ICES WGNSDS REPORT 2006

ICES ADVISORY COMMITTEE ON FHSHERY MANAGEMENT
ACFM:30

REPORT OF THE WORKING GROUP ON THE

ASSESSMENT OF NORTHERN SHELF DEMERSAL
Stocks (WGNSDYS)

9-18 MAY 2006

|ICES HEADQUARTERS, DENMARK

International Council for the Exploration of the Sea
Conseil International pour |I’Exploration de la Mer




| nter national Council for the Exploration of the Sea
Conseil International pour I’Exploration dela Mer

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

Telephone (+45) 33 38 67 00
Telefax (+45) 339342 15

info@ices.dk

Recommended format for purposes of citation:

ICES. 2006. Report of the Working Group on the Assessment of Northern Shelf Demersal
Stocks (WGNSDS), 9-18 May 2006, | CES Headquarters, Denmark. ACFM:30. 870 pp.
For permission to reproduce materia from this publication, please apply to the General
Secretary.

The document is a report of an Expert Group under the auspices of the International Council
for the Exploration of the Sea and does not necessarily represent the views of the Council.

© 2006 International Council for the Exploration of the Sea.


http://www.ices.dk

ICES WGNSDS Report 2006

Contents

1 GENERAL INTRODUCTION ...ccoccitiiieiriiieesiseeesieesessesassesseassessesaesessessesesss 1
L1 PartiCIPaNTS....c.cieeeree ettt sttt ettt sttt s 1
12 TermS Of FEFEIENCE ....cvie et e 1
1.3  Stock AsSigNMENtSin 2006.......ccccceeeieeieereereeneseesesesreseeseeseeseesie e e ssesseeeens 3
1.4  Environmental and Ecosystem INformation...........ccoceeeeeeeieeienenenencneseeene 3
1.4.1 Environmental Drivers of ProdUCtiVIty ..........ccocoveeniencienennicnenennn 4
1.5 Description Of FISHEIES.....ccoiiieiiiereeeeee e e 8
1.5.1 Fisheriestothe West of Scotland and Rockall ...........ccccocvvvvveenennen. 8
152 Fisheriesinthe Irish SEa ... 10
1.5.3 Fisheriesin other areas covered by the WGNSDS...........c.cceevevenenne 11
1.6 Enumeration of Capacity and Effort ... 11
T o 01 (0] 1 11
1.7.1 TAC REQUIGLIONS......ceiuiieeiriiieiriisieesiesieessesseesse e sessessesessessenessenes 11
1.7.2 Other REQUIALIONS .....ccueiuiivereeeeeeieseee et 12
1.8 Recent ICES Advicein the Context of Mixed FiSheries.........cccocevvevrerennnne. 17
1.8.1 Mixed fisheries advice for 2005:.........ccoieieeerieeiere e 17
1.8.2 Mixed fisheries advice for 2006:..........cuvvrererieereerenene e 17
1.9  RECOMMENUALIONS.......coeiieieiiiete ettt et b enes 18
1.9.1 WGNSDS response and recommendationsto WGMethods............. 18
1.9.2 WGNSDS response and recommendations to SGFTFB.................... 19

1.9.3 WGNSDS response and recommendations to IBTSWG and survey
OFOUDS. ...ttt st st sre e nne e e e 19
2  DATA AND METHODS. ...ttt nn 19
P R O (o [ B - = SOOI 20
2.1.1 Official LandingS.....cccccecieiiiiniecicie et sre e e s eenes 20
2.1.2 Misreported LandingS ......c.ccoeeeeeerieriene e e 21
2.1.3 DISCAIUS....cceeeeieieeiste ettt sttt st st ne e 22
2.2 Biological SAMPlING......cccoerieiieiisieieceeeeeese et 23
2.21 Compilation and Aggregation of Catch Data..........cccceeveererererennens 28
2.3 Biological Parameters of SEOCKS ......cvcieeeiieiesise e sreseeee e see et seennens 30
2.4 Fleet Catch per Unit Effort Data.........cooeeeeineenineeseneseseee e 31
2.5  Fishery-INndependent SUIVEYS........covceeeeieeie st see e st 31
251 Underwater TV surveysfor Nephrops.........ccoevevenenevenenencsesennenns 31

2.6 Sequential Population Analysis and Recruit Estimation: Catch-at-Age
AASSESSIMIENES. ...ttt st r e e b e r e n e 33
2.7 Population Analysis and Recruit Estimation: Survey-Based Assessments.... 38
2.8  Short-term Predictions and Sensitivity ANalySeS.......ccoccceevevenievenenesennens 39
2.9 REfErENCE POIMLS ......ccoiirieiiiereeese e e e 40
2.10 Quality Control and Documentation of Procedures............cccooeevevenercrienenne 40
210 SOfIWEIE.....eiueeeecte ettt e bttt bbb e 41
2.12 Information Provided as Working DOCUMENLS...........cccoveeereneeieneneniesiereneenns 41

2.13 REFEIENCES. ...ttt st s e s sbe s st e s e be s sb e s s sreeeareas 43



i ICES WGNSDS Report 2006

3 COUINSUD-ArEa V1 ..ot 49
13N R oo 1 0 I B TV T= To o AV - TSSO 49
3.1.1 Stock definition and the fiShery ... 49

TN B2 @ (o o - TSRS 51

3.1.3 Commercia catch-effort series and research vessels surveys........... 52

3.1.4 Agecompositionsand mean weightsat age.........cccocvvvvvrvreseneenens 52

3.1.5 Natural mortality and maturity at age..........cceeeeeereervrinsesinseseseenens 53

3.1.6 Datascreening and eXplOratory rUNS...........cceeeeeveereeseseesesesesseenens 53

317 Final 8SSESSMENE FUN ...eeiviieeieie et 56

3.1.8 Comparison with last year’s assessment .........cccceveverievesevesenieeens 57

3.1.9 Medium-term Stock projeCtions..........coceveeererenieeneese e 58

3.1.10 Yield and biomass per FECIUIL........ccoverereriereninie e 58

3.1.11 Biological referenCe POINES .......ccccereereriereriereeeeee e 58

3.1.12 Quality of the 8SSESSMENT........ccoveverereeire e 58

3.2 CodiNDIVISION VID...oiiieiiereese st 60
4 HADDOCK IN SUB-AREA Vl.oootiiiiieieiseeeseees e 104
4.1 Haddock in DIVISION VIA.......cciiiieiiineisesee e s 104
411 THheTISNENY (o e 104

B O (v [ D - SRS 107

4.1.3 Commercial catch-effort data and research vessel surveys............. 107

4.1.4 Agecompositionsand mean weights at age.......cccocevevvrvrererieennns 108

4.1.5 Natura mortality, maturity and stock weights at age............ceeu.... 108

4.1.6 Catchat age analYSiS.....cccceeereerieieeriere e se e s 108

4.1.7 Estimating recruiting year class abundance............cccccoeeeivvveeneenen. 111

4.1.8 Long-term trends in biomass, fishing mortality and recruitment .... 112

4.1.9 Short-term stock predictions...... ..o 112

4.1.10 Medium-term ProjeCtioNS........c.ceceereerierieniere e 113

4.1.11 Yield and biomass Per rECIUIT........ccoerererereneeeeeee e 113

4.1.12 RefEreNCe POINES.....c.cceevireeerie ettt 113

4.1.13 Quality Of 8SSESSMENT.......eeiriereeerie et 114

4.1.14 Management CONSIAErationS..........ccoeerrereeiereneeeseneee e 115

4.2 Haddock in DiVISION VD ....ccciiiieiiececcese e 168
421 ThefiShEY .o e 168

4,22 CaCh datal.......coovererieieiieeese et 171

4.2.3 Commercial catch-effort data..........coovereiinienrinienesere e 171

4.2.4 Research VESSEl SUNVEYS......ccovceeeeeeee et 171

4.25 Agecompositionsand mean weightsat age.......cccocevevvrvrererieennns 172

4.2.6 Natural mortality and maturity at age........cccceeveeveeveievenieneceeeenens 175

427 Catchat age analYSiS.....cccoecererreeieeriere e see e s 176

5  WHITING IN SUB-AREA V..ot ene 224
5.1 Whitingin DIVISION VIa......coiiiiiciecececere et 224
5.1.1 Stock definition and the fiSNery ... 224

512 CaCh datal....ccccovviieeiriiieiriie e 225

5.1.3 Commercia catch-effort data and research vessel surveys............. 226

5.1.4 Agecomposition and mean weightsat age.......cccccevvriervrvrenennns 227

5.1.5 Natural mortality and maturity at age..........cceeeeveerererieresierienenieens 227

5.1.6 Survey based asseSSMENL.........cccveierenieie e 227

5.1.7 Short-term stock prediCtions.........coceveeevecesecieeie s 229

5.1.8 Medium-term prediCtions.........c.ccevevenieiecesieceere e s 229

5.1.9 Yield and biomass per reCrUIt.........ccooerererererieniieniese e 230

5.1.10 REfEIreNCE POINES. ... .couiivirieriieiireeieie sttt s 230

5.1.11 Quality Of the 8SSeSSMENt .........cccoeiirire e 230



ICES WGNSDS Report 2006

5.1.12 Management CONSIAErations...........ccveruererereierenenesiesenesee e 230
52 Whitingin DIVISION VID ..o e 231
ANGLERFISH (on the NORTHERN SHELF & 118)...c.ccoeovieveirenecsieeen 255
6.1  ANGlerfishin SUD-ATEA V| ....coviciiiesees e 255
B.1.1 ThefiSNEIY oo e 255
B.1.2 CaCh dalal......cevvineeeiriiieirieie e e 258
6.1.3 Commercial catch-effort data..........ccoovveeriinenniineircreese 259
6.1.4 ReSearch VESSE SUIVEYS.......cecvceciesece sttt see e et 260
6.1.5 Commercia length COMpPOSItIONS..........ccceveereeieeienesie e 260
6.1.6 Natural mortality and Maturity .........ccccceeveeienieeieeiesese e 260
6.2 Anglerfishinthe North Sea& Skagerrak ..o 261
B.2.1 ThETISNEIY oo 261
(S O (v o I - TSRS 264
6.2.3 Commercia catch-effort data..........ccoevererenierieeieres e 264
6.2.4 ReSearch VESSE SUIVEYS......ccciiiieieriine st 265
6.25 Length COMPOSITIONS......cciirieiriieirie e 265
6.2.6 Natural mortality and Maturity .........c.ccoeeriineiniinenreneerese e 266
6.2.7 ANAlySiSOf LPUE data........ccccevirieiriiieireieesese e 266
6.3 Anglerfish on the Northern Shelf (combined I11a, IV and VI)........cccccu..... 266
THETISNEY .. e 266
6.3.1 Commercia CPUE analySiS......cccccoeevirivrrsiseceesesese s e eenneens 267
6.3.2 ReSearch VESSE SUIVEYS......ccueeeeeeiesese e sae e et 270
6.3.3 Reference points for Management evaluation.............ccoceecvveeennnnne 270
6.3.4 Quality of the assessmeNt.........ccccevevirieie s 270
6.3.5 Management CONSIAErationS. .........ccceierererereseeieeieeseesesesreseeseseens 273
6.4  Anglerfishin DIVISION a......cccoiieiiieeeeeee e 275
Lt R 1 1 1 = Y 275
B.4.2 CaCh AaA......cceivieeeiriieiree e e e 275
6.4.3 Commercial catch-effort data..........ccocvverviineiniinescserc e 275
6.4.4 ReSearch VESSE SUIVEYS......cceiiiieieriise et 276
6.4.5 Length and age compositions and mean weights at age.................. 276
6.4.6 Natural mortality and MatUrity ..........ccooererenierienienere e 276
6.4.7 Management CONSIAErations...........cccverueereneiereseresese e 276
MEGRIM [N SUB-AREA V..ot s st saeenne s 322
7.1 Megrimin DiVISION VIa......cooiiiieieeeeeeeere e 322
7.1.1 |1CES advice applicable from 2005 to 2006..........cccecvrerererereninens 322
7.1.2 Management applicable from 2005 to 2006.........c.ccceevererereeennens 322
7.1.3 Thefishery iN 2005 ... e 323
714 SLOCK SITUCLUIE........eeieieeeteie ettt s 323
A O (v 1 DT - TSRS 324
7.2.1 Official CatCh StatiStiCS ....cvvrvereriieiririe e e 324
7.2.2 Revisionstothe catch data..........ccccoeveieiinenierieeieese e 324
7.2.3 Quality of the catch data..........ccooeieiiniiiieeee e 324
7.3 CatCh-effOrt daf@.......cceovveireeiriiieisie e e 325
7.3.1 COMMENTIA ...ceeeiiiieie et s b e 325
7.3.2 ReSearch VESSEl SUNVEYS......ccccuiiiieiriiie e e 325
7.4 Agecompositionsand mean WeightS at age.......ccceveerereereerieseesieseesreseeeens 326
7.4.1 Landingsage & length compositions and mean weights at age...... 326
7.4.2 Discard age compositions and mean weightsat age ........c.coeeeene. 326

7.5 Natural mortality, maturity and stock weight a age.......ccccecevvvevvsereenenne 326



ICES WGNSDS Report 2006

7.6  CalCh-al-808 8NAlYSIS ....ccuiiveeeriiieieriee e e 326
7.7 REFEIENCE POINES.....cctiieeieieieie ettt e s sb e aes 327
7.8  Quality Of the asSESSMENT........cccccivere e s 327
7.8.1 Landingsand LPUE data.........cccccevieviiievrcececeere e 327
7.9 Management CONSIAEIatioNS.........ccvieererieereeresese e srese e seesee e sne e e eneenes 327
7.10 Megrim in DiVISION VID......ooiiiiiieee e 328
7.10.1 Thefishery in 2005 .......ccciviirieeeererese e see e 328
7.10.2 Official CatCh StatiStICS ....covvrveeeriieiriie e e 329
7.10.3 Quality of the catch data..........cccceeveeveiie i 329
7.10.4 Management applicable to 2005 and 2006..........ccceceveveeereeennns 329
7.10.5 Commercia catch-effort data and research vessels survey ............. 329
7.10.6 Catch age compositions and mean weights at age..........ccoovvveeennene 329
7.10.7 Management CONSIAEratioNS. .........cccerverererererieenieseese s sesens 329
COD IN DIVISION V1A cciiiiieiiiiiieisiiieesesie s e s ste s 340
8.1  TREFISNENY .o 340
8.1.1 ICES advice applicable to 2005 and 2006..........cccccecererrrerieriennnens 341
8.1.2 Management applicablein 2005 and 2006..........cccocerierierereeieninens 342
8.1.3 Thefishery iN 2005 ..o e 342
8.2 Commercia catch-effort data and research vessel surveys.........cccveeeene. 342
8.2.1 Commercial catch-effort data..........ccocevvevriineininercrecse 342
8.2.2  SUINVEYS.... ittt b e bbb reenan 343
8.3 Landings, age composition and mean weights-at-age.........ccocvrvvvvrereenenne 344
8.4 Natural mortality and maturity af 80€.......cccceeveeiereeeriecieere e 345
8.5 Stock assessment and Prediction........c.eceecerevesie s s 345
8.5.1 Survey and catch-at-age analySes.........cccoveereeveciiesesie s 345
8.5.2 Estimating recruiting year class abundance...........ccocooevenenenicnenne 349
8.5.3 Long-term trendsin biomass, fishing mortality and recruitment .... 350
8.5.4 StOCK PrediCtions........cooeeieiieereeieie e 350
855 Medium-term prediClions.........c.cooeerinieineneiree e 350
8.5.6 Yield and biomass per reCruit.........ccvvreeereneiereneeres e 351
8.5.7 REFEIENCE POINES.....c.eivieeeiriiieiirieee e 351
8.5.8 Quality of the assessment.........ccccceveverievr s 352
8.5.9 Management CONSIAEratioNS. .........ccceverererrereeieereeneeseseseseeeeeens 353
Haddock in DIVISION VITA......cccoiiiiieireeeesene et 404
0.1 ThETISNEIY e s 404
9.1.1 ICES advice applicable in 2005 and 2006..........cccccvoererererenieniens 404
9.1.2 Management applicablein 2005 and 2006...........cccocererererienienienns 405
9.1.3 Thefishery in 2005 .......cccviieeiiieiseees e e 405
(S O (o o T - SRS 405
9.2.1 Official CatCh StatiStICS.....cvvrveiririeirire e 405
9.2.2 Revision of CatCh data........cceeveieierineieceeeeee e 405
9.2.3 Quality Of CalCh datal.........erveverierieiriiieere e e 406
9.3 Commercial catch-effort and research vessel SUrVeys ... 406
9.3.1 Commericia catch-effort data.........ccocvvvvvvnerieeieierise e 406
LS G IS 1 T 406
9.4 Agecomposition and mean WeightS at ge........cocevererierieeniereene e 407
9.4.1 Catch age composition and mean weights at age in the catch......... 407
9.4.2 Discard age COMPOSITION .....cceveeeeeererrieserseseeesee e eneesees e e e 408

9.5 Natural mortality, maturity and stock weightsat age.........cccocevereiercnennee 408



ICES WGNSDS Report 2006

10

11

9.6  Survey and CatCh-at-a0€ ANAYSIS ....ccueervirieeriirieerere et 409
9.6.1 Datascreening and eXplOratory rUnS...........cceceeeeeveeresiesesesiessenseens 409
9.6.2 Estimating recruiting year class abundance.........cccoccevveeviecennnne 413
9.6.3 Long term trends of biomass, recruitment and fishing mortality ....413
9.6.4 Short-term stock prediCtions.........cocoveeeveeenerieerere e 414
9.6.5 Medium term prediCtions.........coceiereneieneneeee e 414
9.6.6 Yield and biomass Per reCrUit.........cccvereereneieneneieses e 414
9.6.7 REFEIENCE POINES.....c.eivieeiireiieiirierie et 414
9.6.8 Quality of the @SSESSMENL.......c.ccoerieeriieeree e 414
9.6.9 Management CONSIAEratioNS. .......c.cccerererersereeieereereeseseseseeseeeens 415
WHITING IN DIVISION V1@t s 456
0 0 R I = T T S 456
10.1.1 ICES advice applicable to 2006 ...........ccceerereeerenenerieneeeseseeenees 456
10.1.2 Management applicable in 2005 and 2006...........ccccevererererenene 456
10.1.3 The Fishery in 2005 ......cccovvirieiiieeerieeeesieee s sesees 457
L0 @ (o [ DT - OSSR 457
10.2.1 Official CatCh StatiStiCS......cvvvereiriieeeririeeseeee s 457
10.2.2 ReviSioNS to CatCh Data........cccveeereerieriesiereseeee e 457
10.2.3 Quality of the Catch data..........ccccovveeeeerire e 457
10.3 Commercial catch-effort and research vessel sUrveys .........cccecevevecenienene 457
10.3.1 Commercial catch and effort data...........ccooeeereeeieieneneceeeee 457
10.3.2 Research VeSsal SUNVEYS........oeciiiceereeeee s 458
10.4 Age compositions and mean weightSat age..........ceeeeeeveeveiievesieseseeeenen 459
10.4.1 Landings age composition and mean weightsat age..........c.cueveeenee. 459
10.4.2 Discards age COMPOSITION .....ccveeeriererineseeeeeee e 459
10.5 Natural mortality, maturity and stock weight at age........cccccovevererererennens 460
10.6 CalCh-at-80€ ANAYSIS .. cciriierreriiieierieeee sttt nen 460
10.6.1 Data Screening and Exploratory RUNS..........ccccevevevecieneceseeenes 460
10.6.2 Estimating recruiting year class abundance..........ccccoceveveierenenne 461
10.6.3 Long-term trends in biomass, fishing mortality and recruitment .... 461
10.6.4 Short term Stock predictions............covieeerereeneeeseeeseeeeas 461
10.6.5 Medium Term ProjeCtionS.........ccoueeeereereeerieneesieeeeseeeeesieee s 462
10.6.6 Yield and Biomass per RECIUIL.........ccovvveeirienieirieieeneeecsieeeeeas 462
10.6.7 REFEIENCE POINES ....cveveeeciieeeee et 462
10.6.8 Quality of the ASSESSMENL......cccccevereiereseeecee e 462
10.6.9 Management CONSIAErations.........cccceevererererieeseeneseeseseesresseeeens 462
Plaicein SUD-DIVISION VI ....cooiiiiiecieeeeeesere et 492
111 TREFISNEIY ot 492
11.1.1 ICES advice applicable to 2005 and 2006...........cccocererereereerenenne 492
11.1.2 Management applicable in 2005 and 2006...........ccccovererenerenenne 492
11.1.3 Thefishery in 2005 .........cccoveirrieirreenese e 493
11.2 Official CatCh StAtiIStCS. ...civeeeeiriiieerieere s 493
11.2.1 ReviSiONSt0 CatCh data........cceeeeereeierieniereeeeeee s 493
11.2.2 Quality of the catCh data.........cccoveeririirirese e 493
11.3 Commercial catch effort data and research vessel surveys.........ccocvcvveueeee. 494
11.3.1 Commercial effort and LPUE data..........ccooeeeeeeerenevcnnne e 494
11.3.2 SUNVEY CPUE Taa ....c.eveveeereieieerieie it seene e 494
11.4 Age compositions and mean weightS at 80e.........c.ccverereerrerneseeseneseeeeens 494
11.4.1 Landings age composition and mean weightsat age..........c.coeveuenee. 494

11.4.2 Discards age COMPOSITION .....ccveeereereieeseseseeeeee e see e eeens 495



vi

12

13

ICES WGNSDS Report 2006

11.5 Natural mortality and maturity at @€ ........ccceoervrrererieneeeriineereeeeseeeeeas 495
11.6 CatCh-at-808 ANAYSIS ...ueeeeiereirie ettt et sbe e 495
11.6.1 Data SCIrEENING. ...cveueeeereereerereeneeresseeesesseeesessesesesseneesesseneesesseseseseas 495
11.6.2 FiNA TCA TUN .ttt 499
11.6.3 Comparison with last year's assessment..........ccceeeveevvnieveseseeeenns 500
11.7 Estimating recruiting year-class abundance...........coceeeeeenenevenenesecnceeens 500
11.8 Long-term trendsin biomass, fishing mortality and recruitment.................. 500
11.9 Short-term catch predictions.........cccoeeeirireree s 500
11.10 Medium-term ProjECLIONS. ........cceieereeeeeeiesres e sre e e eee e e sreste e sreeneenean 501
11.11 Yield and Biomass Per RECIUIL .........ocueeririeiriieeneeeeseeeeeseeeeveseeee s 501
11.12 REFEIONCE POINES....c.eeiuieieeieie sttt ettt et sae e enean 502
11.13 Quality Of the @SSESSMENL.........cccvie e 502
11131 CommMErCial datal.......coovveeeririiieeiriieeesiee s 502
11132 SUNVEY GaA.....ceeirieeeeirieieiisieee et neas 502
11.13.3  Biological information...........c.ccoevererenerieeiee e 503
11.14 Management CONSIAEratioNS..........ccceeeeieereresesestese e eee e e e sreseeneas 503
SOLE IN DIVISION VI @ittt es 547
121 TREFISNEIY e 547
12.1.1 ICES advice applicable to 2005 and 2006..........ccccccevvrvreererreeeenes 547
12.1.2 Management applicable in 2005 and 2006..........c.ccceveeeveeereseeenenne 547
12.1.3 Thefishery in 2005 ........ccccvireeirineeeniieeesieeeesreseee s eseas 548
122 CaCN AEIA ...ccvieeeeeierieeee e 548
12.2.1 Official CatCh StatiSHCS......evvieeririieeieriieeesiee s 548
12.2.2 RevisioNS to CatCh data.........cocveeereerieieriereneeee e 548
12.2.3 Quality of the Catch data..........ccocvveeeririeeirieree e 548
12.3 Commercial catch-effort and research vessel SUrVeys .........cccvcvvieveceeeeenene 549
12.4 Age compositions and mean WeightS al 8g€..........ccvvvreeereeneeereeneeeseneenens 549
12.4.1 Landings age composition and mean weight-at-age ...........ccocveuee... 549
12.4.2 Discards age COMPOSITION .....cccvevvevieieviesese e 550
12.5 Natural mortality, MaLUMILY ........cccoerireeinieeee s 550
12.6 CatCh-at-a0€ ANAlYSIS ...ccecvieiieieiete st eeeere sttt re e nen 550
12.6.1 Data screening and exploratory FUNS..........coeeeeeereereeereereeesseneeenees 550
12.6.2 Estimating recruitment year class abundance ...........ccoceeeereneeennns 553
12.6.3 Long-term trends in biomass, fishing mortality and recruitment .... 553
12.6.4 Short-term catch prediCions.......ccccoovvevevececeerer e 553
12.6.5 Medium-term prediClions..........ccccvvreveresieseceerene s 553
12.6.6 Yield and biomass per reCruit........cccovverevenecceercr e 553
12.6.7 REFEIENCE POINES.....ccviitiieecrieeceeeeste et st neens 553
12.6.8 Quality Of the aSSESSMENL.......ccccvvevre e 553
12.6.9 Management CONSIAErations.........ccccceveriereeeeieeseesieses e eresseeeens 553
NEPHROPS IN DIVISION V1 oot 581
13.1 Nephropsin Management Ar€a C........cceverererenenieneeiee e 581
13.1.1 ICES advice applicable to 2005 and 2006...........cccccererererreereenennes 581
13.1.2 Management applicable in 2005 and 2006...........ccccovvrivrerereenenes 583
13.2 NOMN MINCN....oiiiiciieiceee et en 584
13.2.1 ThEFISNENY ettt 584
IR O (o o = = TSR 584

13.2.3 Commercial catch-effort data and research vessel surveys............. 585



ICES WGNSDS Report 2006

14

15

13.2.4 Size Composition, Age composition and mean weights-at-age ...... 586
13.2.5 Natural mortality, maturity at age and other biological parameters 586
13.2.6 CatCh-at-age-analYSES .....covvuieriiriieeesieeeesee et 586
13.3 SOULN MINCN....iiiiiiicicice e sttt st s ne e 589
13.3.1 TREFISNENY oo e e 589
13.3.2 Commercial catch-effort data and research vessel surveys............. 590
13.3.3 Size composition, age composition and mean weights-at-age......... 591
13.3.4 Natural mortality, maturity at age and other biological parameters 591
13.3.5 Catch-at-age-analySES .......cccoveieievere et 591
134 Clyde 594
13.4.1 TREFISNEIY oottt 594
G 2 @ (o: o o = = 1SS 594
13.4.3 Commercial catch-effort data and research vessel surveys............. 595
13.4.4 Age composition and mean weights-at-age.........ccooeevererenerenenes 596
13.4.5 Natural mortality, maturity at age and other biological parameters 596
13.4.6 CatCh-at-age-analYSES .....cccvvuiiriiriieeerieeeee s 596
13.5 Other NEPhrops SEOCKS ......ccivicieie et e e s aean 598
13.5.1 SEANtON BanK .......couoieiiieeieeeeeee s 599
13.5.2 Shelf edge west of Scotland ............ccoevvireeeriinnenineneeeeeees 599
13.6 Management AreaC Overview and management Considerations.............. 599
13.6.1 Summary and diSCussion Of aSSESSMENES .........cervereeereereeerieieeees 599
13.6.2 Sustainable harvest FatesS........cccvveveeeereerene e 600
13.6.3 Predicted 1andingsin 2007 ........cccovvvevenieseneeeeree s 600
13.6.4 Management CONSIAErations.........ccccoeverereneeseeneeseseeseseesresneeeens 602
13.6.5 Future developmentsin approach ........ccccveeeeeeereenievesieseseseeeens 602
NEPHROPS IN DIVISION V1At 647
14.1 Nephropsin Management ArEAJ........ccceeeererereriesesreseeseeseeseeseseessessessens 647
14.1.1 TREFISNEIY oottt 647
14.2 1rish SEAEASt (FULA) ....cuiiieeeeeie et 648
14.2.1 Thefishery in 2005 ........ccccvireeereneeeieeeeseeeeesseseeeseesessessenseseses 648
14.2.2 CatCh datal.....ccccvevveeeiiiieiee et nn 648
14.2.3 Commercial catch-effort data and research vessel surveys............. 649
14.2.4 Length at Age composition and mean weights-at-age..................... 649
14.2.5 Natural mortality and maturity at age.........ceveeeeereerervninsesereeeenes 650
14.2.6 Catch-at-age-analySES ......ccvvveeeeerere e s enes 650
14.3 11iSh SEAWESL (FULS) ....ovvveeeiiriiieiesieeeic ettt es 651
7 50 R I 0T T 0 o 651
14.3.2 CalCN dalaL.....ceevereeeeiereeee e 651
14.3.3 Commercial catch-effort data and research vessel surveys............. 651
14.3.4 Length at Age composition and mean weights-at-age..................... 651
14.3.5 Natural mortality and maturity at age.........cceeeeveeverievesinveseseeeenns 652
14.3.6 CatCh-at-age-analySES ........cooereriieriere et 652
14.4 Management Area J Management Considerations..........cccoceeevvvvieveseriennnns 653
Cod management plan evaluation ............cccvereenineinene e 674
151 INEFOAUCTION. ....iiieietiieiieterie ettt 674
ST I Y - TSRS 674
15.3 Theharvest CONrol FUIE ........cccoiieiiieree e 674
T S o 1 1= =T 675
15.5 SIMUIEETON OULHINE....c.ciiiieie e e 675

15.5.1 The “trUE” SYSLEM.....coiuiiieirieieiereeeeies et 675

Vii



viii ICES WGNSDS Report 2006

15.5.2 The management ProCeAUIE ..........ccccerireeerenieesieeee e 676
15.5.3 Implementing the HCR .......c.ooveevee e 676
15.5.4 The short-term fOreCast ........cooverirrierinereeee s 677
15.6 Simulation initialisation and assUMPLIONS.........c.cceerererierrene e 678

15.7 Results 678
15.7.1 COUVIHA oot nn 678
15.7.2 COU VI@...cctiiiiieiiiieieie sttt nn 679
15.8 CONCIUSIONS.....cuiuiitiriinietiriiietesieeetesiee ettt sae s s ssesesessensesessesesenean 680
15.9 REFEIENCES.....oiieieieieeeee ettt e st sre e nen 680
16 Theeffect of the RocKall BOX .......cccoveiiiiiieieerese e 695
17  Fishing effort trendsS .....oov e s 698
17.1 AreaVIaand VID.....cce e 698
17.2 1rish SEADIVISION VA ...cuiiiiiieieriieree s 699
18  REFEIENCES. ...ttt et re e nean 707
ANnex 1: PartiCipantSIist ......cooooeiiiiie e e 709
Annex 2: Fleet definitionSteMPIates ... ceceerc e 711
Annex 3: Quality Handbook Annex: North Minch Nephrops (FU11) ................... 724
Annex 4: Quality Handbook Annex: South Minch Nephrops (FU12).................... 728
Annex 5: Quality Handbook Annex: Clyde Nephrops (FUL13)........ccccoovveeninieennns 732
Annex 6: Quality Handbook Annex: Irish Sea East Nephrops (FU14) .................. 737
Annex 7: Quality Handbook Annex: Irish Sea West Nephrops (FU15)................. 741
Annex 8: Quality Handbook Annex: Northern Shelf Anglerfish........ccocoovviveinins 746
Annex 9: Quality Handbook Annex: WGNSDS-CodV1a.......cccceevevervienesenennens 752
Annex 10: Quality Handbook Annex: WGNSDS-CodV11a......cccccovenininenienennne 763
Annex 11: Quality Handbook Annex: WGNSDS-Irish Sea Plaice........cc.ccoovvveune 772
Annex 12: Quality Handbook Annex: WGNSDS-SoleVIla......ccooiiiinenicncnnns 780
Annex 13: Quality Handbook Annex: WGNSDS-WhitingVlla.......cccccoovvivvvrvennne 787
Annex 14: Quality Handbook Annex: WGNSDS-Haddock Vlla.......ccccocveerenuenne 798

Annex 15: ACFM sub-group Review of the Working group on the Assessment of
Northern Shelf Demersal StockS[RGNSDS] ......cccvcvveriereeeee e 806



ICES WGNSDS Report 2006

1 GENERAL INTRODUCTION

1.1 Participants
Mike Armstrong United Kingdom (England and Wales)
Nick Bailey United Kingdom (Scotland)
Otte Bjelland Norway
Richard Briggs United Kingdom (Northern Ireland)
Helen Dobby United Kingdom (Scotland)
Paul Fernandes United Kingdom (Scotland)
Steven Holmes United Kingdom (Scotland)
Vladimir Khlivnoy Russian Federation
Sven Kupschus United Kingdom (England and Wales)
Sara-Jane Moore Ireland
Sten Munch-Petersen Denmark
Pieter-Jan Schon United Kingdom (Northern Ireland)
Finlay Scott United Kingdom (England and Wales)
Raobert Scott (chair) United Kingdom (England and Wales)
David Stokes Ireland
Willy Vanhee Belgium

1.2 Terms of reference

2ACFM10: The Working Group on the Assessment of Northern Shelf Demersal Stocks
[WGNSDS (Chair: R. Scott, UK(E&W)) will meet at ICES, Copenhagen from 9-18 May 2006

to:

a)

b)

assess the status of and provide management options for 2006 for the stocks of
cod, haddock, whiting, anglerfish, and megrim in Subarea VI, for cod, haddock,
whiting, plaice, sole in Division Vlla, and Nephrops Functional Units 11, 12, 13,
14, and 15, and for anglerfish stocks in Subarea IV and Divisions lla, Illa and
Vlia;

for the stocks mentioned in @) perform the tasks described in C. Res. 2ACFMO1.

Terms of Reference a) is considered within the individual stock sections which give the results
of attempts to assess each stock. Term of Reference b) (C. Res. 2ACFMO01) requires that
several tasks be undertaken in 2006 for each of the stocks mentioned in Term of Reference a).
These tasks are listed below, and henceforth referred to as Terms of Reference ¢) to m):

©)

d)

based on input from e.g. WGRED and for the North Sea NORSEPP, consider
existing knowledge on important environmental drivers for stock productivity and
management and if such drivers are considered important for management advice
incorporate such knowledge into assessment and prediction, and important
impacts of fisheries on the ecosystem;

Evaluate existing management plans to the extent that they have not yet been
evaluated. Develop options for management strategies including target reference
points if management has not already agreed strategies or target reference points
(or HCRs) and where it is considered relevant review limit reference points (and
come forward with new ones where none exist) — following the guidelines from
SGMAS (2005, 2006), AGLTA (2005) and AMAWGC (2004, 2005, and 2006); If
mixed fisheries are considered important consider the consistence of options for
target reference points and management strategies. If the WG is not in a position
to perform this evaluation then identify the problems involved and suggest and
initiate a process to perform the management evaluation;
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f)

9)

h)

)

K)
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where mixed catches are an important feature of the fisheries assess the influence
of individual fleet activities on the stocks and the technical interactions;

update the description of fisheries exploiting the stocks, including major
regulatory changes and their potential effects. Comment on the outcome of
existing management measures including technical measures, TACs, effort control
and management plans. The description of the fisheries should include an
enumeration of the number, capacity and effort of vessels prosecuting the fishery
by country;

where misreporting is considered significant provide qualitative and where
possible quantitative information, for example from inspection schemes, on its
distribution on fisheries and the methods used to obtain the information;
document the nature of the information and its influence on the assessment and
predictions.

provide for each stock and fishery information on discards (its composition and
distribution in time and space) and the method used to obtain it. Describe how it
has been considered in the assessments;

report as prescribed by the Secretariat on a national basis an overview of the
sampling of the basic assessment data for the stocks considered;

provide specific information on possible deficiencies in the 2006 assessments
including, at least, any major inadequacies in the data on landings, effort or
discards; any major inadequacies in research vessel surveys data, and any major
difficulties in model formulation; including inadequacies in available software.
The consequences of these deficiencies for both the assessment of the status of the
stocks and the projection should be clarified.

Further develop and implement the roadmap for medium and long term strategy
of the group as devel oped by AMAWGC.

Working Group Chairs will set appropriate deadlines for submission of the basic
assessment data. Data submitted after the deadline will be considered at a later
meeting at the discretion of the WG Chair

m) The NEAFC Commission requests |CESto provide information on the effect of the

Rockall box:

Point no. Latitude Longitude

1 57° 000N 15° 000 W
2 57° 000 N 14° 700 W
3 56° 575N 14° 327 W
4 56° 500 N 14° 450 W
5 56° 500 N 15° 000 W

in protecting juvenile haddock and possible revisions of the boundary of the box.
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Stock Assignments in 2006

In accordance with the established system of identifying different assessment types C.Res.
2ACFMOL1 outlined a plan for WGNSDS stocks in 2006. The plan listed Cod stocks in Via
and Vllaas being on the Observation list and placed all other stocks as Experimental with the
exception of Megrim for which it was recommended that no assessment be attempted. No
stocks were listed as having either Benchmark or Update status

Based on its reviews of each individual assessment, the RGNSDS suggested an alternative
classification of stock status in 2006, as listed below. The additional category Monitoring
alows for inter-sessional work to be done and signifies that the WGNSDS should continue
compiling and presenting, for example, catch and survey data, but that it should not feel
obliged to attempt an analytical assessment.

OBSERVATION LIST BENCHMARK UPDATE EXPERIMENTAL MONITORING
Cod Vla Haddock Via Haddock VIb Megrim Via
Cod Vlla Haddock Vlla Whiting Vla Megrim VIb
Plaice Vlla Nephrops FU11/12/13/15 Nephrops
FU14
SoleVlla Anglerfish
IIENAY
Whiting Vlla

Stock assessments conducted by WGNSDS in 2006 are in accordance with the
recommendations of RGNSDS. The assessment approach adopted for each stock is introduced
at the beginning of the individual stock chapter.

The stocks considered by WGNSDS are tabulated in Table 1.1, dong with the type of
assessment carried out, and an indication of whether the approach in 2006 reflects a change to
previous practice.

Environmental and Ecosystem Information

Term of reference ¢) asks the WG to incorporate existing knowledge on important
environmental driversfor stock productivity and management into assessment and predictions,
based on input from WGRED,ys (ICES 2006). The WG was further asked to consider
important impacts of fisheries on the ecosystem noted by WGRED.

The areas of most interest to WGNSDS comprise the waters to the west of Great Britain and
Ireland but the area extends (for some stocks) into the Norwegian Sea and northern North Sea.
This areais largely defined by WGRED as regional ecosystem E (Celtic Seas). WGRED did
not identify any obvious environmental signals that should be considered in assessment or
management in this area, but stated that the major trends in the ecosystem are the steady
warming of the area, particularly in the context of slope current, and the genera and
continuing reduction of copepod abundance. It was noted that these factors are likely to have
an impact on many species but will particularly affect migratory pelagic species.

WGRED notes that eco-region E has attracted less attention than other areas, such as the
North Sea. The report states that environment and ecosystem information are collected by
numerous organisations but that there is little or no central co-ordination of the data series.
Environmental and ecosystem information for the Norwegian Sea was provided to WGRED
by WGNSDS in 2005. WGNSDS continues to provide selected information on data and data
sources regarding environmental drivers in the Celtic Seas eco-region and has, this year,
focussed attention on the potential relationship between sea surface temperature and cod
recruitment in the Irish Sea.
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1.4.1 Environmental Drivers of Productivity

A long term trend of increasing sea temperature has been recorded over alarge area of the NE
Atlantic, particularly since the 1990s. This has been accompanied by an increasing occurrence
of more southerly warm-water species such as red mullet and anchovy in the North Sea and
Cdltic Seas. The effect on productivity of changes in temperature and other climate-related
variables such as freshwater input is less well understood, both in terms of trophic dynamics
as well as the more direct effects on physiology, survival and behaviour of individuals. Data-
rich sea areas such as the North Sea and Baltic are the subject of large-scale co-ordinated
studies (e.g. WGREGNS), but the Irish Sea and west-of Scotland areas have generally been
the subject of more localised national programmes.

The effect of sea temperature on recruitment of cod in the Irish Sea has been examined by
Planque and Fox (1998), and the effects of changing climate and sea temperature on North Sea
cod have also been considered by Clark et al (2003) and Kell et al (2005). Severa series of
SST values are available for the Irish Sea. These include a long time-series of approximately
fortnightly physical records from a fixed station off the SW coast of the Isle of Man (the
“Cypris” station), a more recent shorter series from a mooring in the western Irish Sea
(Gowen, AFBI, Belfast), and two series of combined satellite and ship-recorded data compiled
by the Climate Diagnostics Center, National Oceanographic and Atmospheric Administration
of the US Department of Commerce. ERSST version 2 is an extended reconstructed SST time
series based on interpolation of ICOADS data, which is itself a blend of satellite and ship
based observations from (1960 through spring 2003). The OISST series are optimally
interpolated time-series based on ICOADS data from 1960 through to spring 2006. ERSST
and OISST use dightly different interpolation routines and grid sizes.

The satellite/ship data were extracted from abox bounded by latitudes 52 and 56 degrees north
and longitudes 2 and 6 degrees west for the period 1960 to the latest record in the datasets.
Areas of land were excluded using the supplied land/sea mask. The yearly arithmetic mean
SSTsfor the whole boxed region for the period January — April were computed. Data from the
Cypris station, OISST and ERSST datasets for January — April, covering the cod spawning
period, show similar trends (Fig. 1.4.1.1). The moorings data from the western Irish Sea also
follow very similar trends to the Cypris station data. Since al the datasets (point locations and
larger area measurements) are in agreement for this period of time, the Cypis station data were
used for an examination of any linkage between cod recruitment and sea temperature during
the spawning and larval drift period

The time series of Irish Sea cod recruitment shows a decline in the 1990s, coincident with an
increase in SST (Fig. 1.4.1.2). A simple correlation of SST and cod recruitment (e.g. Fig.
1.4.1.6 ¢) will be confounded by coincidental long-term trends in both series, and it is
necessary to de-trend at least one of the data series to allow an examination of the relationship
between recruitment anomalies and SST or SST anomalies. Thiswas achieved for recruitment
by fitting a Ricker SR curve (Fig. 1.4.1.3) and calculating the standardised recruitment
residuals as (Ross — Rpred)/Rpred- The SST data were smoothed using a Loess smoother (Fig.
1.4.1.4), and the residuals calculated. There is a clear tendency for strong recruitment residuals
to coincide with prominent negative SST residuals, and for weak recruitment to coincide with
strong positive SST residuals (Fig. 1.4.1.5). This is reflected in a highly significant negative
correlation between recruitment residuals and either SST or SST residuals (Fig. 1.4.1.6 a&b).
Regression statistics for recruitment residuals vs SST residuals are givenin Table 1.4.1.1. The
relationship between absolute recruitment and SST residuals was weaker. Further biological
studies are needed to establish the causal mechanisms for any association between cod
recruitment residuals and SST, before such an association could be considered to have any
predictive power in the future. If causal mechanisms were established, the consequence would
be an expectation of a continued high probability of very weak year classes occurring whilst
SSB remains low and SST continues to vary around the elevated values observed since the
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1990s. This does not preclude the possibility of strong recruitment occurring in any year, but
the probability is likely to be much lower than was the case in the 1960s — 1980s when SST
was lower and SSB (and consequently egg production) was relatively high. Although not
backed up by mechanistic understanding, the relationship between cod recruitment and SST
could be used to produce likely stock changes under varying climate and fishing trends as has

been done for North Sea cod.

Table 1.4.1.1. Irish Sea cod: Parameters of linear least-squares regression of standardised
recruitment residuals (from S-R curve) against SST residuals from L oess smoother fitted to Cypris

Station data for 1969 — 2005.

SUMMARY OUTPUT

Regression Statistics

Multiple R 0.658867431
R Square 0.434106292
Adjusted R Square 0.418387022
Standard Error 0.528687665
Observations 38
ANOVA
df SS MS F Significance F

Regression 1 7.7190183 7.719018 27.61619 6.8763E-06
Residual 36 10.06238328 0.279511
Total 37 17.78140158

Coefficients Standard Error __t Stat P-value  Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept 0.219764904 0.085932328 2.557418 0.014903 0.04548607 0.39404374 0.045486068 0.394043741
X Variable 1 -1.01056746 0.192301846 -5.255111 6.88E-06 -1.4005737 -0.62056124 -1.40057368 -0.62056124

Sea Surface Temperature trends

10 -+ - Cypris SST

Mean SST (°C)

OISST - - - - - -

O N ¥ © O O N < ©
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Fig. 1.4.1.1. Trendsin Sea Surface Temperature from three sourcesdescribed in the text.
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SST and cod recruitment
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Fig. 1.4.1.2. Time series of cod recruits (age 0) and SSB from the B-ADAPT assessment carried
out by thisyear’sWG.
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Fig. 1.4.1.3. Stock-recruit plot for Irish Sea cod, with fitted Ricker curve
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SST and loess smoothed trend
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Fig. 1.4.1.4. Cyprisstation SST with L oess smoother fitted to 1968-2005 data.
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(a) Recruitment residual vs SST (b) Recruitment residual vs SST residual
25 25
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Fig. 1.4.1.6. Plot of recruitment or standardised recruitment residuals (from S-R curve) for Irish
Sea cod vs SST or SST residuals from L oess smoother.

Description of Fisheries

AMAWGCys (ICES 2006) concluded that further discussions between WGFTFB and ACFM
were required before descriptions of mixed fisheries and fishing practices could be revised and
reviewed by working groups. The descriptions of the fisheries, provided below, are therefore
largely unchanged from last year. Section 17 of this report provides further information on
fleet activities in recent years. Information provided to WGNSDS by WGFTFB regarding
fishing practices in 2005 has been included in the relevant stock sections.

1.5.1 Fisheries to the West of Scotland and Rockall

The main fleets operating in Division Vla include the mixed roundfish otter trawl fleet, the
Nephrops otter trawl fleet, the otter trawl fleet targeting anglerfish, megrim, and hake, and the
fleet targeting saithe and/or deep-sea species. To a large extent, the roundfish fishery in
Division Vlais an extension of the similar fishery in the North Sea. The demersal fisheriesin
Division Vla are predominantly conducted by otter trawlers fishing for cod, haddock,
anglerfish, and whiting, with bycatches of saithe, megrim, and lemon sole.

The majority of the vessels in the demersal fishery are locally-based Scottish trawlers using
light-trawls, but trawlers from Ireland, Northern Ireland, England, France, and Germany also
participate in this fishery. The importance of Scottish seiners targeted mainly at haddock has
been declining in recent years as many of these vessels have been converted to trawlers. Part
of the fleet of light trawlers has diversified into a fishery for anglerfish that has been
expanding into deeper water off the northern coast of Scotland. Bycatches in this fishery
include megrim, ling, and tusk.

15
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About 200 Scottish trawlers also take part in the fisheries for Nephrops on inshore grounds. In
recent years Irish vessels have also been targeting Nephrops in Division Via, mainly on
offshore grounds. These Nephrops vessels also land smaller quantities of haddock, cod,
whiting, and small saithe, but discard large amounts of whiting and haddock.

The development of a directed fishery for anglerfish has led to considerable changes in the
way the Scottish fleet operates. Part of this is a change in the distribution of fishing effort;
effort in the roundfish fisheries has shifted away from the traditional inshore areas to more
offshore areas and deeper waters. The expansion in area and depth-range fished has been
accompanied by the development of specific trawls and vessels to exploit the stock. These
vessels mainly use large twin-rig otter trawls with >100-mm mesh. A smaller Irish fleet also
targets anglerfish, megrim, and hake on the Stanton bank with 90-mm to 100-mm mesh. This
fleet has declined in numbersin recent years.

The fishery for anglerfish has expanded into deeper waters with an associated increase in
catches. The expansion of this fishery has been further accelerated by the diversion of fishing
effort from other stocks subject to more restrictive quotas in recent years and by market
opportunities. A gillnet fishery has developed on the continental slopes to the West of the
British Ides, North of Shetland, at Rockall and the Hatton Bank. A preliminary investigation
of this fishery suggests high levels of gear loss, widespread dumping of netting, high catch &
discarding levels (particularly of monkfish), and a lack of effective management. These
fisheries are occurring in areas believed to have been a refuge for adult anglerfish, increasing
the vulnerability of the stock to over-exploitation. Immature fish are subjected to exploitation
for anumber of years prior to first maturity.

The larger Scottish and Irish trawlers fish for haddock at Rockall when opportunities arise for
good catches from the Division VIb stock. Vessels from the Russian Federation have fished
for haddock and other demersal species at Rockall since 1999 when part of the Bank was
designated as being in international waters. Although young saithe are caught by coastal
trawlers in Subarea VI, the fishery for saithe essentially takes place on the shelf edge to the
west and northwest of Scotland. Traditionally, this fishery has largely been operated by the
larger deep-sea French trawlers. However, the number of these vessels has declined in recent
years. Since the late 1980s, some of these vessels diverted their activity toward deep-sea
species, notably orange roughy, and some medium-sized trawlers also participate in the
fishery for deep-sea species during summer in some years.

The pelagic fishery for herring is mainly operated by UK, Dutch, and German vessels in the
north, and by Irish vesselsin the south. Substantial misreporting of catches from the North Sea
and between the northern and southern stocks occurred in the past, but UK licensing
regulations are thought to have reduced misreporting since 1997. In recent years TACs for the
northern stock have not been restrictive, presumably because of low effort and a weak market.
The Clyde herring fishery has declined sharply in recent years as the stock has suffered from a
series of low recruitments. Recent TACs have not been taken and the catches have been less
than 1 000 t since 1991.

There is a directed trawl fishery for mackerel and horse mackerel in the area. The mackerel
fishery mainly takes place in the fourth and first quarter of the year, when the mackerel is
returning from the feeding area to the spawning area. The horse mackerel is mainly fished in
the second half of the year. In addition, there are fisheries for blue whiting in the area

The industria fisheries in Division Vla are much smaller than in the North Sea. The Scottish
sandeel fishery started in the early 1980s, peaking in 1986 and 1988. It is irregular, depending
on the availahility of the resource and of processing facilities at Shetland, Denmark, and the
Faroes. Bycatches in thisfishery are very small. The Norway pout fishery is conducted mainly
by Danish vessels.
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Fisheriesinteractionsto the West of Scotland and Rockall

Demersal fisheries in the area are mixed fisheries, with many stocks exploited together in
various combinations in different fisheries. Roundfish are caught in otter trawl and seine
fisheries, with a 120-mm minimum mesh size that comprises mixed demersal fisheries with
more specific targeting of individual speciesin some areas and/or seasons. Cod, haddock, and
whiting form the predominant roundfish catch in the mixed fisheries, although there can be
important bycatches of other species, notably saithe and anglerfish in the deeper water and of
Nephrops on the more inshore Nephrops grounds. Static gear fisheries with mesh sizes
generally in excess of 140 mm are also used to target cod. Saithe are mainly taken in a
directed trawl fishery in deeper water along the shelf in Subarea VI. There is thought to be
little bycatch of other demersal species associated with the directed fishery.

Large Nephrops fisheries take place in discrete areas that comprise appropriate muddy seabed
sediment. Targeted Nephrops fisheries on these grounds are taken predominantly in trawls
with mesh sizes of less than 100 mm using single- or multiple-rig trawls. Nephrops fishing
grounds are mainly inshore grounds athough there are smaller offshore fisheries at Stanton
Bank and west of the Hebrides. The bycatch and discarding of other demersal species in the
Nephrops fisheriesis highly variable.

There are trawl and gillnet fisheries targeting hake and anglerfish and otter trawl fisheries
targeting hake, megrim, and anglerfish in Subarea V1. The catch of other demersal species
associated in these fisheries is uncertain.

Thereis an international fishery targeting haddock, grey gurnards, and other species at Rockall
using small mesh. Successful application of TACs for this stock would require that there is a
simple relationship between recorded landings and effort exerted. This assumption is unlikely
to be true for Rockall haddock especially when coupled with ways of evading TACs including
misreporting, high-grading, and discarding. In the case of Rockall haddock these may occur to
alarge extent due to the remote nature of the fishery and the processing of catches at sea by
some fleets. Direct effort regulation is therefore suggested as a means of controlling fishing
mortality on Rockall haddock.

1.5.2 Fisheries in the Irish Sea

The majority of vessels in the Irish Sea target Nephrops with either single- or twin-rig otter
trawls. These vessels use either 70-mm diamond mesh with an 80-mm square mesh panel or
an 80-mm diamond mesh in their codends, and (by regulation) their landings must consist of
at least 35% Nephrops by live weight. These vessels have bycatches of whiting (most of
which are discarded) and haddock, cod, and plaice. Twin-rig otter trawl were first introduced
in the early 1990s. Recent studies show that the use of twin-rigs increases the proportion of
roundfish bycatch in Nephrops fisheries compared with single-rig otter trawls. Nephrops
catches are highly seasonal with the highest Nephrops catches in the summer months. Catch
rates are also dependent on tidal conditions, with higher catches during periods of weak tide.

The roundfish fisheries in the Irish Sea are conducted primarily by vessels from the UK and
Ireland. A Northern Irish semi-pelagic trawling for cod and whiting developed in the early
1980s. As the availability of whiting declined this fleet switched to mainly targeting cod and
haddock. Irish, Northern Irish, and English and Welsh otter trawlers target plaice, haddock,
whiting, and cod, with smaller bycatches of anglerfish, hake, and sole. Some Irish vessels
participate in a fishery for rays in the southern Irish Sea. Since 2001, these trawlers have
adopted mesh sizes of 100 120 mm and other gear modifications, depending on the
requirements of recent EU technical conservation regulations and national legislation.

Fishing effort in the semi-pelagic effort increased rapidly between the early 1980s and early
1990s before decreasing somewhat in the mid-1990s. Fishing effort in the England and Wales
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otter trawl vessels longer than 12m declined rapidly after 1989, and from 1992 to 1995 was
about 40% of the effort reported in the 1980s, athough it has increased dlightly in recent
years. There has been a declining trend in fishing effort for Northern Irish otter trawlers also
since the early 1990s. Fishing effort for Irish otter trawlers has declined in recent years as
many vessels switched from targeting roundfish to Nephrops.

There is also a beam trawl fishery which takes place mainly in the eastern Irish Sea with
vessels from Belgium, Ireland, and the UK. This fishery mainly catches sole with important
bycatches of plaice, rays, brill, turbot, anglerfish, and cod. The fishing effort of the Belgian
beam-trawl fleet varies in response to the catch-rates of sole in the Irish Searelative to catch-
rates in other areas in which the fleet operates. Fishing effort peaked in the late 1980s
following a series of strong year classes of sole, but is presently only about 60% of the peak
value.

The other gears employed to catch demersal species are gillnets and tangle nets, notably by
inshore boats targeting cod, bass, grey mullet, sole, and plaice.

The main pelagic fishery in the Irish Sea is for herring. In recent years, it has been
predominantly operated by one pair of trawlers from Northern Ireland. The size of this fleet
has declined to avery low level in recent years.

There are also a number of inshore fisheries in the Irish Sea that target stocks not currently
assessed by ICES. These include pot fisheries for crab, lobster, and whelk, hydraulic dredge
fisheries for razor clams, and dredge fisheries for scallops.

Decommissioning at the end of 2003 permanently removed 19 out of 237 UK demersal ves-
sels that operated in the Irish Sea, representing a loss of 8% of the fleet by number and 9.3%
by tonnage. Of these vessels, 13 were vessels that had used demersal trawls with mesh size
>=100mm and had more than 5% cod in their reported landings. The previous round of de-
commissioning in 2001 removed 29 UK (NI) Nephrops and whitefish vessels and 4 UK (E& W)
vessels registered in Irish Sea ports at the end of 2001. Of these, 13 were vessals that used
demersal trawls with mesh size >=100mm and had more than 5% cod in their reported land-
ings.

1.5.3 Fisheries in other areas covered by the WGNSDS

The fisheries in other areas covered by the WG are described in the relevant stock sections.

Enumeration of Capacity and Effort

An analysis of effort trendsin divisions VI and Vllais presented in Section 17 of this report

Regulations

1.7.1 TAC Regulations

The Regulations specifying Total Allowable Catches (TAC) by species and management area
for stocks assessed by WGNSDS are as follows:
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COUNCIL REGULATION 2848/ 2555/ 2341/ 2287/ 271 51/
(EC) No: 2000 2001 2002 2003 2005 2006
2001 2002 2003 2004 2005 2006
Srock MANAGEMENT AREA TAC TAC TAC TAC TAC TAC
Cod Vb VI, XII, XIV 3,700 4,600 1,808 848 721 613
Vlila 2,100 3,200 1,950 2,150 2,150 1,828
Megrim Vb VI, XII, X1V 4,360 4,360 4,360 3,600 2,880 2,880
Anglerfish lna* 1v* 14,130 10,500 7,000 7,000 10,314 10,314
Vb* VI, XII, X1V 6,400 4,770 3,180 3,180 4,686 4,686
Haddock Vb, VI % XII, XIV 13,900 14,100 8,675 ~ ~
Vb, Vla ~ ~ ~ 6,503 7,600
Vib XIl, XIV ~ ~ ~ 702 702 597
VII, VI X, X, 12,000 9,300 8,185 9,600 11,520 11,520
CECAF34.1.1.1¢
vila® 2,700 1,300 585 1,500 1500 1,275
Whiting Vb VI, XII, XIV 4,000 3,500 2,000 1,600 1,600 1,360
Vlila 1,390 1,000 500 514 514 437
Plaice Vlila 2,000 2,400 1,675 1,340 1,608 1,608
Sole Vlila 1,100 1,100 1,010 800 960 960
Nephrops VI, Vb* 11,340 11,340 11,340 11,300 12,700 17,675
Nephrops VIl 18,900 17,790 17,790 17,450 19,544 21,498

“: European Community waters, *: Within the limits of the VII, VII1, 1X, X and CECAF 34.1.1.1 TAC, no
mor e than the quantity stated may betaken in Division Vila.

1.7.2 Other Regulations

Area Closures

Due to the depleted state of the stock and following the advice from ICES, arecovery plan for
cod in the Irish Sea was introduced in 2000. Commission Regulation (EC) No 304/2000
established emergency closed areas to fishing for cod between 14 February and 30 April in the
western and eastern Irish Sea to protect spawning adults at spawning time (Figure 1.1).
Council Regulation (EC) 2549/2000, which came into force on 1 January 2001, with
amendments in Council Regulation (EC) No 1456/2001, of 16 July 2001, established
additional technical measures for the protection of juveniles.

The closed area in the Irish Sea and additional technical regulations were extended to 2001 in
Council Regulation (EC) 300/2001 and to 2002 in Council Regulation (EC) 254/2002. The
main difference in the recovery measures for 2002, 2003 and 2004 from those of 2001 isthat a
closed arearemained only in the western Irish Seatime (Figure 1.1). Derogations have existed
for fleets targeting Nephropsin all years.
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Figure1.1. Maps of thelrish Sea (Vlla) closed areasfor 2000 — 2003. The closed areais shaded red
and the area open to Nephrops der ogationsis shaded green.

Emergency measures were enacted in 2001 for the west of Scotland, consisting of area
closures from 6 March-30 April, in an attempt to maximise cod egg production. These
measures were retained into 2003 and 2004. A new closed area was implemented to the west
of Scotland in 2004 under Council Regulation (EC) No 2287/2003.

In the west of Scotland there have been unilateral closures by Ireland of a traditional fishery
for juvenile cod off Greencastle, Co. Donegal (Figure 1.3). From mid-September 2003 to mid-
February 2004 (Irish Statutory Instrument (SI) No. 431 of 2003) closed the area. In December
2003 the closed area was extended along its eastern edge by amendment to the Statutory
Instrument (SI No. 664 of 2003). Whilst the initial closure period officially ended in mid-
February 2004, fishermen in the local trawl fleet imposed a voluntary exclusion to trawling
within the boundaries of the closed area as described in S| 664 of 2003. These fishermen
submitted signed declarations effectively banning trawling in the area from February 15" to
July 1% 2004. A new Statutory Instrument (Sl No. 670 of 2004) reinstated the closed areafrom
1% November 2004 until 14" February 2005. At a stakeholder meeting in October 2005
another official closure of the Cape grounds for the 2005-2006 season was agreed. A new
Statutory Instrument (SI No. 700 of 2005) re-instated the closure of the Cape to al fishing
methods from 14" November 2005 until 14™ February 2006. Another period of tagging and
recapture of cod on the Cape Grounds was undertaken in December 2005 — January 2006.

These closures were instigated by the local fishing industry to allow an assessment of seasonal
closure as a potential management measure. Over 13,000 cod have been tagged and released
during the closures. Most of the cod catch during the closed period is normally taken in the
fourth quarter. During 2000-2002 50% of the Irish catch weight of cod in Via (61% by
number) was taken in the fourth quarter. The closure is expected to have reduced the Irish
fishing mortality on cod that would otherwise have occurred in 2003-2005. Asthe Greencastle
codling fishery is a mixed demersal fishery, any benefits Flowing from the closure are likely
to extend to other demersal stocks.
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Figure 1.2. Location of the area closed by Irish Statutory Instrument in 2003-4 and 2004-5.

Effort Limitation

Annex XVII to Council Regulation (EC) No 2341/2002 regulated fishing effort to the West of
Scotland. The extent of effort limitation varied for particular gears. The maximum number of
days in any calendar month for which afishing vessel may be absent from port to the West of
Scotland in 2003 was:

e 9 days for demersal trawls, seines or similar towed gears of mesh size > 100 mm
except beam trawls,

e 25 days for demersal trawls, seines or similar towed gears of mesh size between 70
mm and 99mm except beam trawls, and,

e 23 days for demersal trawls, seines or similar towed gears of mesh size between 16
mm and 31 mm except beam trawls.

The Regulation included a provision for additional days to be allocated on the basis of the
achieved results of decommissioning programmes. A Commission Decision (C(2003) 762) in
March 2003 dlocated additional days absent from port to particular vessels and Member
States. United Kingdom vessels were granted 4 additional days per month (based on evidence
of decommissioning programmes). An additiona two days was granted to demersal trawls,
seines or similar towed gears (mesh > 100mm, except beam trawls) to compensate for
steaming time between home ports and fishing grounds and for the adjustment to the newly
installed effort management scheme.

Monthly effort limitation was extended to the Irish Sea (and other “cod recovery” areas) under
Annex V to Council Regulation (EC) No 2287/2003. The restrictions for the West of Scotland
and Irish Sea (per month) in 2004 were:

e 10 days for demersal trawls, seines and similar towed gears with mesh size >=
100mm,

e 14 daysfor beam trawls of mesh size >= 80mm and static demersal nets,
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e 17 daysfor demersal longlines,

e 22 daysfor demersal trawls, seines and similar towed gears with mesh size 70-99mm,
and,

e 20 days for demersal trawls, seines or similar towed gears of mesh size between 16
mm and 31 mm except beam trawls.

Additional days were available for vessels meeting certain conditions such as track record of
low cod catches. In particular, an additional two days were available for whitefish trawlers
(mesh >= 100mm) and beam trawlers (mesh >=80mm) which spent more than half of their
alocated daysin a given management period fishing in the Irish Sea, in recognition of the area
closurein the Irish Sea and the assumed reduction in fishing mortality on cod.

Council Regulation (EC) No 27/2005 further limited effort in the Irish Sea and West of
Scotland (and other “cod recovery” areas). The restrictions for the West of Scotland and Irish
Sea (per month) in 2005 were:

e 9 days for demersa trawls, seines and similar towed gears with mesh size >=
100mm,

e 13 daysfor beam trawls of mesh size >= 80mm and static demersal nets,
e 16 daysfor demersal longlines,

e 21 daysfor demersal trawls, seines and similar towed gears with mesh size 70-99mm,
and,

e 19 days for demersal trawls, seines or similar towed gears of mesh size between 16
mm and 31 mm except beam trawls.

The maximum number of days per month for which demersal trawlers (mesh >= 100mm)
may be absent from port was further restricted to 8 days for the West of Scotland, and 10 days
for the Irish Sea. The additional effort available to Irish Sea demersa trawlers (mesh >=
100mm) and beam trawlers (mesh >=80mm) was reduced to one day.

The effort regulations have provided an incentive for some vessels previously using >100-mm
mesh in otter trawls to switch to smaller mesh gears, thus claiming a higher number of days-
at-sea. After the implementation of EC Regulation No. 850/98 these vessels will also be
required to target either Nephrops or anglerfish, megrim, and whiting, with various catch and
bycatch composition limits. No detailed information is available to quantify how many vessels
have switched to using smaller meshes as aresult of effort regulation as this information is not
reliably recorded in the logbook information for some countries.

Recovery Plans

Council Regulation (EC) No 423/2004, of 26 February 2004, established measures for the
recovery of cod stocks. These include: Multi-Annual processes for selection of TAC's,
restriction of fishing effort, technica measures, control and enforcement, accompanying
structural measures and market measures. Council Regulation (EC) No 423/2004 formulated
harvest control rules with reference to limit and precautionary reference points. For stocks
above By, the harvest control rule requires:

1. Setting aTAC that achieves a 30% increase in the SSB from one year to the next,

2. Limiting annual changes in TAC to = 15% (except in the first year of application),
and,

3. Arrate of fishing mortality that does not exceed Fy,.
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For stocks below By, the Regulation specifies that:

1. Conditions 1-3 will apply when they are expected to result in an increase in SSB
above B, in the year of application,

2. A TAC will be set lower than that calculated under conditions 1-3 when the
application of conditions 1-3 is not expected to result in an increase in SSB above
Biim in the year of application.

Gear Regulation and Other Technical Measures

New technical regulations for EU waters came into force on 1 January 2000 (Council
Regulation (EC) 850/1998 and its amendments). The regulation prescribes the minimum target
species’ composition for different mesh size ranges. Since 2001, cod in Division Vlla have
been a legitimate target species for towed gears with a minimum codend mesh size of 100
mm.

The minimum mesh size for vessels fishing for cod in the mixed demersal fishery in EC Zones
1 and 2 (West of Scotland and North Sea excluding Skagerrak) changed from 100 mm to 120
mm from the start of 2002. This came under EU regulations regarding the cod recovery plan
(Commission Regulation EC 2056/2001), with a one-year derogation of 110 mm for vessels
targeting species other than cod. This derogation was not extended beyond the end of 2002.
Cod are a by-catch in Nephrops and anglerfish fisheriesin Division Vla. Thesefisheries use a
smaller mesh size of 80mm, but landings are restricted through by-catch regulations. Since
mid-2000, UK vessels in this fishery have been required to include a 90 mm square mesh
panel (SSI 227/2000), predominantly to reduce discarding of the large 1999 year class of
haddock. Further unilateral legislation in 2001 (SSI 250/2001) banned the use of lifting bags
in the Scottish fleet.

Regulation (EC) No 423/2004 required that fishing vessels give prior notification of their
landing of more than one tonne of cod. Vessels carrying more than two tonnes of cod were
also required to land only in designated ports. The permitted margin of tolerance in the
estimation of quantities reported in the logbook was reduced to 8 % of the logbook figure.

Council Regulation (EC) No 1928/2004, of 25 October 2004, amended Regulation (EC) No
2287/2003 in order to align the provisions for effort limitation, monitoring, inspection and
surveillance with those in Regulation (EC) No 423/2004.

A corrigendum to Council Regulation (EC) No 867/2004 amended restrictions on fishing for
cod in the West of Scotland in order to avoid unnecessary social and economic hardship.
Fishing activities that do not catch cod were permitted within the area closed for cod fishing to
the west of Scotland, with the provisions that these activities were clearly defined (shellfish,
crustacean and pelagic fishing), enforceable, and did not cause an additional risk to the
remaining stock of cod.

Other Regulations specific to particular stocks are described in the relevant Stock Sections.
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Recent ICES Advice in the Context of Mixed Fisheries

1.8.1 Mixed fisheries advice for 2005:

For West of Scotland mixed-species fisheries ICES gave the following advice for 2005
(ACFM report, October 2004):

“Demersal fisheriesin Subarea VI should in 2005 be managed according to the
following rules, which should be applied simultaneously:

They should fish:

without catch and discards of cod in Subarea VI;

e in accordance with a recovery plan for northern hake or within an effectively
implemented TAC of less than 33,000 t covering all areas where northern hake
is caught;

e nodirected fishery for haddock in Division VIb;
e  concerning deepwater stocks fished in Subarea VI;

within the biological exploitation limits for all other stocks.

Furthermore, unless ways can be found to harvest species caught in mixed fisheries
within precautionary limits for all those speciesindividually, then fishing should not be
permitted.”

For Irish Sea mixed-species fisheries |CES gave the following advice for 2005 (ACFM report,
October 2004):

Fisheriesin the Irish Sea should in 2005 be managed according to the following rules,
which should be applied simultaneously:

They should fish:
e without bycatch or discards of cod and minimal catch of whiting;

e without jeopardizing the recommended reduction in fishing mortality of
haddock and plaice;

e withinthe biological exploitation limits for all other stocks.
Furthermore, unless ways can be found to harvest species caught in a mixed fisheries within
precautionary limits for all those species individually, then fishing should not be permitted.”
1.8.2 Mixed fisheries advice for 2006:

For West of Scotland mixed-species fisheries ICES gave the following advice for 2006
(ACFM report, October 2005):

“Demersal fisheriesin Subarea VI should in 2006 be managed according to the
following rules, which should be applied simultaneously:

They should fish:
e without catch or discards of cod in Subarea VI;
e without catch or discards of spurdog;
e nodirected fishery for haddock in Division VIb;
e concerning deepwater stocks fished in Subarea VI;

e within the biological exploitation limits for all other stocks.
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Furthermore, unless ways can be found to harvest species caught in mixed fisheries
within precautionary limits for all those species individually, then fishing should not be
permitted.”

For Irish Sea mixed-species fisheries | CES gave the following advice for 2006 (ACFM report,
October 2005):

Fisheriesin the Irish Sea should in 2006 be managed according to the following rules,
which should be applied simultaneously:

They should fish:
e without bycatch or discards of cod and spurdog, and minimal catch of whiting;

e without jeopardizing the recommended reduction in fishing mortality of
haddock;

e within the biological exploitation limits for all other stocks.

Furthermore, unless ways can be found to harvest species caught in mixed fisheries within
precautionary limits for all those species individually, then fishing should not be permitted.”

Recommendations

In consideration of the state of current assessments of WGNSDS stocks the Working Group
recommends the following Stock Assignments for WGNSDS in 2007:

OBSERVATION BENCHMARK UPDATE EXPERIMENTAL MONITORING
LisT
Cod Vla Haddock Via Haddock VIb Megrim Vla
Cod Vlla SoleVlla Haddock Vlla Megrim VIb
Plaice Vlla Whiting Vla Whiting Vlla
Nephrops FU 11/12/13/15 NephropFU14
Anglerfishlla,
g IV & VI

1.9.1 WGNSDSresponse and recommendations to WGMethods

The working group found it difficult to ascertain aspects of model behaviour for a number of
the assessment methods that were used during the meeting. Whilst some methods have
undergone some simulation testing there is a clear need for further work in this area as well as
the provision of improved diagnostic tools and comprehensive documentation.

Particular issues in 2006 related to the quality of the model fit, which, in SURBA for example,
is currently determined largely from consideration of the log residuals from the fitted model
and the considerations listed in section 2.7. In a multi-fleet SURBA analysis it is difficult to
determine whether the addition of an extrafleet provides an improved model fit. Theinclusion
of an AIC or similar statistic in the diagnostic output may provide additional information with
this respect although it is noted that the use of an AIC becomes invalid when data set being
examined is not fixed.

Parameter estimates from TSA analyses are presented in the report with little information to
indicate their individual relevance and importance. Comment is made on the degree of change
in parameter estimates from runs conducted in previous years but there is little information to
indicate how well the parameter has been estimated or how significant the change may be.
Diagnostic plots showing the likelihood profile of each parameter estimate would provide
useful information on the ability of the model to estimate individual parameters.
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1.9.2 WGNSDSresponse and recommendations to SGFTFB

A draft copy of the 2006 SGFTFB report was made available to WGNSDS during the meeting
this year. Information provided by SGFTFB has been included, where appropriate, in the
fishery descriptions section and in the management considerations section of the individual
stock sections of the report.

Members of the WGNSDS found the structure of the report very helpful with the information
provided being clearly presented for each management area.

1.9.3 WGNSDSresponse and recommendations to IBTSWG and survey groups

WGNSDS is aware of the proposed format of survey information to be provided by IBTSWG
which includes distribution maps of the survey stations and specific information relating to the
most recent survey results. WGNSDS welcomes the provision of such information as well as
the provision of estimates of precision for some surveys, which, it is understood will extend to
al surveysin due course.

Whilst this information is very useful and should assist the working group considerably in
making choices regarding the appropriateness of particular models and model settings, the
information can, currently, only be used in a largely qualitative manner. Although some
methods, such as ICA, allow a user defined weighting to be applied to individua tuning
indices, many methods do not and none of the methods used by this group specifically
incorporate sample-based precision estimates for survey indices.

Whilst the provision of methods that are capable of incorporating such information should not
necessarily be a concern for IBTSWG, WGNSDS recommends that members of IBTSWG
apply current survey based assessment methods (eg. SURBA) to the data that they provide so
as to increase understanding of how such information is being used by assessment working
groups. With regards the development of appropriate methods, WGNSDS recommends that
WKSAD be re-convened with a specific term of reference to investigate and apply methods
for incorporating survey variance in stock assessment models.

WGNSDS meets relatively early in the year (May). For information supplied by IBTSWG to
be effectively incorporated into the assessments, data should ideally be supplied 2 to 3 weeks
prior to the working group meeting, as is required of other data providers, thus alowing
sufficient time for data collation and preliminary analyses to be conducted.

An assessment approach using UW TV survey information has been employed again for
stocks of Nehphrops in Via and has also been applied, this year, to nephrops in Vlla
WGNSDS recommends that a TV survey workshop be held in 2006/7 to further investigate
the application of this approach to nephrops stocks and also the potential for applying the
method to other demersal species.

DATA AND METHODS

The stocks within the remit of this Working Group are tabulated in Table 2.1 along with the
type of assessment carried out and an indication of whether this reflects a change to previous
practices.
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2.1

Table2.1 2006 Working Group on the Assessment of Northern Shelf Demersal Stocks.
Summary of past and current practices for stock assessment.
SPALY denotes that the Same Procedure As Last Y ear was used.
Working Group:
Stock: 2002 2003 2004 2005 2006
Division lla, 11,1V and VI
Anglerfish  Catch-at-sizeanalysis SPALY No assessment No assessment No assessment
Division Via (FU 11, 12 & 13 for Nephrops)
Cod TSA, short- & medium- SPALY Modified TSA & SURBA TSA, no
term predictions XSA assessments catch 1995-
Haddock TSA, short- & medium- SPALY Modified TSA & SURBA TSA, no
term predictions (& XSA assessments (compared to catch 1995-
discards) update of XSA,
TSA)
Whiting TSA, short- & medium- SPALY Modified TSA & SURBA SURBA
term predictions (& XSA assessments (compared to
discards) update of TSA)
Megrim Separable VPA SPALY Collie-Sissenwine No assessment No assessment
Analysis
Nephrops XSA, Trend analysis  SPALY No assessment TV Survey TV Survey
Division VIb
Haddock XSA, short-term No assessment No assessment XSA including SPALY
predictions discards
Division Vlla (FU 14 & 15 for Nephrops)
Cod XSA, short- & medium- SPALY XSA & TSA SURBA B-Adapt
term predictions assessment
Whiting XSA, short-term SPALY No assessment No assessment No assessment
predictions (&
discards)
Haddock XSA, short-term SPALY XSA, TSA, SURBA  SURBA SURBA
predictions assessments
Plaice XSA, short- & medium- SPALY ICA, short-term SPALY SPALY
term predictions projections
Sole XSA, short- & medium- SPALY SPALY SURBA, FSSSPS XSA?thc
term predictions for forecast
Nephrops XSA, Trend analysis  SPALY No assessment No assessment TV Survey
Catch Data
2.1.1 Official Landings

The Coordinating Working Party on Fishery Statistics (CWP) coordinates collection of
nominally reported catch statistics under the STATLANT programme. The website was

accessed through 'http://www.ices.dk/fish/statlant.asp and used to obtain 2005 official catch

statistics.
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2.1.2 Misreported Landings

The WG has included misreported landings within the “unallocated” landings figures reported
for each stock. These unallocated landings represent adjustments to nominal landings figures
to correct either for misreporting or for differences between official statistics and data
obtained by national scientists. The general term misreporting is used throughout this report to
include misreporting by area, misreporting of landings by species and under- or over-reporting
of landings.

The main inadequacy in landings data available to WGNSDS is the unknown level of
misreporting. Anecdotal information provided by fishermen from several countries indicates
that under-reporting of landings of some species is widespread and significant, particularly for
stocks with restrictive TACs. Furthermore there is evidence of over-reporting of landings of
some species for which TACs are not set, or are not restrictive. Mis-allocation of landingsinto
other TAC aress is aso known, although the WG has attempted to correct for this where
possible: for example Irish Sea cod and Celtic Sea cod.

Previous assessments of some WGNSDS stock have included estimates of landings by one
country based on a quayside survey of landings rather than official log-book data. This
resulted in substantial unallocated catches implying significant misreporting, and this was
identified by ACFM as a major concern. The Annual Mesting of Assessment Working Group
Chairs (AMAWGC) (ICES 2005) advised that it is no longer acceptable to make estimates of
mis- and non-reporting and make corrections to catch data without revealing the sources of
both the data and the problems. Term of Reference g) asks the WG to provide information on
the distribution of misreporting and the methods used to obtain information on misreporting.

As the misreporting estimates used previously by WGNSDS are for one country only, and
there is evidence that the practice is more widespread, the WG cannot provide the
transparency requested by AMAWGC. However, the absolute values of landings and landings
at age, based on reported catches, are considered too biased in recent years to alow an
analytical catch-based assessment without a procedure to allow for the potential bias. As the
bias can be manifest in apparent trends in survey catchability, WGNSDS has this year adopted
assessment methods for west of Scotland and Irish Sea cod, and west of Scotland haddock,
that combine the full time series of survey data with fishery data from an earlier period (also
covered by the surveys) when the landings data are considered relatively unbiased. The
methods (B-ADAPT and TSA) effectively scale the survey indices to the absolute population
estimates derived from the period of un-biased fishery data. The TSA method applied to Vla
stocks excluded all fishery data from the estimation from 1995 onwards, whereas the B-
ADAPT method applied to Irish Sea cod estimated the bias in total removals from 2000
onwards, but retained the relative age composition data from the fishery. Both methods
provide estimates of the total annual removals for a recent period (in excess of the assumed
M) consistent with removing any trends in survey catchability. However, the figures may
include additional discards or natural mortality aswell as any misreported landings.

The history of WG attempts to quantify misreporting is given in the 2000 WG report (ICES
CM:200/ACFM:01). A summary of past practicesis given below.

Stocksin Sub-Area VI

Previous Working Groups had expressed a view that misreporting of area VI gadoids had not
been significant because of low availability of fish relative to quotas. However, recent
Working Groups have not been able to make an informed judgement on misreporting of area
VI gadoids. Values for misreported landings of Vla haddock in 1992 — 1994, inferred from
survey data, are given in ICES CM 1996/Assess:1 and ICES CM 1997/Assess:2.
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For anglerfish and megrim in Division Vlathe existence of arestrictive precautionary TAC in
Division Vla but no catch restrictions in the adjacent areas of the North Sea up until 1998 is
suspected to have led to extensive reporting of catches from Vlainto IVa Such an effect is
apparent in the reported distribution of catches by one nation where catches of anglerfish and
megrim reported from the statistical rectangles immediately east of the 4°W boundary (the E6
squares) have accounted for a disproportionate part of the combined VIa/North Sea catches of
these species. This proportion has reached up to 57% in the case of anglerfish and 75% in the
case of megrim. Asit is strongly suspected that the large majority of catches reported from the
E6 squares are actually taken in Division Vla the landings totals used in previous assessments
of these stocks had been corrected for this effect. The correction was applied by first
estimating a value for the true catch in each E6 square and then allocating the remainder of the
catch into Vla squares in proportion to the reported catches in those squares. The ‘true’
catches in the E6 squares were estimated by replacing the reported values by the mean of the
catches in the adjacent sguares to the east and west. This mean was calculated iteratively to
account for increases in catches in the Vla sguares resulting from reallocation from the E6
sguares.

Stocksin Division Vila

Misreporting of cod, haddock and whiting in the Irish Sea has occurred during the 1990s due
to restrictive quotas. This has mainly taken the form of misreporting between Vlla and
surrounding regions (mainly from the Celtic Sea into the Irish Sea), and misreporting of
species compositions (both over- and under-reporting). Reported (official) landings data from
one country taking a significant part of the international catch have in the past been adjusted at
source for area-misreporting based on local knowledge of fleet activities. Landings at three
ports have been estimated since 1991 using a sampling method based on observations made by
scientists taking length measurements in the ports. The total landings are estimated either by
raising the mean observed catch per landing to total number of landings (by port and gear
type) where at least one of the species was reported, or (in some earlier years) adjusting the
reported landings by the ratio of observed to reported landings. Further details are given in
ICES CM 1999/ACFM:1.

The sample-based estimates of landings at official fish markets exclude any “black” landings
made at non-designated ports or times and correct only for misreporting of species
compositions. Possible increases in black landings may have occurred in the more recent years
when some TACs have been set to achieve substantial reductions in fishing mortality without
effective mechanisms for controlling fishing effort to the necessary extent. Thisis of concern
not only for the accuracy of the assessments, but also for the appropriateness of assessment
methods such as XSA in which survey and commercial CPUE data are evaluated against
population numbers reconstructed from commercial catch data (see aso Casey, J. Working
Document 5; 2002 meeting of WGNSSK ICES CM 2003/ACFM:02). Concerns about the
incompleteness of the sample-based landings estimates has resulted this year in the landings of
cod from 2000 onwards being treated as biased in a B-ADAPT analysis, athough the relative
age composition data are retained.

2.1.3 Discards

Implementation of the EU Data Collection Regulation (Commission Regulation (EC) No
1639/2001) has resulted in some discard data being available for most stocks within the scope
of WGNSDS. High grading is suspected in some stocks, although its significance has not been
possible to estimate.

Unfortunately, the inclusion of new series of discard data in stock assessments is not
straightforward. Available discard data are highly variable. The discarding behaviour can
change according to fleet, areas, time and importance of a year class. Raising protocols to
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estimate the total volume of discards in a given stock differ between countries. Sampling and
raising procedures therefore need to minimise bias and maximise precision. Unfortunately, it
is still difficult to determine the accuracy (or bias) in most discard estimations as raising
procedures till rely upon commercial logbook information which suffers from misreporting.

Several methods have been developed to estimate discards of young commercial fish species.
These can be considered in two groups; direct and indirect methods of estimation (Sokolov,
2003). Direct methods are based on the measurement of fish directly onboard the fishing
vessels (Hylen, 1967; Hylen and Smedstad, 1974; Jermyn and Robb, 1981; Tamsett, 1999).
Indirect methods use other data sources and assumptions to calculate discards:

e (uantitative estimation of small fish discards can be done on the basis of comparison
of length measurements by onboard observers and shore-based sampling of landings
(Palsson et al., 2002; Palsson, 2003, Sokolov, 2003),

e results from studies of fishing gear selectivity followed by recalculation of the
reported catch (DingsOr, 2001, Matsushitaand Ali, 1997),

e analysis of catch length frequencies on the assumption that all fish shorter than a
certain length are discarded (Sokolov, 2001),

e interviewing of skippers on their return to harbour and analysis of their reports,

e (data provide by skippers directly at sea for a small consideration (Jermyn and Hall,
1978).

The choice of one or another method to estimate discards depends on the availability and
completeness of initial data. Each stock section includes further comments on available
discard data.

Biological Sampling

Table 2.2 shows which countries provided assessment data to the Working Group for the year
2004, and the form of data provided. An increased amount of discard data was provided to the
WGNSDS,qs for several stocks. The level of sampling in 2004 for core assessment data
(numbers of samples, length measurements and age-length keys) is indicated in table 2.3,
where data were available for individual countries. Unfortunately estimation of the intensity of
sampling (through comparison with the total international landings) was not possible for most
stocks at WGNSDS,qs. Deficiencies in sampling (if any) are discussed in the relevant stock
Section.
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Table2.2 2006 Working Group on the Assessment of Northern Shelf Demersal Stocks.
A summary of countries from which 2005 assessment data was provided
for the stocks covered by WGNSDS.
Data Cod Haddock Whiting Plaice|Sole |Megrim Anglerfish Nephrops
Via |VIb* [Vila [Via |[VIb [Vila [Via [VIb* [Vila [Vila |vila [via [Vib [via [vib [lla [ila IV [FUl1]FU12|FU13[FU14][FU15
Catch weight E&W [E&W[B [E&W[E&W[B [sc [E&wW[B [B [B [Fr [Fr [E&W[IR [No [Dk [B  [sc [sc [sc  [E&W[E&W
(main exploiters) NIl IR |E&W|Fr |IR |E&W|E&W IR |E&W [E&W |[E&W|[IR IR |Fr | G |Dk IR |[IR
No |[sc |[Fr [IR |No [IR |Fr |sc [IR [Fr [Fr NI G |Fr No |E&W NI |NI
S |Fr IR [Nl R NI |IR NI IR [IR |B IR |B Sw |No
IR loM [No |[Sc |sc NI Sc [NINI|sc NI Sc
F NI |Sc Fr S |sc Sc GNL
S |sp Sp Sw
Catch length IR EGEW[IR [IR [IR [IR Eew[eaw([B [IR [IR [IR No Dk [sc [sc [sc [E&W]IR
Sc IR |Sc |R NI |sc IR |IR [E&W No
NI Sc NIINE[IR
Catch ALK IR EEW[IR [IR [IR [IR IR [eaw[B [IR [IR [IR
Sc IR |Sc |R NI |sc IR |E&W
NI Sc IR
Catch wt-at-age IR EGEW[IR [IR [IR [IR IR [eaw[B [IR IR [ [sc Sc
Sc IR |Sc |R NI |sc IR |E&W IR
NI Sc IR
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Data Cod Haddock Whiting Plaice|Sole |Megrim Anglerfish Nephrops
Vla |Vib |Vlla [Vla |VIb |Vlla [VIa |Vib |Vila |Vlla |Vlla |Vla |VIb [VIia |VIb |lla |(llla [IV FU11 |FU12 |FU13 |FU14 |FU15
Discard weight Sc E&W |Sc IR Sc IR IR B IR Sc Sc Sc E&W |IR
IR IR IR E&W
Discard length Sc E&W |Sc IR Sc IR B B IR Sc Sc Sc E&W |IR
IR IR IR IR
E&W
Discard ALK S E&W |Sc IR S IR IR
IR IR IR
Effort IR E&W |IR R IR IR E&W |B B IR IR Sc Sc E&W|Sc Sc Sc E&W |E&W
Sc IR Sc IR NI Sc IR E&W |E&W NI E&W Sc IR IR
NI Sc NI IR IR E&W NI
CPUE IR E&W [IR R IR IR E&W |B B IR IR Sc Sc Sc E&W E&W
Sc IR Sc IR NI Sc IR E&W |E&W IR IR
NI Sc IR IR NI
Survey indices IR E&W [IR Sc IR IR E&W |[E&W |E&W|IR
Sc IR Sc R NI Sc IR
NI Sc NI
Sc Sc Sc Sc Sc NI/IR

*=No assessment

B: Belgium, Dk: Denmark, E&W: England and Wales, Fr: France, G: Germany, IBTS: Combined IBTS data, IR: Republic of Ireland, IoM: Isle of Man,
NI: Northern Ireland, No: Norway, NL: Netherlands, Sc: Scotland, Sp: Spain, Sw: Sweden, R: Russian Federation
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Table2.3 2006 Working Group on the Assessment of Northern Shelf Demersal Stocks.
Biological sampling levels by stock and country:
Number of fish measured (Length) and aged (Age) from catchesin 2005.
Number of samples is shown beneath the sample type in (brackets).
Data submitted by fleet/fishery are shown in bold type.
) England and a Northern Republic of Russian
Belgium | Denmark Wales Norway Ireland Ireland Federation " Scotland
Length Age|Length Age| Length Age |Length Age | Length Age| Length Age | Length Age | Length Age
Cod:
Via (landings) 182 51 | 1,203 754 4,686 2,334
@ @ (18 (30
Via (discards) (476) 87 180 152
Vb (landings)
Vila(landings) 325 285 2513 319 8182 622| 2632 763
@4 @ (22) (157) (14| (68) (29)
) 44 71
Vlla(discards) ‘g;) 2(‘31;’ S (8)5
Haddock:
Via (landings) 403 1,856 600 13235 2941
O] (16)  (18)
Via (discards) 1,(77()35 169 8,721 1,297
i 1,795 553 | 56,806 563 1,587 264
V1b (landings) (10) 13 279)
Vb (discards)
Vila (landings) 560 185 7341 510| 1,015 540
@4 @ (102) (16) | (18) (22
) 2812 22
Vlla (discards) 3’(:535 2(2;’ (E;) 8
Whiting:
Via(andings S 6154 1391
Via discards) 920 114 10506 1,129
: 210 80 755 9 513 113
Vlla (landings)
(landings) @ @ @ ) @ @
Vila (discards) 3'(35)’5 2(2)5 S 3’(‘;‘)55 303
Plaice:
Vila (landings) 7,350 450 6,881 1,108 611 5681 650
| (6 (39 (8 (54 (21
Vila(discards) 7’(2?0 2(2;) s s 1‘(98?4 207
Sole:
Vila (landings) 9,340 660 6,099 1,037 2215 284
¢ ® © (a4) 28)  (5)
6,270 90 S S 4 2

Vlla(discards)

8

®)
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g | ok | PO | oyt | N | FRnd | e o
Length Age|Length Age| Length Age |Length Age | Length Age| Length Age | Length Age | Length Age
Megrim:
Vla (landings) ?g)Z CZZSJ 8101 352
Vla (discards) lk(;?S 188
VIb (landings) 7(;;3 ‘22;3
Vb (discards)
Anglerfish
Ila(landings) ?543 0 0
IVa& Illa (landings) 1648 497" o o0 16,985" 955"
(23) (80)
IVa& Illa (discards) ‘23;3 0 0 1250 0
Vla(landings) 1(15;2 (51732) 10,083 689
Vla(discards) %%3 131 58 0
VI1b (landings)
Vb (discards)
Nephrops
FU11 (landings) 3%%?4
FU11 (discards) 1?22())5
FU12 (landings) 1?3%())1
FU12 (discards) 7( i.:ZLL)Z
FU13 (landings) 3?42(‘35);4
FU13 (discards) 5,(26)39
] 1,920
FU14 (landings) ®
FU14 (catches) 2(?2)6
FU15 (landings) 3((),207:)L8
FU15 (discards) 5?,371‘)15

& Norwegian sampling is carried out at sea, sampling the catch. Includes samples from Danish vessels operating in Norwegian EZ.
®: Russian sampling is carried out at sea, sampling the catch. Survey dataincluded

% Only Lophius piscatorius are aged.

S: Samples were collected and data was presented to the WG, but information on numbers of age & length samples was not available.

"V: Samples from the North sea (Sub-area V) only.
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2.2.1 Compilation and Aggregation of Catch Data

Institutes submitted data to the WGNSDS,q in similar formats to that previously provided.
Increasingly formats that may better support mixed-fisheries analyses and assessments are
used. For stocks in Divisions Vla and Vlla catch-at-age data have been provided by most
countries by fleet/fishery and species rather than by stock. The fleet/fishery groupings used are
consistent with those agreed by the SGDFF,4 for demersal fisheries in Vla and Vlla
Institutes sometimes did not have sufficient sampling to support dis-aggregation into fleet
specific catch-at-age datasets. In such cases the data co-ordinators allocated the most
appropriate alternative age compositions and weights-at-age to the unsampled catch.

The assessment data files are retained on the ICES network in the ASCII format used by the
stand-alone assessment packages. All revisions to these files for individual stocks are
discussed in the separate stock sections.

The stocks assessed by WGNSDS can be split into groups for which different data
compilation and aggregation procedures are used. These groups are the Area VI gadoids, the
Irish Sea gadoids, the Irish Sea flatfish, and the Nephrops stocks. For the other stocks assessed
by this WG, assessments are generally at a more preliminary stage and data compilation had
been on amore ad hoc basis.

UK (Scotland) Data | ssues— 2005

Two important developments occurred in 2005 that have strongly influenced the availability
of Scottish fisheries data relating to that year. These developments and their implications for
Scottish data for 2005 are discussed below:

Log book database

Fisheries log-book data for Scotland are collected via local fishery offices which populate the
Scottish Fishery Information Network database (FIN) electronically FIN is a system operated
by Scotland’s fishery protection agency and central fisheries administration. Partially-
aggregated information from FIN is routinely transmitted to the FRS Marine Laboratory for
entry into its own database.

The introduction into Scotland of Statutory Instrument 2005 No. 286 (The Registration of Fish
Sellers and Buyers and Designation of Auction Sites (Scotland) Regulations 2005) meant that
FIN had to be modified to account for the enhanced statutory fish-landing reporting
requirements under the new regulation. The updated version of FIN went live on 1 September
2005, coinciding with the formal commencement of the enhanced reporting requirements.

It became apparent that under the new version of FIN, not all fishing landings records within
FIN were being transmitted to FRS with ICES rectangle data associated with them (but only
for data from 1 September onwards). On transfer to the FRS database system, records without
this information were rejected. Consequently the Scottish market and discard sampling data
could only be applied directly to those records that were accepted by the FRS system. FRS
was in a position to know the quantity of landings that were rejected (by species and ICES
Division), and so, with the exception of Nephrops data, the overall Scottish age compositions
have been inflated by these amounts when compiling the international datasets for use by the
working group. It was not possible to account for such discrepancies for Nephrops because of
the multiple functional units that exist within ICES Divisions.

FRS has been assured that the FIN “problem” will be addressed shortly and in a way that
should permit revisions of the data supplied to FRS since 1 September 2005. When this
happens, Scottish age compositions etc will be revised.
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FRS database

The FIN ‘issues’ arose in the first operational year of a new fishery database (FMD) within
FRS. FRS’s old VAX system had been semi-withdrawn from service and a new SQL server
database replaced it. It was not possible to run both systems in parallel during the first year of
FMD operations, so 2005 fisheries and biological data were entered solely into the new
system.

This resulted, as was anticipated, in a great deal of checking of outputs and the reporting and
fixing of bugs through 2005 and into 2006. This process has continued up to the release of
data for this working group. Checks are continuing, and these may result in further (albeit
likely small) revisions to 2005 age compositions etc.

Ila, Illa, IV & VI Anglerfish

Data are supplied to the stock co-ordinators electronically. Data handling and aggregation is
handled by standard spreadsheets that incorporate SOP checks at each stage. The files retain
the full seasonal and gear disaggregation of the supplied data. Length compositions for
landings where no length data are supplied are estimated using user-specified fill-in rules.
Assessment files are updated manually and data are stored in spreadsheets with one worksheet
per year.

Area VI Gadoids

Data are requested by the stock co-ordinator in electronic form in a specific format, although
the format is not always adhered to by the Institutes submitting data. The data are then stored
in ASCII files that retain the quarterly and gear disaggregation in which the data are supplied.
At present the file handling and data aggregation are done by a series of BASIC programs.
The programs do not perform any checks on the data. SOP-correction is optiona, but is
usualy applied to ensure consistency given SOP discrepancies in some fleets in the early
years of the data. Age compositions for landings where no age data are supplied, are normally
estimated using the total age composition across all fleets for which age data are available.
More appropriate age compositions and weights-at-age can be allocated to the unsampled
catch but this process has to be done externally to the data aggregation program. The programs
writes a complete set of assessment data files so it is straightforward to update the assessment
data each year.

Irish Sea Gadoids and Area VI Megrim

Data are supplied to the stock co-ordinators electronically. Data handling and aggregation is
handled by standard spreadsheets which incorporate SOP checks at each stage. Thefilesretain
the full seasonal and gear disaggregation of the supplied data. Age compositions for landings
where no age data are supplied are estimated using user-specified fill-in rules. Assessment
datafiles are updated manually. Data are stored in spreadsheets, with one worksheet per year.

Irish Sea Flatfish

Data are supplied to co-ordinators electronically, and the data handling and aggregation is
handled by a series of spreadsheet macros. Some SOP checking is included in these macros.
Raw data are not routinely SOP corrected, athough SOP corrections are applied to the
combined and smoothed total international weights at age. The files retain the full seasonal
and gear disaggregation of the supplied data. Age compositions for landings where no age data
are supplied are estimated using user-specified fill-in rules. The data for one year are stored in
an individual spreadsheet file, making it less straightforward to update data for al years. The
process includes independent checking of the data by two people.
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Nephropsin Management Area C (West of Scotland)

These fisheries are conducted predominantly by Scotland, and catch data is not provided by
other countries. Quarterly length distributions by sex (raised to Scottish Nephrops trawler
landings) are compiled, and stored in an annual data sheet. These are combined with quarterly
discard files in an in-house data aggregation programme, to generate annua length
distributions of removals in asingle file. For catch-at-age analysis this data file is then sliced
with the WGNEPH programme L2A GE, which generates the L owestoft input files.

Nephropsin Management Area J (Irish Sea)

Irish Sea Nephrops fisheries are conducted mainly by Ireland and the United Kingdom with
Northern Ireland taking over 60% of the catch from the western fishery (FU15). A lack of co-
operation by the Northern Ireland industry prevented sampling during 2003 and 2004.
Quarterly length distributions by sex from Ireland were therefore raised to the international
Nephrops trawler landings and stored in an annual data sheet. These were combined with
quarterly discard files, to generate annual length distributions of removals in a single file. For
catch at age analysis this data file was then sliced with the WGNEPH programme L2AGE,
which generates the Lowestoft input files.

Biological Parameters of Stocks

Previous ACFM reviewers have commented on the different methods used by the WG to
estimate stock weights, and have been particularly concerned at using catch weights as the
proxy for stock weights. The declining abundance and age composition in heavily exploited
gadoids means that weights at age may be poorly estimated for the older ages where few fish
may be represented in the age length keys for the catches. This adds un-necessarily to the
uncertainties in mean weight at age in the forecast, both for catch and stock. In cases where
catch (or even worse, landings weights) for partially recruited ages are used as stock weights,
the biomass will be over-estimated for these ages. This can lead to incorrect total biomass
estimates.

There is a need for this (and presumably other WGs) to develop a consistent methodology for
() dealing with the variability introduced by small numbers of fish at the older agesin ALKs
and (b) to develop robust and consistent methods for estimating stock weights that are not
influenced unduly by sampling error and that track real changes in growth of different year
classes.

The interaction between maturity ogives and stock weights influences the estimation of
reference points for spawning stock biomass. The maturity ogives for some of the stocks
assessed by the WG have remained unchanged for many years and may no longer be
appropriate. The ogives for Irish Sea cod, plaice and sole were revised following sampling
carried out as part of an EU contract to estimate SSB using the annual egg production method.
However, the use of these ogives for the full historic series may not be appropriate,
particularly in view of the large changes in stock size over time.

Biological data collected under the EU Data Collection Regulation (Comm. Reg. (EC) No
1639/2001) is now being submitted to the WGNSDS Biological data on stocks only partially
within EU waters is also being provided. The WG recommends that a comprehensive review
of the biological parameters of the stocks should be carried out, including analysis of recent
survey data and an evaluation of the information (if available) on which historic estimates
have been based.

Biological parameters may be poorly estimated when the declining abundance and contracting
age composition of heavily exploited stocks means that few fish could be sampled. The
WGNSDS considers that this problem may be aleviated through co-ordinating sampling of
fisheries Institutes. WGNSDS notes that a provision exists within the Data Collection
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Regulation encouraging an improvement in the precision of the estimation of biological
parameters through co-operation between EU Member States.

Fleet Catch per Unit Effort Data

Most of the Commercial CPUE fleet data provided to the Working Group are described in
Appendix 1 and 2 of the report of the 1999 Northern Shelf Demersal Working Group. Some
new series were described in the 2002 WG Report (ICES CM 2003/ACFM:04). The
geographical areas covered by these fleets in relation to the stock assessment areas are
presently being incorporated into the Stock Annexes. These annexes will eventually include
descriptions of commercia fleet tuning series, including areas covered, sampling protocols
and a time series of commercial vessel effort distribution for the main gears used in the
fishery.

Fishery- Independent Surveys

The poor quality of catch information has forced an increased reliance on fishery-independent
data at WGNSDS. Some of the survey-based assessments rely heavily on estimates of year-
class strength from survey data with relatively high variance. The low number of young cod
caught by surveys in Division Vla indicates very low catchability of small recruiting year-
classes on these surveys. At such levels of catchability the survey estimates are highly variable
and heavily influence survey-based assessments.

Most surveys providing data to the Working Group are described in Appendix 1 and 2 of the
report of the 1999 Northern Shelf Demersal Working Group. The first two years of a new
survey series for the Irish Sea (cod, haddock, whiting, plaice and sole) and West of Scotland
(Cod, Haddock, Megrim and Whiting) were provided to the WG this year from the Irish (RV
Celtic Explorer) Quarter 4 IBTS survey. A description of the Underwater Television surveys
(UWTV) used for Nephrops stocks is given in Section 2.5.1.

The geographical areas covered by the surveys in relation to the stock assessment areas are
presently being incorporated into the Stock Annexes. These annexes will eventually include
descriptions of the surveys, including their spatial coverage, sampling protocols and the
temporal and spatial trends in distribution and abundance of target species.

2.5.1 Underwater TV surveys for Nephrops

Nephrops is a mud-burrowing species that is protected from trawling while within its burrow.
Burrow emergence is known to vary with environmental (ambient light level, tidal strength)
and biological (moult cycle, females reproductive condition) factors. This means that trawl
catch rates may bear little resemblance to population abundance.

Underwater television (UWTV) surveys have been developed to estimate stock size from
burrow densities (Bailey et al., 1993; Marrs et al., 1996; Froglia et al., 1997; Tuck et al.,
1997). Annual surveys started at the Fladen Ground in the North Seain 1992, and began to the
west of Scotland in 1994,

Scottish Underwater Survey methodology

An underwater colour TV camera (Kongsberg-Simrad OE1364) is mounted on an aluminium
sledge (Shand and Priestly, 1999), towed slowly (< 1kt) astern of the survey vessel. The
camera is arranged on the sledge to view obliquely forwards between the runners of the
dledge, with a width of view of approximately 1m. Lighting for the camera is provided by
underwater lights mounted on the sledge, and powered from the vessel through the umbilical.
A micro-range finder is mounted vertically on the sledge to provide information on the height
of the camera above the seabed, and the degree of sinking of the sledge runners into the mud
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sediment. These data, together with camera lens angle specifications, are used to calculate the
dimensions of the camera field of view. An odometer wheel is used to measure the distance
travelled along the seabed during a TV run, typically lasting for 10 minutes. Data on the vessel
location, elapsed time, sledge depth, range finder and odometer readings are recorded during a
TV run with ‘in-house’ data logging software.

Recordings are made of each TV run, and burrow counts made both at the time of recording,
and subsequently by at least two experienced observers under controlled conditions.
Discrepancies between counts are investigated. The counts are converted into densities using
information on the width of view of the camera and length of the tow. Burrow occupancy is
assumed to be 100% in estimating total stock abundance. Field studies using SCUBA have
shown that Nephrops regularly maintain and repair their burrows, and that trawling fills in
burrow openings. Multiple occupancy of burrows has also been observed. Overal animal
abundance is estimated by raising the mean densities to the appropriate strata area. Total
survey abundance variance and confidence limits are calculated from strata abundance
variances.

UWTV surveys use arandom stratified design, with the basis of stratification varying between
stocks on the west coast of Scotland. Seabed sediment information is used to stratify the Firth
of Clyde and South Minch surveys, while aregular grid is used for the North Minch stock.

Surveys have been conducted in June in most years, but occasionally have been delayed until
September owing to other vessel commitments. However, since the survey counts burrows
rather than animals, there are no behavioural implications of small changes in survey timing.

Irish/Northern Ireland Underwater Survey methodology

The methods used during the survey were similar to those employed for UWTV surveys of
Nephrops stocks around Scotland. The main difference between these Irish surveys and
Scottish surveys is that the area observed is estimated rather than directly measured. This is
because the field of view of the camerais not corrected using the range finder data and to date
vessel distance over ground rather sledge distance over ground from an odometer has been
used. There are minor differences in sledge design, camera equipment and recording media
used which are detailed in Lordan et al. (2003).

The Irish/Northern Ireland survey istimed such that it occurs after the main summer fishery in
August-September and during a period of neap tides. Stations are on afixed regularly spaced
grid approximately 3.5 nautical miles apart with has been off set randomly each year. This
design was chosen since it is more appropriate for later geostatistical analysis.

Advice from TV data

At the 1999 meeting of WGNEPH, concern was expressed that the TAC set at the time was
unredlistically low for the Fladen Ground stock, given its large size and the expanding fishery
(ICES, 1999). It was feared that this would encourage misreporting and lead to deterioration
of the information for the stock, and ultimately the chance of not detecting future problems
that might arise. As a consequence, the advice moved away from the previous reliance on the
historical landings data as a basis for providing a TAC recommendation. Instead, the
independent estimates of stock abundance provided by the TV survey were used to estimate a
likely landings level. This estimate was based on a 'harvest ratio' (defined here as catch in
numbers/stock abundance) from the lower end of the harvest ratios observed across a range of
other Nephrops stocks, as calculated during the 1998 Nephrops Study Group (ICES, 1998).
This approach was also adopted at the 2001 and 2003 meetings of the WGNEPH. Given the
generally low density of Nephrops at the Fladen Ground, and greater uncertainty over the
reliability of recruitment compared to more intensively studied inshore stocks, a conservative
harvest ratio of 7.5% of the abundance was considered appropriate by WGNEPH, and
accepted by ACFM. Estimated harvest ratio’s for other Nephrops stocks range from 9.7 — 33%



2.6

ICES WGNSDS Report 2006 33

of the biomass, based on reported landings and stock sizes from analytical assessments (ICES,
1998).

Average length frequency distributions (calculated over the three most recent years) for the
two sexes from monthly market samples are raised to annual removals (landings + dead
discards) using discard estimates from quarterly observer trips (with 25% discard survival)
and reported landings figures. This provides an indication of the length structure of the
animals of each sex removed from the population. The TV abundance estimate is multiplied
by the harvest ratio to estimate a suitable limit on the number of animals removed (harvest
abundance). The length structure of removals is then raised to the harvest abundance, and the
weight of the landed component estimated to provide TAC advice.

Uncertainties in the approach include the extent to which the area of coverage of the survey
reflects the distribution of the stock and fishery, and the sensitivity of the outcome to potential
differencesin the selectivity of the fisheries and the survey.

Sequential Population Analysis and Recruit Estimation: Catch- at- Age
Assessments

Where a full analytical assessment was possible, the WG implemented either Extended
Survivor’s Analysis (XSA) with shrinkage and recruit calibration, Time Series Analysis
(TSA) or Integrated Catch-at-Age analysis (ICA) as the baseline method. This follows the
practices adopted at the 1993-2003 Working Group meetings. B-ADAPT has also been
employed in the assessment of the stock of cod in Division Vlla and the application of this
method to other stocks has been explored. Details of the B-ADAPT method are provided
below.

At WGNSDS;ys age-based analytical assessments were attempted for stocks of cod and
haddock in Via; cod, plaice and solein Vlla, and for Rockall haddock. Despite the inability to
conduct analytical catch-at-age assessments for some stocks (VIla Haddock, Via Whiting,
Vlla Sole) the full sequence of analysis for application of catch-at-age assessments is given
here as an indication of the normal practice the WG would adopt for benchmark catch-at-age
assessments. Following the recommendations of RGNSDS2005 no analytical assessment has
been attempted for stocks of whitingin V1la, megrim in area VI and anglerfish in the Northern
Shelf:

a) The age above which catchability can be assumed fixed (the g-plateau) is generally
the same as that determined for each stock in previous Working Groups. A complete
exploratory analysis to determine g-plateau and/or appropriate level of shrinkage is
only carried out if the vaues used at previous Working Groups are no longer
considered appropriate, or if new tuning series are included. In such cases, the choice
of catchability model for the younger age classes is reviewed as the youngest age
class cannot automatically be treated as recruits, particularly when the time series is
short.

b) A separable VPA is carried out to screen the catch at age data in order to detect if
large residuals or unusual patterns reveal anomalies in the datafrom year to year. The
separable VPA was used to select the range of ages over which to run XSA, and to
investigate the exploitation pattern.

¢) Tuning series are scrutinised in detail independently of the assessment model as
follows:

e The WG first considers if the survey or commerciad CPUE series are
potentially capable of providing an unbiased series of population indices for
agiven range of fish age classes. This is evaluated based on the distribution
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of fishing or survey stations relative to the known distribution of the stock;
the type of fishing gear; the timing of a survey; whether or not changes in
survey design or fishing gear over time, or in efficiency of fishing fleets,
have been examined and their effect quantified; quality of sampling for
length or age; and, in the case of commercia fleets, the absence of discards
in the CPUE data at any age, the accuracy of the catch and effort data, and
the targeting practices of the vessels. Where such evaluations were carried
out in previous WG meetings, they are generally not repeated and any fleets
previously excluded are not re-considered unless there has been a significant
change in the data.

e Theinternal consistency of the datafor each fleet is evaluated by examining
the coherence of year-class effects at each age. For surveys with multiple
ages, the separable model SURBA (survey based assessment) developed at
the FRS Marine Laboratory in Aberdeen was run to examine how well the
data conform to a simple model of separable year and age effects on
mortality.

e The similarity of trends in the indices at each age is examined to check for
consistency between fleets.

e The consistency between the tuning data and the commercia catch at age
data is examined by inspecting catchability residuals from single-fleet
Laurec-Shepherd runs, or in some cases weakly-shrunk XSA (usualy S.E. =
2.5), without taper and using the constant-catchability model for all ages.
Age- and year- effects in log-catchability residuals over the entire time-
series of data are examined. Based on the independent examination of tuning
fleets, and the single-fleet L-S or XSA runs, a choice is then made on which
fleets and age classes may be included in the multi-fleet assessment tuning.
The period over which to tune the assessment is decided in such away asto
maximise the precision and minimise the bias in estimates of catchability in
the final year, for those age classes where catchability is assumed constant.
For a number of years the Working Group avoided progressive down-
weighting of data from earlier years using a tricubic taper and had instead
used a fixed tuning window of 10 years. As many of the assessments
became more heavily dependent on survey data for tuning, the Working
Group decided to abandon the 10-year fixed window approach and to use all
years with data based on consistent survey methods. A further argument for
this revised approach was to reduce variability introduced by the sudden
exclusion of ayear with influential catchability residuals. A 20-year tricubic
taper is applied where progressive down-weighting of early year’s data is
considered advisable. Time-series estimates from SURBA and from the
catch-at-age analysis of relative spawning stock biomass, catch, and mean
fishing mortality are compared.

a) The working group is aware of a lack of consistency in the value of F shrinkage
standard error chosen for "weakly shrunk" single fleet XSAs. A range of values
between 2.0 and 3.0 are used at this year's meeting for exploratory analyses. Whilst it
is accepted that the value chosen is very often subjective, the working group does not
feel that standardisation to a fixed value would be an appropriate measure. The
weighting applied to the F shrinkage estimates is also determined by the strength of
the signal in the tuning data. For example the use of an F shrinkage standard error of
2.0 coupled with a tuning fleet which gives consistent information about year-class
strength might result in very little weight being applied to shrinkage estimates and a
weakly shrunk assessment. On the other hand, the use of the same level of F
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shrinkage with a tuning fleet that gives less consistent year-class signals would result
in a greater weighting being given to the F shrinkage estimates and a strongly shrunk
assessment. Clearly, the value of the F shrinkage standard error on its own cannot be
used to denote an assessment as either weakly or strongly shrunk.

b) Once the tuning fleets and the age range for XSA are chosen, ages for which recruit
calibration (RCT3-type calibration) is appropriate are identified. These are typically
the youngest ages tuned mainly by surveys and for which F-shrinkage gives unstable
estimates of survivors. In these circumstances, the X SA fit for these age classes treats
catchability as a power function of population size only if the relationship between
Ln (adjusted survey indices) and Ln (XSA estimates) in singe-fleet runs is well
defined, with an adequate number of observations. In view of concerns about the use
of recruit calibration in XSA where the use of such a model may not be justified, all
cases where this catchability model is used are reviewed closely by the Working
Group using the criteria outlined above. For consistency of notation in the individual
stock sections, ages which have been treated as recruits in this manner, and thus
where catchability has been treated as a power function of population size are
referred to as using the power model, whereas ages where this option has not been
used are referred to as ages using the mean-q model.

¢) The assessment outputs are examined for retrospective patterns in estimates of
fishing mortality, SSB and recruitment. The possible sources of such patterns are
investigated. If such patterns can not be resolved, additional tuning runs are carried
out to investigate if increased shrinkage could reduce the bias in estimates of terminal
F. Appropriate levels of shrinkage are also considered in the light of recent trends in
F or the presence of individual high values of F over the period to which shrinkage is

applied.

d) Thedetailed diagnostic output of the assessment is inspected. This helpsto determine
whether estimates for age groups in the final year should be replaced for input to
prediction. Unless there is good reason for doing otherwise, the assessment estimates
for recruiting age groups are used for the stock predictions. In some cases, these
values are overwritten using the geometric mean level of recruitment. The long term
geometric mean is chosen unless strong recent trends in the recruitment time series
indicated that this is inappropriate. In some cases where there is evidence of recent
depression of recruitment (for example due to a stock-recruit relationship), the
geometric mean is computed over a shorter recent period. If tuned values are to be
overwritten and additional recent survey data are available, the RCT3 programme is
used to calibrate recruitment levels using its default options. As XSA cannot
incorporate survey indices collected after the last year of the catch-at-age data,
previous WG’s have treated some spring surveys as if they were carried out at the
end of the preceding year. The age ranges are then shifted down by one year. A
consequence of this is the loss of tuning data for the oldest true age in the survey,
which can cause problems for stocks with no other tuning data for these ages.
However, the WG has previously been explicitly asked to use the most recent
available data in the assessments. The WG therefore reverted to its previous practice
of treating some spring surveys as if they were carried out at the end of the preceding
year.

Minor exceptions to the implementation of the procedure outlined above are described in the
relevant stock Sections.

The XSA agorithm contains a feature in the fitting procedure which is intended to reduce the
risk of finding alocal minimum, and isinvoked for the first of each set of ten iterations chosen
after the default of 30 have been completed. Results from XSA convergence on 31, 41, 51 etc.
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iterations should be viewed with caution, as occasionally the feature can have the opposite
effect. Carrying out more than 30 iterationsis usually unlikely to be very fruitful.

B- ADAPT

The following text is adapted from Appendix 4 to the 2004 WGNSSK report (ICES CM
2005/ACFM:07), where further details on the background of the model and simulation testing
can be found.

Absolute values of landings and landings at age, based on reported catches, for gadoid stocks
in Divisons Via and Vlla are considered too biased to enable an analytical age based
assessment using conventional assessment methods. Comparisons of analyses using reported
catches and analyses using survey data alone indicate a clear mismatch between the levels of
reported landings and actual removals. The mismatch may be due to a number of causes
(misreporting, nonreporting, unaccounted discards, natural mortality, changes in catchability
of fleet or surveys), and while these cannot be distinguished, an alternative model can be used
to estimate amore redlistic level of removals than indicated by the reported landings.

It is straightforward to show that if bias is present in the data on removals, the magnitude and
sign of the log catchability residuals is proportional to the degree of bias. If Cay represents
catch at age ain year y, Nay population numbers at age by year, Fayfishing mortality at age by
year, Zay total mortality (fishing + natural mortality M) and By the bias in year y; in the years
without bias

Na,y = Ca,y Za,y (1-eXp(-Za,y)) / Fa,y
and for the years with bias
N ay= By Ca,y Za,y (l-exp(-Za,y)) / Fa,y

Survey catch per unit effort (uayf, where f denotes fleet or survey) is related to population
abundance by a constant of proportionality or catchability gatwhich is assumed, in this study,
to be constant in time and independent of population abundance

Nay= Ua,y,f/ Qy.f
If the unbiased survey catchability can be calculated, an estimate of bias can be obtained from
By=N a,y/ (Ua,y,f /C]y,f)

Gavaris and Van Eeckhaute (1998) examined the potential for using a relatively simple
ADAPT model structure to estimate the removals bias of Georges Bank haddock. Their model
fitted ayear effect for the bias in each year of the assessment time series under the assumption
that bias does not distort the age composition of landings, only the overall total numbers. The
authors determined that the model was over-parameterised and that it was necessary to
introduce a constraint, that one year-class abundance was known exactly, in order to estimate
the remaining catchability, bias and population abundance parameters. They concluded that,
for the data sets to which they applied the model, the indices of abundance from trawl surveys
were so highly variable that this resulted in estimates of bias with wide confidence intervals
and therefore the model could only be used as a diagnostic tool. A modification to the Gavaris
and Van Eeckhaute ADAPT model (referred to here as BADAPT) can be made by assuming
that the time series of landings can be divided into two periods; a historic time series in which
landings were relatively unbiased and a recent period during which landings at age were
biased by a common factor across al ages. The fit of the model to the early period of unbiased
data provides estimates of appropriately scaled population abundance and survey catchability,
thereby removing the indeterminacy noted by Gavaris and Van Eeckhaute.
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Note that it is assumed that during both periods, landings numbers at age have relatively low
random sampling variability (relative to survey variance) so that the population numbers at
age can be determined using the virtual population analysis (VPA) equations. This assumption
has been found to hold for the North Sea cod by the EMAS project (EMAS 2001) which
examined the errors associated with current sampling programs. Within B-ADAPT,
population numbers are estimated from the VPA equations

Nay= By CayZay (1—exp(-Za,y)) / Fay
Nay= Na+1y+1€X p(Zay)

where Byis estimated for years in which bias was considered to have occurred and defined as
1.0 for years without bias. Selection is assumed to be flat topped with fishing mortality at the
oldest age defined as the scaled (s) arithmetic mean of the estimates from n younger ages,
where n and s are user defined. That is for the oldest age o:

Fo=s[Fo1+ Fo2+ +Fon] /n

The parameters estimated to fit the population model to the CPUE calibration data are the
surviving population numbers Najy at the end of the final assessment year fy (estimated for all
ages except the oldest) and the bias By in each year of the user selected year range. Under the
assumption of log normally distributed errors, the least squares objective function for the
estimated CPUE indicesis

SSQupa= ayf{ In Uays[IN gat+ In Nay]}2

The year range of the summation extends across all years in the assessment for which catch at
age data is available and also (if required) the year after the last catch at age data year. This
alows for the inclusion of survey information collected in the year of the assessment WG
meeting.

Testing with simulated data (ICES CM 2005/ACFM:07, Appendix 4) established that
increasing the uncertainty in the survey indices results in estimates of bias and the derived
fishing mortality that are more variable from year to year. One solution to this problem is to
introduce smoothing to the model estimates.

A constraint used frequently in stock assessment models is that of restricting the amount that
fishing mortality can vary from year to year. This reflects limitations on the ability of fleets to
rapidly increase capacity and the lack of historic effort regulation reducing catching
opportunities. However, given the current over-capacity in the fleets prosecuting the North
Sea cod fishery this form of smoothing constraint was not considered appropriate. Anecdotal
information supplied by the commercia industry has indicated that the recent severe changes
in the TAC have not been adhered to. Therefore it was considered more approl CES WGNSSK
Report 2005 15 priate to apply smoothing to the total catches, across the years in which the
bias was estimated. Smoothing of catches was introduced by an addition to the objective
function sum of squares:

SSQcatches= {In (Bya[Cay CWay]) In (By+1a[Cay+1 CWay+1] )}2

Here CWay are the catch weights at age a in year y and natural logarithms were used to
provide residuals of equivalent magnitude to those of log catchability within SSQupa. is a user
defined weight that alowed the effect of the smoothing constraint to be examined. The year
range for the summation of the catch smoothing objective function was from the last year of
the unbiased catches to the last year of the assessment. The total objective function used to
estimate the model parameters was therefore

SSQ = SSQvpa+ SSQcatches
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The least squares objective function was mimimised using the NAG Gauss Newton a gorithm
with uncertainty estimated using two methods, calculation of the variance covariance matrix
and bootstrap re-sampling of the log catchability residuals to provide new CPUE indices.

Population Analysis and Recruit Estimation: Survey- Based Assessments

In accordance with the recommendation of the WGNSD S,y Review Group, when the quality
of the estimated catch data were poorly validated, the WGNSDS undertook assessments based
on standardised scientific surveys. Survey-based analysis were conducted using the SURBA
software packages.

SURBA is a development of the RCRV1A model of Cook (1997). It assumes a separable
model of fishing mortality, and generates relative estimates for population abundance (and
absolute estimates for fishing mortality) by minimising the sum-of-squares differences
between observed and fitted survey-derived abundance. The method is described in detail in
Needle (2003) and the software is available on the ICES network. SURBA has been used to
produce comparative stock analyses in several ICES assessment Working Groups
(WGNSSK 002, WGNSD S,002-2005), and has been scrutinised by the ICES Working Group on
Methods of Fish Stock Assessment (WGM Gy s 2004)- The version of the software available
to WGNSDS,s Was Version 3.0. A length-based implementation of the survey-based analysis
was provided to WGNSDS,q5 but has not been used in 2006.

The sequence of analysis for application of survey-based age assessments at WGNSDS,q6 1S
similar to that adopted for scrutinising tuning series independently of age-based assessment
models:

a) The WG first considers if the survey series are potentially capable of providing an
unbiased series of population indices for a given range of fish age classes. This is
evaluated based on the distribution of fishing or survey stations relative to the known
distribution of the stock; the type of fishing gear; the timing of a survey; whether or
not changes in survey design or fishing gear over time have been examined and their
effect quantified; quality of sampling for length or age. Where such evaluations were
carried out in previous WG meetings, they are generally not repeated and any series
previously excluded are not reconsidered unless there has been a significant change
in the data.

b) The internal consistency of the data for each survey is evaluated by examining the
coherence of year-class effects at each age. The SURBA modél is run to examine
how well the data conform to a simple model of separable year and age effects on
mortality.

¢) The consistency between the survey series is examined by inspecting catchability
residuals from SURBA runs for each survey. The similarity of trendsin the indices at
each age is examined to check for consistency between fleets.

d) Exploratory runs were made to test for the sensitivity to catchability assumptions and
degrees of smoothing. Age- and year- effects in log-catchability residuals over the
entire time-series are examined. Based on the independent examination of survey
series, achoiceis then made on which surveys and age classes may be included in the
final survey-based assessments.

e) Time-series estimates from SURBA and from the catch-at-age analysis of relative
spawning stock biomass, recruitment, and mean total mortality are compared.
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Short-term Predictions and Sensitivity Analyses

For stocks subject to a full analytical assessment, short-term predictions and sensitivity
analyses are normally were carried out using either the Marine Labaroatory (Aberdeen)
programmes (MLA), or the MFDP / MFY PR software (Multi-fleet Deterministic Projection /
Multi-fleet Yield-Per-Recruit).

The proportions of Fand M before spawning are both set to zero to reflect the SSB calculation
date of January 1st.

Short-term predictions are made after deciding on the most appropriate value for recruitment
in both the recent period and over the prediction period. Tuned estimates of recruiting year
classes, if considered unreliable, are overwritten by a geometric mean value. In some cases,
including where very recent survey data were available, recruitment estimates from the RCT3
recruit calibration program are used. Where tuned values are overwritten for prediction
purposes, they are either directly replaced (e.g. with a RCT3 estimate), or in some cases the
estimate at age 1 is adjusted to age 2 using the ratio of the population estimates of the relevant
year class at those ages.

The WG estimates of landings for most stocks can differ substantially from the TAC due to
partial uptake of national quotas, misreporting or discarding. Unless there is strong evidence
that the catch in the interim year of the short-term forecast will be constrained by the TAC or
other measures, the WG assumes status quo F in the interim year. In other cases, the value
chosen as status quo F for each stock is considered in the light of recent variations or trendsin
the estimates of F. The estimate of status quo F used by default in short-term predictionsisthe
unscaled mean F at age for the last three years. This procedure stems from the consideration
that while the point estimate of terminal F represents the best available estimate of Fremina year
it does not necessarily follow that it will also be appropriate as an estimate of F in the
intermediate year and subseguent years. In the absence of any recent trends in F, an unscaled
mean is considered a more appropriate estimate of status quo F than a scaled value.

The mean F vector is scaled to the mean F in the terminal year if there was clear evidence of a
recent trend in F that is considered likely to continue or halt rather than increase again in the
short term. A special caseis atrend caused by retrospective bias. In this case, the true level of
fishing mortality in the current year is essentially unknown, although it may still be possible to
forecast the approximate status quo catch. To do this, the correlation between numbers and
fishing mortality calculated from a given catch in the last year of the assessment must be
retained otherwise the landings forecast may be substantially biased. In this case, a mean F
over several years would be inappropriate. However, WGNSDS considers that al forecasts
based on assessments with strong retrospective bias must remain suspect.

Over-optimistic forecasts have been noted in some stocks assessed by ICES in which trendsin
weight-at-age are apparent and future weights are specified as an arithmetic mean of historic
values. The WG therefore checks for trends in weights at age. For some stocks, the mean
weightsin the last year are used in forecasts if arecent trend is evident. For some stocks year-
class effects on growth are taken into account when calculating stock weights for forecasts.

A detailed short-term prediction is made for each stock using the status quo F option. The
contribution of recent year classes to future SSB and yields was istabulated, and the
contribution of different sources of uncertainty to the variance of predicted SSB and yield is
estimated where possible by means of sensitivity analysis. The sensitivity analysis programme
WGFRAN4 gives estimates of the proportion of the total variance of predicted SSB and catch
contributed by different inputs. The description of the abbreviated variable names on the
Figures and Tables which show the results of sensitivity analyses for each stock is as follows
(aisthe age at recruitment, numeralsindicate years):
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VARIABLE: DESCRIPTION:

Na Population number at age ain Intermediate Y ear

WSa Stock weights at age a in prediction

WHa Catch weights (landings) at age ain prediction

WDa Catch weights (discards) at age ain prediction

Ma Natural mortality at age a

MTa Proportion mature at age a

SHa Selectivity (human consumption fleets) at age a

SDa Selectivity (discards) at age a

sla Selectivity (bycatch) at agea

Kyy Y ear effect on natural mortality in prediction in Intermediate Y ear
HFyy Y ear effect on (landings and discards) fishing mortality in Intermediate Y ear
Ryy+1 Recruitment in Forecast Y ear (Intermediate Y ear +1)

Reference Points

The inability of the Working Group to generate assessments of absolute biomass for most
stocks means that the calculation of biomass reference points was not possible. Furthermore
the mortality estimates produced by survey-based assessments may not be directly comparable
to mortality derived from other assessment methods. This is because of the influence of
catchability assumptions in survey-based assessments. Re-evaluation of F-based reference
points was therefore not possible at WGNSD Syqos.

Quality Control and Documentation of Procedures

The terms of reference for the WG request specific information on major deficiencies in
assessments. The problems associated with individual assessments are discussed in the
‘quality of assessment’ sections within each individual stock section. In many cases, the
problems are associated with data quality: e.g. due to misreporting; discard estimates of low
precision; survey data with catchability problems, etc. For some stocks such as Irish Sea
haddock and plaice, and Rockall haddock, there are clear deficiencies in the data due to the
absence of time series of discard estimates particularly for young fish for which survey indices
are available. For anglerfish there are major deficiencies in the understanding of the basic
biology of the species that impede the development of appropriate stock assessments. In
Rockall haddock and megrim there are major components of the catch for which there is no
length or age sampling or a discontinuous time series of such data.

The Working Group has previously been asked to fully document the methods applied in
assessments. The Working Groups intends to provide this documentation in the relevant Stock
Annexes for stocks subject to SPALY update assessments. For observation list/benchmark and
experimental assessments it is not possible to describe the procedure to the same extent.
Elements of such assessments that remain relevant from year to year have been included in the
Stock Annex for each stock. Other information is given in the WG report.
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Software

The main software and versions used historically by WGNSDS include;

SOFTWARE

VPA suite (Separable VPA,
XSA, Laurec-Shepherd ad
hoc tuning)

PURPOSE
Historical assessment

PROGRAM/VERSION

VPA95.exe Version
3.2

41

FILE CREATION DATE
8/6/1998

Retrospective X SA Retrospective analysis Retvpa02.exe Version  18/4/2002
31
MFDP Short-term forecast Visua basic Setup: 29/4/1996
installation Config: 28/6/2000
MFYPR Yield per recruit Visua basic Setup: 29/4/1996
installation Config: 28/6/2000
PA Soft (EXCEL add-in) PA reference points PA Soft with June 1999
estimation Fishlab.dll
MAKEVCF Header file generator for Makevcf90.exe 20/5/2002
stock (sensitivity etc.)
INSENS Creates sensitivity & medium-  Insens90.exe 20/5/2002
term input files
WGFRANSW Sensitivity analysis Wfransw.exe 22/5/2001
RECAN Stock-Recruitment modelling  Recan22.exe 7/10/2003
RECRUIT S/R estimation Recruit.exe 4/2/2002
RECRUIT2 S/R estimation — small stocks ~ Recruit2.exe 24/10/1996
(but limited years)
WGMTERMC Medium-term analysis Wgmtermc.exe 3/11/1999
MTMPLOT Medium-term & contour Mtmplot.exe 2/12/1998
plotting program
Various other plotting SSB/F trajectory with e.g. Wpaplot.exe; 4/2/2002;
routines (PLOTCONV, reference points plotconv.exe etc. 20/11/2000
WPAPLOT, PAPLOT, etc.)
SURBA Survey-Based Analysis Versions 2.20, 6 May 2004,
Version 3.0 13 May 2005
Collie-Sissenwine Analysis  Stage-based, Catch-Survey Version 2.0.14 June 2003
Andysis
FSSSPS Stochastic Projection FSSmain.r April 2005
Software
TSA Time SeriesAnadysis Versions compiled at Program recompiles
WGNSDS on execution
B-Adapt Historical assessment BADAPTV05.exe October 2005
ICA Historical assessment ICA.exe March 1999
FLR + packages Management evaluation FLCorel.2 + May 2006
simulations packages

Information Provided as Working Documents

WD1: Biological parameters for Irish Demersal Stocksin 2004 and 2005

Full title: Biological parameters for Irish Demersal Stocks in 2004 and 2005 Authors. Hans
Gerritsen Summary: The working document provides estimates for maturity and sex ratio at
length and at age for demersal stocks around Ireland. Sampling took place on the IBTS 4th
quarter Irish Groundfish Surveys and on 1st quarter Biological Surveys in 2004-5. ICES
Divisions Vla, Vlla, VlIb, Vlig and V1Ij were sampled. WG Use: No formal discussion by the
working group but reference is made to thisin individual stock sections.

WD2: Regional differenceswithin one stock of haddock (M elanogrammus aeglefinusL.)

Full title: A simple method for comparing age-length keys reveals significant regiona
differences within one stock of haddock (Melanogrammus aeglefinus L.)Authors: Hans D.
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Gerritsen, David McGrath and Colm LordanSummary: Data from the 4th quarter IBTS Irish
Groundfish Survey were used to describe a method for comparing age-length keys, using a
simple multinomial model. The study reveal ed that the age at length distribution of haddock in
Vlais spatially structured. Due to the large numbers of young fish in the shallow areas, the
age-length-key in shallow areas, was significantly different from the deeper areas. Combining
al aged data without weighting by the local abundance, resulted in an over-estimate of
recruitment by a factor of nearly 200%. The findings also have implications for the ‘dynamic
pool' assumptions as this stock is spatialy structured in its age-at-length distribution WG
Use: No formal discussion by the working group but reference is made to this in individual
stock sections.

WD3: Regional differencesin the length-weight relationships of haddock and whiting

Full titlee WD3: Regional differences in the length-weight relationships of haddock
(Melanogrammus aeglefinus, L.) and whiting (Merlangius merlangus, L.)Authors. Hans
Gerritsen and Dave McGrath Summary: Data from the 4th quarter IBTS Irish Groundfish
Survey were used to explore regional differences in the length-weight relationships and
condition indices of haddock and whiting around Ireland. Limited variation in the length-
weight relationships was found within stocks, but significant differences were reveaed
between stocks. When no length-weight relationship is available for a certain stock, the
application of the length-weight relationship of a neighbouring stock, could result in abiasin
the biomass estimate of up to 10%. WG Use: No formal discussion by the working group but
reference is made to thisin individual stock sections.

WD4: Skewed sex ratios of megrim in Groundfish survey

Full title: Skewed sex ratios of megrim (Lepidorhombus whiffiagonis) in Groundfish survey
catches to the west of Ireland.Authors. Hans GerritsenSummary: Data from the 4th quarter
IBTS Irish Groundfish Survey and the 1st quarter Biological Surveys were used to investigate
the sex ratio of megrim to the west of Ireland. The sex ratio in the catches of the shallow
stations was nearly entirely dominated by females, while males made up around 2/3 of the
numbers in the deep stationsWG Use: No forma discussion by the working group but
reference is made to thisin individual stock sections.

WD5: UK FSP surveys of Irish Sea roundfish: 2004 - 2006

Full title Results of Fisheries Science Partnership surveys of Irish Sea roundfish: 2004 —
2006 Authors: Mike Armstrong and John Dann Summary: This Working Document report
presents the results of FSP surveys of roundfish (cod, haddock and whiting) in the Irish Sea.
The first FSP surveys of Irish Sea roundfish took place in spring 2004 using the semi-pelagic
trawler Benaiah IV (Kilkeel) and the otter trawler Kiroan (Fleetwood) (Cotter et al. 2004a,b).
The Benaiah 1V fished in the western Irish Sea, and the Kiroan covered two relatively small
cod hot-spots off Morecambe Bay. In spring 2005, the Benaiah 1V covered the western Irish
Sea, North Channel and the Clyde cod closure using the same gear as in 2004, whilst the FV
Isadale (Fleetwood) fished a rockhopper otter trawl throughout the eastern Irish Sea
(Armstrong et al. 2005). The survey in spring 2006 used the same vessels and gear as in 2005,
and followed a generally similar survey design. WG use: No formal discussion by the
working group but reference is made to thisin individual stock sections.

WDG6: Characteristics Of Rockall Haddock Reproductive Biology

Full title Some Characteristics Of The Rockal Haddock (Mellanogrammus Aeglefinus)
Reproductive Biology Authors: Filina E.A., Khlivnoy V.N. and V.l.Vinnichenko Summary:
The information about peculiarities of the Rockall haddock, in particular, on length and age of
sexual maturation has a great importance for estimation of its stock and the development of
fishery regulation measures. At the same time, scientists have different opinions regarding the
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sexual maturation rates in haddock from this population. Allowing for practical importance of
the problem the scientists from PINRO recently have been focused on study of haddock
reproductive biology using also histological method. The main results of those investigations
are given in this working document. WG use: No formal discussion by the working group but
reference is made to thisin individual stock sections.

WD7: Russian resear ch on Rockall haddock and itsfishery in 2005

Full title: Russian research on the Rockall haddock (Melanogrammus aeglefinus) and its
fishery in 2005 Authors: V.N. Khlivhoy and V.l. Vinnichenko Summary: In 2005, Russian
research on the haddock and its fishery in the Rockall area were continued. During the
research new scientific and catch data was collected, which can contribute to the knowledge
on biology, distribution and abundance dynamics of the haddock stock. The objective of the
present paper is to summarize Russian data on biology and fishery obtained 2005, to prepare
materials for the stock assessment and to evaluate haddock fishery prospects in the Rockall
area. WG use: No formal discussion by the working group but reference is made to this in
individual stock sections.

WD8: Proposals of the Russian Feder ation regar ding the Rockall box

Full title: Proposals of the Russian Federation in response to the request of NEAFC to ICES
regarding the effect of the Rockall box Authors. V.N.Khlivhoy and V.l. Vinnichenko:
Summary: With the purpose to prepare aresponse to the specific request of NEAFC (detailed
in section 1.2, term or reference m), Russian scientists have summarized and analysed
information on the haddock biology, distribution, stock state and fishery. Proposals on optimal
boundaries of the closed area aimed at protection of juvenile haddock were also elaborated.
The main results of the above works are presented in this paper. WG use: Formally discussed
by the working group. Reference is made to thisin individual stock sections and in section 16
Rockall haddock closed area evaluation.
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Cod in sub- area VI

3.1

Cod in Division Vla are currently the subject of a recovery plan. The Vla cod stock is
classified as an Observation list assessment.

Because of concerns over the quality of the catch data WGNSD Syp05 Was requested to try to
validate the catch data. The WG decided it was very difficult to determine up to which point
commercial data can be considered to be reliable and decided on an assessment based only on
survey data. No forecasts acceptable to ACFM can be made, however, if this approach is
adopted. This year’s WG therefore attempted to make a catch based final assessment and
forecast, basing the choice of final assessment on that which gave the closest long term trend
in SSB to an agreed survey based assessment.

Cod in Division Vla

3.1.1 Stock definition and the fishery

Genera information about the stock can be found in the stock annex.

Young adult cod are distributed throughout the waters to the west of Scotland, but mainly
occur in offshore areas where they can occasionally be found in large shoals. Tagging
experiments have shown that in late summer and early autumn there is a movement of cod
from west of the Hebrides to the north-coast areas. There is a return migration in the late

winter and early spring. Thereis only avery limited movement of adult fish between the West
Coast and the North Sea.

The demersal whitefish fisheries in Division Vla are predominantly conducted by otter-
trawlers fishing for cod, haddock, anglerfish and whiting, with by-catches of saithe, megrim,
lemon sole, ling and skates and rays. Recently there has been development of a directed
fishery for anglerfish within the Scottish fleet, leading to a shift in fleet effort away from
inshore areas to offshore and deeper waters. The general features of the fishery are
summarised in the report of the 2001 ACFM meeting (ICES 2001).

3.1.1.1 ICES advice applicable to 2005 and 2006

In 2004 ICES recommended for 2005: “Since no recovery has been observed in this stock
ICES advises zero catch of cod in 2005~

In 2005 ICES advice was in terms of single stock exploitation boundaries and mixed fishery
implications:

Single-Stock stock exploitation boundaries:
In relation to agreed management plan

ICES is not in a position to give quantitative forecasts and can therefore not evaluate the
management plan and provide upper boundsto a TAC.

In relation to precautionary limits
Since no recovery has been observed in this stock, |CES advises zero catch of cod in 2006.
In relation to target reference points

There will be no gain in the long-term yield by having fishing mortalities above Fmax (0.19).
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Upper limit corresponding to single-stock exploitation boundary for agreed management plan
or inrelation to precautionary limits. Tonnes or effort in 2006

Since no recovery has been observed in this stock, |CES advises zero catch of cod in 2006.
Mixed fisheries advice:

“Demersal fisheries in Subarea VI should in 2006 be managed according to the following
rules, which should be applied simultaneously. They should fish:

e without catch or discards of cod in Subarea V1,

e without catch or discards of spurdog;

e nodirected fishery for haddock in Division V1b;

e concerning deep water stocks fished in Subarea VI, Volume 10;

e within the biological exploitation limits for all other stocks.
Furthermore, unless ways can be found to harvest species caught in mixed fisheries within
precautionary limits for all those species individually then fishing should not be permitted.”
3.1.1.2 Management applicable to 2005 and 2006

The 2005 and 2006 TACs for cod in ICES areas Vb (EC waters), VI, XII and X1V were 721 t
and 613 t respectively. The minimum landing size of cod in the human consumption fishery in
thisareais 35 cm.

Technical measures enforced for the West of Scotland including those associated with the Cod
recovery Plan are described in Section 1.7.

The following table summarises ICES management advice and E.U. management applied for
cod in Division Vladuring 2001-2006:

YEAR CATCHES BAsis TACFoR VB (EC), VI, % CHANGE IN F
CORRESPONDING TO XI1, X1V (T) ASSOCIATED WITH
ICESADVICE (T) TAC!
2001 - Lowest possible F, 3,700 -50%
recovery plan
2002 - Recovery plan or lowest | 4,600 -10%
possible F
2003 - Closure 1,808 -60%
2004 - Closure 848 -80%
2005 - Closure 721 (no assessment)
2006 - Closure 613 (assessment of
relative trends only)

"Based on F-multipliers from forecast tables.

3.1.1.3 The fishery in 2005

Tables and figures of total effort by the fleets operating in Division Vla can be found in
section 17.

Reported effort in the Scottish light traw! fleet has declined rapidly from 35,698h in 2001 to
3063h in 2005. The Scottish seine fleet also reported declines in effort and the 2005 figure of
476h is the lowest in the series. The Scottish Nephrops fleets reported a more gradual decline
in effort with 221,000h recorded in 2005 as opposed to 230,000h in 2004. Due to Scottish
reporting problems, however, these effort data may be underestimates.
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The probability that mis-reporting and under reporting takes place in this fishery is high, this
can be attributed to restrictive TACs, seasonal/spatial closures of the fishery, and effort
restrictions based on by-catch composition. The days at sea limitations associated with the cod
recovery plan and the seasonal closure noted in 3.1.1.2 has, however, lead some of the Irish
Demersal fleet to switch effort away from Vla.

Information on the number of vessels operating in the cod recovery zone to have been
decommissioned in Division Vla was available at this working group for the Scottish fleet
between 2001 and 2004, as follows:

TOTAL VIA DECOMM.TO | PERCENTAGE
2001 2004

Number of vessels > 10m 298 96 30.2%

The WG did not have information on the size and power of the boats decommissioned. This
will have a bearing on the effective effort removed from the fishery.

The following area closures have continued in 2005:

1) The Greencastle codling fishery from mid November to mid February. This closure
applied to both January-February and November-December 2005. This closure has
been operating since 2003.

2) A closure in the Clyde for spawning cod from 14" February to 30" April. This
closure has been operating since 2001 and was last revised by The Sea Fish
(prohibited methods of fishing) (Firth of Clyde) Order 2002.

3) A closure introduced by Council Regulation No. EC 2287\2003, known as the
‘windsock’, see Figure 3-2.

3.1.2 Catch data

3.1.2.1 Official Catch Statistics

Official catch data for each country participating in the fishery are presented in Table 3-1.
Revisions to catch data are made in Table 3-1 to the 2004 figures.

Landings, discards and catch estimates 1978-2005, as used by the WG, are presented in Table
3-3. The reported landings and human consumption estimates for 2005 are both the lowest in
the available time series.

3.1.2.2 Quality of the catch data

There have been concerns that the quality of landings data is deteriorating, giving a possible
reason for the different stock dynamics implied by the commercial fleet and the annual survey
(ScoGFSQL) used in recent years. In 2004 ACFM highlighted concerns over the fitting of a
persistent trend in survey catchability in previous TSA assessments of gadoid stocks in Via
(Figure 3-1). Their concern was that allowing a trend in survey catchability made a priori
assumptions on the quality of survey data as compared to landings data. Differing signals
from catch data and survey data may be due to severa confounding factors. Mis-reporting
(specifically under reporting) could cause this effect. Spatial and temporal differences in the
effort distribution could also contribute. Commercial fleet effort is concentrated on areas of
high abundance and is distributed throughout the year, whereas survey effort is concentrated
on agiven quarter only, and samples Vlaentirely following a stratified design, see Figure 3-2.
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3.1.3 Commercial catch- effort series and research vessels surveys

3.1.3.1 Commercial catch- effort series

A number of commercial Scottish CPUE series have been made available in recent years. Irish
otter trawl CPUE data (IreOTR) were presented for the first time at the 2001 WG mesting. An
updated series was presented to the 2002 and 2003 WG meetings.

The commercial CPUE data available for this meeting consisted of the following:

e  Scottish seiners (ScoSEl): ages 1-6, years 1978-2005.
e  Scottish light trawlers (ScoL TR): ages 1-6, years 1978-2005.
e Irishotter trawlers (IreOTR): ages 1-7, years 1995-2005.

Commercial effort and landings-per-unit effort are summarised in Table 3-5. For all tuning
series, the oldest age given represents a true age, rather than a plus group.

No commercia Scottish CPUE series have been used in the final assessment presented by the
WG during any of its last seven mestings, although they were previously used in exploratory
and comparative analyses. Given the current concerns about mis-reporting of catch and effort,
the IreOTR series has also not been considered as atuning fleet.

3.1.3.2 Research vessels surveys
Four research vessel survey seriesfor cod in Division Vlaare available:

e  Scottish first-quarter west coast groundfish survey (ScoGFSQL): ages 1-7, years 1985-
2006.

e Irish fourth-quarter west coast groundfish survey (IreGFS): ages 0-3, years 1993-2002.

e  Scottish fourth-quarter west coast groundfish survey (ScoGFSQ4): ages 0-8, years 1996—
2005.

e Irishfourth-quarter west coast groundfish survey (IRGFS); ages 0-4, years 2003-2005.

The Scottish groundfish survey has been conducted with a new vessel and gear since 1999.
The catch rates for the series as presented are corrected for the change on the basis of
comparative trawl haul data (Zuur et al 2001). The Irish quarter four survey was a
comparatively short series, was discontinued in 2003 and has been replaced. The replacement
survey (IRGFS) has only been running for three years and is not yet suitable for tuning. The
Scottish quarter four survey was presented to the WG for the first time in 2005.

Fleet and survey descriptions are given in Appendices 1 and 2 of the report of the 1999
meeting of this WG (ICES CM 2000/ACFM:1). All available survey data are given in Table
3-5. For al tuning series, the oldest age given represents a true age, rather than a plus group.

3.1.4 Age compositions and mean weights at age

3.1.4.1 Landings age composition and mean weights- at- age

Quarterly catch-at-age data were available from Scotland and Ireland. The countries that
provide data are listed in Table 2.2, and sampling levels are shown in Table 2.3. Landings age
distributions were estimated from market samples. For Irish data, ALKs are occasionally
augmented by samples collected during research vessel surveys. The procedures used to
aggregate national data setsinto total international landings are given in Section 2.2.1.
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Total WG estimates of international landings-at-age are given in Table 3-8. Annual mean
weights-at-age in landings are given in Table 3-10. Figure 3-4 shows the mean weights-at-age
in the landings and discards. A loess smooth has been fitted to the data at each age, with a
span including three quarters of the data points. There is no evidence of atrend in weight at
ages 1, 2 and 7+ for Vla cod landings, but some evidence of agradual long term decline at age
3 and amore recent decline at ages 4 to 6.

3.1.4.2 Discards age composition and mean weights- at- age

A summary of the available discard information from the Scottish and Irish sampling
programme is given in Table 3-12. Discards of cod only occur regularly at ages one and two.
From Figure 3-4 thereis no evidence of atrend in weight at age for Vla cod discards.

WG estimates of discards are based on data collected in the Scottish and Irish discard
programmes (raised by weighted average to the level of the total international discards).
Historically discard age compositions from Scottish sampling have been applied to unsampled
fleets. Thisis still true for data up to 2002. New raising procedures were initiated for the Irish
data (using the methods of Borges et a. 2005) and data from 2003 onwards has been raised by
the new method. The revision of the Irish discard data has not yet been applied to earlier years.

Work is underway to revise the Scottish discard estimates with an aim to reduce bias and
increase precision. A working document provided to WGNSD Sy, set out the methodology
of thiswork (Fryer, R. & Millar, 2004).

3.1.4.3 Catch age composition and mean weights- at- age
Total catch numbers and mean weights-at-age are given in Table 3-14 and Table 3-16
respectively. Stock weights are assumed to equal catch weights.

3.1.5 Natural mortality and maturity at age

Values for natural mortality (0.2 for al ages and years) and the proportion of fish mature at age
are unchanged from the last meeting. The proportion of F and M acting before spawning is set to
zero. The maturity ogive used by the WG for this stock is as follows:

AGE 0 1 2 3 4-15+
Mat 0.00 | 0.00 | 052 | 0.86 1.00

Survey-derived maturity ogives for gadoid stocks in Division Vla were presented as a
Working Document to the 2002 WG (Burns and Reid, WGNSDS 2002 WD 1). These
indicated proportion mature at age 2 of between 48% and 100%, and greater than 90% at age 3
(data coverage - 1995-2001). Estimates were not disaggregated by sex. Sex-disaggregated
estimates are now available, but have not yet been fully analysed. The validity and
management implications of the use of such data have not yet been fully evaluated, and
therefore their use needs to be investigated.

3.1.6 Data screening and exploratory runs

3.1.6.1 Commercial catch data

Given concerns about mis-reporting of catch and effort, the commercial catch data are not
currently considered for tuning purposes. Because of concerns over mis-reporting leading to
bias landings and discards numbers later than 1994 have not been used in a final assessment,
see section 3.1.6.3. Weights at age for the stock are still required to obtain biomass estimates
and so the full series of stock weights was always used.
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3.1.6.2 Survey data

Log mean-standardised survey time-series by age and year-class are shown in figure 3-6. The
ScoGFSQ1 series appears to track well the development of relative year-class strength down
cohorts, athough this signal is degraded in older ages for some cohorts. The IreGFS series
tracks year classes well for ages 1 and 2, but not ages 0 and 3. The ScoGFSQ4 tracks ages 1
and 2 well, but not older ages.

Log catch curves are shown in Figure 3-8. The figure for the ScoGFSQ1 shows a strong
“hook™ at the younger ages, with abundance at age two often higher than at age one. The
figure for ScoGFSQ4 shows alack of coherencein thisindex series.

Comparative scatterplots at age are given in Figure 3-10, Figure 3-12 and Figure 3-14.

The WG could not use the IreGFS survey or ScoGFSQ4 survey in survey based analyses
using the available software, due to insufficient number of ages consistently tracked by these
surveys, (both surveys track ages 1 and 2 well but not other ages). Furthermore, the Irish
survey has been discontinued.

Therefore, all subsequent analyses were carried out using only the ScoGFSQ1 series.

In response to concerns over possible trends in catchability of the Scottish groundfish survey,
WGNSDS,q5 examined mean length and weight at age in the survey. No trends were apparent
in the data.

3.1.6.3 Exploratory assessment runs
Two methods were considered.

e TSA: giving absolute assessments using commercial landings and discards data, and
incorporating the ScoGFSQ1 index for tuning.

e SURBA: using survey data only and giving an assessment of relative trends in
biomass.

SURBA analysis

On the basis that the choice of natural mortality estimates is arbitrary for gadoid stocks,
mortality results from the latest version of SURBA are in terms of mean Z, or Z at age. It
should be noted that this measure is not an absolute measure of mortality but a measure of the
decline down cohorts as measured by a survey, and as such is dependent on the catchability of
that survey. However, if the catchability of the survey remains constant over time then the
trends in Z should reflect the trends in the absolute Z for the stock.
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To reduce the influence of the single large haul of cod in the ScoGFSQL in 2001 the model
settings were altered, compared to the final assessment run from WGNSDSyy5 to down-
weight the index values at ages 3, 4 and 5 in this year. Figure 3-16 shows how this reduces
noise in the mean Z time series and improves retrospectives of both mean Z and SSB. The
model settings for this run are given below followed by explanations for these settings:

Y ear range: 1985-2006

Agerange: 1-6

Catchability at age: 0.0304, 0.1045, 0.2092, 0.4443, 0.7217, 1

Age weighting: 1.0, 1.0, 0.0, 0.0, 0.0, 10 for 2001

1.0, 1.0, 1.0, 1.0, 1.0, 1.0 for all other years

Lambda: 20
Cohort weighting: not applied
Agerange

At WGNSDS,q5 runs were conducted to test the sensitivity of the results to use of different
age ranges. It was found there was some sensitivity to the age range. The abundance of fish at
age 7 in the ScoGFSQL1 is very low. Given the sensitivity to age range included the WG
considered age 7 should be left out of the analysis. Abundance numbers are also low for age 6
but it was felt useful information could be lost if this age was a so excluded.

Smoothing parameter 4

Survey data estimates of mean Z tend to be noisy. SURBA has an additive penalty function, A,
placed on the variation in year effect of mortality which effectively acts as a smoother. It was
found that if no smoothing were used results for mean Z (2-5) could become negative.
Smoothing was therefore applied to runs. A lambda value of 2 appeared reasonable, reducing
noise in Z without over-smoothing the trends.

Catchabilities (q)

Equal catchabilities were initially set for all ages. This was unlikely to be satisfactory for cod
given the “hooked” nature of the log catch curves, (Figure 3-8). Evidence that the
catchabilities of younger ages should be reduced can be found from the age effects estimated
from SURBA. An ad-hoc method of obtaining positive age effectsis to reduce the catchability
at age one until the condition is met. It was uncertain to the WG whether the ad-hoc method of
reducing catchability at age 1 until all age effects are positive is defensible.  An alternative
method was to compare raw survey indices with numbers at age estimates from a TSA run.
These ratios were then standardised relative to a given reference age. No catch-at-age analysis
has been accepted as a final assessment for some years. However, the WGNSD S;y5 decided
that even if there are concerns over mis-reporting of commercia data, so long as the relative
catch numbers between ages remains constant the catchabilities generated using a catch-at-age
anaysis will bevalid and it was important to include this additional information on the stock
if possible. The TSA run not allowing a trend in survey catchability and using all years of
available catch data was chosen to provide the catchabilities for this stock. Figure 3-18 shows
the age effects resulting from this last approach compared to that when catchability is
considered constant across ages.

TSA

Figure 3-20 shows a mean standardised plot of SSB comparing three TSA runs and the agreed
SURBA run using the ScoGFSQL1 data. Two TSA runs use the full series of commercia catch



56 ICES WGNSDS Report 2006

data, the difference being whether a persistent trend in survey catchability was allowed to be
estimated. It is now known that fixing the variance measuring persistent changes in survey
catchability to zero will have little impact, because the divergence between the catch data and
the survey data will then be picked up by the variance measuring transient changes in survey
catchability. Fixing both variances to zero might have some impact, depending on the relative
precision of survey and catch data. If the catch data are precise but with trends in bias, then
the catch data will dominate the survey data and give biased stock trends. As expected the
SSB trends are extremely similar and only diverge at the point of forecast estimate for 2006
(the estimate at this point from the model not alowing survey catchability trend has not been
influenced by commercial data observations).

In light of disparities between assessed trends in SSB between analyses based on catch data
and those based on survey data, the WGNSDS,qy4 performed runs with catch data being
progressively removed and 1994 was concluded the optimal year after which to remove
landings data. The third TSA run presented in Figure 3-20 used catch data up to 1994 only.
Only a run not allowing a persistent trend in survey catchability is included as there is no a
priori reason to suspect a trend in survey catchability and - without landings data to contrast
against — there is no divergence between catch and survey data to measure.

All results show a downward trend in SSB but there is a clear divergence between TSA results
using the full set of commercia data and SURBA from the mid 1990s. The trends are,
however, more similar between SURBA and TSA using areduced set of data, highlighting the
different signals being produced by survey and commercial data.

Attempts by the WG to produce short term forecasts using relative assessment results output
from a survey based assessment (SURBA) were rejected by ACFM.

“...the RGNSDS did not accept the SURBA-based forecasts which were undertaken in
some cases. The problem is that these use (Z-M) as a proxy for F, when the survey Z is
really only a measure of loss and not necessarily a measure of total mortality. These are
regarded as a useful exploration of the possibility of providing catch advice using
SURBA, but again there is a need for these approaches to be further studied and
simulation tested. “

The WG concluded that it would adopt the approach of using TSA run on a reduced set of
data. This would alow conventional forecasts based on absolute assessment results while also
producing assessment results that matched (to the greatest extent possible) the SSB trends
found from an agreed best SURBA run. The WG was also tasked wirh evaluating the current
cod recovery plan, (see section 15).

3.1.7 Final assessment run

A TSA run using commercial catch data to 1994 and allowing no persistent trend in survey
catchability was chosen as the final assessment model. Model settings and input parameter
settings for the final run are given in Table 3-19. Final parameter estimates from the TSA run
aregiven in Table 3-21, alongside final run estimates for Vla cod from previous WGs.

A summary plot for thisrun is shown in Figure 3-22. The disparity between the estimated total
catch and landings compared to the supplied commercial data is clear. There is a noticeable
long term downward trend in recruitment.

Standardised prediction errors at age from the final assessment run (which can be interpreted
as residuals) are shown in Figure 3-24 (landings), Figure 3-26 (discards) and Figure 3-28
(ScoGFSQL). Errors within +2 are considered reasonable. Some prediction errors fall just
outside of this range but the majority of values are within the range. There is some evidence of
atrend in prediction errors at age 1 from the ScoOGFSQ1 data.
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Table 3-23 gives the TSA population numbers-at-age and Table 3-25 gives their associated
standard errors. Estimated F at age is given Table 3-27 and standard errors on log fishing
mortality are givenin Table 3-29. Full summary output for run oneisgivenin Table 3-31.

Retrospectives for the final assessment run are shown in Figure 3-30. Very little retrospective
bias is seen with respect to SSB and recruitment. The value of mean F using data to 2005 is
that much higher in recent years compared to the retrospective runs. Figure 3-30 also shows
lines at + 2 se (approximate 95% confidence limits) around the run using al years of data. All
retrospectives fall well within these proxy confidence limits but the confidence interval is
wide, reflecting uncertainty in estimation of mean F when that estimation is based on the age
structure present in survey data. This does little to change the perception of the stock,
however, as al mean trends show mean F above Fj,, in this period and the lower confidence
limit is always above Fpa.

3.1.8 Comparison with last year’s assessment

The assessment carried out by the WGNSDS in 2005 was based on SURBA analysis of survey
data. Adjustments were made to improve the retrospectives compared to the final assessment
run of 2005 but this left the trend in SSB over the period of available survey data very little
changed (see Section 3.1.6.3 and Figure 3-16). The fina run using TSA was chosen in part
because of the consistency between its SSB time series and that of the SURBA analysis.
Perceptions of the stock have therefore not changed but absolute estimates of stock numbers at
age are available.

3.1.8.1 Estimating recruiting year- class abundance

Recruitment was estimated as a geometric mean of the last ten years. Recruitment in 2008 was
taken to be equal to that in 2007.

3.1.8.2 Long term trends in biomass, mortality and recruitment

The overdl trend in SSB for this stock is decreasing throughout the period for which datais
available, (Figure 3-20, Figure 3-22). From Figure 3-22 there is a noticeable long term
downward trend in recruitment with the estimate for 2005 the lowest in the series. Mean F
shows an upward trend over the majority of the last two decades, but with signs of adeclinein
recent years.

3.1.8.3 Short-term stock projections

A short term projection was made using WGFRANS. Mean weights at age have been
relatively stable over the recent past so a mean over the last three years was taken to represent
the mean weights at age appropriate for a short term projection. Numbers at age in 2006 were
taken from the TSA output. CV'swere calculated from the standard errors on numbers at age.
F at age was partitioned into landings and discard F by proportion weight in catch and three
year means taken. The larger of the CV's from the estimation of these two means was used as
the CV in the forecast. Input data to the short term projection is shown in Table 3-33.
Management options from the forecast are shown in Table 3-35 and detailed tables of catch
numbers at age for status quo F are shown in Table 3-37.

A plot of the short term forecast is shown in Figure 3-33. Results from sensitivity analysis
from this forecast is shown in Figure 3-35 and probability profilesin Figure 3-37. Figure 3-39
shows the probability of SSB being below B, 0ver the next ten years, given arange of fishing
mortalities.
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3.1.9 Medium-term stock projections

Medium term predictions are not being made at this WG. It was felt that recruitment can not
be assumed to conform to historical patterns as the stock is at a historic low.

3.1.10 Yield and biomass per recruit

In the absence of new catch at age assessments, yield and biomass per recruit analyses were
not conducted at the 2005 meeting. WGNSDS,q, provided 4 final run options for cod in Vla,
and the yield and biomass per recruit output for final run 3 (a TSA tuned to catch data
(landings and discards) from 1978 to 1994 and survey data from 1985-2004, with no survey
catchability trend permitted) is presented here. This run provided the most similar trend in
SSB to the SURBA run presented in this report and is based on the same assumptions
regarding catch data validity as the final TSA assessment considered this year. Yield and
biomass per recruit values are shown in Figure 3-41.

3.1.11 Biological reference points

ICES has defined the following PA reference points:

REFERENCE POINT TECHNICAL BASIS

Bpa=22,000t Previously set at 25,000 t, which was considered alevel at which good
recruitment is probable. This has since been reduced to 22,000 t due to
an extended period of stock decline.

Biim = 14,000 t Smoothed estimate of Bjoss (as estimated in 1998).
Fpa=0.6 Consistent with Bpe.
Fim=0.8 F values above 0.8 led to stock decline in the early 1980°s.

3.1.12 Quality of the assessment
Landings

In the recent past, the most significant problem with assessment of this stock is with
commercial data. Incorrect reporting of landings - species and quantity - is known to occur
and directly affects the perception of the stock. Furthermore, both TSA and XSA (used at
previous WGs) are strongly influenced by catch data.

Effort

Commercial effort data for Division Vlais considered very uncertain and was not used in the
assessment.

Discards

Available discard estimates are calculated mainly from the Scottish sampling program. The
method used is to sample on a stratified basis and then raise by some auxiliary variable to,
initially, total strata discards, and ultimately international discards. These estimates are prone
to bias. At WGNSDS,p4 a new method of raising discard data was introduced (WD 2), using
the same raw data, and which will reduce estimation bias. The method is being applied and
tested on data from both the Northern Shelf and North Sea regions before the resulting revised
datais released to assessment working groups. Data using the new method was therefore not
available for 2006 and so the data as cal culated by the existing method was used.
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Surveys

The survey used for this assessment changed vessel and tow duration in 1999. Although a
correction has been made based on comparative tows, there will be an additional variance
associated with this correction factor which will affect the survey index.

Biological factors

Biological responses of cod in Vla as a localised species to high exploitation and low
population numbers are so far unknown to the working group. Morphological changes,
changes in maturity and fecundity, and changes in distribution may all be causing systematic
bias due to long-standing assumptions on mean weight at length and mean maturity at age.

For ecasts

Short term forecasts are sensitive to the estimation of status quo mean fishing mortality. The
WG considers mortality estimates arising from an assessment heavily or wholly based on
survey data are poorly estimated and therefore noisy and sensitive to survey catchability. In
addition, in the case of Vlacod only one survey series is considered sufficiently long and self-
consistent for use in assessment. As stated earlier, concerns over bias in catch data mean the
WG also feels unable to make forecasts based on commercial catch-at-age data.

3.1.12.1 Management considerations

Assessments based wholly on survey indices or catch at age analysis with recent catch data
removed give uncertain estimates of mortality, whether mean overall mortality Z or mean
fishing mortality F. These estimates are based on the age structure indicated by the survey
series, which are known to be noisy. In contrast spawning biomass and recruitment appear to
be robust measures of stock dynamics. All exploratory runs showed SSB for cod in Vla to
have declined for 2005.

Cod are taken in a mixed demersal fishery with haddock and whiting, and management advice
needs to be considered in that context. Interactions between fisheries are discussed in Section
15.

Under Council Regulation No. 51/2006 the use of gillnets has been banned outside 200m
depth. WGFTFB s report that this has greatly reduced effort at depths greater than 200m in
Vla The measure was aimed to protect monkfish and deepwater shark and it is unclear what
effect it will have on cod. WGFTFByys also report that the latest days allocations under
Regulation No. 51/2006 still provides no incentive for Nephrops fishermen to use a mesh size
larger than 80mm and there has been a steady shift into smaller mesh fisheries. The days at sea
restrictions imposed in division Vlado not apply west of aline running close to the shelf edge,
see Figure 3-2. This figure shows that historically, significant CPUE of mature cod were
obtained from the ScoGFSQ1 in waters outside of effort restrictions. What also seems
apparent from the same figure is the contraction of cod into isolated and relatively inshore
areas in recent years.

The EU Cod Recovery Plan regulation, (Council Regulation No. 423/2004) impacts on
management measures for 2007, which will be formulated with reference to the estimates and
forecasts of SSB in relation to limit and precautionary reference points. For stocks above Bjjn,
the harvest control rule (HCR) requires:

1. setting a TAC that achieves a 30% increase in the SSB from one year to the next,
2. limiting annual changesin TAC to = 15% (except in the first year of application), and,
3. arateof fishing mortality that does not exceed Fpa.
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For stocks below By, the Regulation specifies that:

4. conditions 1-3 will apply when they are expected to result in an increase in SSB above
Biim in the year of application,

5. aTAC will be set lower than that calculated under conditions 1-3 when the application of
conditions 1-3 is not expected to result in an increase in SSB above By, in the year of
application.

The TSA assessment indicates SSB to be below By,,. The declining trend indicated by this
assessment points to SSB for 2005 and 2006 at the lowest observed biomass in the survey
series. All indications from this and previous WGs are that the stock is at a historic low level.

Cod in Division Vib

Officialy reported catches are shown in Table 3.20There were revisions to 2004 data,
(inclusion of reported landings from Ireland). No analytical assessment of this stock has been
carried out.



ICES WGNSDS Report 2006

Table3.1: Cod in Division Vla.

Official catch statisticsin 1985-2005, asreported to | CES.

COUNTRY 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
Belgium 48 88 33 a4 28 - 6 - 22 1 2 + 1 1 + + 2 +
Denmark - - 4 1 3 2 2 3 2 + 4 2 - - + - - -
Faroe Islands - - - 11 26 - - - - - - - - - - - - -
France 7411 | 5096 | 5044 | 7669 | 3,640 | 2220 | 2503 | 1957 | 3,047 2,488 2,533 | 2,253 | 956 714* 2842* 236 391 208
Germany 66 53 12 25 281 586 60 5 9 100 18 63 5 6 8 6 4 +
Ireland 2564 | 1,704 | 2,442 | 2551 | 1642 | 1,200 | 761 761 645 825 1,054 | 1,286 | 708 478 223 357 319 210
Netherlands - - - - - - - - - - - - 2 1 - - - -
Norway 204 174 77 186 207 150 40 171 72 51 61 137 36 36 79 114* | 40* 88
Spain 28 - - - 85 - - - - - 16 + 6 42 45 14 3 11
UK (E., W., N.l) 260 160 444 230 278 230 511 577 524 419 450 457 779 474 381 280 138 195
UK (Scotland) 8032 | 4251 | 11,143 | 8465 | 9236 | 7,389 | 6,751 | 5543 | 6,069 5,247 5522 | 5382 | 4,489 | 3919 | 2,711 | 2,057 | 1,544 | 1,519
UK
Total landings 18,613 | 11,526 | 19,199 | 19,182 | 15426 | 11,777 | 10,634 | 9,017 10,475 | 9,131 9,660 | 9,580 | 6,992 | 5671 | 4,289 | 2,767 | 2,439 | 2,231
* Preliminary.

COUNTRY 2003 2004 2005
Belgium
Denmark
Faroe Islands 2 0
France 172 91 79
Germany +
Ireland 120 34 17
Netherlands -

Norway 46 10

Spain 3

UK (E., W.,N.I.) 79 46

UK (Scotland) 879 413

UK 403
Total landings 1,299 596 499

* Preliminary.

61
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Table3.2: Cod in Division Vla. Landings, discardsand catch estimates 1978-2005, as used by the WG.

YEAR LANDINGS DISCARDS CATCH
1978 13521 3678 17199
1979 16087 54 16141
1980 17879 996 18875
1981 23866 520 24386
1982 21510 1652 23162
1983 21305 2026 23331
1984 21271 635 21906
1985 18608 8812 27420
1986 11820 1201 13022
1987 18975 8767 27742
1988 20413 1217 21629
1989 17171 2833 20004
1990 12176 326 12503
1991 10926 917 11843
1992 9086 2897 11983
1993 10315 192 10507
1994 8929 186 9115
1995 9438 257 9696
1996 9425 87 9513
1997 7033 354 7387
1998 5714 423 6137
1999 4201 98 4298
2000 2977 607 3584
2001 2347 224 2571
2002 2242 169 2412
2003 1241 49 12901
2004 540 75 615
2005 479 57 535




ICES WGNSDS Report 2006 63

Table 3.3: Cod in Divison Vla. Landings-effort series made available to the WG. Effort (first column) is
given asreported hoursfished per year, numberslanded arein thousands.

SCOSEI SCOTTISH SEINERS
1978 2005
1 1 0 1
1 6
33617 743.00 224.48 64.14 41.83 13.01 3.72
38465 120.91 128.90 197.32 25.17 19.13 5.03
38640 403.38 223.25 75.45 37.21 13.44 4.13
37208 26.53 473.12 129.81 42.39 7.95 0.88
36689 405.78 139.18 137.35 31.99 14.11 3.76
38080 1205.65 509.03 65.34 58.51 14.63 4.88
29561 275.95 56.40 78.78 25.58 17.39 10.23
26365 982.36 199.94 2731 2341 4.88 4.88
19960 348.05 84.78 30.70 6.35 4.23 1.06
26332 4461.36 552.51 48.68 67.56 18.88 4.97
21383 63.84 451.06 41.87 4,98 3.99 1.00
39350 560.31 138.71 152.45 31.07 6.74 4.16
23235 99.96 566.35 3111 60.19 11.87 2.06
25787 364.64 132.65 164.98 16.25 28.93 8.39
20273 1390.05 228.60 35.92 46.85 4.09 501
24315 86.98 389.31 87.56 10.26 16.08 2.90
21305 175.94 138.49 145.48 23.03 5.90 4.96
21950 134.47 372.92 68.30 60.81 9.78 211
15205 82.21 318.54 106.62 17.28 15.61 1.30
11449 317.44 102.89 77.06 2331 12.33 13.52
11166 98.32 656.93 28.31 12.89 3.30 131
8638 40.64 60.26 58.57 2.03 1.08 0.74
6431 243.84 32.99 13.49 7.36 0.39 0.35
5893 7.48 101.54 4.62 0.80 1.05 0.07
3817 32.15 25.07 26.48 2.02 0.62 0.30
2370 8.76 31.65 4.56 2.22 0.07 0.01
1159 0.66 0.69 0.60 0.12 0.44 0.05
476 1.67 3.77 0.74 0.54 0.21 0.03
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Table 3.3: (cont) Cod in Division Vla. Landings-effort series made available to the WG. Effort (first column)
isgiven asreported hoursfished per year, numberslanded arein thousands.

ScoLTR SCOTTISH LIGHT TRAWLERS
1978 2005
1 1 0 1
1 6
127387 224251 685.36 185.50 133.92 32.74 7.94
99803 161.44 212.39 485.00 57.12 31.06 6.01
121211 694.04 699.09 328.14 129.35 34.24 10.46
165002 123.59 1588.52 524.05 183.42 31.06 3.88
135280 1623.74 367.84 616.01 163.81 46.10 5.89
112332 1634.45 1408.23 196.00 163.65 51.38 18.08
132217 974.48 593.35 419.46 85.37 93.80 30.56
142815 6421.55 1734.74 218.21 131.35 21.19 22.25
126533 1403.22 376.19 384.35 67.13 30.32 3.25
131720 23524.40 1058.11 143.60 116.68 27.92 12.96
158191 319.66 2464.85 309.82 49.97 37.98 8.00
217443 1795.80 291.27 989.06 200.39 46.89 19.53
142502 195.62 1334.61 87.08 202.71 37.25 6.93
209901 2081.88 815.93 534.85 38.68 97.23 30.51
189288 2197.22 655.91 193.06 240.73 17.16 24.27
189925 246.98 1274.46 301.98 46.14 80.17 10.51
174879 348.87 458.79 463.67 88.90 16.55 22.76
175631 488.40 839.26 188.99 168.65 21.32 431
214159 133.75 790.18 355.22 79.78 83.08 9.88
179605 819.38 371.40 394.35 109.46 18.88 18.82
142457 181.66 1343.76 100.25 64.43 21.22 5.63
98993 129.77 226.02 433.87 20.55 19.74 11.62
76157 988.51 233.22 79.43 119.99 6.99 6.12
35698 95.85 461.23 51.31 26.92 24.54 1.39
15174 219.71 85.50 183.12 15.46 534 6.88
9357 31.84 192.04 37.63 49.04 2.22 0.82
7113 15.33 25.63 33.93 511 10.68 1.20
3063 12.70 37.33 14.32 15.40 2.88 2.79

Table 3.3: (cont) Cod in Division Vla. Landings-effort series made available to the WG. Effort (first column)
isgiven asreported hoursfished per year, numberslanded arein thousands.

IREOTR IRISH OTTER TRAWLERS
1995 2005
1 1 0 1
1 7
56335 7 453 115 33 6 1 1
60709 72 200 95 30 15 4 1
62698 215 120 57 24 6 5 2
57403 28 138 16 16 7 3 0
53192 10 65 16 3 2 0 0
46913 131 42 17 6 1 0 0
48358 19 90 14 5 3 0 0
37231 39 32 22 2 1 0 0
39803 7 37 6 5 1 0 0
35140 3 7 3 1 1 0 0
30941 4 8 2 1 0 0 0
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Table 3.4: Cod in Division Vla. Survey data made available to the WG. Data used in preliminary and final
runsare highlighted in bold. For ScoGFSQ1, numbers are standardised to catch-rate per 10 hours.

ScoGFSQ1 SCOTTISH WEST COAST GROUNDFISH SURVEY

1985 2006

1 1 0 0.25

1 7

10 15 23.7 8.6 13.6 39 25 12
10 15 6.9 26.8 5.6 7.3 25 1.9
10 57.4 16.2 15.3 22.8 3.0 2.8 0.0
10 0.0 64.9 14.2 34 21 0.7 0.2
10 45 7.2 451 8.6 1.9 0.5 0.8
10 20 24.6 4.1 14.7 4.2 16 0.8
10 4.8 54 17.4 52 134 2.8 0.5
10 7.3 115 54 7.6 34 2.3 0.5
10 17 38.2 12.7 17 14 11 0.0
10 13.6 14.7 251 5.8 1.0 0.0 0.0
10 6.4 23.8 14.0 16.5 12 19 0.7
10 28 20.9 241 41 28 13 0.0
10 111 1.7 11.6 7.9 4.2 4.7 1.0
10 2.8 30.9 53 8.7 3.7 0.6 2.0
10 15 8.2 8.2 14 3.2 0.5 0.5
10 13.3 54 6.9 13 0.0 0.4 0.0
10 2.7 184 5.7 13.2 19.5 11 1.6
10 53 4.3 10.6 2.6 0.5 3.0 0.0
10 2.7 16.7 20 47 18 0.7 04
10 5.7 3.0 5.6 2.3 17 0.0 0.0
10 13 15 12 0 0 0.4 0
10 2.2 1.9 11 0.3 0 0 0.3
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Table 3.4: (cont) Cod in Division Vla. Survey data made available to the WG. For IreGFS, effort is given as
minutes towed, numbersarein units.

IREGFS I RISH GROUNDFISH SURVEY
1993 2002
1 1 0.75 0.79
0 3
1849 0.0 312.0 49.0 13.0
1610 20.0 999.0 56.0 13.0
1826 78.0 169.0 142.0 69.0
1765 0.0 214.0 89.0 18.0
1581 6.0 565.0 31.0 10.0
1639 0.0 83.0 53.0 6.0
1564 0.0 24.0 14.0 3.0
1556 0.0 124.0 4.0 1.0
755 3.0 82.0 28.0 20
798 0.0 50.6 22 12

Table 3.4: (cont) Cod in Division Vla. Survey data made available to the WG. For ScoGFSQ4, numbers are
standardised to catch-rate per 10 hours. “+” indicates value less than 0.5 after standardising.

ScoGFsQ4 QUARTER 4 SCOTTISH GROUND FISH SURVEY

1996 2005

1 1 0.75 1.00

0 8

10 0 1 14 5 3 1 0 0 0
10 1 11 2 1 1 1 0 0 0
10 + 15 9 1 0 0 0 0 0
10 2 4 6 9 1 0 0 0 0
10 0 16 3 0 0 0 0 0 0
10 1 2 9 1 1 0 0 0 0
10 1 10 3 7 1 0 0 0 0
10 1 2 11 3 1 0 0 0 0
10 0 5 4 0 + 0 0 0 0
10 + 2 3 0 1 + 0 0 0

Table 3.4: (cont) Cod in Division Vla. Survey data made available to the WG. For IRGFS, numbers are
standardised to catch rate per hour.

IRGFS IRISH WEST
CoAsT
GROUNDFISH

2003 2005
1 1 0.79 0.92
0 4
1127 0 10 11 0 0
1200 0 24 10 1 0
960 63 13 7 0 2
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Table3.5: Cod in Division Vla. Landingsat age (thousands).

AGE
Year 1 2 3 4 5 6 7+
1966 384 2883 629 999 825 78 52
1967 261 2571 3705 670 442 264 67
1968 333 1364 3289 1838 215 171 151
1969 64 1974 1332 1943 759 149 170
1970 256 1176 1638 571 476 153 74
1971 254 1903 550 841 240 201 95
1972 735 2891 1591 409 501 108 110
1973 1015 1524 1442 583 161 193 104
1974 843 2318 778 1068 288 72 102
1975 1207 1898 1187 533 325 90 35
1976 970 3682 1467 638 256 215 56
1977 1265 1314 1639 624 269 87 79
1978 723 1761 999 695 286 97 75
1979 929 1612 2125 682 342 134 69
1980 1195 3294 2001 796 191 77 37
1981 461 7016 3220 904 182 29 20
1982 1827 1673 3206 1189 367 111 33
1983 2335 4515 1118 1400 468 148 60
1984 2143 2360 2564 448 555 185 59
1985 1355 5069 1269 1091 140 167 79
1986 792 1486 2055 411 191 40 30
1987 7873 4837 988 905 137 56 26
1988 1008 8336 2193 278 210 39 20
1989 2017 1082 3858 709 113 69 33
1990 513 4024 432 924 170 23 11
1991 1518 1728 1805 188 266 70 23
1992 1407 1868 575 720 69 58 24
1993 328 3596 1050 131 183 24 36
1994 942 1207 1545 280 56 51 20
1995 753 2750 700 630 70 15 11
1996 341 2331 1210 247 204 31 13
1997 1414 1067 989 281 66 62 7
1998 310 3318 293 174 57 16 9
1999 132 884 1047 64 48 24 9
2000 765 532 211 231 15 12 13
2001 96 1241 155 63 52 3 4
2002 337 340 522 41 13 14 4
2003 62 516 85 107 6 2 1
2004 44 92 85 11 26 2 1
2005 31 121 43 37 7 6 0.5
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Table 3.6: Cod in Division Vla. Mean weight-at-agein landings (kg).

AGE

Year 1 2 3 4 5 6 7+
1966 0.730 1.466 3.474 5.240 4.868 8.711 9.250
1967 0.681 1.470 2.906 4.560 6.116 7.394 8.058
1968 0.745 1.776 2.766 4721 6.304 7.510 8.278
1969 0.860 1.284 2.821 4.259 6.169 6.374 7.928
1970 0.595 0.955 2.533 4.678 6.016 7.120 8.190
1971 0.674 1.046 2.536 4.167 6.023 6.835 8.100
1972 0.609 1192 2.586 4417 6.226 7.585 8.538
1973 0.597 1181 2784 4.601 5.625 7.049 8.611
1974 0.611 1.103 2.834 4.750 6.144 7.729 9.339
1975 0.603 1.369 3.078 5.302 6.846 8.572 10.328
1976 0.616 1.397 3.161 5.005 6.290 8.017 9.001
1977 0.629 1.160 2.605 4715 6.269 7.525 9.511
1978 0.630 1.373 3.389 5.262 7.096 8.686 9.857
1979 0.693 1.373 2.828 4.853 6.433 7.784 9.636
1980 0.624 1.375 3.002 5.277 7.422 8.251 9.331
1981 0.550 1.166 2.839 4.923 7.518 9.314 10.328
1982 0.692 1.468 2737 4.749 6.113 7.227 9.856
1983 0.583 1.265 2.995 4.398 6.305 8.084 9.744
1984 0.735 1.402 3.168 5.375 6.601 8.606 10.350
1985 0.628 1.183 2.597 4.892 6.872 8.344 9.766
1986 0.710 1211 2.785 4.655 6.336 8.283 9.441
1987 0.531 1.312 2.783 4.574 6.161 7.989 10.062
1988 0.806 1.182 2.886 5.145 6.993 8.204 9.803
1989 0.704 1.298 2.425 4.737 7.027 7.520 9.594
1990 0.613 1.275 2.815 4314 7.021 9.027 11.671
1991 0.640 1.095 2.618 4.346 6.475 8.134 10.076
1992 0.686 1.293 2.607 4.268 6.190 7.844 10.598
1993 0.775 1.316 2.940 4.646 6.244 7.802 8.409
1994 0.644 1.292 2.899 4.710 6.389 8.423 8.409
1995 0.606 1.148 2.857 4.956 6.771 8.539 9.505
1996 0.667 1.221 2.738 5.056 6.892 8.088 10.759
1997 0.595 1.210 2571 4.805 6.952 7.821 9.630
1998 0.605 1.061 2.264 4.506 6.104 8.017 9.612
1999 0.691 1.039 2194 4.688 6.486 8.252 9.439
2000 0.689 1.261 2.457 4.126 6.666 7.917 8.392
2001 0.654 0.988 2.679 4.568 5.860 7.741 9.386
2002 0.668 1.140 2.330 4.841 6.175 7.192 9.548
2003 0.671 1.016 2312 3.854 6.220 8.075 8.839
2004 0.609 1.027 2.194 4.396 6.003 8.258 9.678
2005 0.776 1172 2.624 4118 4.908 6.753 10.240
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Table 3.7: Cod in Division Vla. Discard dataset from Scottish & Irish sampling programmes, ages 1-3, years
1978-2005. Data from 1978-2001 raised from Scottish sampling only; later data raised from both Irish and

Scottish sampling.

DISCARDSAT AGE (THOUSANDS).

B) MEAN WEIGHT-AT-AGE IN DISCARDS (KG).

Age Age

Y ear 1 2 3 Year 1 2 3
1978 8904 1203 0 1978 0.37 0.321 0
1979 11 119 0 1979 0.276 0.43 0
1980 2758 0 0 1980 0.361 0 0
1981 289 1475 0 1981 0.135 0.326 0
1982 5264 2 0 1982 0.314 0.392 0
1983 7371 1005 0 1983 0.223 0.374 0
1984 2117 10 0 1984 0.298 0.435 0
1985 43508 3122 0 1985 0.178 0.346 0
1986 4483 10 0 1986 0.267 0.305 0
1987 52582 159 0 1987 0.166 0.37 0
1988 714 3256 0 1988 0.296 0.283 0
1989 8443 25 0 1989 0.332 0.59 0
1990 1835 158 0 1990 0.132 0.454 0
1991 3255 319 0 1991 0.245 0.351 0
1992 12498 143 2 1992 0.22 1.03 2.382
1993 595 51 0 1993 0.239 0.812 3.723
1994 773 2 0 1994 0.24 0.365 0
1995 1111 126 0 1995 0.203 0.256 0
1996 233 86 0 1996 0.226 0.389 0
1997 1074 27 0 1997 0.321 0.328 0
1998 472 837 3 1998 0.23 0.367 0.59
1999 283 16 0 1999 0.294 0.299 0
2000 2081 53 0 2000 0.28 0.421 0
2001 216 373 0 2001 0.248 0.417 0
2002 508 32 0 2002 0.263 1.021 0
2003 7 38 8 2003 0.272 0.57 0.39
2004 232 21 0 2004 0.258 0.581 0
2005 108 20 0 2005 0.285 0.501 0
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Table3.8: Cod in Division Vla. Total catch at age (thousands).

AGE
Year 1 2 3 4 5 6 7+
1978 9627 2965 999 695 286 97 75
1979 940 1731 2125 682 342 134 69
1980 3953 3294 2001 796 191 77 37
1981 749 8491 3220 904 182 29 20
1982 7091 1676 3206 1189 367 111 33
1983 9706 5520 1118 1400 468 148 60
1984 4260 2371 2564 448 555 185 59
1985 44863 8191 1269 1091 140 167 79
1986 5275 1495 2055 411 191 40 30
1987 60456 4996 988 905 137 56 26
1988 1722 11592 2193 278 210 39 20
1989 10459 1107 3858 709 113 69 33
1990 2348 4182 432 924 170 23 11
1991 4773 2047 1805 188 266 70 23
1992 13905 2011 577 720 69 58 24
1993 923 3647 1050 131 183 24 36
1994 1715 1209 1545 280 56 51 20
1995 1864 2877 700 630 70 15 11
1996 574 2417 1210 247 204 31 13
1997 2488 1094 989 281 66 62 7
1998 783 4155 296 174 57 16 9
1999 415 900 1047 64 48 24 9
2000 2846 585 211 231 15 12 13
2001 312 1614 155 63 52 3 4
2002 845 372 522 41 13 14
2003 139 554 93 107 6 2 1
2004 267 113 85 11 26 2
2005 139 141 43 37 7 6 0.5
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Table3.9: Cod in Division Vla. Mean weight-at-age (kg) in total catch.

AGE

Year 1 2 3 4 5 6 7+
1978 0.389 0.946 3.389 5.262 7.096 8.686 9.857
1979 0.688 1.308 2.828 4.853 6.433 7.784 9.636
1980 0.440 1.375 3.002 5.277 7.422 8.251 9.331
1981 0.390 1.020 2.839 4.923 7.518 9.314 10.328
1982 0411 1.467 2737 4.749 6.113 7.227 9.856
1983 0.310 1.103 2.995 4.398 6.305 8.084 9.744
1984 0.518 1.398 3.168 5.375 6.601 8.606 10.350
1985 0.191 0.864 2.597 4.892 6.872 8.344 9.766
1986 0.334 1.205 2.785 4.655 6.336 8.283 9.441
1987 0.213 1.282 2.783 4574 6.161 7.989 10.062
1988 0.595 0.929 2.886 5.145 6.993 8.204 9.803
1989 0.404 1.282 2.425 4.737 7.027 7.520 9.594
1990 0.237 1.244 2.815 4314 7.021 9.027 11.671
1991 0.371 0.979 2.618 4.346 6.475 8.134 10.076
1992 0.267 1.274 2.606 4.268 6.190 7.844 10.598
1993 0.430 1.309 2.940 4.646 6.244 7.802 8.409
1994 0.462 1.291 2.899 4710 6.389 8.423 8.409
1995 0.365 1.109 2.857 4.956 6.771 8.539 9.505
1996 0.487 1191 2.738 5.056 6.892 8.088 10.759
1997 0.477 1.188 2571 4.805 6.952 7.821 9.630
1998 0.379 0.921 2.248 4.506 6.104 8.017 9.612
1999 0.420 1.025 2.194 4.688 6.486 8.252 9.439
2000 0.390 1.186 2457 4.126 6.666 7.917 8.392
2001 0.372 0.856 2.679 4.568 5.860 7.741 9.386
2002 0.424 1.130 2.330 4.841 6.175 7.192 9.548
2003 0.450 0.986 215 3.854 6.220 8.075 8.839
2004 0.314 0.945 2194 4.396 6.003 8.258 9.678
2005 0.395 1.078 2.624 4118 4.908 6.753 10.240
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Table 3.10: Cod in Division Vla. TSA parameter settingsfor the final assessment run.

PARAMETER

SETTING JUSTIFICATION

Age of full selection.

an=4 Based on inspection of previous XSA runs.

Multipliers on variance matrices of
measurements.

Blandings(a) =2for ages 6, 7+
Banve(d) =2foragel, 5,6

Allows extra measurement variability for
poorly-sampled ages.

Multipliers on variances for fishing
mortality estimates.

H(1) =4 Allows for more variable fishing mortalities

for age 1 fish.

Downweighting of particular data
points (implemented by
multiplying the relevant q by 9)

Landings: age 2 in 1981 and
1987, age 7 in 1989.

Large valuesindicated by exploratory
prediction error plots.

Discards: age 1in 1985 and
1992, age 2 in 1998.

Survey: age 1in 2000, age 2 in
1993 and 1994, age 6 in 1995
and 2002, ages 4, 5, 6 in 2001
(the latter are from asingle
large haul, 24 fish>75cmin
30 mins.)

Discards

Discards are allowed to evolve over time constrained by atrend. Ages1and 2
are modelled independently.

Recruitment.

Modelled by a Ricker model, with numbers-at-age 1 assumed to be independent
and normally distributed with mean n; S exp(-n2 S), where Sisthe spawning
stock biomass at the start of the previous year. To alow recruitment variability
to increase with mean recruitment, a constant coefficient of variation is
assumed.

Large year classes.

The 1986 year class was large, and recruitment at age 1 in 1987 is not well
modelled by the Ricker recruitment model. Instead, N(1, 1980) istaken to be
normally distributed with mean 511 S exp(—n2 S). The factor of 5 was chosen
by comparing maximum recruitment to median recruitment from 1966-1996 for
Vlacod, haddock, and whiting in turn using previous XSA runs. The
coefficient of variation is again assumed to be constant.
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Table 3.11: Cod in Division Vla. TSA parameter estimates for 2002, 2003 & 2004 assessments and final assessment presented thisyear. No final assessment using TSA was conducted in

2005. Run 3 from 2004 used a similar approach to thisyear’sfinal assessment.

Parameter Notation Description 2002 WG 2003 WG 2004 WG 2004 WG 2004 WG 2006 WG
Runl Run2 Run3
0.6378
F (1, 1978) 0.03 0.64 0.61 0.76 0.64
Initial fishing mortality F (2,1978) | Fishing mortality at ageainyeary 0.25 0.62 0.57 0.79 0.57 0.5333
F (4, 1978) 0.67 0.82 0.64 1.32 0.66 0.5743
(1) 0.83 0.33 0.42 0.81 0.47 0.6275
Survey selectivities >(2) Survey selectivity a age a 441 1.98 1.99 3.97 3.19 3.5857
D(4) 18.28 10.65 11.06 20.3 14.92 15.9096
Fishing mortality standard OF Transitory changes in overall fishing mortality 0.10 0.04 0.07 0.11 0.07 0.0947
deviations . Persistent changes in selection (age effect in F) 0.10 0.06 0.05 0.06 0.03 0.0242
Gv Transitory changes in the year effect in fishing mortality 0.00 0.07 0.08 0.00 0.10 0.0844
Gy Persistent changes in the year effect in fishing mortality 0.16 0.07 0.04 0.20 0.00 0.0425
Survey catchability o Transitory changesin survey catchability 0.24 0.00 0.0 0.24 0.00 0.1224
standard deviations o5 Persistent changes in survey catchability 0.00 045 0.48 0.00 (f) 0.00 (f) 0.00 (f)
M easur ement Glandings Standard error of landings-at-age data 0.12 0.13 0.11 0.12 0.10 0.0935
standard deviations Giscards Standard error of discards-at-age data na 0.94 0.96 0.99 1.42 1.2669
Gsurvey Standard error of survey data 0.36 0.56 0.43 0.46 0.35 0.3887
Discards Glogitp Transitory trendsin discarding n/a 0.30 0.28 0.15 0.00 0.00
Gpersistent Persistent trendsin discarding n/a 0.16 0.27 0.23 0.68 0.5735
n Ricker parameter (slope at the origin) 0.82 0.62 0.54 0.60 0.80 0.6584
Recruitment e Ricker parameter (curve dome occurs at 1/1,) 0.03 0.003 0.00 0.004 0.01 0.0049
CVrec Coefficient of variation of recruitment data 0.36 0.56 0.52 0.50 0.49 0.4184
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Table3.12: Cod in Division Vla. TSA population numbers-at-age (millions).

AGE

Year 1 2 3 4 5 6 7+

17.249 9.070 2.539 1.407 0.522 0.160 0.130
1978
1979 25.764 9.492 4.199 1.116 0.519 0.180 0.097
1980 29.933 13.461 4332 1.364 0.283 0.123 0.062
1981 9.642 16.373 6.167 1.813 0.500 0.100 0.066
1982 24.017 4.972 6.824 2.369 0.679 0.194 0.060
1983 15.009 11.632 2.140 2.576 0.847 0.238 0.090
1984 23.049 5.884 4471 0.756 0.830 0.273 0.101
1985 11.323 11.895 2.182 1.426 0.225 0.215 0.105
1986 18.276 4.231 3.923 0.703 0.325 0.064 0.075
1987 54.412 9.743 1.774 1.382 0.229 0.103 0.046
1988 5.640 16.945 3.662 0.558 0.358 0.067 0.043
1989 18.736 2.498 5.754 1.152 0.186 0.108 0.034
1990 5.841 8.822 0.947 1.537 0.337 0.055 0.040
1991 10.562 3.017 3.440 0.353 0.491 0.118 0.034
1992 15.535 4533 0.983 1.131 0.123 0.153 0.047
1993 6.477 7.802 1.821 0.300 0.339 0.042 0.069
1994 13.099 3.194 3.095 0.575 0.108 0.113 0.038
1995 11.307 6.947 1.423 1.146 0.215 0.040 0.056
1996 5.337 5.721 2.848 0.488 0.416 0.077 0.034
1997 15.359 2.432 2.210 0.898 0.167 0.144 0.038
1998 8.092 7.563 0.869 0.681 0.293 0.055 0.060
1999 5.371 3.817 2.773 0.244 0.218 0.093 0.037
2000 10.590 2.442 1.389 0.807 0.076 0.068 0.041
2001 4.025 5.074 0.901 0.424 0.266 0.025 0.035
2002 7.536 1.707 1.771 0.251 0.129 0.084 0.018
2003 2.850 3.486 0.545 0.468 0.074 0.038 0.030
2004 3.727 1.046 1.043 0.130 0.125 0.019 0.017
2005 2.292 1.374 0.271 0.208 0.031 0.030 0.009
2006 2.352 0.924 0.397 0.058 0.052 0.008 0.010
2007 1.281 1.006 0.290 0.098 0.016 0.014 0.005
GM(78- 10.430 5.212 2.079 0.731 0.248 0.086 0.046
05)

*2006 and 2007 values are T SA-derived projections of population numbers.
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Table 3.13: Cod in Division Vla. Standard errorson TSA population number s-at-age (millions).

AGE

Year 1 2 3 4 5 6 7+
1978 2.996 0.608 0.132 0.093 0.056 0.033 0.024
1979 2.462 0.592 0.197 0.068 0.050 0.035 0.022
1980 2.805 0.825 0.242 0.105 0.034 0.030 0.023
1981 1.285 1.303 0.350 0.105 0.040 0.015 0.014
1982 2.357 0.394 0.410 0.142 0.041 0.016 0.005
1983 1.898 0.912 0.132 0.177 0.070 0.027 0.010
1984 1.909 0.550 0.302 0.055 0.078 0.039 0.016
1985 1.598 0.832 0.159 0.119 0.025 0.041 0.021
1986 1.553 0.353 0.251 0.051 0.040 0.012 0.018
1987 8.691 0.680 0.099 0.094 0.019 0.017 0.008
1988 1.127 1.597 0.190 0.036 0.033 0.010 0.007
1989 2.029 0.190 0.476 0.069 0.012 0.013 0.005
1990 1.207 0.470 0.053 0.128 0.024 0.006 0.006
1991 1.455 0.222 0.185 0.017 0.037 0.011 0.003
1992 1.344 0.301 0.069 0.071 0.008 0.018 0.006
1993 0.824 0.407 0.112 0.023 0.029 0.004 0.008
1994 1.956 0.287 0.239 0.057 0.010 0.016 0.005
1995 2.086 1.070 0.189 0.158 0.035 0.007 0.010
1996 1.654 1.004 0.464 0.083 0.070 0.016 0.007
1997 2.711 0.729 0.420 0.184 0.034 0.031 0.009
1998 1.883 1.323 0.284 0.158 0.075 0.015 0.017
1999 1.404 0.875 0.547 0.095 0.061 0.031 0.013
2000 1.818 0.596 0.333 0.187 0.032 0.024 0.016
2001 1.071 0.811 0.208 0.108 0.062 0.011 0.012
2002 1.499 0.466 0.336 0.069 0.040 0.025 0.008
2003 0.999 0.712 0.167 0.123 0.025 0.016 0.013
2004 1.182 0.412 0.281 0.050 0.046 0.010 0.010
2005 1.002 0.538 0.136 0.093 0.017 0.018 0.007
2006 0.945 0.437 0.180 0.035 0.029 0.005 0.008
2007 0.653 0.442 0.144 0.048 0.010 0.009 0.004
GM (78- 1.715 0.598 0.215 0.084 0.034 0.017 0.010
05)

*2006 and 2007 values are standard errorson TSA-derived projections of population numbers.
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Table3.14: Cod in Division Vla. TSA estimatesfor fishing mortality-at-age.

ICES WGNSDS Report 2006

AGE

Year 1 2 3 4 5 6 7+
1978 0.459 0.577 0.623 0.762 0.792 0.791 0.786
1979 0.435 0.610 0.833 0.983 0.956 0.935 0.916
1980 0.389 0.601 0.672 0.784 0.805 0.785 0.775
1981 0.420 0.666 0.757 0.757 0.680 0.729 0.738
1982 0.517 0.637 0.761 0.823 0.845 0.837 0.842
1983 0.614 0.725 0.827 0.906 0.911 0.950 0.960
1984 0.488 0.719 0.880 0.959 1.033 0.989 0.963
1985 0.684 0.886 0.914 1.155 1.020 1.114 1.095
1986 0.400 0.669 0.836 0.920 0.929 0.922 0.894
1987 0.793 0.780 0.947 1.113 1.028 1.035 1.037
1988 0.603 0.812 0.957 0.888 0.999 0.965 0.947
1989 0.534 0.769 1.054 1.029 1.016 1.066 1.038
1990 0.512 0.742 0.763 0.944 0.822 0.800 0.790
1991 0.642 0.896 0.913 0.845 0.964 0.965 0.987
1992 0.444 0.709 0.968 1.004 0.876 0.860 0.885
1993 0.502 0.721 0.952 0.817 0.899 0.871 0.860
1994 0.428 0.602 0.790 0.782 0.792 0.776 0.790
1995 0.479 0.693 0.869 0.815 0.829 0.830 0.831
1996 0.547 0.751 0.948 0.873 0.863 0.879 0.880
1997 0.515 0.782 0.968 0.909 0.901 0.897 0.902
1998 0.554 0.797 1.011 0.926 0.929 0.927 0.926
1999 0.579 0.822 1.035 0.957 0.955 0.953 0.951
2000 0.524 0.798 0.986 0.896 0.913 0.916 0.915
2001 0.615 0.853 1.069 0.973 0.949 0.971 0.972
2002 0.583 0.889 1.102 1.001 0.999 0.996 1.002
2003 0.669 0.955 1.175 1.065 1.071 1.065 1.066
2004 0.704 0.991 1.262 1.127 1.112 1.118 1.116
2005 0.684 1.003 1.254 1.141 1.136 1.125 1.126
2006 0.649 0.958 1.202 1.095 1.093 1.093 1.091
2007 0.649 0.949 1.188 1.082 1.082 1.082 1.082
GM (78- 0.538 0.758 0.920 0.927 0.924 0.925 0.922
05)

*Estimatesfor 2006 and 2007 are T SA projections.
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Table 3.15: Cod in Division Vla. Standard errorsof TSA estimatesfor log fishing mortality-at-age.

AGE

Year 1 2 3 4 5 6 7+
1978 0.200 0.121 0.070 0.069 0.084 0.101 0.103
1979 0.207 0.122 0.063 0.061 0.074 0.096 0.100
1980 0.213 0.114 0.068 0.068 0.073 0.096 0.100
1981 0.216 0.102 0.065 0.067 0.080 0.099 0.104
1982 0.204 0.101 0.068 0.070 0.087 0.101 0.110
1983 0.191 0.093 0.066 0.067 0.081 0.098 0.103
1984 0.200 0.100 0.066 0.067 0.075 0.096 0.103
1985 0.195 0.079 0.069 0.063 0.080 0.092 0.100
1986 0.212 0.101 0.068 0.069 0.078 0.102 0.100
1987 0.173 0.096 0.061 0.062 0.084 0.097 0.105
1988 0.203 0.080 0.059 0.067 0.076 0.105 0.107
1989 0.185 0.086 0.066 0.062 0.078 0.092 0.107
1990 0.205 0.071 0.067 0.068 0.080 0.099 0.103
1991 0.189 0.070 0.064 0.067 0.077 0.097 0.107
1992 0.187 0.078 0.067 0.067 0.086 0.096 0.107
1993 0.205 0.083 0.076 0.083 0.095 0.112 0.108
1994 0.223 0.121 0.114 0.121 0.131 0.132 0.133
1995 0.242 0.142 0.138 0.139 0.141 0.142 0.142
1996 0.244 0.145 0.140 0.142 0.142 0.144 0.144
1997 0.242 0.150 0.143 0.144 0.145 0.146 0.146
1998 0.247 0.149 0.148 0.146 0.147 0.148 0.148
1999 0.248 0.155 0.148 0.150 0.149 0.151 0.151
2000 0.250 0.159 0.155 0.153 0.154 0.154 0.154
2001 0.247 0.155 0.152 0.150 0.151 0.153 0.153
2002 0.249 0.160 0.151 0.152 0.153 0.154 0.155
2003 0.252 0.159 0.157 0.154 0.156 0.157 0.157
2004 0.251 0.166 0.156 0.157 0.159 0.161 0.161
2005 0.261 0.174 0.170 0.167 0.167 0.169 0.169
2006 0.273 0.186 0.182 0.179 0.179 0.179 0.180
2007 0.278 0.194 0.190 0.187 0.187 0.187 0.187
GM (78- 0.218 0.114 0.093 0.094 0.105 0.118 0.122
05)

*Estimates for 2006 and 2007 are standard errorsof TSA projectionsof log F.
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Table 3.16: Cod in Division Vla. TSA stock summary table. “Obs.” denotes sum-of-products of numbers and mean weights-at-age, not reported caught, landed and discarded weight. *
Estimates 2006, 2007 are T SA projections.

YEAR L ANDINGS (000 TONNES) DiSCARDS (000 TONNES) TOTAL CATCH (000 TONNES) MEAN F (2-5) SSB (000 TONNES) | TSB (000 TONNES) RECRUITMENT AT AGE
Obs. | Pred. | SE Obs. Pred. | SE Obs. | Pred. | SE Estimate | SE Estimate | SE | Estimate | SE | Estimate | SE
1978 13.521 | 13.248 | 0.589 3.681 2.510 0.724 17.201 16.170 1.122 0.688 0.032 25.633 0.803 37.675 1.615 17.249 2.996
1979 16.089 | 15.541 | 0.673 0.054 2.981 0.651 16.143 23.382 1.808 0.846 0.035 27.758 0.837 53.112 2.186 25.764 2.462
1980 17.879 | 17.274 | 0.808 0.996 2.769 0.759 18.875 22.805 1.656 0.715 0.032 31.692 1.116 55.582 2.118 29.933 2.805
1981 23.865 | 22.206 | 1.355 0.520 0.877 0.285 24.384 23.965 1.503 0.715 0.032 38.037 1.284 52.267 1.924 9.642 1.285
1982 21.511 | 22.443 | 1.061 1.654 2.125 0.663 23.165 24.935 1.486 0.766 0.036 37.250 1.239 53.245 1.813 24.017 2.357
1983 21.305 | 20.688 | 0.934 2.020 1.392 0.428 23.325 22.063 1.284 0.842 0.036 31.655 1.121 43.357 1.616 15.009 1.898
1984 21.272 | 19.694 | 0.999 0.636 2.061 0.581 21.907 23.203 1.525 0.897 0.038 29.388 1.175 47.254 1.880 23.049 1.909
1985 18.607 | 17.119 | 0.837 8.825 1.119 0.335 27.432 16.727 1.008 0.994 0.040 21.563 0.909 29.459 1.208 11.323 1.598
1986 11.820 | 11.847 | 0.662 1.200 1.329 0.352 13.020 13.433 0.868 0.838 0.037 18.616 0.765 28.688 1.106 18.276 1.553
1987 18.971 | 18.296 | 0.944 8.788 3.382 1.194 27.758 20.350 1.894 0.967 0.041 19.755 0.713 38.060 2.209 54.412 8.691
1988 20.413 | 19.164 | 1.262 1.133 0.761 0.271 21.546 18.985 1.366 0.914 0.036 23.620 0.977 36.013 1.819 5.640 1.127
1989 17.169 | 15.928 | 1.029 2.818 1.755 0.567 19.987 17.508 1.277 0.967 0.039 21.571 1.079 32.625 1.544 18.736 2.029
1990 12.176 | 12.147 | 0.607 0.314 0.339 0.124 12.490 12.521 0.708 0.818 0.033 17.962 0.675 24.988 0.915 5.841 1.207
1991 10.927 | 11.010 | 0.495 0.910 0.774 0.282 11.836 11.626 0.685 0.904 0.035 15.298 0.521 21.890 0.836 10.562 1.455
1992 9.086 8.981 0.404 2.902 0.994 0.279 11.989 9.643 0.535 0.889 0.039 12.494 0.453 19.776 0.702 15.535 1.344
1993 10.314 | 10.364 | 0.421 0.185 0.588 0.178 10.499 11.192 0.550 0.847 0.046 14.329 0.509 22.763 0.830 6.477 0.824
1994 8.928 9.009 0.418 0.186 0.815 0.263 9.114 10.456 0.665 0.742 0.065 14.527 0.833 23.812 1.374 13.099 1.956
1995 9.439 10.255 | 1.234 0.258 0.672 0.229 9.697 11.251 1.348 0.801 0.083 15.512 1.415 23.913 2.046 11.307 2.086
1996 9.427 11.276 | 1.496 0.086 0.421 0.190 9.513 12.076 1.611 0.859 0.089 16.573 1.689 23.540 2.369 5.337 1.654
1997 7.034 9.155 1.456 0.354 1.455 0.557 7.387 11.191 1.658 0.890 0.095 13.350 1.628 22.854 2.463 15.359 2711
1998 5.714 8.663 1.413 0.418 0.641 0.273 6.131 9.114 1.390 0.916 0.098 11.172 1.400 17.855 2.047 8.092 1.883
1999 4.201 7.948 1.332 0.088 0.531 0.251 4.289 8.618 1.384 0.942 0.103 10.935 1.468 15.924 1.983 5.371 1.404
2000 2.977 6.597 1.243 0.605 0.899 0.386 3.582 7.549 1.192 0.898 0.102 9.156 1.256 15.152 1.767 10.590 1.818
2001 2.347 6.495 1.011 0.209 0.386 0.195 2.556 6.669 0.979 0.961 0.104 8.352 0.975 12.274 1.364 4.025 1.071
2002 2.243 5.599 1.057 0.166 0.678 0.316 2.409 6.505 1.027 0.998 0.109 7.343 0.972 12.045 1.440 7.536 1.499
2003 1.241 4.603 0.846 0.046 0.329 0.196 1.287 4.978 0.864 1.066 0.118 5.623 0.808 8.719 1.216 2.850 0.999
2004 0.540 3.350 0.765 0.072 0.370 0.208 0.612 3.654 0.742 1.123 0.128 4.127 0.769 6.092 1.044 3.727 1.182
2005 0.511 2.346 0.676 0.041 0.255 0.162 0.552 2.559 0.657 1.133 0.141 2.681 0.674 4.396 1.022 2.292 1.002
2006* NA 1.714 0.545 NA 0.236 0.140 NA 1.942 0.529 1.087 0.150 1.964 0.579 3.447 0.916 2.352 0.945
2007* NA 1.498 0.470 NA 0.136 0.090 NA 1.615 0.475 1.076 0.158 1.754 0.542 2.827 0.864 1.281 0.653
Min 0.511 2.346 0.404 0.041 0.255 0.124 0.552 2.559 0.535 0.688 0.032 2.681 0.453 4.39%6 0.702 2.292 0.824
GM 7.862 10.648 | 0.867 0.484 0.919 0.333 8.677 11.864 1.099 0.884 0.056 15.210 0.948 23.576 1.502 10.430 1.715
AM 11412 | 12187 | 0.930 1.399 1.186 0.389 12.810 13.683 1171 0.891 0.065 18.070 1.002 27.976 1.588 13.609 1.957
Max 23.865 | 22.443 1.496 8.825 3.382 1.194 27.758 24.935 1.894 1.133 0.141 38.037 1.689 55.582 2.463 54.412 8.691
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Table 3.17: Cod in Division Vla. Inputsto short-term predictions from final TSA run. Mean weights assumed from
final 3years.

Table Cod,Vla

input data for catch forecast and linear sensitivity analysis

Label Vaue CV Label Vaue CV

Number at age Weight in the stock
N1 2351900 040 WSl 0.39 0.18
N2 924100 047 WS2 1.00 0.07
N3 396500 045 WS3 232 011
N4 58300 0.60 WA 412 0.07
N5 52100 056 WS5 571 012
N6 7500 0.72 WS6 7.70 011
N7 9800 0.81 ws7 9.59 0.07

H.cons selectivity Weight in the HC catch
sH1 0.19 055 WH1 0.69 0.12
sH2 0.85 0.07 WH2 1.07 0.08
sH3 120 0.05 WHS3 2.38 0.09
sH4 111 004 WHA4 412 0.07
sH5 111 0.03 WH5 571 0.12
sH6 110 0.03 WH®6 7.70 0.11
sH7 110 0.03 WH7 9.59 0.07

Discard selectivity Weight in the discards
sD1 050 055 WD1 0.27 0.05
sD2 0.13 0.07 WwWD2 0.55 0.08
sD3 0.04 0.05 WD3 0.13 1.73
sD4 0.00 0.04 WD4 0.00 0.00
sD5 0.00 0.03 WD5 0.00 0.00
sD6 0.00 0.03 WD6 0.00 0.00
sD7 0.00 0.03 WD7 0.00 0.00

Natural mortality Proportion mature

M1 020 010 MT1 0.00 0.10
M2 020 0.10 MT2 0.52 0.10
M3 020 010 MT3 0.86 0.10
M4 0.20 0.10 MT4 1.00 0.10
M5 020 010 MT5 1.00 0.00
M6 020 010 MT6 1.00 0.00
M7 020 010 MT7Y 1.00 0.00

Relative effort Y ear effect for natural mortality
in HC fishery

HF06 1.00 0.05 KO6 1.00 0.10

HFO7 1.00 0.05 KO7 1.00 0.10

HF08 1.00 0.05 KO8 1.00 0.10

Recruitment in 2007 and 2008

R06 6513472 0.54
RO7 6513472 0.54

Proportion of F before spawning = .00
Proportion of M before spawning = .00

Stock numbersin 2006 are TSA survivors.
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Table 3.18: Cod in Division Vla. Results of short-term forecasts from final TSA run. Management options.

Tabl e .Cod, VI a

Catch forecast output and estimates of coefficient of variation (CV) from

linear anal ysis.

Effort relative to
H. cons

Bi omass
Total 1 January

SSB at spawning tinme

|

|

|

| Catch weight (,000t)
| H. cons

| Di scards

| Total Catch

|

| Bionass in year.... 2008
| Total 1 January

|

SSB at spawning tinme

| Effort relative to
| H. cons

Est. Coeff. of Variation
Bi omass
Total 1 January

SSB at spawning tinme

Cat ch wei ght
H. cons
Di scards

Bi omass in year....
Total 1 January
SSB at spawning tinme

|

| 1.11]
| |
| |
| 1.00]

3445
1964]

|
|
|
| |
| |
| 1723
| 250
| 1973
|
|
|

0. 00
|

|
0. 00]

0. 22|

|
0. 20|

4780|
1706
|

|

534]
161]
695|

Year
2007
______ B,
|
0.44| 0.66
| |
| |
0.40| 0.60
______ B .
| |
4780 4780
1706] 1706
| |
| |
976| 1342
301 424
1277 1766
| |
| |
8854| 7896
4214 3536
______ Feemma -
Year
2007
______ B .
|
0.40| 0.60
______ .,
| |
| |
| |
| |
0.33] 0.33
0.26| 0.26
| |
| |
0.30] 0.29
0.68| 0.66
| |
| |
0.32] 0.33
0.34| 0.36
______ B,

0. 89

|
0. 80

4780]
1706|
|

|
1647|
531
2178

1.11]
|

|
1. 00|

4780|
1706|

|
|
1900]

625|
2525

1. 33
|

|
1. 20|

4780]
1706|

|
2112
706
2818|
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Table 3.19: Cod in Division Vla. Results of short-term forecasts from final TSA run. Detailed tables.

Tabl e .Cod, VI a
Detail ed forecast tables

Forecast for year 2006
F rmultiplier H cons=1.00

Popul ati ons Cat ch nunber
B + B B Fomm - +
| Age| Stock No. | | H Cons |Discards| Total
Lk ST L Fommmmn- Fommmm- +
| 1] 2351900| | 294976] 774117| 1069093
| 2| 924100| | 462188| 70439| 532627
| 3| 396500| | 252048| 7382| 259430
| 4 58300| | 36089| 0] 36089
| 5] 52100| | 32169 0] 32169
| 6| 7500]| | 4624| 0] 4624
| 7] 9800| | 6042| (0] 6042
D Lk ST L Fommmmn- Fommmm- +
| W] 3445 | 1723| 250| 1973
B + B B Fomm - +

Forecast for year 2007
F rmultiplier H cons=1.00

Popul ati ons Cat ch nunber
B + Fommmm oo - Fommmm o oo Fommm - +
| Age| Stock No. | | H Cons |Discards| Total
B + B B Fomm - +
| 1] 6513472] | 816922 2143880| 2960802
| 2| 970662| | 485476| 73988| 559464
| 3| 283106| | 179965| 5271| 185236
| 4 94886)| |  58736| 0] 58736|
| 5] 15715| | 9703| 0| 9703
| 6 14114| | 8701| 0] 8701]
| 7] 4701 | 2898| 0| 2898
B + B B Fomm - +
| W 4780| | 1900)| 625|  2525|

81
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Table 3.20: Cod in Division VIb (Rockall). Official catch statistics.
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COUNTRY 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994

Faroe Islands 18 - 1 - 31 5 - - - 1 -

France 9 17 5 7 2 - - - - - -

Germany - 3 - - 3 - - 126 2 - -

Ireland - - - - - - 400 236 235 472 280

Norway 373 202 95 130 195 148 119 312 199 199 120

Portugal - - - - - - - - - - -

Russia - - - - - - - - - - -

Spain 241 1200 1219 | 808 1345 - 64 70 - - -

UK (E. & W. & N.I) 161 114 93 69 56 131 8 23 26 103 25

UK (Scotland) 221 437 187 284 254 265 758 829 714 322 236

Total %,02 1,973 3,60 1,298 1,886 549 1,349 1,596 1,176 1,097 661
COUNTRY 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005*

Faroe Idlands - - - - - na n/a na

France - - - - - + +* 1 0.08

Germany - 10 22 3 11 1 - -

Ireland 477 436 153 227 148 119 40 18 11 7

Norway 92 91 55 51 85" 152" 89 28 25 23 7

Portugal - - 5 - - - - -

Russia - - - - - 7 26 -

Spain 2 5 1 6 4 3 1 6

UK (E. & W. & N.I) 90 23 20 32 22 4 2 2 3

UK (Scotland) 370 210 706 341 389 286 176 67 57

UK 45 44

Total 1,031 775 962 660 659 572 334 115 102 75 51

* Preliminary
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TSA (landings and discards)

Persistent catchahility trend

1930 1985 1940 1985 2000 2005

year

Figure 3.1: Cod in Division Vla. Trends in comparing the Scottish quarter one ground fish survey (ScoGFSQ1) to
commercial catch data. Residualsusing TSA run. Vertical lineisthefirst year of survey data.
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Figure 3.2: Cod in Division Vla. CPUE numbers at age by ICES statistical rectangle resulting from Scottish
quarter one ground fish survey (ScoGFSQ1). Maps show the distribution of age 1 fish and fish of age 2+. For each
age group five year means are presented. a) age 1 1983-1987; b) agel 2001-2005; c) age 2+ 1983-1987; d) age2+
2001-2005. A plusindicates a stat square that was sampled but where no fish were found. Enclosed area is closed
area known as the ‘windsock’ introduced by Council Regulation No 2287\2003. Dark line running close to shelf
edgeisboundary to current cod recovery plan and effort restrictionsin Vla (Council Regulation No 51\2006).
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Figure 3.3: Cod in Division Vla. Mean weights-at-agein landings and discards.

2005
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Figure 3.4: Cod in Division Vla. Log mean standardised survey index across all available ages. Scottish quarter
one ground fish survey (ScoGFSQ1) by year (upper) and year -class (lower).
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Figure 3.4: (cont). Cod in Division Vla. Log mean standardised survey index across all available ages. Irish
ground fish survey (IreGFS) by year (upper) and year -class (lower).
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Figure 3.4: (cont). Cod in Division Vla. Log mean standardised survey index across all available ages. Scottish
quarter four ground fish survey (ScoGFSQ4) by year (upper) and year-class (lower).
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SCOGFS-Q1: log cohort abundance
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Figure 3.5: Cod in Divison Vla. Log catch curves from Scottish quarter one ground fish survey (ScoGFSQ1),
Irish ground fish survey (IreGFS) and scottish quarter four ground fish survey (ScoGFSQ4).
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SCOGFS-Q4: log cohort abundance
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Figure 3.5: (cont): Cod in Division Vla. Log catch curves from Scottish quarter one ground fish survey
(ScoGFSQ1), Irish ground fish survey (IreGFS) and scottish quarter four ground fish survey (ScoGFSQ4).
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Figure 3.6: Cod in Division Vla. Comparative scatterplots at age for Scottish quarter one ground fish survey
(ScoGFSQ1Y).
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IreGFS: Comparative scatterplots at age
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Figure 3.7: Cod in Division Vla. Compar ative scatterplotsat age for Irish ground fish survey (IreGFS).
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Figure 3.8: Cod in Divison Vla. Comparative scatterplots at age for Scottish quarter four ground fish survey
(ScoGFSQ4).
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Figure 3.9: Cod in Division Vla. Retrospective summary plots of SURBA runs using settings as used in last
year’s final assessment (upper) and after survey index values at ages 3, 4 and 5 are given zero weighting in 2001
(lower).
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Figure 3.10: Cod in Division Vla. Age effects estimated from SURBA using ScoGFSQ1 data. solid line shows
result after using catchabilities derived from comparison of TSA estimates to survey index values, dashed line

showsresult after assuming equal catchability at age.



ICES WGNSDS Report 2006 95

SSB; mean standardised

— TSA.ScoGFS
o s TSA ScoGFET
T == TEA ScoGRS landings1994
-—- SURBAS ScoGFS lambdaZ ages1 _6.T3A_t qrefaged woht2001 _ages3_4_5 00
hY
e
=
*
=
=
L
=
M o
I
o | oy
=
T T T T
1985 1980 19945 2000 2005
Wedr

Figure 3.11: Cod in Division Vla. Mean standardised SSB. Comparison of TSA run using all commercial catch
data and allowing trend in survey catchability (TSA.Sco.GFS.T); TSA run using all commercial catch data and
allowing no trend in survey catchability (TSA.ScoGFS); TSA run using commercial catch datato 1994 only and
no trend in survey catchability (T SA.ScoGFS.landings1994); SURBA run using Scottish quarter one ground fish
survey data and settings as used for final run at WGNSDS;p4,

(SURBA3.ScoGFS.lambda2.agesl 6.TSA_t_g.refaged_wght2001_ages3-4-5-00).
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Figure 3.12: Cod in Division Vla. Summary plot of final TSA assessment run.
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Figure 3.13: Cod in Division Vla. TSA final run. Standardised prediction errorsat age plotsfor landings.



98

ICES WGNSDS Report 2006

L
agel

age 2

/\/\A/\

/\/\/\/\/\
e R

AN VA G S S

cod discards standardised prediction errors

T
1980 1985

T T
1990 1980 1985

year

1990

Figure 3.14: Cod in Division Vla. TSA final run. Standardised prediction errorsat age plotsfor discards.



ICES WGNSDS Report 2006

L L L
age 1 age age

KAAA o S A AR

R A S d M A VAV R4 X“Xv

age 4 age s age 6

Aﬂ /'\/\x

DA AAEER 2 < A VIR AL VN

cod SGFS standardised prediction errors

T T T T T T T T T
1985 1990 1995 2000 2005 1985 1990 1995 2000 2005 1985 1990 1995 2000 2005

year

Figure 3.15: Cod in Division Vla. TSA final run. Standardised prediction errorsat age plotsfor ScoGFSQ1.



100 ICES WGNSDS Report 2006

mean F {2-5)

0.4 7

0.2+

0.0+

T T
19380 1985 1980 1995 2000 2005

50

h Ly =
=} =3 o
1

55B (thousands of tonnes)

-
o

T T
19380 1985 1980 1995 2000 2005

80

= @
o o
1 |

Recruitment at age 1 (millions)

b
=)
|

T T T T T
1980 1985 1880 1995 2000 2005

Figure 3.16: Cod in Division Vla. TSA final run. Retrospective plots of TSA final run. Biological reference points
are given by dashed lines. Confidence intervalsfor therun using all years of data are shown by dotted lines.



ICES WGNSDS Report 2006 101

g6

a0
I

A3

recruitment at age 1 (millions)

0 10 20 20
spawning stock biomass (thousand t)

Figure 3.17: Cod in Division Vla. TSA final run. Stock-recruit relationship.

- 6000
20000 F5500
8 18001 -5ooo§
5 16007 45003
2 1400 *4000%
5 12001 35007
E 10001 (30008
g 8001 - 2500 ¢
-2000 2
6001 - 1500
g 4007 - 1000
2007 - 500
0
0 2 4 6 8 1 12

Fishing mortality ( 2- 5)

— Yield 2007 — SSB 2008

Data from file:D:\NOSH2006\Sven\Ple7a\Mediumterm\codVlaD6.sen on 18/05/2006 a 1
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Figure Cod,Vla. Sensitivity analysis of short term forecast.
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Figure Cod,Vla. Probability profiles for short term forecast.
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Figure 3.21: Cod in Division Vla. Probability of SSB being below Bpa over the next ten years.
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HADDOCK IN SUB- AREA VI

4.1

Haddock in Division Vla

In 2004, continued concerns were raised by the WGNSDS Review Group in its October 2004
meeting about the appropriateness of the assessment modelsin the light of uncertainty in catch
data and aso concerns about assumptions and parameter settings in the assessment methods
for this stock. The WG concluded that there were good reasons to examine more carefully an
assessment method that utilised survey data. In 2005, as a result of these concerns, the WG
explored the use of survey based assessments and concluded on a final assessment using
SURBA. It was not clear to the Review Group why a TSA run, which showed similar results,
had been rejected: consequently the Review Group was provided with an updated TSA as the
definitive assessment for 2005, and a forecast was run based on this.

In 2006, a TSA run is presented as the final assessment which is based on: two surveys - the
Scottish (Quarter 1) Groundfish Survey and the Scottish (Quarter 4) western division bottom
trawl survey; and the omission of the catch (and discard) data from 1995-2005. A SURBA
run using both surveys showed similar trends.

A Stock Annex is available for this stock (A.2).

4.1.1 The fishery

Genera information on the fishery can be found in the Stock Annex (A.2). This was last
updated in 2004.

4.1.1.1 ICESadvice applicable to 2005 and 2006

Following the ACFM meeting in October 2002, ICES recommended the closure of all
fisheries for cod as atarget or bycatch species. This advice was based on very low estimated
stock size, poor recent recruitments, and continued high fishing mortality. Haddock are a key
component of the mixed whitefish demersal fishery in Division Vla which also targets cod,
and advice for the two species has generally been linked in the past (although the nature and
strength of the linkage is uncertain). For thisreason, ICES advised that fishing for haddock in
Division Vla should not be permitted unless ways to harvest haddock without incidental catch
or discards of cod could be demonstrated.

The form of ICES’ advice changed in 2003 to take more account of the mixed nature of the
fisheries prosecuting haddock. Management of haddock is, therefore, now also considered as
part of other concernsin the Celtic Sea and West of Scotland ecosystem.

The advice relating to the single-species exploitation boundary in 2005 was.

“Exploitation boundaries in relation to high long termyield, low risk of depletion of
production potential and considering ecosystem effects:

The current estimated fishing mortality is 0.56. There will be no gain in the long term
yield to have fishing mortalities above F ., (0.21). Fishing at such lower mortalities
would lead to higher SIB and, therefore, lower risks of fishing outside precautionary
limits.

Exploitation boundariesin relation to precautionary limits:

In order to maintain SSB above B, in 2006, |CES recommends a reduction in fishing
mortality to less than 0.39. This corresponds to landings less than 7,600 t in 2005.”
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The advice relating to the single-species exploitation boundary in 2006 was.

“Exploitation boundaries in relation to high long termyield, low risk of depletion of
production potential and considering ecosystem effects:

The current estimated fishing mortality is 0.49. There will be no gain to the long-term
yield by having fishing mortalities above F . (0.21). Fishing at such lower mortalities
would lead to higher SB and, therefore, lower risks of fishing outside precautionary
limits.

Exploitation boundariesin relation to precautionary limits:

In order to maintain SSB above By, in 2007, ICES recommends a reduction in fishing
mortality to less than 0.35. This corresponds to landings less than 8,000 t in 2006. Due
to recent poor recruitments and in order to maintain SSB above B, also after 2007, a
TAC for 2006 well below 8,000 t should be considered.”

The advice relating to the Celtic Seaand West of Scotland in 2006 was:

ICES have identified the stocks that are below By, i.e. cod in Division Vla and haddock in
Division VIb. These stocks are the overriding concerns in the management advice of al
demersal fisheries:

. for cod in Division VlalCES recommends a zero catch;

. for haddock in Division VIb the catches should be reduced to the lowest possible
level;

. for spurdog the catches should be zero.

Demersal fisheries in Subarea V1 should, in 2006, be managed according to the following rules,
which should be applied simultaneously:

They should fish:

without catch or discards of cod in Subarea V1;

without catch or discards of spurdog;

no directed fishery for haddock in Division VIb;

concerning deep water stocks fished in Subarea VI;

within the biological exploitation limits for all other stocks (see table above).

Furthermore, unless ways can be found to harvest species caught in mixed fisherieswithin
precautionary limitsfor all those species individually then fishing should not be permitted.

4.1.1.2 Management applicable in 2005 and 2006

The 2005 TAC for haddock in ICES areas Vb (EC waters) and Vlawas 7600 tonnes. In 2006,
the TAC was 7810 tonnes.

Minimum landing size for this stock is 30 cm.

Regulations implemented for the west of Scotland, including technical measures associated
with the cod recovery plan, are described in Section 1.7.
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The following table summarises ICES management advice and the EC management applied
for haddock in Division Vla during 2004—-2006:

YEAR SINGLE-SPECIES Basis TACFORVB % CHANGE IN 2006 WG ESTIMATE
EXPLOITATION (EC), VI, XII, F ASSOCIATED OF LANDINGS
BOUNDARY XIV WITH TAC!
2004 | 122 No cod catches 6.50° -50% 3.20
2005 7.6 0.75*Fpa 7.60 -30% 3.15
2006 7.8 0.7*Fg 7.812 3% -

Values are thousand tonnes. *Based on F-multipliers from forecast tables. TAC for Vb (EC)
and Vlaonly.

4.1.1.3 The fishery in 2005

The fishery for haddock on the west coast of Scotland in area Vla takes place as part of a
mixed fishery with varying proportions of other species present in the catches depending on
location and time of year. Most of the haddock are taken by medium sized trawlers operating
outside the inshore areas of the Minches and Firth of Clyde. Cod is present in some locations
and management arrangements directed at conserving this species had a major effect on
haddock fishing in 2005. In particular, the completion of a maor round of Scottish
decommissioning, the implementation of restrictive days at sea regulations and the presence of
a closed area for cod to the north west of Scotland (where haddock catches are also made)
have had the effect of reducing activity for haddock.

Reported effort declined to very low levels in both Scottish fleets for which effort data are
available to the WG (pair trawlers and light trawlers; see Figure 4.1.1 and Table 4.1.1). The
historic mean levels of LPUE (landings-per-unit-effort) for these fleets were more constant,
although variable. However, problems with effort recording mean that these estimates are
unlikely to be valid: further details are available in the report of the 2000 WGNSSK (ICES
2001). The LPUE for the Scottish light trawlers does, however, bear some resemblance to the
trends in the assessment (cf. Figures 4.1.1 and Figure 4.1.26).

The latest ICES WG FTFB report outlines a number of technical issues relating to fishing
technology that may impact on fishing mortality and more general ecological impacts.
Specific pointsin relation to Vla haddock are:

e There is evidence of whitefish boats moving between Areas 1Va and Vla to retain
haddock and monkfish quotas and create track record in both areas. There is evidence of
mis-reporting of haddock and other species caught in Vla& b landed as IVa (implication:
inaccurate landings data).

e Thereis increasing concern in the industry in the rising cost of fuel, with many vessel
owners seriously considering leaving the industry. Several twin-rig vessels targeting
monkfish have reverted to single-rigging. Fuel costs across nearly all sectors are now
running at 35-50% of their gross earnings. Certain beam trawl fleets, the larger twin-
riggers and the 30m+ whitefish trawlers have been hardest hit. Owners have become
increasingly fuel conscious, steaming to and from fishing grounds at reduced speed and
shutting down all engines while at port. There is also evidence of fishermen begin to
experiment with gear designsto improve fuel efficiency (implication: Change in CPUE).
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4.1.2 Catch Data

4.1.2.1 Official Catch Statistics

Official (reported) catch data for each country participating in the fishery are given in Table
4.1.2. Thedatafor 2005 seem incomplete with figures unavailable for some countries.

4.1.2.2 Revisions to catch data

There were small revisions to WG estimates of catch data made by Ireland. Official statistics
were updated.

4.1.2.3 Quality of the Catch data

The quality of catch statistics for this stock is questionable. The TAC for haddock in Division
Vlain 2005 was intentionally restrictive, which increases the likelihood that underreporting
may be high, but uncertainty about both recorded effort and recorded landings means that the
WG has no quantitative basis on which to draw conclusions about the presence or extent of
any misreporting. The predicted status quo landings in 2005 were 12800 t, which is
considerably higher than the corresponding WG estimate used at the WG (3148 t).

Since it was not possible to investigate the reliability of the catch data fully, the WG instead
took the decision once again to pay particular attention to a survey based approach in an effort
to avoid relying on poor catch statistics.

4.1.3 Commercial catch- effort data and research vessel surveys

The available commercial and research-vessel CPUE data are described in the Stock Annex
(Sections B.3 and B.4), and are tabulated in Table 4.1.1 and Table 4.1.3 respectively. The
commercial effort and landings per unit effort are plotted in Figure 4.1.1.

In view of the decision to utilise a survey dominated approach, closer attention was paid to the
full range of surveys available for this stock. In recent years the only tuning series used in the
assessment has been the Scottish Q1 groundfish survey (SCOGFS). A second survey
conducted by Scotland in the fourth quarter (the Scottish western division bottom trawl survey
- SCOQ4) now has ten years of data from 1996. It was considered worthwhile to utilise this
survey. Some questions were raised about the independence of the two survey datasets, given
that the survey design criteria applied are those taken from the IBTS survey which is a fixed
station design. In actual fact, a fixed set of stations exist from which each sample can be
chosen, but the selection of these is such that the positions are rarely identical for the two (cf.
Figure 4.1.2a and Figure 4.1.2b). More significantly, the two surveys take place three months
apart and this should provide sufficient temporal variation to ensure that the two are
independent.

The Irish groundfish survey (IREGFS) has been examined in earlier WG meetings. This
survey has previously not been considered to be a good abundance index of haddock in
Division Vla - it has aso been discontinued. At the 2005 WG it was felt worthwhile to re-
examine the characteristics of this survey aongside the two Scottish ones using the
multisurvey SURBA: this was repeated this year to confirm the utility of this survey using the
latest version of SURBA (v3.0). A new survey (IRGFS) replacing the IREGFS has only been
running for two years and is not yet suitable for tuning. Further discussion of the available
commercial tuning data are described in the Stock Annex (Section B.4).
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4.1.4 Age compositions and mean weights at age

4.1.4.1 Landings age compositions and mean weights- at- age

The WG estimate for total international catch in 2005 is 6,903 t, consisting of 3,148t landed
and 3,755t discarded fish. These estimates for total catch and landings are the lowest in the
available 41 year time-series, and the estimate for discardsis the fifth-lowest (Table 4.1.4).

Quarterly catch-at-age data were available from Scotland and Ireland. The countries that
provide data are listed in Table 2.2, and sampling levels are shown in Table 2.3.

The sampling, raising and collation procedures for age-compositions and mean weights-at-age
are described in the Stock Annex (Sections B.1 and B.2). Data are presented in Tables 4.1.5
and 4.1.6 (estimated numbers-at-age in total catch and landings,), and Tables 4.1.7-4.1.8
(mean weights-at-age in these catch components). Figures 4.1.3-4.1.4 show that mean
weights-at-age in total catches and landings have generally declined in recent years over all
ages, with the exception of the older year classes (ages 7 and 8) which have increased in mean
weight in recent years.

4.1.4.2 Discards age compositions

Discard age compositions from Scottish and Irish sampling are given in Table 4.1.9. Since
these samples are raised to landings figures the quality of the estimated magnitude is
questionable although the age compositions are thought to be reliable. Discard mean weights-
at-age are quite variable, and do not show obvious trend (Table 4.1.10 and Figure 4.1.5).

WG estimates of discards are based on data collected in the Scottish and Irish discard
programmes (raised by weighted average to the level of the total international discards).
Historically discard age compositions from Scottish sampling have been applied to the
unsampled fleets. The revision of the Irish discard data to accommodate a new raising
procedure and the provision of atime series will require that the overall time series of discard
estimates is recalculated. Work is aso underway to revise the Scottish discard estimates with
an aim to reduce bias and increase precision. A working document set out the methodology of
this work at the 2004 WG and it is expected that changes will be made once parallel work for
the North Seais completed.

4.1.5 Natural mortality, maturity and stock weights at age

Natural mortality was assumed to be 0.2 for all ages and years, and maturity was as follows:

AGE 1 2 3+
Proportion mature | 0.00 | 0.57 | 1.0

The derivation of these values is discussed in the Stock Annex (Section B.2). Proportion F
and M before spawning were both set to 0.0, in order to generate abundance (and hence SSB)
estimates dated to January 1°.

4.1.6 Catch at age analysis

Section 2.7 outlines the general approach adopted at this year’s WG meeting. A catch at age
TSA analysis was carried out as part of this year’s assessments, but the catch at age and
discards at age data from 1995-2005 inclusive were excluded from the model fit.
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4.1.6.1 Data screening
Commercial catch data

Given concerns about misreporting of catch and effort in the last 12 years, these data are not
considered for assessment or tuning purposes. Previous examinations of the commercial catch
data were based on a separable VPA (Lowestoft assessment suite; Darby and Flatman 1994)
run on the available catch-at-age dataset (years 1978-2004, ages 1-8+). The data prior to and
including 1994 are considered to be morereliable. TSA, which can use arestricted time series
provided that an up to date set of survey data are also available, was therefore, considered the
most appropriate model to use when incorporating catch data.

Survey data

SURBA 3.0 was used to explore the survey characteristics for the three surveys available.
Figure 4.1.6 shows mean-standardised log survey indices for SCOGFS, SCOQ4 and IREGFS,
both by year-class and by year. The SCOGFS and SCOQ4 surveys track cohort strengths
well, except for a period in the mid-to-late 1990s when cohorts are less clearly defined.
Tracking is less obvious in some cohorts in the IREGFS.

Catch curves for the two Scottish surveys (Figure 4.1.7) are relatively linear and not very
noisy, and indicate a fairly consistent drop in abundance from ages 2 to 3. The exception, as
pointed out in the October 2003 ACFM Technical Minutes, is the 1999 year-class which
shows a reduced decline in abundance between ages 2 and 3. The IREGFS shows a noisier
pattern, reduced linearity and severa large hooks where the abundance at age 2 is greater than
that at age 1 for the same year class.

Log index values at different ages are compared for each survey in bi-variate plots in Figure
4.1.8. The Scottish survey results support the conclusion that the index value at age a of a
cohort is a good indicator of the index value at age a + 1. The bi-variate plot for the IREGFS
has wider confidence bounds, has occasional inverse relationships (high index values at age a
of a cohort associated with low index values at age a + 1), and involves rather few data. The
relationships for the older ages are particularly poor.

4.1.6.2 Exploratory assessments

SURBA

At the 2005 WG, SURBA 3.0 was used to anayse the three available surveys: SCGFS,
SCOQ4 and IREGFS. Settings for SURBA were established from severa exploratory runs,
and the SPALY settings for last year’s final run were used in this year’s analyses:

SETTING SCOGFS SCOQ4 IREGFS
Y ear range 1985-2006 1996-2005 1993-2002
Agerange 1-7 1-5 1-7
Reference age 4 4 4
Catchability at age 1 1 1
Lambda 1 1 1
Ageweighting 1* 1 1

* Weightings were modified as described below for SCOGFS in the final run.

Some difficulties were experienced with last year’s SURBA runs, so some of the exploratory
runs were carried out again to confirm which options were best used in the final run with the
latest version of SURBA (v3.0). A runusing al three surveys gave the unsatisfactory residual
patterns from the IREGFS (Figure 4.1.9). Using al three surveys, aso gave significant
retrospective patternsin Z, SSB and TSB. When combined with examination of the raw data,
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which show the IREGFS to have poor bi-variate plots (Figure 4.1.8) and large catch curve
hooks (Figure 4.1.7), it was decided to remove the IREGFS from subsequent analyses.

Subsequent analyses concentrated on the SCOGFS and SCOQ4 surveys. A SPALY run
(using just the SCOGFS) was found to produce similar results to a run which included both
surveys. As the surveys were deemed sufficiently independent for both to be considered, and
as both showed consistent signals, it was decided that the fina SURBA run would use both
surveys. Examination of the residual patterns form the dual survey run (Figure 4.1.10)
indicated that three data points fitted more poorly to the model (1995 age 7; 2004 age 7; and
2000 age 5), so these were down weighted (weighting of 0.5). Down weighting is achieved
using a weighting file (*.DAT) with the same structure as the input data files, only replacing
the index values with the weights: this weighting file is specified as input to SURBA on line
15 of the *.idx file. The effect of using two surveys on the precision and bias of the
assessment could not be evaluated fully at the working group and it is recommended that this
be done intersessionally.

The latest version of SURBA has a scan settings mode which alows severa runs to be
performed allowing for various permutations of the settings. Settings were varied as follows:
reference age 2, 3, 4, 5 and 6; lambda 0, 0.5, 1.0, 2.0 and 3.0; catchability at age 1 (Q1) 1, 0.5
and 0.1. The summary plots (mean Z, recruitment, TSB and SSB) from these three sets of
options are given in Figures 4.1.11, 4.1.12 and 4.1.13 respectively. Adjusting the reference
age had little effect (Figure 4.1.11), particularly on TSB, SSB, and recruitment where the
difference is amost negligible. The main effect of reducing lambda (Figure 4.1.12) was to
produce much variable fishing mortalities. The smoothing effects were much more superficial
for SSB and recruitment. It appears that using a value of 1 reduces the amplitude of noise
(characteristic of survey data with higher variance) without removing important trends. The
effect of catchability at age 1 influences TSB as might be expected, but has little effect on
SSB and recruitment (Figure 4.1.13).

Figure 4.1.14 gives the output from SURBA for the final dual survey run. The model inputs,
settings and output results are given in Table 4.1.11. The assessment shows an increase in
biomass in the latter part of the series arising from the 1999 year class; the biomass peaked in
2002 and has since declined, while Z has dropped from high values in the late 1990’s to about
0.8 inthelast 3 years. Temporal-trend estimates (i.e., the year-effect in fishing mortality) are
sensitive to variability in survey data and are hence noisy, while the age-effect is relatively
smooth with a dip at the reference age. Figure 4.1.15 shows the retrospective runs from the
final dual survey SURBA run: with the exception of fishing mortality, these are relatively well
behaved.

TSA

An update of one of the TSA assessments performed at the 2004 and 2005 WGs was carried
again this year. Given the continuing uncertainty about the reliability of the catch data over a
period of years, it was decided to update the Option C assessment which involved excluding
catch data from 1995 to 2005 and including the SCOGFS survey series without a catchability
trend. All settings were set the same as in 2005 (SPALY). The stock summary (mean F,_,
SSB and recruitment) from the SPALY TSA run (Figure 4.1.16) shows that following high
valuesin the mid to late 1990’s, fishing mortality has now declined to one of the lowest in the
series. The assessment suggests that following a peak in spawning biomass in 2002, there has
been a recent decline. Predicted landings are stable and higher than observed, while predicted
discard numbers (and catch) have declined as a result of the lower recruitments since 1999.
The results from the equivalent TSA run from 2005 are givenin Figure 4.1.17.

An exploratory TSA run was then performed using both of the Scottish trawl surveys
(SCOGFS and SCOQ4). Once the coding was completed for the model to accept two surveys,
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some model adjustments had to be made in terms of starting value parameterisation. Two data
points were also down-weighted based on an examination of the prediction errors from the
SCOQ4 survey data (see Figure 4.1.18).

4.1.6.3 Final assessment

The final assessment was carried out using TSA and both of the Scottish trawl surveys
(SCOGFS and SCOQ4). The catch and discard data from 1995 to 2005 were not included as
part of the model fit. Table4.1.12 lists TSA parameter estimates from the final run along with
the SPALY run described above, and some of the final-run estimates from previous WG
reports. Standardised SCOQ4 prediction errors for the final TSA runs are given in Figure
4.1.19 for comparison with those from the exploratory run. Standardised landings prediction
errors for the TSA runs are given in Figures 4.1.20. Most of these residuals lie within the
expected range (-2, 2), with only occasiona year age values greater than 3. The equivalent
plots for discards (Figures 4.1.21) show a few more, larger residua values. Those for the
SCOGFS survey (Figures 4.1.22) are generally well behaved. Estimated discard ogives
generally fit the observed data well for the final TSA runs (Figure 4.1.23). The exception is
towards the end of the time series, where the projected discard proportions are lower than the
observed proportions for most of these years. However, the data from 1995-2005 are fitted
with the same ogive parameters due to the catch and discard data not being used and so the
reliability of these fitsis poor. A stock-recruit scatterplot from the final runs is presented in
Figure 4.1.24; the Ricker curve used in the TSA estimation process isincluded. Population
estimates from the final TSA model run are given in Table 4.1.13. Fishing mortalities-at-age
are given in Table 4.1.14. Table 4.1.15 contains the stock summaries, which are plotted in
Figure 4.1.25.

Retrospective plots (terminal years 2001-2005) for the final TSA run are given in Figures
4.1.27 to Figures 4.1.29 for mean fishing mortality, SSB and recruitment respectively. There
seems to be some retrospective pattern in SSB that is for example not present in the SURBA
retrospectives (Figure 4.1.15). Reasons for this should be investigated.

The final TSA run is compared to the final SURBA run in Figure 4.1.26. The trends are
remarkably consistent between the two analysis methods, which athough not surprising
considering that they are both dominated by the same two surveys and both have separability
assumptions, gives some credence to both estimates. The SSB trends in particular are very
similar.

4.1.6.3.1 Comparison with last year’s assessment

The final assessments carried out by WGNSDS in 2005 were based on SURBA, athough a
TSA run similar to the one carried out here (albeit using only one survey) was also carried out.
Outputs from that TSA run were eventually used by the review group as inputs for short term
predictions which formulated the advice. The findings of the recent assessment are broadly
similar to the 2005 TSA assessment (cf. Figure 4.1.25 from 2006 with Figure 4.1.17 from
2005) with the exception that in this year’s TSA, biomass has continued to decline.

4.1.7 Estimating recruiting year class abundance

TSA’s estimate of recruitment at age 1 of the 2005 year-class (recruiting in 2006) is derived
principally from the survey, and can thus be used directly in forecasts. The stock-recruitment
plot presented in Figure 4.1.24 shows that the data are variable and dominated by occasional
large recruitments characteristic of haddock; the resulting Ricker model does not fit these data
very well. The use of the TSA-estimated value of recruitment for the 2006 year-class
(recruiting in 2007), which is specified by the TSA-fitted Ricker curve, istherefore unlikely to
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be appropriate. A long-term (1978-2005) geometric mean was used instead for the 2006 and
2007 year-classes, recruiting at age 1 in 2007 and 2008; 108.514 millions.

Working Group estimates of the relative year-class strength at age 1 are summarised below.
Estimates used in the forecasts are shown in bold type. Current recruitment is below the
mean.

NUMBER (THOUSANDS) AT AGE 1
Yr TSA GM (78-05)
2006 52,626 108,514
2007 121,480* 108,514
2008 - 108,514

* Estimate from Ricker stock recruit.

A plot of the recruitment predicted from the assessment against the recruit indices at age 1
from the two surveysis given in Figure 4.1.30. The SCOQ4 survey fits the recruitment at age
1 prediction form TSA rather well, whilst the relationship with the SCOGFS is not so good.

4.1.8 Long-term trends in biomass, fishing mortality and recruitment

Historical trends in landings, discards, total catch, mean F, 4 SSB, and recruitment are
summarised in Tables 4.1.15 and Figures 4.1.25. Mean F,¢in 2005 is estimated to be at 0.53,
dlightly higher than in recent years, athough the level of Mean F,4 has been quite stable for
the past four years, and fallen markedly from a sustained period of high vaues in the late
1990’s. SSB in recent years peaked in 2002 (68,521 t) and has declined with the transition of
the 1999 year class through the fishery, to alevel of 46,873 t in 2005. The number of recruits
at age 1 are very variable and currently at alow level, 60,499,000 in 2005, which is below the
long-term geometric mean (1978-2005 GM = 108,514,000).

4.1.9 Short-term stock predictions

ACFM (October 2003 Technical Minutes) expressed concerns about the previous use in
assessments of the TSA projections of fishing mortality in forecasts. Fishing mortalities in
2006 are estimated using the 2006 survey datain a manner similar to previous years, with the
obvious exception that only one of the two surveys was available. Esimates of fishing
mortality and their variance, in 2007, are obtained from the state equations: in practice this
means that the estimate of fishing mortality in 2007 is identical to those in 2006 but have
greater variance. The WG decided to use a three-year (2003-2005) mean fishing mortality in
the short-term forecasts based on the fina TSA run. Partia Fs for landings and discards
components were calculated by applying 3-year mean landings and discard proportions to the
3-year total mean F. The larger of the CVs from the estimation of these two means was used
asthe CV intheforecast. The CVsestimated by TSA were used for the TSA-based forecasts.

The vaues of discard proportions from TSA were compared to empirical values calculated
from Tables 4.1.5 and 4.1.6: these were found to be very similar, so the latter values were
used.

Mean weights-at-age have been an issue of some concern due to the slow growth of the large
1999 year class. Two options were considered for the forecasts to calculate weights at age in
2006:

1) weights at age in 2006 were based on a three year mean (2003-2005) — the SPALY option;

2) weights at age in 2006 were predicted from a linear model fitting the weight as a function
of time (in years). These models are shown as the solid lines in Figure 4.1.31 and Figure
4.1.32 for the total catch and landings respectively: the estimates of weights at age are plotted
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as the single points in 2006. Values for the 2004 and 2005 year class (age 2 and 1 in 2006)
were based on mean weights, as linear models could not be fitted to these (single points).

The weights at age cal culated from the two options were:

AGE
Year | 1 2 3 4 5 6 7 8+

Stock weights

1) 3-year mean 2006 | 0.113 | 0.209 | 0.289 0.382 0.485 0.571 0.929 1.030
2) Linear model 2006 | 0.113 | 0.209 | 0.284 0.374 0.537 0.491 0.572 1.069
Landings weights

1) 3-year mean 2006 | 0.254 | 0.333 | 0.399 0.454 0.566 0.595 0.934 1.034
2) Linear model 2006 | 0.254 | 0.333 | 0.463 0.503 0.612 0.621 0.612 1.027

The short-term projection was produced for option (2) described above, because of the effect
that the large slow growing 1999 year class may have on estimates of the mean weights at age.
Input data for the projection is given in Table 4.1.16. The results of the forecast assuming
status quo F during 2004 are shown in Table 4.1.17 (management options) and Table 4.1.18
(detailed). Results of a sensitivity analysis of the status quo catch prediction are given in
Figure 4.1.33. Cumulative probability distributions are presented in Figure 4.1.34. Short-term
forecasts for landings and spawning stock biomass are presented in Figure 4.1.35.

The following table summarises the results of the short-term forecast assuming status quo F:

YEAR LANDINGS (000 T) DiscARDsS (000 T) SSB (000T)
2006 9.35 6.00 34.0
2007 7.79 6.46 29.3
2008 28.7

It isimportant to note that the forecast presented here is based on survey estimates of mortality
with corresponding population abundance. Whilst the assumed natural mortality and
discarding have been accounted for, any additional and unallocated removals from the fishery
have not and are, therefore, also included in the estimates of fishing mortality used in the
forecast. Care should be taken when using the forecast estimates of landings (from the human
consumption component of the fishery) to determine a future TAC since these values will
include estimates of unalocated removals such as misreporting. Estimates of SSB
corresponding to the different levels of fishing mortality should, however, remain appropriate.

4.1.10 Medium-term projections

Stochastic medium-term projections were not produced for this stock. The lack of a clear
relationship between spawning-stock biomass and recruitment, and the reliance of the fishery
on intermittent large year-classes, make the usefulness of medium-term projections
guestionable in any case.

4.1.11 Yield and biomass per recruit

The yield-per-recruit plot is given in Figure 4.1.36. Figure 4.1.37 presents the stock-
recruitment scatterplot with estimated replacement lines analogous to fishing mortality
reference points. Fnq Was estimated as 0.295 and Fy; as 0.156.

4.1.12 Reference points

Bpa is set at 30,000 tonnes and is defined as Bjin,* 1.4. Bjin, is defined as the lowest observed
SSB, considered to be 22,000 tonnes when the current reference points were established in
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1998. F, is 0.5 on the technical basis of a high probability of avoiding SSB falling below By,
in the long term. F i, is not defined.

4.1.13 Quality of assessment

4.1.13.1 Landings

The extent of misreporting in the fisheries prosecuting this stock is unknown. No correction
has been made to landings data to account for any misreporting. Absolute abundance
estimates are likely to be incorrect as a result, particularly in the later parts of the time series
generated by catch dependent analysis such as XSA. Hence, the approach used in 2006 wasto
exclude landings data from 1995 to 2005 in a TSA model which included two bottom trawl
survey indices. The effect of the inclusion of estimates of misreporting may not be
straightforward, however, and it would be wrong to conclude that abundance estimates would
necessarily increase should account be taken of misreporting. The behaviour of the fleet in
recent years and in years to come with enforcement changesiis likely to be difficult to predict.

4.1.13.2 Effort

With the increased requirement for vessels to operate with VMS it is likely that the quality of
effort data will improve. Thiswill lead to improved time series of effort data in the future but
still leaves uncertainties surrounding the historic parts of the of the time series.

4.1.13.3 Discards

Discard estimates are used in the assessment of this stock, derived from Scottish and Irish
sampling programmes. As discussed in the Stock Annex, there are currently problems with
the Scottish sampling design which is significantly over-stratified. Work on the development
of anew Scottish estimate-collation scheme is ongoing Area VI and ArealV. Once completed
a full revision of the Scottish discard data will be carried out and consideration given to
redesign of the sampling scheme.

4.1.13.4 Surveys

There still remains some concern about the utility of the Scottish groundfish survey indices as
a good indicator of haddock abundance athough the data exploration included here suggests
that it has reasonable internal consistency. The catchability mismatch trends described in
previous Working Groups could be explained equally well by a change in survey catchability
or by misreporting. The survey changed vessdl in 1999, although this post-dates the apparent
switch in catchability mismatch by severa years, and there have also been modifications in
on-board sampling procedures. At present there are no strong reasons for thinking that the
index is fundamentally flawed but a full evaluation of survey design and implementation
would be beneficial, as would greater transparency in the underlying sample distributions and
catches making up the index. The 2005 WG found that there did not appear to be a major
problem with declining weights at age in the survey data that could contribute significantly to
catchability trends.

4.1.13.5 Model Formulation

The WG has previously wrestled with the question of the most appropriate assessment model
to use for this stock and concluded the model run used here was probably the most appropriate
given the uncertainties in the landings figures. Faced with a choice between methods
employing recognised but unquantified uncertainty and bias in catch statistics and a method
employing data from a controlled approach to sampling — albeit with higher variability, the
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WG has chosen the latter as its basis for an assessment on this stock. There does, however,
need to be a greater examination of TSA model diagnostics and its assumptions. 1t would also
be useful to consider the use of the discard to landings proportion and the use of the age
structure in the excluded catch data.

4.1.14 Management considerations

The predictions conducted here provide guidance on the likely trgjectories of stock biomass
under various mortality scenarios. The shape of these trajectories also depends on the input
weights at age. In the predictions carried out here the weights at age in 2006 were predicted
from asimple linear model applied to each year class’ weight at age (see Section 4.1.9 above).
Although other more complex options (e.g. von Bertaanffy model) might also be
contemplated, the simple linear models seem to fit the data reasonably well for the age ranges
considered (Figures 4.1.31 and 4.1.32).

There have been several technical conservation measures introduced in the demersal fishery in
Division Vlain recent years. These will have affected selectivity for haddock. There have
aso been a number of decommissioning rounds in the Scottish fleet, which will have reduced
effective effort. The effect of recent effort regulations is aso still to be ascertained.
Management for haddock will be strongly linked to that for cod for which there is an ongoing
recovery plan.

In 2005, Ireland introduced a decommissioning scheme aimed at removing around 6,000
GT/18,000 kW from the Irish fleet. This follows from the two Whitefish Renewal Schemes,
which introduced around 32 new vessels into the Irish fleet. The decommissioning scheme is
targeted at demersal and scallop vessels over 18m. The scheme is split into three rounds, with
around 8 vessels already scrapped as part of the first phase and a total of 44 vesselsin all due
to be scrapped by the end of 2006. These changes in fleet structure are likely to have an
impact on CPUE in this component of the data.

Specia attention needs to be given to considering the sporadic nature of haddock recruitment
and how to manage periods of low recruitment interspersed with large, occasional pulses.
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Table 4.1.1 Haddock in Division Vla. Commercial effort and tuning series made available to the WG.
Effort (first column) isgiven asreported hoursfished per year, numberslanded arein thousands.

Scottish Pair trawl

Effort Age

(hrg/ 2 3 4 5

year)
1987 67500 | 5664.559 @ 3462.921  8254.314 386.953
1988 73448 | 19333.629  2791.134 | 1561.027 | 3555.323
1989 69051 622.245 | 6453.549 833.344 617.050
1990 24365 | 1209.336 432811 | 2413.249 161.210
1991 33826 = 3815.610 267.760 165.980 | 1059.521
1992 24141 | 1587.775 @ 1068.706 80.518 28.226
1993 23975 | 8049.086 | 3189.459 582.533 48.833
1994 21003 | 2354.895 @ 2614.523 861.390 226.916
1995 22848 | 1573.402 | 3915.253 | 1501.480 365.819
1996 22237 | 7475.948 | 1085.826 = 2281.053  1002.653
1997 8552 | 1136.375 | 3876.218 340.837 523.864
1998 8425 | 2137.106 | 1315.696 @ 2734.416 232.941
1999 2483 | 1936.938  1521.928 399.642 641.984
2000 2335 394.239 620.963 319.038 45.263
2001 1342 230.091 97.936 241.187 46.188
2002 14 115.105 120.723 2.223 2.909
2003 5 107.443 150.615 288.114 29.322
2004 88 141.598 40.075 98.517 221.673
2005 0 22.448 31.323 22.161 32.800

Scottish Light Trawl
Age
Effort 2 3 4 5
(hrg year)

1978 127387  205.970 157.024 1412.263  205.040
1979 99803 2419.532 162.972 32.994  802.863
1980 121211 3869.366 1034.891  183.982 37.996
1981 165002 14862.966 4468.331  423.043 40.004
1982 135280  958.723 17379.104 1721.828 70.994
1983 112332 5747.308 1345.070 10272.253  662.105
1984 132217 2210.088 3687.112  809.840 6080.328
1985 142815 16310.439  905.133 691.017  214.069
1986 126533 2565.893 13292.803  408.899 163.349
1987 131653 4040.797 2770494 6465.250  249.058
1988 158191 17326.463 2369.239 1008.226 2273.141
1989 217443 1459.316 10332.354  934.040 394.722
1990 131360 1293.654  541.378 3520.472  213.722
1991 209901 8386.068  414.358  218.113 1814.306
1992 189288 3850.242 2937.112 133.408 49.730
1993 189925 17312.309 6469.671 1479.199 89.402
1994 174879 7106.326 6307.283 1574576  409.496
1995 175631 4850.552 9835464 2704.111  551.303
1996 214159 15882.858 2665.141 4524.729 1511.694
1997 179605 4231.875 9987.962  882.602 1119.138
1998 142457 6845.462 3530.308 7753.948 573.554
1999 98993 6266.816 4506.559 1124.841 2152.395
2000 76157 2725197 4725382 2259.356  499.511
2001 35698 14958.081 1246.235 2075.946  687.201
2002 15174 4200.486 16918.947  400.382  421.166
2003 9357 2114.331 2803.164 6108.682 76.951
2004 7117 3675.178 1203565  2307.81 3900.374
2005 3063 1643.009 1317.835 787.027  955.533
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Table 4.1.1b Haddock in Division Vla. Commercial effort and tuning series made available to the WG.

Effort (first column) isgiven asreported hoursfished per year, numberslanded arein thousands.

Irish IR-OTB
Effort Age

(hrg/ year) 1 2 3 4 5 6 7
1995 56335 222 298 530 461 92 28 98
1996 60709 165 531 670 281 175 33 12
1997 62698 99 358 515 282 339 133 89
1998 57403 51 1092 552 312 186 218 232
1999 53192 98 315 437 266 198 109 123
2000 46913 50 131 188 303 158 76 65
2001 48358 14 304 144 101 126 100 44
2002 37231 31 162 388 27 65 97 47
2003 42899 4 36 108 231 29 36 29
2004 35140 0 33 82 71 82 11 13
2005 30941 1 23 41 56 87 29 7

117
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Table4.1.2 Haddock in Division Vla. Nominal catch (tonnes) of haddock, 1986-2005, as officially reported to | CES.

ICES WGNSDS Report 2006

1988 1989

2002 2003 2004 2005

Country 1986
Belgium -
Denmark +
Faroeldands 1
France 4,956
Germany 25
Ireland 2,026
Norway 45
Spain -
UK (E & W)? 222
UK (N. Ireland) 1
UK (Scotland) 12,955 18,503 15,151
UK (total)

Netherlands

3,001 1,335"2

2,731 2171

5263 10423 7421 10,367 10,790 10,352 12,125

+ + +

151 183 173 233
+ -
672 497 194 nla
30 23 4 21
4 5

237

6,225 4,688 3,002 2,972

1

Total 203,851 27,076 21,098 23,781 12,825 10,065

Preliminary.  2Includes Divisions Vb(EC) and V1b.

are availablein Table 4.1.4.

6,932 12,678 9,201 12,794 13,102 12,587 14,360 10,813 7,163

$1989-2002 N. Ireland included with England and Wales.

7,030 7,113 4,884 3,007 3,227

n/a= Not available. Landings available to the WG
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Table4.1.3. Haddock in Division Vla. Research vessel survey tuning series made available to the WG. Numbers
at age per 10 hoursfishing. Data from both the Scottish surveyswere used in the final assessment.

ScoGFS Scottish Groundfish Survey (Quarter 1)
Age

1 2 3 4 5 6 7
1985 1104 4085 68 80 141 388 27
1986 753 1669 1877 17 14 47 90
1987 5518 446 460 690 25 34 25
1988 571 3610 303 112 246 10 4
1989 178 488 1701 98 49 69 5
1990 2577 87 54 296 26 6 36
1991 1591 1763 92 25 184 9 4
1992 3618 1193 321 12 13 28 6
1993 5371 5922 675 167 0 2 18
1994 1151 2300 787 126 39 3 1
1995 7112 1074 1697 485 65 30 10
1996 4401 3742 315 456 125 20 11
1997 4262 2018 1915 147 151 53 2
1998 5034 2720 616 562 40 64 19
1999 961 3038 701 171 131 15 12
2000 8036 563 447 97 13 20 0
2001 3421 5762 143 146 34 16 6
2002 2339 3246 5293 56 70 24 9
2003 2650 1696 1449 1874 23 34 18
2004 1397 2765 869 1199 609 11 3
2005 573 633 1402 351 512 402 5
2006 633 892 539 397 156 170 51

SCOQ4 Scottish western division bottom trawl survey (Q4)

Age

1 2 3 4 5
1996 761 656 70 137 57
1997 1359 282 151 25 26
1998 1640 486 148 137 17
1999 366 574 267 92 68
2000 4231 147 191 59 25
2001 2219 3563 48 138 22
2002 1709 1770 2841 34 50
2003 2023 965 1470 639 28
2004 574 1068 410 649 524

2005 419 409 410 223 309
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Table4.1.3 contd. Haddock in Division Vlaresearch vessel survey data. Numbersat age per 10 hour sfishing.

IREGFS Irish west coast groundfish survey

Age

0 1 2 3 4 5 6 7 8
1993 143 2493 5691 1606 693 29 112 56 35
1994 76 1237 3538 3303 367 187 13 18 66
1995 967 3104 1149 4152 1663 187 149 29 14
1996 192 2536 3688 2155 627 254 126 45 24
1997 2900 8289 636 532 375 294 45 8 3
1998 96 1098 1538 1353 192 84 75 15 49
1999 7985 1028 1967 1530 679 237 118 25 34
2000 1454 8865 569 691 484 183 32 30 0
2001 1951 2728 3548 136 187 151 36 4 0
2002 6618 2541 2768 1788 67 90 32 5 2

IRGFS Irish groundfish survey
Age
0 1 2 3 4 5 9 10

2003 207 7588 2382 839 355 22 30 7 0
2004 86 2163 3322 1281 941 957 60 10 21
2005 233 1160 767 7718 315 87 3 0 0
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Table 4.1.4. Haddock in Division Vla. Total catch weight, landings weight and discards weight as provided to
the Working Group (all figurestonnes)

Y ear Catch Discards Landings
1965 35893 3430 32463
1966 30585 710 29875
1967 27687 7387 20300

1968 45801 25334 20467
1969 51494 25222 26272
1970 40331 6156 34175
1971 58475 12180 46295
1972 57456 16412 41044
1973 40198 11369 28829
1974 33344 15373 17971
1975 46634 32951 13683
1976 34072 15314 18758

1977 23657 4356 19301
1978 19512 2333 17179
1979 28847 14016 14831
1980 17478 4715 12763

1981 33306 15088 18218
1982 39681 10068 29613
1983 36287 6890 29397
1984 46364 16345 30019
1985 41836 17451 24385
1986 26926 7352 19575
1987 43222 16218 27003
1988 31301 10164 21137

1989 19871 3178 16693
1990 15542 5406 10136
1991 19752 9192 10560
1992 20752 9398 11353

1993 35971 16905 19066
1994 25435 11192 14243

1995 21167 8794 12372
1996 25290 11838 13453
1997 19489 6623 12866
1998 20114 5712 14402
1999 15559 5132 10426
2000 15156 8207 6949
2001 13979 1247 6731
2002 16025 8932 7093
2003 9575 4244 5330
2004 7664 4464 3201

2005 6903 3755 3148
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Table4.1.5. Haddock in Division Vla. Total catch at age (humbersin thousands).

Age
Y ear 1 2 3 4 5 6 7 8+
1978 15942 2095 971 24357 2938 351 247 575
1979 70070 17282 1865 470 9863 833 114 221
1980 22729 21927 5636 922 143 3082 229 54
1981 251 83911 20697 1768 194 39 822 60
1982 15492 5019 73676 8167 898 108 272 332
1983 14524 20233 6040 36122 3398 597 41 444
1984 98976 8626 12910 6242 22790 2449 371 162
1985 22820 78922 4667 4184 1789 11189 964 157
1986 8127 11235 45367 1823 916 449 2611 409
1987 89021 16824 10150 23857 1452 1116 642 2203
1988 10007 58414 7598 4185 9255 428 235 1167
1989 5010 3420 25724 2755 1556 3634 255 666
1990 37247 5856 1884 12158 871 279 519 85
1991 36924 21991 1259 834 5132 412 283 457
1992 51840 18971 11331 565 236 1577 157 169
1993 43659 60785 20763 4669 306 219 915 250
1994 19484 32638 21527 5671 1579 76 175 279
1995 17580 15759 23599 6865 1472 387 34 203
1996 33344 39812 6641 10225 3663 1007 324 80
1997 23843 10507 21550 2178 2668 870 259 67
1998 11421 18001 8032 15116 1352 1036 377 175
1999 6179 18055 11569 3004 4919 579 452 115
2000 50142 6642 8596 4213 1055 1104 205 156
2001 11023 33496 2432 3666 1521 533 314 104
2002 16427 12394 32248 833 714 549 238 172
2003 6972 5592 6848 12830 222 209 70 56
2004 15160 6506 2384 3839 6706 286 101 37

2005 7190 6202 3700 2116 2669 2704 57 48




ICES WGNSDS Report 2006

Table4.1.6. Haddock in Division Vla. Landings at age (thousands).
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Age
Y ear 1 2 3 4 5 6 7 8+
1978 1030 1006 813 23620 2912 344 247 575
1979 2068 10448 1761 468 9810 833 114 221
1980 2505 12871 5341 915 143 3082 229 54
1981 200 20553 15695 1768 194 39 822 60
1982 250 1342 46283 8004 898 108 272 332
1983 568 4917 4585 34659 3387 597 41 444
1984 3341 4386 10754 5959 20352 2449 371 162
1985 939 19434 4437 4112 1782 11031 964 157
1986 603 4812 26770 1823 916 449 2611 409
1987 4254 7388 9206 23551 1452 1116 642 2203
1988 847 20687 6873 4091 9205 428 235 1167
1989 927 1414 18417 2744 1556 3633 255 666
1990 787 3198 1342 9450 848 279 519 85
1991 2145 10578 1217 834 5131 412 283 457
1992 691 10194 10010 553 236 1575 157 169
1993 745 15008 15975 4594 290 219 910 250
1994 1017 6326 15037 5240 1484 76 175 279
1995 540 3669 12774 6483 1472 387 34 203
1996 437 9457 4968 8626 3622 1007 324 80
1997 883 2831 16921 2125 2638 870 259 67
1998 1345 7129 5675 13387 1352 1036 377 175
1999 346 5501 7159 2960 4864 493 452 115
2000 759 2507 5864 3841 1054 1090 205 156
2001 245 8535 1822 3523 1393 533 314 104
2002 177 1227 13557 691 707 549 199 172
2003 21 1029 2150 8809 221 206 69 55
2004 14 245 804 1819 4071 286 100 37
2005 7 287 792 1252 1212 2018 57 48
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Table4.1.7 Haddock in Division Vla. Mean weight-at-agein total catch (kg).

Age
Y ear 1 2 3 4 5 6 7 8+

1978 0.134 0.278 0.388 0.516 0.827 1.045 1.152 1.338
1979 0.182 0.325 0.457 0.730 0.777 1.040 1.491 1.754
1980 0.134 0.319 0.572 0.719 0.998 0.985 1.143 1.747
1981 0.252 0.245 0.467 0.887 0.975 1.376 1.294 1.379
1982 0.157 0.273 0.376 0.746 1.126 1.539 1.549 1.555
1983 0.178 0.282 0.461 0.557 1.002 1.370 1.716 1572
1984 0.149 0.319 0.456 0.688 0.667 1.087 1.392 1.724
1985 0.138 0.268 0.486 0.636 0.802 0.868 1.272 1.694
1986 0.182 0.270 0.362 0.637 0.903 1115 1.043 1.462
1987 0.168 0.270 0.418 0.566 0.880 1.105 1.250 1.183
1988 0.170 0.254 0.444 0.562 0.704 1.027 1.280 0.984
1989 0.226 0.301 0.402 0.625 0.749 0.894 1.115 1.109
1990 0.112 0.355 0.445 0.534 0.891 1.108 1.280 1.860
1991 0.184 0.297 0.547 0.618 0.678 0.931 1.053 1.200
1992 0.133 0.321 0.437 0.766 0.892 0.932 1.407 1.639
1993 0.108 0.277 0.458 0.650 0.861 0.898 1.022 1.483
1994 0.169 0.253 0.405 0.611 0.698 0.929 0.959 0.992
1995 0.149 0.274 0.354 0.553 0.833 0.978 1.322 1.020
1996 0.128 0.243 0.404 0.462 0.645 0.750 0.754 1.137
1997 0.153 0.263 0.394 0.614 0.730 0.925 1.057 1.020
1998 0.164 0.283 0.382 0.502 0.689 0.802 0.951 1.077
1999 0.172 0.255 0.365 0.494 0.611 0.729 0.840 1172
2000 0.127 0.270 0.361 0.447 0.572 0.719 0.840 0.813
2001 0.112 0.242 0.403 0.432 0.514 0.657 0.808 1.016
2002 0.118 0.208 0.307 0.521 0.606 0.632 0.636 0.939
2003 0.124 0.239 0.282 0.382 0.652 0.648 0.908 1.086
2004 0.112 0.189 0.290 0.313 0.373 0.541 0.715 0.988
2005 0.103 0.198 0.295 0.451 0.429 0.525 1.163 1.017
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Table4.1.8 Haddock in Division Vla. Mean weight-at-age in landings (kg).
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Age
Y ear 1 2 3 4 5 6 7 8+
1978 0.257 0.353 0.419 0.524 0.832 1.060 1.152 1.338
1979 0.269 0.386 0.467 0.732 0.779 1.040 1.491 1.754
1980 0.251 0.373 0.587 0.722 0.998 0.985 1.143 1.747
1981 0.289 0.357 0.502 0.887 0.975 1.376 1.294 1.379
1982 0.285 0.369 0.452 0.754 1.126 1.539 1.549 1.555
1983 0.479 0.424 0.518 0.568 1.004 1.370 1.716 1.572
1984 0.273 0.388 0.486 0.705 0.713 1.087 1.392 1.724
1985 0.283 0.346 0.494 0.641 0.803 0.875 1.272 1.694
1986 0.294 0.373 0.440 0.637 0.903 1.115 1.043 1.462
1987 0.276 0.337 0.435 0.570 0.880 1.105 1.250 1.183
1988 0.310 0.338 0.462 0.567 0.706 1.027 1.280 0.984
1989 0.372 0.406 0.468 0.625 0.749 0.894 1.115 1.108
1990 0.335 0.443 0.532 0.618 0.908 1.108 1.280 1.860
1991 0.287 0.382 0.556 0.618 0.678 0.931 1.053 1.200
1992 0.310 0.384 0.461 0.777 0.892 0.932 1.407 1.639
1993 0.313 0.395 0.509 0.655 0.889 0.898 1.026 1.483
1994 0.280 0.352 0.454 0.633 0.723 0.929 0.959 0.992
1995 0.293 0.375 0.415 0.567 0.833 0.978 1.322 1.020
1996 0.285 0.363 0.445 0.492 0.649 0.750 0.754 1.137
1997 0.275 0.365 0.425 0.621 0.735 0.925 1.057 1.020
1998 0.265 0.331 0.416 0.524 0.689 0.802 0.951 1.077
1999 0.313 0.353 0.420 0.496 0.614 0.820 0.840 1.172
2000 0.265 0.347 0.410 0.465 0.572 0.724 0.840 0.813
2001 0.243 0.332 0.457 0.439 0.538 0.657 0.808 1.016
2002 0.254 0.321 0.383 0.566 0.608 0.632 0.691 0.939
2003 0.240 0.311 0.389 0.428 0.654 0.651 0.917 1.091
2004 0.253 0.329 0.3%4 0.391 0.448 0.541 0.718 0.988
2005 0.270 0.358 0.415 0.542 0.596 0.594 1.167 1.023
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Table4.1.9 Haddock in Division Vla. Discards at age (thousands).

Age
Y ear 1 2 3 4 5 6 7 8+
1978 14911 1090 157 738 27 7 0 0
1979 68002 6833 104 2 53 0 0 0
1980 20224 9057 295 7 0 0 0 0
1981 51 63359 5002 0 0 0 0 0
1982 15241 3678 27393 163 0 0 0 0
1983 13957 15316 1456 1464 12 0 0 0
1984 95634 4240 2156 284 2438 0 0 0
1985 21882 59488 231 71 6 159 0 0
1986 7524 6423 18597 0 0 0 0 0
1987 84767 9436 944 306 0 0 0 0
1988 9160 37727 725 95 49 0 0 0
1989 4083 2007 7308 11 0 1 0 0
1990 36460 2658 542 2708 23 0 0 0
1991 34779 11413 42 0 1 0 0 0
1992 51148 8776 1322 12 0 2 0 0
1993 42914 45777 4787 74 16 0 5 0
1994 18467 26312 6490 432 94 0 0 0
1995 17040 12090 10825 382 0 0 0 0
1996 32907 30354 1674 1599 41 0 0 0
1997 22961 7676 4629 53 30 0 0 0
1998 10075 10872 2357 1728 0 0 0 0
1999 5834 12554 4410 44 54 86 0 0
2000 49383 4136 2731 372 1 14 0 0
2001 10778 24961 611 143 128 0 0 0
2002 16250 11168 18692 142 8 0 39 0
2003 6951 4564 4697 4021 2 2 1 0
2004 15146 6261 1580 2021 2635 0 1 0
2005 7184 5915 2908 864 1457 686 0 1
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Table4.1.10. Haddock in Division Vla. Mean weight-at-agein discards (kg).
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Age
Y ear 1 2 3 4 5 6 7 8+
1978 0.125 0.208 0.231 0.259 0.265 0.308 0.000 0.000
1979 0.180 0.230 0.272 0.266 0.303 0.000 0.000 0.000
1980 0.120 0.243 0.287 0.334 0.000 0.000 0.000 0.000
1981 0.106 0.209 0.360 0.000 0.000 0.000 0.000 0.000
1982 0.155 0.238 0.247 0.363 0.000 0.000 0.000 0.000
1983 0.165 0.237 0.283 0.298 0.536 0.000 0.000 0.000
1984 0.145 0.248 0.303 0.331 0.278 0.000 0.000 0.000
1985 0.132 0.242 0.326 0.362 0.423 0.353 0.000 0.000
1986 0.173 0.193 0.248 0.000 0.000 0.000 0.000 0.000
1987 0.163 0.218 0.247 0.281 0.000 0.000 0.000 0.000
1988 0.157 0.208 0.279 0.331 0.341 0.000 0.000 0.000
1989 0.193 0.226 0.237 0.491 0.961 1.423 0.000 2.810
1990 0.108 0.250 0.228 0.242 0.268 0.000 0.000 0.000
1991 0.178 0.218 0.278 0.000 0.263 0.000 0.000 0.000
1992 0.130 0.247 0.258 0.242 0.000 0.947 0.000 0.000
1993 0.105 0.238 0.287 0.382 0.348 0.000 0.430 0.000
1994 0.163 0.229 0.291 0.337 0.304 0.000 0.000 0.000
1995 0.144 0.243 0.281 0.310 0.000 0.000 0.000 0.000
1996 0.126 0.206 0.282 0.300 0.317 0.000 0.000 0.000
1997 0.148 0.226 0.283 0.340 0.317 0.000 0.000 0.000
1998 0.151 0.251 0.298 0.337 0.000 0.000 0.000 0.000
1999 0.163 0.213 0.276 0.318 0.311 0.206 0.000 0.000
2000 0.125 0.223 0.257 0.259 0.625 0.337 0.000 0.000
2001 0.109 0.211 0.243 0.254 0.245 0.000 0.000 0.000
2002 0.117 0.196 0.253 0.305 0.456 0.000 0.358 0.000
2003 0.123 0.223 0.233 0.282 0.462 0.439 0.496 0.493
2004 0.112 0.183 0.237 0.242 0.256 0 0411 0
2005 0.103 0.190 0.262 0.320 0.290 0.322 0.416 0.493
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Table4.1.11 Haddock in Division Vla . SURBA 3 model inputs, run settings and output.

SURBA 3.0

Run performed at 11:21:38 on 13/05/2006
Working directory: C\ADATA\ICES\WGNSDS\2006\Haddock\SURBA

Landingsfile exists: HADGALA.DAT
Catch numbersfile exists: HADG6ACN.DAT
Catch weightsfile exists: HADBACW.DAT
Stock weights file exists: HADGASW.DAT
Natural mortality file exists: HADG6ANM.DAT
Proportion mature file exists: HADB6AMO.DAT

Prop. F bef. spawn. file exists: HADGAPF.DAT
Prop. M bef. spawn. file exists: HADGAPM.DAT

Age-structured tuning file exists: HADGAEF al.DAT
No age-structured catchability file selected.
Age-structured weighting file exists: HADG6A_weighting_0.5.DAT

No biomass tuning file selected.
No biomass index weighting file selected.

Available catch data

Ages Years
Landings 1 8 1965 2005
Catch numbers 1 8 1965 2005
Catch weights 1 8 1965 2005
Stock weights 1 8 1965 2005
Nat. mort. 1 8 1965 2005
Maturity 1 8 1965 2005
F prop. 1 8 1965 2005
M prop. 1 8 1965 2005
Available age-structured indices

Ages Years
SCOLTR 2 5 1965 2005
SCOPTR 2 5 1988 2005
SCOGFS 1 7 1985 2006
IREGFS 1 7 1993 2002
SCOQ4 1 5 1996 2005

All age-structured catchabilities assumed to be 1.0.

Available age-structured weightings

Ages Years
SCOLTR 2 5 1965 2005
SCOPTR 2 5 1988 2005
SCOGFS 1 7 1985 2006
IREGFS 1 7 1993 2002
SCOQ4 1 5 1996 2005

No biomass indices available.
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Table 4.1.11 contd. Haddock in Division Vla . SURBA 3 model inputs, run settings and output.

Selected catch data
Ages Y ears
Landings - - 1985 2005
Catch numbers 1 7 1985 2005
Catch weights 1 7 1985 2005
Stock weights 1 7 1985 2005
Nat. mort. 1 7 1985 2005
Maturity 1 7 1985 2005
F prop. 1 7 1985 2005
M prop. 1 7 1985 2005
Selected age-structured index data
Ages Years Alpha Beta
SCOGFS 1 7 1985 2006 0.000 0.250
SCOQ4 1 5 1996 2005 0.000 0.900

No biomass index data.

No errorsin reading file: HADGALA.DAT
No errorsin reading file: HADG6ACN.DAT
No errorsin reading file: HADGACW.DAT
No errorsin reading file: HADGASW.DAT
No errorsin reading file: HADG6ANM.DAT
No errorsin reading file: HAD6AMO.DAT
No errorsin reading file: HADGAPF.DAT

No errorsin reading file: HADGAPM.DAT

Missing catch weights filled with 3-year mean.

Missing stock weights filled with 3-year mean.

Missing natural mortalities filled with 3-year mean.

Missing maturities filled with 3-year mean.

Missing proportions F before spawning filled with 3-year mean.

Missing proportions M before spawning filled with 3-year mean.
Missing proportions Z before spawning filled with 3-year mean.

No errorsin reading file: HADGAEF al.DAT

No errorsin reading file: HADG6A weighting_0.5.DAT
Lambda smoothing parameter = 1.0000
Referenceage= 4

Retrospective analyses to be run.

Linear regressions between log mean-std indices at age
RSS  2.7168E+01
IFAIL  5(Good solution)
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Table4.1.11 contd. Haddock in Division Vla . SURBA 3 model inputs, run settings and output.

Stock summary
Year Rec SSB TSB Mean Z 2-6
est selog est se est se est se
1985 1168 0.174 1.268 NA 1946 NA 0944 0.187
1986 0.899 0.166 1.011 NA 1.279 NA 0721 0.152
1987 6.459 0.171 0.781 NA 1952 NA 0919 0.148
1988 0520 0.170 1.235 NA 1870 NA 0.880 0.147
1989 0.286 0.198 1.138 NA 1255 NA 1647 0.146
1990 2.065 0.166 0.312 NA 0571 NA 0.853 0.147
1991 1870 0.169 0.469 NA 1021 NA 1020 0.148
1992 4980 0.171 0.591 NA 1448 NA 1108 0.146
1993 4490 0.171 0.915 NA 1836 NA 1094 0.149
1994 1792 0.155 1.089 NA 1752 NA 0.606 0.147
1995 6.890 0.160 1.296 NA 2501 NA 1239 0.142
1996 2732 0149 1234 NA 2094 NA 1308 0.140
1997 3337 0.143 1.029 NA 1754 NA 1056 0.133
1998 4334 0.139 0.925 NA 1938 NA 0985 0.135
1999 0.790 0.164 1.054 NA 1551 NA 1667 0.135
2000 9.404 0.152 0.409 NA 1661 NA 1337 0.132
2001 4961 0129 1.042 NA 2271 NA 0660 0.132
2002 2354 0.134 1593 NA 2240 NA 0698 0.132
2003 3.177 0.140 1.447 NA 2040 NA 0727 0134
2004 1171 0458 1.179 NA 1521 NA 0865 0.137
2005 0.773 0.189 0.965 NA 1123 NA 0872 0.157
2006 0.684 0.315 0.654 NA 0.785 NA 0821 0.032

Running retrospective analysis: last year = 2005
IFAIL 5 (Good solution)
Running retrospective analysis: last year = 2004
IFAIL 5 (Good solution)
Running retrospective analysis: last year = 2003
IFAIL 5 (Good solution)
Running retrospective analysis. last year = 2002
IFAIL 5 (Good solution)
Running retrospective analysis: last year = 2001
IFAIL 5 (Good solution)
Running retrospective analysis. last year = 2000
IFAIL 5 (Good solution)
Running retrospective analysis: last year = 1999
IFAIL 5 (Good solution)
Running retrospective analysis: last year = 1998
IFAIL 5 (Good solution)
Running retrospective analysis. last year = 1997
IFAIL 5 (Good solution)
Running retrospective analysis. last year = 1996
IFAIL  5(Good solution)
Running retrospective analysis. last year = 1995
IFAIL 5 (Good solution)
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4.1.12 Haddock in Division Vla. TSA parameter estimates. Corresponding estimates from previous years’ assessments are given for comparison. The estimate for the 2004,
2005 and 2006 SPALY assessmentswererun C = catch 1978-1994 & survey with notrend. * = fixed parameter.

2003 2004 2005 2006 2006

Parameter Notation Description estimate estimate estimate SPALY final run
Initial fishing F(1,1978)  Fishing mortality at ageain year y 0.42 0.28 0.26 0.25 0.23
mortality F (2, 1978) 0.67 0.50 0.51 0.50 0.50
F (4, 1978) 0.53 0.51 0.51 0.54 0.51
Survey selectivities D(1) o 3.99 2.25 2.35 2.45 2.49
SCOCGFS D(2) SCOGFS survey selectivity at age a 4.84 271 2.45 2.64 255
D(4) 2.10 151 211 217 2.19
N (1 - - - - 1.99
gucrgeyfd ectivities cpEg; SCOQ4 survey selectivity at age a ; - R - 1.09
Q D(4) - - - - 2.25
oF Transitory changesin overal F 0.00 0.11 0.10 0.09 0.10
Fishing mortaity oU Persistent changesin selection (age effect in F) 0.05 0.04 0.01 0.00 0.00
standard deviations sV Transitory changesin the year effectin F 0.27 0.23 0.22 0.23 0.23
oY Persistent changesin the year effect in F 0.00 0.14 0.09 0.09 0.09
6Qscocrs Transitory changesin survey catchability 0.00 0.08 0.18 0.28 0.30
Survey catchability oBscocrs Persistent changes in survey catchability 0.14 0.00* 0.00* 0.00* 0.00*
standard deviations  6Qscogs Transitory changes in survey catchability - - - - 0.30
6Bscoos Persistent changes in survey catchability - - - - 0.00*
clandings Standard error of landings-at-age data 0.22 0.25 0.23 0.22 0.20
M easurement odiscards Standard error of discards-at-age data 0.51 0.43 0.45 0.44 0.42
standard deviations  gsurvey Standard error of SCOGFS survey data 0.40 0.34 0.53 0.53 0.57
osurvey Standard error of SCOQ4 survey data - - - - 0.57
oP Transitory changesin overall discard proportion 0.50 0.19 0.20 0.18 0.19
Discard curve cal Transitory changes' in Qiscard—ogive'intercept 0.00 0.15 0.02 0.01 0.00
parameters ovl Persistent changesin discard-ogive intercept 0.26 0.21 0.22 0.21 0.21
ca2 Transitory changesin discard-ogive slope 0.34 0.01 0.03 0.37 0.21
ov2 Persistent changesin discard-ogive slope 0.02 0.61 0.43 0.19 0.23
Trend parameters ovl Trend parameter for discard-ogive intercept 0.00* 0.00* 0.00* 0.00* 0.00*
ov2 Trend parameter for discard-ogive slope 0.00* 0.00* 0.00* 0.00* 0.00*
nl Ricker parameter (slope at the origin) 9.10 9.63 9.71 9.69 9.73
Recruitment n2 Ricker parameter (curve dome occurs at 1/m2) 0.33 0.29 0.31 0.32 0.29
CVrec Standard error of recruitment data 0.52 0.89 0.89 0.55 0.90




132 ICES WGNSDS Report 2006

Table 4.1.13 Haddock in Division Vla. TSA population numbers-at-age (thousands) from final run (dual survey, missing
catch data 1995-2005 & no persistent survey trend).

Age
Y ear 1 2 3 4 5 6 7 8+
1978 79.68 8.03 2.38 66.27 4.44 0.62 0.53 111
1979 189.52 47.82 4.02 1.02 26.25 144 0.22 0.62
1980 488.05 98.35 18.26 1.56 0.37 9.33 0.38 0.26
1981 58.75 326.42 46.99 6.93 0.60 0.15 3.86 0.20
1982 74.73 40.15 193.58 22.32 3.14 0.29 0.08 1.90
1983 53.20 50.57 23.85 103.79 11.22 161 0.15 1.00
1984 331.17 31.92 27.24 11.87 50.39 5.49 0.77 0.56
1985 71.88 194.66 12.86 9.83 4.29 19.74 2.08 0.51
1986 61.67 41.37 94.48 5.42 3.99 1.84 8.08 1.09
1987 240.98 40.81 22.49 48.18 2.68 201 0.93 4.55
1988 20.89 133.29 15.47 7.90 16.46 0.89 0.65 1.86
1989 17.64 10.19 58.08 5.75 283 5.95 0.33 0.93
1990 93.28 8.62 4.34 23.07 2.03 0.98 201 0.43
1991 132.19 55.54 3.28 1.92 9.70 0.85 0.42 1.03
1992 191.31 74.17 23.63 1.22 0.75 3.59 0.32 0.54
1993 164.27 119.86 36.41 10.29 0.52 0.33 154 0.37
1994 65.77 93.87 45.98 11.77 331 0.16 0.10 0.59
1995 237.60 37.23 43.59 18.61 4.40 127 0.06 0.27
1996 117.89 136.87 16.16 17.49 6.92 1.60 0.47 0.12
1997 139.79 65.89 58.41 6.07 6.31 247 0.57 0.21
1998 158.01 77.32 27.21 21.28 2.08 2.18 0.85 0.27
1999 37.69 86.05 30.93 9.62 7.04 0.69 0.73 0.37
2000 578.50 19.78 32.88 10.20 3.03 2.20 0.22 0.35
2001 233.08 315.15 8.06 11.53 3.35 1.01 0.73 0.19
2002 111.49 138.81 149.46 345 4.65 1.33 0.40 0.36
2003 139.30 71.67 73.95 73.59 1.62 2.18 0.62 0.36
2004 58.32 90.89 39.79 37.83 35.79 0.80 1.06 0.48
2005 60.50 37.81 50.20 20.34 18.92 17.70 0.39 0.76
2006* 52.63 38.36 19.92 24.27 9.45 8.88 8.23 0.54
2007* 121.48 33.14 19.89 9.50 11.08 4.31 4.05 4.00

* Estimates for 2006 and 2007 are TSA forecasts.
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Table4.1.14. Haddock in Division Vla. TSA estimates of fishing mortality-at-age from final run (dual survey, missing catch
data 1995-2003 & no persistent survey trend).

Age
Y ear 1 2 3 4 5 6 7 8+

1978 0.315 0.490 0.642 0.745 0.738 0.721 0.706 0.713
1979 0.430 0.651 0.736 0.767 0.798 0.777 0.789 0.784
1980 0.222 0.466 0.556 0.633 0.581 0.596 0.598 0.588
1981 0.194 0.352 0.458 0.467 0.473 0.461 0.479 0.473
1982 0.190 0.322 0.422 0.468 0.455 0.465 0.470 0.460
1983 0.297 0.422 0.413 0.493 0.502 0.510 0.506 0.522
1984 0.332 0.601 0.750 0.808 0.735 0.756 0.772 0.751
1985 0.334 0.507 0.604 0.661 0.641 0.686 0.658 0.650
1986 0.211 0.399 0.472 0.503 0.487 0.474 0.498 0.501
1987 0.375 0.732 0.800 0.855 0.881 0.901 0.895 0.867
1988 0.367 0.600 0.730 0.776 0.785 0.759 0.765 0.780
1989 0.365 0.583 0.691 0.762 0.780 0.800 0.790 0.792
1990 0.311 0.582 0.614 0.667 0.668 0.644 0.669 0.665
1991 0.380 0.637 0.715 0.741 0.787 0.768 0.793 0.775
1992 0.254 0.508 0.631 0.655 0.587 0.642 0.639 0.629
1993 0.358 0.758 0.926 0.932 0.972 1.011 0.969 0.976
1994 0.368 0.559 0.704 0.785 0.756 0.752 0.768 0.757
1995 0.352 0.621 0.714 0.785 0.800 0.786 0.786 0.787
1996 0.380 0.652 0.777 0.820 0.829 0.838 0.831 0.831
1997 0.393 0.686 0.810 0.873 0.861 0.868 0.869 0.868
1998 0.407 0.712 0.838 0.904 0.898 0.896 0.898 0.899
1999 0.427 0.751 0.891 0.947 0.951 0.950 0.947 0.947
2000 0.403 0.713 0.850 0.915 0.899 0.907 0.904 0.903
2001 0.296 0.548 0.662 0.712 0.707 0.702 0.705 0.704
2002 0.248 0.417 0.513 0.556 0.561 0.550 0.553 0.553
2003 0.224 0.399 0.454 0511 0.505 0.512 0.507 0.508
2004 0.229 0.395 0.472 0.487 0.501 0.507 0.506 0.505
2005 0.255 0.440 0.527 0.566 0.557 0.566 0.565 0.565

2006* 0.263 0.457 0.541 0.584 0.584 0.584 0.584 0.584
2007* 0.263 0.458 0.543 0.585 0.585 0.585 0.585 0.585

* Estimates for 2006 and 2007 are TSA forecasts.
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Table 4.1.15. Haddock in Division Vla. TSA stock summary from final run. “Obs.” denotes the SOP of numbers and mean weights-at-age, rather than the reported caught, landed
and discarded yield; “Pred.” are fitted values; and “SE” denotes standard errors. *Estimates for 2006 and 2007 are TSA projections and are not used to derive the summary
statisticsin thefinal 4 rows.

Year Landings (tonnes) Discards (tonnes) Total catches (tonnes) Mean Fg SSB (tonnes) TSB (tonnes) Recruitment
(thousands at age 1)

Obs.  Pred. SE Obs. Pred. SE Obs. Pred. SE  Estimate SE  Estimate SE  Estimate SE Estimate SE
1978 17178 20475 1387 2327 2884 517 19505 23327 1572 0.667 0.051 42803 978 54401 1367 79683 7148
1979 14820 16705 1393 13857 13484 2165 28678 30828 2875 0.746 0.055 34714 1841 75994 3675 189519 14667
1980 12759 13430 1400 4715 15862 2611 17474 31407 3683 0.566 0.047 39902 2596 119017 6274 488046 35964
1981 18233 19347 2252 15048 15390 2604 33281 35583 4101 0.442 0.040 79821 4662 129032 7012 58754 4079
1982 29635 29871 3694 10063 7244 1250 39698 35485 3817 0.426 0.036 102690 6536 119143 6676 74726 6823
1983 29405 30415 3122 6787 5798 890 36192 36196 3424 0.468 0.037 92226 5353 107798 5601 53197 5710
1984 30012 32728 2535 16343 15073 3280 46355 47050 4649 0.730 0.053 67976 3372 121807 6497 331166 35051
1985 24393 23087 2134 17444 14882 2588 41837 37701 3983 0.620 0.048 66265 4042 98600 6128 71881 7514
1986 19561 19958 2268 7153 4941 871 26714 23848 2642 0.467 0.040 59626 4160 75653 4588 61665 5841
1987 27012 28144 2583 16193 13639 2751 43205 41966 4258 0.834 0.059 54091 3445 99415 6147 240984 26959
1988 21136 19579 1926 9536 8434 1602 30672 27991 3045 0.730 0.055 45778 2904 63888 4259 20887 3296
1989 16683 17117 2017 2981 2627 547 19669 19236 2206 0.723 0.055 37537 2839 42842 3075 17640 3249
1990 10135 10844 1283 5387 2972 594 15522 12897 1464 0.635 0.052 22278 1790 34117 2309 93284 10637
1991 10557 9771 924 8691 9775 1681 19248 20061 2267 0.730 0.057 21425 1495 52881 3508 132189 13544
1992 11350 10206 1040 9163 9935 1468 20513 20965 2158 0.605 0.051 30186 2144 65742 4096 191313 18425
1993 19060 19004 1766 16811 16654 2238 35871 35716 3089 0.920 0.085 45147 3120 77243 5282 164271 21585
1994 14243 13587 1559 11098 12251 2055 25342 26157 2712 0.711 0.103 42470 4494 63798 7087 65774 16860
1995 12368 15123 4147 8552 14047 4245 20920 28854 7450 0.741 0.161 36760 6156 76444 11294 237603 45626
1996 13453 14664 4338 11364 14818 4368 24817 29545 7833 0.783 0.166 39741 6687 69160 11177 117892 29324
1997 12874 17133 5178 6470 14149 4389 19344 32062 8317 0.819 0.170 44370 7568 73180 11600 139786 32605
1998 14401 14941 4379 5535 15826 4717 19936 31714 8077 0.850 0.175 37804 6274 73182 11328 158005 34288
1999 10430 13803 4374 4891 10545 3427 15321 24815 6507 0.898 0.183 34433 5957 50353 8850 37694 13422
2000 6952 11538 3953 7899 24330 9185 14851 35585 11503 0.857 0.176 23260 4871 99093 21317 578504 148531
2001 6731 13793 6207 6657 26315 8588 13389 40705 12223 0.666 0.140 54831 11498 113702 20744 233082 38230
2002 7097 19487 7802 8880 13847 5085 15977 30859 7909 0.519 0.110 68521 10812 94168 12836 111494 27091
2003 5334 20045 6218 4104 9208 3401 9438 26766 6460 0.476 0.103 62167 7802 86722 9975 139304 28032
2004 3199 16817 4729 4380 6362 2286 7579 19845 4682 0.472 0.107 48124 5506 62031 6966 58322 16486
2005 3148 19363 5298 3546 4884 2160 6694 20205 4759 0.531 0.133 46873 5911 56329 6878 60499 18777
2006* NA 14844 3945 NA 4012 2085 NA 17110 4396 0.550 0.162 37441 6139 46820 10026 52626 58942
2007* NA 11469 3453 NA 5212 3553 NA 15253 5233 0.552 0.171 29036 8313 45720 16298 121480 109023
Min 3148 9771 924 2327 2627 517 6694 12897 1464 0.426 0.036 21425 978 34117 1367 17640 3249
GM 12930 17359 2726 7670 9993 2267 21336 28446 4212 0.649 0.078 45801 4130 76437 6509 108514 16162
AM 15077 18249 3211 8781 11649 2913 23859 29549 4917 0.665 0.091 49351 4815 80562 7734 150256 23920

Max 30012 32728 7802 17444 26315 9185 46355 47050 12223 0.920 0.183 102690 11498 129032 21317 578504 148531
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Table4.1.16. Haddock in Division Vla. Inputsto short-term predictionsfor final TSA run (catch & discard data from 1995-
2005 not fitted to model, no trend in survey q) assuming predicted weightsin 2006 from linear models shown in Figure 4.1.31
and Figure 4.1.32.

Table Haddock, VI a
input data for catch forecast and linear sensitivity analysis
Label Val ue cv Label Val ue cv
Nunmber at age Wei ght in the stock
N1 52626 1.12 W51 0.11 0.09
N2 38359 0.31 W52 0.21 0.13
N3 19922 0. 27 W53 0.28 0.02
N4 24271 0.22 Ws4 0. 37 0.18
N5 9452 0.23 W55 0.54 0.31
N6 8876 0.21 W56 0.49 0.12
N7 8232 0. 24 W57 0.57 0.24
N3 535 0.24 W58 1. 07 0.05
H.cons selectivity Weight in the HC catch
sHL 0.00 0.76 WHL 0.25 0.06
sH2 0.04 0.92 WH2 0.33 0.07
sH3 0.14 0.23 WH3 0. 46 0.04
sH4 0.30 0.18 WH4 0.50 0.17
sH5 0. 36 0.41 WHS 0.61 0.19
sH6 0.48 0.16 WH6 0.62 0.09
sH7 0.52 0. 06 WH7 0.61 0.24
sH3 0.52 0. 06 WH8 1.03 0.05
Di scard selectivity Wi ght in the discards
sD1 0.24 0.76 WD1 0.11 0.09
sD2 0.37 0.92 WD2 0.20 0.11
sD3 0.35 0.23 WD3 0.24 0.06
sk 0.22 0.18 W4 0.28 0.14
sD5 0.16 0.41 WD5 0.34 0.33
sD6 0.05 0.16 W6 0.25 0.90
sD7 0.01 0. 06 WD7 0.44 0.11
sD8 0.00 0.06 WD8 0.33 0.87
Natural nortality Proportion nmature
ML 0.20 0.10 Mr1 0.00 0.10
M 0.20 0.10 Mr2 0.57 0.10
MB 0.20 0.10 MT3 1.00 0.10
M4 0.20 0.10 Mr4 1.00 0.00
%) 0.20 0.10 MI'5 1.00 0.00
%3] 0.20 0.10 MT'6 1.00 0.00
M7 0.20 0.10 MT7 1.00 0.00
MB 0.20 0.10 Mr8 1.00 0.00
Rel ative effort Year effect for natural nortality
in HC fishery
HF06 1.00 0.08 K06 1.00 0.10
HFO7 1.00 0.08 KOo7 1.00 0.10
HFO8 1.00 0.08 K08 1.00 0.10
Recruitnment in 2007 and 2008
RO7 108514 0.84
RO8 108514 0.84

Proportion of F before spawning = .00
Proportion of M before spawning = .00

St ock nunbers in 2006 are TSA survivors.
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Table4.1.17. Haddock in Division Vla. Results of short-term forecasts from final TSA run (catch & discard data from 1995-
2005 not fitted to model, no trend in survey q) assuming predicted weightsin 2006 from linear models shown in Figure 4.1.31

and Figure 4.1.32. Management options giving weightsin thousands of tonnes.

Table . Haddock, VI a
Catch forecast output and estimates of coefficient of variation (CV) from
i near anal ysis.
o o o +
| Year |
| 2006 | 2007
B Femmm - Femm e - Femm e - Femm e - Femm e - Femm e - Femm e - Femm e - |
| Mean F Ages I I I I I I I I I
| H. cons 2to6 | 0.49] 0.00] 0.10/ 0.20] 0.30] 0.39] 0.49] 0.59
| | | | | | | | | |
| Effort relative to 2005 | | | | | | | | |
| H. cons | 1.00] 0.00] 0.20] 0.40/ 0.60/ 0.80] 1.00f 1.20
o e e R R RIS RIS R R RIS RIS |
| Bionass | | | | | | | | |
| Total 1 January | 43.4] 44.6] 44.6] 44.6] 44.6] 44.6] 44.6] 44.6
| SSB at spawning time | 34.0] 29.3] 29.3] 29.3] 29.3] 29.3] 29.3] 29.3|
I I I I I I I I I I
| Catch weight (,000t) | | | | | | | | |
| H. cons | 9.35] 0.00] 1.88] 3.58 5.12| 6.52| 7.79] 8.93
| Di scards | 6.00] 0.00] 1.49] 2.87| 4.15| 5.35| 6.46] 7.49
| Total Catch | 15.36] 0.00] 3.37| 6.45] 9.28]| 11.87| 14.25| 16.43
| | | | | | | | | |
| Bionmass in year.... 2008 | | | | | | | | |
| Total 1 January | | 63.9] 60.0] 56.3] 53.0/ 50.0| 47.2| 44.7
| SSB at spawning tinme | | 43.6] 40.1] 36.8| 33.8]/ 31.1] 28.7] 26.4
o e N N A N S N A A — +
o +
| Year |
| 2006 | 2007
E T Femm o= Femm - - Femm e - Femm - - Femm e - Femm e - Femm e - Femm e - |
| Effort relative to 2005 | | | | | | | | |
| H. cons | 1.00] 0.00] 0.20| 0.40/ 0.60/ 0.80] 1.00] 1.20
U [ e [ e [ e [ e [ e [ e [ e [ e +
I I I I I I I I I I
| Est. Coeff. of Variation | | | | | | | | |
I I I I I I I I I I
| Biomass I I I I I I I I I
| Total 1 January | 0.19] 0.31] 0.31] 0.31] 0.31] 0.31] 0.31 0.31
| SSB at spawning time | 0.13] 0.22] 0.22] 0.22] 0.22] 0.22] 0.22] 0.22
I I I I I I I I I I
| Catch weight I I I I I I I I I
| H. cons | 0.17] 0.00] 0.41] 0.24] 0.20] 0.18] 0.17] 0.17
| Di scards | 0.40| 0.00| 0.66| 0.56] 0.54] 0.53] 0.53] 0.52
I I I I I I I I I I
| Biomass in year.... 2008 | | | | | | | | |
| Total 1 January | | 0.33] 0.34] 0.35 0.36] 0.37] 0.38] 0.39
| SSB at spawning tinme | | 0.31] 0.32] 0.33] 0.34] 0.35 0.36] 0.38
o Fomm o - Fomm o - Fomm o - Fomm o - Fomm o - Fomm o - Fomm o - Fomm o - +

18:17: 35
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Table4.1.18. Haddock in Division Vla. Results of short-term forecasts from final TSA run (catch & discard data from 1995-
2005 not fitted to model, no trend in survey q) assuming predicted weightsin 2006 from linear models shown in Figure 4.1.31
and Figure 4.1.32. Detailed tables.

Table_ . Haddock, VI a
Detai |l ed forecast tables

Forecast for year 2006
F rmul tiplier H cons=1.00

Popul ati ons Cat ch nunber
S + [ Sy [ S [ - +
| Age| Stock No. | | H Cons |Discards| Total
T + Heeeeeaan - N +
| 1| 52626| | 0] 10066| 10066
| 2| 38359 | 1062| 10735| 11797
| 3| 19922| | 2019| 4976 6995
| 4 24271 | 5257| 3753| 9010
| 5] 9452| | 2404 1105| 3509
| 6| 8876| | 3033| 296| 3329
| 7] 8232| | 3043| 35| 3078
| 8| 535| | 199| 1| 200
LR SR L dommmmn- dommmn - +
[ W 43 | 9| 6| 15|
S + [ Sy [ S [ - +
Forecast for year 2007
F multiplier H cons=1.00

Popul ati ons Cat ch nunber
B + Fommmmm - - Fommmmm oo Fomm - +
| Age| Stock No. | | H Cons |Discards| Total
T +  Heeeeeaan oemnannn ocmnnnn +
| 1| 108514| | 0] 20757| 20757
| 2| 34029| | 942| 9523| 10465
| 3| 20822| | 2110]| 5200]| 7311
| 4 10042| | 2175]| 1553| 3728
| 5] 11802] | 3002| 1379| 4381
| 6| 4596| | 1570| 153| 1724
| 7] 4286| | 1585| 18| 1603
| 8| 4242| | 1577| 9| 1586
T +  Heeeeeaan oemnannn ocmnannn +
| W 45| | 8| 6| 14|
B +
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Figure 4.1.1 Haddock in Divison Vla. Time-series of reported commercial effort and landings-per-unit-effort

(LPUE) for the Scottish pair trawl (ScoPTR) and light trawler (ScoL TR) fleets.
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Figure 4.1.2. Haddock Via. Maps of the west of Scotland indicating the position of trawl stations samples taken
during the two Scottish western division bottom trawl surveys: (a) ScoGFS (Q1 2006); and (b) ScoQ4 (2005). The
area of thecirclesis proportional to survey catch per 10 hoursfishing according to the scale on the legend.
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Figure 4.1.3 Haddock in Division Vla. Mean weights-at-age (kg) in total catch (also used for stock weights). Dotted
lines show loess smoother fitted through each time-series at age.
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Figure 4.1.4 Haddock in Division Vla. Mean weights-at-age (kg) in landings for human consumption. Dotted lines
show loess smoother fitted through each time-series at age.
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Figure 4.1.5 Haddock in Division Vla. Mean weights-at-age (kg) in discards (ages 1-4 only). Dotted lines show loess
smoother fitted through each time-series at age.
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Figure 4.1.6. Haddock in Division Vla. Mean-standardised log survey indices, plotted by age and year-class (left
plot), and age and year (right plot). Scottish groundfish survey (SCOGFS), Scottish quarter 4 survey (SCOQ4) and
Irish West Coast groundfish survey (IREGFS).
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Figure 4.1.7. Haddock in Division Vla. Catch curves (log abundance indices for each cohort) for ScoGFS, ScoQ4
and IREGFS.



144 ICES WGNSDS Report 2006

SCOGFS: Comparative scatterplots at age
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Figure 4.1.8. Haddock in Division Vla. Pairwise scatterplots of log ScoGFS (top) and ScoQ4 (bottom) survey indices
at age, for ages 1-7 and 1-5 respectively. Lines give least-squares linear regression fits with approx. pointwise 95%
confidenceintervals.
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Figure 4.1.8. Haddock in Division Vla. Pairwise scatterplots of log ScoGFS (top) and ScoQ4 (bottom) survey indices
at age, for ages 1-7 and 1-5 respectively. Lines give least-squares linear regression fits with approx. pointwise 95%
confidenceintervals.
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IREGFS: Comparative scatterplots at age
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Figure 4.1.8 contd. Haddock in Division Vla. Pairwise scatterplots of log IREGFS survey indices at age, for ages 1-
7. Linesgiveleast-squareslinear regression fitswith approx. pointwise 95% confidence intervals.



146 ICES WGNSDS Report 2006

SCOGFS

. = N
o U1l P 01T N O
\ 1 I 1 1 1

Log residual

a
(6]
I

Log residual

IREGFS

NP, .
N OO Do g1 O 01
1

=
(6]
1

Z B A d
A/
N,

5 XZ?/ =Y/
_1 - T

1985 1990 1995 2000 2005
Year

Log residual

=
(6)
1

Figure 4.1.9. Haddock in Division Vla. Plots of Residuals from SURBA analysis using all three surveys combined:
SCOGFS, SCOQ4 and IREGFS.
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Figure 4.1.10. Haddock in Division Vla. Plots of Residuals from SURBA analysis using the two Scottish surveys
combined: SCOGFSand SCOQ4.
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Figure 4.1.11. Haddock in Division Vla. Summary plots for dual survey run of SURBA scanning through options of
referenceage =2, 3, 4, 5and 6. Shaded area indicates estimates of precision from single run at default reference age
=4.
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Figure 4.1.12. Haddock in Division Vla. Summary plots for dual survey run of SURBA scanning through options
of lambda =0, 0.5, 1, 2 and 3. Shaded area indicates estimates of precision from singlerun at default lambda = 1.



ICES WGNSDS Report 2006 149

o
| Mean Z Hos —— Recruitment
gL01 ——— < A
0
—
o 4
o |
st ~
0
o -
o
> o J
© T T T T T T T T T T
o |
OC;- ] TSB N | SSB
wn
o ] |
—
o |
N
o
0 | 3
—
o |
— n
©
n
0
o | =
°© T T T L} U °© T T L} L} U
1985 1990 1995 2000 2005 1985 1990 1995 2000 2005

Figure4.1.13. Haddock in Division Vla. Summary plotsfor dual survey run of SURBA scanning through options
of catchability at age 1 = 1, 0.5 and 0.1. Shaded area indicates estimates of precision from single run at default
reference age = 4.
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Figure 4.1.14. Haddock in Division Vla. Summary of SURBA run using both the SCOGFS and SCOQ4 surveys.
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Figure 4.1.16 Haddock in Division Vla. TSA stock summary from run with 2006 SPALY run (catch & discard from
1995-2005 not fitted, SCOGFS only and no survey trend). Estimates are plotted with approximate pointwise 95%
confidence bounds. The dotted vertical line on each graph show thelast year of available catch data.
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Figure 4.1.17 Haddock in Division Vla. TSA stock summary from the 2005 assessment (catch & discard from 1995-
2005 not fitted, SCOGFS only and no survey trend). Estimates are plotted with approximate pointwise 95%
confidence bounds. The dotted vertical line on each graph show thelast year of available catch data.
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Figure 4.1.18. Haddock Via. Standardised prediction errors by age for the SCOQ4 survey, from the first TSA run
with two Scottish trawl surveys. The two points at Age 3 (2003 and 2002; open symbols), were subsequently
downweighted in thefinal TSA run (see Figure 4.1.19 below).
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Figure 4.1.19. Haddock in Division Vla. Standardised SCOQ4 survey prediction errors by age from final TSA run

(missing catch 1995-2005, two surveys & no survey trend). The two points at Age 3 (2003 and 2002; open symbols),
wer e downweighted.
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Figure 4.1.20. Haddock in Division Vla. Standar digeslrlandings prediction errors by age from final TSA
run (missing catch 1995-2005, two surveys & no survey trend).
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Figure 4.1.21. Haddock in Division Vla. Standardised discard prediction errors by age from final TSA run (missing
catch 1995-2005, two surveys & no survey trend).
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Figure 4.1.22. Haddock in Division Vla. Standardised SCOGFS survey prediction errors by age from final TSA run
(missing catch 1995-2005, two surveys & no survey trend).
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Figure 4.1.23. Haddock in Division Vla. Fitted discard ogives from final TSA run (missing catch 1995-2005 two
surveys & no survey trend). Points show observed discard proportions at age.
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Figure4.1.24. Haddock in Division Vla. TSA stock-recruitment scatterplot from final run (missing catch 1995-2005,
two surveys & no survey trend). Linegives TSA-estimated Ricker curve. Labelsdenote year-classes.
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Figure 4.1.25. Haddock in Division Vla. TSA stock summary from final run (missing 1995-2005 catch, two surveys & no survey trend). Estimates are plotted with approximate
pointwise 95% confidence bounds. The dotted vertical line on each graph showsthelast year of available catch data.



ICES WGNSDS Report 2006 159

2.0 4.5
18 Total Mortality ------- SURBA TSA o Recruitment " SURBA TSA
1.6 4 Q 3.5 4
b . g
_ 1.4 4 S 30
(o] e
? 1.2 h
) 5 2.5
N i 5]
S 10 ,‘% 2.0 4
g 0.8 A 17
06 4 g 1.5
0.4 - 1.0 4
0.2 A 0.5
0.0 T T T T T T OO T T T T T T
1975 1980 1985 1990 1995 2000 2005 2010 1975 1980 1985 1990 1995 2000 2005 2010
Year Year
2.0 25
TSB ------- SURBA TSA
1.8 -
1.6 A $2.0 A
=] 3
T 141 g
D 1.2 915
2 »
o | ©
g 1.0 5
©
§ 0.8 A E 1.0 A
(]
c 0.6 1 2
g g
s 0.4 1 ; s 0.5 4
0.2 1
OO T T T T T T OO T T T T T T
1975 1980 1985 1990 1995 2000 2005 2010 1975 1980 1985 1990 1995 2000 2005 2010
Year Year

Figure4.1.26. Haddock in Division Vla. Stock summary plotsfrom final TSA run and final SURBA run.
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Figure 4.1.27. Haddock in Division Vla. Retrospective estimates of mean F, ¢ from final TSA run (catch &
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Figure 4.1.28. Haddock in Division Vla. Retrospective estimates of SSB from final TSA run (catch & discards
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(catch & discards from 1995-2003 not fitted to model & no survey trend).
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ICES WGNSDS Report 2006

700000

600000

500000

400000

300000

200000

TSA recruits at age 1

100000

0

Figure 4.1.30. Haddock in Division Vla. Comparison of the numbers at age 1 from the survey indices with the

163

|

® SCOGFS
0 SCOQ4 o o
® (o)
® o (o] o
| (o] ®
.80 ) ()
0 2000 4000 6000

predicted recruitment at age 1 from TSA.

Survey index age 1

8000



164 ICES WGNSDS Report 2006

Year class mean stock weights

15

1.0

Mean weight at age (kg)

0.5

Year

Figure 4.1.31. Haddock in Division Vla. Mean weights-at-age (kg) in total catch tracked by year class with a
GLM fit (solid lines); the single symbolsin 2006 represent predicted values from the GLM.
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Figure Haddock,Vla. Sensitivity analysis of short term forecast.
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Figure 4.1.33. Sensitivity analysis of short-term forecast for final TSA run (catch & discards 1995-2005 not
fitted to model, no trend in survey g) assuming predicted weightsin 2006 from linear model.

Figure Haddock,Vla. Probability profiles for short term forecast.
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Figure 4.1.34. Probability profiles for short-term forecast for final TSA run (catch & discards 1995-2005 not
fitted to model, no trend in survey q) assuming predicted weightsin 2006 from linear model.
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Figure Haddock,Vla. Short term forecast
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Figure 4.1.35. Short-term forecast for final TSA run (catch & discards 1995-2005 not fitted to model, no trend
in survey q) assuming predicted weightsin 2006 from linear model.
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Haddock in Division Vib

The lack of discarding information from the European fleets has required that recent
assessments approximate the Russian Catch as EU landings equivaents above the EU
minimum landing size. This approach was necessary to avoid the possible mis-interpretation
of the sudden appearance of the Russian catch of smaller haddock as evidence of strong
recruitment. However, the approach underestimates the total catch from the fishery.

WGNSDS,q4 Was presented with an experimental assessment (Khlivnoy, 2004) which alows
the modelling of the total catch (including discards) of the Irish, Scottish and Russian fleets.
To facilitate the potential use of different models for the experimental assessment of Rockall
haddock the WG collated separate Russian and EU catch-at-age matrices. In the Technical
Minutes of its October 2004 meeting, the review group (RGNSDS) recommended that the
WG evaluate this approach at 2005 meeting. August 2004 meeting, RGNSDS recommended
that the WGNSDS should explore aternative (experimental) approaches to assessment and
advice using the data from existing and future planned surveys.

The response from the Working Group to the NEAFC request for advice on closed areas for
haddock in VIb is provided in Section 16.

4.2.1 The fishery

The development of the Rockall haddock fishery is documented in the 2001 Working Group
report, and in the report of the ICES Group meeting on Rockall haddock convened in January
2001 (ICES, 2001). That meeting was set up to respond to a NEAFC request for information
on the Rockall haddock fishery. NEAFC had agreed to consider regulation of the international
fishery in 2001 and the report of the Expert Group was considered by ACFM working by
correspondence prior to the NEAFC meeting.

The Rockall haddock fishery changed markedly in 1999 when a revision of the EU EEZ
placed the southwestern part of the Rockall plateau in international waters. This has led to
opportunities for other nations, notably Russia, to exploit the fishery in this area. The table of
Official Statistics (Table 4.2.1) now includes Russian catches from the Rockall area. The
Russian fleet started fishing operations in international waters at Rockall in May-October
1999. Russian catches increased from 460t in 1999 to 2150t in 2000. In 2001 Russian haddock
catches were markedly reduced to 630 t due to the introduction of a closed area and low
density of fish concentrations. Catches increased again in 2002-2004 when Russian catches
were 1,630 and 5,844 t correspondingly. In 2005, Russian catches are estimated to be 4708 t.
The Russian haddock fishery uses bottom trawls with cod-end mesh size of 40-100mm
(mainly 40-70mm) and retains haddock of all length classes in the catch.

Prior to 1999 the UK and Ireland fisheries had been principally summer fisheries but in more
recent years the Scottish and Irish fishery was conducted throughout the year with the peak in
April-May. This shift in the fishery appears to have followed the discovery of concentrations
of haddock in deeper water to the west of Rockall, at depths between 200m and 400m. High
catch rates attracted effort into the area. However, catch rates in 2000 were reported to be
poor in deeper water. Anecdotal evidence suggests that increased discarding has been
associated with the deeper-water fishery compared to the traditional fishery at northern
Rockall. In 2004-2005, a considerable proportion of EU landings were taken in the
international waters. Historical fishing patterns of the Scottish fleet on Rockall is presented by
Newton et al. (2003).

This pattern of fishing at Rockall, with vessels fishing on concentrations of haddock during
spring, and increased activity by Russian vessels, is reported to have occurred in 2000,
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indicating a marked expansion of the fishery in 1999 and 2000. The Russian fishery targets
concentrations of haddock mainly during the spring, and the beginning of summer.

Information on the Russian fishery and biological investigations from commercial vessels
fishing in Rockall during 2005 are presented in WD 7.

An analysis of the spatial and depth distributions of Rockall haddock in association with
oceanographic variables is presented by V. Vinnichenko and E. Sentyabov (2004), a WD to
the 2004 WGNSDS meeting. Changes in distribution have occurred over a period coincidental
with changes in oceanographic variables. Information on oceanographic conditions on Rockall
bank in spring 2005 is presented by E. Sentyabov (2005).

4.2.1.1 ICES advice applicable to 2004 and 2005

ICES advice for 2004*

ICES recommends that fishing mortality in 2004 should be reduced to the lowest possible
level.

ICES advice for 2005*:
“Catches in 2005 should be reduced to the lowest possible level.”
ICES advice for 2006*:

* - single-stock boundary and the exploitation of this stock should be conducted in the context
of mixed fisheries protecting stocks outside safe biological limits.

4.2.1.2 Management applicable in 2005 and 2006

The TAC for Haddock VIb has previously been set for Sub area Vb, VI, XII and XIV
combined and was 8,675 t in 2003, with alimitation on the amount to be taken in Vb and Vla
In 2004, the TAC for Division VI was split and the VIb TAC for Haddock was included with
Xl and X1V. The TACwas set at 702t for VIb, X1l and XIV in 2004 and 2005. The TAC
was set at 597t for VIb, XIl and X1V in 2006.

The ICES advice, agreed TAC for EC waters and a comparison with WG estimates of
landings is summarised below. All values are in tonnes

YEAR ICES BAsIs AGREED WG
ADVICE TAC LANDINGS
(ViB)

2002 | <1300 Reduce F below 0.2 1300° 3123
2003 | - Lowest possible F 7022 6055
2004 | - Lowest possible F 702° 6426
2005 | - Lowest possible F 702° 5106
2006 | - Lowest possible F 597"

2 TAC was set for Divisions Vlaand VIb (plus Vb, X1l and X1V) combined with restrictions
on quantity that can be taken in Vb and Vla. The quantity shown here is the total area TAC
minus the maximum amount which is allowed to be taken from Vb and Vla..

®In 2004, the EU TAC for Division VI was split and the VIb TAC for haddock was included
with XIl and XIV. Thisvalueisthe TAC for Vlb, XII and XIV.

It is not possible to calculate the percentage change in F associated with the TAC for this stock
due to the lack of a previously accepted assessment.

In May 2001, the International Waters element of statistical rectangle 42D5, which is mainly
at depths less than 200 m, was closed by NEAFC to al fishing activities, except with
longlines.. In Spring 2002, the EU component of this rectangle, again mostly shallow water,
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was aso closed to trawling activities (EC No 2287/2003). The total Rockall Haddock Box is
bounded by the following coordinates:

Latitude Longitude

57°00 ‘N 15°00 ‘W
57°00 ‘N 14°00 ‘W
56 °30 ‘N 14 °00 ‘W
56 °30 ‘N 15°00 ‘W

These management measures for the International Waters were in force up to 2005 inclusive.

The minimum landing size of haddock taken by EU vessels in Rockall is 30cm. There is no
minimum landing size for haddock taken by non-EU vesselsin international waters.

4.2.1.3 The fishery in 2005
Russian fishery in 2005

In 2005 the Russian fishery for haddock started in the second ten-day period of March. Until
the end of May, catches were dominated by haddock (on average 82 % of the catch weight).
Maximum yield and catch rates were registered in March-May (Tables 4.2.2 and 4.2.3). The
number of trawlers operated in this area varied from 2 to 10. In May — June catch rates of the
haddock fishery declined while the proportion of blue whiting (Micromesistius poutassou) in
catches increased (Table 4.2.3). In May, the number of vessels in the haddock fishery reduced
to 4-2 trawlers, in June it decreased to 1 vessdl. In June — August, haddock in small amount (9
tonnes) were caught in the long-line fishery for ling (Molva molva). In August — September
haddock occurred in bycatch (2 to 15 %) during the trawl fishery for grey gurnard (Eutrigla
gurnardus). In the second half of September Russian fishery in the Rockall area was
terminated

The total Russian catch in 2005 in the Rockall area taken by bottom trawls was 9.5 thousand
tonnes of fish including 4.7 thousand tonnes of haddock (Tables 4.2.2 and 4.2.3). The second
important fish species in this fishery was grey gurnard. Among other fish species it is worth
mentioning blue whiting. Besides, saithe (Pollachius virens), angler fish and flat fishes also
occurred in catches but in small amount.

Irish fishery in 2005

The landings of haddock from V1b by Irish fleet in 2005 totalled 105 ton and was catch by the
otter trawl fleet. The vessels were operating primarily in ICES rectangles 43D5 and 43D6. In
2005 only twin-rig vessels reported haddock landings from Rockall.

Scottish fishery in 2005.

The number of Scottish vessels fishing at Rockall and the number of trips made to Rockall
have declined substantially since 2000 (WD 6 to WGNSDS 2004). Scottish landings in 2005
are estimated to be 375t (Table 4.2.1). In contrast, officially reported effort at Rockall has
increased in 2003 & 2005, but it is not known to what extent this reflects an increase in
targeting haddock (See below for discussion of effort).

The landings data also indicate a number of English vessels landing from VIb (possibly deep-
water vessels) which may increase the reported hours fished in VIb, but not necessarily with a
corresponding increase in the landings of haddock.
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4.2.2 Catch data

4.2.2.1 Official catch statistics

Nomina landings as reported to ICES are given in Table 4.2.1, along with Working Group
estimates of total estimated landings. Reported international landings of Rockall haddock in
1991-2005 were about 4.0-6.0 thousand tonnes, except for 2001-2002, when they decreased
down to 2.3 2.9 thousand tonnes

Revisionsto official catch statistics for previous years are also shownin Table 4.2.1.

4.2.2.2 Quality of the catch data

Misreporting of haddock from Rockall is known to have occurred historicaly, but an
estimation of overall magnitudeis not possible.

4.2.3 Commercial catch- effort data

Commercial CPUE series are available for Scottish trawlers, light trawlers, seiners, Irish otter
trawlers and Russian trawlers fishing in VIb. The effort data for these five fleets are shown in
Figure 4.2.1. Russian and Scottish data shows a peak in effort for 2000 and 2004. The Peak in
Russian effort for 2000 is mainly due to the 10" class tonnage vessels targeting the large scale
grey gurnard fishery. There has been a substantial decrease in reported Scottish light trawl
effort since 1996 and an increase in effort by larger Scottish heavy trawl vessels during 1999
and 2000 reflecting the change in fishing pattern noted in Section 4.2.1 of last year’s report. In
2003 and 2004, effort estimates for these heavy trawl Scottish vessels has increased
substantially. However, the effort data from the Scottish fleets are known to be unreliable due
to changes in the practices of effort recording and non-mandatory effort reporting (See the
report of the 2000 WGNSSK (CM 2001/ACFM:07) for further details). The apparent effort
increase may just be the result of more exact reporting of effort due to VMS, but another
suggestion is that it arises from a ‘days at sea’ measure. Working at Rockall keeps ‘days at
sea’ elsewhereintact (the years in question do correspond to the introduction of the days at sea
legislation) and it is possible that vessels are either working extra days in VIb or they are
simply reporting extra days from VIb. It is difficult to conclude which of these scenarios is
more likely.

The Irish otter trawl effort series indicated a reduction in effort in recent years and effort in
2004 isthe lowest in the time series. The majority of this effort is concentrated in Quarter 2.

In 2005, during the target fishery for haddock (March-May) the catch rate of vessels of
tonnage class 9 was one of the highest in recent years and inferior only to the catch rate in
2003. In March-May the catch rate of vessels of tonnage class 10 was dlightly lower than in
2004 but higher compared to 2000 (Figure 4.2.2). In March-April the catch rate of vessels of
this tonnage class was much higher than in 2001 and in May it was considerably higher than in
1999. The highest catch rate of vessels of tonnage class 10 was reached in 2003 (WD?7).

The WG decided that the commercial CPUE data, which do not include discards and have not
been corrected for changes in fishing power despite known changes in vessel size, engine
power, fish-finding technology and net design, were unsuitable for catch-at-age tuning.

4.2.4 Research vessel surveys

There is only one research survey index available for VPA assessment this stock (Table 4.2.4,
Figure 4.2.38). However, from 1997 onwards this Scottish survey is only conducted in
September of alternate years. Due to recent concerns about the haddock stock at Rockall some
extra time was allocated to conduct a partial survey in September 2002. The survey was
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conducted on 49 standard trawl stations however, the survey area and number of stations
varied in different years. The mgjority of stations are within the 200m depth contour. In 2002
the survey was carried out in the central and northern parts of the bank. In 1999 the survey
switched from using an Aberdeen 48’ bottom trawl to a GOVtrawl and from 60 min tows to
30 min tows (mesh size of 20 mm). The indices have been adjusted for tow duration, but no
calibration has been made for gear changes.. A 20mm mesh sizeis used on the survey.

In spring 2005 the Russian trawl-acoustic survey (TAS) for haddock on the Rockall Bank was
conducted first time (Oganin et al., 2005). Hauls were made evenly in the surveyed area from
the top of the bank to the limits of the stock distribution except for the northern slope of the
bank, where trawling is impossible because of a great number of corals (Figure 4.2.3b). The
investigations covered depths of 140 to 580 m. The haul were carried out using a “Campelen-
1800” demersal trawl with a small-meshed cod-end liner with a mesh size of 20 mm. Haddock
abundance and biomass according to the results from the trawl survey were calculated by the
stratified method dividing all the area surveyed into geographical strata with the size of 15’ by
latitude and 15’ by longitude. To assess the haddock stock and its pelagic component, a
hydroacoustic survey was conducted simultaneously with the trawl one, according to methods
of MS TAS (multi-species trawl-acoustic survey) for the Barents Sea demersal fish species
(Anon., 1989) with adaptations for the surveyed area. To estimate the pelagic component, the
check tows by midwater trawl with 50 x 50 m opening with a mesh size of 30 mm were made.
Frequency of trawlings depended on the existence and character of echo recordings. Biomass
of haddock was cal culated with FAQ isoline base method (Johannesson & Mitson, 1983).

The stock calculation by the trawl survey method showed that in the surveyed area of 5,553.7
sa.miles the total abundance of haddock amounted to 190.63 x 10°%individuals. The biomass
was 43.36 x 10°t. The distribution of biomass by stratais presented by Oganin et al., 2005.

Data from the hydroacoustic survey in the international waters of the bank (an area of 3,374
sq.miles) gave a biomass estimation of haddock of 41.1 x 10° tonnes with the abundance of
144.2 x 10° individuals. The spawning stock was estimated at 38.5 x 10°t with the abundance
of 133 x 10°individuals. In the EU zone, 2180 sq.miles were surveyed using acoustic tracks,
and the total stock was 18.9 x 10%t with an abundance of 81.7 x 10°individuals. The spawning
stock was estimated to be 16.3 x 10° t with an abundance of 52.4 x 10° individuals. As a
whole, the stock biomass was estimated to be 60.0 x 10°t with the total abundance of 225.9 x
10° individuals. Mature individuals were predominate and their proportion was 91.5% by
biomass and 82.1% by abundance. The pelagic component of the stock made up 13.7% and
was estimated to be 31.1 x 10°individuals, corresponding to a biomass of 8.2 x 10°%t.

The estimates of biomass from the two methods are quite similar.

4.2.5 Age compositions and mean weights at age

The total annual catch was estimated by summing up data on catch landings and haddock
discards.

4.2.5.1 Landings age composition

Age composition and mean weight by age of Scottish and Irish landings was from port
sampling. Data on the volume, length-age and weight composition of landings for the period
from 1988 to 1998 correspond to values used at this WG (WGNSDS). From the beginning of
the Russian fishery in 1999, the whole volume of the haddock caught by the Russian vessels
was considered instead of reducing the Russian catch down to indices equivalent to the
landings above EU minimum size. During the entire period trawlers operated in the
international waters at a depth range of 200 to 400 m.
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In 2002, there was no sampling of the Russian catch and therefore the length composition has
to be estimated for this year.

In 2002 and 2003, the structure of the Russian fishery on the Rockall Bank was the same: the
same vessels were operating with the same gear in the same fishing areas. The relationship
between the haddock length composition obtained from the trawl survey and that in the
Russian catches is assumed to be the same for 2002 and 2003 i.e. it is assumed that the length
dependent selectivity pattern in 2002 is the same as that in 2003 as there no changes to the
fishery in these years. Therelationship is decribed as:

R=8p (1)

where P_- portion of fish with length L in catches, p_- portion of fish with length L in the stock
(survey), S - proportion of fish of length L taken aboard. S is determined using a theoretical
selectivity curve (Figure 4.2.4) which may be described by the formula (2) :

s _ 1
" 1+exp(S,-SL)

(2)

where S - portion of taken aboard fish with this or that size in the stock size composition, L —
sizegroup, S;and S, are coefficients.

The selectivity curve (Figure 4.2.4), fitted to the data on catch measurements in different
periods of the Russian fishery in 2003 is described well by equation (2) with coefficients S, =
12,539465, S, = 0,495085. The estimated length frequency distributions for 2003 are
compared to the measured length frequency distributions for this year in Figure 4.2.5. The
size distribution in the Russian catch in 2002 is then estimated by applying the theoretical
selectivity curve to the survey length frequency in 2002.

To determine the age composition in Russian catches in 2002, the combined age length key
for all years of Russian catches was used.

4.2.5.2 Discards age compaosition

The haddock catch is underestimated as a result of unaccounted for discarding of small
individuals in the Scottish and Irish fisheries in most years. On Russian vessels, the whole
catch of haddock is kept onboard and therefore, total catch is equivalent to landings.

Haddock discards onboard Scottish vessels in 1999 and 2001 and Irish vesselsin 1995, 1997,
1998, 2000 and 2001 were determined directly. In other years, indirect estimates of discarding
were calcul ated.

The direct estimates from the Scottish trawlers in 1985, 1999 and 2001 showed a higher
proportion of discards of small haddock: from 12 to 75 % by weight (Table 4.2.5) (and up to
80-90% of catch abundance. Discard trips in 1995, 1997, 1998, 2000 and 2001 showed that
discarding by Irish fishing vessels a so reaches considerable values (Table 4.2.6).

Total numbers and weight landed and discarded by age on the Scottish observer tripsin 1999
and 2001 are presented in Tables 4.2.7 and 4.2.8.

The analysis of the discard data collected by Scottish scientists in 1999 and 2001 indicated
that only a relatively small proportion of fish taken aboard is landed (Figure 4.2.6). The
probability of being retained increases with increasing fish length. (Stratoudakis et al., 1999;
Palsson et al., 2002; Palsson, 2003, Sokolov, 2003). The relationship between the number of
individuals caught and number discarded may be described by the following relationship:

ND, = PD_*NR @)
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where ND, - number of discarded fish with length L, NP,- number of fish caught with length L,
PD_ - portion of discarded fish with length L.

The length composition of fish taken onboard by Scottish and Irish trawlers was calculated by
applying the logistic selectivity curve (Figure 4.2.7) to the haddock stock length composition
obtained from the survey. The selectivity parameters were calculated from Scottish and Irish
catches taken by trawls with mesh size that are typica for the fleets of those countries
operating at Rockall. The parameters were calculated as S, = 12,6075, S, = 0,435985 for the
Scottish fleet and S, = 26,24777, S, = 0,85235 were used for Irish catches. The theoretical
selectivity curve for Scottish vesselsisillustrated in Figure 4.2.7.

The catch at length compositions obtained by the theoretical curve of selectivity agree well
with available results of catch measurements in 1999 and 2001land the distributions are
compared in Figure 4.2.8.

The proportion of fish discarded from catches at different sizes may be determined and
modeled using logistic curve (Figure 4.2.9) described by the following equation:

D - 1
" 1+ exp(-b(L - DLy,))

(4)

where L — size group, DLg, - fish length, under which 50% of this size fish caught are
discarded and b — a constant, reflecting the angle of curve dope. The parameters were
determined from research on discards by Scottish vessels (Table 4.2.9). The following values
were used in subsequent calculations. DLg=34.66 cMm, b=-0,87635. Logistic curve of discards
may be described by formula (2) using coefficient values: S, = -15,4935, S, = -0,45646.

To determine abundance of discards the following procedure was used:

A. A theoretical catch at length distribution (%) was calculated by applying the
theoretical selectivity curveto the survey length composition.

B. An estimate of total catch at length was made by summing the reported landings by
length to the number of discards at length calculated from the assumed discard ogive and the
landings at length data.

C. An intermediate theoretical catch size distribution in numbers is calculated by
dividing the estimate of the total humbers retained (numbers greater than 34cm) in B by the
fraction retained from the theoretical catch length distribution calculated in A

D. Theoretical discard size frequency is then calculated by applying the theoretical
discard ogive to the intermediate theoretical catch size distribution.

The spreadsheet containing these calculations can be found in the stock file.

Calculations where the discard curve was applied agree well with the results of size
composition measurements by Scottish vesselsin 1999 and 2001 (Figure 4.2.10).

Aboard Irish vessels larger fish are kept (Figure 4.2.11). The portion of discards was
calculated by the formula (2) with coefficients S, = -10,0931, S; = -0,24587, from the
combined 1995-2002 Irish discard trips.

Scottish and Irish vessels fishing for haddock at Rockall changed to a minimum mesh size of
100mm between 1987 and 1992. Due to these changes in gear, 1991 was used as the starting
year for the assessment as it is considered that by this year the mgjority of vessels were using
the new mesh size and therefore the discard ogive can be assumed to be the same for al years.

The Russian fleet fish in the areas covered only partially by the bottom trawl surveys.
However, Russian vessels retain all haddock and therefore there is no need to calculate
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discards. There is no information on large-scale fisheries of other countries outside the
surveyed area. In addition, available data on the real length composition of catches indicate a
correspondence between length composition obtained by the results from surveys and
commercial catches, including the catches obtained in the parts of Russian fishery (Figure
4.2.5, Figure 4.2.8).

The amount of discarded haddock by age was determined using a length-age key derived by
the data collected during the trawl survey allowing for selectivity of the fishery (Figure 4.2.7).

In 1998 and 2000, the trawl survey for haddock in the Rockall Bank area was not carried out.
To determine the haddock length composition in these years, the length distribution was
calculated from the survey datain the previous and following years.

For this purpose, the length-age matrices characterizing the stock status in the years before and
after the missing data year were obtained. The length-age distribution from the year before the
missing year was projected forward on the basis of mean growth increment at age and
estimated total mortality. Similarly the distribution from the year after was projected
backwards. The length composition in the missing year was then calculated from these two
estimates.

The total loss (Z) used in the calculation described above was determined by minimization of
values of deviation square sum between survey age group abundance values in previous and
following years by the data from surveys and calculated data. At that, the factor of age effect
(Sa) was taken into account. The mean growth increment at age was also estimated from the
survey data. The method of calculation is explained further in WD 8 to WGNSDS;y, and a
spreadsheet showing the calculationsis in the stock file.

Figures 4.2.12-4.2.13 and table 4.2.17 shows the resulting proportion of the total catch (by
number and weight) which is discarded and landed tables 4.2.10 - 4.2.16.

4.2.5.3 Mean weights at age

The temporal dynamics of haddock mean weights at age in the catch (with regard for discards)
are presented in Figure 4.2.14 and tables 4.2.10 - 4.2.13. The mean weights at age in the stock
are assumed to be the same as the catch weights.

4.2.6 Natural mortality and maturity at age

In the absence of any direct estimates of natural mortality, M has been set at 0.2 for all ages
and years. MSVPA estimates for the North Sea haddock stock give estimates of M of 2.05 at
age 0, 1.65 at age 1, 0.40 at age 2, 0.25 at ages 2 and 4, and 0.20 at ages 5+ (ICES CM
2003/ACFM:02). Similarly large values of M at the younger ages at Rockall would have
implications for interpretation of fishing mortality patterns from survey-based methods such as
SURBA which essentially estimate total mortality conditional upon assumptions regarding
survey catchability at age.

Natural mortality coefficient and portion of mature individuals by age used for estimation
correspond to adopted by Working Group before. At present there are no estimates of haddock
natural mortality on the Rockall Bank, therefore, M was taken as 0.2 for ages.

Previous Working Groups have adopted a maturity ogive with knife-edge maturity at age 3 for
this stock. ACFM in 2001 encouraged the WG to investigate a more realistic maturity ogive
for this stock. At the 2002 Working Group combined sex maturity ogives were presented to
the WG for Russian sampling in 2000, 2001 and Scottish sampling in 2002. In 2003 new sex
disaggregated maturity data were supplied to the Working Group for Russian sampling. The
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results of all these recent studies indicate that a high proportion of both females and males at
age 2 were mature.

The data from new Russian histological examination of haddock gonad samples mass sexual
maturation occurs at age of two years with length of 25 cm (WD 6). These data agree well
with the results of recent Scottish research in compliance with which the mgjority of fish
become mature at the age of 2 years (ICES 2003, Newton et a., 2004). Visua estimation of
maturity state of postspawning haddock on the Rockall Bank in expeditions leads to
considerable errors. For more precise estimation of length and age at maturity for haddock it is
necessary to conduct investigations in prespawning and spawning periods as well as to collect
gonads for further histological analysis. (See WD 6 for further details).

Research on determining more precise values for natural mortality and maturity ogive
parameters should be continued and new estimates could be used in future stock assessments.

4.2.7 Catch at age analysis

4.2.7.1 Data screening and exploratory runs
Data on catches by age
Previoudly the calculation of catch at age data assumed that catches were equal to landings.

The landings of haddock aged 1 were not large and it was hard to consider the catch of this
age fish. The results from Scottish and Irish investigations showed that the abundance in
discards exceeded that of landings. Discarded fish are, primarily, haddock aged 1-2 (Tables
4.2.8-4.2.9). Figures of Ln of catch by age show that these values are much less variable when
discards are included.(Figures 4.2.15-4.2.20). Data on catches by age are given in Tables
4.2.14-4.2.17.

Tuning data

The Scottish trawl survey was the only survey index available to the working group. Plots of
log CPUE by age, year and year class are shown in Figures 4.2.21-4.2.23.

A SURBA 3.0 run was carried out to analyse the survey data. Previous working groups have
concluded that the first three years of the survey should not be used in assessments and that
age 0 data was a poor indicator of year class strength. Here runs were actually conducted using
the survey data from 1991 onwards to be consistent with the period over which the catch-at-
age assessment could be run ( the settings: lambda = 1.0, reference age = 3). A summary of
the results and residuals is shown in Figure 4.2.24. SSB shows a declining trend since 1995
but increasing in 2003-2004. The estimates of the temporal component of F are very noisy,
but indicates a steep decline since 2000. Retrospective analysis showed consistent estimation
of SSB and F (2-5) (See Figure 4.2.253).

Comparative scatterplots of log index at age are shown in Figure 4.2.25b. The survey shows
relatively good internal consistency in tracking year class strength through time.

Exploratory assessment runs
The following settings were adopted for exploratory XSA runs:

1.full year-range of tuning data (1991-2005); catchability independent of age for age classes 1
and over; g-plateau at age 5; shrinkage over last 3-5 years and 3 oldest age classes; shrinkage
SE=0.5-2.0.
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2. full year-range of tuning data (1991-2005); catchability dependent on stock size for age
classes younger 4; g-plateau at age 5; shrinkage over last 4 years and 3 oldest age classes;
shrinkage SE=0.5 -1.0.

The use of the power model at ages 1-3 was indicated by significant slopes less than 1.0 at
ages 2 and 3, which is illustrated by the plots of adjusted survey CPUE against XSA
population estimatesin Figs. 4.2.29 — 4.2.31.

Log catchability residuals of the three runs using the constant catchability model at all ages
show a period of reduced catchability from 1997 to 2002, increasing again in 2003 (Figs.
4.2.32 — 4.2.34). The use of the power model at ages 1-3 and shrinkage of 1.0 reduces the size
of the residuas although the pattern of reduced values from 1997 to 2002 persists (Fig.
4.2.39). Stronger shrinkage (0.5) using the power model increases the magnitude of the
residuals (Fig. 4.2.40).

A comparison of the temporal trends in the survey indices at age with the trends in XSA
population numbers at age is given in Figures 4.2.26 — 4.2.28 for the XSA runs using constant
catchability at al ages, and in Figures 4.2.36 for the XSA runs using the power model. All
these plots show relatively low survey indices at ages 2-4 from around 1997 to the early 2000s
compared with the XSA trends. This is the source of the low catchability values evident from
the XSA runs. The reasons for this difference in trends are not clear.

Plots of adjusted survey CPUE against XSA population estimates for the two XSA runs using
the power model are givenin Figs. 4.2.29 — 4.2.31.

The XSA run using the power model at ages 1-3 and shrinkage SE of 1.0 was accepted as the
final assessment model.

4.2.7.2 Final run XSA

The diagnostics file of the final XSA run is given in Table 4.2.18. The analysis of residuals
and retrospective analysis (Figures 4.2.39 — 4.2.42 show that applying the chosen parameters
for XSA improves the residual and retrospective patterns.  However, there are still some
trends apparent in the log catchability residuals. The results of retrospective analysis
conducted at the Working Group in 2002 and 2003 indicated that using shrinkage values of
more than 0.5 improved the retrospective curves and showed convergence. However, in this
years analysis only 14 years of data were available and there is no convergence although the
temporal trends are consistent in the earlier parts of the time series. Dynamics of fishing
mortality at age are presented in Figure 4.2.43. Data shows a pesk in fishing mortality and
effort for 2000 and 2004. The fina XSA results are given in Tables 4.2.19 — 4.2.21.
Dynamics of fishing mortality at age are presented in Figure 4.2.43. The comparison final
XSA and SURBA resultsare given in Figure 4.2.44 .

4.2.7.3 Estimation of recruit abundance

Individuals aged 1 were considered as recruits. Provisional results from the Scottish Autumn
trawl survey showed abundance of the 2005 yearclass of haddock to be above the long-term
mean of that series (Table 4.2.4). The geometric mean was used derived from X SA to estimate
recruit abundance at age 1 in 2006 (Table 4.2.21).

4.2.7.4 Long term trends

Recruitment in the early 1990s was high and resulted in an increase in SSB which peaked in
1995. Recruitment in the mid 1990s was around average but the 1998 and 1999 year classes
were weak. A combination of these weak year classes and high fishing mortality resulted in
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SSB decreasing to the lowest in the time series in 2001. In 2003 and 2004 SSB increased
somewhat due to the 2000 and 2001 year classes which were dlightly above average.

4.2.7.5 Short- term forecast
For forecasting recruitment (age 1) the average recruitment was used (1991-2005).

The input data for the short-term forecast can be found in Table 4.2.22. Status quo fishing
mortality is taken as the 3 year mean of the values over the period 2003-2005. Three year
mean values were also used for stock weights and catch weights. The results obtained from the
forecast are given in Tables 4.2.23 and 4.2.24.

For forecasting discards the proportion of discards/landings at age in 2004-2005 was used
(Table4.2.14- 4.2.16, 4.2.25). 2 year mean of the values over the period 2004-2005 discarding
proportions were chosen because since 2004 a TAC for Division VIb and Divisions XII and
X1V has been allocated separately from the TAC established for the rest of Division V1. The
2006 TAC for EC waters was set at 597 t for Divisions VIb, XI1 and XIV. In recent years the
proportion of the total catch of haddock taken by vessels of nations which discard haddock has
declined markedly. This has led to an overall reduction in the proportion of the total catch
discarded. The results obtained from the forecast (including discards) are given in Tables
4.2.23 and 4.2.25. Short term forecast is shown in Figure 4.2.45.

The sensivity analysis of forecast is shown In Figure 4.2.46-4.2.47. There is a less than 15%
probability of SSB in 2008 being below Bpa and Fsq.

4.2.7.6 Medium Term

Medium term projection were conducted using the MAR-Lab software. There appears to be
little or no relationship between spawning biomass and recruitment levels at age 1 and no
attempt to fit a stock recruitment relationship to these data has been made. Particularly high
discard rates result in very poor estimation of the both the overall level and the inter-annual
variability of recruitment. Significant year-to-year fluctuations of recruit abundance are
noticed, at that, the link between adult haddock biomass and abundance of survived
fingerlings and yearlings is absent. In the years when biomass is maximal poor year-classes
are often observed. So, in 2001, when the stock was the lowest for recent years, one of the
most abundant year-classes appeared. Strong year-classes appear on average once in 4-5 year
period, although the available time seriesis relatively short. At status quo F thereisalessthan
5% probability of SSB falling below Bpain the long term (See Figures 4.2.48-4.2.49).

4.2.7.7 Yield per recruit

Yield per recruit results, long-term yield and SSB (conditional on the current exploitation
pattern) are shown in Figure 4.2.51. Satus quo F (0.64) is around 48% of Fs (0.43) and is
5% greater than Fq 1 (0.18). The stock-recruitment scatter plot is shown in Figures 4.2.50.

4.2.7.8 Reference Points

Biological reference points for this stock are given below:

Biim: 6,000t (lowest observed SSB)

Bpa 9,000t (Bjoss* 1.4)

Fea 0.4 (by analogy with other Haddock stocks).

Figure 4.2.52 shows the stock in 2005 is estimated to be above Bpa and less than Fpa.
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4.2.7.9 Quality of the Assessment

The WG considers that the long-term trends in the XSA assessment and survey biomass
estimates/indices are probably indicative of the general stock trends. However, Fis considered
to be poorly estimated due to the following sources of uncertainty in the current assessment:

1. There are concerns over the accuracy of landings statistics from Rockall in earlier years;

2. Historically, there is poor agreement between survey and XSA estimates of population
numbers during some periods. This may be related to potential inaccuracies in the
landings statistics;

3. The method of estimating discards from survey data, although useful, is nonetheless
another source of error;

4. In 1999 the gear and tow duration were changed on the Scottish survey. There were no
calibrations done to assess possible impacts on catchability for this survey;

5. The XSA assessment shows trends in catchability, even if reduced by weak shrinkage;

6. The XSA assessment diagnostics give quite large standard errors on survivors estimates
(0.3-0.4) and there are often quite different values given by ScoGFS, F-shrinkage and P-
shrinkage.

The WG considers that a longer series of more accurate landings, discards (for non-Russian
Federation fleets), and survey data will be necessary to overcome these deficiencies.

4.2.7.10 Management Considerations

Historical perspectives of fishing mortality indicate that they have been high. The fishing
mortality has decreased for small individuals (age 1 and 2) since 2001. Survey-based indices
of SSB indicate that the stock was at a historical low in 2002, but have increased since.

In 2004, an ICES Expert group met to deal with a request for advice from the EU and Russia
concerning Rockall haddock management plans. They concluded that the lack of aternative
assessment  approaches precluded the identification of potentia aternative limits to
exploitation that may be useful to long-term management. In addressing this term of reference
the Expert Group considered alternative approaches to management.

The Expert Group acknowledged that the Precautionary Approach requires that management
be implemented in data poor situations. The Expert Group considered that the principles of the
Precautionary Approach may have application to Rockal haddock provided the
implementation considers the particular biology of the target species and the way it is
exploited. For Rockall haddock the Expert Group considered that the fishing mortality should
not be allowed to expand. Adoption of a TAC may actually alow increased fishing mortality
if the stock is declining or there is significant unreported catch. Moreover, application of
TACs implies that there is a simple relationship between a recorded landing of a species and
the effort exerted on that species. Such an assumption is unlikely to be true for Rockall
haddock. Furthermore, there are ways of evading TACs including mis-reporting, high grading
and discarding. In the case of Rockall haddock these may occur to a large extent due to the
remote nature of the fishery and the processing of catches at sea by some fleets. The Expert
Group concluded that effort regulation rather than TACs may be a better means of controlling
fishing mortality on Rockall haddock in the long-term but that TAC regulation could be used
in the future if more objective and accurate biological and fishery information are routinely
provided (ICES CM 2004/ACFM:33). In circumstances where population is dominated by
small individuals and differences in length of older and younger age groups are not great, the
effectiveness of using selective properties of trawl gear is very low. Comparison of the discard
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practices of the national fleets operating at Rockall indicate that an increase of minimum mesh
size does not result in considerable reduction of the proportion of small individualsin catches,
however catch rates are decreased.

In 2004-2006, the analytical methods of stock estimation were improved, the new data on
biology and distribution were obtained, a trawl acoustic survey was carried out and the
biomass of haddock from the Rockall Bank was estimated. The results from these
investigations allow us to draw the following conclusions:

1. Due to the appearance in 2000-2001 of average year-classes, the haddock stock has
increased. This is corroborated by Russian fishery statistics, biological research data,
analytical calculations and Trawl Acoustic Survey in March 2005.

2. According to provisional survey data the 2005 yearclass is also a strong one that gives
grounds to expect the fishable stock growth in the near future;

3. Discarding by Western European vessels has historically resulted in significant
mortality of small haddock.

4. To develop and introduce into fisheries practice measures aimed at preventing discards
of undersized haddock, which in particular may include a decrease of the minimum
landing size.

5. From a biological perspective, a reduction in the minimum landings size to 25cm
would ensure that virtually all the individuals landed would be mature.

6. An evauation of the Rockall closure is presented in section 16 of the Report. A
thorough scientific rationale is needed for elaboration of management measures.
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Table4.2.1. Nominal catch (tonnes) of HADDOCK in Division VIb, 1989-2005, as officially reported to | CES.

COUNTRY 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003* 2004* 2005"
Faroe Islands - - - - - - - - - - - n/a n/a

France L2 L2 .2 2 L2 2 L2 - - S 5 2 + 1

Germany, Fed. Rep. | 1 - - - - - - - - - - - -

Iceland - - - - - - - - + - 167 - - -

Ireland - 620 640 | 571 | 692 | 956 | 677 | 747 | 895 | 704 | 1,021 | 824 357 206 169 19° 105
Norway 47 38 69 47 68 75 29 24 24 40 61 152" | 70° 49 60 32 2
Portugal - - - - - - - - - 4 - - -

Russian Federation | - - - - - - - - - - 458 | 2,154 | 630 1,630 | 4.237 | 5844 | 4708
Spain 337 | 178 187 | 51 - - 28 1 22 21 25 47 51 7 19

UK (E, W & NI) 272 | 238 165 | 74 308 | 169 | 318 | 203 | 165 |561 | 288 | 36 - - 56

UK (Scotland) 5986 | 7,139 | 4,792 | 3,777 | 3,045 | 2,535 | 4,439 | 5753 | 4,114 | 3,768 | 3,970 | 2,470 | 1,205 | 1,145° | 1.606 | 411® | 375°
United Kingdom

Total 6,643 | 8213 | 5853 | 4520 | 4,113 | 3,735 | 5491 | 6,818 | 5220 | 5098 | 5990 | 5688 | 2,315 | 3,037 | 6.148 | 6,306
Unallocated catch | 85 -4329 | -198 | 800 | 671 | 1,998 | -379 | -543 | -591 | -599 | -851 | -357 | -279 | 299 94 139 |1
WG estimate 6,728 | 3,884 | 5655 | 5320 | 4,784 | 5733 | 5112 | 6,275 | 4,629 | 4,499 | 5139 | 5331* | 2,036" | 3,336" | 6.242* | 6,445 | 5,191
Preliminary.

?Included in Division Vla.
%Includes UK England, Walesand NI Landings
“includesthetotal Russian catch

Snonofficial
n/a= Not available.
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Table 4.2.2. Details of Russian fleet operations in fishery for the haddock on the Rockall Bank (Div. VIb) in 2005

(preliminary data)

MONTH VESSEL TONNAGE CLASS CATCH OF HADDOCK IN TONNES
Totd Catch per vessel/day Catch per 1-hr haul

March 10" 509 9.6 0.55
9 408 8.0 051

April 10" 1180 91 0.54
9 1028 8.2 0.59

May 10 820 8.4 0.44
9 466 7.8 0.44

June 10" 124 8.8 0.48

July 8 4 0.1 -

August 10" 17 0.5 0.04
9 11 15 01
g 5 01 -

September 10 84 2.4 0.1
9 52 1.0 0.1

Total 4708

84m, 2000hp

262m, 2400hp

54m, 1000hp

Table 4.2.3. Species composition of Russian catch (t) taken with bottom trawls on Rockall Bank (Div. VIb) in 2005
(preliminary data)

FISH SPECIES MAR. APR. MAY JUNE JuLy AUG. SEPT. OcT. Nov. DEcC. ToOTAL
Haddock 917 2208 1286 | 124 - 28 136 - - 4699
Grey gurnard 26 40 14 1 - 231 2087 - - 2399
Blue whiting 427 711 585 94 - 191 120 - - 2128
Saithe 5 14 1 - 1 1 - - 22
Anglerfish 1 2 - 0.2 - - 3
Flat fish 3 4 - 0.1 - - 7
Others 10 70 40 14 - - 42 - - 176
Total 1385 | 3047 1932 | 233 - 515 2386 - - 9498
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Table4.2.4. Haddock in VIb. Tuning data avaiable for Scottish groundfish survey in September.

HADDOCK WGNSDS 2006 ROCKALL

183

101
SCOGFS (Numbers per 10 hours fishing at Rockall)
1991 2005
110.660.75
06
1 14458 16398 4431 683 315 228 37 64 3
1 20336 44912 14631 6135 647 127 200 4 32
1 15220 37959 15689 3716 1104 183 38 73 21
1 23474 13287 11399 4314 696 203 30 12 4
1 16293 16971 6648 5993 1935 483 200 1 6
1 33578 19420 5903 1940 1317 325 69 1
1 28897 10693 2384 538 292 281 71 9 1
-1 -1 -1 -1 -1 -1 -1 -1 -1 -1
1 10178 9969 2410 708 279 172 20 64 32
-1 -1 -1 -1 -1 -1 -1 -1 -1 -1
1 31813 7455 521 284 154 39 14 12 14
1 11704 20925 2464 173 105 65 20 10 15
1 2526 10114 10927 1656 138 97 100 26 6
-1 -1 -1 -1 -1 -1 -1 -1 -1 -1
1 24452 4082 920 1506 2107 231 33 13 7
Table4.2.5. Details of Scottish discard tripsin the Rockall area. (Newton et al., 2003).
TRIPNO. DATE GEAR No. oF HOURS % (WEIGHT) % (WEIGHT)
HAULS FISHED HADDOCK LANDED DISCARDED OF
OF CATCH HADDOCK
1 May 85 Heavy Trawl 20 89.08 74 17.3
2 Jun 85 Heavy Trawl 28 127.17 74 18.6
3 Jun 99 Heavy Trawl 21 110.83 41 74.9
4 Apr 01 Heavy Trawl 11 47.33 96 124
5 Jun 01 Heavy Trawl 35 163.58 58 475
6 Aug 01 Heavy Trawl 26 130.08 31 69.7

Table 4.2.6. Landings and Discar ds haddock estimates at Rockall from discard observer trips conducted aboard Irish
vessels between 1995 and 2001, and from an observer trip aboard the MFV (February/March 2000). (ICES CM
2004/ACFM:33)

FAT/KB | FAT/KBG | FAT/KBG | FAT/KBG | FAT/KBG | FAT/KBG | FAT/KBG/ | FEB2000 DISCARD
G /00/4 10112 /95/1 195/2 19717 197/8 098/4 RATE
Landing 3021 942 12727 6893 14258 25866 23805 4400
Discards 1864 926 1146 1893 6625 17926 3687 6200
%discarded 38,16 49,57 8,26 21,54 31,72 40,9 134 58,49 27%
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Table4.2.7. Scottish Landings and raised Discards haddock in 1999 estimates at Rockall from discard observer trips

conducted aboard Scottish

AGE
0 1 2 3 4 5 6 7 8 9 1 /1 1 | Totd
0 12
Landing, N (* 1000) 0 0 436.9 1211. | 1069. | 8494 | 1220. | 1432. | 411. | 87. | 0. | O| 1. | 6722
9 5 6 3 9 7 4 4
Landing, tonnes 0 0 135.8 4325 | 420.7 | 3839 | 646 760.7 | 245. | 49. | 0. | O| 4. | 30795
5 6 5 3
Discards, N (*1000)* 22. | 14420. | 15276. | 6844. | 2534. | 1516 | 7343 | 2194 | 396 | O 0 0|0 | 41609.1
4 8 9 7 8
Discards, tonnes 15 | 22841 | 36582 | 1936. | 799.1 | 5154 | 2488 | 86.2 176 | O 0 0|0 | 95472
2
Discards, N (*1000) 2 12. | 13306. | 15895. | 7168. | 2588. | 1555. | 7725 | 2479 | 486 | 12. | 0. | 0| O | 41609.2
5 1 9 1 9 7 2 7
Discards, tonnes” 03 | 22412 | 3791.3 | 2035. | 821.7 | 538.7 | 268 1038 | 227 |63 | 0. | 0| O | 9829.6
1 5
! raised data estimates at Rockall from discard observer
2 calculated data by logistic discard curve for 1999
Table 4.2.8. Scottish Landings and raised Discards haddock in 2001 estimates at Rockall from discard observer trips
conducted aboard Scottish
AGE
0 1 2 3 4 5 6 7 8 9 1 /1 1 | Totd
0 12
Landing, N (* 1000) 0 0 326.5 489.1 | 1329 | 7743 | 326 2239 | 113. | 22. | 3. | 0| 0 | 24123
5 4 8
Landing, tonnes 0 0 128.6 157 824 2624 | 1252 | 90.2 503 | 19. |3 | 0|0 | 928
9
Discards, N (*1000)* 31 | 6309.9 | 549.7 2284 | 66.3 81 1 01 0.1 010 |0 7166.8
Discards, tonnes 02 | 9674 126.8 58.7 17.8 24 0.3 0.1 0 0 0|0 1173.8
Discards, N (*1000) 2 53 | 5987.3 | 436.2 162.6 | 46.9 29 0.5 0.1 0 0 0 0|0 | 71676
1
Discards, tonnes” 14. | 936.2 93 38.6 116 0.9 0.2 0.1 0 0 0 0|0 | 10949
3
! raised data estimates at Rockall from discard obser ver
2 calculated data by logistic discard curve for 2001
Table4.2.9. Valuesof DLg, by Scottish discard tripsin the Rockall area.
YEAR DLso
1999 36.62 -0,5923
2001 31.20 -0,8238
Theoretical: 34.66 -1,2328
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Table 4.2.10. International catch (landings and discards) weights at age (kg). Haddock VIb.

1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004

2005

0.142
0.133
0.137
0.153
0.118
0.136
0.136
0.141
0.138
0.189
0.133
0.135
0.153
0.147

0.142

2
0.240
0.239
0.238
0.233
0.222
0.278
0.240
0.250
0.208
0.250
0.257
0.239
0.203
0.198

0.194

3
0.291
0.318
0.334
0.319
0.309
0.314
0.322
0.308
0.272
0.267
0.320
0.237
0.256
0.244

0.233

4
0.378
0.362
0.400
0.420
0.401
0.395
0.382
0.354
0.334
0.321
0.416
0.325
0.350
0.294

0.310

5
0.469
0.423
0.493
0.469
0.501
0.553
0.512
0.436
0.379
0.382
0.432
0.509
0.384
0.444

0.458

Table4.2.11. International landings weightsat age (kg). Haddock VIb.

1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

0.302
0.136
0.305
0.314
0.377
0.327

0.256
0.274
0.272
0.274
0.24
0.100
0.142
0.120

0.402
0.366
0.402
0.356
0.311
0.436
0.315
0.344
0.338
0.404
0.426
0.422
0.164
0.172
0.182

0.444
0.455
0.503
0.452
0.414
0.501
0.401
0.494
0.39
0.379
0.383
0.416
0.246
0.241
0.228

0.592
0.658
0.701
0.558
0.479
0.487
0.444
0.517
0.44
0.407
0.518
0.541
0.350
0.293
0.309

0.724
0.612
0.83
0.638
0.64
0.627
0.564
0.542
0.505
0.473
0.426
0.565
0.388
0.446
0.461

0.414
0.567
0.503
0.477
0.460
0.575
0.634
0.546
0.483
0.451
0.521
0.580
0.424

0.609
0.614

0.963
0.759
0.82
1.224
0.699
0.709
0.661
0.591
0.601
0.513
0.518
0.649
0.423
0.617
0.628

7+
0.679
0.844
0.874
0.721
0.843
0.763
0.944
0.662
0.618
0.707
0.713
0.753
0.753

0.753
0.806

0.704
0.954
0.972
0.89
1.236
0.783
0.973
0.678
0.665
0.74
0.677
0.818
0.757
0.754
0.824
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Table4.2.12. International discardsweights at age (kg). Haddock V1b.

1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

Table4.2.13.. Stock weights at age (kg). Haddock V1b.

1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004

2005

0.142
0.133
0.137
0.153
0.118
0.136
0.136
0.141
0.139
0.189
0.135
0.137
0.161
0.148
0.171

0.142
0.133
0.137
0.153
0.118
0.136
0.136
0.141
0.138
0.189
0.133
0.135
0.153
0.147

0.142

0.199
0.217
0.220
0.226
0.220
0.218
0.238
0.248
0.212
0.267
0.247
0.254
0.223
0.218
0.240

0.240
0.239
0.238
0.233
0.222
0.278
0.240
0.250
0.208
0.250
0.257
0.239
0.203
0.198

0.194

0.253
0.258
0.260
0.263
0.276
0.276
0.272
0.267
0.255
0.289
0.294
0.308
0.287
0.282
0.297

0.291
0.318
0.334
0.319
0.309
0.314
0.322
0.308
0.272
0.267
0.320
0.237
0.256
0.244

0.233

4
0.306
0.298
0.307
0.308
0.325
0.326
0.312
0.291
0.288
0.311
0.344
0.335
0.342
0.343
0.357

0.378
0.362
0.400
0.420
0.401
0.395
0.382
0.354
0.334
0.321
0.416
0.325
0.350
0.294

0.310

0.345
0.330
0.346
0.345
0.341
0.370
0.372
0.327
0.313
0.330
0.412
0.398
0.337
0.324
0.390

0.469
0.423
0.493
0.469
0.501
0.553
0.512
0.436
0.379
0.382
0.432
0.509
0.384
0.444

0.458

0.358
0.342
0.359
0.356
0.329
0.348
0.442
0.336
0.318
0.334
0.440
0.338
0.440
0.371
0.482

0.414
0.567
0.503
0.477
0.460
0.575
0.634
0.546
0.483
0.451
0.521
0.580
0.424
0.609

0.614
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7+
0.478
0.464
0.462
0.458
0.379
0.524
0.568
0.436
0.410
0.462
0.495
0.367
0.510
0.469
0.507

7+
0.679
0.844
0.874
0.721
0.843
0.763
0.944
0.662
0.618
0.707
0.713
0.753
0.753
0.753

0.806
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Table 4.2.14.. International catch (landings and discards) numbers (*10** %) at age. Haddock V1b.

Run title : HADDOCK LANDISC 2004 ROCKALL

At 15/05/2006 16:55

Table 1 Catch numbers at age

YEAR
AGE
1
2
3
4
5
6
+gp
0 TOTALNUM

Table 1 Catch numbers at age

YEAR
AGE
1
2
3
4
5
6
+gp
0 TOTALNUM

1991

21186
33847
15189
5341
1704
346
522
78134

1996

12096
18811
10911
9612
3299
751
92
56572

1992

16084
24711
18584
5361
1761
676
206
67383

1997

9957
10535
5388
4098
5002
1758
206
36945

Numbers*10**-3

1993 1994
11178 8170
19375 20623
15494 17868

4938 8209

1617 2449

461 476
359 232
53423 58028

Numbers*10**-3

1998 1999
14224 17282
19807 21949
10173 12203

4763 5499

3740 3419

2767 2684

1391 2776
56865 65811

1995

2749
9831
21584
9756
2464
787
79
47251

2000

8222
12581
10697

4917

2050

1498

2066
42031

2001

7667
1961
1815
1018
1038
484
601
14583

2002

13363
11119
4536
2445
898
260
444
33066

2003

6576
23606
14559

2063

1285

925
483
49496

187

2004

932
4112
10282
9212
1386
296
474
26694

2005

1061
3723
7420
8124
753
109
193
21382
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Table 4.2.15. Inter national landings numbers (*10**®) at age. Haddock VIb

Run title : HADDOCK LANDISC 2004 ROCKALL

At 15/05/2006 16:55

Catch numbers at age

YEAR

AGE

o g WN PR

+op
0 TOTALNL

1991

87
6807
3011
1344

558
32
464
12302

Catch numbers at age

YEAR

AGE

o g WN R

+gp
0 TOTALNL

1996

5149
1861
4149
2347
473
85
14066

Numbers*10**-3

1992

86
3642
5624

964
580
364
160
11418

1997

319
2102
2155
3658
1540

192
9965

1993

28
1919
4740
1157

489
144
290
8767

Numbers*10**-3

1998

4

392
1815
1340
1898
2284
1301
9034

1994

30
1160
5299
3665
1040

66

141
11400

1999

245
2600
2994
1972
1228
1600
2291

12930

1995

146
5205
4791
1319

279

43
11784

2000

33
3445
5081
3006
1295
1176
1963

15999

2001

399
941
1232
752
988
470
579
5361

2002

657
2983
3998
2111

809

217

392

11167

2003

920
8103
11001
1846
1188
878
475
24409

2004

197
1765
9502
9119
1364

286

472

22705

ICES WGNSDS Report 2006

2005

887
2835
6866
7913

725

98

182

19505
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Table4.2.16. International discards numbers (*10**~%) at age. Haddock VIb.

1

Run title : HADDOCK LANDISC 2004 ROCKALL

At 15/05/2006 16:55

Catch numbers at age

YEAR

AGE

o g s WN P

+gp
0 TOTALNL

1991

21099
27040
12178
3998
1146
313
58
65832

Catch numbers at age

YEAR

AGE

1
2
3
4
5
6

+gp
0 TOTALNL

1996

12094
13662
9051
5463
952
278

7
41506

Numbers*10**-3

1992

15998
21069
12961
4397
1181
312
46
55964

1993

11151
17456
10755
3781
1128
317
69
44656

Numbers*10**-3

1997

9957
10216
3286
1944
1344
218
15
26980

1998

14220
19415
8357
3423
1842
483
91
47831

1994

8140
19464
12570

4545

1409

410
91
46628

1999*

17037
19348
9209
3526
2191
1084
485
52881

1995*

2748
9685
16379
4965
1145
508
36
35467

2000

8189
9136
5616
1912
755
322
103
26033

* data calculated with use estimates at Rockall from discard observer trips

2001*

7268
1019
583
266
50
15
21
9222

Table4.2.17. International landings, discards and total catch. Haddock VIb

2002

12706
8136
539
334
89

43

51
21899

2003

5655
15503
3558
217
97
48

25087

Num (*1000) WEIGHT, TONNES

YEAR Landings | Discards Total Landing | Discards Total

Catch? s Catch’
1991 12302 65832 78134 5656 13228 18884
1992 11418 55964 67383 5321 11871 17192
1993 8767 44656 53423 4781 9853 14634
1994 11400 46628 58028 5732 11023 16755
1995 11784 35467 47251 5587 9168 14756
1996 14066 41506 55572 7072 9356 16428
1997 9965 26980 36945 5167 5894 11061
1998 9034 47831 56865 4986 10862 15848
1999 12930 52881 65811 5356 11062 16418
2000 15999 26033 42031 5444 6609 12053
2001 5361 9222 14583 2123 1535 3658
2002 11167 21899 33066 3117 4152 7270
2003 24409 25087 49496 5969 5521 11490
2004 22705 3989 26694 6437 883 7321
2005 19505 1877 21382 5191 505 5696

*Landings+ Discards

189

2004

735
2346
781
93
22
10

3989

2005

174
888
554
210
28
11
11
1877
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Table 4.2.18.. XSA diagnostics fof assessment Haddock VIb.

Lowestoft VPA Version 3.1
01,05,2006 19:18
Extended Survivors Analysis
HADDOCK LANDISC 2004 ROCKALL
CPUE data from file had6b.tun
Catch data for 15 years. 1991 to 2005. Ages 1to 7.
Fleet First Last First Last Alpha Beta
year year age age
SCOGFS 1991 2005 0 6 0.66 0.75
Time series weights :

Tapered time weighting not applied

Catchability analysis :
Catchability dependent on stock size for ages < 4
Regression type = C

Minimum of 10 points used for regression
Survivor estimates shrunk to the population mean for ages < 4

Catchability independent of age for ages >= 5

Terminal population estimation :

Survivor estimates shrunk towards the mean F
of the final 4 years orthe 3 oldest ages.

S.E. of the mean to which the estimates are shrunk = 1.000

Minimum standard error for population
estimates derived from each fleet = .300

Prior weighting not applied

Tuning converged after 24 iterations

1

Regression weights

1 1 1 1 1 1 1 1 1 1
Fishing mortalities
Age 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
1 0.241 0.166 0.244 0.499 0.389 0.128 0.148 0.159 0.033 0.038
2 0.57 0.342 0.58 0.738 0.856 0.149 0.276 0.422 0.141 0.179
3 0.491 0.313 0.654 0.895 1.049 0.272 0.605 0.71 0.327 0.407
4 0.536 0.344 0.506 0.941 1.245 0.243 0.724 0.619 1.603 0.468
5 0.675 0.599 0.611 0.86 1.243 1.015 0.351 1.146 1.214 0.504
6 0.612 0.989 0.808 1.339 1.308 1.245 0.773 0.754 0.927 0.258
1

XSA population numbers (Thousands)

AGE
YEAR 1 2 3 4 5 6

1996 6.25E+04 4.79E+04 3.11E+04 2.56E+04 7.43E+03 1.81E+03
1997 7.18E+04 4.02E+04 2.22E+04 1.56E+04 1.23E+04 3.09E+03
1998 7.25E+04 4.97E+04 2.34E+04 1.33E+04 9.04E+03 5.52E+03
1999 4.86E+04 4.65E+04 2.28E+04 9.97E+03 6.55E+03 4.02E+03
2000 2.82E+04 2.42E+04 1.82E+04 7.63E+03 3.18E+03 2.27E+03
2001 7.07E+04 1.57E+04 8.41E+03 5.22E+03 1.80E+03 7.52E+02
2002 1.07E+05 5.10E+04 1.10E+04 5.25E+03 3.35E+03 5.34E+02
2003 4.94E+04 7.58E+04 3.17E+04 4.94E+03 2.08E+03 1.93E+03
2004 3.17E+04 3.45E+04 4.07E+04 1.27E+04 2.18E+03 5.42E+02
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Table 4.2.18 cont.
Estimated population abundance at 1st Jan 2006
0.00E+00 2.46E+04 1.72E+04 1.34E+04
Taper weighted geometric mean of the VPA populations:
6.32E+04 4.67E+04 2.61E+04 1.13E+04

Standard error of the weighted Log(VPA populations) :

0.473 0.5024 0.5027 0.5286

1

Log catchability residuals.

Fleet : SCOGFS

Age 1991 1992 1993 1994
1 -0.31 0.41 0.13 -0.05
2 -0.4 0.31 0.23 -0.12
3 -0.31 0.44 0.19 0.03
4 -0.08 0.7 0.54 0.27
5 -0.19 0.17 0.6 -0.44
6 0.04 0.21 -0.02 -0.12

Age 1996 1997 1998 1999
1 0.38 -0.24 99.99 0.27
2 0.28 -0.08 99.99 -0.08
3 -0.04 -0.37 99.99 -0.07
4 0.11 -1.04 99.99 -0.22
5 0.04 -0.66 99.99 -0.34
6 -0.14 -0.38 99.99 -0.16

Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age 4 5 6
Mean Log q -2.5561 -2.5558 -2.5558
S.E(Log q) 0.6268 0.6126 0.2166

Regression statistics :

Ages with g dependent on year class strength

Age Slope t-value Intercept RSquare
1 0.74 1.139 3.85 0.66
2 0.5 3.556 6.47 0.83
3 0.48 3.939 6.47 0.85

Ages with g independent of year class strength and constant w.r.t. time.

Age Slope t-value Intercept RSquare
4 0.62 2.118 5.1 0.76
5 1.62 -1.284 -1.05 0.3
6 0.99 0.135 2.66 0.93
1

1.23E+04

4.11E+03

0

No Pts

No Pts

.6002

1995
0.2
0.21
-0.05
0.92
0.94
0.11

2000
99.99
99.99
99.99
99.99
99.99
99.99

12
12

1.04E+03

1.50E+03

0.8017

2001
-0.52

0.04

0.28
-0.65
-0.42
-0.41

Reg s.e

0.31
0.24
0.24

Regs.e

0.34
0.97
0.22

2002
-0.16
-0.32
-0.11

-0.7

-0.04

Mean Log q

-1.32
-2.06
-2.4

Mean Q

-2.56
-2.56
-2.6

2003
0.09
0.07

-0.06

-0.45
0.44
0.27
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2004
99.99
99.99
99.99
99.99
99.99
99.99

2005
-0.19
-0.14
0.05
0.59
0.85
0.1
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Table4.2.18 cont.

Terminal year survivor and F summaries :

ICES WGNSDS Report 2006

Age 1 Catchability dependent on age and year class strength

Year class = 2004

Fleet Es
Su
SCOGFS 20284
P shrinkage mear 46698
F shrinkage mean 7710
Weighted prediction :
Survivors Int
at end of year s.e
24614 0.28
1

Int
s.e
0.368

0.5

Ext
s.e
0.39

Ext
s.e

Age 2 Catchability dependent on age and year class strength

Year class = 2003

Fleet Es
Su
SCOGFS 15002
P shrinkage mear 26112
F shrinkage mean 11952
Weighted prediction :
Survivors Int
at end of year s.e
17221 0.25

Int
s.e
0.3
0.5
1
Ext
s.e
0.21

Ext
s.e

Age 3 Catchability dependent on age and year class strength

Year class = 2002

Fleet Es
Su
SCOGFS 14263
P shrinkage mear 11305
F shrinkage mean 10834
Weighted prediction :
Survivors Int
at end of year s.e
13350 0.21

Int
s.e
0.222

0.53

Ext
s.e
0.07

Ext

s.e

Var N Scaled Estimated
Ratio Weights F
0 0 1 0.589 0.046
0.328 0.02
0.083 0.117
Var F
Ratio
3 1.374 0.038
Var N Scaled Estimated
Ratio Weights F
0 0 1 0.652 0.203
0.278 0.121
0.07 0.248
Var F
Ratio
3 0.842 0.179
Var N Scaled Estimated
Ratio Weights F
0.016 0.07 2 0.726 0.386
0.214 0.466
0.06 0.482
Var F
Ratio
4 0.358 0.407
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Table4.2.18 cont.

1

Age 4 Catchability constant w.r.t. time and dependent on age

Year class = 2001

Fleet Es
Su
SCOGFS 13614
F shrinkage mean 5939
Weighted prediction :
Survivors Int
at end of year s.e
12309 0.23

Age 5 Catchability constant w.r.t. time and dependent on age

Year class = 2000

Fleet Es
Su
SCOGFS 1385
F shrinkage mean 435
Weighted prediction :
Survivors Int
at end of year s.e
1038 0.35
1

Int
s.e
0.22

Ext
s.e
0.22

Int
s.e
0.327

Ext
s.e
0.38

Ext
s.e

Ext
s.e

0.19

0.326

Age 6 Catchability constant w.r.t. time and age (fixed at the value for age) 5

Year class = 1999

Fleet Es
Su
SCOGFS 359
F shrinkage mean 167
Weighted prediction :
Survivors Int
at end of year s.e
335 0.25

Int
s.e
0.253

Ext
s.e
0.12

Ext
s.e

0.06

Var N Scaled Estimated
Ratio Weights F
0.87 3 0.879 0.432
0.121 0.805
Var F
Ratio
0.971 0.468
Var N Scaled Estimated
Ratio Weights F
1 4 0.751 0.4
0.249 0.942
Var F
Ratio
1.082 0.504
Var N Scaled Estimated
Ratio Weights F
0.24 4 0.911 0.243
0.089 0.463
Var F
Ratio
0.502 0.258
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Table 4.2.19. Fishing mortality at age. Haddock VI1b.

Run title : HADDOCK LANDISC 2004 ROCKALL

At 05/2006 19:18

Terminal Fs derived using XSA (With F shrinkage)

Table 8 Fishing mortality (F) at age

YEAR

AGE

+gp

o0 hs WN R

0 FBAR 2-5

Table 8

YEAR

AGE

+gp

o g s WN PP

0 FBAR 2-5

1

1991

0.2397
0.6003
0.8963
0.9328
0.4199
0.6287
0.6287
0.7123

1992

0.177
0.4877
0.8023
0.9815

0.97
0.2913
0.2913
0.8104

Fishing mortality (F) at age

1996

0.2406
0.57
0.491
0.5358
0.6754
0.6116
0.6116
0.568

1997

0.1664
0.3415

0.313
0.3437
0.5989
0.9889
0.9889
0.3993

1993

0.1064
0.3354
0.6566
0.5098
0.9539
0.7424
0.7424
0.6139

1998

0.2444
0.5798
0.6542
0.5057
0.6109
0.8078
0.8078
0.5876

1994

0.141
0.2915
0.5958

0.918
0.5155
0.8528
0.8528
0.5802

1999

0.4988
0.7379
0.8947

0.941
0.8602
1.3393
1.3393
0.8585

1995

0.0507
0.2517
0.5668
0.7834
0.8017
0.3076
0.3076
0.6009

2000

0.3887
0.8558

1.049
1.2448
1.2435
1.3078
1.3078
1.0983

Table 4.2.20. Stock number (*10**"%) at age. Haddock V1b.

0

Run title : HADDOCK LANDISC 2004 ROCKALL

At 05/2006 19:18

Terminal Fs derived using XSA (With F shrinkage)

Table 10  Stock number at age (start of year)

YEAR

AGE

oA WN R

+gp
TOTAL

Table 10
YEAR

AGE

o 0hwWN R

+gp
TOTAL
1

1991

109837
82876
28360
9731
5492
818
1221

238336

1992 1993
109561 122439
70758 75147
37227 35572
9475 13663
3135 2907
2955 973
895 748
234006 251450

Stock number at age (start of year)

1996

62520
47850
31081
25608
7426
1814
219
176517

1997

71767
40242
22155
15574
12269
3094
357
165458 1

1998

72492
49749
23415
13264
9043
5519
2734
76215

Numbers*10**-3

1994

68667
90130
43994
15104
6718
917
441
225972

1995

61483
48827
55132
19852
4938
3285
327
193844

Numbers*10**-3

1999

48633
46482
22809
9966
6550
4019
4061
142519

2000

28217
24180
18196
7632
3184
2269
3059
86737

2001

70709
15662
8413
5218
1800
752
912
103466

2001

0.1276
0.1489
0.2724
0.2428
1.0148
1.2449
1.2449
0.4197

2002

107341
50955
11049
5245
3351
534
898

179373

2002

0.148

0.276
0.6047
0.7241
0.3511
0.7734
0.7734
0.4889

2003

49377
75791
31657
4942
2082
1932
994
166774
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2003
0.1592
0.4219
0.7098
0.6188
1.1458
0.7538
0.7538
0.7241

2004 2005
31747 31236
34477 25149
40693 24507
12745 24013

2179 2100

542 530
852 933
123235 108466

2004

0.033
0.1413
0.3275
1.6034
1.2142
0.9269
0.9269
0.8216

2006

24614
17221
13350
12309
1038
925
69458

2005

0.0383
0.1787
0.4074
0.4682
0.5044
0.2579
0.2579
0.3897

GMST 91-**

70385
50131
25359
10570
4550
1760

FBAR *-

0.0768
0.2473
0.4816
0.8968
0.9548
0.6462

AMST 91

75619
55281
28389
11944
5300
2222
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Table4.2.21.. Summary table. Haddock VIb.

Run title : HADDOCK LANDISC 2004 ROCKALL

At 05/2006 19:18

Table 16 Summary

Arith.
Mean
0 Units

(without SOP correction)

Terminal Fs derived using XSA (With F shrinkage)

1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

RECF

Age 1
109837
109561
122439
68667
61483
62520
71767
72492
48633
28217
70709
107341
49377
31747
31236

69735
(Thousands

TOTALBIO TOTSPBIC

51162
50508
54582
55791
47352
46996
41082
43331
32846
23088
20112
33684
35141
27109
24663

39163
(Tonnes)

15675
19025
19922
24284
29257
25191
21664
20673
16466
11710

6682

7015
12201
15616
15261

17376
(Tonnes)

LANDINGS

5655
5320
4784
5733
5587
7075
5166
4984
5221
4558
1918
2571
5961
6400
5191

5075
(Tonnes)

0.3608
0.2796
0.2401
0.2361

0.191
0.2809
0.2385
0.2411
0.3171
0.3892

0.287
0.3665
0.4886
0.4098
0.3402

0.3111

YIELD/SSB FBAR 2-5

0.7123
0.8104
0.6139
0.5802
0.6009

0.568
0.3993
0.5876
0.8585
1.0983
0.4197
0.4889
0.7241
0.8216
0.3897

0.6449
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Table4.2.22. Haddock VIb. Input data for short-term catch for ecasts.

MFDP version la

Run: mult

Time and date: 19:08 05,2006
Fbar age range: 2-5

2006
Age N M
1 70385
2 24614
3 17221
4 13350
5 12309
6 1038
7 925
2007
Age N M
1 70385
2.
3.
4.
5.
6 .
7.
2008
Age N M
1 70385
2.
3.
4.
5.
6 .
7.

Input units are thousands and kg - output in tonnes

0.2
0.2
0.2
0.2
0.2
0.2
0.2

0.2
0.2
0.2
0.2
0.2
0.2
0.2

0.2
0.2
0.2
0.2
0.2
0.2
0.2

Mat

Mat

Mat

PR R RLRREPROO R R R BRLRREPROO

R R R RLRRPROO

PF

PF

PF

[elelNelNeNeNoNol [l eleNelNeoNeNol

(el elNelNoNeNoNol

PM

PM

PM

SWit

O OO OO0 oo

SWit

O OO OO oo

SWit

O OO OO oo
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0.142
0.235
0.296
0.369
0.452
0.513
0.7773

0.142
0.235
0.296
0.369
0.452
0.513
0.7773

0.142
0.235
0.296
0.369
0.452
0.513
0.7773

Sel

Sel

Sel

0.0768
0.2449
0.4804
0.902
0.959
0.645
0.645

0.0768
0.2449
0.4804
0.902
0.959
0.645
0.645

0.0768
0.2449
0.4804
0.902
0.959
0.645
0.645

Cwit

CWwit

Cwit

0.142
0.235
0.296
0.369
0.452
0.513
0.7773

0.142
0.235
0.296
0.369
0.452
0.513
0.7773

0.142
0.235
0.296
0.369
0.452
0.513
0.7773
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Table 4.2.23. Haddock VIb. Short-term for ecasts.

MFDP version la

Run: mult

Had6b2006MFDP Index file 20,07,2005
Time and date: 19:08 05,2006

Fbar age range: 2-5

2006
Biomass SSB FMult FBar Catch*
32618 16839 1 0.6466
2007
Biomass SSB FMult FBar Catch*

35065 12529 0 0
12529 0.1 0.0647
12529 0.2 0.1293
12529 0.3 0.194
12529 0.4 0.2586
12529 0.5 0.3233
12529 0.6 0.3879
12529 0.7 0.4526
12529 0.8 0.5173
12529 0.9 0.5819
12529 1 0.6466
12529 1.1 0.7112
12529 1.2 0.7759
12529 1.3 0.8405
12529 1.4 0.9052
12529 15 0.9699
12529 1.6 1.0345
12529 1.7 1.0992
12529 1.8 1.1638
12529 1.9 1.2285
12529 2 1.2932

Input units are thousands and kg - output in tonnes
*Landings+ Discards

9987

1111
2161
3155
4096
4988
5835
6639
7403
8130
8822
9482
10112
10713
11287
11836
12362
12866
13349
13812
14257

Landings
0
934
1813
2639
3417
4150
4842
5495
6113
6697
7249
7773
8270
8741
9188
9613
10018
10404
10771
11122
11456

Discards

0
177
349
516
679
838
992
1143
1290
1433
1573
1709
1842
1972
2099
2223
2344
2462
2577
2690
2800

2008
Biomass

49320
48045
46839
45699
44619
43596
42625
41703
40828
39995
39202
38446
37726
37038
36381
35753
35152
34576
34024
33494
32986

SSB

197

25784
24611
23509
22470
21492
20569
19698
18875
18098
17362
16666
16007
15381
14788
14225
13690
13181
12696
12235
11796
11377
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Table4.2.24. Haddock V1b. Detailed short-term forecasts output.

MFDP version la

Run: mult

Time and date: 19:08 05,2006

Fbar age range: 2-5

Year:
Age

Total

Year:
Age

Total

Year:
Age

Total

~NOo b WNBE ~N o g~ WN R

~NOoO OB~ WNPRE

2006 F multiplier:
CatchNos Yield

0.0768 4722
0.2449 4866
0.4804 6001
0.902 7297
0.959 6989
0.645 452
0.645 403
30730

2007 F multiplier:
CatchNos Yield

0.0768 4722
0.2449 10549
0.4804 5498
0.902 4767
0.959 2518
0.645 1682
0.645 367
30103

2008 F multiplier:
CatchNos Yield

0.0768 4722
0.2449 10549
0.4804 11919
0.902 4367
0.959 1645
0.645 606
0.645 880
34688

1 Fbar:
StockNos
671 70385
1143 24614
1776 17221
2693 13350
3159 12309
232 1038
313 925
9987 139842
1 Fbar:
StockNos
671 70385
2479 53366
1627 15775
1759 8721
1138 4435
863 3863
285 843
8822 157388
1 Fbar:
StockNos
671 70385
2479 53366
3528 34202
1611 7989
744 2897
311 1392
684 2021
10028 172252

Input units are thousands and kg - output in tonnes

0.6466
Biomass

9995

5784

5097

4926

5564

532

719

32618

0.6466
Biomass

9995

12541

4669

3218

2005

1981

655

35065

0.6466
Biomass

9995

12541

10124

2948

1310

714

1571

39202

SSNos(Jan) SSB(Jan)

0

0
17221
13350
12309
1038
925
44843

0

0
5097
4926
556