
This year one of the samples was pure immature and another one almost all immature and were
eliminated for the SSB estimated. Another sample was eliminated for being outside the 8abd

(Table 6.2.2.1.5).

Table 6.2.2.1.1. Sardine in 8abd. Daily egg production (P0) (eggs m-2), daily mortality rates (z) and total daily egg pro-
duction (Ptot)(eggs) estimates and their corresponding standard error (S.e.) and coefficient of variation (CV) for all the

area surveyed area, 8abd and 8abd without NW from BIOMAN 2023.

ALL AREA 8abd 8abdwithoutNW
Parameter | Value S.e. cv Value S.e. cv Value S.e. cv
PO 58.26 8.37 0.1436 | 63.66 9.53 0.1498 | 52.33 8.19 0.1565
z 0.27 0.101 0.3763 0.32 0.105 0.3290| 0.22 0.112 0.5030
Ptot 21E+12 3.1.E+11 0.1436 |2.2.E+12 3.3.E+11 0.1498 [1.5.E+12 2.4.E+11 0.1565
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Table 6.2.2.1.2. Sardine in 8abd. Time-series for sardine, total egg abundances (X(egg St*area st)) in numbers of
eggs, without the Northwest, the one adopted as an input for the assessment of sardine in 8abd.

year totAb8abdwithoutNW
1999 1.06E+12
2000 5.03E+12
2001 2.20E+12
2002 7.82E+12
2003 3.26E+12
2004 7.83E+12
2005 1.09E+13
2006 3.84E+12
2007 2.33E+12
2008 9.37E+12
2009 6.05E+12
2010 1.03E+13
2011 4.29E+12
2012 5.60E+12
2013 547E+12
2014 8.21E+12
2015 552E+12
2016 8.56E+12
2017 5.99E+12
2018 4.67E+12
2019 4.49E+12
2020 3.75E+12
2021 4.02E+12
2022 3.29E+12
2023 2.88E+12
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Table 6.2.2.1.3: Sardine in 8abd. Sardine spawning stock biomass (SSB) in Division 8abd, with the estimates of adult
parameters for applying the DEPM: sex ratio (R) (% of females), spawning fraction (S) (% of females spawning per day),
batch fecundity (F) (eggs/batch/mature female), female mean weight (Wf)(g) and daily fecundity (DF) (eggs/g/day) for
the application of the DEPM with their standard error (S.e) and coefficient of variation (CV). Total egg production

(Ptot)(eggs) estimate is showed as well.

Parameter estimate S.e. cv

Ptot 219E+12 3.3E+11 0.1498
R' 0.53 0.007 0.0123
S 0.06 0.018 0.3163
F 17,399 2,246 0.1291
W1 4317 3.26 0.0756
DF 12.13 411 0.3387
SSB 200,572 74,269 0.3703
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Table 6.2.2.1.4: Sardine in 8abd. Sardine spawning stock biomass (SSB) in Division 8abd, with information on the per-
centage at age, numbers at age, percentage at age in mass, spawning stock biomass at age in mass with the corre-
spondent standard error (S.e.) and coefficient of variation (CV) from BIOMAN 2023. As well as the biological features

mean weight at age(g) and mean length at age(mm).

SSB 200,572 74,269 0.3703
Wt 38.71 1.89 0.0489
Population (millions) 5,175 1865 0.3604
Percentage at age 1 0.18 0.079 0.4313
Percentage at age 2 0.39 0.076 0.1978
Percentage atage 3 0.26 0.056 0.2177
Percentage atage 4 0.08 0.038 0.4810
Percentage atage 5 0.07 0.036 0.5295
Percentage atage 6+ 0.03 0.015 0.5627
Numbers at age 1 940 467.7 0.4973
Numbers at age 2 1,969 778.6 0.3954
Numbers at age 3 1,352 6255 0.4627
Numbers at age 4 427 291.0 0.6809
Numbers atage 5 337 203.8 0.6043
Numbers at age 6+ 148 111.3 0.7507
Perc.atage 1 in mass 0.14 0.066 0.4740
Perc.atage 2 in mass 0.37 0.084 0.2309
Perc.atage 3 in mass 0.28 0.050 0.1818
Perc. atage 4 in mass 0.09 0.041 0.4371
Perc.atage 5 in mass 0.09 0.043 0.5006
Perc. atage 6+ in mass 0.04 0.021 0.5370
SSB atage 1 (Tons) 27,279 13,380 0.4905
SSB atage 2 (Tons) 72,432 29,065 0.4013
SSB at age 3 (Tons) 56,386 26,286 0.4662
SSB at age 4 (Tons) 19,680 13,259 0.6737
SSB atage 5 (Tons) 16,509 9,954 0.6029
SSB at age 6+ (Tons) 8,285 6,290 0.7592
Biological Features _estimate S.e. cv
Weight at age 1 (g) 29.8 0.47 0.0157
Weight atage 2 (g) 37.3 0.89 0.0238
Weight at age 3 (g) 41.7 0.80 0.0191
Weight atage 4 (g) 453 0.91 0.0202
Weight at age 5 (g) 48.7 1.68 0.0344
Weight at age 6+ (g) 54.5 1.79 0.0328
Lenghtat age 1 (cm) 160.5 0.47 0.0029
Lenghtatage 2 (cm) 172.6 0.73 0.0042
Lenghtatage 3 (cm) 180.4 1.62 0.0090
Lenghtatage 4 (cm) 188.7 1.78 0.0094
Lenghtatage 5 (cm) 192.9 2.85 0.0148
Lenghtatage 6+ (cm) 200.9 2.54 0.0126
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Table 6.2.2.1.5: Sardine in 8abd. Percentage of mature population within the 17 samples used for the DEPM estimates
after eliminating 3 samples. And with all the samples obtained (20 samples)

% mature in numb | Age 1] Age 2| Age 3| Age 4] Age 5] Age 6] Age 7
3 hauls eliminated| 63% 97% 100% 100% 100% 100% 100%
All hauls| 57% 98% 100% 100% 100% 100% 100%

8abd
0.04-
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N E bayes
0.001 =] frea
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Figure 6.2.2.1.1. Sardine in 8abd. Point estimates (joined points) and 95% confidence intervals (shaded ribbons) for
estimated parameters z, PO and Ptot for all the historical series. Colours represent two different approaches: the Bayesian

approach in red and the frequentist approach in blue. Frequentist confidence intervals are computed as mean * 1.96se.
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Figure 6.2.2.1.2. Sardine in 8abd. Spatial distribution and abundance of sardine eggs per 0.1m? from the DEPM survey
BIOMAN2023 obtained with PairoVET (vertical sampling). The dash green line represents the stations removed for
assessment propose in 8abd to be consistent with the historical series. Red lines represent the limits of 8abcd.
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Figure 6.2.2.1.3. Sardine in 8abd. historical series for sardine egg abundances in 8abd without Northwest stations

including 2023 value. The red line is the historical mean.
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Figure 6.2.2.1.4. Sardine in 8abd. Sardine spatial distribution of mean weight (left) and mean length (right) in the Bay of
Biscay from BIOMAN 2023 survey.
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6.2.2.2  Acoustic spring survey (PELGAS): 8ab

The biomass of sardine estimated during PELGAS23 is 265 944 tonnes, which is a slight increase
compared with the previous survey, the biomass reaching a medium level of the PELGAS series
(around the average). It must be noticed that the sardine abundance index is very variable, and
it could be explained that this survey doesn't cover the total area of potential presence of sardine,
and it is possible that some years, this specie could be present up to the North, in the Celtic sea,
SW of Cornouailles or Western Channel where some fishery (and the PELTIC survey) occurs. It
is also possible that sometimes, a part of the population could be present in very coastal waters,
when the R/V Thalassa is unable to operate in those waters. The estimate is representative of the
sardine present in the survey area at the time of the survey and can be therefore considered as
an estimate of the Bay of Biscay (8ab) sardine population.
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Figure 6.2.2.2.1. Sardine in 8abd. distribution of sardine observed by acoustics during PELGAS23.

Sardine was distributed all along the French coast of the Bay of Biscay, from the South to the
Loire river (Figure 6.2.2.2.1). The small sardine was present this year, sometimes pure, and reg-
ularly mixed with anchovy. It must be noticed that one more year, no sardine at all were detected
along the shelfbreak.
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Figure 6.2.2.2.2. Sardine in 8abd. Length distribution of sardine as observed during PELGAS23.

Length distributions in the trawl hauls were estimated from random samples. The population
length distributions have been estimated by a weighted average of the length distribution in the
hauls. Weights used are the acoustic biomass estimated in the post-stratification regions com-
prising each trawl haul. The global length distribution of sardine is shown in Figure 6.2.2.2.2. We
can see that this year, a mode about 6 centimetre is visible. It corresponds to juveniles, detected
and caught particularly along the Brittany coast, at the end of the survey. Some of these fish have
been aged by the daily ring method, and their age have been determined between 80 and 90
days, so with a probable birth at the end of February. These juveniles, largely underestimated
because of the low catchability of the vessel on so small individuals, have been removed to keep
the abundance index on adults (age 1+).
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Figure 6.2.2.2.3. Sardine in 8abd. Age composition of sardine as estimated by acoustics since 2000

PELGAS series of sardine abundance at age (2000-2023) is shown in Figure 4.1.7. Cohorts can be
visually tracked on the graph particularly in the past : the respectively very low and very high
2005 and 2008 cohorts denote atypical years in terms of environmental conditions, and therefore
fish (and particularly sardine) distributions. This is no more true in recent years, with the good
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recruitment in 2013 which doesn't profit to incoming years, or the 2017 year class which seems
to be one of the best recruitment ever and who seems to contribute not that much to the total
abundance of sardine in 2018 (and 2019) in the bay of Biscay. 2021 seemed to be the best recruit-
ment ever and the population appeared more and more young (88% of the fish were 1 year old).
2022 showed that this very strong cohort doesn’t profit in 2022 to the population with an abun-
dance at age 2 which is around the level of the series, and it is confirmed this year with only 13%
of age 3. The population of sardine is still very young, with an age distribution largely dominated
by age 1 and 2 groups (sum about 82% in numbers).
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Figure 6.2.2.2.4. Sardine in 8abd. Evolution of mean weight at age (g) of sardine along PELGAS series.

The PELGAS sardine mean weights at age series (Figure 6.2.2.2.4) shows a clear decreasing trend,
whose biological determinant is still poorly understood. Further studies are conducted, particu-
larly on the nutritive quality of plankton. One year old sardines were about 40 grams in the
beginning of the serie, and reach only 23 grams this year, with a strong minimum value in 2021
with 12.5 grams. Further work must be conducted to explore the causes of the fluctuation of
mean weights at ages but recent works suggest that it could be caused by a modification of the
plankton composition.
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Figure 6.2.2.2.5. Sardine in 8abd. Distribution of sardine eggs observed with CUFES during PELGAS23.
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Figure 6.2.2.2.6. Sardine in 8abd. Number of eggs observed during PELGAS surveys from 2000 to 2023

2023 was marked by a low abundance of sardine eggs as compared to the PELGAS time-series
(Figure 6.2.2.2.5 and Figure 6.2.2.2.6). It must be noticed that this year the one-year-old individ-
uals were not fully mature: 57 % of the age 1 were totally immature (stagel) and 13 % were
starting their maturation (stage 2 of the maturity scale) at the time of the survey. Only 27 % age
1 were fully mature. Almost all of the older individuals (age 2 and more) were spawning.
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6.2.3 Biological data

6.2.3.1  Catch numbers-at-length and age

Catches were sampled, and numbers by length class for divisions 8a, b, d by quarter are shown
in Tables 6.2.3.1.1 and 6.2.3.1.2, for France and Spain, respectively. Sardine caught in divisions
8a, b, d ranges from 12 to 24 cm (half cm bin). In 2022, a peak is observed in the catch-at size
distributions around -17 cm length (half cm bin).

Table 6.2.3.1.3 and Table 6.2.3.1.4 shows the catch-at-age in numbers for each quarter of 2022 for
Spanish and French landings respectively. Even if France and Spain are not fishing at the same
place and at the same period, fish of age 2 dominated the fishery for both countries.

6.2.3.2 Mean length and mean weight-at-age

Mean length and mean weight-at-age by quarter in 2022 for France and Spain are shown in Ta-
bles 6.2.3.2.1 t0 6.2.3.2.4.
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Table 6.2.3.1.1. Sardine in 8abd. French Sardine catch at length composition (thousands) in ICES divisions 8a,b in 2022.

Length * Quarter Quarter Quarter Quarter All year
(half cm) 1 2 3 4

10

10.5

11

11.5

12 472 472
12.5

13 162 472 284 919
13.5 162 1416 1578
14 325 3775 2 086 284 6470
14.5 1136 4247 1147 284 6815
15 1639 9438 1774 569 13420
15.5 3349 9271 3548 853 17 021
16 3998 27 831 16 070 6 824 54723
16.5 2652 34943 40479 16 776 94 850
17 3612 27 025 48 398 23884 102 920
17.5 2815 6273 52 880 18 482 80 449
18 2907 1096 34 002 14501 52 506
18.5 5428 1568 29412 7961 44 369
19 7484 1096 16 689 2559 27 828
19.5 7562 2193 6 049 3981 19 785
20 6 681 472 3234 1137 11524
20.5 4454 1096 853 6403
21 2876 548 3424
215 982 1644 2626
22 951 284 1236
22.5 131 131
23 263 263
23.5

24

245

25

Total number 59732 134 878 255768 99518 549 896
Official catch (t) 3135 4 875 11026 4263 23 299
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Table 6.2.3.1.2. Sardine in 8abd. Spanish sardine catch-at-length composition (thousands) in ICES Division 8b in 2022.

Length * Quarter Quarter Quarter Quarter All year
(half cm) 1 2 3 4

10

10.5

11

11.5 3 3

12 9 9

12.5 66 66

13 359 359
13.5 709 5 714
14 1426 48 1475
14.5 2023 19 2043
15 2641 1 100 2742
15.5 2617 3 487 3107
16 3476 4 2 558 6 039
16.5 4890 9 5789 10 688
17 4 895 26 39 8002 12 963
17.5 3155 37 59 7217 10468
18 2212 33 138 7521 9905
18.5 1627 32 296 5137 7 092
19 1093 30 315 2709 4147
19.5 658 11 296 1530 2 495
20 348 10 197 1162 1717
20.5 239 2 99 581 921
21 75 3 59 271 408
215 15 1 20 161 196
22 20 20 55 94
22.5 5 5

23 1 20 21
23.5

24

245

25

28

Total number 32563 202 1557 43 354 77 676
Official catch (t) 1066 8 84 1898 3056
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Table 6.2.3.1.3. Sardine in 8abd. Spanish 2022 landings in ICES Division 8ab: Catch in numbers (thousands) -at-age.

Age First Quarter Second Quarter Third quarter Fourth Quarter Whole Year
0 0 0,00 0,00 171,94 171,94

1 13411,18 42,12 28,20 10046,12 23527,63
2 13369,94 87,84 290,25 17341,47 31089,50
3 4302,62 71,94 313,48 7867,65 12555,68
4 1312,10 24,00 497,68 5138,69 6972,47
5 358,93 10,40 197,84 1655,05 2222,22
6 0 0,00 230,00 1132,82 1362,82
7 0 0 0 0,00 0

8 0 0 0 0 0

9 0 0 0 0 0

Table 6.2.3.1.4. Sardine in 8abd. French 2022 landings in ICES Division 8b: Catch in numbers (thousands) -at-age.

Age First Quarter Second Quarter Third quarter Fourth Quarter Whole Year
0 4273,82 1264,75 5538,57
1 6915,44 42025,03 111462,41 45524,21 205927,09
2 17980,05 78273,39 116982,07 44473,70 257709,21
3 19212,22 8499,30 15521,50 5218,35 48451,36
4 9716,42 3635,39 5234,43 1786,40 20372,64
5 4085,75 1045,00 2294,17 966,32 8391,23
6 1546,82 668,52 284,34 2499,67
7 215,78 731,04 946,82
8 59,45 59,45
9 0,00
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Table 6.2.3.2.1. Sardine in 8abd. Spanish 2022 landings in divisions 8a,b: Mean length (cm) -at-age.

First Quarter Second Quarter Third quarter Fourth Quarter Whole Year

0 0,00 0,00 0,00 14,87 14,87

1 15,68 15,16 17,60 16,89 16,20

2 16,93 17,82 18,63 17,69 17,37

3 18,49 18,89 19,09 18,36 18,42

4 18,73 19,16 19,56 19,12 19,08

5 20,48 20,49 19,91 19,39 19,62

6 0,00 0,00 20,71 20,46 20,50

7 0,00 0,00 0,00 52,00

8 0,00 0,00 0,00 0,00

Table 6.2.3.2.2. Sardine in 8abd. Spanish 2022 landings in divisions 8a,b: Mean weight (kg) -at-age.

First Quarter Second Quarter Third quarter Fourth Quarter Whole Year

0 0,00 0,00 0,00 0,03 0,03
1 0,03 0,03 0,04 0,04 0,03
2 0,03 0,04 0,05 0,04 0,04
3 0,04 0,05 0,05 0,05 0,05
4 0,04 0,05 0,05 0,05 0,05
5 0,06 0,06 0,06 0,05 0,05
6 0,00 0,00 0,06 0,06 0,06
7 0,00 0,00 0,00 0,00
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Table 6.2.3.2.3. Sardine in 8abd. French 2022 landings in ICES Division 8a,b: mean length (cm) -at-age.

Age First Quarter Second Quarter Third quarter Fourth Quarter Whole Year
0 14,80 14,67 14,77
1 15,39 15,64 16,98 16,96 16,65
2 17,27 16,44 17,63 17,54 17,23
3 19,32 18,12 18,95 19,15 18,97
4 19,69 18,66 18,99 19,35 19,30
5 20,41 20,57 19,25 19,37 19,99
6 20,59 18,36 22,02 20,16
7 20,69 17,82 18,48
8 22,00 22,00
9

Table 6.2.3.2.4. Sardine in 8abd. French 2022 landings in ICES Division 8a,b: mean weight (kg) -at-age.

Age First Quarter Third quarter Fourth Quarter Whole Year

0 0,03 0,03 0,03 0,03

1 0,03 0,04 0,04 0,04 0,04

2 0,04 0,05 0,04 0,04 0,04

3 0,06 0,05 0,06 0,06 0,06

4 0,06 0,07 0,06 0,06 0,06

5 0,07 0,05 0,06 0,06 0,07

6 0,07 0,05 0,09 0,07

7 0,07 0,05

8 0,09 0,09
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6.2.3.3 Maturity

The maturity ogive is provided yearly by the PELGAS survey, carried out in May, from the visual
examination of gonads according a maturity scale (stage 1- 5). Age 1 is the only age group which
has partial maturity, and usually it has been assessed to be about 0.7580 (mean of maturity in
2017-2019). In 2023 about 57% (49% in 2022) of age 1 fishes were immature (a value correspond-
ing to the unweighted mean of the proportion age 1 fishes in stage 1 of maturity). This implies
that only about 43%% of age 1 fishes were mature.

6.3 Stock assessment

6.3.1 Historical stock development

Model used: SS3

Since 2019 this stock is assessed using SS3. The procedure is described in the stock annex follow-
ing the WKPELA benchmark (2017). It was updated in 2019 following the IBPSardine interbench-
mark (ICES, 2019). The interbenchmark took place in 2019 and was tasked with evaluating the
stock assessment focusing on retrospective bias, data revisions and updating reference points.
Standard model diagnostics were used to evaluate a series of interventions designed to evaluate
the models and to determine causes of and corrections for the retrospective bias.

The retrospective bias could be corrected by several straightforward interventions. First, fixing
selectivity at asymptotic improved model fit and reduced bias. Second, invoking a very weak
stock-recruitment relationship (steepness=0.99) and commensurate bias correction ramping on
recruitment deviations coupled with not estimating terminal year recruitment, further reduced
the bias. Such a treatment of terminal year recruitment and penalizing poorly informed recruit-
ment deviations is common assessment practice.

Additional concerns were raised by the estimated catchability coefficients above one for the PEL-
GAS and BIOMAN surveys. There are a number of reasons why these surveys could estimate
higher abundance than the assessment model. These include mismatch of timing given the rapid
population dynamics, overestimation of acoustic biomass, mismatch of assumed selectivity of
the survey as well as many other common issues that support the standard practice of treating
most surveys as relative rather than absolute. Once the decision to use these indices as relative
inputs, the absolute value of catchability is meaningless as the index could simply be scaled to a
mean of one with the same impact in the model.

Given the substantial reduction in retrospective bias achieved through straightforward model
interventions and the solid diagnostic performance of the WG-preferred model, it was recom-
mended the assessment be upgraded from category 2 to category 1.

Nonetheless, the model cannot estimate MSY-based reference points and this requires proxies.
Based on considerations of life history, the WG recommends a proxy of SPR35% for Biim. Recom-
mendations for future work include explicitly modelling variability of growth reflecting the de-
clines in mean weight-at-age, incorporating length composition and considering a management
procedure approach as the majority of catch comes from ages 1 and 2 which are very poorly
informed in catch projection due to the time-lag between the assessment and the provision of
management advice.

This assessment is the fifth one following the interbenchmark in 2019.
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6.3.2 State of the stock

Summary of the assessment is shown in Table 6.3.2.1 and in Figures 6.3.2.1-6.3.2.2.

The spawning-stock biomass (SSB) is above Biim in 2023. SSB has decreased strongly from 2010
to 2012 to the lower value of the series and has been stable until 2017. SSB has since then had a
decreasing trend with 2021 the lowest value of the time-series (50 141.7 t). In 2022, SSB showed a
very small increase with a value of 62 534 tons. In 2023 SSB is still low (65 739.1 t), between Biim
and Bpa. The decrease after 2012 is not clearly related to the increase in fishing mortality in recent
years, as F went up above Fumsy just after the drop in biomass assessed for January 2012. Landings
were above 30 kt between 2012 and 2014, dropping for two years and then raising up again to
32 kt in 2018 for four consecutive years. Fishing mortality has been above 0.4 and above Fusy
since 2012. Recruitment has been variable over time. Recruitment in 2022 is lower than in 2021.

Table 6.3.2.1. Sardine in 8abd. Summary of the sardine 8abd stock assessment.

Year Recruitment (thousand) SSB (tonnes) Total Catch (tonnes) F(2-5)
2000 4283890 137384 15097 0.142
2001 5217970 155107 15005 0.147
2002 3466720 167625 18277 0.173
2003 3830320 176203 16607 0.140
2004 7050300 147215 14197 0.133
2005 2315340 174835 16360 0.131
2006 3549170 153863 16741 0.143
2007 6898540 137782 17323 0.152
2008 8421790 157741 21821 0.22
2009 3446070 134573 20855 0.174
2010 2629740 150268 20127 0.172
2011 4302210 120939 23208 0.23
2012 7495660 88575.9 30900 0.41
2013 5217100 94667.2 32938 0.45
2014 6964670 98405.7 35704 0.55
2015 2594530 88291.2 28756 0.47
2016 6356360 81001.1 29754 0.57
2017 4734390 101905 30435 0.56
2018 5259440 88288.4 32299 0.62
2019 4698900 71477 24579 0.47
2020 7163340 85450.4 32340 0.60
2021 5545550 53407.3 26198 0.52
2022 4816870 71639.3 26360 0.46
2023 *4767249 65739.1

*Geometric mean (2002-2022).
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Figure 6.3.2.1. Sardine in 8abd. Recruitment estimates from SS3 outputs for sardine 8abd. Last year's value is estimated
from the geometric mean (2002-2022).
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Figure 6.3.2.2. Sardine in 8abd. Spawning—stock biomass from SS3 outputs for sardine 8abd. Last year's value is estimated
from the model.
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Figure 6.3.2.3. Sardine in 8abd. Fishing mortality for ages 2 to 5 derived from SS3 outputs for sardine 8abd.
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6.3.3 Diagnostics

Residuals (Figures 6.3.3.1-6.3.3.2) and diagnostics do not highlight any problem regarding the
input data and model fit. Some cohorts lead to some model over or underestimations. This phe-
nomenon appears on some years for the PELGAS survey. For PELGAS, age 1 has positive resid-
uals since 2011 and negative in earlier years.

For the commercial vessels, the cohort effect is less visible, but some years appears to have larger
residuals than other (e.g. 2009). The model fit to the survey indices is within the confidence in-

tervals of those indices.
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Figure 6.3.3.1. Sardine in 8abd. Fit between model and age composition from the PELGAS survey (bottom) and commer-

cial vessels (top) up to 2023.
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Figure 6.3.3.2. Sardine in 8abd. Fit between model and survey indices: a - Acoustic (PELGAS), b - egg count (BIOMAN), c -

DEPM.
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6.3.4 Retrospective pattern

Retrospective patterns for SSB, Fvar(2-5), apical F and recruitment were computed for years 2015-
2023 (Figure 6.3.4.1) using the rdss do_retro() function and Mohn's rho estimates were calculated
using the same approach carried out during the interbenchmark and therefore values can be
compared to the work made during the interbenchmark. For each run, assessment was per-
formed including survey data until the last retrospective year and catch data until previous year,
as done in the current assessment (2023).

Overall, SSB tends to be overestimated while F is underestimated. There is no clear patterns re-
garding recruits although the magnitude of sporadic stronger recruitment events tend to increase
Mohn’s rho estimates for recruits.

Absolute values of Mohn's rho estimates differ compared with previous assessment (especially
for R) but on a lower extent than last year’s assessment in regards to previous years:

. Mohn's rho for SSB is 0.24 (previously 0.372).
. Mohn's rho for F is -0.14 (previously -0.301).
. Mohn's rho for R is 0.29 (previously 0.080).

The reason for this might be that in 2020 and 2021, two effects might have impacted the assess-
ment: 1) the strong downward deviation of the model in 2021 is related to the large number of
age-1 individuals with low weight at age and low fecundity. This drives down the SSB in 2021.
2) The lack of stock structure input from PELGAS in 2020, cancelled due to COVID-19, possibly
accounts for this issue as SS3 had to fill the gap possibly from the previous and next year internal
estimates. This year’s assessment seems to be less influenced by the lack of PELGAS survey in
2020 and the 2023 is more in line with the 2021 assessments in terms of stock structure. As in
2022 assessment, recruitment estimate in 2020 has been scaled down in the current assessment.
This reduces the erratic pattern seen previously.
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Figure 6.3.4.1. Sardine in 8abd. Summary of retrospective plots.
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6.4 Short-term projections

The recruitment of sardine for the intermediate year is assumed to be the geometric mean of the
time-series of recruitment. Short-term projections were performed using FLR libraries using the
fwd function.The initial stock size corresponds to the assessment estimates for ages 1-6+ at the
final year of the assessment. The maturity ogive is provided during the interim year in 2023 by
the average of PELGAS survey for the last three years. F and M before spawning are zero, which
correspond to the beginning of the year when the SSB is estimated by the model. Weights-at-age
in the stock are provided during the interim year by the average of the PELGAS survey for the
last 3 years. Weights-at-age in the catch are calculated as the arithmetic mean value of the last 3
years. The exploitation pattern is equal to the last year of the assessment.

Recruitment in the interim year and forecast year is set equal to the geometric mean of the time-
series (2002-2022). Recruitment for 2023 was assumed to be 4767 million individuals. Assump-
tion for the intermediate year are presented in Table 6.4.1.

Preliminary catches are estimated and used as assumption for the interim year. The fwd function
is set to use the preliminary catch estimates (instead of F estimates). Preliminary catches were
available for quarter 1 to 3. The assumption for the catch in 2023 relies on preliminary catch
statistics available from Q1-Q3 of 2023. Q4 is estimated from the average proportion of Q4
catches in last 3 years (2020-2022). The assumed catches for 2023 are 26 441 tonnes. The catch
assumption was also included as preliminary catches in the stock assessment model this year.

Input data for the short-term forecast are provided in Table 6.4.2. Table 6.4.3 provides alternative
catch options for 2024.

Table 6.4.1. Sardine in 8abd. Assumptions for the intermediate year.

Variable Value Notes

Fages 2-5(2023) 0.53 Based on assumed catches for 2023

SSB (2024) 64 331 Short term forecast; tonnes

Rage 0 (2023- 4767 Geometric mean (2002—-2022); millions

2024)

Total catch 26 441 Preliminary value based on reported catches in Quarters 1 to 3 and assumed
(2023) catches for Quarter 4; tonnes

Discards (202) 0 Negligible; tonnes
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Table 6.4.2. Sardine in 8abd. Input data for the short-term forecast.

Year Age stock.n stock.wt catch.wt Mat M F
2023 0 4767.25 0.00 0.02 0.00 1.07 0.01
1 1639.55 0.02 0.04 0.55 0.69 0.22
2 762.09 0.04 0.04 0.98 0.55 0.39
3 379.83 0.05 0.05 1.00 0.48 0.50
4 87.43 0.06 0.06 0.99 0.44 0.50
5 36.30 0.06 0.06 0.99 0.41 0.50
6+ 20.12 0.07 0.07 1.00 0.40 0.50
2024 0 0.00 0.02 0.00 1.07 0.01
1 0.02 0.03 0.46 0.69 0.22
2 0.04 0.04 0.97 0.55 0.40
3 0.05 0.05 1.00 0.48 0.51
4 0.06 0.06 0.99 0.44 0.51
5 0.06 0.06 0.99 0.41 0.51
6+ 0.07 0.06 1.00 0.40 0.51
2025 0 0.00 0.02 0.00 1.07 0.01
1 0.02 0.03 0.46 0.69 0.22
2 0.04 0.04 0.97 0.55 0.40
3 0.05 0.05 1.00 0.48 0.51
4 0.06 0.06 0.99 0.44 0.51
5 0.06 0.06 0.99 0.41 0.51
6+ 0.07 0.06 1.00 0.40 0.51
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Table 6.4.3. Sardine in 8abd. Catch option table for 2024.

. 70 catch chang % advice change

Basis Catch (2024) F (2024) SSB (2025) % SSB change o * s
ICES advice basis
MSY approach:
F = Fwmsy » SSB(2024)/ 19811 0.37 65284.12 1.48 -24.85 -7.8
MSY Beigger
Other scenarios
F=0 0.00 0.00 81322.04 26.41 -100.00 -100.0
F =Fpa-Fumsy 23566 0.45  62314.89 -3.13 -10.60 9.6
F = Fiim 35730 0.76 52890.51 -17.78 35.55 66.2
SSB(2024) = Biim 31282 0.64 56300.00 -12.48 18.67 455
SSB(2024) = Bpa -85.2
~ MSY Borgger 3192 0.05  78700.00 22.34 -87.89
F = F(2023) 26759 0.53  59810.99 -7.03 1.51 24.5

* SSB 2025 relative to SSB 2024.
** Advised catch for 2024 relative to catch in 2022 (26 360 tonnes).
*** Advised catch for 2024 relative to advised catch for 2023 (21 497 tonnes).

The catch options for 2024 are slightly lower than the advice for 2023. Recruitment and SSB esti-
mates from 2022 and 2023 assessments being quite similar.

Based on the GM recruitment and catch assumption in 2023. for all catch options for 2024. SSB in
2025 will stay above Biim but is only above MSY Buigger in the case of targets of closure of the
fishery (F=0). SSB in 2025 is expected to decrease compared with the one of 2024 for F=Fpa. F=Fiim.
F=F(2023). Biim target SSB expected to increase when catch options are the most limiting for 2024:
closure, Bpa target and MSY approach.

6.4.1 Evidence for changes in advice

A comparison of the input data used in the forecast from the current and previous assessments
is provided in this section. In Figures 6.4.1-6.4.3 estimated time series for recruitment, SSB and
fishing mortalities for previous and current assessments are shown.

Uncertainties are generally higher for the last two years because the available data of the assess-
ment year are limited to an assumption on preliminary catches and survey data. The data of the
previous year are fully consolidated in terms of number and weight-at-age for the commercial
fleets. The catches are also final rather than assumed.

This year, the run does not differ substantially from last year’s run in terms of SSB, F and R. This
is generally what has been observed in previous WGHANSA reports except in 2021 where the
lack of PELGAS survey in 2020 was suspected to have a strong impact on the assessment. This
year, the runs start to slightly diverge in 2020 for R.

Forecast assumptions from previous and current advice sheets are shown in Table.6.4.1.
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Figure 6.4.1. Sardine in 8abd. Comparison of SSB estimates between this year and the 2022 run.
— 2022
o | B 12023
o
R
2
€
=]
[
1
w
£ .
g 3
e
8
@©
N ]
o
=
o T T T T
2000 2005 2010 2015 2020 2023

Year

Figure 6.4.2. Sardine in 8abd. Comparison of fishing mortality estimates between this year and the 2022 run.
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Figure 6.4.3. Sardine in 8abd. Comparison of Recruitment estimates between this year and the 2022 run.

Table 6.4.1. Sardine in 8abd. Forecast assumptions from previous and current assessments.

Year* Current assessment (2023) | Previous assessment (2022)
2022-2023 | 4 816 870 4 680 980

Assumed recruitment | 2023-2024 | 4 767 249

Catch 2022 26 360 21497
2021 0.52 0.60

g 2022 0.46

Target F for TAC 2023 0.40

2024 0.37

*2022" = Intermediate year in the previous assessment; '2023" = advice year in the previous assessment

6.5 Medium-term projection

No medium-term projections were carried out.
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6.6 MSY and Biological reference points

As aresult of the Inter-benchmark carried out in October 2019. the assessment of this sardine has
been upgraded to category 1 and a set of new Biological reference points have been defined. In
particular. Bim has been proposed at 35%SBR (ICES 2019). based on considerations of life history
and precautionary reference points (Myers et al.. 1999; Mace. 1994; Mace and Sissenwine. 1993)
and proxies for Fusy based on natural mortality rate (Zhou et al.. 2012).

The Inter-benchmark preferred this approach because for this stock 18 pairs of stock and recruit-
ment estimates (2000-2017). covering a narrow range of biomasses (Min/Max=51%) and with no
clear indications of impaired recruitment (Figure 6.6.1). Setting Bpa=Bioss led to infer Biim (63 328 t)
and afterwards Fwmsy (0.27) which seemed to be respectively a bit high and low value respectively.
On the one hand. such Bim would be above the expected biomass at Fo.1 (as calculated for this
stock in the deterministic yield-per-recruit) and on the other hand Fwmsy at 0.27 results in a
61%SBR. which is well below the typical Fumsy proxies at %SBR of 40% or 50% (Mace. 1994; Hor-
bowy and Luzenczyk. 2012). below Foi. and also below the alternative Fmsy proxy of 0.87*M (=
0.44). For these reasons. an alternative definition of Bim from which derived Fmsy was looked for.
based on %SPR.

Mace (1994) and Mace and Sissenwine (1993) pointed out that for stocks of unknown resilience
a more prudent approach would be using F30%B0. Furthermore. in their analysis Mace and Sis-
senwine (1993) found that pelagic species that reach relatively small maximum size and/or ma-
ture at small size. seem to have high replacement %SPR. and the analysis by taxonomic groups
suggested a mean replacement %SPR for cupleoids of about 37.5% higher than for other taxo-
nomic groups. Myers et al. (1999) also found that the median steepness of cupleoids and engrau-
lidae were intermediate (not in the upper range of values). Therefore. it can be deduced or pre-
sumed from a precautionary approach that small pelagic fish may have relatively lower resili-
ence to fishing (Mace and Sinsenwine. 1993). This led the IBP group to set Bim at 35%B0. which
was equal to 56 300 t.

Following the ICES guidelines for stocks in Category 1 and 2. the remaining reference points
were derived from the former value of Bim (= 56 300 t). Bpa was derived as Bpa = Bim X
exp(1.645 oB). where 0B is the standard deviation of In(SSB) in the terminal year (2018) (oB =
0.204 rounded to 0.2). Thus. Bpa was set at 78 700 tonnes. As unconstrained Fumsy in Eqsim resulted
in a value (0.621) conditioned to a hockey stick S-R relationship with inflection point at Bim (Fig-
ure 6.6.2). Because this Fmsy value was higher than Fpa (0.539) and higher than Fpoos (0.453) the
Fusy value was reduced to Froos. The final estimate of Fumsy (over ages 2-5) (= 0.453) has the prop-
erty of being consistent with the ideas of Zhou et al. (2012) of setting Fmsy equal to 0.87-Natural
Mortality (=0.44 for this sardine stock).

In 2021, ICES has been revising the definition of reference points. Fpa is now equal to Fpoos. There-
fore, that value has been updated and used in the short-term forecast this year.

The updated biological and MSY reference points in absolute terms are:
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Table 6.6.1. Sardine in 8abd. Biological Reference points for sardine in 8abd as estimated in ICES 2019.

Framework Reference point  Absolute value Technical basis
MSY approach MSY Birigger 78 700 Bpa
Fumsy 0.453 Fmsy = Fpos . i.e. the F that leads to SSB >Bjin with probability
0.95 when including the ICES MSY advice rule
Precautionary Biim 56 300 35%SPR. i.e. equilibrium biomass at F that leads to 35% of
approach spawner of recruit without fishing
Bpa 78 700 Bpa = Biim X €xp(+1.645 x sigma). where sigma=0.2
Fiim 0.757 F that results in 50% probability that SSB is above By, in
the long term. using segmented regression with By,
(EgSim)
Fpos. The F that leads to SSB > By, with 95% probabilit
Fon 0.453 o3 i °P Y
Management SSBwmeT Not applicable
plan
Fmer Not applicable

All details of the calculations are described in the Inter-benchmark report (ICES, 2019) and in the
stock annex. These values are expected to be updated every benchmark or after relevant changes
in the selectivity of the fishery are detected.

161



162 | ICES SCIENTIFIC REPORTS 5:67 | ICES

Pil8abd

6e+06 8e+06 1e+07
1 1

Recruits at age 0
4e+06
1

2e+06
1

0e+00
1

T T T T T
0 50000 100000 150000 200000

SSB

Figure 6.6.1. Sardine in 8abd. Stock-recruitment relationship for sardine in 8abd.
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Figure 6.6.2. Sardine in 8abd. Segmented regression model with the breakpoint fixed at Biim for sardine in 8abd.

6.7 Management plan
There are no specific management objectives or a management plan for this stock at the moment.

There is ongoing discussion about a management plan or TAC through the SWWAC for this
stock, but the plan has not been formalised yet.

6.8 Uncertainties and bias in assessment and forecast

Uncertainties in the assessment relate to the retrospective pattern and relative changes in the
perception of the most recent years.

Most of the uncertainties in the forecast comes from the assumption in the intermediate year
although the fishery is not expected to increase over the next years.

6.9 Management considerations

No TAC is currently set for this stock.
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Sardine in Subarea 7

7.1 Population structure and stock identity

Sardine stock in Subarea 7 has historically been assessed together with the Southern population
in the Bay of Biscay (divisions 8.a, b and d) because no genetic differences were found between
both areas (Shaw et al., 2012). However, research presented at ICES WKSAR workshop (ICES,
2016) showed that growth rates in the English Channel and Celtic Sea were higher than in the
Bay of Biscay; there were separate spawning grounds; and all ages were present in significant
abundance in both areas. This research suggests that sardine in the English Channel and Celtic
Sea is a self-sustained population, and consequently sardine in Subarea 7 has been considered
an independent stock since 2017 (ICES, 2017).

Nevertheless, the degree of mixing occurring with the Bay of Biscay, as well as the boundary
between both stocks is still unknown. Similarly, little is known about the extension of the stock
in the Eastern Channel and the North Sea. Until new insights are put forward, modelling the
population in Subarea 7 as an independent stock seems to be the most appropriate option.

7.2 The fishery

7.2.1 Analysis of the catch

Sardine landing data in Subarea 7 is available since 1970 but their reliability is doubtful given
their high variability across years and nations. Catch data were revised for the period 2002-2019
(ICES, 2021) and therefore data prior 2002 has been excluded from assessment. It must be also
noted that French catches from ICES rectangles 25E5 and 25E4 (Subarea 7) have been allocated
to Division 8.a, as they occur in the boundary between divisions and are considered to be more
closely associated with the sardine stock in divisions 8.a-b and 8.d.

Below minimum size (BMS) landing data have been reported by some countries since 2015. They
increased in 2019 and since continue to represent <7% of the total catch. Reported discards rep-
resent less than 1% of the catch, and they are considered negligible (Figure 7.2.1.1).

Annual landings (i.e. landings and BMS landings) have fluctuated between 6 157 and 29 287 t
since 2002, being the highest values reported at the beginning of the reviewed time-series (Figure
7.2.1.2, Table 7.2.1.1). This large temporal fluctuation in landings is primarily explained by shifts
in fleets activity and species targeted over the years (ICES, 2021). Sardine landings were domi-
nated by France, followed by England, Netherlands, and Ireland in the 2000s. However, French
landings decreased significantly since 2009 because of the closure of the fishery intended for
human consumption in the Seine bay (Eastern Channel) due to PCB contamination. Landings
remained lower than 10 000 t between 2009 and 2015 and increased again in 2016 due to a higher
contribution from England, Netherlands, and Denmark. Landings from England remain quite
stable since then (average English landings since 2016 is 8101t), whereas the contribution from
the other countries has are more irregular/opportunistic. Landings in 2022 were 75% higher than
in 2021, as UK, Irish and French landings were slightly higher and because the Danish sardine
fishery was operating in 2022.

The fleet and seasonality of the fishery has also changed over the years. The main fleet in the
2000s was midwater otter trawlers, which fished in 7d throughout the whole year (Figures
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7.2.1.3,7.2.1.4. Table 7.2.1.2). Currently it is a seasonal fishery, and most of the sardine landings
are caught by purse-seiners in the third and fourth quarters, mainly from 7e. A detailed descrip-
tion of the temporal evolution of the fishery can be found in the stock annex.

UK (England) has reported a minimum of 1600 tonnes caught each year since 2010 under the
gear code “GNS_DEF_all_0_0_all”, a gillnet gear code. Gillnets would catch at best a negligible
quantity of Sardine due to the low catchability of sardine with this gear. This is a known error
caused during the automated mapping between in UK catch reporting databases and as such
landings under this gear have been interpreted instead as purse seine landings for the purposes
of the ICES advice and reporting.

7.3 Biological data

7.3.1 Size composition of the catch

Historically, reported biological sampling of sardine from commercial catches has been almost
non-existent. Dutch pelagic freezer trawlers operating in the English Channel provided length
distribution in 1994, 1996 and annually from 2000; despite these vessels capturing substantial
amounts of sardine, the species is not their main target, and the size composition of their catches
may not be representative for the sardine population. Other countries have not provided regular
comprehensive length or age information due to the lack of national biological sampling scheme
and no DCF (data collection framework) requirement regarding the species in Subarea 7.

In 2017, the UK started a self-sampling programme involving the Cornish ringnet fleet, whose
catches contribute to more than half of the total landings in recent years. Since fishing season
2017-2018, these vessels have recorded fishing trip information (haul locations, total catches, by-
catch, discard, and effort) on dedicated logbooks. In addition, they were asked to collect individ-
ual lengths of a subsample approximately four times per month. In parallel, the main processors
were asked to provide biological information (length and weight) for every catch.

Some of the data provided by the processors is measured with 1 cm precision whilst some is
measured at 0.5 cm precision, which creates a sawtooth pattern in the distribution with multiple
peaks in the length distributions for years 2017, 2019 and 2020. Figure 7.3.1.1 shows the combined
size distribution provided by the fishing industry without applying a correction for this artefact.
The mean size of fish in the landings between 2018 and 2023 was consistently between 18.8 cm -
19.5 cm, with the exception of 2021 when the mean size was lower (17.9 cm). On average, 12057
measurements have been provided each year by the industry. The number of sardine samples
provided in 2021 was fewer than usual, from both fishers and processors.

7.4 Fishery-independent information

7.4.1 The PELTIC survey

The PELTIC, Pelagic Ecosystem Survey in the western Channel and Celtic Sea, is an autumn
acoustic survey conducted by Cefas (UK) and provides biomass estimates for sardine and other
small pelagics in Subarea 7. The first surveys (2012-2016) covered only the English waters of ICES
areas 7e and all of 7f, but from 2017 survey coverage expanded to include also the French waters
as well as one-off coverage of waters further north of the core area (2017), part of the eastern
English Channel (2018) and Cardigan Bay in the southern Irish Sea (2020 and 2021). The survey
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follows a typical acoustic survey design with parallel equidistant transects which are covered
during daylight only from 2014 onwards. A pelagic trawl is used opportunistically to validate
the species and size composition of the acoustic marks detected on the echogram. The method-
ology used to estimate sardine biomass is described in the stock annex and ICES (2021).

Two biomass indices are calculated from PELTIC (Figure 7.4.1.1): one representing the consist-
ently sampled “Core” Area of the whole time-series (2013 onwards): English waters of the west-
ern Channel (excluding the Isles of Scilly) and ICES division 7f (Bristol Channel in the Celtic Sea).
The second time time-series, called ‘Total area’, is available from 2017 and represents full cover-
age of ICES divisions 7e (including the Isles of Scilly) and 7f.

The time-series of biomass estimated in the Core area significantly increased between 2017 and
2019, reaching the highest biomass in 2019 with 273 708 tonnes of sardine (Figure 7.4.1.2, Table
7.4.1.1). Biomass dropped in 2020 and 2021 but they are still the second highest values of the
time-series. The temporal series of the biomass in the total area (including French side of division
7.e) was very similar, although it showed a slight drop in 2018 compared to 2017 and a 32%
decline in 2021 that was not found in the Core area (Figure 7.4.1.2, Table 7.4.1.1).

In 2022 the survey coverage for the PELTIC survey was severely reduced for technical reasons
(see Figure 7.4.1.1c). In addition, a survey transect was not covered in the stratum in the west of
the survey area. To account for this missing transect a new survey stratum was created, depart-
ing slightly from the standard strata used in previous years. The area covered in 2022 is termed
the restricted area and constitutes <30% of the standard survey area adopted for the assessment.
The area covered is the area where a large proportion of the stock has been found in previous
years. The estimated biomass in this restricted area was 175 896t (CV=0.26). There were a limited
number of trawl hauls in this survey which limited the quantity of biological data available.
However, the quantity of hauls was considered adequate. The most abundant age group in the
survey was age 0 (2022 year class) with age 2 (2020 year class) at a higher abundance than the
older of younger age group.

The 2023 PELTIC survey returned to complete coverage of the survey area and saw a record
biomass index for sardine over the total area of 456 482 tonnes, more than double the biomass
seen in the last ‘complete’ survey in 2021. The full area biomass index estimate of WGHANSA
in 2022 for the 2022 PELTIC survey lies almost as a direct intersection between the 2021 and 2023
surveys.

7.5 Stock assessment

The stock was benchmarked in 2021 and upgraded from category 5 to category 3 as the time-
series of biomass derived from PELTIC are considered reliable indicators of trends in stock bio-
mass (ICES, 2021). Following the assessment methods described in the stock annex, a surplus
production model in continuous time (SPiCT, Pedersen and Berg, 2017) has been run to provide
an indication of the status of the stock. The catch advice has been then provided based on the 1-
over-2 rule (ICES, 2020a).

7.5.1 SPiCT

As for each assessment year since the 2021 benchmark, a quarterly SPiCT model was again run
using the settings described in the stock annex. The input data included the time-series of land-
ings (landings and BMS landing) from 2013 to 2022 and the biomass derived from PELTIC for
the core area from 2013 to 2023 (Figure 7.5.1.1, Table 7.5.1.1). A prior on the initial depletion level
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was added to inform the model that the fishery was operating before the beginning of the input
data to the model.

A summary of the SPiCT outputs is given in Figure 7.5.1.2 and Table 7.5.1.2. The model indicates
that fishing mortality is likely to be below Fmsy proxy and the biomass is above the reference
Bwmsy* 0.5 proxy. The confidence intervals of both reference points and the absolute values of bi-
omass and fishing mortality remain high, as was the case when the model was run in the 2022
WGHANSA-2 meeting, and therefore these values are still not considered reliable.

The checklist described in Mildenberger et al. (2021) for acceptance of the assessment was fol-
lowed. The diagnosis of the residuals shows the assumptions of the model are met: the catch and
biomass data have normal distributions, and there are not autocorrelation or bias in the data
(Figure 7.5.1.3). The retrospective patterns of the model could not be properly analysed given
the short time time-series of data. Although the retrospective trajectories for the relative biomass
and fishing mortality were inside of the confidence intervals and the Mohn’s rho values were
small (0.156 and -0.062, respectively), there is a tendency to overestimate biomass and underes-
timate the fishing mortality (Figure 7.5.1.4). Parameter estimates were influenced by initial val-
ues.

7.5.2 1-over-2 rule

Following the methods described in the stock annex, the catch advice for this stock is based on
the 1-over-2 rule with a symmetric 80% uncertainty cap and a biomass safeguard (ICES, 2020a;
ICES, 2020b). This harvest control rule is defined as:

I
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vt (Iy—l + Iy—z)/2
c c L, f 02 < L, <138 [ ] (1 Icurrent)}
= e 1 2 ——m—< 1. . ,——
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where C, and Iy represent the advised catch and the biomass indicator for year y, respectively.
The first and third cases of the formula correspond to the application of an 80% symmetrical
uncertainty cap. The last term in the equation refers to the biomass safeguard based on a trigger
index value (Istat). If the biomass index falls below Istat, the advised catch will be reduced in
proportion to the drop of the biomass index in relation to Istat. The biomass estimates derived
from PELTIC in the total area were used as the biomass index and the Istat has been estimated
as 120 751 t(see section 7.7).

An overview of the application of the 1-over-2 rule is shown in Table 7.5.2.1. The index is esti-
mated to have increased by 62% and thus the uncertainty cap was not applied. The biomass was
estimated to be above Istat and the biomass safeguard was not applied. The resulting catch ad-
vice for 2024 is 13 459 tonnes, a 62% increase from 2023.

7.6 Short-term projections

No projections have been carried out for this stock.
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7.7 Reference points

Table 7.1.1 summarizes the reference points for sardine in Subarea 7 and their technical basis.
MSY reference points were not defined for this stock. The Istat reference point represents the
biomass safeguard trigger applied into the 1-over-2 rule and is estimated using the biomass in-
dex in the total area from 2017 to 2021 (Ihist). This reference point was recalculated in 2022 (ICES,
2022) because the Ihist time-series was still short and it was judged convenient to include all
years now available for its estimate. As of 2023, Istat has not been recalculated and it is not in-
tended that it will be updated in successive years. This was decided on the basis that Ihist is now
5 years long, and including an additional year would mean including the 2022 PELTIC index.
The 2022 PELTIC index was scaled up from limited survey coverage and no estimate exists for
the confidence intervals (Figure 7.4.1.2).

7.8 Quality of the assessment

This stock was benchmarked in 2021 and the ICES framework for category 3 short-lived stocks
using the 1-over-2 rule with an uncertainty cap of 80% and a biomass safeguard (ICES, 2020a)
was considered the most appropriate method to provide advice. However, this harvest control
rule leads to a decreasing trend of catch options in time after repeated applications and therefore
should be considered as a provisional management approach (ICES, 2020a, ICES, 2020b).

The PELTIC survey in October 2022 only covered approximately 30% of the total area used for
the estimation of sardine biomass due to technical issues. The total area accepted for use in the
assessment has been sampled since 2017. The 2022 coverage was also slightly smaller than the
‘core’ area which has been sampled since 2013. An estimate of the biomass in the total area was
undertaken by raising the area covered in 2022 to the ‘core” area and then raising the core area
estimate to the total area. This estimate utilized the available information to the WG and remains
consistent with the PELTIC biomass increase seen between 2021 and 2023.

French catches from ICES rectangles 25E5 and 25E4 (Subarea 7) have been traditionally allocated
to division 8.a, as they occur in the boundary between divisions, and are considered to be more
closely associated with the sardine stock in divisions 8.a-b and 8.d. In 2022, 10 300 t were reallo-
cated to Subarea 8, which is 73% of the remaining total catches in Subarea 7. However, the boundary
between sardine stocks in Subarea 7 and 8 is unclear and further studies are needed to support
this procedure to allocate catches. Results presented at WGACEGG indicate that the genetic iden-
tity of Sardine across subareas 7 and 8 is an active area of research, however it is expected that a
multidisciplinary approach may also help improve certainty over stock boundaries. This process
may benefit from studies on otolith microchemistry, drift modelling, morphometrics (including
growth rates and life history parameters) or other similar indicative evidence.

7.9 Management considerations

This is a non-quota stock and there are no management measures implemented at international
level. Nevertheless, the Cornish Sardine Management Association (a partnership between the
owners of 15 vessels and four local seafood processors in England) has agreed specific regula-
tions since 2018 for the sardine fishery around the Cornwall coast (UK) as it is subject to an MSC
(Marine Stewardship Council) certification.

The 1-over-2 rule performs the best when there is no time-lag between the survey producing the
biomass estimate and the TAC implementation (ICES, 2020a, ICES, 2020b). This is especially im-
portant for short-lived species, as part of the observed stock will not be available for the fishery
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when there is a large lag in time. The PELTIC survey is conducted in October and the biomass
estimate is already incorporated in the catch advice for the following year, with a time-lag of
only two months. Since 2021 the catch advice is provided annually.
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Table 7.2.1.1. Sardine in Subarea 7. Landings reported by country (tonnes)*

France** UK Nether- Ireland GermanyDenmarkLithuaniaBelgium Spain Poland TOTAL
lands
1970 1014 890 38 0 2112 0 0 0 0 0 4054
1971 1350 1242 108 0 3362 0 0 0 0 0 6062
1972 1297 2190 54 0 1553 0 0 0 0 0 5094
1973 1603 2375 17 0 2577 0 0 0 0 0 6572
1974 833 1280 15 0 1826 0 0 0 0 0 3954
1975 678 6 561 0 4043 0 0 0 0 0 5288
1976 1284 3 127 0 2346 0 0 0 0 0 3760
1977 3544 10778 623 0 183 0 0 0 0 0 15128
1978 2773 549 1523 0 1463 0 0 0 0 0 6308
1979 3247 46 1321 0 1188 0 0 0 0 0 5802
1980 3573 753 1131 0 79 0 0 0 0 0 5536
1981 1125 35 553 0 0 4471 0 0 0 0 6184
1982 908 141 928 0 0 1311 0 0 0 0 3288
1983 802 6 795 0 19 4743 0 0 0 0 6365
1984 817 1 0 0 0 1210 0 0 0 0 2028
1985 2089 20 0 0 0 3111 0 0 0 0 5220
1986 2570 30 0 0 0 3602 0 0 0 0 6202
1987 965 124 0 0 0 1573 0 0 0 0 2662
1988 2586 0 0 0 0 3234 0 0 0 0 5820
1989 1219 1660 11 0 0 4667 0 0 0 0 7557
1990 1128 2078 6 0 107 6113 0 0 0 0 9432
1991 1963 2952 0 0 8 4462 0 0 0 0 9385
1992 1777 4493 41 0 4 17843 0 0 0 0 24158
1993 1135 4917 109 0 0 13395 O 0 0 0 19556
1994 1285 2081 20 0 2 20804 O 0 0 0 24192
1995 1282 7133 107 0 66 9603 0 0 0 0 18191
1996 1563 7304 48 0 0 1396 0 0 0 0 10311
1997 3346 7280 411 0 13 1124 0 0 0 0 12174
1998 1974 6873 1647 192 100 14316 0 0 0 0 25102
1999 119 4815 5166 2375 146 3490 0 0 8 0 16119
2000 4074 4353 6586 354 436 1682 0 0 0 0 17485
2001 8589 10375 6609 1060 454 0 0 0 0 0 27087
2002 7977 7858 1905 11417 130 0 0 0 10 0 29297
2003 8186 4150 6897 4030 13 0 0 0 0 0 23276
2004 7807 2389 2187 2046 60 0 0 0 0 0 14489
2005 10605 3457 2231 922 140 0 0 0 5 0 17360
2006 11120 1925 2287 2416 246 0 0 0 2 0 17996
2007 7315 2655 1106 28 0 4 0 0 0 0 11108
2008 8562 3470 2073 473 43 53 0 0 0 0 14674
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France** UK

Nether- Ireland GermanyDenmarkLithuaniaBelgium Spain

Poland TOTAL

lands
2009 3918 2568 3406 65 0 0 0 0 0 0 9957
2010 706 2540 6645 50 62 13 0 0 0 0 10016
2011 237 3614 513 1966 5 3 0 0 0 0 6338
2012 372 4423 1637 16 587 40 0 0 0 0 7075
2013 1703 3722 1739 473 214 40 0 0 0 0 7891
2014 1100 3893 193 0 18 953 0 0 0 0 6157
2015 1208 4301 1171 555 1551 1011 0 0 0 0 9797
2016 925 9389 4697 464 1941 2286 1 1 0 0 19704
2017 820 7596 0 329 1475 2460 0 0 0 0 12680
2018 606 8143 811 89 758 263 0 1 0 0 10671
2019 671 7050 90 33 53 0 40 0 0 0 7937
2020 592 9500 185 58 0 3217 0 0 0 1 13553
2021 743 7074 111 509 0 89 0 0 0 743 8524
2022 1393 8549 89 993 2 3151 0 1 0 0 14178

*Catch data prior 2002 has not been revised and they are not used in the assessment.

**French catches from ICES rectangles 25E5 and 25E4 are not included.

ICES
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Table 7.2.1.2. Sardine in Subarea 7. Landings by ICES division (tonnes).

Unallo-
7.d 7.e 7.f 7.8 7.h 7.j 7.a 7.b cated

2002 9756 18035 35 164 1253 44 0 0 0
2003 15478 6815 2 321 255 123 279 4 0
2004 10001 2450 158 552 90 36 856 346 0
2005 12561 3464 204 64 182 636 224 20 0
2006 14116 1950 395 250 394 786 78 24 0
2007 8480 1592 993 0 14 28 0 0 0
2008 9395 3225 1579 365 1 100 0 10 0
2009 6389 2568 932 0 2 63 0 2 0
2010 7123 1706 1083 0 55 36 14 0 0
2011 759 1639 1884 1394 89 129 443 0 0
2012 943 3609 1555 0 952 0 16 0 0
2013 2431 3549 1095 473 342 0 0 0 0
2014 1442 3018 1698 0 0 0 0 0 0
2015 1476 6635 1604 10 66 6 0 0 0
2016 1478 9868 3026 163 169 301 0 0 4697
2017 3226 7421 1704 281 1 48 0 0 0
2018 1335 6013 2413 79 10 10 0 0 811
2019 888 5009 2007 34 0 0 0 0 0
2020 640 7615 3638 58 1601 0 0 0 0
2021 867 3737 3305 76 97 441 0 0 0
2022 1981 6255 4227 379 718 616 1.8 0 0
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Table 7.4.1.1. Sardine in Subarea 7. Time-series of biomass (t) and abundance (1000s individuals) estimated from the
acoustic survey PELTIC in the core and total area.

Core Area Total Area
Biomass Abundance Biomass Abundance
Estimate cv Estimate cv Estimate CV Estimate cv

2013 48391 0.33 924300 0.18

2014 121171 0.32 3072930 0.23

2015 134907 0.22 3332244 0.41

2016 89918 0.34 2121684 0.23

2017 95298 0.11 4101091 0.13| 174637 0.20 10163984 0.16
2018 123003 0.14 3317972 0.14| 145514 0.12 4300528 0.12
2019 273708 0.21 11256581 0.18| 374617 0.19 15409434 0.15
2020 178781 0.31 3713016 0.29| 332098 0.20 6476230 0.18
2021 174375 0.28 5977676 0.28| 227117 0.19 8714354 0.26

2022* 222889 336 306
2023 265223 0.224 456482 0.187

*Biomass estimate raised from the restricted area coverage for the 2022 PELTIC survey and uncertainty
estimates are not available.

Table 7.4.2.1. Sardine in Subarea 7. PELTIC survey biomass estimates and raising factors and used to estimate the core
and total area for Sardine in Subarea 7 in 2022.

Year

Survey biomassSurvey biomass (t) in full

(t) in core area area

in restricted area

Survey biomass (t) Multiplier  Multiplier

(average (average
2020-2021) 2017-
for re- 2021) for

stricted area core area
to core area to total

area
2013 48 391
2014 121171
2015 134 907
2016 89918
2017 95 298 174 637
2018 123 003 145514
2019 273708 374617
2020 178 781 332098 157799
2021 174 375 227 117 124 433
2022 222889* 336 306* 175 896 1.267 1.509

*Estimated values

ICES
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Table 7.5.1.1. Sardine in Subarea 7. Assessment summary. The high and low columns represent the 95% confidence in-
tervals of the biomass index. All values are in tonnes.

Biomass in-
Year dex (total High Low Landings Discards BMS landing
area)

2002 29287 190

2003 23276 10

2004 14488 737

2005 17354 377

2006 17994 785

2007 11108 15

2008 14675 51

2009 9957 40

2010 10017 4

2011 6337 275

2012 7075 342

2013 7891 91

2014 6157 0

2015 9783 15
2016 19634 68
2017 176696 248358 105035 12662 28 18
2018 143845 178548 109141 10670 16 1
2019 358028 490975 225081 7317 111 620
2020 285564 402929 168200 12852 701
2021 212772 292836 132707 8155 370
2022 336306* ** o

2023 456482 627206 285757

* Raised estimate.
** No uncertainty estimates were available.
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Table 7.5.1.2. Sardine in Subarea 7. Summary outputs of the SPiCT model.
Convergence: 0 MSG: relative convergence (4)

Objective function at optimum: 45.1683639
Euler time step (years): 1/16 or 0.0625
Nobs C: 40, Nobs I1l: 11

Residual diagnostics (p-values)

shapiro bias acf  LBox shapiro b1as acf LBox
Cc 0.8785 0.522 0.1432 0.3222 - - -
I1 0.9726 0.342 0.0771 0.1395 - - . -

Priors
Togbkfrac ~ dnorm[Tog(0.5), 0.5A2]
logn ~ dnorm[log(2), 2A2]
Togalpha ~ dnorm[log(1l), 2A2]
Togbeta ~ dnorm[Tog(l), 2A2]

Model parameter estimates w 95% CI ]
estimate cilow ciupp log.est

alpha 4.527978e+00 0.4833946 4.241376e+01 1.5102755
beta  1.685339e+00 0.4126067 6.883960e+00 0.5219668
r 1.399276e+00 0.0796013 2.459727e+01 0.3359551
rc 7.762242e-01 0.0520766 1.156996e+01 -0.2533138
rold 5.370800e-01 0.0290069 9.944373e+00 -0.6216082
m 1.658280e+04 5193.5191255 5.294854e+04 9.7161213
K 6.989912e+04 1773.1697288 2.755453e+06 11.1548083
q 3.466595e+00 0.0732448 1.640702e+02 1.2431729
n 3.605340e+00 0.6455266 2.013624e+01 1.2824161
sdb 6.579080e-02 0.0072870 5.939918e-01 -2.7212750
sdf 2.608805e-01 0.0738481 9.216028e-01 -1.3436928
sdi 2.978994e-01 0.1788929 4.960737e-01 -1.2109995
sdc 4.396721e-01 0.3327793 5.809002e-01 -0.8217259
phil 2.147878e-01 0.0748077 6.166986e-01 -1.5381048
phi2  2.875900e-02 0.0156309 5.291300e-02 -3.5488051
phi3  9.842170e-01 0.3530998 2.743369e+00 -0.0159089

Deterministic reference points (Drp)
estimate cilow ciupp log.est
Bmsyd 4.272683e+04 967.5633348 1.886783e+06 10.662582
Fmsyd 3.881121e-01 0.0260383 5.784981e+00 -0.946461
MSYd 1.658280e+04 5193.5191255 5.294854e+04 9.716121
Stochastic reference points (Srp)
estimate cilow ciupp log.est rel.diff.Drp
Bmsys 4.248629e+04 959.3639040 1.881544e+06 10.6569368 -0.005661512
Fmsys 3.854563e-01 0.0254895 5.828931e+00 -0.9533274 -0.006890050
MSYs 1.637597e+04 5208.4977340 5.148748e+04 9.7035703 -0.012630066

States w 95% CI (inp$msytype: s)

estimate cilow ciupp log.est
B_2023.75 5.888108e+04 1204 3463036 2.878724e+06 10.9832750
F_2023.75 2.040421e-01 0.0047089 8.841399e+00 -1.5894287
B_2023.75/Bmsy 1.385884e+00 1.0289558 1.866625e+00 0.3263383
F_2023.75/Fmsy 5.293522e-01 0.1479031 1.894577e+00 -0.6361013

Predictions w 95% CI (inp$msytype: s)

prediction cilow ciupp log.est
B_2025.00 5.603645e+04 931.0530291 3.372615e+06 10.9337576
F_2025.00 2.040423e-01 0.0045102 9.230870e+00 -1.5894281
B_2025.00/Bmsy 1.318930e+00 0.8504684 2.045433e+00 0.2768208
F_2025.00/Fmsy 5.293525e-01 0.1308790 2.141016e+00 -0.6361007
Catch_2024.00 1.185644e+04 5641.8498167 2.491652e+04 9.3806268

E(B_inf) 6.213738e+04 NA NA 11.0371030
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Table 7.5.2.1. Sardine in Subarea 7. The basis for the catch scenarios*.

Index A (2023) 456482 tonnes
Index B (2021-2022) 281711 tonnes
Index ratio (A/B) 1.62
Biomass safeguard (Istat) Not applicable
Uncertainty cap Not applied
Catch advice 2023 8306 tonnes
Discard rate Negligible
Catch advice 2024 ** 13459 tonnes
% advice change A +62 %

* The figures in the table are rounded. Calculations were done with unrounded inputs, and computed
values may not match exactly when calculated using the rounded figures in the table.
**[Advice for 2023] x [Index ratio]

Table 7.7.1. Sardine in divisions 8.a—b and 8.d. Reference points, values, and their technical basis.

Frame- Reference

. Value Technical basis Source
work point
Not de-
MSY Btrlgger ﬁned
MSY  ap-
proach
F Not de-
MY fined

120 751 Geomean(Thist) x exp(-1.645 x sd(log(Ihist));
Istat lhist is the available historical series of the abun- | (ICES, 2022)

t
onnes dance index (2017-2021)
Precau-
tionary ap- Biim, Bpa Not de-
proach Fi Not de-
i fined
Not de-
Fa fined
Not de-
SSB
Manage- Vet fined
ment plan Not de-
Fwmer

fined
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Figure 7.2.1.1. Sardine in Subarea 7. Catches by category (tonnes).
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Figure 7.2.1.3. Sardine in Subarea 7. Landings by ICES division (tonnes).
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Figure 7.2.1.4. Sardine in Subarea 7. Landings by quarter (tonnes).
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Figure 7.3.1.1. Sardine in Subarea 7. Length distribution of landings provided by the English fishing industry.
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Figure 7.4.1.1. Sardine in Subarea 7.

PELTIC coverage of core area a. 2013-2023, b. total area 2017-2023 and c. reduced
survey extent in 2022.
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Figure 7.4.1.2. Sardine in Subarea 7. Sardine biomass in tonnes estimated from PELTIC survey in the core area (red line),
covering division 7.f and English waters of 7.e, in the total area (blue line), covering division 7.f and 7.e (also French side),
and in the restricted area covered in 2022 (green line). Dashed red and blue lines are the estimated values.
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Figure 7.5.1.1. Sardine in Subarea 7. Input data of the SPiCT model. Top: landings by quarter (2013-2021). Bottom: bio-
mass estimates in the core area (2013-2021). Blue represents quarter 1, green represents quarter 2, yellow represents
quarter 3, and red represents quarter 4.
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Figure 7.5.1.2. Sardine in Subarea 7. SPiCT model results. Top row: absolute biomass, absolute F estimates, and fitted
catch. Middle row: relative biomass and F, and a Kobe plot comparing biomass and F. The grey area in the Kobe plot
represents the uncertainty in the relative biomass and F estimates. Bottom row: production curve, seasonality of fishing
mortality, and prior and posterior parameter distributions. The dashed lines are 95% Cl bounds for absolute estimated
values, shaded blue regions are 95% Cls for relative estimates, shaded grey regions are 95% Cls for estimated absolute
reference points (horizontal lines).
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Figure 7.5.1.3. Sardine in Subarea 7. SPiCT model diagnosis.
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Figure 7.5.1.4. Sardine in Subarea 7. Retrospective analysis of the SPiCT model. Top row: absolute biomass and absolute
F; bottom row: relative biomass and relative F.
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8 Sardine in 8c and 9a

8.1 ACOM Advice Applicable to 2023, STECF advice and Po-
litical decisions

ICES advises that when the MSY approach is applied, catches in 2023 should be no more than 43
841 tonnes (ICES, 2022).

In 2023 the fishery was managed according to a bilateral agreement between Portugal and Spain
(Despacho n.? 5059-A/2023; BOE-A-2023-7472). Portugal and Spain agreed to implement a total
catch of 56 604 tonnes, based on the harvest control rules assessed as precautionary by ICES
(ICES, 2021c) and within the Management Plan but without the cap.

In 2023, the Spanish fishery opened on the 20t March, two weeks earlier than last year, with a
quota allowing to catch 18 962 tonnes (BOE-A-2023-7472). In August and in the framework of
the usual negotiations between Member States, 2 100 tonnes of Spanish swordfish quota
(SWO/ANO5N) was exchanged by Portuguese sardine quota (stock pil.27.8c9a), this is known as
quota swapping (BOE-A-2023-18183). This represents an increase in the Spanish quota of 42%
when compared to 2022.

In Portugal, the purse-seine sardine fishery was closed since the 17% December of 2022 (Despacho
n.243/DG/2022, Despacho n.? 6/DG/2023), to account for the protection of the reproductive indi-
viduals. However, 10% of accessory catches was allowed while targeting other species from the
the 17th of December until the 31+t of March 2023. In 2023, the sardine fishery opened on May 2nd
with a quota allowing a total catch of 37 642 tonnes (Despacho n.? 5059-A/2023). If we take into
account the quota swapping with Spain, this represents an increase in the Portuguese quota of
21%.

By the end of October preliminary catch information indicated that less than 42 000 tonnes had
been taken by the two countries. While Spain had almost reached its quota, Portugal still had
available 40% of its quota.

8.2 The fishery in 2022

8.2.1 Fishing fleets in 2022

Sardine is taken in purse-seine throughout the stock area and the fleet has remained relatively
constant in recent years. In Spain (Gulf of Cadiz and northern waters), data from 2022 indicate
that the number of purse-seiners taking sardine were 446, with mean power of 229 Kw.

In Portuguese waters, fleet data indicate that 172 vessels landed sardine with mean vessel ton-
nage of 70.0 GT and engine power category of 353 Kw.

8.2.2 Catches by fleet and area

The WG estimates of landings and catches are shown in Tables 8.2.2.1 and 8.2.2.2.

Total sardine landings in 2022 are shown in Tables 8.2.2.1, 8.2.2.2 and Figure 8.2.2.1. Total 2022
landings in divisions 8c and 9a were of 40 429 tonnes, showing stability compared to the previous
year (40 685 tonnes). The bulk of the landings (99%) were made by purse-seiners.
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In Spain, sardine landings, 15 764 tonnes, represent a 14% increase in relation to values from 2021
(13 835 tonnes). Catches experienced an increment in northern areas (by 20% in 8c west and by
31% in 9aNorth) and showed a decrease in the south (by 18% in 9aSouth-Cadiz).

In Portugal, sardine landings were of 24 665 tonnes, which represents an 8% decrease compared
to 2021 landings (26 851tonnes). The decrease was caused by the reduction of catches in the areas
of high recruitment (by 20% in 9aCN and by 18% in 9aSouth-Algarve), where there had been a
very large increase in the previous year. On the other hand, in the 9aCS subdivision landings
showed an increase of 11%.

Table 8.2.2.1 summarises the quarterly landings and their relative distribution by ICES subdivi-
sions. In 2022, due to management regulations implemented in Spain and Portugal the sardine
fishery opened late in the year (at the end of the first quarter in Spain and in the second quarter
in Portugal). For that reason, the sums of the second and third quarter landings represent almost
78% of the annual catches.

The relative contribution of the different areas to the total catch was similar to 2021, being the
western Portuguese Atlantic coast (9aCN and 9aCS subdivisions) the areas that obtained 49% of
the total catches of the stock.

Figure 8.2.2.2 shows the historical relative contribution of the different subareas to the total
catches.

Discards are negligible for this stock.

8.2.3 Effort and catch per unit of effort

No new information on fishing effort has been presented to the WG.

8.2.4 Catches by length and catches-at-age

Tables 8.2.4.1.a,b,c and d show the quarterly length distributions of landings from each subdivi-
sion. Annual length distributions in Spain (Table 8.2.4.1.) were unimodal in 8cW subdivision,
with a mode at 21 cm. In 8cE, 9aN and 9aS-Cadiz subdivisions, size distributions had a main
mode (at 19.5, 19 and 17 cm) and a secondary, smaller mode at 14, 13 and 12.5 cm, respectively.

For Portugal, sardine annual length distributions were unimodal in 9aS-Algarve, with mode at
18 cm. For the remaining areas, length distributions were bimodal, with modes at 18.5 and 14.5
cm in 9aCN and at 20 and 13 ¢m in 9aCS subdivision.

Table 8.2.4.2 shows the catch-at-age in numbers for each quarter and subdivision and Table
8.2.4.3. shows the historical catch-at-age data. In Table 8.2.4.4 and Figure 8.2.4.1. the relative con-
tribution of each age group in each subdivision is shown as well as their relative contribution to
the catches.

2022 still showed a clear dominance in catches of age-3 (2019 strong year class) individuals in the
Cantabrian Sea (8c Division) and in the northern area of the Atlantic facade. In Cadiz, as in the
previous years, the most important age class was age-0 (representing 35% of the catches). For
Portugal, age-2 was dominant in the 9aCN and the Algarve (9aS subdivision). Age-3 had the
higher contribution, with a 30% to the total biomass in catches, followed by age-2, representing
28% of the catches. By areas, age-0 showed a clear predominance in 9aS-Cadiz and older indi-
viduals (age-5 and age-6+) were mainly landed in the 9aCS subdivision.
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8.2.5 Mean length and mean weight-at-age in the catch

Mean length and mean weight-at-age by quarter and subdivision are shown in Tables 8.2.5.1 and
8.2.5.2.

8.3 Fishery-independent information

Figures 8.3.1, 8.3.2 and 8.3.3 show the time-series of fishery-independent information for the sar-
dine stock.

8.3.1 Iberian DEPM survey (PT-DEPM-PIL+SAREVA)

As part of the Iberian DEPM survey, surveys are carried out every three years by Portugal
(IPMA) and Spain (IEO). As described in the Stock Annex, the total spawning biomass (SSB)
from the two surveys is used in the assessment.

The DEPM surveys comprise ichthyoplankton, fish and hydrographic sampling. Plankton sam-
ples are collected, along a grid of parallel transects perpendicular to the coast, for spawning area
estimation and daily egg production calculation. Concurrently, fishing hauls are carried out for
estimation of daily fecundity (sex ratio, female weight, batch fecundity and spawning fraction)
for the mature sardines in the population.

Survey design, laboratory and estimation analyses are described in detail in the TIMES survey
manual (in press) and in Massé et al. 2018.

In 2023 both surveys were conducted on board R/V Vizconde de Eza. Portuguese survey PT-
DEPM23-PIL was carried out between 10™ and 24t February and Spanish survey SAREVA be-
tween 10t and 30" April.

In 2023 due to logistic issues (reduced number of vessel days) the initial grid of stations for Pairo-
VET was altered. The number of transects and distance between PairoVET stations along the
transects was reduced. From the planned 8x3 nm (transects x stations) it was changed to 10x4nm.
However, during the SAREVA survey it was possible to carry out sampling according to the
usual grid from 7.5° W to the east, only the Galician coast was covered with the adjusted grid.

Fish samples for IPMA survey were collected by a hired purse-seiner apart from 3 samples ob-
tained in Cadiz with the R/V. Fish samples for IEO DEPM survey were collected during PELA-
CUS acoustics survey, which took place in the same area simultaneously.

Sampled area for both plankton and adult stations during DEPM surveys in 2023, and main re-
sults are shown in Figure 8.3.1.1 and Table 8.3.1.1. Despite the increase of the spawning biomass
in subdivisions 9aCN and 9aCS, the steep decline of the spawning biomass in the Gulf of Cadiz
and the Algarve means that the overall values for 2023 are very similar to overall values of the
last DEPM survey carried out in 2020. 9aN and 8c subdivisions could not be sampled in 2020 due
to the outbreak of the COVID pandemic and the contribution of the Spanish survey was esti-
mated based on the relative contribution over the historical series. In 2023, the estimated SSB
value in this area has been higher than in the previous survey carried out in 2021.

The value of the DEPM index used in the assessment (combined SSB for the whole stock, 640 793
tonnes) showed a 1.6% increase compared to the last DEPM estimation, corresponding to 2020,
Figure 8.3.1.2.
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8.3.2 Spring Iberian acoustic survey (PELACUS-PELAGO)

As part of the Iberian acoustic survey, surveys are carried out each year by Portugal and Spain
to estimate small pelagic fish abundance in divisions 8c and 9a. The Iberian acoustic survey is
planned and discussed within WGACEGG (e.g WGACEGG, 2023). As described in the Stock
Annex, the total numbers of individuals and numbers-at-age from the two surveys are used as
input to the assessment.

There are two annual surveys carried out to estimate small pelagic fish abundance in 9a and 8c
using acoustic methods: PELAGO and PELACUS. For the first time, in 2021, both surveys were
carried out on the same vessel, R/V Miguel Oliver. The PELAGO survey was carried out in
March, followed by the PELACUS survey.

Both surveys were conducted following the methodology applied in previous years and agreed
and revised at the WGACEGG.

8.3.2.1 Portuguese spring acoustic survey

The PELAGO acoustic surveys have sampled the Portuguese and Bay of Cadiz continental
shelves, since 1995 and until 2019 with the R/V Noruega, a 49 m trawl vessel. Since 2020 this
survey was planned on-board R/V Miguel Oliver.

During PELAGO2023 survey, conducted between the 15" of March and the 4% April, seventy-
one (71) transects were acoustically sampled between Caminha and Cape Trafalgar.

Figure 8.3.2.1.1 shows the acoustic transect along the surveyed area and Figure 8.3.2.1.2 shows
the fishing operations conducted during the survey and the proportion of species in each fishing
station. A total of 40 pelagic trawl hauls (3 null) were carried out by the research vessel and 28
additional hauls were done by purse-seiners. Sardine was present in most of the fishing hauls
(92%) and the energy attributed to this species was distributed throughout the coast, with the
highest concentrations in the north, in 9aCN subdivision (between Porto and Figueira da Foz)
and in Algarve (9aS subdivision), Figure 8.3.2.1.3.

Figures 8.3.2.1.4., 8.3.2.1.5. and Table 8.3.2.1.1. show the abundance in number and biomass by
length and age class, respectively. During 2023 PELAGO survey, age 0 sardine individuals were
not detected. For all areas sampled, the size distributions were bimodal, but with modes at dif-
ferent sizes in the different locations. The smallest individuals were found in Cadiz (9aS subdi-
vision) with modes at 12 and 17.5 cm, but the largest abundances were detected in area 9aCN,
where modes were at 15 and 19 cm. In 9aCN, 9aCS and Algarve, the modal age corresponds to
age 2 (2021 cohort), while in Cadiz, age 1 was the most representative in the population. For the
total area sampled, age 2 accounted for 39% in abundance, corroborating the strong age class of
2021, already detected in the previous PELAGO survey. 2022 recruitment represents 36% of the
sardine abundance in the survey and was detected mainly in Cadiz and in the 9aCN subdivision.

In relation to total abundance in PELAGO2022 (18907 million individuals), sardine estimation in
2023 showed an important decrease by 27%.

The sardine B1+ was estimated to be 436.3 thousand tonnes for the whole area, representing a
significant decline by 46% in relation to the PELAGO2022 survey.
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8.3.2.2  Spanish spring acoustic survey

The Spanish PELACUS0423 survey was carried out from 25th March to 18th April in the R/V
Miguel Oliver. Sampling design and methodology was similar to that of the previous surveys
and is summarised in Massé et al. (2018) with supplementary material available online. Tracks
were placed at 10 nmi, with a random start and only steamed during day hours. The survey
progressed eastwards (Figure 8.3.2.2.1).

A total of 34 fishing stations were carried out, yielding about 13 kt of fish. Of them, 9 correspond-
ing to sardine (74% in number). Big sardine (>16 cm) was present in 68% of hauls and small
sardine was caught in 44% of fishing stations. In 9aN a very significant increase of sardine
schools was recorded. Figure 8.3.2.2.2 shows the species proportion (% in number) in the fishing
stations, with circles proportional to the total catch in weight.

The amount of backscattering energy allocated to sardine is the highest of the time series in Span-
ish waters. The bulk of the small sardine NASC distribution was recorded in 9aN subdivision
and bigger sardine (>16 cm) was widely distributed in the sampled area, with higher concentra-
tion in Galicia (9aN and 8cW subdivisions) and the western area of the Cantabrian Sea (Figure
8.3.2.2.3.).

A total of 689 thousand tonnes, corresponding to 13 351 million fish were estimated, most of
them in the western part (79% in 9aN) (Table 8.3.2.2.). Age group 1 represents 23% of the total
biomass (42% in abundance) and the signal from the 2019 cohort (age 4), which accounted for
37% of the abundance (and 48% of the biomass), was very strong. Although this cohort has been
very well mapped out by the PELACUS survey over the years, age-4 abundance values in the
2023 PELACUS survey are higher than those estimated in 2022 for age 3 (Figure 8.3.2.2.4.).

8.3.3 Autumn acoustic survey index

For the major recruitment area in Portugal, from 1997 (SAR-PT-AUT time series) and in the re-
cent period, from 2013 (JUVESAR time series) juvenile surveys were carried out from Lisbon to
the Portuguese-Spanish border, to assess the abundance of recruits in that particular area. Since
2018, as a result of a collaboration between IPMA and IEO, the survey IBERAS estimates a re-
cruitment index in Atlantic waters of the Iberian Peninsula, aiming to improve the estimation of
the strength of the recruitment for both Ibero-Atlantic sardine and the western component of the
south anchovy population.

In October 2021, an Inter-benchmark (ICES, 2021a) was accomplished for this stock and the ju-
venile index from autumn acoustic surveys since 1997, for the 9aCN subdivision, was decided to
be included in the assessment model.

Last IBERAS survey, in 2023, was carried out between 12th and 25t September, on board Ramoén
Margalef R/V, with the collaboration of a purse seiner for additional samples in 9aCN and 9aCS.

Survey methods were similar to those undertook in the previous years (Massé et al., 2018), with
a survey track between 20 and 100 m, with a systematic random start and transects 6-8 nmi apart
(Figure 8.3.3.1).

A total of 25 fishing stations were carried out and additional samples were obtained from 12
fishing stations carried out by purse seiner vessels. Sardine accounted for 34% of the abundance
in the fishing hauls, but in large sizes. Small sardines (age 0, recruitment) were very rare in the
catches (less than 10%) (Figure 8.3.3.2).
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In terms of acoustic energy and biomass, the central area of the usual distribution of juveniles
showed an almost total absence of age-0 sardine (Figure 8.3.3.3). Age-0 sardine was located in
Southern Galicia (9aCN) and the northern part of subdivision 9aCS, areas that are not included
in the recruitment index used in the sardine assessment.

2023 recruitment index (9aCN subdivision), was estimated to be 61 011 10° age-0 individuals
(1624 tonnes) and represents the lowest value in the time series (Figure 8.3.3.4, Table 8.3.3.1.).

8.34 Other regional indices

Although not included as an input in the sardine assessment, ECOCADIZ survey (fully de-
scribed in Section 4, Anchovy in 9a division), provides sardine abundance and biomass estimates
in the Gulf of Cadiz and Algarve (9aS subdivision) in the summer, which can be compared with
the results obtained by the spring Portuguese acoustic survey in the same area. For both surveys,
trends in abundance (and biomass) are broadly similar (specially for age-0 individuals), although
they have interannual differences (see WGHANSA2021 report, ICES 2021b).

In 2021 and 2022, ECOCADIZ survey could not be carried out due to logistical problems.

In addition, during autumn, ECOCADIZ-RECLUTAS gives (since 2012) an estimation of sardine
recruitment in the Gulf of Cadiz, one of the main recruitment areas for this stock.

8.3.5 Mean weight-at-age in the stock and in the catch

Mean weight-at-age in the catch are shown in Table 8.3.5.1a.

According to the stock annex, mean weights-at-age in the stock (Table 8.3.5.1b) come from the
DEPM surveys. See Annex 3.

J For years with no DEPM survey, a linear interpolation of the data from two consecutive
surveys is carried out to obtain the estimates of mean weight-at-age.

) For the period 1978-1998 (before the DEPM series started) it was decided to consider the
two closest DEPM surveys, and assume for that period the average between 1999 and
2002 estimates.

. For the years after the last DEPM survey, the estimates of the last DEPM survey are as-
sumed.

8.3.6 Maturity-at-age

Following the stock annex, maturity ogive from the stock comes from the DEPM surveys.

. For years with no DEPM survey, a linear interpolation of the data between two consecu-
tive surveys is carried out to obtain the estimates of maturity-at-age.

o For the period 1978-1998 (years before starting the DEPM series), constant proportions
of maturity-at-age were assumed, based on the average of the estimates obtained from
the six DEPM surveys of the 1999-2014 period, thus including both years of strong year
classes and years of low recruitment.

. For the years after the last DEPM survey, the estimates of the last DEPM survey are as-
sumed.
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8.3.7 Natural mortality

Following the stock annex, natural mortality is:

M, year!
Age 0 0.98
Age 1 0.61
Age 2 0.47
Age 3 0.40
Age 4 0.36
Age 5 0.35
Age 6 0.32

8.3.8 Catch-at-age and abundance-at-age in the spring acoustic sur-
vey

The historical series of catches-at-age and abundance-at-age in the spring acoustic survey are
presented in Figures 8.3.8.1 and 8.3.8.2.

8.4 Assessment Data of the state of the stock

8.4.1 Stock assessment

The table below presents an overview of the assessment model settings. Additional details on
the input data used in the stock assessment model can be found in the stock annex (See Annex

3).

Input data WGHANSA 2021

Catch Catch biomass 1978-2023 (tonnes)
Catch-at-age 1978-2022 (thousands of individuals)

Spring acoustic survey (Joint SP+PT) * Total numbers 1996—-2023 (thousands of individuals)
Numbers-at-age 1996-2023 (thousands of individuals)

DEPM survey (Joint SP+PT) SSB 1997, 1999, 2002, 2005, 2008, 2011, 2014, 2017, 2020, 2023
(tonnes)

Weight-at-age in the catch Yearly averages 1978-2022 (constant up to 1989), kg

Weight-at-age in the stock From DEPM surveys in DEPM years, linear interpolation for years in-be-

tween (constant 1978-1998), kg
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Input data WGHANSA 2021

Maturity-at-age From DEPM surveys in DEPM years, linear interpolation for years in-be-
tween (constant 1978-1998), proportions

Model structure and assumptions:

M M-at-age 0=0.98, M-at-age 1=0.61, M-at-age 2=0.47, M-at-age 3=0.40,
M-at-age 4=0.36, M-at-age 5=0.35, M-at-age 6+=0.32

Recruitment Density-dependent R model; annual recruitments are parameters, de-
fined as lognormal deviations from Beverton—Holt stock—recruitment
model, penalized by a sigma of 0.74, and an input steepness of 0.71.

Initial population N-at-age in the first year are parameters derived from an input initial
equilibrium catch of 135 000 tons, equilibrium recruitment and selec-
tivity in the first year and adjusted by recruitment deviations estimated
from the data on the first years of the assessment. Equilibrium as-
sumed to take place in 1972.

Fishery selectivity-at-age S-at age are parameters, each estimated as a random walk from the
previous age; S-at-age 0 used as the reference; S-at-ages 4 and 5 as-
sumed to be equal to S-at-age 3.

Fishery selectivity over time Three periods: 1978-1987, 1988-2005 and 2006—onwards. Selectivity-
at-age is estimated for each period and within each period assumed to
be fixed over time.

Spring acoustic survey selectivity-at-age Selectivity assumed to be equal at all ages.
Autumn acoustic survey selectivity-at-age Selectivity tailored to young fish (age 0)

Fishery catchability Scaling factor, median unbiased

Spring acoustic survey catchability Simple model with extra standard error parameter
DEPM catchability Simple model with extra standard error parameter
Autumn acoustic survey catchability Power model with extra standard error parameter

Log-likelihood function:

Weights of components All components have equal weight

Data weights Sample size of age compositions by year (50 in 1978-1990 and 75 in
1991-onwards for the fishery, 25 for the acoustic survey; Acoustic and
DEPM abundance observations with equal weight = CV = 25%; age
reading uncertainty; user input sample sizes and survey CV are used as
inverse weights of likelihood components.
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Table 8.4.1.1 shows the parameters estimated by the assessment model. Fishing mortality-at-age
and numbers-at-age are presented in Tables 8.4.1.2 and 8.4.1.3. Virgin recruitment was estimated
to be Roa2023 = 20 208 000 (CV = 4%) and the initial F was estimated as initFa3= 0.41 year-1. Catch-
ability parameters are close to 1 for both the acoustic (Q = 1.31, RMSE = 0.36) and the DEPM
(Q=1.19, RMSE=0.27) surveys. Catchability parameter for the recruitment index is 4.7e-08 (RMSE
= 1.08). The extra standard deviation parameters are low for the spring acoustic and the DEPM
surveys (0.11 and 0.02 respectively) but higher for the recruitment index (0.83). Correlations
between the assessment parameters range from -0.99 to 0.46 although the majority are very close
to zero. Negative correlations below -0.50 are observed between the two parameters of the power
model of Qrecruitment index (-0.99), Ro and Quacoustic survey (-0.59), Ro and QperM survey (-0.53)and between
selectivity parameters from the first period (four cases) and one case in the last period.

The assumed standard error for the acoustic and the DEPM index, all years = 0.25, is consistent
with the residual mean square errors estimated by the model, 0.36 and 0.27. The harmonic mean
of the fishery age composition sample size, 67, is consisted with the current assumption of 75. In
the case of the spring acoustic survey survey, the sample size of 25 is consistent with the precision
indicated by the model (the harmonic mean for the acoustic survey is estimated to be 25).

Figures 8.4.1.1, 8.4.1.2 and 8.4.1.3 show the fit of the model to the three indices of abundance,
which are similar to the fit of the 2022 assessment model. The assessment of 2023 shows a poor
fit to the 2022 and the 2023 point estimate of the acoustic survey index. It is observed that in
previous years, high values of the point estimate of the acoustic surveys have poorer fits, i.e.,
positive residuals for the estimates in the surveys. It seems that the model has a tendency to
underestimate abundance in years when the survey index is large.

Figure 8.4.1.4 shows the model residuals from the fit to the catch-at-age composition (top panel)
and the acoustic survey age composition (bottom panel). Catch-at-age residuals in 2022 have
increased, when compared to 2021, for the younger ages (until age 2) and increased for the older
ages. Residuals are positive for ages 2, 4 and 5 and negative for all the other ages. The acoustic
survey residuals in 2023 are positive for age two and four and negative for all other ages.

The fishery selectivity patterns estimated in the present assessment show less abrupt changes
over time and through ages (particularly at the age-6+ group) (Figure 8.4.1.5). The patterns over
age are dome-shaped in the three periods with the early (1978-1987) and recent periods (2006—
2022) showing higher selectivity at ages 1-2 than the middle period (1988-2005), in agreement
with the higher fraction of the catches coming from recruitment areas in those periods. The
increase of age 0 selectivity estimated in the most recent period is consistent with large catches
of this age group in a period that recruitment is at a very low level.

The summary of the 2023 assessment results is shown in Table 8.4.1.4 and Figure 8.4.1.5 (in the
Figure compared to the 2022 assessment model results). The estimate of B1+ in 2023 assumes
stock weights are equal to the mean in the last six years, the same assumption taken in the short
term forecast, and in accordance to the stock annex. By the end of October, preliminary catch
information indicates that less than 42 000 tonnes had been taken by the two EU Member states.
For the interim year and based on reported catches in November and December for both coun-
tries in the past 5 years, it was considered that 50 000 tonnes is a realistic 2023 catch assumption
for 2023 (see Section 8.1). The model estimates standard errors of SSB, recruitment and Apical F
(maximum F over age within years). We assume the CVs of SSB and Apical F apply to B1+ and
F(2-5), respectively.

B1+in 2023 is predicted to be 480 817 t (CV = 15%), assuming that the stock weights are equal to
the mean of the last six years. This represents an increase of 0.3% when compared with Bl+ in
2022 =479 464 t (CV = 15%). B1+ is above Biim = 196 334 t, Bpa =252 523 t and MSY Buigger = 252 523
t of the current low productivity regime of the stock (see Section 8.7).
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Frar2-5 in 2022 is estimated to be 0.081 year (CV = 15%) which represents an decrease of 1% when
compared to Fvar2s in 2021. Frar2-5 is below Fmsy and Fpa .

In summary, the stock is not overfished and is in a healthy condition.

The series of historical recruitments 1978-2023 shows a marked downward trend until 2006 and
from then had been fluctuating around historically low values. Since 2018 that recruitment
estimates had been above the mean values of the low productivity regime (since 2006). The 2023
recruitment estimate (Rzo23 = 4 260 090, CV = 49%) represents a decreased of 71% when compared
to the recruitment estimate of 2022.

8.5 Retrospective pattern

Retrospective patterns for Biomass 1+, Fages2s and recruitment were computed for years 2019-
2023. For each run, assessment was performed including survey data until the terminal year and
catch data until the previous year, as done in the current assessment (2023). This range of runs
include runs prior and after the Inter-benchmark (ICES, 2021a). The potential retrospective bias
in the assessment was quantified using an approach based on the Mohn’s rho (Mohn, 1999), fol-
lowing ICES guidelines, and was computed using the function mohn() available in the R package
called icesAdvice.

Results are shown in absolute terms (Figure 8.5.1). The model underestimates Biomass 1+
(Mohn’s rho of -0.363) and recruitment (Mohn’s rho of -0.138) while it overestimates Fages2-5
(Mohn's rho of 0.457). Differences in the estimation of these parameters between runs are more
pronounced for recruitmentand, in all cases, in the last portion of the time-series. Most probably,
changes in the most recent years are a consequence of the model fit to the most recent data.
Overall, trends do not change between runs with the exception of some recruitment data points
in the most recent part of the time series. This might be a consequence of the changes in the
model after the Inter-benchmark Finally, the retrospective plots indicate that the model is robust.

8.6 Short-term predictions

The short-term forecast assumptions were updated in 2021 after Inter-benchmark of October
2021 (ICES, 2021a) and are specified in the stock annex (Annex 3).

Catch predictions were carried out following the stock annex, Annex 3. Recruitment in the in-
terim year (2023) is now the estimate from the assessment model and in the forecast year (2024)
was set to the geometric mean of the last five years (2019-2023), Rzo24 = 12 161 380 thousand indi-
viduals. Fishing mortality in the interim year is the fishing mortality that corresponds to a catch
constrain. The catch assumption for 2023 was assumed to be 50 000 tonnes based on the total
catches reported by the end of October and the November to December catches reported in the
last five years. This corresponds to the HCR with a cap included in the Management Plan of the
Iberian sardine and is equivalent to a Fages2-5, 2023 = 0.107.

Table 8.6.1 shows input data of the short-term forecast. Table 8.6.2 shows the results of the short-
term forecast. The complete set of results for fine steps of F scenarios is stored in file
pil.27.8c9a_scenarios in the WGHANGSA SharePoint.

8.6.1 Evidence for change in advice

A comparison of the input data used in the forecast from the current and the previous assess-
ments is presented in this sub-section. In Figure 8.6.1.1 input data used for the short-term forecast
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on last year’s advice is compared with the input data used for this year’s short-term forecast and
in Figure 8.4.1.5 it was already showned the summary for the previous and current assessments.

Figure 8.6.1.2 compares the predicted stock numbers at age at the start of the advice year from
the previous advice and the estimate of stock numbers at age for the same year from the current
assessment. Table 8.6.1.1 shows the numbers and biomass at age estimated in the current assess-
ment divided by the numbers and biomass at age estimated in the previous assessment for the
years 2020, 2021 and 2022.

Forecast assumptions from previous and current assessments are shown in Table.8.6.1.2

8.7 Reference points

Reference Points for this stock were re-evaluated at the beginning of 2021, during the Workshop
for the evaluation of the Iberian sardine HCR (WKSARHCR; ICES, 2021c).

ICES adopted new reference points for the stock based on data from the period 2006-2019 which
is considered representative of a low productivity state. The recomputed values, using the man-
agement strategy evaluation framework, are presented in Table 8.7.1.

Table 8.7.1. Sardine in 8c and 9a. Reference Points. The biological reference points were estimated during WKSARHCR
(ICES, 2021c) based on the state of low productivity (2006-2019). Weights are in tonnes.

BRP 2006-2019 Technical basis
Biim = Hockey-stick ~ change
Biim 196 334 .
point
Bpa = Bim * 1.645* o),
Bys 252523 pe ™ Bim " exp(1.645 " 0)
o0 =0.17 (ICES, 2021d)
Stochastic long-term simula-
Fiim 0.26 tions (50% probability SSB <
Biim) (MSE)
Btrigger 252 523 Blrigger= Bpa
Fpus; the F that leads to SSB >
Fpa 0.092 Bim with 95% probability
(MSE).
Median Frarget which maxim-
Fmsy 0.22 izes yield without Buigger
(MSE)
Adopted
P 0.092 If Fpa < Fusy then Fusy = Fpa
Fusy
8.8 Management considerations

A new management and recovery plan for the Iberian sardine stock (divisions 8.c and 9.a) (Mul-
tiannual Management Plan for the Iberian Sardine 2021-2026) was developed by Spain and Por-
tugal. In February 2021, ICES received a request from Portugal and Spain EU members to eval-
uate a generic harvest control rule (HCR) within that management plan. The new HCR is defined
by three reference levels for fishing mortality, F =0, F = 0.064 and F = 0.12 and, three reference
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levels for B1+, Boow = 112 943 t, defined as the lowest observed time series B1+ according to the
2018 assessment (ICES, 2018), MSY Buigger= 252 523 t, under a low productivity regime and MSY
Blrigger= 446 331 t, under a medium productivity regime (Figure 8.8.1.).

The proposed HCR was described as follows:

i) If B1+<112943 t, then F =0

ii) If 112943 t < B1+ <252 523 t, then F increases linearly from 0 to 0.064
iii) If 252 523 t < B1+ < 446 331 t, then F increases linearly from 0.064 to 0.12
iv) If B1+>446 331 t, then F=0.12

Conditions ii) to iv) are overridden if the forecast catch in any given year exceeds the maximum
allowed catches of 30 to 50 kt.

0.125-

0.100-

0.075-

dOH

0.050-
0.025-

0.000-

1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
I I I
I I I
I I I
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
L 1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 [}
1 1 I
I I I
I I 1
1 1 1
1 1 [}
1 1 1
1 1 1
| | |

112943 252523 446331
Biomass (tonnes)

Figure 8.8.1. Proposed HCR. The biomass reference levels of biomass (B1+) reported correspond to Bjoss2018) = 112 943 t,
MSY Btrigger_tow = Bpa_low = 252 523 t and MSY Btrigger_medium = Bpa_medium = 446 331 t.

ICES found that the generic harvest control rule was precautionary in a persistent low produc-
tivity regime with maximum allowed catches between 30 and 50 kt (ICES, 2021d). For 2023, the
EU Commission requested ICES to provide advice based on the MSY approach. The precaution-
ary generic harvest control rule should be included in the catch scenario table of the Advice
Sheet.
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Tables

Table 8.2.2.1: Sardine in 8c and 9a: Quarterly distribution of sardine catches (t) in 2022 by ICES Subdivision. Above
absolute values; below, relative numbers.

Sub-Div 1st 2nd 3rd 4th Total

8cE 56 588 170 106 920
8cW 211 1722 2506 564 5002
9aN 32 2064 3817 787 6701
9aCN 2218 5604 2551 10374
9aCs 3048 3958 2763 9769
9aS-Algarve 1108 2619 796 4522
9aS-Cadiz 58 1013 1343 727 3141
Total 357 11761 20017 8295 40429
Sub-Div 1st 2nd 3rd 4th Total

8cE 0.14 1.45 0.42 0.26 2.28
8cW 0.52 4.26 6.20 1.39 12.37
9aN 0.08 5.11 9.44 1.95 16.58
9aCN 0.00 5.49 13.86 6.31 25.66
9aCs 0.00 7.54 9.79 6.83 24.16
9aS-Algarve 0.00 2.74 6.48 1.97 11.19
9aS-Cadiz 0.14 2.51 3.32 1.80 7.77
Total 0.88 29.09 49.51 20.52

Table 8.2.2.2. Sardine in 8c and 9a: Iberian Sardine Landings (tonnes) by subdivision for the period 1940-2022.

Year Subdivision
8c 9a North 9a Central North  9a Central South  9a South Algarve  9a South Cadiz

1940 66816 42132 33275 23724
1941 27801 26599 34423 9391
1942 47208 40969 31957 8739
1943 46348 85692 31362 15871
1944 76147 88643 31135 8450
1945 67998 64313 37289 7426
1946 32280 68787 26430 12237
1947 43459 21855 55407 25003 15667
1948 10945 17320 50288 17060 10674
1949 11519 19504 37868 12077 8952
1950 13201 27121 47388 17025 17963
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Year Subdivision

8c 9a North 9a Central North  9a Central South  9a South Algarve  9a South Cadiz
1951 12713 27959 43906 15056 19269
1952 7765 30485 40938 22687 25331
1953 4969 27569 68145 16969 12051
1954 8836 28816 62467 25736 24084
1955 6851 30804 55618 15191 21150
1956 12074 29614 58128 24069 14475
1957 15624 37170 75896 20231 15010
1958 29743 41143 92790 33937 12554
1959 42005 36055 87845 23754 11680
1960 38244 60713 83331 24384 24062
1961 51212 59570 96105 22872 16528
1962 28891 46381 77701 29643 23528
1963 33796 51979 86859 17595 12397
1964 36390 40897 108065 27636 22035
1965 31732 47036 82354 35003 18797
1966 32196 44154 66929 34153 20855
1967 23480 45595 64210 31576 16635
1968 24690 51828 46215 16671 14993
1969 38254 40732 37782 13852 9350
1970 28934 32306 37608 12989 14257
1971 41691 48637 36728 16917 16534
1972 33800 45275 34889 18007 19200
1973 44768 18523 46984 27688 19570
1974 34536 13894 36339 18717 14244
1975 50260 12236 54819 19295 16714
1976 51901 10140 43435 16548 12538
1977 36149 9782 37064 17496 20745
1978 43522 12915 34246 25974 23333 5619
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Year Subdivision
8c 9a North 9a Central North  9a Central South  9a South Algarve  9a South Cadiz

1979 18271 43876 39651 27532 24111 3800
1980 35787 49593 59290 29433 17579 3120
1981 35550 65330 61150 37054 15048 2384
1982 31756 71889 45865 38082 16912 2442
1983 32374 62843 33163 31163 21607 2688
1984 27970 79606 42798 35032 17280 3319
1985 25907 66491 61755 31535 18418 4333
1986 39195 37960 57360 31737 14354 6757
1987 36377 42234 44806 27795 17613 8870
1988 40944 24005 52779 27420 13393 2990
1989 29856 16179 52585 26783 11723 3835
1990 27500 19253 52212 24723 19238 6503
1991 20735 14383 44379 26150 22106 4834
1992 26160 16579 41681 29968 11666 4196
1993 24486 23905 47284 29995 13160 3664
1994 22181 16151 49136 30390 14942 3782
1995 19538 13928 41444 27270 19104 3996
1996 14423 11251 34761 31117 19880 5304
1997 15587 12291 34156 25863 21137 6780
1998 16177 3263 32584 29564 20743 6594
1999 11862 2563 31574 21747 18499 7846
2000 11697 2866 23311 23701 19129 5081
2001 16798 8398 32726 25619 13350 5066
2002 15885 4562 33585 22969 10982 11689
2003 16436 6383 33293 24635 8600 8484
2004 18306 8573 29488 24370 8107 9176
2005 19800 11663 25696 24619 7175 8391
2006 15377 10856 30152 19061 5798 5779
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Year Subdivision
8c 9a North 9a Central North  9a Central South  9a South Algarve  9a South Cadiz

2007 13380 12402 41090 19142 4266 6188
2008 13636 9409 45210 20858 4928 7423
2009 11963 7226 36212 20838 4785 6716
2010 13772 7409 40923 17623 5181 4662
2011 8536 5621 37152 13685 6387 9023
2012 13090 4154 19647 9045 2891 6031
2013 5272 2128 15065 9084 4112 10157
2014 4344 1924 6889 6747 2398 5635
2015 1916 1946 7117 4848 1812 2956
2016 2886 2887 7695 4031 1972 3233
2017 2251 2225 5182 6676 2836 2742
2018 2764 856 3579 4759 1400 1704
2019 1608 1076 3520 4290 1986 1280
2020 2822 1950 5049 7560 2807 1955
2021 4918 5109 13031 8767 5052 3808
2022 5922 6701 10374 9769 4522 3141

Table 8.2.4.1: Sardine in 8c and 9a: Sardine length composition (thousands), mean length (cm) and catch (t) by ICES sub-
division in 2022.

Length 8cE 8c W 9aN 9a CN 9a CS 9a$s 9a S (Ca) Total
6.5

7 10 10
7.5

8 271 271
8.5 205 205
9 347 347
9.5 680 680
10 1241 1241
10.5 1702 1702
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Length 8cE 8cW 9aN 9aCN 9a CS 9as 9a s (Ca) Total
11 1919 1919
11.5 31 200 1879 2110
12 392 152 799 2790 4133
12.5 183 1618 551 1997 5482 9830
13 617 3579 782 2796 2700 10475
13.5 1251 3611 2185 2596 4038 13 681
14 1237 1346 4 886 599 1419 9487
14.5 709 509 7577 599 1445 10839
15 154 206 4756 200 841 6157
15.5 228 63 1046 200 145 1179 2861
16 329 522 540 2924 4314
16.5 544 87 2208 399 1108 5924 10271
17 616 127 276 11324 47 7 509 10032 29931
17.5 713 86 1550 22 379 562 9816 9420 44 526
18 808 910 6 190 36 030 1642 26 056 9593 81230
18.5 1196 880 13 706 41 386 4011 13531 7 669 82379
19 1540 4286 18 730 29615 12 144 13 282 4358 83955
19.5 1775 5726 16 477 16 203 22 756 5253 2278 70468
20 1697 12963 12 567 6 698 30098 2137 1088 67 248
20.5 1346 8700 8054 3570 24 155 305 752 46 883
21 737 13523 4878 1279 15 684 68 218 36 385
215 408 4 065 2 864 1315 8 604 17 7 17 278
22 324 6 004 1833 245 3648 5 12 059
225 171 1035 1264 888 1261 3 4623
23 97 1585 593 699 377 3351
23.5 63 504 248 366 1181
24 18 606 66 126 816
245 76 10 86

25 34 3 37
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Length 8cE 8cW 9aN 9aCN 9a CS 9as 9a s (Ca) Total
25.5
26 34 34
26.5
27
27.5
Total 16 761 61143 100 753 196 294 135 865 79767 82420 673 003
Mean L 18.1 20.9 19.1 18.3 19.9 18.5 16.2 18.7
sd 2.75 1.14 2.25 1.63 2.05 0.80 2.82 2.30
Catch 920 5002 6701 10374 9769 4522 3141 40429

Table 8.2.4.1a: Sardine in 8c and 9a: Sardine length composition (thousands), mean length (cm) and catch (t) by ICES
subdivision in the first quarter 2022.

First Quarter

Length 8cE 8c W 9aN 9a CN 9a CS 9as 9a S (Ca) Total

6.5

7.5

8.5

9.5
10
10.5
11
11.5
12
125 7 4 10
13 29 29
13.5 81 81
14 77 4 80
14.5 150 1 151
15 82 10 93
15.5 191 7 198
16 240 9 249
16.5 345 87 432
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First Quarter

Length 8cE 8cW 9aN 9aCN 9a CS 9as 9a S (Ca) Total
17 240 129 369
17.5 140 115 256
18 71 392 55 209 727
18.5 66 2 9 174 252
19 31 789 117 174 1111
19.5 18 12 12 136 177
20 7 2356 324 58 2746
20.5 7 8 7 14 36
21 399 58 52 509
21.5 5 3 3 7 18
22 3 2 5 10
225 1 1
23 2 2
23.5
24
24.5
25
25.5
26
26.5
27
27.5
Total 1787 3967 589 1194 7537
Mean L 20.0 20.0 18.6 18.9
sd 0.79 0.82 1.31 1.82
Catch 56 211 32 58 357

Table 8.2.4.1b: Sardine in 8c and 9a: Sardine length composition (thousands) , mean length (cm) and catch (t) by ICES
subdivision in the second quarter 2022.

Second Quarter

Length 9aN 9aCN 9a CS 9as 9a S-C Total
7 10 10
7.5

8 5 5
8.5

9

9.5

10 1 1

205



206 |

ICES SCIENTIFIC REPORTS 5:67

Second Quarter

Length 8cE 8c W 9aN 9a CN 9a CS 9a$s 9a S-C Total
10.5 4 4

11 10 10
11.5 27 27

12 10 10
12.5 32 32

13 29 29
13.5 12 12

14 17 17
14.5 1 50 51

15 4 103 107
15.5 8 299 307
16 13 331 272 243 860
16.5 29 18 1831 372 709 2959
17 137 126 48 8083 21 2374 1731 12 520
17.5 249 86 147 11134 158 2 869 2555 17 198
18 434 421 1337 10 820 762 4639 3727 22 140
18.5 696 805 3949 6241 1907 3835 4077 21510
19 895 2727 5411 3084 3818 3518 1863 21317
19.5 1291 4331 4972 2831 5905 1705 1320 22354
20 1341 4541 4356 474 8409 731 801 20 653
20.5 1170 3038 3155 447 8973 201 593 17 577
21 667 2 847 2382 6231 54 120 12 302
215 367 943 1462 102 3304 12 6191
22 305 1253 754 1967 4280
225 133 184 361 328 3 1010
23 97 461 85 198 841
23.5 59 34 28 160 280
24 18 34 12 44 109
24.5 75 75
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Second Quarter

Length 8cE 8c W 9aN 9a CN 9a CS 9a$s 9a S-C Total
25 34 34
25.5

26 34 34
26.5

27

27.5

Total 7916 NA NA 45 377 42 186 20583 NA 184 867
Mean L 20.1 NA NA 18.2 20.5 18.5 NA 19.4
sd 131 NA NA 0.85 0.99 0.90 NA 1.44
Catch 588 1722 2064 2218 3048 1108 1013 11761

Table 8.2.4.1c: Sardine in 8c and 9a: Sardine length composition (thousands) , mean length (cm) and catch (t) by ICES
subdivision in the third quarter 2022.

Third Quarter

Length 8cE 8cW 9aN 9aCN 9a CS 9as 9a S-C Total
6.5

7

7.5

8 13 13
8.5 83 83

9 194 194
9.5 417 417
10 1056 1056
10.5 1582 1582
11 1546 1546

11.5 31 1093 1124
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Third Quarter

Length 8cE 8c W 9aN 9a CN 9a CS 9a$s 9a S-C Total
12 392 152 1176 1720
12.5 176 1618 551 1314 3658
13 588 3579 603 994 5765
13.5 1170 3611 1762 2839 9382
14 1160 1346 3131 1016 6 653
14.5 554 509 3514 960 5538
15 50 206 2 050 370 2676
15.5 63 22 145 833 1064
16 63 268 2547 2878
16.5 8 70 160 736 4930 5903
17 229 3241 26 4747 6933 15175
17.5 8 1106 9822 26 4878 4482 20323
18 35 68 4185 21467 598 17 150 3181 46 682
18.5 211 73 8088 26 415 333 7110 849 43079
19 396 701 10957 18 797 3124 7 696 697 42 369
19.5 263 1192 9966 6 601 12 613 2255 80 32970
20 225 5330 6 606 2 095 15 965 1018 98 31336
20.5 93 4 869 3590 639 9463 104 18 758
21 26 8486 1774 187 5247 14 15734
215 12 2234 1037 828 2828 5 6944
22 3747 759 149 881 5537
22.5 25 497 514 728 252 2016
23 832 166 699 178 1875
235 4 409 74 487
24 473 473
24.5

25

25.5

26
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Third Quarter

Length 8cE 8c W 9aN 9a CN 9a CS 9a$s 9a S-C Total
26.5

27

27.5

Total 5005 28912 60 475 103675 51535 46 125 39283 335009
Mean L 15.4 21.2 18.5 18.3 204 18.4 15.5 18.5

sd 2.58 0.99 2.56 1.67 0.76 0.78 2.63 2.36
Catch 170 2506 3817 5604 3958 2619 1343 20017

Table 8.2.4.1d: Sardine in 8c and 9a: Sardine length composition (thousands) by ICES subdivision in the fourth quar-

ter 2022.

Fourth Quarter
Length 8cE 8cW 9aN 9aCN 9a CS 9as 9aS-C Total
6.5
7
7.5
8 253 253
8.5 122 122
9 153 153
9.5 263 263
10 184 184
10.5 115 115
11 363 363
11.5 200 759 959
12 799 1604 2403
12.5 1997 4133 6130
13 179 2796 1677 4651
13.5 423 2596 1187 4206
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Fourth Quarter

Length 8cE 8cW 9aN 9a CN 9a CS 9a$s 9a S-C Total
14 1755 599 383 2737
14.5 4 4062 599 434 5099
15 18 2706 200 358 3281
15.5 29 1025 200 40 1293
16 75 128 125 328
16.5 161 218 399 198 976
17 239 388 1239 1866
17.5 315 296 1423 377 2069 2269 6749
18 269 30 613 3744 282 4267 2476 11 681
18.5 223 1661 8730 1770 2586 2568 17 537
19 218 69 2245 7734 5201 2 069 1623 19 159
19.5 203 191 1527 6771 4239 1293 742 14 967
20 124 735 1281 4129 5724 388 132 12 514
20.5 76 785 1302 2484 5719 146 10511
21 43 1791 664 1091 4206 46 7 841
215 24 884 361 385 2472 4126
22 19 1000 319 95 799 2232
22.5 14 353 387 160 681 1595
23 290 342 632
235 61 147 207 414
24 99 53 82 235
24.5 10 10

25 3 3

25.5

26

26.5

27

27.5
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Fourth Quarter

Length 8cE 8cW 9aN 9a CN 9a CS 9a$s 9a S-C Total
Total 2053 6289 11213 47 242 42 144 13 059 23591 145591
Mean L 18.5 215 20.1 18.4 18.7 18.6 15.5 18.3

sd 1.43 .98 1.39 2.05 3.12 7 3.09 2.83
Catch 106 564 787 2551 2763 796 727 8295
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Table 8.2.4.2: Sardine in 8c and 9a: Catch in numbers (thousands) at age by quarter and by subdivision in 2022.

First Quarter
Age 8c-E 8c-W 9a-N 9a-CN_ 9a-CS  9a-S 9a-C Total
0
1 506 200 6 65 77
2 1073 257 29 886 2244
3 185 3362 475 181 4204
4 17 136 67 137 357
5 4 7 31 43
6 1 40 5 46
7 1 1
8
9
10
1
12
Total 1787 3995 589 1300 7671
Catch (Tons) 56 211 32 58 357
Second Quarter
Age 8c-E 8c-W 9a-N 9a-CN 9a-CS 9a-S 9a-C Total
0
1 244 278 394 7200 398 1952 1078 11 544
2 1537 875 1437 15768 6061 10407 13 294 49 378
3 3902 16858 21600 22009 7748 5511 2090 79718
4 1261 2010 3101 401 11431 2002 1760 21966
5 701 739 784 3762 668 199 6 853
6 226 991 939 11235 44 13 434
7 32 224 221 1448 1925
8 13 53 66
9 50 50
10
1"
12
Total 7916 21976 28476 45377 42186 20583 18 421 184 935
Catch (Tons) 588 1722 2064 2218 3048 1108 1013 11761
Third Quarter
Age 8c-E 8c-W 9a-N 9a-CN  9a-CS  9a-S 9a-C Total
0 3699 26 11175 11816 16 947 43 663
1 191 677 3082 29024 5941 13497 15 407 67 819
2 493 8450 19736 52838 4820 17657 4238 108 232
3 447 13873 24843 8158 15033 11330 2194 75877
4 135 2523 1353 1139 12690 3346 334 21520
5 30 2092 130 699 10797 182 163 14 094
6 5 844 116 1201 113 2279
7 5 428 36 1053 1522
8
9
10
1
12
Total 5005 28912 60472 103675 51535 46125 39 283 335 006
Catch (Tons) 170 2 506 3817 5 604 3958 2619 1343 20017
Fourth Quarter
Age 8c-E 8c-W 9a-N 9a-CN  9a-CS  9a-S 9a-C Total
0 73 7 164 6658 10 144 12 090 29137
1 496 103 981 7426 8116 465 5525 23113
2 985 1666 4409 11769 2993 5 366 2472 29 660
3 364 2878 5125 20646 4069 5495 2200 40776
4 101 738 377 625 7116 1539 917 11412
5 26 555 67 929 5145 194 387 6473
6 6 226 58 19 3678 3987
7 2 115 31 884 1032
8
9
10
"
12
Total 2053 6289 11213 47242 42144 13059 23 591 145 591
Catch (Tons) 106 564 787 2551 2763 796 727 8295
Whole Year
Age 8c-E 8c-W 9a-N 9a-CN  9a-CS  9a-S 9a-C Total
0 3772 34 11339 18475 10144 29 037 72801
1 1437 1257 4464 43650 14455 15914 22075 103 253
2 4089 11247 25611 80376 13873 33430 20 889 189 514
3 4 898 36972 52043 50812 26850 22336 6 665 200 575
4 1515 5407 4 898 2165 31237 6887 3147 55 256
5 760 3387 989 798 19704 1044 780 27 463
6 237 2102 1118 19 16114 157 19 746
7 39 767 289 3385 4 480
8 13 53 66
9 50 50
10
1
12
Total 16 761 61171 100750 196294 135865 79767 82 594 673 203
Catch (Tons) 920 5002 6701 10374 9769 4 522 3141 40429
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Table 8.2.4.3: Sardine 8c and 9a: Historical catch-at-age data.

Year Age0 Agel Age2 Age3 Aged Age5 Ageb+
1978 869437 2296650 946698 295360 136661 41744 16468
1979 674489 1535560 956132 431466 189107 93185 36038
1980 856671 2037400 1561970 378785 156922 47302 30006
1981 1025960 1934840 1733730 679001 195304 104545 76466
1982 62000 795000 1869000 709000 353000 131000 129000
1983 1070000 577000 857000 803000 324000 141000 139000
1984 118000 3312000 487000 502000 301000 179000 117000
1985 268000 564000 2371000 469000 294000 201000 103000
1986 304000 755000 1027000 919000 333000 196000 167000
1987 1437000 543000 667000 569000 535000 154000 171000
1988 521000 990000 535000 439000 304000 292000 189000
1989 248000 566000 909000 389000 221000 2.00E+05 245000
1990 258000 602000 517000 707000 295000 151000 248000
1991 1580580 477368 436081 406886 265762 74726 105186
1992 498265 1001860 451367 340313 186234 110932 80579
1993 87808 566221 1081820 521458 257209 113871 120282
1994 120797 60194 542163 1094440 272466 112635 72091
1995 30512 189147 280715 829707 472880 70208 64485
1996 277053 101267 347690 514741 652711 197235 46607
1997 208570 548594 453324 391118 337282 225170 70268
1998 449115 366176 501585 352485 233672 178735 105884
1999 246016 475225 361509 339691 177170 105518 72541
2000 489836 354822 313972 255523 194156 97693 64373
2001 219973 1172300 256133 195897 126389 75145 49547
2002 106882 587354 753897 181381 112166 55650 40219
2003 198412 318695 446285 518289 114035 61276 51172
2004 589910 180522 263521 386715 377848 78396 55312
2005 169229 1005530 266213 206657 191013 116628 46087
2006 18347 250200 777315 128695 108244 121043 81149
2007 199364 82084 313453 535706 80348 82713 120821
2008 298405 219205 182636 370253 411611 65397 108832
2009 378304 353839 195618 125324 251973 197185 83887
2010 278311 516544 263334 136037 82831 129434 182722
2011 341535 452259 383353 122136 87976 40949 110734
2012 220164 193884 168105 122976 94143 48700 52645
2013 280544 232934 155842 87924 48492 26591 27635
2014 63949 189093 109802 54550 35237 19462 21688
2015 68371 98936 84313 47069 20960 13656 11242
2016 172202 215051 58288 40726 15422 9815 8424
2017 35329 198627 126003 39727 15971 8393 10853
2018 37222 49140 88410 33715 19257 9003 9140
2019 53515 85035 49870 40297 13422 4307 3429
2020 41356 270602 83327 36914 20026 5690 5725
2021 87950 153333 393524 55831 38306 21632 4755
2022 72801 103253 189514 200575 52256 27463 24342
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Table 8.2.4.4: Sardine 8c and 9a: Relative distribution of sardine catches. Upper panel relative contribution of each
age group within each subdivision. Lower panel, relative contribution of each subdivision within each age group.

Age 8c-E 8c-W 9a-N 9a-CN 9a-CS 9a-S 9a-5-C Total
0 23% 0% 11% 9% 7% 0% 35% 11%

1 9% 2% 4% 22% 11% 20% 27% 15%

2 24% 18% 25% 41% 10% 42% 25% 28%

3 29% 60% 52% 26% 20% 28% 8% 30%

4 9% 9% 5% 1% 23% 9% 4% 8%

5 5% 6% 1% 0% 15% 1% 1% 4%
6+ 2% 5% 1% 0% 14% 0% 0% 4%
100% 100% 100% 100% 100% 100% 100% 100%

Age 8c-E 8c-W 9a-N 9a-CN 9a-CS 9a-S 9a-S-C Total
0 5% 0% 16% 25% 14% 0% 40% 100%

1 1% 1% 4% 42% 14% 15% 21% 100%

2 2% 6% 14% 42% 7% 18% 11% 100%

3 2% 18% 26% 25% 13% 11% 3% 100%

4 3% 10% 9% 4% 57% 12% 6% 100%

5 3% 12% 4% 3% 72% 4% 3% 100%
6+ 1% 12% 6% 0% 81% 1% 0% 100%
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Table 8.2.5.1: Sardine 8c and 9a: Sardine Mean length (cm) at age by quarter and by subdivision in 2022.

First Quarter

Age 8c-E 8c-W 9a-N 9a-CN 9a-CS 9a-S 9a-S-C

0
1 15.0 18.2 189 16.7
2 16.7 18.5 18.9 18.4
3 18.2 20.1 19.9 19.3
4 19.4 20.5 203 19.9
5 20.3 229 214 21.0
6 20.8 21.3 216
7 233 223
8
9

10

11

12

Second Quarter

Age 8c-E 8c-W 9a-N 9a-CN 9a-CS 9a-S 9a-S-C

0
1 18.9 18.1 18.8 17.6 19.0 17.1 16.5
2 18.8 19.2 19.0 17.7 19.2 18.2 18.3
3 20.1 20.2 19.8 18.6 20.2 18.9 19.1
4 20.5 214 20.8 21.0 20.5 19.7 19.5
5 214 223 21.8 20.7 19.8 19.4
6 21.7 224 22.0 21.0 19.8
7 236 239 223 225
8 23.2 23.8
9 233

10

11

12

Third Quarter

Age 8c-E 8c-W 9a-N 9a-CN 9a-CS 9a-S 9a-5-C

0 13.9 18.4 13.6 14.4 13.0
1 19.3 20.0 19.0 18.4 19.5 17.7 17.3
2 19.4 20.8 19.9 18.8 19.7 18.5 17.5
3 19.8 21.0 20.2 19.5 204 18.8 17.8
4 20.0 219 21.4 221 204 19.5 19.0
5 20.6 225 22.8 233 20.7 19.9 18.8
6 22.7 23.0 22.7 216 203
7 23.0 237 23.7 21.7
8
9

10

11

12

Fourth Quarter

Age 8c-E 8c-W 9a-N 9a-CN 9a-CS 9a-S 9a-S-C

0 15.8 18.3 18.0 14.7 13.5 12.7
1 17.7 19.9 19.3 16.7 19.2 17.5 17.9
2 18.3 21.0 19.8 19.1 20.0 18.2 18.5
3 19.7 21.2 20.2 19.7 20.6 18.8 18.8
4 203 22.2 22.1 20.8 20.3 19.4 19.3
5 20.8 225 23.1 22.7 20.8 203 19.3
6 22.1 229 231 223 216
7 22.8 235 238 22.6
8
9

10

11

12
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Table 8.2.5.2: Sardine 8c and 9a: Sardine Mean weight (kg) at age by quarter and by subdivision in 2022.

First Quarter

Age 8c-E 8c-W 9a-N 9a-CN 9a-CS 9a-S 9a-S-C
0
1 0.024 0.041 0.045 0.033
2 0.033 0.043 0.046 0.042
3 0.041 0.054 0.053 0.049
4 0.049 0.057 0.055 0.052
5 0.056 0.077 0.064 0.061
6 0.059 0.063 0.065
7 0.081 0.072
8
9
10
11
12
Second Quarter
Age 8c-E 8c-W 9a-N 9a-CN 9a-CS 9a-S 9a-S-C
0
1 0.061 0.051 0.059 0.045 0.059 0.044 0.040
2 0.059 0.063 0.061 0.045 0.061 0.052 0.053
3 0.074 0.074 0.070 0.052 0.070 0.057 0.062
4 0.080 0.091 0.083 0.071 0.072 0.063 0.066
5 0.093 0.104 0.098 0.074 0.064 0.066
6 0.097 0.108 0.100 0.077 0.063
7 0.127 0.135 0.105 0.092
8 0.121 0.106
9 0.100
10
11
12
Third Quarter
Age 8c-E 8c-W 9a-N 9a-CN 9a-CS 9a-S 9a-S-C
0 0.022 0.054 0.020 0.025 0.019
1 0.064 0.071 0.063 0.054 0.068 0.050 0.044
2 0.064 0.082 0.071 0.057 0.070 0.057 0.047
3 0.069 0.083 0.075 0.065 0.077 0.060 0.049
4 0.072 0.096 0.090 0.096 0.077 0.067 0.061
5 0.079 0.105 0.109 0.112 0.080 0.071 0.059
6 0.108 0.113 0.109 0.091 0.075
7 0.112 0.125 0.123 0.091
8
9
10
11
12
Fourth Quarter
Age 8c-E 8c-W 9a-N 9a-CN 9a-CS 9a-S 9a-S-C
0 0.028 0.048 0.045 0.025 0.024 0.013
1 0.044 0.067 0.061 0.039 0.066 0.053 0.045
2 0.049 0.083 0.067 0.059 0.074 0.058 0.051
3 0.065 0.085 0.072 0.065 0.082 0.062 0.053
4 0.072 0.101 0.100 0.078 0.079 0.067 0.059
5 0.080 0.107 0.118 0.102 0.084 0.074 0.060
6 0.099 0.114 0.119 0.096 0.093
7 0.110 0.125 0.132 0.107
8
9
10
11

[
N
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Table 8.3.2.1. Sardine in 8c and 9a: Summary of DEPM survey results in 2023.

Institute IPMA IPMA IEO TOTAL
Survey area (stratum) 9.a South 9.a West 9.a North & 8.c

Survey area (Km2) 18144 36396 41673 96213
Positive area (Km2) 5114 10656 15615 31385

Z (hour-1)(CV%) -0.029 (7.6) -0.02 (6.0) -0.021 (5.7)

PO (eggs/m2/day)(CV%) 319.08 (18) 276.46 (12) 151.65 (11) 747.19 (8)
PO tot (eggs/day) (x1012) (CV%) 1.63 (18) 2.95 (12) 2.37 (11) 6.96 (8)
Female Weight (g) 43.39 (15) 36.7 (10) 58.31 (6)

Batch Fecundity 18172 (15) 15388 (10) 23718 (6)

Sex Ratio 0.422 (12) 0.556 (4) 0.516 (6)

Spawning Fraction 0.041 (41) 0.044 (18) 0.089 (14)

Spawning Biomass (tons) (CV%) 226326 (51) 287593 (26) 126874 (21) 640793 (22)

Table 8.3.2.1. Sardine in 8c and 9a: sardine abundance in number (millions of fish) and biomass (tons) by age groups
and ICES subdivision in PELAG02023. Mean Weight in grams and Mean Length in cm.

AREA 9aCN

AGE 1 2 3 4 5 6 7 8 TOTAL
Biomass (ton) 87267 116554 17203 77362 9394 2657 - - 310438
% Biomass 28.1 37.5 5.5 24.9 3.0 0.9 - - 100
Abundance (N in 10%) 3387384 3691559 347476 1569389 182780 46020 - - 9224608
% Abundance 36.7 40.0 3.8 17.0 2.0 0.5 - - 100
Mean Weight (kg) 241 29.0 47.4 46.8 48.7 55.4 - - 30.7
Mean Length (cm) 15.3 16.3 19.1 19.0 19.2 20.0 - - 16.6
AREA 9aCS

AGE 1 2 3 4 5 6 7 8 TOTAL
Biomass (ton) 9793 24108 5853 3345 3970 2291 931 404 50696
% Biomass 19.3 47.6 11.5 6.6 7.8 4.5 1.8 0.8 100
Abundance (N in 103) 430308 903044 139551 62288 69319 38693 15616 7102 1665920
% Abundance 25.8 54.2 8.4 3.7 4.2 23 0.9 0.4 100
Mean Weight (kg) 21.5 251 38.6 51.4 55.1 57.0 57.4 545 27.8
Mean Length (cm) 14.7 15.5 18.0 19.9 20.4 20.6 20.7 20.3 161
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AREA 9aS-Algarve

AGE 1 2 3 4 5 6 7 8 TOTAL
Biomass (ton) 3191 14431 9866 10992 11831 1299 1259 - 52870
% Biomass 6.0 27.3 18.7 20.8 224 2.5 2.4 - 100
Abundance (N in 103) 196429 526110 233318 238072 262290 28552 26741 - 1511512
% Abundance 13.0 34.8 15.4 15.8 17.4 1.9 1.8 - 100
Mean Weight (kg) 14.4 24.4 40.4 44.2 43.0 43.5 453 - 31.0
Mean Length (cm) 13.1 15.7 18.7 19.3 19.1 19.2 19.4 - 17.1

AREA 9as-Cadiz

AGE 1 2 3 4 5 6 7 8 TOTAL
Biomass (ton) 12999 3863 4474 916 - - - - 22251
% Biomass 58.4 17.4 20.1 4.1 - - - - 100
Abundance (N in 103%) 973675 180374 127673 26409 - - - - 1308130
% Abundance 74.4 13.8 9.8 2.0 - - - - 100
Mean Weight (kg) 13.0 20.7 34.9 345 - - - - 15.9
Mean Length (cm) 12.7 14.9 17.8 17.8 - - - - 13.6
TOTAL PELAGO

AGE 1 2 3 4 5 6 7 8 TOTAL
Biomass (ton) 113249 158956 37397 92615 25196 6247 2191 404 436255
% Biomass 26.0 36.4 8.6 21.2 5.8 1.4 0.5 0.1 100

Abundance (N in 103) 4987796 5301087 848018 1896158 514388 113265 42357 7102 13710170

% Abundance 36.4 38.7 6.2 13.8 3.8 0.8 0.3 0.1 100

Mean Weight (kg) 25.1 32.9 50.6 54.4 56.8 63.1 62.0 65.8 343

Mean Length (cm) 14.6 16.0 18.6 19.0 19.3 20.0 19.9 203 163
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Table 8.3.2.2. Sardine in 8c and 9a: sardine abundance in number (millions of fish) and biomass (tons) by age groups

and ICES subdivision in PELACUS0423. Mean Weight in grams and Mean Length in cm.

AREA 8cE

AGE 1 2 3 4 5 6 7 8 TOTAL
Biomass (ton) 9737 3566 5995 33657 18580 12699 8578 442 93256
%Biomass 10 4 6 36 20 14 9 0 100
Abundance (N in

103) 302772 74868 93188 442480 215186 137782 84905 4198 1355380
% Abundance 22 6 7 33 16 10 6 0 100
Mean Weight (gr) 30.2 45.3 61.1 72.9 82.9 88.8 97.3 101.8 62.7
Mean Lenght (cm) 16.2 18.3 20.1 21.2 22.1 22.5 23.2 235 20.2
AREA 8cW

AGE 1 2 3 4 5 6 7 8 TOTAL
Biomass (ton) 29042 3077 5247 21653 3189 1121 374 2 63705
%Biomass 46 5 8 34 5 2 1 0 100
Abundance (N in

103) 886316 68542 83680 314718 40811 12589 3976 18 1410651
% Abundance 63 5 6 22 3 1 0 0 100
Mean Weight (gr) 31.1 42.2 60.0 65.9 74.9 85.7 90.7 101.8 42.0
Mean Lenght (cm) 16.3 17.9 20.0 20.6 21.4 22.3 22.7 235 17.8
AREA 9aN

AGE 1 2 3 4 5 6 7 8 TOTAL
Biomass (ton) 122999 24287 75802 278741 26430 2899 795 41 531994
%Biomass 23 5 14 52 5 1 0 0 100
Abundance (N in

103) 4377467 446543 1231254 4122640 362005 36580 7596 392 10584476
% Abundance 41 4 12 39 3 0 0 0 100
Mean Weight (gr) 27.8 539 61.3 67.4 727  79.0 104.4 105.4 47.3
Mean Lenght (cm) 15.8 19.3 20.1 20.7 21.2 21.7 237 238 18.6
TOTAL PELACUS23

AGE 1 2 3 4 5 6 7 TOTAL
Biomass (ton) 161779 30931 87044 334051 48199 16720 9746 485 688955
%Biomass 23 4 13 48 7 2 1 0 100
Abundance (N in

103) 5566556 589953 1408122 4879838 618001 186951 96477 4608 13350506
% Abundance 42 4 11 37 5 1 1 0 100
Mean Weight (gr) 27.3 49.6 59.1 65.6 74.6 86.0 97.3 101.8 46
Mean Lenght (cm) 15.7 18.8 19.9 20.5 21.4 22.3 23.2 235 18.4
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Table 8.3.3.1. Sardine in 8c and 9a: sardine abundance in number (millions of fish) and biomass (tons) by age groups
and ICES subdivision in IBERAS23. Mean Weight in grams and Mean Length in cm. In bold, values of recruitment in-
dex used in the assessment (age-0 in 9aCN).

AREA 9aN

AGE 0 1 2 3 4 5 6 7 8 9 TOTAL
Biomass (ton) 2780 24739 16344 38763 8457 4661 2499 265 O 0 98507
%Biomass 3 25 17 39 9 5 3 0 0 0 100

Abundance (N in 103) 118276 552886 253300 537007 102393 57636 29744 2764 0 0 1654006

%Abundance 7 33 15 32 6 3 2 0 0 0 100
Mean Weight (gr) 24 45 65 72 83 81 84 96 0 0 60
Mean Length (cm) 14 17 19 20 21 21 21 22 0 0 19
AREA 9aCN

AGE 0 1 2 3 4 5 6 7 8 9 TOTAL
Biomass (ton) 1624 167625 23306 34663 3558 1809 703 0 0 0 233288
%Biomass 1 72 10 15 2 1 0 0 0 0 100

Abundance (Nin 103) 61011 4250779 375721 511958 46145 23292 8740 O 0 0 5277645

%Abundance 1 81 7 10 1 0 0 0 0 0 100
Mean Weight (gr) 27 39 62 68 77 78 80 0 0 0 44
Mean Length (cm) 15 16 19 20 21 21 21 0 0 0 17
AREA 9aCs

AGE 0 1 2 3 4 5 6 7 8 9 TOTAL
Biomass (ton) 23086 2118 2260 6207 2290 1077 556 145 53 0 37792
%Biomass 61 6 6 16 6 3 1 0 0 00

Abundance (N in 103) 2543150 55700 34362 84040 26250 12580 6452 1516 478 0 2764529

%Abundance 92 2 1 3 1 0 0 0 0 00

Mean Weight (gr) 9 38 66 74 87 86 86 9% 110 0 14

Mean Length (cm) 10 16 19 20 21 21 21 22 23 0 11
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Table 8.4.1a. Sardine in 8c and 9a: Mean weights-at-age (kg) in the catch. Weights-at-age in 1978-1990 are fixed.

Age
Year
0 1 2 3 4 5 6+

1990 0.020 0.039 0.054 0.060 0.066 0.073 0.090
1991 0.020 0.030 0.053 0.058 0.070 0.071 0.094
1992 0.018 0.044 0.052 0.061 0.066 0.077 0.089
1993 0.017 0.038 0.053 0.058 0.065 0.070 0.084
1994 0.020 0.036 0.057 0.060 0.067 0.072 0.089
1995 0.025 0.046 0.057 0.064 0.065 0.078 0.093
1996 0.019 0.037 0.048 0.054 0.062 0.070 0.082
1997 0.023 0.031 0.049 0.059 0.064 0.070 0.079
1998 0.024 0.041 0.055 0.061 0.064 0.067 0.073
1999 0.025 0.043 0.056 0.065 0.070 0.073 0.077
2000 0.025 0.037 0.056 0.066 0.071 0.074 0.077
2001 0.023 0.042 0.059 0.067 0.075 0.079 0.085
2002 0.027 0.045 0.057 0.068 0.074 0.079 0.082
2003 0.024 0.044 0.059 0.067 0.079 0.084 0.091
2004 0.020 0.040 0.056 0.066 0.072 0.082 0.089
2005 0.023 0.037 0.055 0.068 0.074 0.075 0.087
2006 0.031 0.042 0.056 0.068 0.073 0.078 0.082
2007 0.028 0.054 0.071 0.074 0.085 0.086 0.089
2008 0.025 0.043 0.066 0.074 0.075 0.083 0.085
2009 0.020 0.041 0.065 0.075 0.079 0.082 0.090
2010 0.026 0.046 0.061 0.075 0.082 0.084 0.081
2011 0.024 0.045 0.064 0.073 0.077 0.077 0.079
2012 0.031 0.056 0.065 0.078 0.083 0.086 0.090
2013 0.025 0.052 0.069 0.077 0.085 0.090 0.094
2014 0.030 0.046 0.061 0.076 0.080 0.089 0.093
2015 0.025 0.049 0.073 0.079 0.089 0.090 0.097
2016 0.018 0.046 0.062 0.074 0.084 0.092 0.098
2017 0.022 0.039 0.058 0.072 0.083 0.086 0.095
2018 0.031 0.047 0.062 0.080 0.088 0.094 0.099
2019 0.028 0.050 0.059 0.074 0.084 0.094 0.097
2020 0.031 0.042 0.057 0.065 0.075 0.084 0.095
2021 0.034 0.044 0.055 0.065 0.077 0.080 0.100
2022 0.021 0.052 0.059 0.068 0.077 0.084 0.089

221



222

ICES SCIENTIFIC REPORTS 5:67

Table 8.4.1b. Sardine in 8c and 9a: Mean weights-at-age (Kg) in the stock. Weights-at-age in 1978-1998 are fixed (see

Stock Annex).

Age
Year
0 1 2 3 4 5 6+

1978 0 0.027 0.041 0.050 0.059 0.060 0.063
1979 0 0.027 0.041 0.050 0.059 0.060 0.063
1980 0 0.027 0.041 0.050 0.059 0.060 0.063
1981 0 0.027 0.041 0.050 0.059 0.060 0.063
1982 0 0.027 0.041 0.050 0.059 0.060 0.063
1983 0 0.027 0.041 0.050 0.059 0.060 0.063
1984 0 0.027 0.041 0.050 0.059 0.060 0.063
1985 0 0.027 0.041 0.050 0.059 0.060 0.063
1986 0 0.027 0.041 0.050 0.059 0.060 0.063
1987 0 0.027 0.041 0.050 0.059 0.060 0.063
1988 0 0.027 0.041 0.050 0.059 0.060 0.063
1989 0 0.027 0.041 0.050 0.059 0.060 0.063
1990 0 0.027 0.041 0.050 0.059 0.060 0.063
1991 0 0.027 0.041 0.050 0.059 0.060 0.063
1992 0 0.027 0.041 0.050 0.059 0.060 0.063
1993 0 0.027 0.041 0.050 0.059 0.060 0.063
1994 0 0.027 0.041 0.050 0.059 0.060 0.063
1995 0 0.027 0.041 0.050 0.059 0.060 0.063
1996 0 0.027 0.041 0.050 0.059 0.060 0.063
1997 0 0.027 0.041 0.050 0.059 0.060 0.063
1998 0 0.027 0.041 0.050 0.059 0.060 0.063
1999 0 0.030 0.043 0.050 0.054 0.059 0.062
2000 0 0.027 0.041 0.050 0.059 0.060 0.063
2001 0 0.024 0.039 0.051 0.064 0.061 0.064
2002 0 0.022 0.037 0.052 0.069 0.062 0.066
2003 0 0.021 0.041 0.054 0.068 0.065 0.072
2004 0 0.020 0.045 0.056 0.067 0.068 0.079
2005 0 0.019 0.049 0.058 0.066 0.072 0.086
2006 0 0.024 0.052 0.060 0.067 0.072 0.084
2007 0 0.029 0.054 0.062 0.069 0.072 0.081
2008 0 0.033 0.057 0.064 0.070 0.072 0.079
2009 0 0.030 0.054 0.063 0.070 0.069 0.075
2010 0 0.027 0.051 0.062 0.070 0.067 0.072
2011 0 0.024 0.048 0.061 0.070 0.064 0.068
2012 0 0.027 0.048 0.062 0.068 0.068 0.073
2013 0 0.030 0.049 0.063 0.067 0.073 0.077
2014 0 0.032 0.049 0.065 0.066 0.077 0.081
2015 0 0.030 0.048 0.063 0.066 0.073 0.077
2016 0 0.029 0.046 0.062 0.065 0.070 0.072
2017 0 0.027 0.045 0.060 0.065 0.066 0.068
2018 0 0.027 0.044 0.056 0.063 0.066 0.071
2019 0 0.027 0.043 0.053 0.060 0.067 0.074
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Age
Year
0 1 2 3 4 5 6+
2020 0 0.027 0.042 0.050 0.058 0.068 0.078
2021 0 0.026 0.043 0.051 0.058 0.065 0.074
2022 0 0.024 0.043 0.052 0.058 0.062 0.071
2023 0 0.023 0.044 0.053 0.058 0.060 0.068
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Label

Label

SR_LN(RO)
Early_InitAge_4
Early_InitAge_3
Early_InitAge_2
Early_InitAge_1
Main_RecrDev_1978
Main_RecrDev_1979
Main_RecrDev_1980
Main_RecrDev_1981
Main_RecrDev_1982
Main_RecrDev_1983
Main_RecrDev_1984
Main_RecrDev_1985
Main_RecrDev_1986
Main_RecrDev_1987
Main_RecrDev_1988
Main_RecrDev_1989
Main_RecrDev_1990
Main_RecrDev_1991
Main_RecrDev_1992
Main_RecrDev_1993
Main_RecrDev_1994
Main_RecrDev_1995
Main_RecrDev_1996
Main_RecrDev_1997
Main_RecrDev_1998
Main_RecrDev_1999
Main_RecrDev_2000
Main_RecrDev_2001
Main_RecrDev_2002
Main_RecrDev_2003
Main_RecrDev_2004
Main_RecrDev_2005
Main_RecrDev_2006
Main_RecrDev_2007
Main_RecrDev_2008
Main_RecrDev_2009
Main_RecrDev_2010

Value

Parm_StDev

Value Parm_StDev

16.822
0.086
0.159
0.369
0.809
0.975
1.087
1.186
0.666
0.003
1.534
0.260
0.132

-0.015
0.818
0.201
0.170
0.233
1.333
0.885
0.036

-0.088

-0.309
0.063

-0.344

-0.024

-0.289
0.899
0.319

-0.246

-0.454
0.985

-0.070

-1.260

-0.878

-0.596

-0.403

-0.910

0.040
0.539
0.444
0.289
0.197
0.164
0.158
0.148
0.174
0.240
0.112
0.187
0.181
0.193
0.127
0.161
0.159
0.155
0.090
0.102
0.144
0.137
0.138
0.112
0.131
0.116
0.135
0.089
0.110
0.144
0.160
0.080
0.113
0.171
0.135
0.115
0.102
0.124

Phase

Phase
1

N N R N NN DN DN DN DN DD DN DN DN DN NN DN N DD DD DN DD DN DN DN DN DN DN DD D DD DD DD DD DD NN

Min

Min

Table 8.4.1.1. Parameters and asymptotic standard deviations estimated in the 2023 assessment model.

Max

Max

N
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Init
16.844
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Label

Main_RecrDev_2011

Main_RecrDev_2012

Main_RecrDev_2013

Main_RecrDev_2014

Main_RecrDev_2015

Main_RecrDev_2016

Main_RecrDev_2017

Main_RecrDev_2018

Main_RecrDev_2019

Main_RecrDev_2020

Main_RecrDev_2021

Main_RecrDev_2022

Main_RecrDev_2023
InitF_seas_1_flt_Ipurse_seine
LnQ_base_Acoustic_survey(2)
Q_extraSD_Acoustic_survey(2)
LnQ_base_DEPM_survey(3)
Q_extraSD_DEPM_survey(3)
LnQ_base_Rec_survey(4)
Q_power_Rec_survey(4)
Q_extraSD_Rec_survey(4)
AgeSel_P2_purse_seine(1)
AgeSel_P3_purse_seine(1)
AgeSel_P4_purse_seine(1)
AgeSel_P7_purse_seine(1)
AgeSel_P2_purse_seine(1)_BLK1delta_1988
AgeSel_P2_purse_seine(1)_BLK1delta_2006
AgeSel_P3_purse_seine(1)_BLK1delta_1988
AgeSel_P3_purse_seine(1)_BLK1delta_2006
AgeSel_P4_purse_seine(1)_BLK1delta_1988
AgeSel_P4_purse_seine(1)_BLK1delta_2006

Value

-1.006
-0.798
-0.645
-0.933
-0.305
-0.096
-0.954
-0.213
0.906
-0.170
-0.257
-0.059
-1.368
0.410
0.273
0.107
0.176
0.021

-16.869

1.024
0.833
1.638
0.742
-0.244
-0.650
-0.330
0.098
-0.005
-0.142
0.888
-0.613

Parm_StDev
0.131
0.118
0.114
0.137
0.116
0.121
0.161
0.138
0.115
0.163
0.194
0.226
0.470
0.061
0.100
0.060
0.113
0.067
7.003
0.457
0.203
0.153
0.137
0.169
0.445
0.183
0.136
0.167
0.131
0.191
0.133

Phase

[NSREEN SRR SRREN SREEE SRR SEEEN SR "2 S TR SRR SEREN SRRR V]

I = T W =S Y

—_

N NN N NN NN NN

Min

-5
-5

Max

B &= B ks R R R R LW W W R, W R WD Ol Gl

Init

O O O O O O O O o o o o o

0.395
0.293
0.079
0.199
0.054
-13.274
0.8
0.758
1.636
0.738
-0.254
-0.694
-0.328
0.093
-0.002
-0.187
0.896
-0.596
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Table 8.4.1.2. Sardine in 8c and 9a: Fishing mortality-at-age estimated in the assessment. RefF is equal to Fpar(2—s), the

reference fishing mortality, corresponding to the average F of ages 2 to 5 years.

Year refF Age 0 Age 1 Age 2 Age 3 Age 4 Age 5 Age 6
1978 0.275 0.030 0.156 0.328 0.257 0.257 0.257 0.134
1979 0.228 0.025 0.129 0.272 0.213 0.213 0.213 0.111
1980 0.232 0.026 0.132 0.277 0.217 0.217 0.217 0.113
1981 0.228 0.025 0.130 0.272 0.213 0.213 0.213 0.111
1982 0.226 0.025 0.129 0.270 0.212 0.212 0.212 0.111
1983 0.232 0.026 0.132 0.277 0.217 0.217 0.217 0.113
1984 0.234 0.026 0.133 0.280 0.219 0.219 0.219 0.114
1985 0.219 0.024 0.125 0.262 0.205 0.205 0.205 0.107
1986 0.284 0.031 0.162 0.339 0.266 0.266 0.266 0.139
1987 0.331 0.037 0.188 0.396 0.310 0.310 0.310 0.162
1988 0.403 0.031 0.115 0.240 0.457 0.457 0.457 0.208
1989 0.390 0.030 0.111 0.233 0.443 0.443 0.443 0.202
1990 0.425 0.033 0.121 0.253 0.482 0.482 0.482 0.220
1991 0.391 0.030 0.111 0.233 0.444 0.444 0.444 0.202
1992 0.287 0.022 0.082 0.171 0.326 0.326 0.326 0.149
1993 0.277 0.021 0.079 0.165 0.314 0.314 0.314 0.143
1994 0.233 0.018 0.066 0.139 0.264 0.264 0.264 0.120
1995 0.232 0.018 0.066 0.138 0.264 0.264 0.264 0.120
1996 0.314 0.024 0.090 0.187 0.356 0.356 0.356 0.162
1997 0.423 0.033 0.121 0.252 0.481 0.481 0.481 0.219
1998 0.479 0.037 0.137 0.286 0.544 0.544 0.544 0.248
1999 0.440 0.034 0.125 0.262 0.499 0.499 0.499 0.227
2000 0.391 0.030 0.112 0.233 0.444 0.444 0.444 0.202
2001 0.370 0.029 0.106 0.220 0.420 0.420 0.420 0.191
2002 0.309 0.024 0.088 0.184 0.351 0.351 0.351 0.160
2003 0.276 0.021 0.079 0.164 0.313 0.313 0.313 0.143
2004 0.305 0.024 0.087 0.182 0.347 0.347 0.347 0.158
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Year refF Age 0 Age 1 Age 2 Age 3 Age 4 Age 5 Age 6
2005 0.303 0.023 0.086 0.180 0.344 0.344 0.344 0.157
2006 0.178 0.024 0.096 0.174 0.180 0.180 0.180 0.144
2007 0.216 0.029 0.117 0.211 0.218 0.218 0.218 0.175
2008 0.346 0.046 0.186 0.338 0.348 0.348 0.348 0.280
2009 0.391 0.052 0.211 0.382 0.394 0.394 0.394 0.317
2010 0.486 0.064 0.262 0.475 0.490 0.490 0.490 0.394
2011 0.575 0.076 0.310 0.562 0.580 0.580 0.580 0.466
2012 0.458 0.061 0.247 0.447 0.461 0.461 0.461 0.371
2013 0.428 0.057 0.231 0.418 0.431 0.431 0.431 0.347
2014 0.268 0.036 0.145 0.262 0.271 0.271 0.271 0.218
2015 0.161 0.021 0.087 0.157 0.162 0.162 0.162 0.130
2016 0.156 0.021 0.084 0.152 0.157 0.157 0.157 0.126
2017 0.125 0.017 0.068 0.122 0.126 0.126 0.126 0.101
2018 0.066 0.009 0.035 0.064 0.066 0.066 0.066 0.053
2019 0.045 0.006 0.024 0.044 0.045 0.045 0.045 0.036
2020 0.054 0.007 0.029 0.052 0.054 0.054 0.054 0.044
2021 0.082 0.011 0.044 0.080 0.083 0.083 0.083 0.067
2022 0.081 0.011 0.044 0.079 0.082 0.082 0.082 0.066
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Table 8.4.1.3. Sardine in 8c and 9a: Numbers-at-age, in thousands, at the beginning of the year estimated in the as-

sessment.
Year Age
0 1 2 3 4 5 6+

1978 39428400 12588700 3717130 1313990 624607 332575 440145
1979 45398800 14355600 5851540 1673990 681318 337081 460803
1980 51164700 16615400 6853430 2787180 906962 384200 491418
1981 30869800 18716400 7912110 3247000 1503770 509305 536537
1982 15821300 11297200 8932310 3766020 1758240 847520 638463
1983 71560900 5791120 5396760 4260240 2042530 992512 898318
1984 20659700 26178600 2758310 2558090 2299400 1147410 1145720
1985 17980100 7555500 12449300 1303150 1377130 1288380 1391370
1986 15190500 6586410 3623760 5987710 711438 782507 1647140
1987 33970900 5524790 3044540 1612990 3076400 380444 1463700
1988 18457900 12291000 2486300 1281050 792998 1574180 1100700
1989 17645500 6715540 5953300 1222310 543535 350192 1351070
1990 18494000 6426240 3264530 2948920 526126 243506 960235
1991 54784700 6717300 3093200 1584050 1220420 226624 665665
1992 37247100 19950800 3264760 1531590 681318 546337 497362
1993 16203900 13673000 9987350 1719450 740951 343060 589146
1994 14113700 5953150 6865530 5293570 841972 377632 547375
1995 11070900 5202900 3027080 3735850 2725250 451155 556818
1996 15568600 4081330 2645860 1647530 1924090 1460880 602858
1997 10120700 5703340 2027680 1371600 773355 940034 1093060
1998 13370100 3676430 2746410 984766 568601 333680 1047310
1999 10193200 4835880 1742320 1290080 383106 230232 729986
2000 32034000 3698100 2317910 838020 525021 162275 520772
2001 19184300 11665400 1797170 1147450 360287 234933 382219
2002 10999200 6997570 5703580 901018 505385 165162 337988
2003 8934000 4030940 3481400 2965390 425309 248293 291142
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Year Age
0 1 2 3 4 5 6+

2004 36770300 3282520 2024620 1846360 1453750 217013 311289
2005 13148600 13479100 1634780 1054890 875097 717138 301145
2006 4204280 4820960 6718110 853138 501506 433010 545404
2007 5998610 1541180 2379510 3528140 477893 292388 597779
2008 7606130 2187910 745256 1204100 1902050 268152 530020
2009 8659060 2727110 986589 332285 569686 936633 424184
2010 5003420 3085970 1199870 420728 150153 267936 669243
2011 4108640 1760880 1289910 466305 172752 64169 443290
2012 4525610 1429060 701541 459559 175043 67495 227237
2013 5117790 1598770 606642 280385 194228 76999 143851
2014 3945040 1815100 689670 249612 122111 88041 109093
2015 7246550 1428980 853293 331601 127656 64999 111059
2016 9927710 2662590 712051 455912 189081 75761 109769
2017 4596960 3650040 1330180 382225 261218 112757 115889
2018 9556250 1696970 1853770 735663 225846 160645 146073
2019 30514000 3555580 889985 1086660 461571 147483 206535
2020 12126100 11384300 1885590 532312 696108 307745 243922
2021 11450900 4518860 6009020 1118250 338017 460065 375013
2022 14737900 4251140 2348710 3465460 689910 217052 553130
2023 4260090 5472150 2210790 1355890 2140270 443477 516967
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Table 8.4.1.4. Sardine in 8c and 9a: Summary table of the WGHANSA 2023 assessment. Coefficient of variation (CV)
are presented for SSB, Recruitment and Apical F (maximum F-at-age by year); biomass and landings in tonnes, recruits

in thousand of individuals, F in year-1. Catches for 2023 are an assumption.

Year Biomass1l+ SSB CV SSB  Recruits CV recruits F(2-5) FApical CV FApical Landings
1978 642533 588461 0.17 39428400 0.178 0.275 0.328 0.168 145609
1979 800668 737394 0.169 45398800 0.169 0.228 0.272 0.159 157241
1980 976489 903174 0.16 51164700 0.156 0.232  0.277 0.148 194802
1981 1145170 1062400 0.149 30869800 0.18 0.228 0.272 0.139 216517
1982 1054360 1000240 0.149 15821300  0.246 0.226  0.27 0.13 206946
1983 827293 798732 0.159 71560900 0.108 0.232  0.277 0.126 183837
1984 1224510 1117030 0.111 20659700 0.187 0.234 0.28 0.122 206005
1985 1025790 983118 0.107 17980100 0.179 0.219 0.262 0.094 208439
1986 818488 788518 0.107 15190500 0.191 0.284  0.339 0.119 187363
1987 651192 626049 0.11 33970900 0.122 0.331 0.396 0.121 177696
1988 708430 656779 0.096 18457900 0.16 0.403  0.457 0.109 161531
1989 624718 591902 0.097 17645500  0.159 0.39 0.443 0.107 140961
1990 560947 531977 0.098 18494000  0.157 0.425 0.482 0.106 149429
1991 514930 484968 0.104 54784700 0.088 0.391 0.444 0.109 132587
1992 853418 770350 0.081 37247100 0.1 0.287 0.326 0.1 130250
1993 966040 901361 0.071 16203900 0.144 0.277 0.314 0.094 142495
1994 813719 783041 0.072 14113700 0.136 0.233  0.264 0.081 136582
1995 674319 650481 0.073 11070900 0.139 0.232 0.264 0.076 125280
1996 540206 521235 0.076 15568600 0.111 0.314 0.356 0.08 116736
1997 476598 451757 0.076 10120700  0.133 0.423 0.481 0.082 115814
1998 380654 363202 0.082 13370100 0.115 0.479 0.544 0.089 108924
1999 364031 352617 0.083 10193200 0.137 0.44 0.499 0.093 94091
2000 310306 293195 0.091 32034000 0.086 0.391 0.444 0.096 85786
2001 470430 398641 0.076 19184300 0.11 0.37 0.42 0.093 101957
2002 479251 417566 0.075 10999200 0.144 0.309 0.351 0.093 99673
2003 453540 417811 0.078 8934000 0.16 0.276  0.313 0.085 97831
2004 396905 368620 0.085 36770300 0.073 0.305 0.347 0.084 98020
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Year Biomass1+ SSB CV SSB  Recruits CV recruits F(2-5) FApical CV FApical Landings
2005 532680 423212 0.072 13148600 0.109 0.303 0.344 0.081 97345
2006 626825 574821 0.063 4204280 0.171 0.178 0.18 0.097 87023
2007 494379 482752 0.065 5998610 0.132 0.216 0.218 0.077 96469
2008 386065 378756 0.067 7606130 0.109 0.346 0.348 0.078 101464
2009 292342 285902 0.07 8659060 0.096 0.391 0.394 0.09 87740
2010 247247 244161 0.068 5003420 0.124 0.486 0.49 0.099 89571
2011 178964 177204 0.079 4108640 0.132 0.575 0.58 0.113 80403
2012 133832 132403 0.101 4525610 0.131 0.458 0.461 0.13 54857
2013 125064 123465 0.118 5117790 0.138 0.428 0.431 0.153 45818
2014 131777 131777 0.135 3945040 0.169 0.268 0.271 0.169 27937
2015 126440 125587 0.151 7246550 0.153 0.161 0.162 0.174 20595
2016 163733 163733 0.148 9927710 0.163 0.156  0.157 0.175 22704
2017 213644 212314 0.152 4596960 0.195 0.125 0.126 0.179 21911
2018 208593 206739 0.159 9556250 0.174 0.066  0.066 0.175 15062
2019 244722 237611 0.155 30514000 0.149 0.045 0.045 0.16 13759
2020 493513 470744 0.139 12126100 0.185 0.054 0.054 0.157 22143
2021 508698 501131 0.138 11450900 0.216 0.082  0.083 0.156 40686
2022 479464 471719 0.146 14737900 0.242 0.081  0.082 0.151 40429
2023 480817 480894 0.151 4260090 0.488 50000
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Table 8.6.1. Sardine in 8c and 9a: Input data for short-term catch predictions. Number-at-age for 2023 and recruitment
for 2024. Input values for stock weight, catch weight, natural mortality (M) and fishing mortality (F) at-age. Input units

are thousands and kg.

Year =2023

Ag| Num- Stock Catch Ma- | M | F
@ bers weights weights turity

0 | 4260090 0.000 0.029 0.000 [0.98(0.014
1 | 5472150 0.023 0.046 0.955 [0.610.058
2 12210790 0.044 0.057 0.991 [0.47(0.105
3 | 1355890 0.053 0.066 0.998 [0.40(0.108
4 | 2140270 0.058 0.076 1.000 |0.36|0.108
5 | 443477 0.060 0.083 0.999 [0.35(0.108
6 | 516967 0.068 0.095 0.998 (0.320.087

Recruitment in 2024 = 12161380

Weights, maturity and mortality in 2024 are the same as in 2023
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Table 8.6.2. Sardine in 8.c and 9.a: Output data for short-term catch predictions.

| 233

B1+ 2023 = 480 817tonnes; Catch 2023 = 50 000 tonnes ; F 2023 = 0.107

Catch (2024) F (2024) B1+(2025) 1% Change in B1+ 2% Change Quota 3% Change Advice
103030 0.26 344786 -13 82 135

245005 0.74 252517 -36 333 459

335577 1.175 196427 -50 493 665

45091 0.107 383503 -3 -20 3

38992 0.092 387606 -2 -31 -11

103030 0.26 344786 -13 82 135

44450 0.105 383934 -3 -21 1

30000 0.07 393667 -1 -47 -32

35000 0.082 390296 -1 -38 -20

1Biomass 1+ in 2025 relative to Biomass 1+ in 2024 (395 984 tonnes).

2Catches in 2024 compared to quota legislated for 2023 (56 604 tonnes)

3Advised catches in 2024 compared to 2023 catches (43 841 tonnes) .

Table 8.6.1.1 Sardine in 8.c and 9.a: Ratio of the numbers-at-age and the biomass-at-age estimated in the current

assessment and the previous assessment.

Numbers Biomass
2020 2021 2022 2020 2021 2022
1.34 1.05 0.76 NaN NaN NaN
117 134 105 117 128 0.95
115 117 135 115 120 1.34
1.16 1.15 119 116 1.18 1.11
1.13 117 117 113 1.17 1.09
1.13 114 119 113 1.09 1.09
112 1.13 1.15 112 1.08 1.13

Table 8.6.1.2 Sardine in 8.c and 9.a: Forecast assumptions from previous and current assessments. Recruitment in

millions, catch in tonnes.

Variable Year Previous Current
Intermediate 19424400 4260090
Recruitment
Advice 13330753 12161380
Intermediate 44262 50000
Catch
Advice 43841 38992
Intermediate 0.101 0.107
F target )
Advice 0.092 0.092
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Figure 8.2.2.1: Sardine in 8c and 9a: WG estimates of annual landings of sardine, by country (upper pannel) and by ICES

subdivision and country.
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Figure 8.2.2.2: Sardine in 8c and 9a: Historical relative contribution of the different subdivisions to the total catches
(1978-2022).
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Figure 8.2.4.1.: Sardine in 8c and 9a: Relative contribution of each age-class by subdivisions as well as their relative
contribution to the 2022 catches (pie-chart).
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Figure 8.3.1.1. Sardine in 8c and 9a: Sampled area for both plankton and adult stations during DEPM surveys in 2023.
Top) Plankton stations (South-black, west-blue and north-red strata) Bottom) Fishing stations (South-black, west-blue
and north-red strata).



238 | ICES SCIENTIFIC REPORTS 5:67 | ICES

500000 ~
450000 -
400000 -
350000 -
300000 -
250000 -
200000 A
150000 -
100000 -
50000 -

0 T T T T T T T 1
1996 1999 2002 2005 2008 2011 2014 2017 2020 2023

Spawning Stock Biomass (Tons)

——-9aSouth —4-9aWest —®-9aNorth+8.c

Iberian Peninsula
750000
 ————+

©
c
=2
o 500000 A
w
w

250000

1997 1999 2002 2005 2008 2011 2014 2017 2020 2023

Survey

Figure 8.3.1.2. Sardine in 8c and 9a: Spawning stock biomass estimated by DEPM along the time series Top) SSB esti-
mated by strata (South-black, west-blue and north-red) Bottom) SSB index for sardine assessment model, whole stock.
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Figure 8.3.1: Sardine in 8c and 9a: Total abundance and age structure (numbers) of sardine estimated in the acoustic
surveys. The Spanish March survey series covers area 8c and 9a-N (top panel) and the Portuguese March surveys covers
9aCN, 9a-CS, 9aS-Algarve and 9aS-Cadiz subdivisions (bottom panel). Portuguese acoustic survey in June 2004 was only
considered as indications of the population abundance and is not included in assessment. Estimates from Portuguese
acoustic surveys are not available for 2012 and for Spanish survey in 2020 (years without survey).
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Figure 8.3.2: Sardine in 8c and 9a: Total sardine biomass (thousand tonnes) estimated in the different series of acoustic
surveys and SSB estimates from the DEPM series covering the northern area and the west and southern area of the stock.
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Figure 8.3.3: Sardine in 8c and 9a. Recruitment index. Age 0 Individuals (thousands) estimated in IBERAS autumn acoustic

survey time series 2018-2023 (thousand tonnes) in 9aCN subdivision.
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