Advisory Committee on Fisheries Management ICESCM 1999/ACFM:17

REPORT OF THE

NORTH-WESTERN
WORKING GROUP

ICES, Headquarters
26 April - 4 May 1999

Thisreport isnot to be quoted without prior consultation with 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.

International Council for the Exploration of the Sea

Conseil International pour I'Exploration de la Mer

Paleegade 2-4 DK-1261 Copenhagen K Denmark



TABLE OF CONTENTS

Section Page
1 INTRODUGCTION ..ottt iee st st st sesbe st esee e e ssesbeseeabesaeeseeaeeas e eeaEeabe1aeeheeaeeseens et es e e e ensebeseesbesbeereeneennenes 1
St O 1o o 0 SRR 1

N e 005X 0 R =, 1= (=0 SR 1

R T €7 1 - oo 1 107 | TR 2

1.4  Progressin determining precautionary referenCe POINES. .........coceeiriirieirieiieerieeee e 2

S o 1= oo 001 0.01= 10 = (o SR 3
LI o =0 0 5t OO PR PRURTORP 4
2 DEMERSAL STOCKSIN THE FAROE AREA (DIVISIONS VB AND HAZ) ... 6
21  Genera Trendsin Demersal FisherieSinthe FarO8 ATEa........cccvviiiireeieeie s 6
LI oL =200 Tt s O S 8
FGUIE 2.0 ..ttt b et bt bt bt h e bt b e e e bt E e seeb e e E e £ eh e AR e e eb e AR e e eh e AR e e ek e AR e e eb e e R e e eReeR et ebene et ebenre e erens 10
2.2 FAIOE PlAIEAU COU.......eiuiieiiieieie ettt e bt et bt e it ae e e e b et e sheeb e s bt e b e e e e e e beseeeb e s bt ene e e nnan 11
A R I = 0 LS 1 =T o USSP 11

A O o - =0 = OSSPSR 11

2.2.3 MEAN WEIGNE-GE-B0E........eeieeieeeee e et e e e e s ae e se e s e e ste et e e e e eaeeete e te e teentesseesseesseesaeesneenseenseenseans 11

AV - (0 1 Y= = [ TSP 11

2.2.5 GroUNGfiSN SUNVEYS.......c.iiiiieiiiieiete ettt st b e st b e bt b e bt sb e et sbe e s e 11

2.2.6  SEOCK BSSESSIMIENL ...uviviieietesieeueeeesies e stestesaeeteeseeseeseeseesteseestesseeseeseensesteseeabesseeseeneeneensessessesaessesseenenneens 12

2.2.6.1 Tuning and estimates of fishing MOrtality .........c.ccoceoviiriiiineire e 12

2.2.6.2 Stock estimates and FECTUITMENT .........cverererere i st nes 12

2.2.6.3 Comment 0N the 8SSESSIMENL........cccviirerieeereee et e e see st sre st s e e seeseenaesresressesseenes 13

2.2.7 Predictions of CatCh and DIOMESS..........coviieiiriie it sre e neeneens 14

2.2.7.1 Short-term PrediClion .......ooeeceeiiccece e ae e e saeenaeeneenreens 14

2.2.7.2 Biological referenCe POINS.......civeiieeiieieiieeseesteesteerteeaeeeesree e e re e e s ssesseesneesreesaeenseenseenseans 14

A2 (8 T W0 0o T (= g 1= ' 1) o PR 14

2.2.8 Management CONSIAEIALIONS .........c.eciuiiierieseeseeseeste st e seeste e s e este e teesaesraesreesseesseesesneesnnesneesseenseenseans 15

QI o)L= I R 0 PP 17
FIQUIES 2.2 - 2.2.8. 1. .ttt ettt sttt b et bbb bbb e b e e h e e e b e h e e eb e S hen b et ekt e R e e eb e s R e e eR e R et b e e et et e ne e e ere s 36
A T =0 < = =0 G oo SR 48
231 Trendsinlandings and EffOrT...........ccooiiiiiiii e e 48

2.3.2  SEOCK BSSESSIMENL ...uvitieietesieeteeeesee e stestesaeeteeseeseeeessestesaesbesseeseeseensesteseesbesseaseeseeneensessessesaessesneenenneens 48

2.3.21 Comment ON the BSSESSIMENL........coiiiriereeee ettt sttt e sb et sb e sbe et e e e be e b sbesneenes 48

2.3.3 REFEIENCE POIMNLS. ... ceiueeiieeiieesteete et st et e e e e e e sseeseesaeesteesseeseaaeeeaeesseenseesseensesssesseesaeesanesneesseenseanseans 48

2.3.4 Management CONSIAEIALIONS .........c.eeuiiieriesee e seestesee st e seesteesteeteesaesraesteesseesseesesneesneesneesseeseensenns 48

TADIES 2.3.1.0 - 2.3.2.2 ettt e b h R Rt R e E £ £ R e Rt ARe SR e e eR e b e Rt R e e Rt ea e e R e e e benheebeeneeneennen 50
FIGUIES 2.3.0.0 - 2.3.2. 3. ettt bbb ekt h e bRt e h e e ae e s oAb £E £ e R e R e SR £ e R R e R e e R SR e Re e R e e R e R e bt nhe b e Rt eneennennan 52
A 0 < -0 [0 [0 PP 56
24.1 Landingsand trendSin the fISNEIY ..o e 56

242 CACN @ AOE ...ttt bbb bbbt bbb et b et e 56

243 WEIGNE @ BB ... eoveeeeeiteieeie ettt ettt st a et b e bbbt b e b et bt bbbt b e Rt b e ne b et b nene e 56

AV = (U 1 V= A= o = TS SPSPSRPS 57

245 ASSESSIMIENL ...ttt sttt ettt r e R e R R Rt e eae e Re e R e e R e e e R E e nRneaReenReesneenReenne e reenrean 57

2.4.5.1 Tuning and estimates of fishing MOrtality .........cccccverieiieii i 57

2452 Stock estimateS and FeCTUITMENT .........cceieriiiireie et e 58

2.4.6 Prediction of CatCh @and DIOMESS.........c.ciiiieiiiiie ettt bbb b e sbe e e 58

A T R g o1 e = - S SUS 58

2.4.6.1.1 Short-term PrediCtion...........coeieiieieee e e 58

24.6.1.2 LONG-LErM PrediClion........coooiierieeieseeee sttt s 58

2.4.6.2 Biological referenCe POINES.......ciuiieererteieterieeete sttt b e e eb e e ebe e e b seeneenen 58

2.4.6.3 Projections of catch and DIOMESS..........cccciiiriiiiiicr e 59

2.4.6.3.1 Short-term PrediCtion...........coeieiie e 59



Section Page
247 ManagementS CONSIAEIELIONS. .......coveutitiriee ittt sttt st sttt bt b e b e bbb e s 59

2.4.8 COMMENLS ON the BSSESSITIENL ......cueeieieirteiieeteeeeeeiesees e seestesseeseeseesees e seestessessesseeneeseensenteseessesseeneeneens 59

TADIES 2.4.0 - 2.4.21 ...ttt bbb R R e R R e R e SRt SR e Re R Ee R e eRerReeRe Rt e a e e e e R e besReebeeneeneennen 60
FQUIES 2.4.0 - 2401ttt b bbbt b e ae e s e e e e b e R e Sh e e b e e Reeh e e eE e e R e e Rt eh e e Rt e n e e e e e e b ehe b e e Rt ene e e ennan 84
2.5 A0 SAITNE ...t E e b bRt h e Rt et b b e b aeeae e nean 94
2.5.1 Landingsand trendSin the fISNErY ... e et 94

252 CACN @ @B ... ettt e e bbbt b e et b e n s 94

253 WEIGNE @ BB ... coveeeteitereett ittt sttt sttt b e bt b e bt b et b e bR R et bbb et b n s 95

254 IMBLUMITY @ G0C...c.veeeterieeeee ettt sttt ettt sttt et be bt b e s bbbt b e s b et b s b et b e b et be s e e st sbenb e st b s s ees 95

2.5.5  SEOCK BSSESSIMENL .....eiiiieietiiieeeieeeie ettt e et e e st et e st s besseese e e e naesteseesbesseeseeneeneenteseesbesaessesneeneeneens 95

2551 Tuning and estimation of fishing MOrality ..........ccccceviiiiriii e 95

2552 Stock estimateS and FeCTUITMENT .........ccceuiiiierere et e 95

2.5.6 Prediction of CatCh @and DIOMBESS.........c.ciiiieieiiie et b e sbe e e 96

AN ST R g o U1 e = - SRR 96

2.5.6.2 Biological referenCe POINS.......ccveiieerieiiesieesee st e steesteeteeeestee s e e ste e e e sresseesaeesaeesaeesseenseenneans 96

2.5.6.3 Projection of catCh and BIOMESS..........cccviciiiie i 96

2.5.7 Management CONSIAEIALIONS ........cceccuiiierieseeseesesstesee st e s e steete e tessaesraesreesseesseesesneesanesneesseenseenseans 96

2.5.8 COMMENLS ON the BSSESSITIENL ......c.eeieieirieiieetieeeeeee st e et e s e see e seesbessesbesseeneeneessenteseessesseeneeneens 97

B IF o) =2 0 I 7 T 5 PR 98
FIOUIES 2.5.3.1 = 2.5.7. 0.ttt et b e et b e et b e e e a e b s Eeh e bt s e et e AR R e Rt R e e et b e s e et b et b et s 117
3 DEMERSAL STOCKS AT ICELAND (DIVISION VA) ..ottt s sre e et s sre e e 126
3.1  Regulation Of DeMErsal FiSNEIIES.......ccciiciiiiieieeieseee e ste et e st be e te et essaeatesseesaeenreeeean 126

3.2 SAtheiN ICEIANUIC WALEI'S ... .eeeeeeeeeee s sttt e e e e seesbe e see st e besresbenneeneeneens 126
321 TrendSiNTANAINGS .....cceiuiieiirieieer bbbt b bbbt bbb e s 126

3.2.2 Fleetsand fishing grOUNGS............cceiiriiririeieeseee ettt 126

2.3 CACN @ @OE ..o ettt bbbt e et e e et b e e 126

324 MEAN WEIGNE O BOB......ueeeuertieeiestese ettt sttt sttt b et b et be et b bt benn e e 127

G SV = (0 1 V= A= o = PSSR 127

3.2.6  SEOCK ASSESSITIENT .....euvieietieieeieeite sttt sttt ettt e se et ae b e e heea e e s e e e et e se e e b e s bt ehe e st e e e beseeebesaeeneeneennenes 127

G302 < T R N Vo T oL S 127

3.2.6.2 Estimates of fiShing MOMality........cceiceiieiieri e 127

3.2.6.3 Spawning Stock and FeCTUILMENT.........cccueieeiiere e eee e see e see e sre e e e e e sneenreens 128

3.2.7 Prediction of CatCh @and DIOMBESS.........ccierieieiiie st ae e e 128

I A R 14 o0 o = - TSV U YOS PURP 128

3.2.7.2 Biological referenCe POINES. ......ciueirerieieie sttt sttt sbe e 129

3.2.7.3 Projections of catch and DIOMESS..........ccciiiiiiriei e 129

3.2.8 Management CONSIAEIALIONS .........coueererieieierieiet sttt e et e et b bbb 129

3.2.9 COMMENLS ON the SSESSITIENL ......cueiieieirterieeeeeeeee ettt e e e se e teseesbesaeeseeseeeeneeseenbesaeeseeneenseses 129

TADIES B.2.1 - B.2.02.. ettt bbb R e R R SRR e R SR e en e R e Rt Rt b e et e e ReeR e b e naeehe e e e nes 131
FIQUIES 3.2.1 - B.2.04 ..ttt bttt bbbt bt ek e e e s e s e e E e bt SR e eb e e Re e Rt SRt eE e eheeh e e ae e R b e R e eR e beeheebeeneenneeen 141
TG I [o'= K=o o (ol to o I (I 1AV = Lo o AV A= USSR 154
3.3.1 Trendsinlandings and fiSNEIES........ciie e 154

3.3.2 Catchin numbersat age and level of SAMPIING .......cccoveierieiieiece e 154

3.3.3 MEAN WEIGNE 8L BOC.......eeeuertieeieetert ettt bbbttt b e ae b st e e 155

3.3.3.1 Meanweight at age in the landingsS.........cccoi v 155

3.3.3.2 Mean weight at 8ge iN the SEOCK ........ccoiiiiiiiiree e 155

3.3.3.3 Mean weight at age in the SPawninNg SLOCK ..........ccoeireririnerne et 155

334 IMBLUNILY @ BOC....veeeeertereeieeter ettt b bt bbb h e bt s e bt e bt ae bbb e e 155

3.3.5  SHOCK ASSESSITIENL ...ttt ettt sttt ettt st b e et e b e bt st et e e et e se e e b e e bt bt e ae e e e beseeebesaeeneene e e e s 156

GG 7 T R N T o o = > VS 156

3.3.5.2 ASSESSMENE MELNOUS.......coueeiieietiie ettt r b sne b 156

3.3.5.3 Estimates of fiShing MOMality........ccovceiieieeii e 157

3.3.5.4 Stock and reCruitment EStIMELES.........co.eiiiirireieeeeee et s sb e 157

3.3.6 Biological and technical INtEraCtioNS............ccevveieeriieieiie e ste e e ae e e e seesneesneas 157

3.3.7 Prediction of CatCh and DIOMESS........cc.eiiiieieie e 158



Section Page

3.3.7.1 Input data to the short-term Prediction ... 158

3.3.7.2 Short term Prediction FESUIS ..o 158

3.3.7.3 Input datato the long-term PrediClion ...........ccceeeece e 159

3.3.7.4 Long-term prediction results and biological reference points.........cccccceveevceecescevee v, 159

3.3.8 Management CONSIAEIALIONS .........cevueieereeiesieescee st e se e e eeste s e e s e e teeeesaesreesaeesteenseeneesneesneesnnas 159

3.3.9 COMMENLS ON the BSSESSITIENL ......c.eiieieiiterie ettt ettt ettt e b bt be et et e st e se e besaesb e e e ennenes 159

QIR o)L= T T R 1 12 OSSP PP RO 161

(o 0= RC T I R R X OSSPSR PSR P TRV PRS 194

T A Ue'= = To X ol =T [0 oo GO OO 198

341 INtrOTUCLONY COMITIENL ......viueetitieetestieetesteste ettt e bbbt bbbt e b e b e b et e e bt sb e e s eee 198

3.4.2 Trendsinlandings and fiSNEITES........c.cuiiiiiiie e e 198

0 B O o I - o = PSSR 198

B VL < T o1 = = o =TSRSS 198

N SV = (0 1 V= A= o [ PSSR 198

4.6 SEOCK ASSESSITIENL .....cuvitieteeieeieete ettt sttt et e et e st e besae b e e bt eae e e e ns e beseeeb e s bt eheeae e e enbeseenbesaeeneeneennenes 199

130 T R N Vo T oL O 199

3.4.6.2 Tuning and estimation of fishing MOrtality ..........cccccevieriiriieniin e 199

3.4.6.3 Stock and reCruitment ESHIMALES. .......ovvierererireeee e see st st sre e neeneeneas 199

3.4.7 Prediction of CatCh and DIOMESS........cceiieieieiiesi et re e e s 199

AT L INPUE BEA. ....ecveveeeiesteeete ettt b ettt bbbt b e bbbt b e bt eb et e e 199

3.4.7.2 Biological rEferenCe POINES. ......coeiririeerie ettt sttt s b e 200

3.4.7.3 Projection of catch and DIOMESS...........coiiiiiriine e 200

3.4.8 Management CONSIAEIBIIONS .........civeerirteirierieiet sttt sttt sttt b ettt s b bbb 200

3.4.9 COMMENLS ON the BSSESSITIENL ......cueiieieirterie ettt sttt b et se et e bbbt et e e e b e seesbesaeebe e e ennenee 200

TADIES B.4.2.0 - BiA.7.3. 0ot h ettt et bbb R e R R e R R b e R e Rt Rt b e e e e e R er e b e Rt b e e e e s 201

FIQUIES B.4.2.0 - BLA. 722ttt ettt et bbb h e h et e e e b e S h e e b e Rt eh e e ae e eb e s Rt eh e e aeene e beneeabesbeebenneennennen 223
4 THE COD STOCK COMPLEX IN GREENLAND (NAFO SUB-AREA 1 AND ICES SUB-AREA XIV)

AND ICELANDIC WATERS (DIVISION VA) ..ttt sttt sae st sae b e see e e snennenneas 228

4.1  Inter-relationship Between the Cod Stocksin the Greenland-Iceland Area..........cccccveveeceecevceveeveeveeenee, 228

BIE= o=t St OO OO U PP RO 229

5 COD STOCKSIN THE GREENLAND AREA (NAFO AREA 1 AND ICES SUBDIVISION XIVB) ............... 230

5.1  Cod off Greenland (0ffShore COMPONENL) .........ceiiriiiiiieererere e 230

5.1.1 Resultsof the German groundfiSh SUNVEY ... e 230

51.1.1 Stock abundanCe iNQiCES.........cooeririiriirieieriere sttt st se b sae e 230

5.1.1.2 AQE COMPOSITION.......iiiiiieiieeiiesieesieetesee st este e e eteestesseessaesteesseantesnsesseesseenseenseensesneesseessns 230

5.1.1.3 MEAN WEIGNE 8L G0E.......cceeiieeieeiesiesee e ste e et et e e e aeseesreesaeesaeeteeneesneesreenaeeseens 230

5.1.2 Trendsinlandings and fiSNEIiES.........ciee i 231

5.1.3 Biological sampling of commercial CalChES...........ccveiiiieiie e 231

5.1.4 Results from the 1996 8SSESSIMENL .......cccveiuiriirteriieterieeeeie sttt r ettt e bbb e e e e e e e 231

5.1.5 Estimation of management reference POINES...........couririeerineirire e 231

5.1.6 By-catch and discard of cod in the sShrimp fiShery ... 232

5.1.7 Management CONSIAEIEIIONS .........ciueererieerierieiete sttt sttt b et b et b st s b bbb 232

5.1.8 COMMENLS ON the BSSESSITIENL ......cveiieieisieiieetieiieieeseese et e e see e seestesaesseeseeneeneeseenseseesseeneenseses 232

BIE= o] =3 5T 0 R T I PO OOE PP PR TURURUR 234

FIGUIES 5.0 0 - 5,09ttt bbbt bt b e s e s e e s e e E e bt eh e eb e e R e e h e e eE e eR e eReeh e e ae e R e e R e eR e benheebeeneenrenren 240

5.2 Inshore cod Stock Off GreENIaNd...........ccoeeirieiiie ettt bbb e neeeens 246

5.2.1 TrendsinLandingS and EffOrt.........c.oocvieiie e 246

5.2.2 West Greenland YOUNG COU SUMNVEY ........cccueiieieeieeiieesieeteeseessaesseeseestessessesssessseesssessessssssssssenssesssees 246

L N S 0 | SRR ORRUR 246

5.2.4 Biological referenCe POINES........coiriiiiirieiriireeiet sttt bbbt s b e e e 247

525 Management CONSIAEIEIIONS .........civeeririeirierieiei sttt ettt sttt e et b et s b bbb 247



Section Page

LI 0 13T R 30 TSRS 248
FIOUIES 5.2.0 - B5.2.2. ..ttt b et b e et b e et b e b et b E et e b s E oAt e bt s R e R b e Rt e b e e e Rt b e et b e et b e et b e neee 249
6 GREENLAND HALIBUT IN SUB-AREASY AND XIV ..ottt 250

6.1  Landings, FISherieS @ant FIEEL .........cvoiiiiiee ettt sre st et e st sneeneeneens 250

L2000 R o [T SO P PSR PTR 250
Lo B B s =S oo = S 250

6.2 TrendSin Effort @0 CPUE.........ccooiiieeee ettt ettt st st sse e e e e seentesbesbesbeeneeneeneens 250

6.3 Catchat Ageand SAMPIING TEVEL ... e ae e s e saeesreeren 251

(S V= T o1 = Y o USRS 251

(SRS T (V= (0 1 V= Yo (USSR 251

6.6 SEOCK ASSESSITIENT .....viuietieueeietestes i st stee e e s et e st et e s bt bt e st e s e e e e ee e b e sheeb e e Rt e ae e b e s e besaeebeesees e e s e s ebesbesbenneeneennans 251

6.6.1 Tuning and estimates of fishing MOrtalities..........ccccueiieieeie e 251
6.6.2 Spawning StOCK and FECIUITMENL. .........ccecieiieieeie e see st steeee e e e e te s e saeesreesreenneenaesneesneas 252
6.7  Prediction of Catch and BiOMESS.........cceiieieiiiiiiie sttt st st eseessestesresbesneeneeneens 252
B.7. 1 INPUL TBEA. .....eevieeeeetertee ettt btk b et b bbbt b e bt b e et ae bt b e e 252
6.7.2 Biological refErenCe POINES........coiriiirierieirereeer e bbbt e e e e 252
6.7.3 Projections of catch and DIOMESS..........coeoiiiriiiri e 252

6.8  Management CONSIAEIAIIONS. .......coueerterieerterieeete st st sttt et se et sbe et ebese et b e see st ebesee st et e seebesbe e ebeseeneerens 252

6.9  COMMENLS ON the ASSESSITIENL ....eviiveieieiieeeierie s e st stese e e eeseesbeseesbesseeseeseessestesaestesseeseeneensensessessesseeneensens 253
QLI ¢ 1T T 0 R 0 BTSSR 254
(o 0= G 00 e G 3 2 OSSPSR 275
7  REDFISH IN SUB-AREASV, VI, XIT AND XIV oottt sttt s a et ste st sae e ssssesaenens 277

7.1  Description of the species and StOCKS iN the @rea.........c.coviireiriiee e 277

7.2 Nomina Catches and Splitting of the LandingSin StOCKS...........coeoiiieiiiininse e 278

7.3  Abundance and distribution of O-group and juvenile redfish..........ccccecveceiiiie s 278

7.4  Discardsand by-catch of Small redfiSh........ccoov i 278

7.4.1 Discards of redfish in East and West Greenland ...........cocooeeeeeeiienene e 278
7.4.2 Regulations of small redfish by-catch at East and West Greenland. ...........ccccceeeecvecnvceveeveeseeenee. 278
LI 0 1S A0 R TR 280
FIGUIES 7.0 0 - 7.3. L. ettt ettt b et b e s et b e et b e b et b e E et e bt S b oAt eb e e R oAb e Rt e b e R e Rt e b e seeneeb e s b e neeb e e et b e ne e 285
8  SEBASTESMARINUS.......ooiictieetste ettt sttt sttt et et et e s b e e ebe s be e et e s be e ebesbe e ebesbe e et e sbeneebeneenenrens
8.1 Landingsand TrendsSinthe FiSNEES ..ot sre et ennen
e N < 0= | ST PR PP OR PR
8.2.1 Trendsin CPUE and SUNVEY INCICES.......c.eeieiieeieeieesie e e see e e te e s saeeste et snaesnaensaesneas
8.2.2 Alternative assessment MELNOAS...........coeiieiiii e e
8.2.3 State of the stock and catch projections

8.3  Biological referenCE POINES.......couiiiieieirieieere ettt et b b .

S S €1 = 1 | S 10 101U SRR
JLIE= Lo (= 2 0t 0 C T U UUUURURRPR 291
FIGUIES 8.1 L - B.2. 02 ittt ettt et e e e e e e e et e e oo oot e ettt et et ettt e e eeeee e e e e mmmmmmmmmmeenff e s fee et eeeteeeaaaaeeeeaeeaaaan 293
9 DEEP-SEAS MENTELLA ON THE CONTINENTAL SHELF ....ooutiiiiiieee e 303

9.1 Landings and Trends in the FISNEIIES ........oouiiiiiiiiii e e 303

S B LT 41 o | PP PPTRT 304

9.2.1 Trends in CPUE and SUIVEY INGICES ........coiiuuiiiiieiiiiiiet ettt 304.
9.2.2 State of the stock and catCh ProjeCtioNS. .........ccooiiiiiiiiiiiiii e ecomeees 305

9.3  Biological referenNCe POINTS .......iiii e e e e e e et e e e et s smmmmmmm—————— s 305

9.4  Management CONSIAEIALIONS ......cciiiiieiiieieeiitiie e e e e e e e e e et e e s e e e e e aeeeaeaaetnta s s eeeeeaeeeeeeeaennnnnnns 305
TADIES 9.0 0 ettt e oo h bbb e e e ¢ ————— 1111411112111 1 1111 e 1anaannnn 306
[ Lo U =T Tt T .307
10 PELAGIC SEBASTES MENTELLA ... ..coii ittt ettt ettt e e e s e e e s st e e e e s ettt aeeeeesnnnnaeeeens 312



Section Page
10.1 Onthe possible relationship between Smentella UNItS..........cooeveiireinenee e 312

FO.2  FISNEIY ettt ettt b e et b e e he bt e h e b e R R e Rt SR SRR R R AR e AR R et b et R et b et e 312
10.2.1 Historical development Of the fISNEIY........ocuv i 312

10.2.2 Description of the various fleetSin 1998..........cceoeiie e s e e 313

10.2.3 Discard and CONVEISION FACTOIS.........ciuiiuerieieiertisie sttt se sttt et et sb et e e sre e e e b e 313

10.2.4 Trendsin [andings and fISNEIES........occui e 313

F0.3  ASSESSITIENT ...ttt e et e et et e e st e bt e bt e s e e s s e eaee s Re e sRe e sRe SR e e R e eRE e eRe e eRe e R e e Rt eR R e e ReeneenesneesReenneenneennean 314
10.3.1 ACOUSLIC @SSESSIMIENT ......eeveterteeteeteeeete st sttt teese e e et se e s bt s bt eheese e e esbeseeebesbesaeese e e e nbesee st enbesaeebesneennenes 314

10.3.2 IchthyoplanKton BSSESSMENT ........coveuiiiirieiiriere ettt bbb sb et sn e n e enes 314

10.3.3 StALE Of thE SEOCK ....veeeceieie ittt st se e s be e et e st e stenbesneereeneeneenes 314

10.4 Management CONSIAEIALIONS .......c.ereeuirieietiitereeie ettt sttt st b e bbbt et b et s be et sbenn e es 315

10.5 Precautionary @DPIOBCH .........ciii it b e e 315

10.6  SPECIAl COMMENES .....cuiitieeterteeete ettt sttt sttt st b e et et b e s e et e bt s e et e b e s e et e bt s b e st eb e st e st et e ne et sbene e st ebenne st ees 316

QLI o 1= 025 0 R 1 5t TSRS 317
(o =S 0 T2 Rt O 1SS 322
11 WORKING DOCUMENTS AND REFERENCES..........ccoi ittt sttt st sae et s sneennens 326
N AN SRS 328



1 INTRODUCTION

11 Participants

J. Boje (Chair) Greenland

J.J. Engelstoft Greenland

A.C. Gundersen Norway

E. Hjgrleifsson Iceland

E. Jonsson Iceland

S.T. Jonsson Iceland
M.C.S. Kingsley Greenland

B. Mikkelsen Faroe Islands
J.J. Maguire Faroe Islands
K.H. Nedreaas Norway

H.J. Ratz Germany

J. Reinert Faroe Islands
F. Saborido-Rey Spain

S.A. Schopka Iceland

V.N. Shibanov Russia

T. Sigurdsson Iceland

P. Steingrund Faroe Islands
L. Taylor Iceland

12 Terms of Reference

The North Western Working Group (Chair: J. Boje, Denmark) met at ICES Headquarters from 26 April to 4 May 1999

to:

a)

b)

c)
d)

e)

g9)

assess the status of and provide catch options for 2000 for the stocks of oceanic redfish in Sub-areas V, Xl and
X1V, Greenland halibut in Sub-areas V and XIV, cod in Sub-area XIV, NAFO Sub-area 1 and Divisions Va and
Vb, saithe in Divisions Va and Vb and haddock in Divisions Va and Vb;

for cod, haddock and saithe in Division Vb, where an effort control management system is in effect, estimate the
probability profile of fishing mortalities which would be generated under the current effort control scheme and
provide effort options which have a high probability (>80 %) that the realised fishing mortalities in 2000 would
correspond to the fishing mortality identified as within safe biological limits;

update survey and fishery information on the stocks of redfish in Sub-areas V, VI, XIl and XIV;
review progress in determining precautionary reference points;

consider further possibilities for the incorporation of biological interactions into the assessment of capelin,
herring, and cod stocks;

update information on the stock composition, distribution and migration of the redfish stocks in Sub-areas V and
XIV and comment on the possible relationship between pelagic “deesammies mentella and theSebastes
mentella fished in demersal fisheries on the continental shelf and slope;

propose in consultation with WGNPBW, a Scientific Steering Group for the planned Symposium on “Capelin —
What Are They Good For? Biology, Management and the Ecological Role of capelin.

The above Terms of Reference are set up to provide ACFM with the information required to respond to request for
advice/information from NEAFC.

NWWG will report to ACFM at its May 1999 Meeting.



1.3 General comments

In addition to stocks assessed in previous years by NWWG, haddock in Division Va was included this year (TOR a).
Regarding TOR €) on possibilities for incorporation of biological interactions into the assessment of capelin, herring,
and cod stocks, the scarce information presented to the group did not alow any comprehensive considerations. TOR d)
on the review progress in determining precautionary reference points is summarised below in section 1.4 and stock-
specific arguments are found under the respective stocks. TOR g) on proposals for a scientific Steering Group for a
capelin Symposium was discussed with WGNPBW and proposals are in the WGNPBW report for 1999.

The format of this report is similar to last year's, with tables and figures located after all text for each stock. Text,
tables, and figures have all been drastically reduced in order to make the main messages more visible. Only basic input
information regarded as necessary to assess stock status has been included; other relevant information is to be found in
working documents and on the ICES WWW homepage.

Discrepancies were identified in calculation of biological reference points between IFAP and newly available software
from Lowestoft, PASoft. The reasons for the discrepancies were partly identified, but as time proceeded, this impeded
the group in finalising estimation of all the reference points available from PASoft as well as in obtaining graphic
outputs.

14 Progressin deter mining precautionary refer ence points

The progress made was reviewed by tabulating and summarising the reference points recommended in last year’s
NWWG report, and updating and comparing with the recommendations made in 1999 (Table 1.4.1). The three redfish
stocks we assessed were all short of data, as well as understanding of stock dynamic processes. For 9 other stocks we
could, in 1988, potentially specify 36 reference points, and were able to specify 21 (58%). We were unable to specify
reference points for several stocks of cod, either depleted, deficient in data, or both.

Of 18 possible reference points for SSB, we made recommendations on 12. They were usually bgséd)ar Bn
MBAL (4). B Was taken once as,Botherwise it was taken as8 MBAL was always subjectively picked, and
was also used 3 of 4 times ag,B Exceptionally, the lowesecent SSB was used once ag,BBjin, in that case being
set to B All 6 recommended values of;Bwere independently estimated (MBAL 3 times,83 times). Of 6
recommendations for & 3 were independently estimated, and 2 were set by safety factors abgye BB sixth (for
Faroes Saithe) was computed frop\fa a non-parametric smoothing of the relation between F and SSB.

Of 18 possible reference points on F, we were able to make recommendations on 9;{4 3doF k), of which 6

were independently estimated (2 far,F4 for Ra). Rim was independently estimated once by the historical maximum

F and once by k—i.e. both times as an extreme value in the historical recqgdwvels independently estimated twice

as K, ONCe as frsy, and once ‘close tof, Frex @and Fysy’. l.e. for independent estimation of,Fwe favoured a
historical limit; for k. we favoured a historically moderate value. Reference levels for F were derived from other
reference values only three times,, Wwas once set 2 SDs below.f and k, was once set 2 SDs abovg.FA
reference [, was also once derived fromBusing a non-parametric smoother on the relation between F and SSB.

For 7 of 9 assessments, we presented in 1998 an average of 4.7 additional reference values for F. But we did not
present other reference values for SSB.

Thus, where there is reasonable data to support analytical assessments, we have developed the specification of
precautionary reference points as a standard component of our advice. We did not always derive them in the same way,
the historical records of different stocks showing different features. In some cases we had difficulty in quantifying the
uncertainty in reference points, and in saying how confident we were that, if our recomipestdationary reference

point was observed, there could be no adverse consequences for the fishery. We did not recommend any separate targe
reference points to maximise yield, although we often offered a range of such reference points for consideration. We
were sometimes able to specify precautionary reference points that were also approximately maximum-yield points.

We were less successful in applying the precautionary approach to fishery situations that would be considered ‘data-
poor’, and were often unable to define biological reference points for them.

An extension of the precautionary approach was suggested in our terms of reference for cod, haddock and saithe in
Division Vb in both 1998 and 1999. These fisheries are managed by limiting effort. We were asked to identify effort
options that would have a high probability of resulting in a fishing mortality lower than that ‘identified as within safe
biological limits’. This required us to go beyond estimating stock status and dynamics, and to study how well we could



predict the fishing efficiency of the fleets. We did this by assembling the historical data on ‘catchability’, i.e. the ratio
of estimated fishing mortality to effort, and treating the assembled data as a statistical distribution. l.e. we had no other
basis for predicting next season’s fishing performance than to expect that it would be another random selection from the
same distribution as all the earlier years. We were able to identify the required confidence limits on the fishing
mortalities that might result if a specified effort limit was allocated between fleets in different ways, and to compare
them with biological reference points.

The principal development between 1998 and 1999 was in the treatment of some stocks of redfish. Following a
suggestion from ACFM, we recommended limit and precautionary values for catch:effort ratios, which we set as
fractions (20% and about 50%) of the historical maximum for the stock.

15 Recommendations

» For the stocks assessed by NWWG each country should investigate and conduct scientific work to find the best
conversion factors for a particular product and fishery, and ensure that results are published/documented and made
available for the assessment work.



IN Table1.4.1: Precautionary-approach reference points included in the assessments presented by NWWG to ACFM in 1998 and 1999.

Stock Limit reference points Buffer (pa) reference points Other values given in the Notes
assessment
1998
Faroe Plateau Cod B=Bos, F=maximum B=B,.exp(1.645 x 0.4); Fo1, Fnax, Fmes» Fusy, and ‘reference points should be regarded as
observed F F ‘close tO Fra, Freds POSSIDIY Fisy’; Fiim Offset from K, preliminary’;
Faroe Bank Cod no specific values No specific values None
Faroe Haddock B=MBAL; B=2 SDs above g, Frmax Fo.1, Fineds Frighs
F=2 SDs above £ F=Fned:
Faroe Saithe B=MBAL; B from R, via Gess; Frmax Fo.1s Fimeds Frign Giess iS @ non-parametric smoother for the
F from Bin, via Goss F=2 SDs below F-SSB relationship?
Iceland Saithe no B; Fsxk (as B=Bjs (as suggested by SGPAFMFow, Foi, Fmeds Fusy, For SGPAFM  suggested fEFned, but
suggested by SGPAFM) ‘seems reasonable’; F7E; (i.,e. most recent), k. ‘reference F values have been at or above
Frhigh Fmeq for the whole time series’
Iceland Cod B=B noF B=MBAL; Frmao Fo1, Fmed Frighs
F from simulating a catch rule;
Greenland Cod Offshore B=MBAL; no F None-stock too depleted 0.1 e Fineds Frign
Inshore Greenland Cod None None
Greenland halibut B=Rs (preliminary); B=lowestrecent SSB; Fiows Fo1r Fineds Finaw Frignn  Bpa @IS0 equals g, exp(1.645 * 0.3)
no F F=Fineq (from SGPAFM); Floss) Fvsy, Foran
S marinus Uiim=Uma/5 Upa=Umex/2 U is a catch/effort ratio, surrogate for a
biomass index. ‘Poor data environment’
Deep-se&®. mentella Difficult to define Difficult to define
OceanicS. mentella Not mentioned Not mentioned
1999—wher e different from 1998
Faroe Plateau Cod BxB; B=Bim-exp(1.645*0.4); Fiows Frmeds Frign
F=Fp, exp(1.645*0.4) F asin 1988
Faroe Bank Cod No specific values No specific values
Faroe Haddock B=MBAL; B set by ACFM; Frax: Fimeds Frigns Fo1 ACFM examined R—SSB plot to estimate
F is 2 SDs aboveF F=Fineq a BAL for use as B,
Faroe Saithe B=Bgss; B=MBAL ; Frax: Frmeds Frighs Fo.1 Fim ‘consistent with B.’; Fp, ‘consistent
F set by ACFM F set by ACFM; With Rim and Fed
Iceland Saithe B set by ACFM; no F B and F set by ACFM Frna Fineds Prighs Fo By is tentative; stock is now below; 8



Stock Limit reference points Buffer (pa) reference points Other values given in the Notes
assessment
Iceland Cod None specified None specified Frnax: Fo.s Fed: Frign F, got by simulating a catch rule, is now
considered Figger, NOt Fpq
Iceland Haddock B=Bes; B=Bim.exp(1.645*0.2); Frnaxs Frmeds Frighy Fo.1 Bpa is tentative pending a backward
F=F e F=Fim/exp(1.645*0.2); extension of population analysis;
Greenland Cod Offshore B=MBAL; noF None specified Fmax: Fmeds Frign, Fo
Inshore Greenland Cod No specific values No specific values Frmsy
Greenland halibut B=B)¢s; NOF B=Bim-exp(1.645*0.3); Frax: Fo1
F=Feq;
S marinus Uiim=Unmad5 Upa=0.6 * Upnay ACFM suggested Upe=U a2
Deep-sea S mentellaonthe  Ujjm=Umax/5 Upa=Umax/2

shelf

Oceanic S. mentella

No specific values

No specific values

‘Catches should not be allowed to increase’

Note: several PA reference points in this report were set by ACFM at its May meeting in 1998, and reviewed (and mogdjlpydtammeeting of the NWWG.



2 DEMERSAL STOCKSIN THE FAROE AREA (DIVISIONSVB AND I1A4)
2.1 General Trendsin Demersal Fisheriesin the Faroe Area

The fishery at the Faroesis a multi-fleet and multi-species fishery. Tables 2.1.1 - 2.1.3 show the yields of cod, haddock
and saithe for Faroese fleet categoriesin Vb, and Figure 2.1 gives a summary of the 1999 assessments of the stocks of
Faroe Plateau cod, Faroe haddock and Faroe saithe.

In 1977 an EEZ was introduced in the Faroe area. The demersal fishery by foreign nations have since decreased. The
fishing mortalities on cod remained high in the first years, increased considerably during the 1980s and decreased then
substantially in the first half of the 1990s. In 1995 and especially in 1996 the fishing mortalities increased again
substantially, but have since declined to close the proposed Fy.. For saithe there has been a substantial increase in the
fishing mortalities during most of the period but from 1995 it decreased generaly steady. The general increase was
mainly due to the introduction of pair trawlers whereas the decrease in 1995 is because of the reduction in the
availability of saithe and the increased availability of cod. A dight increase in fishing mortality was noted for 1998. The
fishing mortalities on haddock have been very low since the early 1980s. Catches decreased to a very low level due to
poor recruitment but hasin 1995 —1998 increased again because two very strong year classes have entered the fishery.

During the 1980s the Faroese authorities have attempted to regulate the fishery and the investment in fishing vessels. In
1987 a system of fishing licenses was introduced. The fishery also has been regulated by technica means such as
legislation on the mesh size, closed areas, import ban on fishing vessels and a programme of buying back fishing
licenses. Mesh size regulations and closed areas are still enforced.

In March 1994 the Faroese Parliament passed a law on the regulation of fisheries within the EEZ. This law introduced
guotas for 5 demersal stocks including the Faroe Plateau and the Faroe Bank Cod, Faroe Haddock, Faroe Saithe and
redfish. The quotas were alocated to each fleet category by percentage of the total quota and then equally divided
between all vesselsin each category.

The fishing year starts 1 September and ends 31 August the following year.
Revised management system

The catch quota management system introduced in the Faroese fisheries in 1994 was met with considerable criticism
and it resulted in at least some fleets misreporting substantial portions of their catches. As aresult of the dissatisfaction
with the catch quota management system, the Faroese Parliament has adopted a law stipulating that the quota system
would end as of May 31, 1996. In addition, the Faroese government has devel oped, in close cooperation with the fishing
industry, a new system based on within fleet category individual transferable effort quotas in days. The new system
entered into force on 1 June 1996.

The within fleet category individual transferable effort quotas apply to 1) the longliners less than 110 GRT, the jiggers
and the single trawlers less than 400 HP, 2) the pair trawlers and 3) the longliners greater than 110 GRT. The single
trawlers larger than 400 HP do not have effort limitations, but they are not allowed to fish within the 12 n. miles limit
and the areas closed to them as well to the pairtrawlers have increased in area and time. Their harvest of cod and
haddock is limited by maximum by-catch alocation of 5 %. The single trawlers < 400 HP are given special licenses to
fish inside 12 n. miles with a by-catch allocation of 30 % cod and 10 % haddock. Holders of individual transferable
effort quotas who fish outside an area where cod and haddock are normally found can fish 3 days for each day allocated
within the area of normal cod and haddock distribution. One fishing days by longliners less than 100 GRT is considered
equivalent to two fishing days for jiggers in the same gear category. Therefore longliners less than 100 GRT (and single
trawlers < 400 HP) could double their allocation by converting to jigging. Figure 2.2 gives an overview of the different
arearegulations.

The effort quotas are transferable within gear categories. The alocation of number of days by gear categories was
originally made such that the fixed allocation of catches in tons under the previous catch guota management regime
were expected to be reduced about 20 % according to the ICES advice. However, the actual number of allocated days
was set somewhat higher than that. Recently the purpose with the management scheme has been reformulated. The
number of fishing days are now to be set such that together with other regulations of the fishery they result in average
fishing mortalities on each of the 3 stocks of 0.45 corresponding to average annual catches of 33% of the exploitable
biomasses. Built in the system is aso an assumption on the day system as being self-regulatory, because the fishery will
move between stocks according to the relative availability of each of them and no stock will consequently be
overexploited.



The number of days fished by gear category since 1985, the averages for 1985-1997 and 1990-1997 and the number of
days by category as stated in the law, are presented in Table 2.1.5.

In addition to the number of days allocated in the law, it is also stated in the law what percentage of total catches of cod,
haddock, saithe and redfish, respectively, each fleet category are allowed to fish. These percentages are as follows:

Fleet category Cod Haddock Saithe  Redfish
Longliners < 100GRT, jiggers, single trawl. < 400HP 51% 58 % 17.5% 1%
Longliners > 100GRT 23% 28 %

Pairtrawlers 21% 10.25 % 69 % 85%
Single trawlers > 400 HP 4% 1.75% 13% 90.5 %
Others 1% 2% 0.5% 0.5%

Technical measures such as area closures during the spawning periods, to protect juveniles and young fish and mesh
sizeregulations are also in effect.



Table 2.1.1 Catches of COD in Vb by various far oese fleet categories. Tonnes gutted weight.
Year Open Longliners Longliners Singletrawl Singletrawl! Singletraw!  Pairtraw! Pairtrawl! Gill Jiggers
boats <100 GRT >100GRT <400HP 400-1000HP >1000HP <1000 HP >1000HP net
1985 5650 9659 3133 2506 3051 4352 5393 2223 291 1522
1986 2946 4707 1700 1643 2049 2840 10132 4793 443 919
1987 2151 3231 2586 1393 1546 1791 6361 3273 283 638
1988 591 3049 3201 1114 1660 1501 6065 3455 568 1647
1989 964 5986 3840 1102 1314 1157 2278 1729 692 1913
1990 511 4225 2440 507 517 568 863 1259 201 988
1991 342 2474 1394 439 413 371 663 1038 160 624
1992 142 1359 708 325 161 192 634 1119 1 376
1993 113 809 701 699 323 178 717 1141 0 452
1994 244 1090 1259 914 332 448 651 1950 58 1507
1995 732 3108 3328 1135 713 865 1164 2203 55 4348
1996 1345 6849 7340 1562 1317 666 3313 7253 95 7388
1997 956 8569 9571 1326 1659 983 1966 4585 191 3287
1998 483 6549 6894 1257 1397 1419 1004 2694 316 1517
Table 2.1.2 Catches of HADDOCK in Vb by various far oese fleet categories. Tonnes gutted weight.
Year Open Longliners Longliners Singletrawl Singletraw! Singletraw!  Pairtraw! Pairtrawl! Gill Jiggers
boats <100GRT >100GRT <400HP 400-1000HP >1000HP <1000 HP >1000HP net
1985 903 5294 1816 196 780 1055 2546 832 18 86
1986 951 5038 1535 250 354 664 2654 1313 4 62
1987 1520 5414 1796 313 639 274 2340 1251 3 47
1988 201 5219 2076 167 436 253 1205 914 2 50
1989 476 7399 2257 122 425 213 862 749 2 173
1990 278 6109 1815 63 308 192 534 800 1 132
1991 213 4206 1321 86 125 126 495 799 0 41
1992 76 1893 917 57 38 44 439 576 0 13
1993 27 783 821 217 145 37 424 713 0 6
1994 34 631 952 247 136 121 363 1046 0 4
1995 46 1010 1630 296 207 91 370 695 0 15
1996 124 2351 3068 487 572 163 562 1141 0 60
1997 231 4860 6059 447 966 405 973 1850 0 72
1998 298 5997 7871 383 1115 585 1022 2333 0 53




Table 2.1.3 Catches of SAITHE in Vb by various far oese fleet categories. Tonnes gutted weight.
Year Open Longliners Longliners Singletraw! Singletrawl Singletrawl  Pairtrawl Pairtrawl! Gill Jiggers Industrial Others Total
boats <100GRT >100GRT <400HP 400-1000HP >1000HP <1000 HP >1000HP net trawlers
1985 89 38 28 23 2515 12923 10822 10805 13 982 60 79 38377
1986 107 67 21 31 1004 9872 9921 13173 54 1296 254 330 36132
1987 244 52 37 116 1468 7279 8134 15790 157 1985 408 1 35700
1988 173 101 31 40 2693 8224 7748 17266 113 2575 501 21 39586
1989 356 52 60 129 2148 7118 9440 16513 90 3717 504 5 40132
1990 309 131 101 84 2123 10742 13127 23442 122 4038 495 8 54721
1991 287 55 64 40 625 6791 12978 22584 281 4795 404 7 48910
1992 124 121 37 8 151 2248 7677 17486 0 3300 320 1 31472
1993 168 56 29 39 164 1879 6234 17639 0 2696 203 3 29111
1994 131 112 63 37 335 1995 5408 17243 2 3666 202 0 29194,
1995 49 15 75 91 215 2406 4288 14776 5 2320 6 0 24248
1996 5 6 37 24 213 1178 4118 10173 5 1590 4 0 17353
1997 9 14 72 27 495 2098 3491 11529 3 1746 76 1 19561
1998 21 97 56 12 620 4531 3608 12610 0 1764 93 0 23421
Table2.1.4 Number of fishing days used by various fleet groupsin Vbl 1985-1995. For other fleets there are no effort limitations. Catches of cod, haddock, saithe and redfish
areregulated by the by-catch percentages given in section 2.1.1. In addition there are special fisheries regulated by licenses and gear restrictions.
Y ear Longliner 0-100 GRT, jiggers, trawlers < 400 HP Longliners> 110 GRT Pairtrawlers < 400 HP
1985 13449 2973 8582
1986 11399 2176 11006
1987 11554 2915 11860
1988 20736 3203 12060
1989 28750 3369 10302
1990 28373 3521 12935
1991 29420 3573 13703
1992 23762 2892 11228
1993 19170 2046 9186
1994 25291 2925 8347
1995 33760 3659 9346
Average 22333 3023 10778
Table2.1.5 Number of allocated days for each fleet group since the new management scheme was adopted.

Fleets 1996/1997 | 1997/1998|  1998/1999
Group 1 Single trawlers > 400 HP Regulated by area and by-catch limitations
Group 2 Pair trawlers > 400 HP 8225 7199 6839
Group 3 Longliners> 110 GRT 3040 2660 2527
Group 4 Longliners and jiggers 15-110 GRT, single trawlers < 400 HP 9320 9328 8861
Group 5 Longliners and jiggers < 15 GRT 22000 23625 22444
Group 6 Extra days 1000 577 548
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2.2 Faroe Plateau Cod
221 Trendsin landings

The nominal landings of cod (1986-1998) from the Faroe Plateau by nations as officially reported to ICES, are givenin
Table 2.2.1.1. The landings from 1961 to 1989 show an interesting pattern with minima of about 20 000t and brief
increases as good year classes recruit to the fishery. This pattern ceased in the early 1990s with landings decreasing to
dlightly less than 6 000t in 1993. Landings increased spectacularly in 1996, to above 40 000 t., the highest value during

the 1961 to 1998 time period. This increase is believed to be due to a combination of increased stock size, increased
availability, and increased effective fishing effort as a result of the new management system introduced June 1, 1996.
The landings decreased to 34 000t in 1997 and to 24 000 t in 1998, close to the ‘normal’ minimum seen in Figure
2.2.6.1.4.

In recent years, statistics for the Faroese fishery in that part of Sub-division lla which is within the Faroese EEZ, have
become available. It is expected that these catches are taken from the Faroe Plateau area so they are included in the tota
landings used in the assessment. This is depicted in Table 2.2.1.2 row "Total used in the assessment".

During the last 15 years, the Faroe Plateau Cod has been exploited almost solely by the Faroese fishing fleet. Table
2.2.1.3 shows the landings for the most important fleet categories. In recent years, the long liners (less than and greater
than 100GRT) and the pair trawlers have reported the largest share, although the pair trawlers landings decreased
markedly from 1997 to 1998. The long liners, at least those lesser than 100 GRT, have a directed fishery for cod during

the entire year.

222 Catch-at-age

Catch -at-age was updated to account for a change in the nominal catches for 1992, 1996 and 1997. Catch-at-age for
1998 is provided for the Faroese fishery in Table 2.2.2.1. Faroese landings from most of the fleet categories were
sampled (Table 2.2.2.2). The catch-at-age for the fleets covered by the sampling scheme were calculated from the age
composition in each fleet category and raised by their respective catches. For 1998, the foreign catches were raised by
the age composition of the corresponding Faroese fleets. Catch-at-age from 1961 to 1998 is shown in Table 2.2.2.3.

223 M ean weight-at-age

Mean weights-at-age were calculated using the length/weight relationship based on individual length/weight
measurements of samples from the landings. The sum-of-products-check for 1998 showed a discrepancy of 3 %. The
weights-at-age for 1961 to 1998 are in Table 2.2.3.1 and in Figure 2.2.3.1 for the Faroese fishery. From 1991 to 1995
weights at age appeared to have increased, they remained stable in 1996 and have decreased in the last two years
Weights-at-age for the groundfish survey are shown in Figure 2.2.3.2.

224 M aturity-at-age

The proportion of mature cod by age were obtained during the Faroese groundfish surveys carried out during the
spawning period (March). The average maturity at age for 1983 to 1996 was used in years prior to 1983. They are given
in Table 2.2.4.1 and shown in Figure 2.2.4.1 for 1983 to 1998.

225 Groundfish surveys

The groundfish surveys in Faroese waters with the research Meggels Heinason were initiated in 1983. Up to 1991

three cruises each year, with approximately 50 trawl stations in each cruise, have been conducted between February and
the end of March. In 1992 the period was shortened by dropping the first cruise. Random stratified sampling based on
depth stratification and on general knowledge of the distribution of fish in the area has been used to select the trawl
stations. In 1992 one third of the 1991-stations were used as fixed stations. Since 1993 all stations were fixed stations.
The standard abundance estimates is the stratified mean catch per hour calculated using smoothed age/length keys.

The overall mean catch (kg) of cod per unit effort (trawl hour) 1983-1999 is given in Figure 2.2.5.1. The CPUE have
increased substantially in 1995 and have generally declined since. In 1999, a single very large haul (28 t cod) maintains
the CPUE high, otherwise the decrease would be more pronounced. On a year class basis, the stratified mean catch per
trawl hour normally increases the first 4-5 years of life, and decreases afterwards (Table 2.2.6.1.1). From 1994 to 1995,
however, there was an increase for all year classes (age groups 3-8 in 1994 compared to age groups 4-9 in 1995),
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possibly because of increased availability. A more normal picture is observed from 1996-98 (ages 6 and 7 decrease
from one year to another).

226 Stock assessment
2261 Tuning and estimates of fishing mortality

A fishery management system based on days fished was introduced on June 1, 1996 as a result of widespread
dissatisfaction with the quota management system that had been introduced in 1994 in the Faroes. Prior to 1996,

practicaly al the fish from a given trip were landed at the same place. This practice changed in 1996-1998, with a

single trip being possibly landed in several sites. The landing slips are the main source of information on landings and

number of fishing days, and for those trips that have been landed at several sites, alanding slip was completed at each

landing site, each one recording the actual landings, but the total number of fishing days. The number of trips/landings

in 1996-97 affected by this problem is being examined in order to try to rectify the problem. An adjustment was made

for 1998, but the WG believes that the data have been ‘over-corrected’ resulting in an underestimate of the number of
days for that year. The statistical office, whose responsibility it is to produce landings and effort statistics, could not
guarantee that the changes in the number of days fished would be minor. It was therefore considered unwise to proceed
with using data that are expected to change, possibly significantly, in the near future.

Therefore, the two tuning series used last year (single trawlers 400-1000 HP and longliners > 100 GRT) could not be
used (the effort was measured in days). This year two tuning series based on logbooks with reported effort in number of
hooks for five longliners > 100 GRT and in hours fished for eight Cuba trawlers have been used. Normally, the WG
would have compared the assessment results using the new series with those obtained with the series previously used.
Considering that the number of days in 1998 could be severely underestimated compared with previous years, such a
comparison could be seriously misleading. The WG therefore decided to present only the results from the logbook
series, which in theory, reflect changes in stock size better than when ‘days’ is used as the effort measure to calculate
CPUE.

In the longliner series records with information on cod catch, effort and fishing location where the catch of tusk and ling
together was less than 20 % of the total catch were selected, in an attempt to select only cod directed sets. The longliner
series was further scrutinised by looking at the CPUE for each ship. Outliers were all caused by small catch and effort
information and were left in as they had no influence on the resulting average. In the Cuba trawler series records with
information on cod catch, effort, and fishing location east of 7 degrees W on the Faroe Plateau were selected. In
addition only “saithe hauls” were used, i.e. the catch of saithe was more than 70 %, and the sum of cod- and haddock-
catch was less than 30 %. Thus the Cuba series is a by-catch series. The Cuba series was further scrutinised by looking
at the CPUE for each ship. As for the longliners all ships could be used. The two CPUE series are plotted versus time in
Figure 2.2.6.1.1 and the age-disaggregated values are shown in Table 2.2.6.1.1.

Preliminary XSA runs were made to compare the results using combinations of these two commercial tuning series. The
diagnostics were equally good for all runs. When the longliner series was used alone, it gave a slightly higher total
biomass compared to the Cuba series alone or Cuba series and longliner series together, these last two combination
giving approximately the same result. The longliner and Cuba series were used in the assessment. The XSA results are
shown in Table 2.2.6.1.2.

The residuals of log catchabilities are shown in Figure 2.2.6.1.2. In future assessments, age 2 for the longliners should
probably be removed, but otherwise the residuals are smaller than last year, and considerably more random. The results
from retrospective analyses with different shrinkages are shown in Figure 2.2.6.1.3. A shrinkage of 2.00 was used,
similar to last year. The estimated fishing mortalities are shown in Table 2.2.6.1.3, Table 2.2.6.1.5 and Figure 2.2.6.1.4.
The average F for age groups 3 to 7 in 1998 is estimated at 0.35, marginally higher than Fmax = 0.34.

2.2.6.2 Stock estimates and recr uitment

The stock size in numbers is given in Table 2.2.6.1.4. A summary of the VPA, with recruitment set at 2 years old, and
biomass estimates are given in Table 2.2.6.1.5 and in Figure 2.2.6.1.4. The stock-recruitment relationship is presented in
Figure 2.2.6.2.1.

The assessment confirms the poor recruitment observed in the Faroe Plateau cod stock for the 1984 to 1991 year
classes, but the 1992 and 1993 year classes to be well above the long term average. Due to the continuous poor
recruitment from 1984 to 1991 and the high fishing mortalities, the spawning stock biomass declined steadily from
1983 to 1992 when it was the lowest on record at 20 300 t. SSB increased sharply since, with the increase in 1994
being partly due to a very high proportion of mature for ages 2 and 3 (Figure 2.2.4.1) to about 95 000 t. in 1996 and
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1997. In 1998 the spawning stock biomass declined to 68 000 t, as the strong 1992 and 1993 year classes are passing
through the fishery.

2.2.6.3 Comment on the assessment

The groundfish survey (not shifted back) was also used in XSA calibrations together with the longliner- and Cuba
series. The diagnostics were considerably poorer than for the other series (SE of log catchabilities were usually more
than 0.60 for the important age groups compared to less than 0.55).

Before the era of VPA calibrated with CPUE from the commercia fisheries or from surveys, VPA estimates were
derived by an iterative process based on calculating the average fishing mortality in the most recent two or three years.
The process was initiated by doing a first VPA run with an arbitrarily chosen terminal F, sometimes the one obtained
from the previous assessment, taking the average for each age for the number of years chosen, then making another run
with the average F at age as input values. The iterative process was repeated until the largest change between successive
runs was smaller than a pre-agreed threshold. This iterative averaging method was applied to Faroe cod. Given the
fishing days system implemented in 1996 on the Faroes, it is expected that changes in fishing mortality over the recent
period would have been relatively smooth. The system was implemented in 1996, but in the calculations presented
below, the fishing mortality was averaged for 1995 to 1997. An aternative would have been to take the 1996-98
average. The 1998 fishing mortality estimates are compared with those obtained from the calibrated assessment in the
text table below.

Cod 2 3 4 5 6 7 8 9
Iterative 0.049 0.186 0.432 0.616 0.784 0.909 0.832 0.785
Calibrated 0.041 0.142 0.330 0.517 0.443 0.312 0.541 0.568

For Faroe Plateau cod, the iterative averaging did not detect the 35% decrease in fishing mortality estimated in the
calibrated VPA.

For Faroe Plateau cod, total mortality estimates calculated from the survey (text table below) systematically show
relatively high values for the older agesin the last 4 time periods. Thisis consistent with the assessment.

3/4 4/5 5/6 6/7 7/8 8/9
1983/1984 0.471 1.256 1.477 1.394 2419 3.932
1984/1985 0.345 0.958 1.355 0.740 0.781 2.565
1985/1986  -0.785 -0.539 -0.583 -1.426 -0.807 -0.578

1986/1987  -0.256 0.718 1.300 2.504 1.556 3.561
1987/1988  -0.077 0.988 1.169 0.965 0.234 1.855
1988/1989 0.229 0.702 1.154 0.770 1.427 2.079
1989/1990  -0.928 -0.315 0.637 -0.297 0.580 0.063
1990/1991  -0.650 1.575 2.218 2.146 3.816 2.778
1991/1992  -0.293 -0.393 -0.224 0.174 -0.243 -0.080
1992/1993  -0.100 1.063 1.705 1.206 1.052 1.689
1993/1994  -1.121 -1.216 -0.258 0.076 1.305 3.784
1994/1995 -1.720 -0.751 -1.258 -1.275 -1.087 -1.378
1994/1996  -1.953 -0.583 0.038 1.219 1.590 1.051
1995/1997  -0.467 0.671 2.062 2.161 2.320 1.946
1996/1998  -0.900 -0.134 0.581 1.290 1.635 0.357
1997/1999  -0.792 0.263 0.848 1.481 1.044 0.908

The results of the Magnus Heinason survey have not been used for Faroe cod because of suspected substantial changes
in the catchability coefficient of the survey in the first part of the 1990s. XSA calibrations by 5 year periods, using the
proposed default values, were run and the catchability coefficients calculated for each period are shown in Figure
2.2.6.3.1. While the logarithmic catchabilities for ages 3 to 7 appear to increase steadily from the beginning of the series
to the 1990 to 1994 period, they subsequently decreased, at first dightly in the 1991 to 1995 period, and then drastically
in the 1992 to 1996 period. (NB the word catchability is used here in the F = q. f context, that is that the fishing effort
of the survey in the 1992 to 1996 period would have exerted a considerably smaller fishing mortality than at other
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times.) This suggests that the survey results could possibly be used in future assessments, because catchabilities appear
to have reverted back to the 1980s values, but that great care should be taken in doing so.

In previous assessments, there was also concern that the fishing fleets used in the calibration might also have been
affected by changes in catchability. A similar retrospective analysis by five year period was also done for the fleets used
in this assessment, with the same input parameters as in the assessment (Figure 2.2.6.3.2). The longliners seemed to
have been more affected than the Cuba trawlers by changes in catchability, particularly the age 2, and it might be
preferable not to use that age in future calibrations, as already indicated above. The catchabilities for the Cuba trawlers
are remarkably stable over most of the time period, but they too have been affected by changes in catchability in the
mid to late 1990s.

2.2.7 Predictions of catch and biomass
2271 Short-term prediction

The input data for the short term prediction are given in Table 2.2.7.1.1 and Table 2.2.7.1.3. The year classes 1996-98
were estimated by the RCT3 program (output in Table 2.2.7.1.2). The initial stock sizein Table 2.2.7.1.3. is obtained in
this way: number of 2 year old is taken directly from RCT3 and number of 3 year old (9442) is equal to 12131 (value
from RCT3) multiplied by exp(-0.2-0.0506). 0.0506 is taken from fishing mortality at age in the XSA run. The rest of
the column is taken directly from stock number at age in the XSA run. The exploitation pattern was the Fbar1996-1998
rescaled to 1998 values (the high values of ages 9 and 10+ are replaced by the values for age 8). The rescaling was
based on the ages 3-7. The weight at age for 1999 and 2000 was set to the 1998 values, because the decrease in weights
seemed to had stopped (as observed in the groundfish survey 1999). The 2001 values were set to the average of 1996-
98, implying a dlight increase in weights. The proportion mature in 1999 was set to the 1999 values from the groundfish
survey, and for 2000-2001 to the average values for 1983-1999.

Table 2.2.7.1.4 shows that the landings in 1999 are expected to be 19 500 tonnes if the fishing mortality stays the same
asin 1998. The spawning stock biomass is expected to decrease dightly from 68 000 in 1998 to 59 000 tonnes in 1999,
but to increase again in 2000 to 68 000 tonnes and to higher values at the beginning of 2001. There are indications from
the O-group survey and from the catch-at-age, that the 1997 year class may be higher than the estimated 21 millions.
The O-group survey indicates in addition, that the 1998 year class also is above average. If these indications prove
correct, the increase in the spawning stock biomass and future landings will be greater than stated here.

2272 Biological reference points

In 1998, ACFM set B, equal to the lowest observed SSB, about 21 000 t and proposed that By, be set at 40 000 t based
on B=Biine"**°, assuming a o of about 0.40 to account for the relatively large uncertainties in the assessment. ACFM
further proposed that Fy, be set at 0.35, more than twice Fq; , about equal to Fyax and Freg and at the low end of the
range of previously estimated Fy sy, from 0.33 (Stefansson and Bell, WD prepared for the SGPAFM) to 0.56 (NWWG,
1997). In previous years, MBAL was considered to be 52,000t. Over the period covered by the assessment, fishing
mortality has been equal to or less than this Fp, in 6 years.

Following the logic used to set Bpa, Fyn could be set at Fin=Fe"**, that is, F;,=0.68, even though F has been
estimated to exceed thisvalue in 3 years since 1961.

The stock trajectory with respect to those reference pointsisillustrated in Figure 2.2.7.2.1.

The probabilities that the 1999 F will be greater than the proposed Fpa = 0.35 or that the SSB in 2001 will be less than
the proposed Bpa of 40 000t have been calculated analytically using the ADAPT software (Sinclair and Gavaris 1996)
for 1999 catches ranging from 15 000 to 35 000t. The results are shown in Figure 2.2.7.2.2.

2.2.7.3 Long-term prediction

The input data for the yield-per-recruit calculations (long-term predictions) are given in Table 2.2.7.3.1. The
exploitation pattern and weight at age were set to the average values for 1961-1998. The proportion mature was set to
the average for 1983-1999.

The output from the yield-per-recruit calculations is shown in Table 2.2.7.3.2. and in Figure 2.2.7.3.1. Fy; was
calculated as 0.14 and Fx as 0.34. The present average fishing mortality in 1998 of 0.35 is close t0 Fyx and Freg =
0.38 (Figure 2.2.7.3.1).
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2.2.8 M anagement consider ations

In 1996, the Working Group estimated that the new management system proposed by the Faroese government could
reduce the fishing mortality on cod in 1996 by a maximum of about 23 % if al the factors relating nominal fishing
effort to fishing mortality were the same in 1996 as in 1995 except for the number of days fished. The Working Group
expected that it was highly unlikely, however, that all factors would remain the same, and it speculated that the decrease
in fishing mortality would probably be less than 23 %, or that perhaps fishing mortality would not decrease at all. The
current assessment suggests that the fishing mortality doubled from F = 0.28 in 1995 to F = 0.60 in 1996, as did the
catch.

There are many possible reasons to explain the discrepancy between the expected result of limiting the number of
fishing days, and the estimated one. The fishing mortality is generally considered as being the product of the nominal
fishing effort exerted multiplied by a factor, the catchability coefficient. Fishing day is an imprecise measure of the
actual nominal fishing effort applied, and it leaves considerable scope for changes, for example in the number of hours
fished, or the amount of gear utilized. The success of fishing is aso related to atmospheric and hydrological conditions
and to season. Therefore, by having the possibility to choose when to fish, one might predominantly fish during those
days when the success is expected to be the greatest, and thus increase the efficiency of the fishing effort used. Thirdly,
it is expected that the availability of fish varies from year to year, and therefore, a given amount of fishing effort will
capture more fish when the availability is higher than normal. Evidence from the surveys suggests that cod may have
been more available from 1995 to 1997, and this may have affected the commercial fishery as well, especially for
longliners.

In order to evaluate the fishing mortality that could be generated in the 1999/2000 fishing year from the present number

of fishing days allocated to each fishing fleets, the partial fishing mortalities by age (3 to 7) and year were calculated for

each fleet from the catch at age ratios for 1985 to 1995. The partial F's were divided by each fleet’s yearly fishing effort
to obtain estimates of the catchability coefficient by age, year and fleet. In last year’s report, the calculation was done
for 1985 to 1997, but because of the problems mentioned above with the reported fishing days in 1996 to 1998, the
catchabilities were only calculated for those years (1985 to 1995) where the number of days fished are considered to be
more reliable. The catchability coefficients thus calculated represent the variability observed in the period covered and
it is assumed that the same variability will be observed in the future. Therefore, knowing the number of fishing days
allocated, it is possible to estimate the fishing mortality in a given year by multiplying the number of days allocated by
each catchability, adding up the results across fleets and then calculating the frequency distribution of the resulting F.

The longliners less than 100 feet, the jiggers and the single trawlers less than 400HP have been allocated collectively
8861 fishing days, because they have the flexibility to change from one type of fishing to the other. The longliners are
considered twice as efficient as the jiggers (this is supported by the catchability analysis (Figure 2.2.8.1)), and if they
decide to fish as jiggers rather than longliners, they could double their number of days fished. In principle, the ST < 400
could also double their number of days allocated by changing to fish as jiggers.

The number of days allocated to each fleet category are given in the table below:

Gear Allocation Optional change

LL<100 8861  There are 8861 days to be shared/chosen to be fished either by longlining
(<100), jigging or trawling (<400hp)

ST<400 0 There are 8861 days to be shared/chosen to be fished either by longlining
(<100), jigging or trawling (<400hp)

ST406-1000 0 No effort limitation, assumed to catch less than 4 % cod.

ST>1000 0 No effort limitation, assumed to catch less than 4 % cod.

PT400-1000 1270

PT>1000 2149

LL>100 1264

OPEN 11222

JIGGERS There are 8861 days to be shared/chosen to be fished either by longlining

(<100), jigging or trawling (<400hp)

The probability density function of the potential fishing mortalities in 1999/2000 given the allocated number of days to
each fleet is given in Figure 2.2.8.1. The fishing mortality referred to so far do not include the partial F exerted by the
ST 400-1000 and ST > 1000 that have not been allocated cod fishing days. These two fleets should be expected to exert
at least a fishing mortality of 0.04. Therefore, in examining Table 2.2.8.1 a fishing mortality of 0.04 should be added to
the fishing mortality columns to reflect the activities of these two fleets. It is not presently known by what gear(s) the

15



8861 days alocated collectively to the LL<100, the ST<400, and the jiggers will be used, but Figure 2.2.8.1 suggests
that it does not matter. With the catchabilities estimated in the current assessment, there is a 50% probability that the
fishing mortality in 1999/2000 will be equal to or greater than the suggested Fy, = 0.35.

In addition to the effort control, the fleets are supposed to be constrained to a pre-agreed species composition in the
catch asindicated in the table below:

Groups of fleets Fleet Caod Haddock Saithe  Redfish
% % % %

Group 1 Single trawlers 4.0 1.75 13.0 90.5

Group 2 Pair trawlers 21.0 10.25 69.0 8.5

Group 3 Longliners > 100 GRT 23.0 28.0

Group 4 Longliners and jiggers > 15 GRT 31.0 345 115 0.5

Group 5 Longliners and jiggers < 15 GRT 20.0 235 6.0

Group 6 Others 1.0 2.0 0.5 0.5
100 100 100 100

These restrictions do not take into account that several of these fleets are in fact involved in a multispecies fishery and
that the actual species composition in the water is unlikely to be exactly the same as in catches under the regulation.
Therefore, the regulation could result in discarding and misreporting, thus jeopardizing one of the eventual potential
benefits of an effort management system, an improvement in the quality of the information collected from the fisheries.

Management systems based on effort controls are expected to lead to overcapitalisation in the fishing fleets because
fishing captains will want to maximise the catch they can harvest with the fishing effort alocation they have received.
In the medium to long term, this process will lead to increased fishing efficiency of the fleets and it will be necessary to
decrease the total number of fishing days available to be allocated in order not to exert excessive fishing mortality. In
extreme cases, effort controls can lead to the fishery being open only for afew days per year.

In order to constrain fishing mortality within reasonable limits, it will therefore be necessary to adjust the number of
days periodically. For this purpose, there is a need for a mechanism to monitor changes in efficiency, and detailed
information on the activities of the fleets, on the physical characteristics of the boats and their equipment should
therefore be collected.
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Table 2.2.1.1. Faroe Plateau

officiallv renorted tn ICFS

( Sub-division Vb1l) COD. Nomina landings (tonnes) by countries, 1986-1998, as

1086 1087 1088 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
Denmark 8 30 10 - - - - -
Faroe Islands 34,492 21,303 22272 20,535 12,232 8,203 5,938 5,744 8724" 19,079 39,406 33556 23,064
France ¥ 4 17 17 - - 3% 1% . 2 ¥ 1%
Germany 8 12 5 7 24 16 12 + 23 2 + +
Norway 83 21 163 285 124 89 39 57 36" 38" 574" 410" 405
UK (Engl. and Wales) 8 - - 1 74 186 56 43 126 61°
UK (Scotland) 2 - - - - - - - - - -
United Kingdom - - - - - - - - - - 2873
Total 34,595 21,391 22,467 20,827 12,380 8,309 6,066 5,988 8,818 19,164 40,107 34,027 23,756
" Preliminary

Y Included in Vb2.

2 Quantity unknown 1991.

3 Reported as Vb.

A Reported to the Faroese Coastal Guard.

Table 2.2.1.2. Faroe Plateau (sub-division Vb1) COD. Nominal catch (tonnes) 1986-1998 , as used in the assessment.

1986 198/ 1988 1Y8Y 199V 1991 1992 1993 1994 1995 1996 199/ 1998
Officially reported 34,595 21,391 22,467 20,827 12,380 8,309 6,066 5,988 8,818 19,164 40,107 34,027 23,756
Faroese catches in IlA within
Faroe area jurisdiction 715 1,229 1,090 351 154
Expected misreporting/discard 3330
French catches as reported
to Faroese authorities 12 17
Total used in the assessmer 34,595 21,391 23,182 22,068 13,487 8,660 6,220 5,988 8,818 22,494 40,107 34,027 23,756

K Preliminary

Table 2.2.1.3. Faroe Plateau (sub-division Vbl) COD.
fleets (in percents).

The landings (gutted weight) of different faroese

Year Open Lonaliner: Sinaletran Gill Jiggers  Sinaletrav Sinaletraw Pairtraw! Pairtraw! Lonaliner:Industrial Others Total

boats < 100 GRT <400 HP _net 400-1000+ >1000 HP_<1000 HP_>1000HP > 100 GR1 trawlers Gutt.weig |
1985 16.0 27.2 6.7 0.6 4.3 79 11.2 12.3 5.6 75 0.2 0.6 35413
1986 9.5 15.1 5.1 1.3 29 6.2 8.5 29.6 14.9 51 0.4 1.3] 31050
1987 9.9 14.8 6.2 0.5 29 6.7 7.9 26.0 145 9.9 0.5 0.1] 21697
1988 27 13.8 4.9 2.6 75 7.4 6.8 253 15.6 12.7 0.6 0.2] 21911
1989 4.7 28.8 5.3 3.2 9.2 6.1 55 10.5 8.3 17.7 0.7 0.0] 20730
1990 4.3 35.3 4.2 1.4 8.1 4.3 4.3 7.1 10.5 19.6 0.6 0.2 11900
1991 4.3 315 5.4 2.0 79 5.0 4.7 8.3 13.0 17.2 0.6 0.1 7844
1992 27 26.0 6.3 0.0 6.9 3.0 3.6 12.0 20.8 13.4 5.0 0.4] 5195
1993 23 15.9 13.3 0.0 8.9 6.2 3.6 14.2 21.7 12.7 0.8 0.4] 4957
1994 3.1 13.1 9.1 0.5 18.7 3.6 5.2 8.1 232 15.0 0.5 0.1 7863
1995 4.2 18.0 6.5 0.3 24.7 4.1 4.8 6.5 12.4 18.5 0.0 0.0 17157
1996 3.7 19.3 4.2 0.3 19.6 35 1.8 8.1 18.6 20.7 0.2 0.1 35379
1997 3.1 28.3 4.4 0.5 9.8 51 2.9 4.8 11.3 29.7 0.0 0.1] 30019
1998 2.3 31.0 6.0 1.3 6.5 6.3 5.5 3.1 8.6 29.2 0.1 0.0] 20778
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Table 2.2.2.1. Faroe Plateau (sub-division Vbl) COD. Catch in numbers at age for each fleet in 1998. Numbers are in
thousands and the catch isin tonnes, round weight.

Age\Fleet Open boat:LL < 100 G Jiggers Gill netters ST 0-399H ST 400-10(ST > 1000 PT < 1000 PT > 1000 LL > 100 G Others Total Far. Foreign flei Total

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 9 118 21 0 0 0 0 0 0 24 0 172 1 173

2 14 202 46 1 18 25 2 1 1 133 0 443 8 451

3 22 236 63 6 46 52 29 16 39 210 1 719 21 740

4 46 573 124 12 106 100 64 32 94 353 1 1506 40 1546

5 143 2001 374 27 369 311 131 83 212 1321 4 4976 123 5099

6 36 479 110 19 54 64 78 49 132 442 2 1466 53 1519

7 2 30 6 3 3 8 11 6 20 61 0 150 8 158

8 3 36 9 1 6 3 6 4 11 35 0 113 4 117

9 0 9 3 0 0 0 1 0 2 12 0 28 1 29

10 0 0 0 0 0 0 0 0 0 4 0 5 0 5
11 0 5 0 0 0 0 1 0 0 9 0 16 1 17
12 0 0 0 0 0 0 0 0 0 1 0 1 0 1
13 0 0 0 0 0 0 0 0 0 2 0 2 0 2
14 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total Numt 275 3689 756 69 602 563 323 191 511 2607 8 9597 260 9857
Catch, t 535 7150 1507 311 1381 1455 1263 718 1985 6730 32 23063 692 23756

Others include industrial bottom trawlers and longlining for Atlantic salmon and halibut.

Table 2.2.2.2. Faroe Plateau (sub-division Vbl) COD. Samples of lengths, otoliths and
individual weightsin 1998.

Fleet Size Samples Length Otoliths Weights
Longliners <100 GRT 116 20,747 3,600 1,917
Longliners >100 GRT 68 13,010 3,286 1,618
Jiggers 8 1,269 360 300
Sing. trawlers <400 HP 14 2,517 480 480
Sing. trawlers 400-1000 HP 16 2,921 662 360
Sing. trawlers >1000 HP 2 314 120 120
Pair trawlers <1000 HP 17 2,783 719 536
Pair trawlers >1000 HP 39 7,290 1,199 1,199
Total 280 50,851 10,426 6,530
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Table 2.2.2.3. Faroe Plateau (sub-division Vb1) COD. Catch in numbers at age 1961-98.

Run title
At 1-May-99 11:57:11
Table 1 Cat ch nunbers at
Nunber s*10**- 3
YEAR, 1961, 1962,
AGE
2, 3093, 4424,
3, 2686, 2500,
4, 1331, 1255,
5, 1066, 855,
6, 232, 481,
7, 372, 93,
8, 78, 94,
9, 29, 22,
+gp, 0, 0,
0 TOTALNUM 8887, 9724,
TONSLAND, 21598, 20967,
SOPCOF % 91, 94,
Table 1
Nunber s*10**- 3
YEAR, 1969, 1970, 1971,
AGE
2, 878, 402, 328,
3, 3106, 1163, 757,
4, 3300, 2172, 821,
5, 1538, 1685, 1287,
6, 477, 752, 1451,
7, 713, 244, 510,
8, 203, 300, 114,
9, 92, 44, 179,
+gp, 0, 0, 0,
0 TOTALNUM 10307, 6762, 5447,
TONSLAND, 32371, 24183, 23010,
SOPCOF % 109, 99, 123,
1
Run title :
At 1-May-99 11:57:11

Table 1 Catch numbers at age
Numbers*10**-3

YEAR, 1979, 1980, 1981,
AGE
2, 575, 1129, 646,
3, 1732, 2263, 4137,
4, 1673, 1461, 1981,
5, 1601, 895, 947,
6, 1906, 807, 582,
7, 493, 832, 487,
8, 134, 339, 527,
9, 87, 42, 123,
+gp, 38, 18, 55,
0 TOTALNUM 8239, 7786, 9485,
TONSLAND, 23112, 20513, 22963,
SOPCOF % 98, 106, 104,

Cod FaroePl ateau Vbl (run:

age

1963,

4110,
3958,
1280,
662,
284,
204,
48,

30,

0,
10576,
22215,
96,

Cat ch nunbers at

1972,

875,
1176,
810,
596,
1021,
596,
154,
25,
0,
5253,
18727,
125,

1964,

2033,
3021,
2300,
630,
350,
158,

8612,
21078,
98,

age
1973,

723,
3124,
1590,
707,
384,
312,
227,
120,
97,
7284,
22228,

101,

Cod FaroePl ateau Vbl (run:

1965,

852,
3230,
2564,
1416,

363,

155,

8691,
24212,
113,

1974, 1975,

2161,
1266,
1811,
934,
563,
452,
149,
141,
91,
7568,
24581,
101,

2584,
5689,
2157,
2211,
813,
295,
190,
118,
150,
14207,
36775,
97,

XSAPET04/ X04)

1966,

1337,
970,
2080,
1339,
606,
197,
104,
33,

6666,
20418,
100,

1976,

1497,
4158,
3799,
1380,
1427,
617,
273,
120,
186,
13457,
39799,
97,

XSAPET04/ X04)

1982,

1139,
1965,
3073,
1286,
471,
314,
169,
254,
122,
8793,
21489,
100,

1983,

2149,
5771,
2760,
2746,
1204,
510,
157,
104,
102,
15503,
38133,
97,

1984, 1985,
4396, 998,
5234, 9484,
3487, 3795,
1461, 1669,

912, 770,
314, 872,
82, 309,
34, 65,
66, 80,
15986, 18042,
36979, 39484,
97, 95,

1986,

210,
3586,
8462,
2373,

907,

236,

147,

47,
38,
16006,
34595,
96,

1967,

1609,
2690,
860,
1706,
847,
309,
64,
27,

0,
8112,
23562,
102,

1977,

425,
3282,
6844,
3718,

788,
1160,

239,

134,

9,
16599,
34927,

70,

1987,

257,
1362,
2611,
3083,

812,

224,

68,
69,
26,
8512,
21391,
96,

1968,

1529,
3322,
2663,
945,
1226,
452,
105,
11,

0,
10253,
29930,
106,

1978,

555,
1219,
2643,
3216,
1041,
268,
201,
66,
56,
9265,
26585,

100,

1988,

509,
2122,
1945,
1484,
2178,
492,
168,
33,
25,
8956,
23182,

101,
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Table 2.2.2.3 (Cont’d)

Table 1
Nurber s*10**- 3
YEAR, 1989,
AGE
2, 2237,
3, 2151,
4, 2187,
5, 1121,
6, 1026,
7, 997,
8, 220,
9, 61,
+gp, 9,
0 TOTALNUM 10009,
TONSLAND, 22068,
SOPCOF % 98,

20

Cat ch nunbers at

1990,

243,
2849,
1481,

852,
404,
294,
291,
50,

26,
6490,
13487,
99,

1991, 1992,
190, 199,
446, 442,

2130, 453,
616, 886,
300, 285,
141, 128,

92, 52,
52, 29,
24, 33,

3991, 2507,

8660, 6220,
106, 102,

age
1993,

118,
786,
591,
218,
323,
94,
32,
22,
25,
2209,
5988,
102,

1994,

559,
768,
1035,
519,
122,
172,
38,
22,
16,
3251,
8818,
101,

1995,

2552,
2651,
1960,
988,
454,
115,
171,
43,
48,
8982,
22494,
101,

1996,

348,
5124,
4572,
1530,
1514,

591,

146,

344,

a7,
14216,
40107,
99,

1997,

198,
1268,
6656,
3701,
652,
634,
169,
51,
119,
13448,
34027,

101,

1998,

450,
737,
1541,
5083,
1512,
157,
117,
28,
25,
9650,
23756,
103,



Table 2.2.3.1. Faroe Plateau (sub-division Vb1) COD. Catch weight at age 1961-98.

Run title : Cod FaroePl ateau Vbl (run: XSAPET04/ X04)

At 1-May-99 11:57:11

Table 2 Catch weights at age (kg)

YEAR, 1961, 1962, 1963, 1964, 1
AGE
2, 1.0800, 1.0000, 1.0400, . 9700
3, 2.2200, 2.2700, 1.9400, 1.8300, 1
4, 3. 4500, 3.3500, 3.5100, 3.1500, 2
5, 4.6900, 4.5800, 4.6000, 4.3300, 3
6, 5.5200, 4.9300, 5.5000, 6.0800, 5
7, 7.0900, 9.0800, 6.7800, 7.0000, 7
8, 9.9100, 6.5900, 8.7100, 6.2500, 7
9, 8.0300, 6.6600, 11.7200, 6.1900, 8
+gp, 10. 2700, 10.2700, 10.8200, 14.3900, 11
0 SOPCOFAC, . 9068, . 9444, . 9573, .9824, 1

Table 2 Catch wei ghts at age (kg)

YEAR, 1969, 1970, 1971, 1972, 1973, 1974,
AGE
2, 1. 0900, . 9600, . 8100, . 6600, 1.1100, 1.0800
3, 1.8000, 2.2300, 1.8000, 1.6100, 2.0000, 2.2200
4, 2.8500, 2.6900, 2.9800, 2.5800, 3.4100, 3.4400
5, 3.6700, 3.9400, 3.5800, 3.2600, 3.8900, 4.8000
6, 4.8900, 5.1400, 3.9400, 4.2900, 5.1000, 5.1800
7, 5. 0500, 6.4600, 4.8700, 4.9500, 5.1000, 5.8800
8, 7.4100, 10.3100, 6.4800, 6.4800, 6.1200, 6.1400
9, 8.6600, 7.3900, 6.3700, 6.9000, 8.6600, 8.6300
+gp, 14. 3900, 9.3400, 10.2200, 11.5500, 7.5700, 7.6200
0 SOPCOFAC, 1. 0851, .9943, 1.2264, 1.2481, 1.0134, 1.0134
1
Run title : Cod FaroePl ateau Vbl (run: XSAPET04/X04)
At 1-May-99 11:57:11
Table 2 Catch weights at age (kg)
YEAR, 1979, 1980, 1981, 1982, 1983, 1984,
AGE
2, . 8970, .9270, 1.0800, 1.2300, 1.3380, 1.1950
3, 1.6820, 1.4320, 1.4700, 1.4130, 1.9500, 1.8880
4, 2.2110, 2.2200, 2.1800, 2.1380, 2.4030, 2.9800
5, 3.0520, 3.1050, 3.2100, 3.1070, 3.1070, 3.6790
6, 3.6420, 3.5390, 3.7000, 4.0120, 4.1100, 4.4700
7, 4.7190, 4.3920, 4.2400, 5.4420, 5.0200, 5.4880
8, 7.2720, 6.1000, 4.4300, 5.5630, 5.6010, 6.4660
9, 8.3680, 7.6030, 6.6900, 5.2160, 8.0130, 6.6280
+gp, 13. 0420, 9.6680, 10.0000, 6.7070, 8.0310, 10.9810
0 SOPCOFAC, . 9843, 1.0584, 1.0408, 1.0030, . 9695, . 9685
Table 2 Catch weights at age (kg)
YEAR, 1989, 1990, 1991, 1992, 1993, 1994
AGE
2, 1. 0100, . 9450, . 7790, . 9890, 1.1550, 1.1940
3, 1.5970, 1.3000, 1.2710, 1.3640, 1.7040, 1.8430
4, 2.2000, 1.9590, 1.5700, 1.7790, 2.4210, 2.6130
5, 2.9340, 2.5310, 2.5240, 2.3120, 3.1320, 3.6540
6, 3.4680, 3.2730, 3.1850, 3.4770, 3.7230, 4.5840
7, 3. 7500, 4.6520, 4.0860, 4.5450, 4.9710, 4.9760
8, 4.6820, 4.7580, b5.6560, 6.2750, 6.1590, 7.1460
9, 6. 1400, 6.7040, 5.9730, 7.6190, 7.6140, 8.5640
+gp, 9.1560, 8.6890, 8.1470, 9.7250, 9.5870, 8.7960
0 SOPCOFAC, . 9774, .9897, 1.0597, 1.0205, 1.0213, 1.0136

. 1100,
. 1262,

965,

. 9200,
. 4500,

5700,
7800,
6900,
3100,
9300,
0900,

e
PRONORWDME

1975,

s . 7900,
7900,
9800,
2600,
4600,
2500,
5100,
3900,
) 1700,
) . 9709,

FNNoGANE

1985,

) . 9050,
6580,
6260,
4000,
7520,
2200,
7390,
5110,
) 9810,
) . 9491,

SCoppwWwNE

[

1995,

2180,
9860,
6220,
9250,
1800,
0790,
2410,
7820,
6270,
0106,

PONOT®WNER

1966,

. 9800,

7700,
7500,
5100,
8000,
3200,
5100,
3400,

. 6500,
. 0905,

1976,

. 9400,
7200,
8400,
7000,
2600,
4300,
3900,
5500,
6200,
. 9653,

WRoOONTWNE

[

1986,

. 0990,
. 4590,
0460,
9360,
7860,
6990,
8930,
7000,
. 8150,
. 9625,

DourwNNER

1996,

. 0160,
7370,
7450,
8000,
4550,
9780,
2700,
5930,
. 4820,
. 9940,

NoakboNEPR

1

967,

. 9600,

=
POoPRPNORROE

=

CPXOUAWNE

CRIITWNNER

PNOORRORER

. 9300,

1300,
0400,
7800,
2500,
0000,
0100,

. 6900,
. 0224,

1977,

. 8700,
7900,
5300,
6800,
6500,
3400,
2300,
3800,
7200,
. 7012,

1987,

0930,
5170,
1600,
7660,
9080,
4610,
3410,
5090,
8110,
. 9642,

1997,

. 9010,
3410,
9580,
0120,
1580,
4910,
3120,
1720,
0560,
0106,

=
POONORARWER

=

NGO R~WNE R

PONROONNER

PNNOGOWNRERRE

1968,

. 8800,
. 7200,
0700,
1200,
6500,
5000,
6700,
9500,
. 2800,
. 0598,

1978,

1120,
3850,
1400,
1250,
3630,
9270,
3480,
7150,
3000,
. 9964,

1988,

0610,
7490,
3000,
9140,
1090,
9760,
8960,
0870,
2870,
0061,

1998,

0040,
4170,
8020,
2800,
4780,
4330,
8510,
9700,
3630,
0299,
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Table 2.2.4.1. Faroe Plateau (sub-division Vbl) COD. Proportion mature at age 1983-1999. From 1961-1982 the
average from 1983-1996 is used.

YEAF AGE Age 2 Age 3 Age 4 Age 5 Age 6 Age 7 Age 8 Age 9 Age 10 +

61-82 0.17 0.64 0.87 0.95 1 1 1 1 1
1983 0.63 0.71 0.93 0.94 1 1 1 1 1
1984 0.4 0.96 0.98 0.97 1 1 1 1 1
1985 0 0.5 0.96 0.96 1 1 1 1 1
1986 0 0.38 0.93 1 1 0.96 0.94 1 1
1987 0 0.67 0.91 1 1 1 1 1 1
1988 0.06 0.72 0.9 0.97 1 1 1 1
1989 0.05 0.54 0.98 1 1 1 1 1
1990 0 0.68 0.9 0.99 0.96 0.98 1 1 1
1991 0 0.72 0.86 1 1 1 1 1
1992 0.06 0.5 0.82 0.98 1 1 1 1
1993 0.25 0.73 0.78 0.91 0.99 1 1 1 1
1994 0.72 0.89 0.98 0.99 1 0.98 1 1 1
1995 0.21 0.53 0.55 0.74 0.97 1 1 1 1
1996 0.04 0.44 0.75 0.87 0.94 1 1 1 1
1997 0.07 0.75 0.95 0.98 1 1 1 1 1
1998 0 0.74 0.93 0.99 1 1 1 1 1
1999 0.02 0.43 0.88 0.98 1 1 1 1 1

Average

83-99 0.15 0.64 0.88 0.96 0.99 1.00 1.00 1.00 1.00
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Table 2.2.6.1.1. Faroe Plateau (sub-division Vbl) COD. The two tuning series used in the assessment. For Cuba
trawlers the effort isin number of trawling hours and for longlinersin 1000 hooks.

FAROE PLATEAU COD (ICES SUBDIVISION VB1)

102
CUBA TRAWLERS
1985 1998
1 1 0 1
2 9
2413 0.9 22.6 13.3 6 24 2.9 1 0.4
2825 0.6 9.1 34.3 13.3 5.7 15 0.9 0.3
5284 0.5 7.7 21 31.8 114 3 0.7 0.5
6351 0.5 11.9 14.4 13.6 20.7 5 1.9 0.3
5873 0.8 6.1 12.7 10 8.7 8.3 21 0.6
7008 0.2 17.2 18.4 114 5.8 3.6 3.6 0.6
7005 0.1 1.9 11.9 7.3 4 2.2 15 0.7
6389 0.1 2 3.8 10.8 4.4 2 0.8 0.3
6014 0.4 8.7 11.6 5.3 7 2.6 0.8 0.5
5296 2.4 7.7 10.4 12.8 3.6 4.5 1 0.7
4854 4.8 131 21.8 16.2 8.1 1.8 2.2 0.7
2489 0.8 24.5 24 8.3 5.1 1.2 0 0.5
2915 0.1 3.6 31.2 26.2 4.7 2.4 0.5 0
3833 0.1 3.8 9.2 20.8 12.9 2 11 0.2
LONGLINERS
1986 1998
1 1 0 1
2 6
2071 1 70 220 94 49
827 1 5 28 50 25
1537 10 68 65 61 81
4277 236 230 218 122 144
6060 34 357 186 138 91
4561 13 45 278 94 50
3957 23 57 57 109 40
5517 10 263 256 88 158
3024 161 205 102 64 20
3069 105 268 154 106 63
9816 41 1295 1265 506 696
15602 48 551 3808 2429 544
15655 288 455 766 2865 959
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Table 2.2.6.1.2. Faroe Plateau (sub-division Vbl) COD. Final XSA run.

Lowest of t VPA Version 3.1

1-May-99 11:54:26

Extended Survivors Analysis
Cod FaroePlateau Vb1 (run: XSAPET04/X04)
CPUE data from file /users/fish/ifad/ifapwork/nwwg/cod_farp/FLEET.X04
Catch data for 38 years. 1961 to 1998. Ages 2 to 10.

Fleet, First, Last, First, Last, Alpha, Beta

, year, year, age, age

FLTO03: CUBA TRAWLERS, 1985,1998, 2, 9, .000, 1.000
FLTO4: LONGLINERS (C, 1986,1998, 2, 6, .000, 1.000
Time series weights :

Tapered time weighting applied

Power = 3 over 20 years
Catchability analysis :

Catchability dependent on stock size for ages < 3

Regression type = C

Minimum of 5 points used for regression
Survivor estimates shrunk to the population mean for ages < 3

Catchability independent of age for ages >= 6

Terminal population estimation :

Survivor estimates shrunk towards the mean F
of the final 5 years or the 5 oldest ages.

S.E. of the mean to which the estimates are shrunk = 2.000

Minimum standard error for population
estimates derived from each fleet = .300

Prior weighting not applied

Tuning converged after 26 iterations

1

Regression weights
, .751, .820, .877, .921, .954, .976, .990, .997, 1.000, 1.000

Fishing mortalities
Age, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998

2, .177, .079, .032, .019, .012, .021, .066, .036, .030, .051
3, 429, .358, .204, .098, .098, .098, .133, .183, .179, .147
4, 720, .598, .500, .329, .184, .180, .388, .355, .383, .343
5, .766, .696, .537, .399, .260, .245, .262, .602, .547, .571
6, .982, .706, .566, .514, .247, .227, .352, .821, .562, .452
7,1.049, .879, .575, .506, .316, .201, .347,1.109, 1.052, .251
8,1.002,1.082, .773, .431, .225, .202, .315, 1.028, 1.236, .545
9, .708, .651, .555, .596, .326, .238, .371, 2.396, 1.451, .682
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Table 2.2.6.1.2 (Cont’d)

XSA popul ati on nunbers (Thousands)

YEAR
9,

1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

ACGE
2, 3, 4, 5, 6
1. 52E+04, 6.82E+03, 4.71E+03, 2.32E+03, 1.81E+03, 1.70E+03, 3.84E+02
3. 54E+03, 1.05E+04, 3.64E+03, 1.88E+03, 8.82E+02, 5.56E+02, 4.86E+02
6. 59E+03, 2. 68E+03, 5.99E+03, 1.64E+03, 7.67E+02, 3.56E+02, 1.89E+02
1. 16E+04, 5.23E+03, 1.79E+03, 2.97E+03, 7.84E+02, 3.56E+02, 1.64E+02
1. 12E+04, 9.34E+03, 3.88E+03, 1.05E+03, 1.63E+03, 3.84E+02, 1.76E+02
2.94E+04, 9.07E+03, 6.94E+03, 2.64E+03, 6.65E+02, 1.04E+03, 2.29E+02
4. 42E+04, 2.36E+04, 6.73E+03, 4.74E+03, 1.69E+03, 4.34E+02, 7.00E+02
1. 08E+04, 3.39E+04, 1.69E+04, 3. 74E+03, 2.99E+03, 9. 75E+02, 2.51E+02
7.49E+03, 8.56E+03, 2.31E+04, 9.70E+03, 1.68E+03, 1.08E+03, 2.63E+02
1. 01E+04, 5.95E+03, 5.86E+03, 1.29E+04, 4.59E+03, 7.82E+02, 3. 08E+02
Esti mat ed popul ati on abundance at 1st Jan 1999

. 00E+00, 7.84E+03, 4.20E+03, 3.41E+03, 5.97E+03, 2.39E+03, 4.98E+02,

Taper wei ghted geonetric mean of the VPA popul ations

1. 23E+04, 9. 89E+03, 6.81E+03, 3. 68E+03, 1.65E+03, 6.97E+02, 2.89E+02,

Standard error of the weighted Log(VPA popul ati ons)

. 6831,

. 7015, . 7046,

Log catchability residuals.

Fl eet

Age

©CoO~NOOA~WN

©CoO~NOOUA~WN

FLTO3: CUBA TRAW.ERS

1985, 1986,
.48, .73,
. 59, .50,
.17, . 36,

-. 11, .31,

-.02, .37,
. 30, . 45,
.24, .16,
.07, -.02,

1989, 1990,
03, 53,
06, . 46,

13, .54,
14, . 28,
14, 17,
19, .22,
28, .44,
-.03, -.09,

Mean | og catchability
i ndependent of year cl

Age

3

Mean Log g, - 15.4608,
S.E(Log q), . 4624,

1987, 1988
.18, .21
20, .44
16, .06
-.06, -.23
17, -.06

-. 05, 00
03, 10
-.14, -.10
1991, 1992,
-.52, -1.04,
-.45, -1.02,
-.44, -.36,
-.10, ~-.28,
-. 13, .02,
05, .01,
38, -.16,

-. 14, -.24,

and standard error of ages with catchability

ass strength and constant w.r.t.

4,
-14. 3042,
. 3337,

5,
-13. 8202,
. 2556,

. 7305, . 6297, . 5150, . 4644,
1994, 1995, 1996, 1997, 1998
. 05, .13, .85, ~-.13, -.58
-.04, -.36, .59, -.11, .02
-.59, 36, .19, 00, -.15
.13, -.12, .27, 28, -.50
.04, .06, -.10, 13, -.19
-.20, -.09, -.31, 10, -.38
-.19, -.38, 99.99, .01, .09
.16, .02, .11, 99.99, .04
time
6, 7, 8,
-13.6250, -13.6250, -13.6250
. 1696, . 2256, . 2652,

7,

. 33E+02,
. 16E+02,
. 35E+02,
14E+01,
74E+01,
15E+02,
53E+02,
. 18E+02,
36E+01,
. 26E+01,

PNARP®NRPER

1. 46E+02,

1. 19E+02,

. 5602,

9
-13. 6250,
. 1201,
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Table 2.2.6.1.2 (Cont’d)

Regression statistics :
Ages with g dependent on year class strength
Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e,

2, . 60, 1.504, 14. 90, . 60, 14, . 56,

Ages with q independent of year class strength and constant w.r.t. tine.

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e,

3, .74, 1.926, 13. 84, . 86, 14, .31,
4, . 90, . 733, 13.77, . 86, 14, .31,
5, 1.10, -. 880, 14. 40, . 88, 14, .29,
6, 1.07, -. 789, 14.07, . 93, 14, .18,
7, 1.08, -. 526, 14.19, . 83, 14, . 25,
8, . 96, . 228, 13. 27, .78, 13, .27,
9 .92, 1.289, 12. 92, .97, 13, . 10,

Fleet : FLTO4: LONGLINERS (C

Mean Log q

-18. 58,

Mean Q

-15. 46,
-14. 30,
-13. 82,
-13.62,
-13. 63,
-13. 60,
-13. 65,

.33, -.20,
.07, -.02,
. 08, . 26,
. 26, . 39,
. 57, .33,

Age , 1985, 1986, 1987, 1988
2, 99.99, -1.86, -1.23, .21
3, 99.99, -.41, -1.64, .34
4, 99.99, -.33, -.56, .12
5, 99.99, ~-.16, -.49, -.05
6, 99.99, -.04, -.06, -.15
7 , No data for this fleet at this age
8 , No data for this fleet at this age
9, No data for this fleet at this age

Age , 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997,
2, 1.36, 1.03, -.13, ~-.16, -1.02, 61, ~-.12, -
3, 75, 38, -.12, -.46, 16, 54, -.15, -
4 43, 13, 27, -.04, 29, ~-.61, -.09, -
5, 22, .17, .14, -.22, 20, ~-.44, -.53,
6 , . 39, .19, -.04, -.17, .02, -.56, -.30,
7, No data for this fleet at this age
8 , No data for this fleet at this age
9, No data for this fleet at this age

Mean | og catchability and standard error of ages with catchability

i ndependent of year class strength and constant w.r.t. tine

Age , 3, 4, 5, 6
Mean Log g, -12.1981, -11.4385, -11.0799, -10.7525,
S. E(Log q), . 5299, . 3145, . 3289, . 32309,

Regression statistics :

Ages with q dependent on year class strength

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e,
2, .77, . 548, 13. 07, .38, 13, . 89,
Ages with g independent of year class strength and constant

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e,

3, . 99, . 020, 12.18, .62, 13, . 56,
4, 1.07, -. 436, 11.61, . 83, 13, . 35,
5, 1. 00, -. 016, 11.09, . 84, 13, . 35,
6, . 87, . 931, 10. 32, . 85, 13, . 28,

26

Mean Log q

-14. 20,

w.or.t. tine.

Mean Q

-12. 20,
-11. 44,
-11.08,
-10. 75,



Table 2.2.6.1.2 (Cont’d)

Term nal year survivor and F summaries :
Age 2 Catchabi lity dependent on age and year class strength

Year class = 1996

Fl eet, Esti mat ed, Int, Ext, Var, N, Scal ed, Estinated
, Survi vors, s. e, s. e, Rati o, , Weights, F
FLT03: CUBA TRAWERS, 4385. . 605, . 000, . 00, 1, .438, . 089
FLTO4: LONGLI NERS (C, 18938., . 951, . 000, . 00, 1, .177, . 021
P shrinkage nean , 9893., .70,,,, . 343, . 040
F shrinkage nean , 12140., 2.00,,,, . 042, . 033

Wei ghted prediction :

Sur vi vors, Int, Ext, N, Var , F
at end of year, s.e, s. e, , Rati o,
7840. , . 40, . 34, 4, . 830, . 051

Age 3 Catchability constant wr.t. time and dependent on age

Year class = 1995

Fl eet, Est i mat ed, I nt, Ext , Var , N, Scal ed, Estinated
, Survivors, s. e, s. e, Rati o, , Weights, F
FLT03: CUBA TRAWERS, 4058. , . 375, . 072, .19, 2, .602, . 152
FLTO4: LONGLI NERS (C, 4433. , . 478, . 146, .31, 2, .373, . 140
F shrinkage nean , 4489. , 2.00,,,, . 025, . 139

Wei ght ed prediction :

Survi vors, Int, Ext, N, Var , F
at end of year, s.e, S. e, s Rati o,
4205. , . 29, . 06, 5, . 195, . 147
1

Age 4 Catchability constant wr.t. time and dependent on age

Year class = 1994

Fl eet, Est i mat ed, I nt, Ext , Var , N, Scal ed, Estinated
, Survivors, s. e, s. e, Rati o, , Weights, F
FLT03: CUBA TRAW.ERS, 3471., . 257, . 252, . 98, 3, .514, . 338
FLTO4: LONGLI NERS (C, 3324., . 271, . 061, .22, 3, .473, . 350
F shrinkage nean , 3987., 2.00,,,, . 013, . 300

Wei ght ed prediction :

Survi vors, Int, Ext, N, Var, F
at end of year, s.e, S. e, s Rati o,
3407., .19, .11, 7, . 579, . 343

Age 5 Catchability constant w.r.t. tine and dependent on age

Year class = 1993

Fl eet, Esti mat ed, Int, Ext, Var, N, Scal ed, Estinated
, Survi vors, s. e, s. e, Rati o, , Weights, F
FLTO3: CUBA TRAW.ERS, 4908. , . 202, . 217, 1. 07, 4, .536, . 661
FLTO4: LONGLI NERS (C, 7434. . 219, . 071, .32, 4, .452, . 482
F shrinkage nean , 9770., 2.00,,,, . 012, . 386

Wei ght ed prediction :

Sur vi vors, Int, Ext, N, Var , F
at end of year, s.e, s. e, , Rati o,
5969. , .15, .13, 9, . 851, . 571
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Table 2.2.6.1.2 (Cont’d)

1

Age 6 Catchability constant wr.t. time and dependent on age

Year class = 1992

Fl eet, Esti mat ed, I nt,

, Survivors, S. e,
FLT03: CUBA TRAWERS, 2372., . 177,
FLTO4: LONGLI NERS (C, 2420., . 196,

F shrinkage nean , 2442, , 2.00,,,,

Wei ghted prediction :

Survi vors, Int, Ext, N, Var ,
at end of year, s.e, S. e, s Rati o,
2394., .13, . 08, 11, . 571,

Ext,
S.e,
. 115,
. 124,

. 452

Var ,
Rati o,
. 65,
. 63,

Scal ed,
Wi ght s,
. 547,

. 444,

. 009,

Esti mat ed
E
. 455
. 448

. 445

Age 7 Catchability constant w.r.t. tine and age (fixed at the value for age) 6

Year class = 1991

Fl eet, Esti mat ed, Int,

, Survi vors, s. e,
FLT03: CUBA TRAWERS, 459., . 169,
FLTO4: LONGLI NERS (C, 622., . 198,

F shrinkage nean , 169., 2.00,,,,

Wei ght ed prediction :

Survi vors, Int, Ext, N, Var ,
at end of year, s.e, s. e, , Rati o,
498. , .13, .10, 12, . 741,
1

Ext,
s.e,
. 130,
. 121,

. 251

Var ,
Rati o,
.77,
.61,

Scal ed,
Wi ght s,
. 692,

. 299,

. 009,

Esti mat ed
F
. 270
. 206

. 610

Age 8 Catchability constant w.r.t. tine and age (fixed at the value for age) 6

Year class = 1990

Fl eet, Esti mat ed, Int,

, Survi vors, s. e,
FLT03: CUBA TRAWERS, 149., . 186,
FLTO4: LONGLI NERS (C, 135., . 185,

F shrinkage nean , 127., 2.00,,,,

Wei ght ed prediction :

Survi vors, Int, Ext, N, Var,
at end of year, s.e, s. e, , Rati o,
146. , . 16, . 08, 13, . 488,

Ext,
s.e,
. 076,
. 268,

. 545

Var,
Rati o,

1. 45,

Scal ed,
Wi ght s,
. 828,

. 154,

. 018,

Esti mat ed
F
. 537
. 578

. 606

Age 9 Catchability constant w.r.t. time and age (fixed at the value for age) 6

Year class = 1989

Fl eet, Esti mat ed, Int,

, Survivors, S. e,
FLTO03: CUBA TRAWERS, 26., . 202,
FLTO4: LONGLI NERS (C, 21., . 187,

F shrinkage nean , 46. , 2.00,,,,

Wei ghted prediction :

Sur vi vors, Int, Ext, N, Var ,
at end of year, s.e, s. e, , Rati o,
26., .19, . 05, 14, . 277,
1
1
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Var,
Rati o,

[S0ee]

Scal ed,
Wi ght s,
. 894,

. 081,

. 026,

Esti mat ed
F
. 681
. 787

. 436



Table 2.2.6.1.3. Faroe Plateau (sub-division Vb1) COD. Results from final XSA run.
Run title : Cod FaroePl ateau Vbl (run: XSAPET04/ X04)
At 1-May-99 11:57:11
Term nal Fs derived using XSA (Wth F shrinkage)

Table 8 Fishing nortality (F) at age

YEAR, 1961, 1962, 1963, 1964, 1965, 1966, 1967, 1968
AGE
2, . 3346, . 2701, . 2534, . 1086, . 1209, . 0829, . 0789, . 1010
3, . 5141, . 4982, . 4138, . 2997, . 2518, . 1969, . 2389, . 2318
4, . 4986, . 4838, . 5172, . 4523, . 4498, . 2552, . 2687, . 3949
5, . 5737, . 7076, . 5124, . 5229, . 5622, . 4499, . 3442, . 5339
6, . 4863, . 5569, . 5405, . 5659, . 6604, . 5016, . 5779, L4472
7, . 9566, . 3662, . 4879, . 6677, . 5304, . 9680, . 5203, . 7132
8, . 8116, . 6826, . 3269, . 3531, . 4345, . 8519, 1.0438, . 3331
9, . 6715, . 5641, . 4806, . 5164, . 5318, . 6106, . 5555, . 4882
+gp, . 6715, . 5641, . 4806, . 5164, . 5318, . 6106, . 5555, . 4882
0 FBAR 3- 7, . 6059, . 5226, . 4944, . 5017, . 49009, . 4743, . 3900, . 4642

Table 8 Fishing nortality (F) at age

YEAR, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976, 1977, 1978,
AGE
2, . 1099, . 0530, . 0309, . 0464, . 0656, . 0815, . 0773, . 0931, . 0481, . 0575,
3, . 3063, . 2081, . 1337, . 1476, . 2321, . 1568, . 3191, . 1720, . 3030, . 1893,
4, . 3806, . 3654, . 2225, . 2070, . 3047, . 2046, . 4357, . 3661, . 4737, . 4279,
5, L4179, . 3408, . 3845, . 2497, . 2812, . 2952, . 4132, . 5563, . 7517, L4274,
6, . 5709, . 3708, . 5571, . 6057, . 2525, . 3795, . 4542, . 5164, . 7319, . 4832,
7, . 5118, . 6559, . 4650, . 4686, . 3721, . 5328, . 3502, . 7613, 1.1122, . 5947,
8, . 8457, . 4207, . 7527, . 2464, . 3258, . 3051, . 4483, . 6424, . 7762, . 5656,
9, . 5499, . 4338, . 4800, . 3577, . 3091, . 3456, . 4233, . 5733, . 7769, . 5037,
+gp, . 5499, . 4338, . 4800, . 3577, . 3091, . 3456, . 4233, . 5733, . 7769, . 5037,
0 FBAR 3- 7, . 4375, . 3882, . 3526, . 3357, . 2885, . 3138, . 3945, L4744, . 6745, . 4245,
1
Run title : Cod FaroePl ateau Vbl (run: XSAPET04/ X04)
At 1-May-99 11:57:11
Term nal Fs derived using XSA (Wth F shrinkage)
Table 8 Fishing nortality (F) at age
YEAR, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 1988,
AGE
2, . 0430, . 0548, . 0524, . 0583, . 0989, . 1072, . 0660, . 0247, . 0283, . 0653,
3, . 2556, . 2373, . 2904, . 2230, . 4647, . 3699, . 3541, . 3558, . 2212, . 3419,
4, . 4298, . 3567, . 3373, . 3649, . 5596, . 5737, . 5048, . 6219, . 4781, . 5653,
5, . 5027, . 4321, . 4144, . 3829, . 6552, . 6633, . 6032, . 6961, . 4842, . 5544,
6, . 4878, . 5143, . 5608, . 3739, . 7624, . 4707, . 9311, L7977, . 5454, . 7710,
7, . 4453, . 4083, . 6845, . 6844, . 9153, . 4529, 1.2104, . 8568, . 4590, . 7695,
8, . 6855, . 6371, . 4945, . 5389, . 9165, . 3483, 1.1663, . 6633, . 6484, . 7628,
9, . 5143, . 4732, . 5022, . 4725, . 7694, . 5057, . 5165, . 5286, L7757, . 7783,
+gp, . 5143, L4732, . 5022, L4725, . 7694, . 5057, . 5165, . 5286, . 7757, . 7783,
0 FBAR 3- 7, . 4242, . 3897, . 4575, . 4058, . 6714, . 5061, . 7207, . 6657, . 4376, . 6004,
Table 8 Fishing nortality (F) at age
YEAR, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998, FBAR 96-98
AGE
2, . 1769, . 0790, . 0324, . 0191, . 0117, . 0212, . 0659, . 0361, . 0297, . 0506, . 0388,
3, . 4286, . 3581, . 2036, . 0981, . 0976, . 0982, . 1327, . 1828, . 1787, . 1472, . 1696,
4 . 7197, . 5978, . 4996, . 3288, . 1844, . 1802, . 3883, . 3551, . 3829, . 3431, . 3604,
5 . 7656, . 6959, . 5372, . 3994, . 2598, . 2449, . 2617, . 6022, . 5474, . 5713, . 5736,
6, . 9824, . 7059, . 5665, . 5139, . 2466, . 2266, . 3517, . 8208, . 5622, . 4520, . 6117,
7, 1. 0489, . 8790, . 5749, . 5060, . 3156, . 2008, . 3465, 1.1091, 1.0520, . 2509, . 8040,
8 1.0018, 1.0821, . 7730, . 4307, . 2246, . 2024, . 3147, 1.0277, 1.2364, . 5447, . 9363,
9 . 7083, . 6508, . 5548, . 5960, . 3260, . 2375, .3712, 2.3960, 1.4509, . 6821, 1.5096,
+gp, . 7083, . 6508, . 5548, . 5960, . 3260, . 2375, . 3712, 2.3960, 1.4509, . 6821,
0 FBAR 3- 7, . 7890, . 6473, . 4763, . 3692, . 2208, . 1902, . 2962, . 6140, . 5446, . 3529,
1
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Table 2.2.6.1.4. Faroe Plateau (sub-division Vb1) COD. Stock number at age.

Run title Cod FaroePl ateau Vbl (run: XSAPET04/ X04)
At 1-May-99 11:57:11
Term nal Fs derived using XSA (Wth F shrinkage)
Tabl e 10 Stock nunber at age (start of year)
Nunber s*10**- 3
YEAR, 1961, 1962, 1963, 1964, 1965, 1966, 1967, 1968,
AGE
2, 12019, 20654, 20290, 21834, 8269, 18566, 23451, 17583
3, 7385, 7042, 12907, 12893, 16037, 5999, 13991, 17744
4, 3747, 3616, 3503, 6986, 7823, 10207, 4034, 9021
5, 2699, 1863, 1825, 1710, 3639, 4085, 6475, 2525
6, 666, 1245, 752, 895, 830, 1698, 2133, 3758
7, 668, 335, 584, 358, 416, 351, 842, 980
8, 155, 210, 190, 294, 151, 200, 109, 410
9, 66, 56, 87, 112, 169, 80, 70, 31
+gp, 0, 0, 0, 0, 0, 0, 0, 0,
0 TOTAL, 27403, 35021, 40138, 45083, 37333, 41186, 51105, 52051
Tabl e 10 Stock nunber at age (start of year)
Nunber s*10**- 3
YEAR, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976, 1977, 1978,
AGE
2, 9326, 8610, 11930, 21324, 12577, 30500, 38373, 18603, 10011, 10981,
3, 13012, 6841, 6685, 9471, 16667, 9643, 23016, 29079, 13876, 7811,
4, 11522, 7843, 4549, 4789, 6690, 10819, 6750, 13696, 20045, 8391,
5, 4976, 6448, 4456, 2981, 3188, 4038, 7219, 3575, 7776, 10219,
6, 1212, 2682, 3754, 2484, 1902, 1970, 2461, 3910, 1678, 3002,
7, 1967, 561, 1516, 1761, 1110, 1209, 1104, 1280, 1910, 661,
8, 393, 965, 238, 779, 902, 626, 581, 637, 489, 514,
9, 240, 138, 519, 92, 499, 533, 378, 304, 274, 184,
+gp, 0, 0, 0, 0, 400, 342, 476, 466, 18, 155,
0 TOTAL 42649, 34088, 33647, 43680, 43935, 59682, 80358, 71548, 56078, 41919,
1
Run title Cod FaroePl ateau Vb1l (run: XSAPET04/ X04)
At 1-May-99 11:57:11
Term nal Fs derived using XSA (Wth F shrinkage)
Tabl e 10 Stock nunber at age (start of year)
Nunber s*10**- 3
YEAR, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 1988,
AGE
2, 15098, 23404, 13985, 22218, 25227, 47788, 17271, 9497, 10176, 8893,
3, 8488, 11841, 18140, 10865, 17160, 18709, 35147, 13237, 7586, 8099,
4, 5292, 5382, 7647, 11108, 7118, 8827, 10582, 20195, 7593, 4978,
5, 4479, 2819, 3085, 4468, 6314, 3330, 4072, 5230, 8877, 3854,
6, 5457, 2218, 1498, 1669, 2494, 2685, 1405, 1824, 2135, 4479,
7, 1516, 2743, 1086, 700, 940, 953, 1373, 453, 673, 1013,
8, 298, 795, 1493, 448, 289, 308, 496, 335, 158, 348,
9, 239, 123, 344, 745, 214, 95, 178, 127, 141, 67,
+gp, 1083, 52, 152, 355, 207, 182, 217, 101, 52, 50,
0 TOTAL, 40970, 49377, 47430, 52577, 59963, 82877, 70741, 50999, 37391, 31781,
Tabl e 10 St ock nunber at age (start of year)
Nunber s*10**- 3
YEAR, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998, 1999, GVBT 61-96 AMST 61- 96
AGZE, 15249, 3536, 6592, 11628, 11209, 29413, 44232, 10844, 7486, 10073, 0, 15390, 17810,
3, 6820, 10461, 2675, 5225, 9340, 9070, 23576, 33905, 8564, 5950, 7840, 11527, 13346,
4, 4711, 3638, 5986, 1787, 3878, 6936, 6731, 16903, 23122, 5864, 4205, 6886, 7870,
5, 2316, 1878, 1638, 2974, 1053, 2640, 4742, 3738, 9702, 12908, 3407, 3612, 4089,
6, 1813, 882, 767, 784, 1633, 665, 1692, 2988, 1676, 4595, 5969, 1773, 2059,
7, 1696, 556, 356, 356, 384, 1045, 434, 975, 1077, 782, 2394, 825, 968,
8, 384, 486, 189, 164, 176, 229, 700, 251, 263, 308, 498, 352, 428,
9, 133, 116, 135, 71, 87, 115, 153, 418, 74, 63, 146, 156, 204,
+gp, 19, 59, 62, 80, 99, 83, 170, 55, 168, 55, 49,
0 TOTAL 33141, 21611, 18401, 23070, 27859, 50197, 82429, 70077, 52132, 40598, 24507,
1

30



Table 2.2.6.1.5. Faroe Plateau (sub-division Vbl) COD. Summary table from XSA.

Run tit

1961,
1962,
1963,
1964,
1965,
1966,
1967,
1968,
1969,
1970,
1971,
1972,
1973,
1974,
1975,
1976,
1977,
1978,
1979,
1980,
1981,
1982,
1983,
1984,
1985,
1986,
1987,
1988,
1989,
1990,
1991,
1992,
1993,
1994,
1995,
1996,
1997,
1998,

Arith.
Mean
0 Units,

l e

Tabl

. Cod FaroePlateau Vbl (run:
At 1-May-99 11:57:11

e 16

RECRUI TS,

Age 2
12019,
20654,
20290,
21834,
8269,
18566,
23451,
17583,
9326,
8610,
11930,
21324,
12577,
30500,
38373,
18603,
10011,
10981,
15098,
23404,
13985,
22218,
25227,
47788,
17271,
9497,
10176,
8893,
15249,
3536,

6592,
11628,
11209,
29413,
44232,
10844,

7486,
10073,

17335,

(Thousands),

XSAPET04/ X04)

Fs derived using XSA (Wth F shrinkage)

Yl ELD/ SSB,

. 4651,
. 4839,
. 4529,
. 3807,
. 4243,
. 3368,
. 3187,
. 3629,
. 3877,
. 2948,
. 3634,
. 3275,
. 2660,
. 2496,
. 3355,
. 3231,
. 3112,
. 3376,
. 3442,
. 3451,
. 3581,
. 3179,
. 3839,
. 3181,
. 4588,
. 4672,
. 3455,
. 4414,
. 5653,
. 4607,
. 4136,
. 3064,
. 1673,
L1117,
. 2892,
. 4224,
. 3560,
. 3486,

. 3590,

Sunmary (wi thout SOP correction)
Ter mi nal
TOTALBI O, TOTSPBI O, LANDI NGS,

65428, 46439, 21598,
68225, 43326, 20967,
77602, 49054, 22215,
84666, 55362, 21078,
75044, 57057, 24212,
83920, 60629, 20418,
105291, 73935, 23562,
110436, 82486, 29930,
105542, 83490, 32371,
98405, 82040, 24183,
78226, 63314, 23010,
76451, 57188, 18727,
110738, 83564, 22228,
139318, 98463, 24581,
153765, 109620, 36775,
161431, 123193, 39799,
136420, 112226, 34927,
96711, 78751, 26585,
85737, 67153, 23112,
85542, 59440, 20513,
88930, 64132, 22963,
99578, 67587, 21489,
123906, 99339, 38133,
152835, 116265, 36979,
132494, 86062, 39484,
99552, 74045, 34595,
78316, 61921, 21391,
66831, 52514, 23182,
58889, 39041, 22068,
37895, 29274, 13487,
28343, 20940, 8660,
35381, 20298, 6220,
52231, 35801, 5988,
91208, 78973, 8818,
155385, 77774, 22494,
152753, 94951, 40107,
107564, 95572, 34027,
81479, 68139, 23758,
95854, 70246, 24596,
(Tonnes), (Tonnes), (Tonnes),

Table 2.2.7.1.1. Faroe Plateau (sub-division Vb1) COD. Input datato RCTS3.

FAROE PLATEAU COD: GROUNDFI SH SURVEY AND 0- GROUP SURVEY DATA

3102

'Yrclass'
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

'VPA' 'Ogrpsurv'

6592
11628
11209
29413
44232
10844

7487

-11
-11
-11

78
523
17
120
1193
664
59
380
1196
8138

2.54
1.48
0.41
4.72
7.67
291
1.03
0.45
4.96
-11

'Suage2' 'Suage3d'

2.10
4.48
3.74
9.77
52.93
13.98
9.99
13.94
-11
-11

FBAR 3- 7,

. 6059,
. 5226,
. 4944,
. 5017,
. 49009,
. 4743,
. 3900,
. 4642,
. 4375,
. 3882,
. 3526,
. 3357,
. 2885,
. 3138,
. 3945,
L4744,
. 6745,
. 4245,
. 4242,
. 3897,
. 4575,
. 4058,
. 6714,
. 5061,
. 7207,
. 6657,
. 4376,
. 6004,
. 7890,
. 6473,
. 4763,
. 3692,
. 2208,
. 1902,
. 2962,
. 6140,
. 5446,
. 3529,

. 4686,
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Table 2.2.7.1.2. Faroe Plateau (sub-division Vb1) COD. Output from RCT3.

Anal ysis by RCT3 ver3.1 of data fromfile :
c:\petur\codrct3.dat

FAROE PLATEAU COD: GROUNDFISH SURVEY AND 0-GROUP SURVEY DATA
Data for 3 surveys over 10 years: 1989 - 1998
Regression type = C

Tapered time weighting applied

power = 3 over 20 years

Survey weighting not applied

Final estimates shrunk towards mean

Minimum S.E. for any survey taken as .20

Minimum of 3 points used for regression

Forecast/Hindcast variance correction used.

Yearcl ass = 1996
R Regression---------- [ R Prediction--------- |
Survey/ Slope Inter- Std Rsquare No. Index Predicted Std WAP
Seri es cept Error Pts Value Value Error Wi ght s
Qgr psu .94  4.69 1.37 . 245 7 5.94 10.28 1.773 . 068
Suage?2 1.49 7.72 . 67 . 577 7 .37 8. 27 . 956 . 235
Suage3 1.01 7.23 . 69 . 559 7 2.70 9.96 . 892 . 269
VPA Mean = 9.53 . 708 . 428
Yearcl ass = 1997
R Regression---------- [ R Prediction--------- |
Survey/ Slope Inter- Std Rsquare No. Index Predicted Std WAP
Seri es cept Error Pts Value Value Error Wi ght s
Qgr psu .94 4.70 1.37 . 246 7 7.09 11.35 1.954 . 075
Suage?2 1.48 7.73 . 66 . 583 7 1.79 10. 38 . 896 . 357
Suages3
VPA Mean = 9.54 . 710 . 568
Yearcl ass = 1998
R Regression---------- N Prediction--------- |
Survey/ Slope Inter- Std Rsquare No. Index Predicted Std VAP
Seri es cept Error Pts Value Value Error Wi ght s
Qgr psu .94 4,71 1.37 . 247 7 9.00 13.14 2. 497 . 075
Suage?2
Suage3
VPA Mean = 9.54 . 713 . 925

Year Weighted Log Int Ext Var VPA Log
Class Average WAP Std Std Ratio VPA
Prediction Error Error

1996 12131 940 .46 .38 .69

1997 21449 997 54 39 54
1998 18275 981 .69 .95 1.92
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Table 2.2.7.1.3. Faroe Plateau (sub-division Vb1) COD. Input to management option table.

The SAS System
Cod in the Faroe Plateau (Fishing Area Vb1)

15:36 Sunday, May 2, 1999

Prediction with management option table: Input data

Year: 1999
Stock Natural Maturity [Prop.of F |Prop.of M | Weight | Exploit. Weight
Age size mortality ogive bef.spaw. [bef.spaw. | in stock | pattern in catch
2 21449 0.2 0.02 0 0 1.004 0.0272 1.004
3 9442 0.2 0.43 0 0 1.417 0.1188 1.417
4 4205 0.2 0.88 0 0 1.804 0.2524 1.804
5 3407 0.2 0.98 0 0 2.281 0.4018 2.281
6 5969 0.2 1 0 0 3.482 0.4284 3.482
7 2394 0.2 1 0 0 5.436 0.5631 5.436
8 498 0.2 1 0 0 5.856 0.6558 5.856
9 146 0.2 1 0 0 7.972 0.6558 7.972
10+ 49 0.2 1 0 0 8.802 0.6558 8.802
Unit Thousandg - - - - Kilograms | - Kilograms
Year: 2000
Recruit- | Natural Maturity |Prop.of F |Prop.of M | Weight [ Exploit. Weight
Age ment mortality ogive bef.spaw. [bef.spaw. | in stock | pattern in catch
2 18275 0.2 0.15 0 0 1.004 0.0272 1.004
3 0.2 0.64 0 0 1.417 0.1188 1.417
4 0.2 0.88 0 0 1.804 0.2524 1.804
5 0.2 0.96 0 0 2.281 0.4018 2.281
6 0.2 0.99 0 0 3.482 0.4284 3.482
7 0.2 1 0 0 5.436 0.5631 5.436
8 0.2 1 0 0 5.856 0.6558 5.856
9 0.2 1 0 0 7.972 0.6558 7.972
10+ 0.2 1 0 0 8.802 0.6558 8.802
Unit Thousandy - - - - Kilograms - Kilograms |
Year: 2001
Recruit- | Natural Maturity |Prop.of F |Prop.of M | Weight [ Exploit. Weight
Age ment mortality ogive bef.spaw. [bef.spaw. | in stock | pattern in catch
2 14933 0.2 0.15 0 0 0.974 0.0272 0.974
3 0.2 0.64 0 0 1.498 0.1188 1.498
4 0.2 0.88 0 0 2.169 0.2524 2.169
5 0.2 0.96 0 0 3.031 0.4018 3.031
6 0.2 0.99 0 0 4.032 0.4284 4.032
7 0.2 1 0 0 4.969 0.5631 4.969
8 0.2 1 0 0 5.479 0.6558 5.479
9 0.2 1 0 0 6.579 0.6558 6.579
10+ 0.2 1 0 0 7.78 0.6558 7.78
Unit Thousandg - - - - Kilograms | - Kilograms
Notes: Run name : MANPETO1

Date and time: 02MAY99:15:37
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Table 2.2.7.1.4. Faroe Plateau (sub-division Vb1) COD. Management option table.

The SAS System 15:36 Sunday, May 2, 1999
Cod in the Faroe Plateau (Fishing Area Vb1)

Prediction with manaaement option table

Year: 1999 Year: 2000 Year: 2001
F Reference| Stock Sp.stock [ Catch in F Reference| Stock Sp.stock [ Catchin | Stock Sp.stock
Factor F biomass | biomass | weight Factor F biomass | biomass | weight biomass | biomass
1 0.3529 88581 58785 19496 0.0 0.0000 93809 67701 0| 122936 98092
. . . . 0.1 0.0353 . 67701 2425 120143 95385
0.2 0.0706 . 67701 4744| 117467 92793
0.3 0.1059 . 67701 6964| 114901 90311
0.4 0.1412 . 67701 9089 112442 87933
0.5 0.1765 . 67701 11123 110082 85654
0.6 0.2117 . 67701 13072 107817 83470
0.7 0.2470 . 67701 14940| 105644 81375
0.8 0.2823 . 67701 16731| 103556 79366
0.9 0.3176 . 67701 18448| 101551 77437
1.0 0.3529 . 67701 20096 99624 75586
11 0.3882 . 67701 21677 97771 73808
1.2 0.4235 . 67701 23195 95989 72101
13 0.4588 . 67701 24654 94275 70459
14 0.4941 . 67701 26055 92625 68882
1.5 0.5294 . 67701 27402 91036 67365
Tonnes | Tonnes | Tonnes - - Tonnes | Tonnes | Tonnes | Tonnes | Tonnes
Notes: Run name : MANPETO1

Date and time : 02MAY99:15:37
Computation of ref. F: Simple mean, age 3 - 7
Basis for 1999 : F factors

Table 2.2.7.3.1. Faroe Plateau (sub-division Vb1) COD. Input datato yield per recruit calculations.

Faroe Pl ateau cod (Sub-division Vbl)

Yield per recruit: |nput data

| Recruit-} Natural | Maturity}Prop.of F|Prop.of M} Weight | Exploit.; Weight |
Age | ment |mortality; ogive |bef.spaw.|bef.spaw.|in stock] pattern | in catch]
I

1

1

1

1

+ + + + + + + + + !

i 2} 1.000; 0.2000; 0.1500; 0.0000; 0.0000; 1.067; 0.0359; 1.067,
i 3] . | 0.2000; 0.6400; 0.0000; 0.0000; 1.665| 0.1306; 1.665|
14 i 0.2000; 0.8800] 0.0000; 0.0000; 2.348} 0.2914] 2.348|
1 5] i 0.2000; 0.9600; 0.0000; 0.0000; 3.334} 0.3935] 3.334;
16} i 0.2000; 0.9900; 0.0000; 0.0000; 4.372} 0.4263} 4.372}
. i 0.2000; 1.0000; 0.0000; 0.0000; 5.192} 0.5228; 5.192}
| 81 i 0.2000; 1.0000] 0.0000; 0.0000; 5.965} 0.5875] 5.965]
19 i 0.2000; 1.0000; 0.0000; 0.0000; 7.216} 0.5875| 7.216}
110+ i 0.2000; 1.0000; 0.0000; 0.0000; 8.153} 0.5875] 8.153
+ + + + + + +. +. +. I

' ' ' ' ' ' ' ' ' I

i Unit} Numbers| - | - | - | - |Kilograms] - |Kilograms|

+ +

Notes: Run name : YLDPETO1
Date and time: 27MAY99:13:22
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Table 2.2.7.3.2. Faroe Plateau (sub-division Vb1) COD. Output data from yield per recruit calculations.

Faroe Pl ateau cod (Sub-division Vbl)

Yield per recruit: Summary table

1January | Spawningtime |

+ 1
! F |Reference| Catch in} Catch in] Stock | Stock | Sp.stock] Sp.stock} Sp.stock| Sp.stock|
! Factor} F | numbers|weight | size |biomass| size |biomass| size |biomass |

+. +. +. +. +. +. +. +. +. 1

+

0.0000! 0.0000!
0.0500! 0.0176
0.1000! 0.0353!
0.1500! 0.0529
0.2000! 0.0706!
0.2500! 0.0882!
0.3000! 0.1059!
0.3500! 0.1235!
0.4000! 0.1412!
0.4500! 0.1588!
0.5000! 0.1765!
0.5500! 0.1941!
0.6000} 0.2118!
0.6500} 0.2294!
0.7000} 0.2470!
0.7500} 0.2647!
0.8000} 0.2823!
0.8500! 0.3000!
0.9000} 0.3176!
0.9500! 0.3353!
1.0000! 0.3529
1.0500! 0.3706!
1.1000! 0.3882!

1.2000! 0.4235
1.2500! 0.4412}
1.3000! 0.4588
1.3500! 0.4764]
1.4000} 0.4941!
1.4500! 0.5117!
1.5000! 0.5294!
1.5500! 0.5470)
1.6000! 0.5647!
1.6500! 0.5823
1.7000} 0.6000}
1.7500! 0.6176!
1.8000} 0.6353
1.8500! 0.6529
1.9000} 0.6705!
1.9500! 0.6882!
2.0000! 0.7058!

' N ' ! ' ' N 1
0.000! 0.000! 5.517!22365.158! 4.265/20685.758! 4.265/20685.758!

0.076! 405.951!
0.136! 694.659!
0.185! 904.959
0.225! 1060.933!
0.259! 1178.208!
0.288! 1267.294!
0.313! 1335.470!
0.336! 1387.897!
0.356! 1428.314!
0.374} 1459.470!
0.390! 1483.421!
0.405! 1501.719!
0.418} 1515.555!
0.431} 1525.845!
0.442} 1533.305!
0.453! 1538.496!
0.463} 1541.862!
0.473} 1543.754!
0.481} 1544.455!
0.490! 1544.191!
0.497! 1543.147!
0.505! 1541.469!
0.512} 1539.279!
0.518! 1536.676!
0.525! 1533.741!
0.531! 1530.540!
0.536! 1527.128!
0.542} 1523.550!
0.547! 1519.845!
0.552! 1516.043!
0.557! 1512.171!
0.562! 1508.249!
0.566! 1504.296!
0.571! 1500.326!
0.575! 1496.353!
0.579! 1492.386!
0.583! 1488.434!
0.586! 1484.504!
0.590! 1480.603!
0.594! 1476.735!

5.137!19593.079
4.839117470.053!
4.598!15795.370!
4.39814442.834!
4.22913329.190!
4.084112397.335!
3.958!11606.836!
3.847!10928.285!
3.748!10339.804!
3.659! 9824.790!
3.579! 9370.430!
3.506! 8966.685!
3.439! 8605.586!
3.378! 8280.730!
3.321! 7986.918!
3.269! 7719.888!
3.220! 7476.113!
3.174} 7252.654!
3.131} 7047.043!
3.090! 6857.191!
3.052! 6681.322!
3.016! 6517.915!
2.982! 6365.660)
2.949! 6223.426
2.919! 6090.227!
2.889! 5965.204!
2.861! 5847.604!
2.834! 5736.762)!
2.809! 5632.093!
2.784! 5533.075!
2.761! 5439.247!
2.738! 5350.193!
2.716! 5265.545!
2.695! 5184.970!
2.675! 5108.167!
2.655! 5034.867!
2.636! 4964.824!
2.618! 4897.816
2.601! 4833.640!
2.584! 4772.112!

3.887!17918.599!
3.591!15800.408!
3.352!14130.477!
3.154112782.611!
2.987!11673.557!
2.844110746.215!
2.719! 9960.155!
2.610! 9285.970!
2.513! 8701.783!
2.425! 8190.993!
2.347!7740.791!
2.276! 7341.138!
2.210} 6984.068!
2.151! 6663.178!
2.095! 6373.271!
2.044! 6110.087!
1.997! 5870.100}
1.952! 5650.374!
1.911! 5448.441!
1.872! 5262.213!
1.835} 5089.916!
1.801} 4930.030;
1.768! 4781.247!
1.737! 4642.436
1.707! 4512.614!
1.680! 4390.921!
1.653! 4276.606!
1.627! 4169.006!
1.603! 4067.535!
1.580! 3971.674!
1.558! 3880.961!
1.536! 3794.983!
1.516! 3713.371!
1.496! 3635.794!
1.477! 3561.952!
1.459! 3491.577!
1.441! 3424.422!
1.424! 3360.268!
1.408! 3298.912!
1.392! 3240.171!

3.887!17918.599)!
3.591!15800.408!
3.352!14130.477!
3.154112782.611!
2.987!11673.557!
2.844110746.215!
2.719! 9960.155!
2.610! 9285.970!
2.513! 8701.783!
2.425! 8190.993!
2.347!7740.791!
2.276! 7341.138!
2.210} 6984.068!
2.151! 6663.178!
2.095! 6373.271!
2.044! 6110.087!
1.997! 5870.100}
1.952! 5650.374!
1.911! 5448.441!
1.872! 5262.213!
1.835! 5089.916!
1.801} 4930.030}
1.768! 4781.247!
1.737! 4642.436!
1.707! 4512.614!
1.680! 4390.921!
1.653! 4276.606!
1.627! 4169.006!
1.603! 4067.535!
1.580! 3971.674!
1.558! 3880.961!
1.536 3794.983!
1,516} 3713.371!
1.496! 3635.794!
1.477! 3561.952!
1.459! 3491.577!
1.441! 3424.422)!
1.424! 3360.268!
1.408! 3298.912!
1.392! 3240.171!
1

t t !
- 1 - I Numbers| Grams | Numbers| Grams | Numbers| Grams | Numbers| Grams |

1
1
1
1
1
1
1
1
1
1
1
1
1
1
|
1
|
1
|
1
|
1
|
1
1
|
1
|
1
|
1
|
1
|
1
|
1
|
1
|
1
|
1
i
i 1.1500; 0.4059;
1
1
1
1
|
1
|
1
|
1
|
1
|
1
|
1
|
1
|
1
|
1
|
1
|
1
1
|
1
|
1
|
1
1
1
1

+

13:11 Thursday, May 27, 1999
Faroe Plateau cod (Sub-division Vb1)

(cont.)
Notes: Run name
Date and time

F-0.1 factor
F-max factor

(cont.)

The SAS System

Yield per recruit: Summary table

: YLDPETO1

1 27TMAY99:13:22
Computation of ref. F: Simple mean, age 3 - 7

:0.3900
:0.9598

F-0.1 reference F :0.1376
F-max reference F  : 0.3387

Recruitment

: Single recruit
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Figure2.2

36

Fishing area regulations in Division Vb. Allocation of fishing days applies to the area inside the outer
thick line. Holders of effort quotas who fish outside this line can triple their numbers of days. Trawlers
are generally not allowed to fish inside the 12 nautical mile limit and only longliners < 100 GRT and
jiggers < 100 GRT are alowed to fish inside the innermost thick line. Several areas are closed for parts
of the year, to protect spawning areas, separate gears etc. The Faroe Bank (VB2) is managed separate

from Vbl. The area on the bank shallower than 200 mis closed to trawling and the longline fishery is
regulated by individual day quotas.
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Figure 2.2.3.1. Faroe Plateau (sub-division Vb1l) COD. Mean weight at age 1961-1998.
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Figure 2.2.3.2. Faroe Plateau (sub-division Vb1l) COD. Mean weight at age in the groundfish survey.
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Observed data
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Figure 2.2.4.1. Faroe Plateau (sub-division Vb1) COD. Proportion mature at age as observed in the spring groundfish
survey.
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Figure 2.2.5.1. Faroe Plateau (sub-division Vb1) COD. Catch per unit effort in the groundfish survey.
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Figure 2.2.6.1.1. Faroe Plateau (sub-division Vb1l) COD. CPUEs for Cubatrawlers and longliners.
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Figure 2.2.6.1.2. Faroe Plateau (sub-division Vb1) COD. Log catchability residuals for Cubatrawlers and 5 longliners.
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Figure 2.2.6.1.3. Faroe Plateau (sub-division Vb1) COD. Retrospective analyses with shrinkages of 0.3 to 2.0.
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Spawning stock and recruitment
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Figure 2.2.6.1.4. Faroe Plateau (sub-division Vb1l) COD. Yield and fishing mortality versus year. Spawning stock
biomass (SSB) and recruitment versus year.
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Figure 2.2.6.2.1. Faroe Plateau (sub-division Vb1l) COD. Spawning stock — recruitment relationship 1961-96. Years are
shown at each data point.
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Figure 2.2.6.3.1: Faroe Plateau (sub-division Vb1) COD. Catchability coefficients calculated by XSA by 5 year periods
for the research survey.
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Figure 2.2.6.3.2: Faroe Plateau (sub-division Vbl) COD. Catchability coefficients calculated by XSA by 5 year periods
for the longliners and the Cuba series.
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Figure 2.2.7.2.1. Faroe Plateau (ICES Subdivision Vb1l) COD. Spawning stock biomass versus F. Output from the PA-
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Faroe Cod
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Figure 2.2.7.2.2. Faroe Plateau (sub-division Vbl). Probabilities that the 1999 F will be greater than the proposed
Fpa=0.35 or that the SSB in 2001 will be less than the proposed Bpa of 40 000t calculated analytically using the
ADAPT software (Gavaris 1988, Sinclair and Gavaris 1996) for 1999 catches ranging from 15 000 to 35 00Ct.
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Long term yield and spawning stock biomass
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Figure 2.2.7.3.1. Faroe Plateau (sub-division Vb1) COD. Yield per recruit and spawning stock biomass as a function of
fishing mortality.
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Faroe Plateau Cod
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Figure 2.2.8.1: Faroe Plateau (sub-division Vbl) COD. Cumulative probability distribution of the potential fishing
mortalities in 1999/2000 under the number of fishing days allocated for the LL<100, ST<400, PT>1000, LL>100,
OPEN, and JGGERS. Three options are presented where the 8861 days allocated to the LL <100, jiggers and ST<400 is
either used entirely by the LL (solid line), the ST<400 (line with +) or by the jiggers (line with triangles, with 18640
days). The results confirm that the jiggers are about half as efficient as the LL. Substantialy higher fishing mortalities
would be exerted if the days are fished by the ST<400. There is a 50% probability that the fishing mortality will be
equal to or higher than the proposed Fp, = 0.35 if the days are fished by the LL or jiggers, but the F would climb to
approximately 0.60 if the days were fished by the ST<400. The leftmost line with the X shows that it would be
necessary to decrease the number of days fished by half to have an 80% probability that F will be less than Fp..
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2.3 Faroe Bank Cod
231 Trendsin landings and effort

Total nominal landings of the Faroe Bank cod from 1986 to 1998 as officialy reported to ICES are given in Table
2.3.1.1 and since 1965 in Figure 2.3.1.1. Landings have been highly irregular from 1965 to the mid 1980s, reflecting
the opportunistic nature of the fishery on the Bank, with a peak value exceeding dlightly 5000 t in 1973. The evolution
of landings has been smoother since 1987, declining from about 3 500 t in 1987 to only 330 t in 1992 before increasing
t03900tin 1997. In 1998, 3 200t were reported from the Faroe Bank.

The decreasing trend in the cod landings from Faroe Bank lead ACFM in 1990 to advise the Faroese authorities to close
the Bank to all fishing. This advice was followed for depths shallower than 200 meters. In 1992 and 1993 long liners
and jiggers were allowed to participate in an experimental fishery inside the 200 meter depth contour. For the quota
year 1 September 1995 to 31 August 1996 a fixed quota of 1 050 t was set. The hew management regime with fishing
days was introduced on 1 June 1996 allowing longliners and jiggers to fish inside the 200 m contour. The trawlers are
allowed to fish outside the 200 contour.

2.3.2 Stock assessment

Biological samples have been taken from commercial landings since 1996 (the 1998 sampling is shown in Table
2.3.1.2) and from the groundfish survey. The available data for the Faroe Bank cod are not sufficient to permit an age-
structured assessment, but as in recent years the results of general production modelling are presented.

The Faroese groundfish surveys cover the Faroe Bank and cod is mainly taken within the 200 m depth contour. The
catches of cod per trawl hour in depths shallower than 200 meter are shown in Figure 2.3.2.1. The CPUE declined from
266 kg/hour in 1986 to only 23 kg/hour in 1990. The index of stock size increased to 637 kg/hour in 1998, but
decreased to 369 kg/hour in 1999.

The length distributions in the 1983-1999 surveys illustrated in Figure 2.3.2.2 show substantialy higher numbers in
1996-1999 compared to previous years.

Asin recent years, a Schaefer general production model was fit to the Faroe Bank cod landings data using the research
vessel survey CPUE for 1983 to 1999 in kg/hour as an index of stock biomass. The results are shown in Table 2.3.2.2.
Parameter estimates were not stable with different set of initial values and/or constraints leading to different results.

According to the survey CPUE, the stock reached a recent peak in 1998, with the 1999 point being about 60% of the
1998. The landings are highly correlated with the In survey CPUE in the previous year
(Landingsy = -3269.9 + 1148.04 x InCPUE y-1, r?=0.84). The observed and predicted landings shown in
Figure 2.3.2.3 suggests that the landings in 1999 could be dlightly higher than in 1998 (less than 10%), if the
relationship continues to hold.

2321 Comment on the assessment

The assessment was done using the same data and approaches as in previous years. There is currently no information on
mortality rates, but aged information from the surveys since 1983, and for the commercial landings since 1996 could be
examined in the future to estimate mortality and population sizes.

233 Reference points

Thereis currently little information to base the choice of reference points. Fishing mortality estimates are not available,
and it is therefore not possible to compare current stock status with possible reference points such as F=M, Fq1, Fuax ,
Fusy. In theory, biomass reference points could be proposed based on the survey index, but their relevance with respect
to protecting cod productivity needsto be established. Although no specific values can be suggested as reference points,
the currently high, albeit declining, biomass indicates that the stock is probably within safe biological limits.
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234 M anagement consider ations

The landing estimates are uncertain because since 1996 the vessels are allowed to fish both on the Plateau and on Faroe
Bank during the same trip, rendering landings from both areas uncertain. Given the relative size of the two fisheries,
this is a bigger problem for Faroe Bank cod than for Faroe Plateau cod, but the magnitude remains unquantified for
both. The ability to provide advice depends on the reliability of input data. If the cod landings from Faroe Bank are not
known, it is difficult to provide advice on landings. If the fishery management agency intends to manage the two
fisheries to protect the productive capacity of each individua unit, then it is necessary to regulate the catch removed

from each stock.
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Table 2.3.1.1. Faroe Bank (Sub-division Vb2) COD. Nomina catches (tonnes) by countries, 1986-98. As officially

reported to ICES.

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
Faroe Islands 1,836 3,409 2,960 1,270 289 297 122 264 717 561 2,051 3459 3,001
Norway 6 23 94 128 72 38 32 2 8 40 57* 135* 148
UK (E/W/NI) + 1 1 -2 -2 8
UK_(Scotland) ! 63 47 37 14 205 90 176 118 227 551 382 277 8
Total 1,005 3,479 3,091 1412 566 425 330 385 953 1,152 2,490 3,871 3,239

*) Preliminary.

1) Includes Vb1
2) Included in Vb1
3) See cod Vbl

Table 2.3.1.2. Faroe Bank (Sub-division Vb2) COD. Samples of lengths, otoliths, and individual weightsin 1998.

Fleet Size Samples Length Otoliths Weights
Longliners <100 GRT 1 260 0 0
Longliners >100 GRT 16 2,721 658 478
Jiggers 6 953 119 119
Sing. trawlers <400 HP 0 0 0 0
Sing. trawlers 400-1000 HP 0 0 0 0
Sing. trawlers >1000 HP 0 0 0 0
Pair trawlers <1000 HP 0 0 0 0
Pair trawlers >1000 HP 0 0 0 0
Total 23 3,934 777 597
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Table 2.3.2.2. Faroe Bank (Sub-division Vb2) COD. Results of production modelling (Schaefer).

No constraints

r 1.27 MSY 3859.565 Catch is greater than the biomass in some years

K 12201 fMSY 11.59582

B 2361 FMSY 0.632649

q 0.0546 SSQ 4.135218

r 0.99 MSY 6627.811 r constrained to be less than or equal to .99. First stopped at
r=.96, then when re-started hit the constraint, r=.99

K 26779 fMSY 11.17375

B 2700 FMSY 0.495

q 0.0443 SSQ 4.20135

r 0.96 MSY 6455.456 Additional constraint that observed catches have to be less
than or equal to biomass

K 26781 fMSY 34.0192

B 2835 FMSY 0.482098

q 0.0142 SSQ 23.43681

r 0.65 MSY 3864.293 Additional constraint that Bl greater than first catch

K 23644 fMSY 12.43644 Initial values r=.3, K=25000, BI=9450 (10000 lead to negative
Bl even with the constraint)

B 4437 FMSY 0.326873

q 0.0263 SSQ 7.16443

r 0.71 MSY 2585.834 Initial r=.5, K=13000, BI=11000

K 14533 fMSY 13.03784

] 4843 FMSY 0.355859

q 0.0273 SSQ 8.977429

r 0.66 MSY 3533.049 Initial r=.3, K=18950, BI=12320

K 21309 fMSY 12.53817

B 4490 FMSY 0.331603

q 0.0264 SSQ 7.411156
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Figure 2.3.1.1. Faroe Bank (Sub-division Vb2) COD. Reported landings 1965 to 1999.
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Figure 2.3.2.1. Faroe Bank (Sub-division Vb2) COD. Catch per unit effort in the spring groundfish survey.

52



Figure 2.3.2.2. Faroe Bank (Sub-division Vb2) COD. Length distributions in the spring survey 1983-99.
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Figure 2.3.2.3. Faroe Bank (Sub-division Vb2) COD. Observed and predicted landings using the In survey CPUE in the
previous year (Landings y+1 = -3269.9 + 1148.04 x In CPUE y, r* = 0.84).

55



24 Faroe Haddock
241 Landingsand trendsin thefishery

Nominal landings of haddock from the Faroe Plateau increased from alow level of 10000t in 1982 to 14 000 t in 1987,
but later decreased to a very low level in 1993 and 1994 below 4 000 t; a dight increase to about 4 600 t was noted for
1995 but in 1996 and 1997 catches almost doubled each year to about 9 300 t and 16 800 t, respectively. In 1998 Landings
increased further to more than 19 000 t (Table 2.4.1). Nominal landings for 1981-1992 from the Faroe Bank have varied
between 500 and 1 600 t (on average 1 000 t), but dropped in 1993-1996 to 300-500 t. The closure of the fishery on the
shallower parts of the Bank in 1990 and the introduction of a controlled fishery there since 1993, as described in Section
2.1, reduced the Faroese landings (Table 2.4.2) whereas Scottish landings remained relatively high in 1990-92. However,
in the assessment only the fraction of the Scottish catches which have been reported to the Faroese authorities are included.
In 1997 and 1998, landings on the bank increased abruptly to 1 100 and 2 900 t. Some minor Faroese catches of haddock
in ICES Sub-Division l1a4 close to the boundary with Sub-Division Vb1 (see Figure 2.1.15in ICES C.M., 1997), are used
in the assessment (Table 2.4.1).

Faroese vessels have taken amost the entire catch in recent years. Table 2.4.3 shows the Faroese landings since 1985 and
the proportion taken by each fleet category. Pair trawlers and longliners took most of the catches in these years and within
these two groups the relative importance of the larger vessels has increased. Due to poor catches and poor economic
conditions, the effort of most fleets decreased in the early 1990s but from 1995 it has increased again (Tables 2.1.4 and
2.4.8). In addition, the fishing ban on the cod spawning grounds before and during the spawning period of cod since 1992
(Section 2.1) has had a restrictive impact on the haddock fishery as well. The catch rates for most fleets has declined
dragtically since the late 1980s. However, from 1995 the CPUE for most fleets has increased considerably (ICES C.M
1998).

The 1998 monthly Faroese landings of haddock by fleet category from Sub-Divisions Vb1 and Vb2, are shown on Figure
2.4.1. The landings from the Plateau are high from late autumn to the end of the spawning time in late April and stay low
during the summer time. On the Faroe Bank the monthly landings show a similar pattern athough the landings in mid
winter are small. Even if haddock is a bycatch in the pairtrawlers directed fishery for saithe, the pairtrawlers present a very
large proportion of the haddock landings from the Faroe Bank; the longliners larger than 100 GRT come in second place.
On the Faroe Plateau the longliner landings are substantial except during the summer months when most of the longliners
fish in deeper waters and/or outside the Faroese EEZ. The longline fishery mostly targets both cod and haddock, athough
haddock since the late 1980s must be characterized as a by-catch only except for the most recent three years. The trawler
catches of haddock must be regarded as a by-catch since the late 1980s.

24.2 Catch at age

For the Faroese landings, catch-at-age data were provided for fish taken from the Faroe Plateau and the Faroe Bank. Data
from the two areas are combined as the fish are believed to belong to the same stock. The sampling intensity in 1998 is
shown on the bottom of Table 2.4.4 and was dightly higher than in 1997.

Samples from each fleet category were disaggregated by season and then raised by the catch proportions to give the 1998
catch at age in numbers for each fleet (Table 2.4.4). Catches of some minor fleets have been included under the others
heading. No catch-at-age data were available from other nations fishing in Faroese waters. Therefore, catches by UK and
France trawlers were assumed to have the same age composition as Faroese otter board trawlers greater than 1000 HP. The
Norwegian longliners were assumed to have the same age distribution as the Faroese longliners greater than 100 GRT. The
most recent data were revised according to the final catch figures. The resulting total catch at age in numbers are given in
Table2.4.4and Table 2.4.5.

24.3 Weight at age

Mean weight-at-age data are provided for the Faroese fishery (Table 2.4.6). The sum-of-products check for 1998 was 1.01.
Figure 2.4.2 shows the mean weights-at-age in the landings for most age groups since 1976. After a decrease for al age
groups in the most recent years, the decrease for most ages now have levelled off or even reversed. However some ages are
gtill decreasing. No such weight information is available for 1999.

24.4 Maturity at age

Maturity-at-age data were available from the Faroese Groundfish Surveys 1982-1999. The surveys are carried out in
February-March, so the maturity at age is determined just prior to the spawning of haddock in Faroese waters and the
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determinations of the different maturity stages should be relatively easy. In order to reduce eventua year to year effects
due to possible inadequate sampling and at the same time allow for trendsin the series, a 3 year running average was used
in the assessment. For the years prior to 1982, average maturity at age from the surveys 1982-1995 was adopted (Table
24.7).

245 Assessment
2451 Tuning and estimates of fishing mortality

Severd catch per unit effort series are available for tuning. They consist of two trawl groundfish surveys in February-
March (from 1983) and in July-August (from 1996) and 9 commercial series. In the surveys, the estimates of catches in
numbers at age per trawl hour in the surveys are used as if they represented one fleet with the same effort for al the years
in the tuning process. In order to have the most recent data available for tuning, the spring survey is shifted back from
February-March to the end of December the year before (Table 2.4.8). 7 of the commercial series consist of effort
measured in number of fishing days and the corresponding catch at age in numbers for each fleet. It has not been possible
to update these series properly because the actual number of fishing days since 1996 is not known precisely (see section
2.1). A new commercia tuning series based on logbook data since 1986 for 5 longliners larger than 100 GRT was made
available last year. This series which consists of effort measured in hooks and the corresponding catch at age in numbers,
has been updated and revised this year (Table 2.4.10). A new tuning series based on logbook data on effort in trawlhours
and corresponding catch in numbers at age from a group of paitrawlers larger than 1000 HP has been introduced this year.

Following numerous analyses of al available series of catch and effort data, the working group in successive recent years
has decided to reduce the number of fleets and omit some years and ages from the series. Last year only 3 reduced
commercia series were used for tuning and these updated series have also been used in this years tuning of the VPA, i.e,,
the longliners less than 100 GRT, the pairtrawlers larger than 1 000 HP, and the new longliner series consisting of the
logbook data from 5 selected longlinerslarger than 100 GRT (Table 2.4.10). The number of fishing days for the longliners
less than 100 GRT and the pairtrawlers larger than 1 000 HP has been estimated based on several data sources. Although
the exact numbers might be questioned, the level of days is believed to reflect redlity.

Last year it was decided to leave the spring survey (Table 2.4.8) out of the tuning because when used in tuning of the VPA
they result in very unlikely low fishing mortalities and corresponding very high stock sizes. However, estimates of Z for
the different yearclasses from catch curve analysis (Figure 2.4.5 and Table 2.4.9) give average total mortditiesin the order
of 0.6-0.8 for most age groups. When Z is calculated from the catch in numbers from the commercial landingsthe result is
far lower values (Table 2.4.9 and Figure 2.4.6). The new summer survey is expected to be of great value as a tuning series
for this stock in afew years. This year it could not be used, however, because the seriesis still too short. The new trawler
logbook cpue series could not be used for tuning of the haddock V PA because haddock catches are too small.

The XSA was made with shrinkage of 0.7 as in last years assessment. The diagnostics from the XSA are shown in Table
2.4.11. The retrogpective plot of reference fishing mortalitiesis shown in Figure 2.4.7.

The fishing mortaities from the final XSA run are given in Table 2.4.12 and in Figure 2.4.8A. According to this the
fishing mortality has shown an overal decline since the early 1960s and it has been estimated to be below the natural
mortality of 0.2 in several years of the 1990s. Since 1995 it has been increasing again and in 1998 it was estimated at 0.21.
It is very difficult to explain these very low fishing mortdities given the size of the fleet and the number of fishing days
used. However, one reason is that due to the very small recruitment in many years the stock declined to historical low
levels and the haddock therefore has been only a by-catch in other fisheries. The large meshsizes in the codend in most
trawler fisheries (145 mm) is another reason for the small trawler catches of haddock.

As seen in the retrospective plot on Figure 2.4.7, there has been a tendency to overestimate termina fishing mortalitiesin
recent years. Thisis normal when stock sizes increase abruptly. According to the survey (Figures 2.4.3 and 2.4.4) and to
anecdotical information from the fishermen, the stock now seem to decline again, both in abundance and in biomass. This
could imply that this years assessment of the fishing mortalities are underestimates.

245.2 Stock estimates and recruitment

The stock size in numbers is given in Table 2.4.13 and a summary of the “VPA” with the biomass estimates is given in
Table 2.4.14 and Figure 2.4.8B. According to this assessment, the spawning stock biomass decreased from 79 000 t in
1987 to 33 000 t in 1994, increased to 44 000 t in 1995 but have since increased considerably to about 117 000t in 1998
and 1999. The decline in the spawning stock began in the late 1970s due to very poor recruitment in those years. The
stabilization in the spawning stock biomass at a relatively high level in theL®@08s was due to the relatively good 1982
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and 1983 year classes, but the decline since then was partly due to poor year classes since the mid—1980s, as well as the
pronounced decline in the mean weights at age in the stock. The mean weights at age increased for most ages from 1993-
95 and after a few years decreasing weights, they now seem to increase again for most ages (Figure 2.4.2). The main
reason to the very abrupt increase in the spawning stock biomass is the growth of the historical outstanding big 1993 year
class and the well above the long term average 1994 year class. It should be underlined, however, that as discussed in
section 2.4.5.1, this assessment might overestimate the stock size.

2.4.6 Prediction of catch and biomass
24.6.1 Input data
24.6.1.1 Short-term prediction

The input data for the short-term predictions are given in Table 2.4.17. The year classes up to 1996 inclusive are from the
final VPA while the 1997-98 year classes at age 2 were predicted using the RCT3 program. As input for RCT3, stratified
mean-catch-per-hour of age groups 0-3 in the Faroese groundfish survey 1986-99 were used. In order to have the most
recent information in the prediction, the survey estimates from the spring were shifted back to the end of the year before
(Table 2.4.15). The output from the RCT3 is given in Table 2.4.16. The large discrepancies between the XSA and the
RCT3 vaues for the year classes, especially the 1993 and the 1994 year classes, were discussed in the 1997 report of this
working group and will not be repeated here. The 1999 year class at age 2 was estimated as the geometric mean of the 2
year oldsin 1986-2000, i.e., 1984-96 year classes from the final VPA, the 1997-98 year classes from the RCT3.

The exploitation pattern used in the prediction was derived from averaging the 1996—1998 fishing mortality matrices from
the final VPA and then rescaling the averages to the 1998 level. The same pattern was used for al three years.

The mean weight at age for ages 2-10 in 1999 was calculated as the average weight at age in 1996-98. The 1999 mean
weights at age were also applied for 2000 and 2001.

The maturity ogive for 1999-2001 is based on samples from the Faroese Groundfish Surveys and estimated as the average
of the 1997-1999 vaues. Asin the assessment, 3 years running average has been estimated in the order to reduce eventual
year to year effects due to possible inadequate sampling and at the same time allow for trendsin the series.

24.6.1.2 Long-term Prediction

The input data for the long-term yield and spawning stock biomass (yield per recruit calculations) are listed in Table
2.4.18. Mean weights-at-age are averages for the 1977-1997 period. The maturity ogives are averages for the years 1983-
97. The exploitation pattern was derived from the fishing mortality matrix from the fina VPA as average F-vaues for the
long time period. Before averaging the annual fishing mortalities were scaled to let the Fbar(age3-7) equa 1.0. In the input
table the values are rescal ed again to the Fbar(age3-7) long term average.

24.6.2 Biological reference points

The yield- and spawning stock biomass per recruit (age 2) based on the long-term data are shown in Table 2.4.20 and
Figure 2.4.8C. F» and Fq; are indicated here as 0.53 and 0.19, respectively. From Figure 2.4.9, showing the
recruit/spawning stock relationship, and from Table 2.4.20, Fie and Fyg, Were calculated to be 0.25 and 0.95, respectively.

In previous assessments of this stock the Minimum Biological Acceptable Limit (MBAL) was set at 40 000 t because
the probability of a good recruitment is considerably larger when the spawning stock biomass is above this value
(Figure 2.4.9). Therefore, this is an appropriate value for a limit reference point and thus, By, is set at 40 000 t. In the
1998 assessment, the By, was calculated as the value lying 2 standard deviations above B, and consequently set to 65
000 t. By examining among other things the SSB-R plot, ACFM revised this value to be 55 000 t. The reference point
Fpa Was chosen as the Fr value 0.25. The Fy,, is defined to be two standard deviations above Fp, and is calculated to
0.40.

The history of the haddock fishery in relation to the four reference points can be seen in Figure 2.4.10. In the period
1961-71 the fishing mortality was above F;,, and the spawning stock biomass was below By, until 1970. Except for
1977-1978 the stock/fishery was in a precautionary zone in the period 1974-1981. In 1990 the biomass went below
Bpa and continued to decrease and went below By;,, in 1992. This decrease in SSB continued until the B,s Was reached
in 1994. The biomass has since increased, mainly due to the outstanding high 1993 year class and the well above long
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term average 1994 year class. According to this assessment, the stock has been within safe biological limits (PA values)
since 1996.

24.6.3 Projections of catch and biomass
24.6.31 Short-term prediction

In the light of the performance of the new management system (Section 2.4.8), it is not unrealistic to assume the same level
of fishing mortalitiesin 1999 asin 1998. The prediction was therefore run with a status quo reference F in 1999. The catch
in 1999 is then predicted to be about 25000 t and continuing with this fishing mortality will result in a 2000 catch of
22000 t. The SSB will in this case decrease from 130 000 t in 1999 to 108 000 t in 2000, and 87 000 t in 2001. The results
of the short-term prediction are shown in Table 2.4.19 and in Figure 2.4.8D. As discussed in section 2.4.5.1, the 1998
fishing mortality might be underestimated and this prediction should therefore be interpreted cautiously.

24.7 M anagements consider ations

In order to evaluate the fishing mortality that could be generated in 1999 and 2000 from the present number of fishing
days alocated to each fishing fleet, the partial fishing mortalities by age and year were calculated for al fleets from the
catch at age ratios for 1985 to 1995. It was not possible to use the whole VPA period up to include 1998 in this exercise
as the actual number of days used since 1996 is not very precisely known. However, the results from this years
assessment was used in the analysis, which is described in ICES C.M. 1997 and 1998.

The probability density function of the potential fishing mortality in 1998 and 1999 given the allocated number of
fishing days to each fleets is given in Figure 2.4.11. Three options are presented where the 8861 days allocated to the
LL < 100 (longliners below 100 GRT), ST < 400 (otterboard trawlers less than 400 HP) and Jiggers is either used
entirely by the LL < 100, the ST < 400 or by the Jiggers (16404 days). The fishing mortality referred to so far do not
include the partial F exerted by the ST 400-1000 HP (otterboard trawlers 400-1 000 HP) and ST > 1000 HP (otterboard
trawlers larger than 1 000 HP) that have not been allocated haddock fishing days. However, these two fleets accounted
for 9 % of the total haddock catch in 1998. So these two fleets should be expected to exert at least a fishing mortality of
0.02. Therefore, in examining Table 2.4.21, the 0.02 from the ST should be added to the fishing mortality column to
reflect the activities of these two fleets. The results show that there is an approximately 80 % probability, when the
longliners < 100 GRT are using the 8861 fishing days, that the fishing mortality in 1999 and 2000 will not exceed F =
(.02+0.26) = 0.28, if the present level of fishing daysis used in 1999-2000.

2.4.8 Commentson the assessment

The assessment is basically an updated version of the 1998 assessment except that the catch and effort data for one of
the tuning fleet have been revised. Survey and commercia catch and effort data give different information on the
mortalities and stock size. The exact number of fishing days for the different commercia fleets is not known very
precisely. The number of fishing days 1996-1999 for two of the tuning series has been estimated from several data
sources and although the exact numbers could be questioned, the level is believed to reflect reality. The fishing
mortality in the assessment might be underestimated and the stock size correspondingly overestimated. However, the
overal patterns in the assessment with very small but increasing fishing mortalities and very high stock levels are
believed to reflect the status of the stock as being inside biological safe limits both regarding biomass and fishing
mortality.

59



Table 2.4.1 Faroe Plateau (Sub-division Vb1l) HADDOCK. Nominal catches (tonnes) by countries
1982-1998, as officially reported to ICES, and the total Working Group estimate in Vb.

Country 1982 1983 1984 1985 1986 1987 1988 1989
Denmark - - - - 1 8 4 -
Faroe Idands 10,319 11,898 11,418 13,597 13,359 13,954 10,867 13,506
France' 2 2 20 23 8 22 14 -
Germany 1 + + + 1 1 - +
Norway 12 12 10 21 22 13 54 111
UK (Engl. and Wales) - - - - - 2 - -
UK (Scotland)® 1 - - - - - - -
United Kingdom
Tota 10,335 11,912 11,448 13,641 13,391 14,000 10,939 13,617
Working Group estimate*® 11,937 12,894 12,378 15,143 14,477 14,882 12,178 14,325
Country 1990 1991 1992 1993 1994 1995 1996 1997 1998 2
Denmark - - - - - - - - -
Faroe Idands 11,106 8,074 4,655 3,622 3,675 4,549 9,152 16,585 19,023
France! - - 32 -2 z 2 2 2 2
Germany + + - - 5 - -
Norway 94 125 71 28 22 28 1642 452 71
UK (Engl. and Wales) 7 - 54 81 31 23 5
UK (Scotland) - - - - - -
United Kingdom 156° 135°
Total 11,207 8,199 4,783 3,731 3,728 4,605 9,321 16,786 19,231
Working Group estimaté 11,726 8,429 5,315 4,026 4,252 4,948 9,761 17,923 22,101
1) Including catches from Sub-division Vb2.
2) Provisonal data
3)From 1983 to 1996 catchesincluded in Sub-divison Vb2.
4) Includes catches from Sub-divison Vb2 and Divison llain Faroese waters.
5)Includes French catches from Division Vb, as reported to the Faroese coastal guard service
6) Reported as Division Vb.

Table 2.4.2 Faroe Bank ( Sub-division Vb2) HADDOCK. Nominal catches (tonnes) by countries,

1982-1998, as officially reported to ICES.

Country 1982 1983 1984 1985 1986 1987 1988 1989

Faroe Idands 1,533 967 925 1,474 1,050 832 1,160 659

France! - - - - - - - -

Norway 1 2 5 3 10 5 43 16

UK (Engl. and Wales) - - - - - - - -

UK (Scotland)® 48 13 + 25 26 45 15 30

Total 1,582 982 930 1,502 1,086 882 1,218 705

Country 1990 1991 1992 1993 1994 1995 1996 1997 1998 ?

Faroe Idands 325 217 338 185 353 303 338 1,133 2,810

France! - - - - - - - -

Norway 97 4 23 8 1 1 407 47 60

UK (Engl. and Wales) - - + + ot Wt LT LT 1

UK (Scotland) 725 287 869 102 170 39 62 L. Lt

Total 1,147 508 1,230 295 524 343 440 1,137 2,870

1) Catchesincluded in Sub-divison Vb1.
2) Provisonal data

3)From 1983 to 1996 includes also catchestaken in Sub-division Vbl (see Table 2.4.1)
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Table 2.4.3 Total Faroese landings of haddock from Division Vb and the contribution (%) by each fleet category (metier).
In the column to the right are the average haddock percentages of the total landings of all species by each

T9

fleet category.

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 Haddock %
Open boats 7 7 11 2 3 2 3 2 1 1 1 2 2 2 18
Longliners < 100GRT 39 39 39 49 58 60 56 46 24 18 23 28 31 30 38
Longliners > 100GRT 13 12 13 19 18 18 18 22 25 25 38 36 38 40 21
Otterboard trawlers < 400HP 1 2 2 2 1 1 2 2 8 8 7 6 3 2 11
Otter board trawlers 400-999HP 6 3 5 4 3 3 1 1 3 2 5 7 6 6 12
Otterboard trawlers > 1000HP 8 5 2 2 2 2 2 1 1 3 2 2 3 3 1
Pairtrawlers < 1000HP 19 20 17 11 7 5 7 11 13 10 8 7 6 5 7
Pairtrawlers > 1000HP 6 10 9 9 6 8 11 14 22 29 16 13 12 12 4
Nets 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Jigging 1 0 0 0 1 1 1 0 0 0 0 1 1 0 1
Industry trawlers 0 1 1 2 1 1 1 1 3 3 0 0 0 0 5
Other gears 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Total catch, tonnes gutted 13570 12967 13829 10697 12866 10319 7469 4103 3275 3629 4371 8535 15890 19669
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Table 2.4.4 Haddock in ICES Division Vb 1998
Catch at age in numbers by fleet category
Vbl Vb1l Vbl Vb1l Vb1l Vb1l Vb1l Vbl Vb1l Vb1l Vb2 Vb2 Vb2 Vb2 Vb Vb
Age Open LLiners LLiners | OB. trawl. | OB. trawl. | OB. trawl. | Pair trawl. | Pair trawl. | Others | All Faroese All All All All Foreign | Foreign
Boats | < 100GRT | > 100GRT| < 400HP |400-999HP| > 1000HP | < 1000HP | > 1000HP Fleets LLiners | Pair trawl.| Others | Fleets | Trawlers | LLiners
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 2 44 10 1 5 1 2 2 0 68 22 7 7 37 0 0
3 18 336 164 10 40 9 7 30 2 616 119 261 49 428 3 3
4 92 1864 1595 55 238 118 166 393 12 4531 238 331 80 649 36 27
5 144 2953 3716 194 597 229 365 913 20 9130 207 271 66 544 70 63
6 4 79 205 10 23 6 10 33 1 372 20 39 7 66 2 3
7 1 24 40 2 2 1 2 7 0 79 7 9 2 18 0 1
8 1 18 51 2 4 1 1 1 0 79 1 5 1 7 0 1
9 2 29 60 2 0 0 0 0 0 93 0 0 0 0 0 1
10 4 64 78 5 8 3 2 10 0 174 0 2 0 2 1 1
11 3 51 73 8 5 1 1 7 0 149 0 0 0 0 0 1
12 1 24 40 3 2 1 2 10 0 84 2 4 1 7 0 1
13 0 8 6 1 0 0 0 0 0 17 2 0 0 3 0 0
14 0 9 8 2 2 1 1 8 0 33 0 0 0 0 0 0
15 1 14 7 0 0 0 0 3 0 26 0 0 0 0 0 0
Total no. 274 5518 6053 296 926 372 560 1417 37 15452 618 929 213 1759 114 103
Catch, t. 300 5956 6931 353 1012 405 592 1547 42 17138 981 1224 326 2531 124 118
Notes: Numbersin 1000’

Catch, gutted weight in tonnes
Othersincludes netters, jiggers, other small categories and catches not otherwise accounted for

LLiners=Longliners  OB.trawl. = Otterboard trawlers

Biological sampling of commercial catches:

No. of samples: 278
No. of length measurements: 52484
No. of individual weight measurements: 5035
No. of aged fish: 10030

Pair Trawl. = Pair trawlers
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Table 2.4.5

Run title :

Haddock Faroes Vb (run:

At 4-May-99 00:21:14

XSAJAKO2/ X02)

Table 1 Catch nunbers at age Nunber s*10**- 3
YEAR, 1961, 1962, 1963, 1964, 1965, 1966, 1967,
AGE
2, 7932, 9631, 13552, 2284, 1368, 1081, 1425,
3, 7330, 13977, 8907, 7457, 4286, 3304, 2405,
4, 5134, 5233, 7403, 3899, 5133, 4804, 2599,
5, 1937, 2361, 2242, 2360, 1443, 2710, 1785,
6, 1305, 1407, 1539, 1120, 1209, 1112, 1426,
7, 838, 868, 860, 728, 673, 740, 631,
8, 236, 270, 257, 198, 1345, 180, 197,
9, 59, 72, 75, 49, 43, 54, 52,
+gp, 0, o, o0, 0, 0, o, 0,
0 TOTALNUM 24771, 33819, 34835, 18095, 15500, 13985, 10520,
TONSLAND, 20831, 27151, 27571, 19490, 18479, 18766, 13381,
SOPCOF % 89, 90, 90, 101, 94, 109, 102,
Table 1 Catch nunbers at age Nunbers*10**-3
YEAR, 1969, 1970, 1971, 1972, 1973, 1974, 1975,
AGE
2, 2384, 1728, 717, 750, 3300, 5633, 7337,
3, 7539, 4855, 4393, 3744, 8388, 2899, 7952,
4, 4567, 6581, 4727, 4179, 1236, 3970, 2097,
5, 1565, 1624, 3267, 2706, 2786, 451, 1371,
6, 1485, 1383, 1292, 1171, 916, 976, 247,
7, 1224, 1099, 864, 696, 1051, 466, 352,
8, 378, 326, 222, 180, 150, 535, 237,
9, 114, 68, 147, 113, 68, 68, 419,
+gp, 0, 0, 0, 0, 11, 147, 187,
0 TOTALNUM 19256, 17664, 15629, 13539, 17906, 15145, 20199,
TONSLAND, 23272, 21361, 19393, 16485, 17976, 14773, 20715,
SOPCOF % 108, 103, 99, 98, 98, 97, 117,
1
Run title : Haddock Faroes Vb (run: XSAJAK02/ X02)
At 4-May-99 00:21:15
Table 1 Catch numbers at age™ Numbers*10**-3
YEAR, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 1988,
AGE
2, 1, 143, 74, 539, 441, 1195, 985, 230, 283, 655,
3, 1161, 58, 455, 934, 1969, 1561, 4553, 2549, 1718, 444,
4, 1754, 3724, 202, 784, 383, 2462, 2196, 4452, 3565, 2463,
5, 3341, 2583, 2586, 298, 422, 147, 1242, 1522, 2972, 3036,
6, 1850, 2496, 1354, 2182, 93, 234, 169, 738, 1114, 2140,
7, 772, 1568, 1559, 973, 1444, 42, 91, 39, 529, 475,
8, 212, 660, 608, 1166, 740, 861, 61, 130, 83, 151,
9, 155, 99, 177, 1283, 947, 388, 503, 71, 48, 18,
+gp, 74, 86, 36, 214, 795 968, 973, 712, 334, 128,

0 TOTALNUM, 9320, 11417, 7051, 8373, 7234, 7858, 10773, 10443, 10646, 9510,
TONSLAND, 12418, 15016, 12233, 11937, 12894, 12378, 15143, 14477, 14882, 12178,
SOPCOF %, 104, 100, 109, 92, 106, 106, 106, 101, 102, 97,

Table 1 Catch numbers at age Numbers*10**-3

YEAR, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998,
AGE

2, 63, 105, 77, 39, 113, 277, 804, 330, 77, 106,

3, 1518, 1275, 1044, 149, 298, 191, 452, 5298, 2913, 1049,
4, 658, 1921, 1774, 753, 274, 307, 235, 1032, 10517, 5243,
5, 2787, 768, 1248, 1087, 554, 153, 225, 181, 710, 9807,
6, 2554, 1737, 651, 931, 538, 423, 131, 165, 116, 443,
7, 1976, 1909, 1101, 325, 474, 427, 296, 163, 123, 98,
8, 541, 885, 698, 362, 131, 383, 291, 273, 93, 87,

9, 133, 270, 317, 389, 201, 125, 262, 237, 220, 94,
+gp, 81, 108, 32, 157, 185, 301, 296, 399, 517, 501,

0 TOTALNUM, 10311, 8978, 6942, 4192, 2768, 2587, 2992, 8078, 15286, 17428,
TONSLAND, 14325, 11726, 8429, 5315, 4026, 4252, 4948, 9761, 17923, 22101,
SOPCOF %, 100, 102, 106, 106, 104, 100, 103, 100, 103, 101,

1968,

5881,
4097,
2812,
1524,
1526,
923,
230,
68,

17061,
17852,
103,

1976,

4396,
7858,
6798,
1251,
1189,
298,
720,
258,
318,
23086,
26211,
107,

1977,

255,
4039,
5168,
4918,
2128,

946,

443,

731,

855,

19483,
25555,
98,

1978,

32,
1022,
4248,
4054,
1841,

717,
635,
243,
312,
13104,
19200,
99,
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Table 2.4.6

Run title : Haddock Faroes Vb (run: XSAJAKO02/ X02)
At 4-May-99 00:21:15

Table 2 Catch wei ghts at age (kg)

YEAR, 1961, 1962, 1963, 1964, 1965, 1966, 1967, 1968,
AGE
2, . 4700, . 4700, . 4700, . 4700, . 4700, . 4700, . 4700, . 4700,
. 7300, . 7300, . 7300, . 7300, . 7300, . 7300, . 7300, . 7300,
4 1.1300, 1.1300, 1.1300, 1.1300, 1.1300, 1.1300, 1.1300, 1.1300,
5 1.5500, 1.5500, 1.5500, 1.5500, 1.5500, 1.5500, 1.5500, 1.5500,
6 1.9700, 1.9700, 1.9700, 1.9700, 1.9700, 1.9700, 1.9700, 1.9700,
7 2.4100, 2.4100, 2.4100, 2.4100, 2.4100, 2.4100, 2.4100, 2.4100,
8 2.7600, 2.7600, 2.7600, 2.7600, 2.7600, 2.7600, 2.7600, 2.7600,
9, 3.0700, 3.0700, 3.0700, 3.0700, 3.0700, 3.0700, 3.0700, 3.0700,
+gp, 3.5500, 3.5500, 3.5500, 3.5500, 3.5500, 3.5500, 3.5500, 3.5500,
0 SOPCOFAC, . 8938, . 9011, . 8964, 1.0131, . 9401, 1.0920, 1.0166, 1.0278,

Table 2 Catch wei ghts at age (kg)

YEAR, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976, 1977, 1978,
AGE
2, . 4700, . 4700, . 4700, . 4700, . 4700, . 4700, . 4700, . 4700, . 3110, . 3570,
3, . 7300, . 7300, . 7300, . 7300, . 7300, . 7300, . 7300, . 7300, . 6330, . 7900,
4, 1.1300, 1.1300, 1.1300, 1.1300, 1.1300, 1.1300, 1.1300, 1.1300, 1.0440, 1.0350,
5, 1.5500, 1.5500, 1.5500, 1.5500, 1.5500, 1.5500, 1.5500, 1.5500, 1.4260, 1.3980,
6, 1.9700, 1.9700, 1.9700, 1.9700, 1.9700, 1.9700, 1.9700, 1.9700, 1.8250, 1.8700,
7, 2.4100, 2.4100, 2.4100, 2.4100, 2.4100, 2.4100, 2.4100, 2.4100, 2.2410, 2.3500,
8, 2.7600, 2.7600, 2.7600, 2.7600, 2.7600, 2.7600, 2.7600, 2.7600, 2.2050, 2.5970,
9, 3.0700, 3.0700, 3.0700, 3.0700, 3.0700, 3.0700, 3.0700, 3.0700, 2.5700, 3.0140,
+gp, 3.5500, 3.5500, 3.5500, 3.5500, 3.5500, 3.5500, 3.5500, 3.5500, 2.5910, 2.9200,
SOPCOFAC, 1.0835, 1.0274, . 9874, . 9795, . 9776, . 9718, 1.1712, 1.0746, . 9784, . 9947,

O

Run title : Haddock Faroes Vb (run: XSAJAK02/ X02)

At 4-May-99 00: 21:15

Table 2 Catch wei ghts at age (kg)

YEAR, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 1988,
AGE
2, . 3570, . 6430, . 4520, . 7000, . 4700, . 6810, . 5280, . 6080, . 6050, . 5010,
3, . 6720, . 7130, . 7250, . 8960, . 7400, 1.0110, . 8590, . 8870, . 8310, . 7810,
4, . 8940, . 9410, .9570, 1.1500, 1.0100, 1.2550, 1.3910, 1.1750, 1.1260, . 9740,
5, 1.1560, 1.1570, 1.2370, 1.4440, 1.3200, 1.8120, 1.7770, 1.6310, 1.4620, 1.3630,
6, 1.5900, 1.4930, 1.6510, 1.4980, 1.6600, 2.0610, 2.3260, 1.9840, 1.9410, 1.6800,
7, 2.0700, 1.7390, 2.0530, 1.8290, 2.0500, 2.0590, 2.4400, 2.5190, 2.1730, 1.9750,
8, 2.5250, 2.0950, 2.4060, 1.8870, 2.2600, 2.1370, 2.4010, 2.5830, 2.3470, 2.3440,
9, 2.6960, 2.4650, 2.7250, 1.9610, 2.5400, 2.3680, 2.5320, 2.5700, 3.1180, 2.2480,
+gp, 3.5190, 3.3100, 3.2500, 2.8560, 3.0400, 2.6860, 2.6860, 2.9220, 2.9330, 3.2950,
0 SOPCOFAC, 1.0380, 1.0017, 1.0870, . 9238, 1.0554, 1.0602, 1.0559, 1.0141, 1.0197, . 9695,
Table 2 Catch wei ghts at age (kg)
YEAR, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998,
AGE
2, . 5800, . 4380, . 5470, . 5250, . 7550, . 7540, . 6660, . 5340, . 5190, . 6220,
3, . 7790, . 6990, . 6930, . 7240, . 9820, 1.1030, 1.0540, . 8580, . 7710, . 8460,
4, . 9230, . 9390, . 8840, . 8170, 1.0270, 1.2540, 1.4890, 1.4590, 1.0660, 1.0160,
5, 1.2070, 1.2040, 1.0860, 1.0380, 1.1920, 1.4650, 1.7790, 1.9930, 1.7990, 1.2830,
6, 1.5640, 1.3840, 1.2760, 1.2490, 1.3780, 1.5930, 1.9400, 2.3300, 2.2700, 2.0800,
7, 1.7460, 1.5640, 1.4770, 1.4300, 1.6430, 1.8040, 2.1820, 2.3510, 2.3400, 2.5560,
8, 2.0860, 1.8180, 1.5740, 1.5640, 1.7960, 2.0490, 2.3570, 2.4690, 2.4750, 2.5720,
9, 2.4240, 2.1680, 1.9300, 1.6330, 1.9710, 2.2250, 2.4900, 2.7770, 2.5010, 2.4520,
+gp, 2.5140, 2.3350, 2.1530, 2.1260, 2.2400, 2.4230, 2.6780, 2.5820, 2.6690, 2.8010,
0 SOPCCFAC, 1.0025, 1.0195, 1.0635, 1.0557, 1.0361, . 9969, 1.0323, 1.0044, 1.0250, 1.0095,
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Table 2.4.7

Run title :

At

Haddock Faroes Vb (run: XSAJAKO2/X02)

4- May-99 00: 21: 15

Table 5
YEAR,

Table 5
YEAR,

>
Soo~Noarwnf

+
«Q

Run title :

At

+op,

Proporti
1961,

. 0600,
. 4800,
. 9100,
0000,
0000,
0000,
0000,
0000,
0000,

PREPPRER

Proporti
1969,

. 0600,
. 4800,
. 9100,
0000,
0000,
0000,
0000,
0000,
0000,

PREPPPRER

on mature at age

PREPPPER

1962,

. 0600,
. 4800,
. 9100,

0000,
0000,
0000,
0000,
0000,
0000,

on mature at age

PREPPPRER

1970,

. 0600,
. 4800,
. 9100,

0000,
0000,
0000,
0000,
0000,
0000,

1963, 1964,

. 0600, . 0600,

. 4800, . 4800,

. 9100, . 9100,
0000, 1.0000,
0000, 1.0000,
0000, 1.0000,
0000, 1.0000,
0000, 1.0000,
0000, 1.0000,

1971, 1972,

. 0600, . 0600,

. 4800, . 4800,

. 9100, . 9100,
0000, 1.0000,
0000, 1.0000,
0000, 1.0000,
0000, 1.0000,
0000, 1.0000,
0000, 1.0000,

Haddock Faroes Vb (run: XSAJAKO02/ X02)

4-May-99 00: 21: 15

Table 5
YEAR,

sonh

ToOND AW

+
«Q

Table 5
YEAR,

AGE
2,

3
4
5
6
7
8
9
1.

Proportion mature at age

1979,

. 0600,
. 4800,
. 9100,
0000,
0000,
0000,
0000,
0000,
0000,

PRRERRRR

PRPRPRRP

1980,

. 0600,
. 4800,
. 9100,
. 0000,
. 0000,

0000,
0000,

. 0000,
. 0000,

Proportion mature at age

1989,

. 0200,
. 2200,
. 8700,
. 9900,
1. 0000,
1. 0000,
1. 0000,
1. 0000,

PR R R

1990,

. 0800,
. 3700,
. 9000,
. 0000,
. 0000,
. 0000,
. 0000,
. 0000,
0000, 1.0000, 1.0000, 1.0000, 1.0000,

1
1
1.
1
1

1981, 1982,
. 0600, . 0700,
. 4800, . 5200,
. 9100, . 8800,
0000, 1.0000,
0000, 1.0000,
0000, 1.0000,
0000, 1.0000,
0000, 1.0000,
0000, 1.0000,
1991, 1992,
. 1600, . 1800,
. 5800, . 6500,
. 9300, . 9100,
. 0000, 1.0000,
. 0000, 1.0000,
0000, 1.0000,
. 0000, 1.0000,
. 0000, 1.0000,

1.0000, 1.0000, 1.0000, 1.0000,

1965,

[ e N e

RPRRRR R

PREPPRE

PRPPRE

. 0600,
. 4800,
. 9100,

0000,
0000,
0000,
0000,
0000,
0000,

1973,

. 0600,
. 4800,
. 9100,

0000,
0000,
0000,
0000,
0000,
0000,

1983,

. 0800,
. 6200,
. 8900,

0000,
0000,
0000,
0000,
0000,
0000,

1993,

. 1500,
. 5300,
. 9000,

0000,
0000,
0000,
0000,
0000,

1966,

i e

PREPRPPRER

PREPRPPRER

PRERPRRR

. 0600,
. 4800,
. 9100,

0000,
0000,
0000,
0000,
0000,
0000,

1974,

. 0600,
. 4800,
. 9100,

0000,
0000,
0000,
0000,
0000,
0000,

1984,

. 0800,
. 7600,
. 9800,
. 0000,
. 0000,

0000,
0000,

. 0000,
. 0000,

1994,

. 1200,
. 5000,
. 9200,
. 0000,
. 0000,
. 0000,
. 0000,
. 0000,

1967,

. 0600,

PREPPERR

. 4800,
. 9100,

0000,
0000,
0000,
0000,
0000,
0000,

1975,

PREPPRER

PREPPRE

PRPRE

. 0600,
. 4800,
. 9100,

0000,
0000,
0000,
0000,
0000,
0000,

1985,

. 0300,
. 6200,
. 9600,

0000,
0000,
0000,
0000,
0000,
0000,

1995,

. 1000,
. 5500,
. 9700,

0000,
0000,
0000,
0000,
0000,

1968,

. 0600,

PREPPPRER

PREPRPPRER

PREPPER

PREPRE

. 4800,
. 9100,

0000,
0000,
0000,
0000,
0000,
0000,

1976,

. 0600,
. 4800,
. 9100,

0000,
0000,
0000,
0000,
0000,
0000,

1986,

. 0300,
. 4300,
. 9500,
. 9900,

0000,
0000,
0000,
0000,
0000,

1996,

. 0600,
. 5700,
. 9500,

0000,
0000,
0000,
0000,
0000,

e e

e e e e

PREPPRER

1977,

. 0600,
. 4800,
. 9100,
0000,
0000,
0000,
0000,
0000,
0000,

1987,

. 0500,
. 3200,
. 9100,
. 9800,
. 0000,
. 0000,
. 0000,
. 0000,
. 0000,

1997,

. 0200,
. 5500,
. 9300,
. 0000,
. 0000,
. 0000,
. 0000,
. 0000,

PREPPPRER

PREPPE

PRPRE

1978,

. 0600,
. 4800,
. 9100,
0000,
0000,
0000,
0000,
0000,
0000,

1988,

. 0500,
. 2400,
. 8900,
. 9800,
0000,
0000,
0000,
0000,
0000,

1998,

. 0200,
. 5600,
. 9200,
0000,
0000,
0000,
0000,
0000,
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Table 2.4.8
previ ous year

Year

1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

66

Fi shing

effort

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

Catch and effort fromthe February-March survey noved back to the end of the

Cat ch,
age 1

25.
111.
54
87.
11.
88.
146.
43.
16.
26.
. 200
21.
252.
244.
84.
. 100
67.

500
900
700
100
800
100
600
100
500
900

300
600
200
700

350

HAD- FARO Haddock in the Faroe G ounds (Fishing Area Vb)

Cat ch,
age 2

16.
22.
34
46.
26.
11.
113.
64.
13.
. 500
. 900
. 100
10.
137.
161.
43.
. 245

100
200
700
500
400
800
000
000
400

100
100
700
600

FLTO4: nhrev98 (Catch

Cat ch,

al

2
9
6
21.
16.
21.
8
23.
9.
15.

6

4

2

6
244
96
17

ge 3

300
. 700
500
700
700
200
500
900
800
500
. 200
. 000
. 900
. 100
. 700
. 300
. 880

N
CONNOOWNWOOANOR

H
NN
al -

Nunber )

w

N

PWHROOWNOERENRPWROOOO

[y

COOONANREEN®ROOOOO®

COFPOWWORrOWNOOOORN

COoOoOrWOOOOOOO0OORON

COFPrOO00000000000ORO



Table 2.4.9. Z estimations from catch curve analysis

Faroe haddock
Z by age estimated from the RV

1/2 2/3 3/4 4/5 5/6 6/7 7/8 8/9
1983/1984 -0.900 0.139 0.507 1.749 1.041 -5.298 1.204 1.099
1984/1985 0.699 1171 1.228 1.530 5.991 0.693 0.000 0.588
1985/1986 0.761 0.162 0.469 0.437 0.965 0.000 1.099 -0.405
1986/1987 0.693 1.194 1.024 0.914 1.030 6.685 0.000 0.000
1987/1988 -0.775 0.000 0.219 0.445 0.828 0.310 -5.298 -4.605
1988/1989 -1.286 -0.249 0.328 -0.090 -1.070 -1.604 -0.780 5.298
1989/1990 0.016 0.829 1.554 1.224 1.103 1.374 1.604 0.981
1990/1991 -0.995 1.168 1.877 1.813 0.511 1.946 3.271 3.638
1991/1992 -1.906 0.663 -0.146 0.365 -0.268 -0.065 -0.087 -0.693
1992/1993 -0.395 1.000 0.316 0.900 -0.124 0.674 0.827 0.875
1993/1994 0.277 1.088 0.906 1.131 0.560 0.473 -0.268 0.336
1994/1995 -0.304 0.746 0.067 0.470 0.916 0.405 0.208 0.125
1995/1996 0.690 0.611 0.504 1.170 1.273 0.470 1.099 1.361
1996/1997 -0.256 0.412 -0.579 0.141 -0.368 0.560 -0.956 0.470
1997/1998 0.032 0.664 0.518 0.790 0.569 2.565 5.991 0.773
1998/1999 -0.729 0.912 0.891 0.761 1.345 1.952 -0.300 -5.088

Faroe Haddock
Z by age estimated from the catch at age

0 2/3 3/4 4/5 5/6 6/7 7/8 8/9 9/10
1983/1984 -1.264 -0.223 0.958 0.590 0.795 0.517 0.646 -0.022
1984/1985 -1.338 -0.341 0.684 -0.139 0.944 -0.373 0.538 -0.919
1985/1986 -0.951 0.022 0.367 0.521 1.466 -0.357 -0.152 -0.347
1986/1987 -2.011 -0.335 0.404 0.312 0.333 -0.755 0.996 -1.548
1987/1988 -0.450 -0.360 0.161 0.328 0.852 1.254 1.528 -0.981
1988/1989 -0.841 -0.393 -0.124 0.173 0.080 -0.130 0.127 -1.504
1989/1990 -3.008 -0.235 -0.155 0.473 0.291 0.803 0.695 0.208
1990/1991 -2.297 -0.330 0.431 0.165 0.456 1.006 1.027 2.133
1991/1992 -0.660 0.327 0.490 0.293 0.695 1112 0.585 0.703
1992/1993 -2.034 -0.609 0.307 0.703 0.675 0.909 0.588 0.743
1993/1994 -0.525 -0.030 0.583 0.270 0.231 0.213 0.047 -0.404
1994/1995 -0.490 -0.207 0.311 0.155 0.357 0.383 0.380 -0.862
1995/1996 -1.885 -0.826 0.261 0.310 -0.219 0.081 0.205 -0.421
1996/1997 -2.178 -0.686 0.374 0.445 0.294 0.561 0.216 -0.780
1997/1998 -2.612 -0.588 0.070 0.472 0.169 0.346 -0.011 -0.823
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Table 2.4.10
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Year

1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

HAD- FARO. Haddock in the Faroe G ounds (Fishing Area Vb)

FLTO1: LL94A

Fi shing
Year effort
1985 7558
1986 6692
1987 6728
1988 8753
1989 12804
1990 14543
1991 14801
1992 10599
1993 7497
1994 7625
1995 9582
1996 10999
1997 12050
1998 10082

I'1i ne<100GRT (Catch:

Cat ch,
age 2

613
167
200
599
48
94
53
35
31
127
470
154
26
44

Cat ch
age 3

2542
1435
1027
311
1042
993
733
103
92
47
133
2169
1140
336

Thousands) (Effort

Cat ch,
age 4

787
1747
1819
1557

433
1141
1165

419

80
50
45

198
3501
1864

1

HAD- FARO. Haddock in the Faroe G ounds (Fishing Area Vb)

FLTO03: PT97: Pair trawlers > 1000 HP (Catch: Thousands) (Effort

Fi shi ng
effort

2071
827
1537
4277
6060
4561
3957
5517
3024
3069
9816
15602
15655

Year

1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

Fi shing Ca

ef

fort

6034
5127
7491
7875
7243
6335
6227
6069
6300
6000
5500

ag

tch,
e5

251
162
57
181
107
82
32
33
21
84
913

Cat ch,
age 6

194
156
156
104
150
111
133
18
18
5
33

HAD- FARO. Haddock in the Faroe Grounds (Fishing Area Vb)

FLTO8: 5 longliners revised (Catch: Thousands)

Cat ch,
age 4

51.

6

7

7
44.

45
16.
13.
10.
5.
47.
786.
400.

550
102
845
342
682
030
107
028
813
302
031
257
027

Cat
ag

17.
11.
18
38
20
38
37.
29.
5
6
8
67.
931.

ch,
e5

966
710
470
924
669
650
643
373
068
587
727
292
976

Cal
a

10
7
19.
45
44.
21.
32.
31.
11.
4
8
12.
51.

t ch,
ge 6

924
986
770
462
226
952
756
742
488
418
000
396
414

Cat
ag

0
5
4
40
53
38
16
29.
11.
8
5
14.
10.

ch,
e7

451
294
124
634
801
650
469
610
939
274
455
388
032

Cat ch,
age 8

26
23
12.
. 738
10
. 676
13.
. 076
12.

OFrRrON

257
942
659
153
445
078
306

249

455

791

1)

Cat ch,
age 9

0. 451
0. 987
0. 001
2.012
6. 535
12. 383
10. 677
10. 186
3. 604
6. 346
11.758
24,128
15. 048



Table 2.4.11

Lowestoft VPA Version 3.1

4- May-99 00: 20: 06

Ext ended Survivors Anal ysis

Haddock Faroes Vb (run:

XSAJAKO2/ X02)

CPUE data fromfile /users/fish/ifad/ifapwork/ nwg/ had_faro/ FLEET. X02

Catch data for 38 years. 1961 to 1998. Ages 2 to 10.

Fl eet, First, Last, First, Last, Al pha, Beta

) year, year, age , age

FLTO1: LL94A: Iline<, 1985, 1998, 2, 4, .000, 1.000
FLTO3: PT97: Pair tr, 1988, 1998, 5, 6, .000, 1.000
FLTO8: 5 longliners , 1986, 1998, 4, 9, . 000, 1.000
Time series weights :

Tapered tine weighting applied

Power = 3 over 20 years
Catchability analysis :

Cat chabi l ity dependent on stock size for ages < 3

Ter m nal

Tuni ng converged after

1

Regression type = C
M ni mum of
Survivor estimates shrunk to the popul ation nean for ages < 3

5 points used for regression

Catchability independent of age for ages >=

Survi vor
of the final

S.E. of the nmean to which the estimates

M ni mum st andard error

popul ation estimation :

estimates shrunk towards the nean F

5 years or the

for

popul ati on

estimates derived fromeach fleet

Prior wei ghting not applied

Regr essi on wei ghts

, .751,

. 820

Fishing nortalities
1990,

Age,

1

LoNon~hwnN

1989,

. 004,
. 098,
.121,
. 286,
. 291,
. 366,
. 288,
. 163,

. 010,
. 101,
. 173,
. 203,
. 291,
. 369,
. 277,
. 228,

99 iterations

. 877,

1991,

. 023,
. 126,
. 199,
. 162,
. 266,
. 303,
. 222,
. 150,

. 921,

1

. 011,
. 057,
. 126,
. 180,
. 174,
. 205,
. 153,
. 185,

992, 1

XSA popul ation nunbers (Thousands)

YEAR ,

9,

1989
1990

1991 ,
1992 ,
1993 ,
1994
1995
1996
1997
1998

oRrAPRENMNOLERR

2,

80E+04,
20E+04,
69E+03,
97E+03,
61E+03,
00E+04,
25E+05,
92E+04,
18E+04,
82E+03,

ORPNNONORE

. 80E+04,
. 47E+04,

72E+03,
95E+03,
21E+03,
04E+03,
97E+03,
01E+05,
00E+04,
58E+03,

WNOERNNNE PO

AGE
3,

36E+03
34E+04

09E+04,
01E+03,
28E+03,
36E+03,
50E+03,
12E+03,
81E+04,
01E+04,

5 ol dest

. 954,

993,

. 049,
. 108,
. 142,
. 129,
. 127,
. 126,
. 119,
. 119,

’

’

ohPpPRPONORE

. 300

. 976,

1994,

. 031,
. 109,
. 155,
. 110,
. 137,
. 141,
. 142,
. 159,

4,

24E+04,
61E+03,
23E+03,
28E+03,
06E+03,
62E+03,
65E+03,
01E+03,
07E+03,
44E+04,

ages.

NORERPWAEDWNER

6

are shrunk =

.990, .997,

1995, 1996,

. 007,
. 065,
. 191,
. 163,
. 130,
. 135,
. 135,
. 137,

12E+04,
61E+03,
08E+03,
. 43E+03,
98E+03,
64E+03,
19E+03,
15E+03,
65E+02,
69E+03,

. 007,
. 060,
. 206,
. 220,
. 172,
. 236,
. 177,
. 155,

o

. 700

1.000, 1.000

1997, 1998

.007, .017

.084, .129

.161, .214

. 214, 222

. 214, .201

.188, .283

. 206, .197

.212, .331

6,

. 12E+03, 2. 39E+03,
. 84E+03, 4. 04E+03,
66E+03, 3. 87E+03,
94E+03, 2. 82E+03,
42E+03, 1. 29E+03,
59E+03, 3. 19E+03,
60E+03, 2.55E+03,
55E+02, 1.86E+03,
. 93E+02, 5.53E+02,
. 39E+02, 5. 38E+02,

EN®NMWARRON

WEPNORNMNE O

7,

77E+02,
46E+03,
51E+03,
54E+03,
98E+03,
38E+02,
26E+03,
83E+03,
27E+03,
69E+02,

69



Table 2.4.1

1 (cont'd)

Esti mat ed popul ati on abundance at 1st Jan 1999

, . 00E+00, 5.49E+03, 6.90E+03, 1.99E+04, 3.57E+04,

Taper wei ghted geonetric nmean of the VPA popul ations:

1. 80E+03, 2.71E+02, 3.62E+02,

1. 35E+04, 1.16E+04, 8.81E+03, 5.42E+03, 3. 02E+03, 2. 05E+03, 1.57E+03,

Standard error of the weighted Log(VPA popul ati ons)

1.1326, 1. 1495,

Log catchability residuals.

Fl eet : FLTO1l: LL94A: Ili

Age 19
1.
1

©CoOo~NO UL WN

65655

Age , 19
-1.

©o~NoOUh~WN

66558

data for this
data for this
data for this
data for this
data for this

data for this
data for this
data for this
data for this
data for this

ne<

82,

.59,
.75,

85, 1986, 1987,
82, .53, 1.

. 00, . 61,

.49, .71,

fleet
fleet
fleet
fleet
fleet

07,

. 38,
. 35,

89, 1990, 1991,
60, -.44, -.

. 25, . 28,

.01, .13,

fleet
fleet
fleet
fleet
fleet

1.1901,

1988

2.19
.18
. 66
at
at
at
at
at

1992

-.26

-.09
.07
at
at
at
at
at

thi
thi
thi
thi
thi

thi
thi
thi
thi
thi

1

1.1661,

age
age
age
age
age

993,
. 50,
. 08,
.11,
age
age
age
age
age

1994,
1. 06,
-. 15,
-. 63,

. 9551,

1995, 1996, 1997,
.01, -,
-.72, -

1.0017,

79, -1.93,
.61, -.41,
.55, -.33,

Mean | og catchability and standard error of ages with catchability

i ndependent of year class strength and constant w.r.t.

Age ,
Mean Log q,
S.E(Log q),

Regr essi on

3

4

-12.4088, -11.9945,
. 4550,

. 4504,

statistics :

Ages with g dependent on year class strength

Age, Sl ope ,
2, 1.38,

Ages with g independent of year class strength and constant

Age, Sl ope ,
3, 1.02
4, .84

1

t-val ue ,

-1.121,

t-val ue ,

) -. 155,
, 1.755,

15.

12.
11.

Fl eet : FLTO03: PT97: Pair tr

Age 19
No
No
No
99.
99.
No
No
No

OCoO~NOOIhWN

70

85, 1986, 1987,

data for this
data for this
data for this
99, 99.99, 99.
99, 99.99, 99.
data for this
data for this
data for this

fleet
fleet
fleet
99,

99,

fleet
fleet
fleet

I ntercept,

76,

I ntercept,

47,
54,

1988

RSquar e,

.48,

RSquar e,

at this

at
at
-.09
.04
at
at
at

thi
thi

thi
thi
thi

S
S

. 87,
. 93,

age
age
age

age
age
age

No Pts,

14,

No Pts,

14,
14,

Reg s.e,

1. 24,

Reg s.e,

. 48,
. 35,

tinme

Mean Log q

-14. 04,

w.r.t. tine.

Mean Q

-12. 41,
-11. 99,

. 9018,

1998

.00
.19

1. 14E+03,

. 9468,



Table 2.4.11 (cont'd)

, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998
, No data for this fleet at this age
, No data for this fleet at this age
, No data for this fleet at this age
-.01, -.49, -.09, -.29, -.08, .12, .18, .21, . 25, .14
. 00, . 00, .44, .11, .18, .69, ~-.16, ~-.15, ~-.81, ~-.24
data for this fleet at this age
data for this fleet at this age
data for this fleet at this age

Age

©CoO~NOUTAWN
£5%

Mean | og catchability and standard error of ages with catchability
i ndependent of year class strength and constant w.r.t. tinme

Age , 5, 6
Mean Log q, -12.6326, -12.5770,
S.E(Log q), . 2283, . 4028,

Regression statistics :

Ages with g independent of year class strength and constant w. r.t. tine.
Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Q
5, 1. 05, -.712, 12. 83, . 96, 11, .25, -12.63,

6, .81, 1.878, 11. 71, .92, 11, .29, -12.58,
1

Fl eet : FLTO8: 5 longliners

Age , 1985, 1986, 1987, 1988
2, No data for this fleet at this age
3, No data for this fleet at this age
4, 99.99, .35, -.86, -.90
5, 99.99, .08, -.13, -.31
6 , 99.99, . 28, . 46, .02
7, 99.99, -.56, .95, -.41
8 , 99.99, .68, 1.61, -.41
9, 99.99, -.62, 1.24, -5.29

Age , 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998
2, No data for this fleet at this age
3, No data for this fleet at this age
4, -.98, -.25, .27, -.21, .37, .76, . 50, .12, -.09, .21
5, ~-.24, -.27, -.08, .29, . 05, .02, .27, -.09, .09, .13
6, -.15  -.15, . 33, .10, -.03, ~-.13, .01, -.50, . 04, .05
7, .22, .19, . 50, .62, .01, -.08, -.14, -.56, . 00, .27
8, ~-.21, -.03, .13, ~-.07, ~-.59, ~-.11, -.07, -.46, -.09, .27
9, -.89, ~-.44, -.09, -.09, -.25 .08, -.27, -.59, . 05, . 87

Mean | og catchability and standard error of ages with catchability
i ndependent of year class strength and constant w.r.t. time

Age , 4, 5, 6, 7, 8, 9
Mean Log g, -13.9867, -13.6496, -13.4769, -13.4769, -13.4769, -13.4769,
S. E(Log q), . 5401, . 1924, . 2391, . 4285, . 5025, 1.4762,

Regression statistics :

Ages with g independent of year class strength and constant w.r.t. tine.

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Q

4, 1. 24, -1.441, 15. 15, . 80, 13, .64, -13.99,

5, 1.02, -. 403, 13. 76, .97, 13, .21, -13.65,

6, . 96, . 531, 13. 24, . 94, 13, .24, -13.48,

7, . 90, . 839, 12. 81, . 88, 13, .38, -13.40,

8, 1. 46, -1.984, 16. 34, . 67, 13, .65, -13.49,

9, .61, 1.392, 11. 18, .59, 13, .83, -13.88,
1

71



Table 2.4.11 (cont'd)

Term nal year survivor and F summaries :

Age 2 Catchability dependent on age and year class strength
Year class = 1996

Fl eet, Esti mat ed, Int, Ext , Var,

, Survivors, s. e, s. e, Rat i o,
FLTO1: LL94A: 1line<, 3640., 1.320, . 000, . 00,
FLTO03: PT97: Pair tr, 1., . 000, . 000, . 00,
FLTO8: 5 longliners , 1., . 000, . 000, . 00,

P shrinkage nean 11641., 1. 15,

F shrinkage nean 4656. , .70,,,,
Wei ghted prediction :
Survivors, I nt, Ext, N, Var , F
at end of year, s.e, s. e, , Rati o,

5491., .54, .41, 3, . 758, . 017
Age 3 Catchability constant w.r.t. time and dependent on age
Year class = 1995
Fl eet, Esti mat ed, Int, Ext, Var ,

, Survivors, s. e, s. e, Rat i o,
FLTO1: LL94A: Iline<, 5649. , . 445, . 588, 1. 32,
FLTO03: PT97: Pair tr, 1., . 000, . 000, . 00,
FLTO8: 5 longliners , 1., . 000, . 000, . 00,

F shrinkage nean 10646. , .70,,,,
Wi ghted prediction :
Survi vors, Int, Ext, N, Var, F
at end of year, s. e, s. e, , Rati o,
6896. , . 38, .43, 3, 1.133, . 129

1
Age 4 Catchability constant w.r.t
Year class = 1994
Fl eet, Esti mat ed,
, Survivors,
FLTO1: LL94A: Iline<, 17346. ,
FLTO3: PT97: Pair tr, 1.,
FLTO8: 5 longliners , 24481. ,
F shrinkage nean 25302.,
Wi ghted prediction :
Survivors, Int, Ext,
at end of year, s. e, s. e,
19903., . 26, .16,
Age 5 Catchability constant w.r.t.
Year class = 1993
Fl eet, Esti mat ed,
, Survivors,
FLTO1: LL94A: Iline<, 22869. ,
FLTO3: PT97: Pair tr, 40879. ,
FLTO8: 5 longliners , 38847. ,
F shrinkage nean , 48534. ,
Wei ghted prediction :
Survivors, Int, Ext,
at end of year, s. e, s. e,
35677., .17, .11,
1

72

. time and dependent on age

Int, Ext, Var ,
s. e, s. e, Rati o,
. 324, . 236, .73,
. 000, . 000, . 00,
. 564, . 000, . 00,
.70,,,,
N, Var , F
Rati o,
5, . 609, . 214

tine and dependent on age

Int, Ext, Var,
s. e, s. e, Rati o,
. 325, . 122, . 38,
. 300, . 000, . 00,
. 265, . 087, .33,
.70,,,,
N, Var , F
, Rati o,
7, . 649, . 222

N,

1,
0,
0

N,

2,
0,
0,

pzd

s

’

R OWw

N,

’

N = W

Scal ed,
Wi ght s,
. 168,

. 000,

. 000,

. 225,

. 607,

Scal ed,
Wi ght s,
. 685,

. 000,

. 000,

. 315,

Scal ed,
Wi ght s,
. 617,

. 000,

. 212,

L 171,

Scal ed,
Wi ght s,
. 221,

. 315,

. 391,

. 072,

Esti mat ed
F
. 026
. 000
. 000

. 008

. 020

Esti mat ed
F
. 155
. 000
. 000

. 085

Esti mat ed
F
. 242
. 000
L 177

.172

Esti mat ed
F
. 328
. 196
. 206

. 168



Table 2.4.11 (cont'd)

Age 6 Catchability constant w.r.t.

Year class = 1992

Fl eet,

FLTOL: LL94A: Iline<,
FLTO3: PT97: Pair tr,
FLTO8: 5 longliners ,

F shrinkage nean

Wi ght ed prediction :

Survi vors, Int,
at end of year, s. e,
1804. .14,

Age 7 Catchability constant wr.t.

Year class = 1991

Fl eet,

FLTOL' LL94A: I1i nes,
FLTO3: PT97: Pair tr,
FLTO8: 5 longliners ,

F shrinkage nean

Wi ghted prediction :

Survivors, Int,
at end of year, s. e,
271., .14,

1

Age 8 Catchability constant wr.t.

Year class = 1990

Fl eet,

FLTO1: LL94A: I1ine<,
FLTO3: PT97: Pair tr,
FLTO8: 5 longliners ,

F shrinkage nean ,

Wi ghted prediction :

Survivors, Int,
at end of year, s. e,
362., .13,

Age 9 Catchability constant w.r.t.

Year class = 1989

Fl eet,

FLTO1: LL94A: I1ines,
FLTO3: PT97: Pair tr,
FLTO8: 5 longliners ,

F shrinkage nean ,

Wei ghted prediction :

Survivors, Int,
at end of year, s. e,
217., .13,

Survivors,

Esti mat ed, Int, Ext ,
s. e, s. e,
1055. , . 325, . 282,
1918., . 246, . 241,
1945. , . 201, . 017,
2360. , .70,,,,
Ext, N, Var , F
s. e, , Rati o,
.10, 9, . 749, . 201

Esti mat ed, Int, Ext,
Survivors, s. e, s. e,
204., . 327, . 174,
225., . 246, . 499,
294., . 185, . 102,
491, , .70,,,,
Ext, N, Var , F
s. e, , Rati o,
.12, 10, . 924, . 283

Esti mat ed, Int, Ext,
Survivors, S. e, s. e,
271., . 331, . 244,
384., . 246, . 161,
362., . 175, . 195,
465. , .70,,,,
Ext, N, Var , F
s. e, , Rati o,
.11, 11, . 839, . 197

Esti mat ed, Int, Ext,
Survivors, S. e, s. e,
196., . 335, . 010,
220., . 247, . 138,
206. , . 175, . 123,
338., .70,,,,
Ext, N, Var, F
s. e, , Rati o,
. 08, 12, . 584, . 331

time and dependent

Var,

Rat i o,
. 87,
.98,
. 08,

time and age (fixed at

Var,
Rati o,
. 53,
2.03,
. 55,

tinme and age (fixed at

Var ,
Rati o,
.74,

. 65,
1.11,

tine and age (fixed at

Var,
Rati o,
. 03,
. 56,
.70,

on age

N, Scal ed,
Wi ght s,
3, .133,
2, .322,
3, .490,
. 055,

N, Scal ed,
, Wi ghts,
3, .113,
2, .279,
4, .544,
. 065,

N, Scal ed,
, Wi ghts,
3, .108,
2, .255,
5, .577,
. 061,

the value for

N, Scal ed,
, Wi ghts,
3, .109,
2, .247,
6, .562,
. 082,

Esti mat ed

F
. 322
. 190
. 187

. 157

the value for age) 6

Esti mat ed

F
. 361
. 332
. 263

. 166

the value for age) 6

Esti mat ed

F
. 255
. 187
. 197

. 156

age) 6

Esti mat ed
F
. 360
. 326
. 346

. 224
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Table 2.4.12

Run title : Haddock Faroes Vb (run: XSAJAKO02/ X02)
At 4-May-99 00:21:15
Termi nal Fs derived using XSA (Wth F shrinkage)

Table 8 Fishing nortality (F) at age

YEAR, 1961, 1962, 1963, 1964, 1965, 1966, 1967, 1968,
AGE
2, . 1875, . 3232, . 3801, . 0875, . 0691, . 0609, . 0641, . 1258,
. 4162, . 5866, . 5639, . 3722, . 2353, . 2370, . 1871, . 2645,
4 . 4209, . 5980, . 7260, . 5193, . 4767, . 4514, . 2969, . 3480,
5 . 4387, . 3480, . 5591, . 5369, . 3678, . 50086, . 2996, . 2845,
6, . 5879, . 6706, . 4026, . 6107, . 5881, . 5420, . 5405, . 4537,
7, . 9483, 1.0499, 1.2493, . 3375, . 9617, . 9127, . 6904, . 8363,
8, . 8742, . 9736, 1.1139, 1.2027, 2.3617, . 7508, . 6632, . 5848,
9, . 6600, . 7351, . 8185, . 6472, . 9618, . 6371, . 5020, . 5054,
+gp, . 6600, . 7351, . 8185, . 6472, . 9618, . 6371, . 5020, . 5054,
0 FBAR 3- 7, . 5624, . 6506, . 7002, . 4753, . 5259, . 5287, . 4029, . 4374,

Table 8 Fishing nortality (F) at age

YEAR, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976, 1977, 1978,
AGE
2, . 0858, . 0549, . 0523, . 0252, . 1664, . 1257, . 1190, . 0879, . 0104, . 0010,
3, . 2356, . 2523, . 1927, . 4191, . 4282, . 2159, . 2627, . 1806, . 1088, . 0524,
4 . 5314, . 3331, L4173, . 2836, . 2356, . 3696, . 2394, . 3764, . 1732, . 1598,
5 . 3326, . 3633, . 2740, . 4496, . 3106, . 1260, . 2090, . 2196, . 5172, . 1999,
6 . 4970, . 5549, . 5545, . 1485, . 2675, . 1694, . 0941, . 2826, . 7136, . 3706,
7, . 8267, . 8722, . 8348, . 6686, . 1930, . 2114, . 0848, . 1572, . 3818, . 5595,
8, 1. 0620, . 5418, . 4208, . 4033, . 2883, . 1420, . 1581, . 2500, . 3697, . 4800,
9 . 6559, . 5374, . 5042, . 3934, . 2604, . 2046, . 1577, . 2585, . 4342, . 3562,
+gp, . 6559, . 5374, . 5042, . 3934, . 2604, . 2046, . 1577, . 2585, . 4342, . 3562,
0 FBAR 3- 7, . 4847, . 4751, . 4547, . 3939, . 2870, . 2185, . 1780, . 2433, . 3789, . 2684,
1
Run title : Haddock Faroes Vb (run: XSAJAKO02/ X02)
At 4-May-99 00:21:15
Termi nal Fs derived using XSA (Wth F shrinkage)
Table 8 Fishing nortality (F) at age
YEAR, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 1988,
AGE
2, . 0004, . 0294, . 0232, . 0342, . 0231, . 0295, . 0266, . 0087, . 0305, . 0323,
3, . 0439, . 0261, . 1233, . 4504, . 1685, . 1064, . 1501, . 0892, . 0835, . 0612,
4 . 1195, . 1931, . 1191, . 3231, . 3354, . 3289, . 2143, . 2150, . 1737, . 1656,
5 . 1821, . 2592, . 1993, . 2587, . 2887, . 2068, . 2744, . 2260, . 2176, . 2197,
6, . 1316, . 2012, . 2101, . 2579, . 1194, . 2571, . 3895, . 2603, . 2571, . 2406,
7, . 2611, . 1574, . 1863, . 2297, . 2715, . 0725, . 1499, . 1441, . 3015, . 1656,
8 . 3158, . 3733, . 0842, . 2072, L2742, . 2577, . 1432, . 3316, . 5158, . 1309,
9 . 2030, . 2380, . 1604, . 2566, . 2592, . 2257, . 2354, . 2470, . 1952, . 1970,
+gp, . 2030, . 2380, . 1604, . 2566, . 2592, . 2257, . 2354, . 2470, . 1952, . 1970,
0 FBAR 3- 7, . 1476, . 1674, . 1676, . 3039, . 2367, . 1943, . 2356, . 1869, . 2067, . 1705,

Table 8 Fishing nortality (F) at age

YEAR, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998,

AGE
2, . 0039, . 0097, . 0233, . 0109, . 0490, . 0310, . 0072, . 0074, . 0072, . 0173,
3, . 0976, . 1010, . 1264, . 0573, . 1082, . 1093, . 0647, . 0596, . 0839, . 1290,
4, . 1213, . 1726, . 1992, . 1264, . 1422, . 1552, . 1907, . 2064, . 1612, . 2138,
5, . 2861, . 2032, . 1619, . 1803, . 1290, . 1101, . 1629, . 2202, . 2139, . 2221,
6, . 2910, . 2906, . 2657, . 1745, . 1272, . 1375, . 1298, . 1725, . 2142, . 2006,
7, . 3663, . 3687, . 3026, . 2053, . 1262, . 1410, . 1346, . 2365, . 1880, . 2831,
8, . 2885, L2771, . 2220, . 1530, . 1190, . 1424, . 1347, L1771, . 2057, . 1969,
9, . 1631, . 2280, . 1505, . 1854, . 1189, . 1593, . 1368, . 1548, . 2116, . 3311,

+ap, . 1631, . 2280, . 1505, . 1854, . 1189, . 1593, . 1368, . 1548, . 2116, . 3311,

0 FBAR 3-7, .2325, .2272, 2112, .1488, .1266, .1306, .1365, .1790, .1723, .2097,

74



Table 2.4.13

0

0

Run title :

At 4- May- 99

Tabl e 10
YEAR,

Tabl e 10
YEAR,

Run title :

Haddock Faroes Vb (run

00: 21: 15

XSAJAKO2/ X02)

Termi nal Fs derived using XSA (Wth F shrinkage)

Stock nunmber at age (start of year)

1961, 1962,

51279, 38538,
23796, 34806,
16517, 12850,

6028, 8877,
3245, 3182,
1512, 1476,
448, 480,
135, 153,
0 0

102959, 100363,

St ock nunber at
1969, 1970,

32029, 35741,
39688, 24066,
12244, 25672,

6113, 5892,
4190, 3589,
2405, 2087,
639, 861,
262, 181,
0, 0

97570, 98090,

Haddock Faroes Vb

At 4-May-99 00:21:15

Tabl e 10
YEAR,

>
co~Noaswnf

Tabl e 10
YEAR,

AGE
2,

ToeNorw®

TOTAL,

Terminal Fs derived using XSA (Wth

St ock nunber at

1979, 1980,
3045, 5454,
29905, 2492,

17206, 23433,
22181, 12500,
16578, 15137,

3713, 11899,

865, 2341,
933, 517,
443, 446,

94869, 74220,

1963,

47364,
22838,
15850,
5786,
5132,
1332,
423,
148,

0,
98873,

age (start
1971,

15554,
27699,
15311,
15064,
3355,
1687,
714,
410,
0,
79794,

1964,

30115,
26516,
10639,
6279,
2708,
2809,
313,
114,

0,
79492,

of year)
1972,

33336,
12086,
18703,
8258,
9377,
1578,
599,
384,
0,
84322,

(run: XSAJAK02/ X02)

age (start of year)

1981,

3559,
4336,
1988,
15816,
7897,
10135,
8323,
1320,
267,
53641,

1982,

17734,
2847,
3138,
1445,

10609,
5240,
6887,
6264,
1039,

55204,

1965,

22652,
22589,
14962,
5182,
3005,
1204,
1641,
77,

0,
71312,

1973,

23797,
26615,
6508,
11531,
4313,
6618,
662,
328,
53,
80424,

F shri
1983,

21368,
14032,
1485,
1860,
913,
6712,
3410,
4584,
3825,
58189,

Nunber s* 10**- 3
1966, 1967, 1968,

20216, 25371, 54975,
17308, 15573, 19483,
14616, 11181, 10574,

7605, 7620, 6802,
2937, 3774, 4624,
1366, 1399, 1800,
377, 449, 574,
127, 146, 189,
0 0 0

64552, 65513, 99021,

Nurber s*10**- 3

1974, 1975, 1976,
52692, 72296, 57731,
16498, 38043, 52552,
14200, 10884, 23952,
4210, 8034, 7014,
6920, 3038, 5337,
2702, 4783, 2264,
4467, 1791, 3597,
406, 3173, 1252,
874, 1410, 1534,

1977,

27330,
43288,
35916,
13459,
4610,
3294,
1584,
2294,
2659,

102969, 143453, 155232, 134434,

nkage)
Nurber s*10**- 3
1984, 1985, 1986,

45409, 41400, 29188,
17096, 36096, 33004,

9707, 12584, 25433,

870, 5719, 8316,
1141, 579, 3559,

664, 722, 321,
4188, 505, 509,
2122, 2650, 359,
5266, 5098, 3575,

86462, 105355, 104264,

Stock nunber at age (start of year)

1989, 1990, 1991, 1992, 1993,
17983, 11983, 3694, 3966, 2614,
18037, 14666, 9716, 2954, 3212,
6364, 13394, 10854, 7010, 2284,
12378, 4615, 9228, 7281, 5058,
11179, 7612, 3083, 6426, 4978,
7120, 6842, 4661, 1935, 4419,
2386, 4041, 3874, 2820, 1291,
977, 1464, 2508, 2540, 1981,
592, 582, 252, 1020, 1817,

77016, 65200, 47870, 35954, 27653,

Nurmber s* 10**- 3

1994, 1995, 1996,
10041, 124525, 49205,
2038, 7970, 101225,
2360, 1496, 6116,
1622, 1655, 1012,
3640, 1190, 1151,
3589, 2597, 855,
3189, 2552, 1859,
938, 2264, 1826,
2249, 2548, 3061,

29666, 146797, 166311,

1997,

11789,
39987,
78082,
4074,
665,
793,
553,
1275,
2980,
140198,

1998,

6824,
9582,
30103,
54412,
2693,
439,
538,
369,
1950,
106910,

1987,

10406,
23689,
24715,
16795,
5431,
2246,
228,
299,
2071,
85880,

1999,

5491,
6896,
19903,
35677,
1804,
271,
362,
1363,
71767,

1978,

36561,
22145,
31787,
24729,
6569,
1849,
1841,
896,
1142,

127520,

1988,

22755,
8263,
17840,
17009,
11061,
3439,
1360,
111,
787,
82627,



Table 2.4.14

Run title :

Haddock Faroes Vb (run:

At 4-May-99 00:21:15

Table 16 Sunmary (wi thout SOP correction)
Terminal Fs derived using XSA (Wth F shrinkage)
RECRUI TS, TOTALBI O, TOTSPBI O, LANDI NGS,
Age 2
1961, 51279, 81164, 47797, 20831,
1962, 38538, 83421, 51875, 27151,
1963, 47364, 80755, 49548, 27571,
1964, 30115, 68581, 44129, 19490,
1965, 22652, 65663, 45559, 18479,
1966, 20216, 60949, 43961, 18766,
1967, 25371, 60231, 41974, 13381,
1968, 54975, 78166, 45407, 17852,
1969, 32030, 83954, 53493, 23272,
1970, 35741, 87542, 60005, 21361,
1971, 15554, 82087, 63143, 19393,
1972, 33336, 83534, 62316, 16485,
1973, 23797, 83306, 62028, 17976,
1974, 52692, 96202, 65217, 14773,
1975, 72296, 123706, 76217, 20715,
1976, 57731, 138620, 90730, 26211,
1977, 27330, 124787, 99174, 25555,
1978, 36561, 125464, 101136, 19200,
1979, 3045, 102510, 89653, 12418,
1980, 5454, 92745, 86540, 15016,
1981, 3559, 84555, 81237, 12233,
1982, 17734, 74384, 61182, 11937,
1983, 21368, 70635, 57284, 12894,
1984, 454009, 93804, 60963, 12378,
1985, 41400, 105260, 71574, 15143,
1986, 29188, 111022, 75491, 14477,
1987, 10406, 101329, 78966, 14882,
1988, 22755, 89821, 71711, 12178,
1989, 17983, 84044, 61950, 14325,
1990, 11983, 66750, 54205, 11726,
1991, 3694, 50670, 45473, 8429,
1992, 3966, 39028, 36057, 5315,
1993, 2614, 37914, 34519, 4026,
1994, 10041, 41498, 33475, 4252,
1995, 124525, 122957, 44470, 4948,
1996, 49205, 146325, 83833, 9761,
1997, 11789, 143389, 117693, 17923,
1998, 6824, 127221, 117048, 22101,
Arith.
Mean , 29487, 89316, 64922, 15916,
0 Units, (Thousands), (Tonnes), (Tonnes), (Tonnes),

76

XSAJAKO2/ X02)

Yl ELDY SSB,

. 4358,
. 5234,
. 5564,
. 4417,
. 4056,
. 4269,
. 3188,
. 3932,
. 4350,
. 3560,
. 3071,
. 2645,
. 2898,
. 2265,
. 2718,
. 2889,
. 2577,
. 1898,
. 1385,
. 1735,
. 1506,
. 1951,
. 2251,
. 2030,
. 2116,
. 1918,
. 1885,
. 1698,
. 2312,
. 2163,
. 1854,
. 1474,
. 1166,
. 1270,
. 1113,
. 1164,
. 1523,
. 1888,

. 2587,

FBAR 3- 7,

. 5624,
. 6506,
. 7002,
. 4753,
. 5259,
. 5287,
. 4029,
. 4374,
. 4847,
. 4751,
. 4547,
. 3939,
. 2870,
. 2185,
. 1780,
. 2433,
. 3789,
. 2684,
. 1476,
. 1674,
. 1676,
. 3039,
. 2367,
. 1943,
. 2356,
. 1869,
. 2067,
. 1705,
. 2325,
. 2272,
L2112,
. 1488,
. 1266,
. 1306,
. 1365,
. 1790,
. 1723,
. 2097,

. 3015,



Tabl e 2. 4. 15.

Far oe Haddock: VPA and groundfish survey data

4 14 2

" Year cl ass’

1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

' VPAage2’

10406
22755
17983
11983
3694
3966
2614
10041
124525
49205
11789
-11
-11
-11

| nput data for

" Sur vageO’

23.
40.
40.
43.
6.
4,
6.
28.
186.
486.
65.
3.
32.
43.

RCT3

AUOINODOWRLRNORFRPWOUIOO®

" Survagel’

11.
88.
146.
43.
16.
26.
9.
21.
252.
244,
84.
3.
67.
-11

AP NNOWNOOORFROR®O

" Survage?2’

11.
113.
64.
13.
8.
9.
3.
10.
137.
161.
43.
1.
-11
-11

NO~NFRPRPRPPOORMOOO®

" Survage3d’

8.
23.
69.
15.

N
OWNRFR OONU WW©U

1 1
Bt
e

H

77



Table 2.4.16 Anal ysis by RCT3 ver3.1 of data from

rct 3c97. dat
Far oe Haddock: VPA and groundfish survey data

Data for 4 surveys over 14 years : 1985 - 1998
Regression type = C
Tapered tine weighting applied
power = 3 over 20 years
Survey wei ghting not applied
Fi nal estimates shrunk towards nean
Mnimum S. E. for any survey taken as .20
M ni mum of 3 points used for regression
For ecast/ Hi ndcast variance correction used.
Yearcl ass = 1990
R Regression---------- [ e
Survey/ Slope Inter- Std Rsquare No. Index Predi
Series cept Error Pts Val ue Val
Sur vag .97 6.17 .32 . 869 5 1.61 7.
Survag .90 5.97 .71 . 566 5 3.33 8.
Sur vag .75 6.86 .52 . 709 5 2.39 8.
Survag 1.02 6.39 . 68 . 590 5 1.61 8.
VPA Mean = 9.
Yearcl ass = 1991
R Regression---------- [ e
Survey/ Slope Inter- Std Rsquare No. Index Predi
Series cept Error Pts Val ue Val
Survag .82 6.69 .30 . 893 6 1.97 8.
Sur vag 1.13 4.99 .84  .510 6 2.32 7.
Survag .86 6.48 .54  .718 6 1.41 7.
Sur vag .94 6. 63 .55 . 707 6 1.36 7.
VPA Mean = 9.
Yearcl ass = 1992
[ Regression---------- [
Survey/ Slope Inter- Std Rsquare No. Index Predi
Seri es cept Error Pts Value Val
Sur vag .93 6.32 .35 . 880 7 3.37 9.
Survag 1.07 5.26 .71 . 638 7 3.10 8.
Sur vag .82 6.61 .46 . 804 7 241 8.
Survag .95 6.60 .50 . 781 7 1.96 8.
VPA Mean = 8.
Yearcl ass = 1993
R Regression---------- [ e
Survey/ Slope Inter- Std Rsquare No. Index Predi
Seri es cept Error Pts Value Val
Sur vag .92 6.33 .33 . 875 8 5.23 11
Survag 1.10 5.21 .71 . 595 8 554 11
Sur vag .85 6.61 .50 . 745 8 4.93 10.
Survag .99 6.60 .56 . 704 8 5.50 12
VPA Mean = 8.
Yearcl ass = 1994
R Regression---------- [ e
Survey/ Slope Inter- Std Rsquare No. Index Predi
Series cept Error Pts Val ue Val
Survag 1.06 5.94 .39 . 918 9 6.19 12.
Sur vag 1.22 4.83 .72 . 760 9 5.50 11
Survag 1.08 6.02 . 65 . 799 9 5.09 11
Survag .92 6.74 .49 . 875 9 4.58 10.
VPA Mean = 9.
Yearcl ass = 1995
R Regression---------- [ R
Survey/ Slope Inter- Std Rsquare No. Index Predi
Seri es cept Error Pts Value Val
Sur vag .90 6.32 .56 . 850 10 4.20 10.
Sur vag 1.13 5.08 . 66 . 801 10 4.45 10.
Sur vag 1.01 6.19 . 60 . 830 10 3.80 10.
Survag .91  6.77 .45 . 898 10 2.94 9.
VPA Mean = 9.

78

file :

Pr edi
cted
ue

72

97

ction
Std
Error
. 627
1.026
. 788
1.151
. 703

iction

Std
Error
. 430
1.298
. 861
. 843
. 763

iction

Std
Error
. 450
. 907
. 595
. 644
. 852

iction

Std
Error
. 544
1.135
. 763
1.062
. 794

iction

Std
Error
. 621
1.003
. 898
. 644
1. 200

iction

Std
Error
. 669
. 793
. 718
.531
. 241



Table 2.4.16 (Contd)

Yearclass =

Survey/
Seri es
Sur vag
Sur vag
Sur vag
Survag

Yearclass =

Survey/
Series
Sur vag
Sur vag
Survag
Sur vag

Yearclass =

Survey/
Series

Sur vagO
Survagl
Survag3
Survag4

Year
d ass

1990
1991
1992
1993
1994
1995
1996
1997
1998

1996
Sl ope

.90
1.14
1.01

1997
Sl ope

.90
1.15

1998

Sl ope

Wi ght ed
Aver age
Prediction

4951
3938
7609
47342
97133
18221
1651
14104
14720

Re

Inter-
cept
6. 23
4,97
6. 10

Re

Inter-
cept
6. 22
4.95

I nter-
cept
.90 6.21

e
LONORO®®©

gression-------
Std Rsquare
Error
.58 . 823
. 67 . 782
. 60 . 813
gression-------

Std Rsquare
Error

. 60 . 822

. 66 . 789
gression-------

Std Rsquare
Error

.61 . 821
Log I nt
WAP Std

Error

51 . 36

28 .31

94 . 28

77 .35

48 . 36

81 .32

41 .45

55 .48

60 63

B N I Prediction--
No. I ndex Predicted Std
Pts Val ue Val ue Error

11 1.44 7.53 . 758
11 1.41 6. 58 . 945
11 .79 6. 90 . 834
VPA Mean = 9. 46 1.187

Rl B B Predi ction--
No. Index Predicted Std
Pts Val ue Val ue Error

11 3.51 9. 40 . 704
11 4,23 9.79 . 785
VPA Mean = 9. 46 1.203

Rl B B Predi ction--
No. I ndex Predicted Std
Pts Val ue Val ue Error

11 3.79 9. 64 . 729
VPA Mean = 9. 47 1.223
Ext Var VPA Log
Std Ratio VPA

Error
.33 .85 3967 8.29
.23 .56 2615 7.87
.22 .59 10042 9.21
.46 1.78 124526 11.73
.46 1.66 49206 10. 80
.16 .24 11789 9.38
.53 1.38
.13 .07
.07 .01

. 26

79



Table 2.4.17

Haddock in the Faroe G ounds (Fishing Area Vb)

Prediction with nanagenent option table: Input data

Year: 1999 i

i

+ 1

| Stock | Natural | Maturity}Prop.of F|Prop.of M} Weight | Exploit.; Weight |
| Age | size |mortality} ogive |bef.spaw.|bef.spaw.} in stock| pattern | in catch|
+. +. +. +. +. +. +. 1

+ +

' i ' ' 1
2 |14104.000; 0.2000; 0.0200; 0.0000; 0.0000; 0.558} 0.0119; 0.558|
3 15491.000; 0.2000; 0.5200; 0.0000; 0.0000; 0.825} 0.1019; 0.825]
4 16896.000; 0.2000; 0.9100; 0.0000; 0.0000; 1.180} 0.2173} 1.180;
5 119903.000; 0.2000; 1.0000; 0.0000; 0.0000; 1.692] 0.2453] 1.692}
6 |35677.000; 0.2000; 1.0000; 0.0000; 0.0000; 2.227} 0.2195] 2.227|
7 11804.000; 0.2000; 1.0000; 0.0000; 0.0000; 2.416] 0.2645] 2.416|
8 | 271.000; 0.2000; 1.0000; 0.0000; 0.0000; 2.505; 0.2167; 2.505]
9 | 362.000; 0.2000; 1.0000; 0.0000; 0.0000; 2.577} 0.2607; 2.577,
10+ | 1363.000; 0.2000; 1.0000; 0.0000; 0.0000; 2.684; 0.2607; 2.684,
+o-eee + + + + + + + + 1

Unit [Thousands; - | - | - | - |Kilograms} - [Kilograms}

+

+

Year: 2000 '
1
1
| Recruit-} Natural | Maturity|Prop.of Fi{Prop.of M} Weight | Exploit.; Weight }
Age | ment jmortality} ogive |bef.spaw.|bef.spaw.} in stock] pattern }in catch|
------ + + + + + + + + !

+7TTT T+ + T

1

| 2 |14720.000; 0.2000; 0.0200; 0.0000; 0.0000; 0.558] 0.0119; 0.558}
{ 31 . | 0.2000; 0.5200{ 0.0000; 0.0000; 0.825} 0.1019; 0.825]
14 i 0.2000; 0.9100{ 0.0000; 0.0000; 1.180} 0.2173] 1.180;

1 51 i 0.2000; 1.0000; 0.0000; 0.0000; 1.692} 0.2453] 1.692;

| 6] i 0.2000; 1.0000; 0.0000; 0.0000; 2.227} 0.2195] 2.227,
V7 i 0.2000; 1.0000; 0.0000; 0.0000; 2.416} 0.2645] 2.416)
18 i 0.2000; 1.0000; 0.0000; 0.0000; 2.505} 0.2167; 2.505]
19 | 0.2000; 1.0000; 0.0000; 0.0000; 2.577} 0.2607; 2.577,

| 10+ | i 0.2000; 1.0000; 0.0000; 0.0000; 2.684} 0.2607, 2.684|
+. +. +. +. +. +. +. +. +. 1

' ' i ' ! ' ' N ' 1

i Unit|Thousands; - | - | - | - |Kilograms; - |Kilograms|

| Year: 2001 '
+ i

i | Recruit-} Natural | Maturity|Prop.of F|Prop.of M} Weight | Exploit.; Weight |
| Age| ment |mortality} ogive bef.spaw.bef.spaw.|in stock} pattern | in catch}
+o-eee + + + + + + + + 1

| 2 113509.000; 0.2000; 0.0200; 0.0000; 0.0000; 0.558; 0.0119; 0.558;
1 31 . | 0.2000; 0.5200; 0.0000; 0.0000; 0.825; 0.1019; 0.825]
14 | 0.2000; 0.9100; 0.0000; 0.0000; 1.180; 0.2173} 1.180;

1 51 | 0.2000; 1.0000; 0.0000; 0.0000; 1.692] 0.2453} 1.692]

1 61 | 0.2000; 1.0000; 0.0000; 0.0000; 2.227; 0.2195} 2.227]
V7 | 0.2000; 1.0000; 0.0000; 0.0000; 2.416; 0.2645} 2.416}

1 81 | 0.2000; 1.0000; 0.0000; 0.0000; 2.505; 0.2167; 2.505]
19 i 0.2000; 1.0000; 0.0000; 0.0000; 2.577; 0.2607; 2.577]

1 10+ i 0.2000; 1.0000; 0.0000; 0.0000; 2.684] 0.2607; 2.684)
+. +. +. 4+ +. +. +. +. +. 1

' ' i ' N N 1

i Unit|Thousands; - | - | - | - |Kilograms; - |Kilograms|

Notes: Run name : MANJAKO4
Date and time: 03MAY99:14:40

80



Table 2.4.18

Far oe haddock (Division Vb)

Yield per recruit: |nput data

i Recruit-} Natural | Maturity}Prop.of FiProp.of M; Weight | Exploit.; Weight |
Age | ment mortality] ogive |bef.spaw.|bef.spaw.|in stock] pattern | in catch]

1

1

1

I+ ------ + + + + + + + + 1
{2} 1.000; 0.2000; 0.0800; 0.0000; 0.0000; 0.549; 0.0400; 0.549;
i 31 . | 0.2000; 0.5000; 0.0000; 0.0000; 0.819; 0.1330; 0.819;
14 i 0.2000; 0.9200; 0.0000; 0.0000; 1.086; 0.2060; 1.086]
1 5 i 0.2000; 1.0000; 0.0000; 0.0000; 1.426; 0.2070; 1.426)
| 6| i 0.2000; 1.0000; 0.0000; 0.0000; 1.741} 0.2310; 1.741;
V7 i 0.2000; 1.0000; 0.0000; 0.0000; 2.002; 0.2710; 2.002
| 8| i 0.2000; 1.0000; 0.0000; 0.0000; 2.189; 0.2970; 2.189|
19 i 0.2000; 1.0000; 0.0000; 0.0000; 2.425} 0.2450; 2.425|
110+ i 0.2000; 1.0000; 0.0000; 0.0000; 2.749; 0.2450; 2.749;
+ + + + 4+ 4+ 4+ 4 4 I

' ' ' ' ' ' ' ' ' I

i Unit} Numbers| - | - | - | - |IKilograms] - |Kilograms|

+ +

Notes: Run name : YLDJAKO3
Date and tine: 27MAY99: 14: 26

Table 2.4.19

Haddock in the Faroe G ounds (Fishing Area Vb)

Prediction with nanagenent option table

H Year: 1999 H Year: 2000 I Year:2001 |

+ + + |

1 F |Reference} Stock | Sp.stock; Catchinj F |Reference] Stock | Sp.stock] Catch in} Stock | Sp.stock}

| Factor| F |biomass |biomass |weight | Factor| F |biomass |biomass |weight | biomass | biomass |
1

[ES— S R—— T — S — — SR — S —— — S — SR S — !
1.0000] 0.2097! 143294! 132675 24841! 0.0000] 0.0000; 121385! 108386 O} 120911/ 107759
. [ 0.1000; 0.0210! .| 108386/ 2392! 118539] 105403!

0.2000! 0.0419!
0.3000! 0.0629!
0.4000! 0.0839!
0.5000! 0.1049!
0.6000! 0.1258!
0.7000! 0.1468!
0.8000! 0.1678!

i ; |
- 1 1

J ! ! 108386! 4728! 116224! 103104!
i ! ! 108386! 7011} 113964 100859!
J ! ! 108386! 9240! 111757! 98668
J ! ! 108386! 11418] 109603! 96528!
i ! ! 108386! 13546] 107499! 94440!
J ! ! 108386! 15624] 105445' 92401!
J ! ! 108386! 17655/ 103440! 90411!
i ! 0.9000! 0.1887! ! 108386! 19639! 101482! 88468!
J ! 1.0000 0.2097! .| 108386! 21578/ 99570! 86571
1 1.1000! 0.2307! .| 108386! 23471l 97703! 84718!
i ! 1.2000! 0.2516! ! 108386! 25322! 95880! 82910!
J ! 1.3000! 0.2726! ! 108386! 27130 94100! 81144!
J ! 1.4000! 0.2936! ! 108386! 28896/ 92362! 79421!
i ! 1.5000! 0.3146! ! 108386! 30623 90664! 77737!
i ! 1.6000! 0.3355! ! 108386! 32309! 89007! 76094!
J ! 1.7000! 0.3565! ! 108386! 33958 87388! 74489
i ! 1.8000! 0.3775! ! 108386! 35568 85807! 72923!
i ! 1.9000! 0.3984! ! 108386! 37142! 84263! 71393!
J ! 2.0000! 0.4194! !
N

.. 108386; 38680, 82756, 69899,
--------- L R R ————— R RT— T — i —

1
- | - | Tonnes| Tonnes| Tonnes| - | - | Tonnes, Tonnes| Tonnes| Tonnes| Tonnes |
+ +
Notes: Run name : MANJAKO4

Date and time : 03MAY99:14:40
Computation of ref. F: Simple mean, age 3 -7
Basisfor 1999  : Ffactors



Table 2.4.20

Far oe haddock (Division Vb)

Yield per recruit: Summary table

1
F |Reference] Catch in} Catch in] Stock | Stock |} Sp.stock] Sp.stock} Sp.stock;} Sp.stock|

R

Factor} F | numbers | weight | size |biomass| size |biomass| size |biomass |
+ + + + + + + + + |

| 2.0500] 0.4297, 0.560; 638.685| 2.742}2555.248] 1.407}1700.444, 1.407)1700.444,
| 2.1000] 0.4402} 0.564] 639.250; 2.721}2520.982; 1.387)1667.147, 1.387)1667.147,
| 2.1500] 0.4506; 0.569; 639.729; 2.701}2487.974; 1.368}1635.103] 1.368}1635.103|
| 2.2000] 0.4611} 0.573] 640.129; 2.681}2456.155] 1.349}1604.245, 1.349]1604.245)
| 2.2500] 0.4716} 0.576] 640.456; 2.662}2425.463] 1.331}1574.509, 1.331}1574.509;
| 2.3000] 0.4821} 0.580; 640.717, 2.643}2395.837; 1.314}1545.835, 1.314}1545.835]
| 2.3500] 0.4926] 0.584; 640.917, 2.625;2367.222] 1.297}1518.169, 1.297;1518.169;
| 2.4000; 0.5030; 0.588] 641.061; 2.608;2339.568] 1.280}1491.458] 1.280;1491.458|
| 2.4500] 0.5135] 0.591} 641.154; 2.591}2312.825] 1.264}1465.655, 1.264|1465.655)
| 2.5000] 0.5240; 0.595] 641.200; 2.574}2286.949; 1.249}1440.715, 1.249;1440.715]
| 2.5500] 0.5345] 0.598] 641.202] 2.558}2261.899; 1.233}1416.596, 1.233}1416.596)
| 2.6000] 0.5450; 0.601} 641.166; 2.542}2237.633] 1.219}1393.258] 1.219;1393.258|
| 2.6500] 0.5554} 0.604; 641.093] 2.526}2214.116; 1.204}1370.665, 1.204}1370.665|
| 2.7000] 0.5659} 0.607; 640.986; 2.511}2191.313] 1.190;1348.781} 1.190;1348.781,
| 2.7500] 0.5764} 0.610; 640.849; 2.497;2169.192; 1.177}1327.576, 1.177)1327.576)
| 2.8000] 0.5869; 0.613] 640.684| 2.482}2147.721; 1.163}1307.017; 1.163}1307.017;
| 2.8500] 0.5974; 0.616] 640.494; 2.468}2126.873] 1.150}1287.076; 1.150;1287.076)
| 2.9000] 0.6078] 0.619; 640.279; 2.455}2106.619; 1.138}1267.726] 1.138}1267.726)
| 2.9500] 0.6183] 0.622] 640.043] 2.441}2086.934; 1.125}1248.942} 1.125]1248.942)
| 3.0000] 0.6288] 0.625] 639.788] 2.428}2067.795] 1.113}1230.699; 1.113}1230.699;
+ + + + + + + + + + |
i - 1 - 1|Numbers| Grams | Numbers| Grams | Numbers| Grams } Numbers | Grams
+ +
Notes: Run name : YLDJAKO3
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Date and time

F-0.1 factor
F-max factor

F-0.1 reference F
F-max reference F

Recruitment

1 27TMAY99:14:26
Computation of ref. F: Simple mean, age 3 - 7

:0.9058
:12.5282
:10.1898
:0.5299
: Single recruit

i 1Jdanuary | Spawningtime |

+ + + H
i F |Reference| Catch in} Catch in] Stock } Stock | Sp.stock] Sp.stock} Sp.stock] Sp.stock|
i\ Factor} F | numbers|weight | size |biomass| size |biomass| size |biomass |
+ + + + + + + + + + |
| 0.0000; 0.0000; 0.000; 0.000; 5.517}8568.020; 4.134]7669.432] 4.134]7669.432]
| 0.0500; 0.0105; 0.044;} 79.449, 5.2988031.987; 3.9167134.571} 3.916]7134.571)
| 0.1000; 0.0210; 0.083} 147.514} 5.103]7559.276, 3.723}6663.026; 3.723|6663.026)
| 0.1500; 0.0314} 0.118} 206.147} 4.929]7139.757, 3.549)6244.667, 3.549|6244.667,
i 0.2000; 0.0419; 0.150; 256.902} 4.771}6765.311] 3.393}5871.375] 3.393}5871.375]
i 0.2500; 0.0524] 0.179; 301.029; 4.628}6429.359, 3.251}5536.573] 3.251}5536.573]
i 0.3000; 0.0629] 0.205} 339.545] 4.498}6126.517, 3.122}5234.874 3.122}5234.874|
| 0.3500; 0.0734] 0.229; 373.281} 4.378]5852.336] 3.004}4961.832] 3.004}4961.832]
| 0.4000; 0.0838] 0.251} 402.927, 4.268]5603.114] 2.896}4713.742] 2.896|4713.742)
| 0.4500; 0.0943] 0.271} 429.053} 4.167|5375.741] 2.796}4487.496| 2.796|4487.496)
| 0.5000; 0.1048] 0.290; 452.137} 4.073]5167.591] 2.703}4280.468] 2.703}4280.468|
| 0.5500; 0.1153] 0.308} 472.583} 3.986|4976.432] 2.617)4090.426] 2.617}4090.426)
| 0.6000; 0.1258] 0.324] 490.731} 3.905}4800.354] 2.537}3915.459; 2.537|3915.459;
| 0.6500; 0.1362] 0.339} 506.872] 3.830]4637.714] 2.463}3753.925] 2.463}3753.925]
| 0.7000; 0.1467; 0.354} 521.253} 3.759|4487.094, 2.393}3604.406] 2.393}3604.406)
| 0.7500} 0.1572] 0.367) 534.086] 3.692]4347.262] 2.328}3465.670] 2.328}3465.670;
| 0.8000; 0.1677; 0.380} 545.554} 3.630]4217.142] 2.266]3336.641] 2.266)3336.641|
| 0.8500; 0.1782] 0.392} 555.817] 3.571]4095.795, 2.209;3216.379; 2.209,3216.379|
| 0.9000; 0.1886;, 0.403} 565.010; 3.515]3982.394; 2.154]3104.058] 2.154}3104.058|
| 0.9500; 0.1991] 0.414} 573.254} 3.462|3876.209, 2.102}2998.948] 2.102}2998.948|
| 1.0000] 0.2096;, 0.424; 580.653} 3.412]3776.594, 2.054]2900.404] 2.054}2900.404,
| 1.0500; 0.2201]} 0.433} 587.298] 3.365|3682.978] 2.007;2807.853] 2.007}2807.853|
| 1.1000; 0.2306;, 0.442} 593.269; 3.319]3594.848] 1.963}2720.785] 1.963}2720.785|
| 1.1500; 0.2410; 0.451} 598.637] 3.276]3511.751] 1.921}2638.743] 1.921)2638.743|
| 1.2000; 0.2515] 0.460; 603.464; 3.235|3433.276, 1.882}2561.319; 1.882}2561.319;
| 1.2500; 0.2620; 0.467} 607.806] 3.196|3359.059, 1.844|2488.147, 1.844)2488.147,
| 1.3000; 0.2725] 0.475} 611.709; 3.159|3288.768, 1.807]2418.898] 1.807|2418.898|
| 1.3500; 0.2830; 0.482} 615.219} 3.123}3222.106;, 1.773}2353.273] 1.773)2353.273|
i 1.4000; 0.2934; 0.489; 618.373} 3.088}3158.805, 1.739;2291.003] 1.7392291.003;
| 1.4500; 0.3039;] 0.496} 621.206; 3.055}3098.620; 1.707}2231.846; 1.707}2231.846)
| 1.5000; 0.3144; 0.503} 623.749; 3.024]3041.330; 1.677}2175.578} 1.677}2175.578|
i 1.5500; 0.3249] 0.509; 626.028] 2.993}2986.733] 1.648}2121.999; 1.648}2121.999;
| 1.6000; 0.3354] 0.515} 628.068] 2.964|2934.646, 1.619;2070.925; 1.6192070.925;
| 1.6500; 0.3458] 0.520; 629.892} 2.936}2884.902; 1.592}2022.189; 1.592}2022.189;
| 1.7000; 0.3563] 0.526} 631.518] 2.908}2837.345, 1.566}1975.637; 1.566|1975.637,
| 1.7500; 0.3668] 0.531} 632.966; 2.882}2791.837, 1.541}1931.128; 1.541}1931.128;
i 1.8000; 0.3773] 0.537} 634.250; 2.857|2748.248, 1.517)1888.535] 1.517|1888.535]
| 1.8500; 0.3878] 0.542} 635.385] 2.832]2706.459, 1.493}1847.737, 1.493|1847.737,
i 1.9000; 0.3982] 0.546 636.385] 2.809|2666.362] 1.471}1808.625; 1.471}1808.625)
| 1.9500; 0.4087, 0.551} 637.262} 2.786]2627.855, 1.449}1771.100; 1.449;1771.100;
| 2.0000; 0.4192] 0.556} 638.025] 2.763}2590.846, 1.4281735.068] 1.428}1735.068|
+ + + + + + + + + + 1
! - 1 - [ Numbers| Grams | Numbers | Grams | Numbers | Grams | Numbers| Grams |
+ +

+ +
(cont.) i 1Jdanuary | Spawningtime |
+ + + !



Table2.4.21.

If the 8861 days are If the 8861 days are If the 8861 X 2 days are  If days are cut by half and

allocated to the LL<100.  allocated to the ST<400. allocated to the Jiggers. 4430 used by LL<100
F LL<100 F ST<400 F Jiggers F All red. 30%

0.054323 0.018182] 0.032057 0.018182] 0.028136 0.018182] 0.050628 0.018182
0.070483 0.036364] 0.037804 0.036364] 0.030116 0.036364] 0.05265 0.036364
0.078393 0.054545] 0.042181 0.054545| 0.034968 0.054545] 0.054479 0.054545
0.082098 0.072727] 0.058961 0.072727] 0.042723 0.072727] 0.065143 0.072727
0.082976 0.090909] 0.065816 0.090909] 0.051522 0.090909] 0.071353 0.090909
0.083141 0.109091] 0.070453 0.109091] 0.05359 0.109091] 0.073031 0.109091
0.085944 0.145455] 0.07143 0.145455] 0.055437 0.145455] 0.087796 0.145455
0.094886 0.163636] 0.075728 0.163636] 0.055908 0.163636] 0.090798 0.163636
0.095611 0.181818] 0.080374 0.181818] 0.056692 0.181818] 0.092075 0.181818
0.097829 0.2] 0.086315 0.2] 0.060112 0.2] 0.095691 0.2
0.10128 0.218182] 0.088541 0.218182] 0.061439 0.218182] 0.097667 0.218182
0.105341 0.236364] 0.091805 0.236364] 0.062125 0.236364] 0.098846 0.236364
0.107857 0.254545] 0.095236 0.254545] 0.062966 0.254545] 0.099119 0.254545
0.110515 0.272727] 0.097074 0.272727] 0.065861 0.272727] 0.102381 0.272727
0.114429 0.290909] 0.098871 0.290909] 0.068363 0.290909] 0.103149 0.290909
0.115746 0.309091] 0.100325 0.309091] 0.069212 0.309091] 0.103405 0.309091
0.116143 0.327273] 0.101135 0.327273] 0.070487 0.327273] 0.111764 0.327273
0.117055 0.345455] 0.102729 0.345455| 0.073643 0.345455] 0.114519 0.345455
0.11736 0.363636] 0.103883 0.363636] 0.078768 0.363636] 0.115583 0.363636
0.117781 0.4] 0.107648 0.4] 0.082085 0.4] 0.119144 0.4
0.12055 0.418182] 0.10955 0.418182] 0.082688 0.418182] 0.121287 0.418182
0.121462 0.436364] 0.111961 0.436364] 0.08333 0.436364] 0.123867 0.436364
0.122976 0.454545] 0.114296 0.454545| 0.083473 0.454545] 0.126452 0.454545
0.1243 0.472727] 0.115969 0.472727] 0.08413 0.472727] 0.127722 0.472727
0.127696 0.490909] 0.117771 0.490909] 0.084787 0.490909] 0.131008 0.490909
0.134478 0.509091] 0.119216 0.509091] 0.085917 0.509091] 0.131652 0.509091
0.144506 0.527273] 0.12126 0.527273] 0.086984 0.527273] 0.134339 0.527273
0.149703 0.545455] 0.121828 0.545455| 0.087721 0.545455] 0.135436 0.545455
0.155221 0.563636] 0.12605 0.563636] 0.091428 0.563636] 0.136015 0.563636
0.157017 0.581818| 0.130685 0.581818| 0.093861 0.581818| 0.136274 0.581818
0.157235 0.6] 0.132395 0.6] 0.094463 0.6] 0.141061 0.6
0.181545 0.636364] 0.134483 0.636364] 0.095995 0.636364]| 0.143599 0.636364
0.186518 0.654545| 0.139016 0.654545| 0.114616 0.654545| 0.144644 0.654545
0.198981 0.672727] 0.142379 0.672727] 0.116365 0.672727| 0.145643 0.672727
0.20268 0.690909] 0.143064 0.690909] 0.122172 0.690909] 0.153355 0.690909
0.215357 0.709091 0.144698 0.709091} 0.130209 0.709091] 0.157147 0.709091
0.221334 0.727273] 0.150641 0.727273] 0.132519 0.727273] 0.162604 0.727273
0.227808 0.745455| 0.156453 0.745455| 0.13515 0.745455| 0.167812 0.745455
0.235813 0.763636] 0.158566 0.763636] 0.13974 0.763636] 0.179155 0.763636
0.250024 0.781818| 0.163919 0.781818] 0.146966 0.781818] 0.191913 0.781818
0.26148 .8 0.16675 .8 0.14952 .8 0.19553 .
0.269939 0.818182| 0.169351 0.818182] 0.156894 0.818182] 0.205292 0.818182
0.273774 0.836364] 0.201295 0.836364] 0.187886 0.836364| 0.227917 0.836364
0.295146 0.854545| 0.210684 0.854545| 0.191213 0.854545| 0.232251 0.854545
0.302524 0.890909| 0.215478 0.890909| 0.204223 0.890909| 0.245411 0.890909
0.339475 0.909091 0.239189 0.909091 0.226976 0.909091] 0.257489 0.909091
0.341353 0.927273] 0.261701 0.927273] 0.231435 0.927273] 0.265644 0.927273
0.34282 0.945455] 0.268344 0.945455| 0.242148 0.945455] 0.314404 0.945455
0.353406 0.963636] 0.280681 0.963636] 0.252032 0.963636] 0.341135 0.963636
0.407557 0.981818| 0.292823 0.981818| 0.273393 0.981818] 0.381413 0.981818
0.457103 1] 0.300282 1] 0.293932 1] 0.428975 1
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Figure A. Faroese landings of haddock from Vb1 in 1998 per fleet category. Tonnes ungutted weight.
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Figure B. Faroese landings of haddock from Vb2 in 1998 per fleet category. Tonnes ungutted weight.

Figure 2.4.1.
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Figure 2.4.2. Mean weight at age for ages 2-7 of Faroe haddock 1976-1998.
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Faroe haddock. CPUE (kg/trawlhour) in the Faroese groundfish surveys
in February-March 1983-1999.
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Figure 2.4.4. Faroe haddock. Catch at age in numbers from the Faroese groundfish surveys 1983-1999.
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Figure 2.4.5.

Faroe haddock. Stratified mean number at age from the Faroese ground fish survey

in February-March.
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Retrospective analysis Faroe Haddock X SA shrunk 0.7
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Figure 2.4.8 Fish Stock Summary — Haddock in the Faroe Grounds (Fishing Area Vb)
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Long term yield and spawning stock biomass
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Figure2.4.9 Haddock in the Faroe Grounds (Fishing Area Vb)

Stock - Recruitment

o Fiign= 0:95

120 —

100 —

Recruitment at age 2 (millions)

0 20 40 60 80 100 120 140
SSB (1000 tonnes) at spawning time

(run: XSAJAKO2)

91



Figure2.4.10

Figure 2.4.10. Faroe haddock. PA diagram.
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Faroe Plateau Hagdock
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25 Faroe Saithe
251 Landingsand trendsin thefishery

Landings of saithe from the Faroese grounds (Division Vb) varied around 40 000 - 45 000 t in the period 1985-1989. In
1990 record landings of about 60 000 t were reached. Thereafter, landings decreased steadily to 20000 t in 1996.
Landings subsequently increased to 22 000 t in 1997 and to about 26 000 t in 1998 (Table 2.5.1.1).

With the introduction of the 200 miles EEZ in 1977 saithe has mainly been fished by Faroese vessels. The principal
fleet consists of large pair trawlers (>1000 HP), which have a directed fishery for saithe, accounting for about 60% of
the reported landings in 1993-98 (Tables 2.5.1.2, 2.5.1.3). The smaller pair trawlers (<1000 HP) have a more mixed
fishery for saithe, and they account for about 20% of the total landings in 1993-98. During the last decade the
proportion of saithe in the catches has increased for larger pair trawlers and jiggers but decreased for the smaller pair
trawlers and larger single trawlers (> 1000 HP). Other vessels only have small catches of saithe as by-catch.

Total effort in terms of fishing days has increased in the period 1994-96 (Table 2.5.1.4). During the period 1985-91 the
effort of the larger pair trawlers doubled. After this the effort decreased until 1994 but increased again from 1994-97. In
the smaller pair trawler the effort in the period 1985-1991 was dightly fluctuated, then dropped until 1994 and
increased again in 1995-96. From 1985-91 the effort of the large single trawlers declined by a third and has been
relatively stable since. The effort of jiggers more than doubled in the period 1985-93 and doubled again in the period
1993-96.

A fishery management system based on days fished was introduced on June 1, 1996 as a result of widespread
dissatisfaction with the quota management system that had been introduced in 1994 in the Faroes. Prior to 1996,
practically all the fish from a given trip were landed at the same place. This practice changed in 1997-1998 for saithe,

with a single trip being possibly landed in severa sites. The landing dlips are the main source of information on

landings and number of fishing days, and for those trips that have been landed at severa sites, a landing dip was
completed at each landing site, each one recording the actual landings, but the total number of fishing days. The number

of tripglandings in 1997 affected by this problem is being examined in order to try to rectify the problem. An
adjustment was made for 1998, but the WG believes that the data have been ‘over-corrected’ resulting in an
underestimate of the number of days for that year. The statistical office, whose responsibility it is to produce landings
and effort statistics, could not guarantee that the changes in the number of days fished would be minor. It was therefore
considered unwise to proceed with using data that are expected to change, possibly significantly, in the near future.

The CPUE derived from the Cuba trawlers, with effort either in days or in hours fished is not affected by the problem
mentioned above because the effort comes from logbooks rather than from the landing slips and also because of a more
direct contact with the captain of the boats involved.

Catches used in the assessment are presented in Table 2.5.1.1. These include foreign catches that have been reported
the Faroese Authorities but not officially reported to ICES. Also catches in that part of Sub-division Ila which lies
immediately north of the Faroes have been included.

252 Catch at age

Catch at age are based on length and otolith samples from Faroese landings mostly in the fleet categories small and
large pair trawlers and jiggers and landing statistic by fleet provided by the Faroese Authorities. Catch at age was
calculated by each fleet and by each third of the year before the numbers where combined. The catch at age was raised
by the foreign catches. Catch-at-age data in previous years were revised according to the final catch statistics (Table
2.5.2.1). The sampling intensity in 1998 was:

Number  of Length Weight
Gear otoliths measurements measurements
PT > 1000 HK 2522 10905 2280
PT < 1000 HK 960 4325 779
Jiggers 1144 4453 660
Others 545 1868 479
Total 5171 21551 4198
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253 Weight at age

Through the recorded period 1961-1998 mean weight at age has varied by a factor of about 2, e.g. with mean weights
for age 5 between about 1.6 kg to 3.3 kg and for age 7 between 2.6 kg and 5.3 kg (Table 2.5.3.1 and Figure 2.5.3.1). In
the period 1984-1986 mean weight at age values were generally high and dropped in the years 1990-1991. The mean
weightsincreased in the period 1992-96 and have since decreased. The SOP for 1998 shows a discrepancy of 6% (Table
2.5.3.1).

254 Maturity at age

Maturity-at-age data is available from 1983 onward. Due to poor sampling in 1988 the proportion mature for this year
was calculated as the average of the two adjacent years. A model was used, described in the 1993 Working Group
report (ICES C.M.1993/Assess:18), for predicting maturity at age in order to aleviate some of the problems involved
with the sampling data. The basic model used was a GLM with a Logit link function describing maturity at age as a
function of age, year class strength, mean weight at age and a year effect. Of those factors, age and mean weight at age
where significant and no other independent variables were needed. This model was applied to predict the entire maturity
at age for 1982-1998 (Table 2.5.4.1 and Figure 2.5.4.1).

255 Stock assessment
2551 Tuning and estimation of fishing mortality

Two tuning series derived from the same vessels were tried in the XSA runs. The first one was the commercial Cuba
series consisting of total saithe catch at age and total effort in days, used in previous assessments, hereafter referred to
as the Cuba Beta series. The series extends back to 1982 and consists of data from 8 pair trawlers greater than 1000 HP
(Cubatrawlers) which specialise in fishing on saithe and account for 5 000-8 000 t of saithe each year (Table 2.5.5.1.1).
The 1993 Working Group report (ICES C.M.1993/Assess:18) provides a description of how and why this particular
series was chosen.

The second series was introduced in 1998, and consists of saithe catch at age and effort in hours, hereafter referred to as
the Cuba Logbook series. In the Cuba Logbook series information for each haul was supplied and only those hauls
where saithe consisted of more than 50% of the total catches of cod, haddock and saithe were used (Table 2.5.5.1.6).

XSA runs were made with each of the two series and the same parameters as last year. The log catchability residuals
from the two series are compared age by age in Figure 2.5.5.1.1, and show very good agreement. The overall
impression is that there is a trend in the data that it is similar for both series. The average fishing mortality for age
groups 4-8 years for these two series are shown in Figures 2.5.5.1.2a and b. Both series give results that converge
reasonably well and there are only small differences between the results of the two. It was agreed that new series should
be further analysed by fitting a multivariate model to take into account factors such as year, season and area. It was thus
decided to use only the Cuba Beta series in the assessment.

Catch and effort for the Cuba Beta Series is given in Fig. 2.5.5.1.1. The output from the XSA run using the Cuba Beta
seriesis presented in Tables 2.5.5.1.2-5. The values of the S.E. log g are reasonably low for the principal year classesin
both runs. XSA tuning for age groups 4-8 is presented in Figures 2.5.5.1.1aand b.

The fishing mortalities for 1961-1998 are presented in Table 2.5.5.1.3 The average fishing mortality for age groups 4-8
was 0.42 in 1998.

255.2 Stock estimates and recr uitment

Recruitment in the 1980s was above or close to average (23 millions). The strongest year class since 1961 was produced
in the 1980s and the average for the decade is about 33 million. Even though recruitment had been above average, the
spawning stock biomass declined steeply from more than 100 000t in 1989 to about 60 000t in 1992 as a result of the
two highest landings of the 1961 to 1998 period reported in 1990 and 1991. The historically low SSB persisted in 1992-
1998 (Table 2.5.5.1.5 and Figure 2.5.5.2.1). The 1991-1994 year classes are all estimated to be below average.
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2.5.6 Prediction of catch and biomass
256.1 Input data

Input data for prediction with management options are presented in Table 2.5.6.1.1 and input data for the yield per
recruit calculations are given in Table 2.5.6.1.2.

Population numbers for the short term prediction up to the 1994 year class are from the final VPA run whereas values
for the 1995-1997 year classes are the geometric mean of the three most recent years. The input for mean weight for the
stock and for the catches are the same for 1999-2001. For ages 3-5 they were set equal to the average for 1996-98 and
for ages 6 to 12+ they were set equal to the 1998 values. In the long term prediction (yield per recruit) mean weight for
1961-1997 was used.

In the short term prediction the fitted proportion mature values for 1998 were used for that year and for 1999 and 2000
the average of fitted values for 1983-1997 were used. Thislong term mean was also used in the long term prediction.

For all three years in the short term prediction the average exploitation pattern in the final VPA for 1996-98, rescaled to
Fbar (age 4-8) in 1998, was used. In the long term prediction the exploitation pattern was set equal to the average of
exploitation patterns for 1961-1998 rescaled to Fbar (ages 4-8) in 1998.

25.6.2 Biological reference points

The yield per recruit and spawning stock biomass per recruit curves are presented in Figure 2.5.6.2.1C. Compared to the
1998 average fishing mortality of 0.42 in age groups 4-8 in 1998, Fru i50.43, Fo4 iS0.17, Freq 1S 0.31 and Fygn is 0.56
(Table 2.5.6.2.1, Figure 2.5.6.2.1C and Figure 2.5.6.2.2).

In May 1998, ACFM set By;,, a 85 000t, the previously defined MBAL, and correspondingly R, a 0.40. ACFM proposed
that F, be set at 0.28 which is consistent with both estimates derived from Fn,and Freq and that By, be set at 110 000t.

The stock-recruitment scatter plot from the current assessment supports the conclusion that lower recruitment have been
observed at SSBs below 80 000-90 000t. However, the highest recruitments have been observed at SSBs smaller than
the proposed By, . It is therefore suggested that By, be reset to the lowest observed SSB, that is about 60 000t and that
By be set at the former MBAL = 85 000t. In 1998 the SSB reached a record low of 61 000 t.

The history of the stock/fishery in relation to the four reference points can be seen in Figure 2.5.6.2.3.
25.6.3 Proj ection of catch and biomass

Results from predictions with management option are presented in Table 2.5.6.3.1 and Figure 2.5.6.2.1D. With
unchanged fishing mortality in 1999 and 2000 catches will be at 24 000 t and 21 000 t respectively and the spawning
stock biomass will decrease from 50 000 to 48 000 t for the period 1999-2001.

Results from the yield per recruit estimates are shown in Table 2.5.6.3.2 and Figure 2.5.6.2.1C.
257 M anagement consider ations

The spawning stock biomass is continuing its downward trend and is at a record-low which is far below B If the
present fishing mortality is maintained the spawning stock will drop even further. Even with a drastic reduction in
fishing mortality, the spawning stock will still not recover in the short term until stronger year classes are produced.

For the fishing year 1 September 1997 to 31 August 1998, 6839 days have been allocated to the pair trawlers and 22444
days to the longliners and jiggers. The cumulative probability distribution of F for these three fleet categories is
presented in Figure 2.5.7.1. These fleets have accounted for 82.2% of the total catches in 1998 (Table 2.5.1.3). The
single trawlers > 400 HP caught 16.5% of the total catch so the F exerted by this fleet of 0.06 should be added to the
fishing mortality column to reflect the activity of this fleet. The result shows that there is an approximately 50%
probability that the fishing mortality in 1999/2000 will be about 0.40 (0.35+0.06) under the present allocation of fishing
days. A decrease to 60% of the allocated number of days would be required to have an 80% probability that F would be
at the proposed Fp,= .28 or less.
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258 Comments on the assessment
The tuning seriesis the same as last year, and the X SA settings are also the same.

There still is no independent recruitment index to predict recruits in the first year in the short term prediction. An
attempt should be done to analyse the correlation between survey index and stock in number from VPA. A programme
for echo sounding and biological sampling of age group 0-3 isin progress and might give a series that can serve this
purpose in near future.

The commercial pair trawler series (Cuba trawlers) is still the series showing the lowest variation even if the unit of
effort (day) is rather crude. A new Cuba series based on logbooks with the unit of effort in hours was presented. This
series seems promising but needs to be analysed further with respect to the influence of season, area, etc.

The question of migration has been brought up previously but still no tangible attempt has been made to measure the
rate of migration of saithe between management areas.
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Table 2.5.1.1. Saithe in the Faroes. Nominal catches (t) by countries, 1985-98 as officially reported to ICES

Country 1985 1986 1987 1988 1989 1990 1991
Denmark - 21 255 94 - 2 -
Faroe Idands 42,874 40,139 39,301 44,402 43,624 59,821 53,321
France 839 87 153 313 - - -
German Dem.Rep. 31 - - - 9 -
German Fed. Rep. 227 105 49 74 20 15 32
Netherlands - - - - 22 67 65
Norway - 24 14 52 51 46 103
UK (Eng. & W.) 4 - 108 - - - 5
UK (Scotland) 630 1,340 140 2 9 33 79
USSR - - - - 30 -
Total 44605 41,716 40,020 45027 43,735 60,014 53,605
Working Group estimate”™” 44605 41,716 40,020 45285 44477 61,628 54,858
Country 1992 1993 1994 1995 1996 1997  1998*
Estonia - - - - - 16 -
Faroe ISands 35979 32,719 32,406 26,918 19,267 21,721 25,995
France® 120 75 19 10 12 9 17
Germany 5 2 1 41 3 5 -
Norway 85 32 156 10 96 67 54
UK (Eng. & W.) 74 279 151 21 53 -

UK (Scotland) 98 425 438 200 580 460
United Kingdom 343
USSR/Russia’ 12 - - - 18 28 -
Total 36,373 33532 33,171 27,200 20,029 22,306 26,409
Working Group estimate*® 36,487 33554 33,193 27,222 20,029 22,320 26,409

! Prelimi nary.
2 As from 1991.

3 Quantity unknown 1989-91.

* Includes catches from Sub-division Vb2 and Division llain Faroese waters.
® Includes French catches from Division Vb, as reported to the Faroese coastd guard service.

98



Table2.5.1.2. Total Faroese landings (gutted weight) of saithe in the Faroe grounds (rightmost column) and the contribution (%) by each fleet

category.
Long- Single Single Single Long- Total
liners < trawl < trawl 400- trawl Pair trawl Pair trawl liners > Indust- rial gutted
Year| Open boats 100 GRT 400 HP Gill Jiggers 1000 HP >1000 HP <1000 HP >1000HP 100 GRT trawlers Others| weight
1985 0.2 0.1 0.1 0.0 2.6 6.6 33.7 28.2 28.2 0.1 0.2 0.2] 38377
1986 0.3 0.2 0.1 0.1 3.6 2.8 27.3 275 36.5 0.1 0.7 0.9 36132
1987 0.7 0.1 0.3 0.4 5.6 4.1 20.4 22.8 44.2 0.1 1.1 0.0 35700
1988 0.4 0.3 0.1 0.3 6.5 6.8 20.8 19.6 43.6 0.1 1.3 0.1 39586
1989 0.9 0.1 0.3 0.2 9.3 5.4 17.7 235 41.1 0.1 1.3 0.0 40132
1990 0.6 0.2 0.2 0.2 7.4 3.9 19.6 24.0 42.8 0.2 0.9 0.0 54721
1991 0.6 0.1 0.1 0.6 9.8 13 13.9 26.5 46.2 0.1 0.8 0.0 48910
1992 0.4 04 0.0 0.0 10.5 0.5 7.1 24.4 55.6 0.1 1.0 0.0 31472
1993 0.6 0.2 0.1 0.0 9.3 0.6 6.5 21.4 60.6 0.1 0.7 0.0 29111
1994 0.4 0.4 0.1 0.0 12.6 1.1 6.8 18.5 59.1 0.2 0.7 0.0 29194
1995 0.2 0.1 0.4 0.0 9.6 0.9 9.9 17.7 60.9 0.3 0.0 0.0 24248
1996 0.0 0.0 0.1 0.0 9.2 1.2 6.8 23.7 58.6 0.2 0.0 0.0 17353
1997 0.0 0.1 0.1 0.0 8.9 25 10.7 17.8 58.9 0.4 0.4 0.0 19561
1998 0.1 0.4 0.1 0.0 8.1 2.8 13.8 16.5 57.6 0.3 0.4 0.0 21912
Table25.1.2. Total Faroese landings (gutted weight) of saithe in the Faroe grounds (rightmost column) and the contribution (%) by each fleet
category.
Long- Single Single Single Long- Total
liners < trawl < trawl 400- trawl Pair trawl Pair trawl liners > Indust- rial gutted
Year| Open boats 100 GRT 400 HP Gill Jiggers 1000 HP >1000 HP <1000 HP >1000HP 100 GRT trawlers Others| weight
1985 0.2 0.1 0.1 0.0 2.6 6.6 33.7 28.2 28.2 0.1 0.2 0.2 38377
1986 0.3 0.2 0.1 0.1 3.6 2.8 27.3 275 36.5 0.1 0.7 0.9 36132
1987 0.7 0.1 0.3 0.4 5.6 4.1 20.4 22.8 44.2 0.1 1.1 0.0 35700
1988 0.4 0.3 0.1 0.3 6.5 6.8 20.8 19.6 43.6 0.1 13 0.1 39586
1989 0.9 0.1 0.3 0.2 9.3 5.4 17.7 235 41.1 0.1 13 0.0 40132
1990 0.6 0.2 0.2 0.2 7.4 3.9 19.6 24.0 42.8 0.2 0.9 0.0 54721
1991 0.6 0.1 0.1 0.6 9.8 1.3 13.9 26.5 46.2 0.1 0.8 0.0 48910
1992 0.4 0.4 0.0 0.0 10.5 0.5 7.1 24.4 55.6 0.1 1.0 0.0 31472
1993 0.6 0.2 0.1 0.0 9.3 0.6 6.5 214 60.6 0.1 0.7 0.0 29111
1994 0.4 0.4 0.1 0.0 12.6 11 6.8 18.5 59.1 0.2 0.7 0.0 29194
1995 0.2 0.1 0.4 0.0 9.6 0.9 9.9 17.7 60.9 0.3 0.0 0.0 24248
1996 0.0 0.0 0.1 0.0 9.2 1.2 6.8 23.7 58.6 0.2 0.0 0.0 17353
1997 0.0 0.1 0.1 0.0 8.9 2.5 10.7 17.8 58.9 0.4 0.4 0.0 19561
1998 0.1 0.4 0.1 0.0 8.1 2.8 13.8 16.5 57.6 0.3 0.4 0.0 21912
Table2.5.1.3. Catches of saithe in the Faroe grounds in percent of total catch of each fleet 1985-98. Average percents weighted by the total catch are shown at
the bottom, as well as average total catch.
Total
Long- Single Single Single Long- gutted|
liners < trawl < trawl 400- trawl| Pair trawl Pair trawl liners > Indust- rial weight all
Year| Open boats 100 GRT 400 HP Gill Jiggers 1000 HP >1000 HP <1000 HP >1000HP 100 GRT trawlers Others| All fleets| species|
1985 1.3 0.2 0.7 3.3 36.6 35.0 36.4 54.3 71.2 0.3 22.9 2.7 315 121995
1986 2.6 0.6 1.2 10.0 55.2 26.2 29.0 415 64.4 0.3 35.1 8.5 31.5 114526
1987 5.6 05 4.9 24.6 715 35.6 26.8 45.3 73.1 0.4 39.2 0.0 33.0] 108094
1988, 171 1.0 21 155 58.5 49.5 271 48.9 75.2 0.4 41.9 0.5 37.0] 106858
1989 18.4 0.3 6.9 10.9 62.6 47.2 26.9 70.8 82.9 0.6 35.8 10.2 39.7| 101111
1990 26.6 1.1 6.7 35.2 76.1 27.8 39.4 86.8 88.4 1.3 2.0 0.1 38.0] 144013
1991 30.4 0.7 4.0 59.5 85.7 36.3 27.7 87.3 87.7 0.8 2.0 0.1 39.6) 123638
1992 31.2 2.6 1.0 0.0 86.5 21.8 104 82.0 74.4 0.7 14 0.0 21.4] 147343
1993 50.5 1.9 2.6 0.0 84.4 18.7 12.1 77.9 76.1 0.8 0.7 0.0 28.0 104119
1994 30.3 4.0 19 0.1 69.9 29.7 14.0 78.2 74.9 11 13 0.0 31.2] 93588
1995 5.8 0.3 4.0 0.3 34.1 12.4 12.4 65.2 63.3 0.8 4.1 0.0 17.9 135670
1996 0.3 0.1 0.8 0.2 17.3 7.6 9.4 46.7 38.7 0.3 0.3 0.0 13.4 129240
1997 0.7 0.1 1.0 0.1 33.8 12.9 16.5 475 43.8 0.4 0.6 0.0 11.8 165893
1998 0.0 0.7 0.4 0.1 52.5 16.3 29.8 57.0 44.3 0.3 0.0 0.0 17.7 146848
Weight]
Mean 14.9 1.0 2.6 11.2 57.9 25.7 22.7 63.4 67.2 0.6 11.9 1.4 27.0] 124495.4

99



Table2.5.1.4. Effort (days) by various Faroese fleet categories in the Faroe grounds. Effort not availably for 1997 and 1998

Long- Single Single Single Long-
liners < trawl < trawl 400- trawl Pair trawl Pair trawl liners > Indust- rial
Year| Open boats 100 GRT 400 HP Gill Jiggers 1000HP >1000 HP <1000 HP >1000 HP 100 GRT trawlers Others| Total
1985 2941 7558 2171 108 3348 2077 5565 5389 3193 2973 35323
1986 2941 6692 1509 123 2745 1221 5402 6573 4433 2176 33815
1987 2941 6728 1297 201 2973 1531 4389 6314 5546 2915 34835
1988 2660 8760 1261 234 8104 2261 4907 6026 6034 3203 43450
1989 3948 12677 1345 208 10663 2093 4939 5175 5127 3369 49544
1990 3228 14321 1013 157 9510 1999 4020 5444 7491 3521 50704
1991 3204 14656 940 183 10215 1239 4005 5828 7875 3573 51718
1992 1913 10508 1032 181 10030 628 4159 3985 7243 2892 42571
1993 1611 7424 1853 561 7940 1211 3566 2851 6335 2046 35398
1994 2283 7979 1722 1883 13484 885 3828 2148 6262 2841 43315
1995 3321 9742 1985 2052 18721 1342 4317 2594 6752 3959 54785
1996 3959 12636 1475 2407 23663 1309 3780 3396 7285 4285 64195
1997
1998
Table25.1.5. CPUE (t/day) by various Faroese fleet categories in the Faroe grounds. CPUE not avaiably for 1997 and 1998.
Long- Single Single Single Long-
liners < trawl < trawl 400- trawl Pair trawl Pair trawl liners > Indust- rial

Year| Openboats 100 GRT 400 HP Gill  Jiggers 1000 HP >1000 HP <1000 HP >1000 HP 100 GRT trawlers Others|
1985, 0.030 0.005 0.011 0.120 0.293 1.211 2.322 2.008 3.384 0.009
1986 0.036 0.010 0.021 0.439 0.472 0.822 1.827 1.509 2972 0.010
1987 0.083 0.008 0.089 0.781 0.668 0.959 1.658 1.288 2.847 0.013
1988 0.065 0.012 0.032 0.483 0.318 1.191 1.676 1.286 2.861 0.010
1989 0.090 0.004 0.096 0.433 0.349 1.026 1.441 1.824 3.221 0.018
1990 0.096 0.009 0.083 0.777 0.425 1.062 2.672 2411 3.129 0.029
1991 0.090 0.004 0.043 1.536 0.469 0.504 1.696 2.227 2.868 0.018
1992 0.065 0.012 0.008 0.000 0.329 0.240 0.541 1.926 2414 0.013
1993 0.104 0.008 0.021 0.000 0.340 0.135 0.527 2.187 2.784 0.014
1994 0.057 0.014 0.021 0.001 0.272 0.379 0.521 2.518 2.754 0.022
1995 0.015 0.002 0.046 0.002 0.124 0.160 0.557 1.653 2.188 0.019
1996 0.001 0.000 0.016 0.002 0.067 0.163 0.312 1.213 1.396 0.009
1997|
1998|

100




Table 2.5.2.1. Saithe in the Faroe Grounds. Catch in number (thousands).

Catch nunbers at age

1963,

614,
340,
340,
415,
406,
202,
174,
158,
94,
274,
3017,
12693,
96,

1964,

684,
1908,
15086,

617,

572,

424,

179,

150,

100,

174,
6314,

21893,
99,

Cat ch nunbers at age

1972,

2714,
1774,
2588,
2742,
1529,
1305,
1017,
743,
330,
210,
14952,
42663,

1973,

2515,
6253,
7075,
3478,
1634,
693,
550,
403,
215,
186,
23002,
57431,

Run title Sai the Faroes Vb (run:
At 30-Apr-99 17:39:41
Table 1
Nunber s*10**- 3
YEAR, 1961, 1962,
AGE
3, 183, 562,
4, 379, 542,
5, 483, 617,
6, 403, 495,
7, 216, 286,
8, 129, 131,
9, 1186, 129,
10, 82, 113,
11, 45, 71,
+gp, 82, 105,

0 TOTALNUM 2118, 3051,
TONSLAND, 9592, 10454,
SOPCOF % 108, 93,

Table 1
Nunber s*10**- 3
YEAR, 1969, 1970, 1971,
AGE
3, 1191, 1445, 2857,
4, 2086, 6577, 3316,
5, 2294, 1558, 5585,
6, 1414, 1478, 1005,
7, 1118, 899, 828,
8, 589, 730, 469,
9, 580, 316, 326,
10, 239, 241, 164,
11, 115, 86, 100,
+gp, 190, 132, 100,
0 TOTALNUM 9816, 13462, 14750,
TONSLAND, 27437, 29110, 32706,
SOPCOF % 97, 96, 109,

100,

120,

1965,

996,
850,
1708,
965,
510,
407,
306,
201,
156,
285,
6384,
22181,
92,

1974,

3504,
4126,
4011,
2784,
1401,
640,
368,
340,
197,
265,
17636,
47188,
113,

XSABJMLO/ X10)

1966,

488,
1540,
1201,
1686,

806,

377,

294,

205,

156,

225,
6978,

25563,
98,

1975,

2062,
3361,
3801,
1939,
1045,
714,
302,
192,
193,
298,
13907,
41576,
116,

1967,

595,
796,
1364,
792,
1192,
473,
217,
190,

140,
5856,
21319,
104,

1976,

3178,
3217,
1720,
1250,
877,
641,
468,
223,
141,
287,
12002,
33065,
107,

1968,

614,

1689,
1116,
1095,

548,
655,
254,
128,

187,

6375,
20387,

1977,

16009,
2937,
2034,
1288,
767,
708,
498,
338,
272,
330,
10781,
34835,
104,

102,

1978,

611,
1743,
1736,

548,

373,

479,

466,

473,

407,

535,
7371,

28138,

100,

101



Table 2.5.2.1 (Cont'd

Run title

Sai the Faroes Vb (run:

At 30-Apr-99 17:39:42

Table 1
Nunber s*10**- 3
YEAR, 1979,
AGE
3, 287,
933,
5 1341,
6 1033,
7, 584,
8, 414,
9 247,
10, 473,
11, 368,
+gp, 691,
0  TOTALNUM 6371,
TONSLAND, 27246,
SOPCOF % 102,
Table 1
Nunber s*10**- 3
YEAR, 1989,
AGE
3, 451,
4, 5981,
5, 5300,
6, 7136,
7, 793,
8, 546,
9, 185,
10, 83,
11, 55,
+gp, 39,
0  TOTALNUM 20569,
TONSLAND, 44477,
SOPCOF % 97,

102

XSABJMLO/ X10)

Catch nunbers at age

1980,

996,
877,
720,
673,
726,
284,
212,
171,
196,
786,
5641,
25230,
99,

1981,

411,
1804,
769,
932,
908,
734,
343,
192,
92,
1021,
7206,
30103,
96,

1982,

387,
4076,
994,
1114,
380,
417,
296,
105,
88,
902,
8759,
30964,
96,

1983,

2483,
11083,
5052,
1343,
575,
339,
273,
98,
98,
540,
11904,
39176,
100,

Catch nunbers at age

1990,

294,
3833,
10120,
9219,
5070,
477,
123,
61,
60,

79,
29336,
61561,
98,

1991,

1030,
5125,
7452,
5544,
3487,
1630,
405,
238,
128,
118,
25157,
54863,
99,

1992,

521,
4067,
3667,
2679,
1373,
894,
613,
123,
63,
108,
14108,
36487,

105,

1993,

1316,
2611,
4689,
1665,
858,
492,
448,
245,
54,
52,
12430,
33554,
102,

1984,

368,
11067,
2359,
4093,
875,
273,
161,
52,
65,
253,
19566,
54665,
100,

1994,

690,
3961,
2663,
2368,

746,

500,

307,

303,

150,

49,
11737,
33193,

102,

1985,

1224,
3990,
5583,
1182,
1898,
273,
103,
38,
26,
275,
14592,
44605,
94,

1995,

398,
1019,
3469,
1836,
1177,

345,

241,

192,

104,

117,
8898,

27222,

102,

1986,

1167,
1997,
4473,
3730,
953,
1077,
245,
104,
67,
158,
13971,
41716,
94,

1996,

297,
1087,
1146,
1449,
1156,

521,

132,

77,
64,

82,
6011,
20029,
103,

1987,

1581,
5793,
3827,
2785,
990,
532,
333,
81,
43,
97,
16062,
40020,
96,

1997,

343,
829,
2432,
1761,
1330,
622,
164,
71,
29,
100,
7681,
22320,
100,

1988,

866,
2950,
9555,
2784,
1300,

621,

363,

159,

27,
60,
18685,
45285,
99,

1998,

138,
1588,
1854,
3326,
1306,

663,

363,

75,
32,
68,
9413,
26409,
106,



Table 2.5.3.1. Saithe in the Faroe Grounds. Catch weights at age (kg).

Run title Sai the Faroes Vb (run: XSABJMLO/ X10)
At 30-Apr-99 17:39:42
Table 2 Catch wei ghts at age (kg)
YEAR, 1961, 1962, 1963, 1964, 1965, 1966,
AGE
3, 1.4300, 1.2730, 1.2800, 1.1750, 1.1810, 1.3610
4, 2.3020, 2.0450, 2.1970, 2.0550, 2.1250, 2.0260
5, 3.3480, 3.2930, 3.2120, 3.2660, 2.9410, 3.0550
6, 4.2870, 4.1910, 4.5680, 4.2550, 4.0960, 3.6580
7, 5.1280, 5.1460, 5.0560, 5.0380, 4.8780, 4.5850
8, 6.1550, 5.6550, 5.9320, 5.6940, 5.9320, 5.5200
9, 7.0600, 6.4690, 6.2590, 6.6620, 6.3210, 6.8370
10, 7.2650, 6.7060, 8.0000, 6.8370, 7.2880, 7.2650
11, 7.4970, 7.1500, 7.2650, 7.6860, 8.0740, 7.6620
+gp, 9.3400, 9.0240, 8.8590, 8.5590, 8.9040, 9.2230
0 SOPCOFAC, 1.0779,  .9342,  .9590,  .9933, .9220, .9769
Table 2 Catch weights at age (kg)
YEAR, 1969, 1970, 1971, 1972, 1973, 1974, 1975,
AGE
3, 1.1880, 1.2440, 1.1010, 1.0430, 1.0880, 1.4300, 1.1140,
4, 1.6670, 1.4450, 1.3160, 1.4850, 1.4610, 1.5250, 1.6580,
5, 2.3020, 2.2490, 1.8180, 2.0550, 1.5820, 2.2070, 2.2600,
6, 2.8530, 2.8530, 2.9780, 2.8290, 2.2490, 2.5000, 3.1200,
7, 3.6730, 3.5150, 3.7020, 3.7910, 3.6870, 3.1200, 3.5570,
8, 5.0020, 4.4180, 4.2710, 4.1750, 4.3850, 4.6010, 4.0960,
9, 5.7140, b5.4440, 5.3880, 4.8080, 5.1280, 5.5590, 5.1280,
10, 6.4050, 5.7330, 5.9720, 5.2940, 5.2760, 5.7140, 6.0940,
11, 6. 5540, 6.6620, 6.4900, 6.9480, 6.7270, 6.2590, 7.1960,
+gp, 8.0870, 8.5840, 8.0050, 7.5150, 8.0310, 8.0100, 8.5980,
0 SOPCOFAC, . 9663, . 9634, 1.0935, 1.0043, 1.2006, 1.1296, 1.1607,
1
Run title Sai the Faroes Vb (run: XSABJMLO/ X10)
At 30-Apr-99 17:39:42
Table 2 Catch wei ghts at age (kg)
YEAR, 1979, 1980, 1981, 1982, 1983, 1984, 1985,
AGE
3, 1.2200, 1.2300, 1.3100, 1.3370, 1.2080, 1.4310, 1.4010,
4, 1.8800, 2.1200, 2.1300, 1.8510, 2.0290, 1.9530, 2.0320,
5, 2.6200, 3.3200, 3.0000, 2.9510, 2.9650, 2.4700, 2.9650,
6, 3.4000, 4.2800, 3.8100, 3.5770, 4.1430, 3.8500, 3.5960,
7, 4.1800, 5.1600, 4.7500, 4.9270, 4.7240, 5.1770, 5.3360,
8, 4.9500, 6.4200, 5.2500, 6.2430, 5.9010, 6.3470, 7.2020,
9, 5.6900, 6.8700, 5.9500, 7.2320, 6.8110, 7.8250, 6.9660,
10, 6.3800, 7.0900, 6.4300, 7.2390, 7.0510, 6.7460, 9.8620,
11, 7.0200, 7.9300, 7.0000, 8.3460, 7.2480, 8.6360, 10.6700,
+gp, 8.6260, 9.2150, 8.9620, 10.0410, 10.0550, 10.0980, 11.9500,
0 SOPCOFAC, 1. 0248, . 9937, . 9564, . 9632, . 9997, . 9991, . 9415,
Table 2 Catch weights at age (kg)
YEAR, 1989, 1990, 1991, 1992, 1993, 1994, 1995,
AGE
3, 1.3090, 1.2230, 1.2400, 1.2640, 1.4080, 1.5030, 1.4560,
4, 1.7350, 1.6330, 1.5680, 1.6020, 1.8600, 1.9510, 2.1770,
5, 1.9070, 1.8300, 1.8640, 2.0690, 2.3230, 2.2670, 2.4200,
6, 2.3730, 2.0520, 2.2110, 2.5540, 3.1310, 2.9360, 2.8950,
7, 3.8100, 2.8660, 2.6480, 3.0570, 3.7300, 4.2140, 3.6510,
8, 4.6670, 4.4740, 3.3800, 4.0780, 4.3940, 4.9710, 5.0640,
9, 5.5090, 5.4240, 4.8160, 5.0120, 5.2090, 5.6570, 5.4400,
10, 5.9720, 6.4690, 5.5160, 6.7680, 6.5400, 5.9500, 6.1670,
11, 6.9390, 6.3430, 6.4070, 7.7540, 8.4030, 6.8910, 7.0800,
+gp, 9.9360, 8.2870, 7.7290, 8.2300, 8.0500, 9.1090, 7.5390,
0 SOPCOFAC, . 9698, . 9800, .9939, 1.0506, 1.0172, 1.0244, 1.0209,

P~NOOMDMDWNRRE

=

ComourwNER

PNNOORWWNER

1967,

2730,
7800,
5340,
5720,
3680,
3130,
8120,
5540,
8060,
1490,
. 0357,

RPN rONER

1976,

. 0880,
. 6760,
. 8780,
. 0810,
. 2870,
. 3520,
. 7900,
. 9120,
. 6190,
. 8940,
. 0680,

1986,

. 7180,
. 9860,
6180,
2770,
1860,
5890,
0500,
1500,
5360,

. 9419,

1996,

. 4320,
8750,
4960,
2290,
7440,
9640,
3750,
7450,
4660,
9810,
0319,

.2180, 1

PNoOOORWONER

COOTUAWNER

PONNORAONNER

1968,

RPOoONOOTRWNERE

1977,

2230,
6410,
6600,
7900,
2390,
5970,
3500,
9120,
8370,
7080,
0442,

1987,

. 6090,
. 8350,
3950,
1820,
0670,
1490,
5010,
6260,
3430,
2440,
. 9620,

1997,

4760,
7830,
0320,
7780,
5980,
7660,
9820,
6580,
8820,
2450,
0033,

3020,
7370,
0360,
1200,
0490,
1830,
2380,
5200,
0490,
0920,
. 0194,

PNooORMRONE

CoonpeNERE

PR WONERR

1978,

4930,
3240,
0680,
7460,
9130,
3680,
2760,
8320,
0530,
5760,
0049,

1988,

. 5000,
. 9750,
9780,
9370,
7980,
4190,
1150,
7120,
. 0400,
. 3370,
. 9928,

1998,

4220,
7430,
9760,
4270,
3020,
2030,
0120,
3500,
6950,
4300,
0614,

103



1

Table 2.5.4.1. Saithe in the Faroes. Proportion mature at age.

104

Run title Sai the Faroes Vb (run
At 30-Apr-99 17:39:42
Table 5 Proportion mature at age
YEAR, 1961, 1962, 1963, 1964,
AGE
3, .0400,  .0400, .0400, .0400
4, .2600, .2600, .2600, .2600
5, .5700, .5700, .5700, .5700
6, .8200,  .8200, .8200, .8200
7, .9100,  .9100, .9100, .9100
8, .9800,  .9800, .9800, .9800
9, 1.0000, 1.0000, 1.0000, 1.0000
10, 1.0000, 1.0000, 1.0000, 1.0000
11, 1.0000, 1.0000, 1.0000, 1.0000
+gp, 1.0000, 1.0000, 1.0000, 1.0000
Table 5 Proportion mature at age
YEAR, 1969, 1970, 1971, 1972, 1973,
AGE
3, . 0400, . 0400, . 0400, . 0400, . 0400,
4, . 2600, . 2600, . 2600, . 2600, . 2600,
5, . 5700, . 5700, . 5700, . 5700, . 5700,
6, . 8200, . 8200, . 8200, . 8200, . 8200,
7, . 9100, . 9100, . 9100, . 9100, . 9100,
8, . 9800, . 9800, . 9800, . 9800, . 9800,
9, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
10, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
11, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
+gp, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
Run title Saithe Faroes Vb (run

At 30-Apr-99 17:39:42

Tabl e
YEAR,

>
foI)\l@_U‘I-bwm

10,

+gp,

Tabl e
YEAR,

>
co~Nooswi

10,
11,

+gp,

PREPPR

5

1979,

. 0400,
. 2600,
. 5700,
. 8200,
. 9100,
. 9800,
1.
1.
1.
1.

0000,
0000,
0000,
0000,

1989,

. 1100,
. 2600,
. 4400,
. 7100,
. 9500,
. 9900,

0000,
0000,
0000,
0000,

Proportion mature at age

1980,

. 0400,
. 2600,
. 5700,
. 8200,
. 9100,
. 9800,
0000,
0000,
0000,
0000,

PREPEPR

1981,

. 0400,
. 2600,
. 5700,
. 8200,
. 9100,
. 9800,
1. 0000,
1. 0000,
1. 0000,
1. 0000,

Proportion

1990,

. 1000,
. 2400,
. 4300,
. 6400,
. 8800,
. 9800,
0000,
0000,
0000,
0000,

PREPEPR

1991,

. 1000,
. 2300,
. 4400,
. 6800,
. 8600,
. 9600,
. 9900,
1. 0000,
1. 0000,
1. 0000,

1982,

. 0400,
. 2600,
. 5700,
. 8200,
. 9100,
. 9800,
0000,
0000,
0000,
0000,

e

mat ur e
1992,

. 1000,
. 2300,
. 4800,
. 7400,
. 9000,
. 9800,
1. 0000,
1. 0000,
1. 0000,
1. 0000,

1983,

. 1000,
. 3100,
. 6800,
. 9200,
. 9800,
0000,
0000,
0000,
0000,
0000,

e S

at age
1993,

. 1100,
. 2800,
. 5400,
. 8300,
. 9400,
. 9800,
1. 0000,
1. 0000,
1. 0000,
1. 0000,

PRRE

1

965,

. 0400,
. 2600,
. 5700,
. 8200,
. 9100,
. 9800,

[

1

I e

e e

. 0000,
. 0000,

0000,
0000,

1974,

. 0400,
. 2600,
. 5700,
. 8200,
. 9100,
. 9800,
. 0000,
. 0000,
. 0000,
. 0000,

1984,

. 1200,
. 3000,
. 5700,
. 9000,
. 9800,
0000,
0000,
0000,
0000,
. 0000,

1994,

. 1200,
. 3000,
. 5300,
. 8000,
. 9600,
. 9900,
. 0000,
. 0000,
. 0000,
. 0000,

XSABJMLO/ X10)

1966,

. 0400,
. 2600,
. 5700,
. 8200,
. 9100,
. 9800,
. 0000,
. 0000,
. 0000,
. 0000,

R e e

1975,

. 0400,
. 2600,
. 5700,
. 8200,
. 9100,
. 9800,
1. 0000,
1. 0000,
1. 0000,
1. 0000,

XSABJMLO/ X10)

1985,

. 1100,
. 3100,
. 6800,
. 8800,
. 9900,
0000,
0000,
0000,
0000,
0000,

PREPPRE

1995,

. 1200,
. 3400,
. 5600,
. 8000,
. 9400,
. 9900,
0000,
0000,
0000,
0000,

il ol

[l

PREPRPR

PREPRPR

1967,

. 0400,
. 2600,
. 5700,
. 8200,
. 9100,
. 9800,
1. 0000,
1. 0000,
1. 0000,
1. 0000,

1976,

. 0400,
. 2600,
. 5700,
. 8200,
. 9100,
. 9800,
0000,
0000,
0000,
0000,

1986,

. 1500,
. 3000,
. 6000,
. 8500,
. 9600,
. 9900,
0000,
0000,
0000,
0000,

1996,

. 1200,
. 2800,
. 5800,
. 8400,
. 9400,
. 9900,
0000,
0000,
0000,
0000,

[l

PREPPR

PREPPR

1968,

. 0400,
. 2600,
. 5700,
. 8200,
. 9100,
. 9800,

R e e

1977,

. 0400,
. 2600,
. 5700,
. 8200,
. 9100,
. 9800,
0000,
0000,
0000,
0000,

1987,

. 1300,
. 2700,
. 5500,
. 8400,
. 9600,
. 9900,
0000,
0000,
0000,
0000,

1997,

. 1200,
. 2600,
. 4700,
. 7800,
. 9400,
. 9900,
0000,
0000,
0000,
0000,

. 0000,
. 0000,
. 0000,
. 0000,

[l

PREPP

PREPP

1978,

. 0400,
. 2600,
. 5700,
. 8200,
. 9100,
. 9800,
0000,
0000,
0000,
0000,

1988,

. 1200,
. 3000,
. 4600,
. 8000,
. 9500,
. 9800,
0000,
0000,
0000,
0000,

1998,

. 1200,
. 2800,
. 5500,
. 7900,
. 9400,
. 9800,
0000,
0000,
0000,
0000,



Table 2.5.5.1.1. Saithe in the Faroe Grounds. Effort (fishing days) and catch at age (thousands) for commercial Cuba

Betapair trawlers.

Faroe Saithe (I CES Div. Vb)
101
Cuba Beta series

1982 1998
1101
3 14

1805 0 984 275 516 107
1792 225 231 1052 312 116
1714 77 1780 328 762 182
1224 93 518 1196 249 313
1341 170 324 891 638 177
1762 239 943 798 633 237
1705 129 539 1706 599 244
1473 96 1096 931 1178 133
1820 44 477 1442 1395 768
1985 72 594 1035 837 528
1932 19 464 488 413 207
1649 144 559 906 326 174
1638 122 906 558 524 167
1872 79 299 957 392 242
1492 44 66 236 244 298
1514 101 197 515 379 291
1288 21 293 350 608 258

47
85
49
41
188
125
102
79
71
258
120
103
117
82
228
131
129

37
73
19
16
45
65
67
26
19
31
104
77
76
41
109
31
72

34
15

17
15
16
15

29
20
46
70
30
28
15
14
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Table 2.5.5.1.2. Saithe in the Faroe Grounds. Diagnostics from XSA with Cuba

Bet a Seri es.

Lowest of t VPA Version 3.1
30-Apr-99 17:38:30

Ext ended Survivors Anal ysis
Sai the Faroes Vb (run: XSABJMLO/ X10)

CPUE data fromfile /users/fish/ifad/ifapwork/ nww/ sai_faro/ FLEET. X10

Catch data for 38 years. 1961 to 1998. Ages 3 to 12.

Fl eet, First, Last, First, Last, Al pha,
, year, year, age , age
FLTO1: Cuba Beta ser, 1982, 1998, 3, 11, . 000,

Time series weights

Tapered time wei ghting applied
Power = 3 over 20 years

Catchability anal ysis
Catchability dependent on stock size for ages <

Regression type = C
M ni mum of 5 points used for regression

Survivor estimates shrunk to the popul ati on nean for ages <

Catchability independent of age for ages >= 9
Term nal popul ation estination :

Survivor estinmates shrunk towards the nmean F
of the final 5 years or the 3 ol dest ages.

S.E. of the nean to which the estimates are shrunk

M ni mum standard error for popul ation
estimates derived fromeach fleet = . 300

Prior weighting not applied

Tuni ng converged after 24 iterations

1
Regr essi on wei ghts
, .751, .820, .877, .921, .954, .976, .990,

Fishing nortalities
Age, 1989, 1990, 1991, 1992, 1993, 1994, 1995,

3, .018, .016, .046, .029, .064, .052, .021
4, .204, .203, .412, .260, .199, .278, .101
5 .228, .632, .765, .589, .542, .321, .420,
6, .491, .786, .891, .703, .588, .586, .384,
7, .383, .797, .802, .571, .509, .576, .660,
8, .551, .419, .652, .487, .411, .639, .580,
9, .374, .226, .776, .548, .484, .489, .747,
10, .375, .202, .913, .571, .441, .723, .658,
11 .471, .513, .853, .658, .533, .535, .589,

106

Bet a

1. 000

. 500

. 997,

1996,

. 026,
. 072,
. 157,
. 310,
. 446,
. 705,
. 458,
. 568,
477,

1. 000,

1997,

. 019,
. 093,
. 227,
. 384,
. 522,
. 461,
. 500,
. 481,
. 434,

4

1. 000

1998

. 015
. 117
. 311
. 556
. 552
. 541
. 541
. 450
. 415



Table 2.5.5.1.2 (Cont'd

1

XSA popul ati on nunmbers (Thousands)

YEAR ,

9,

1989
1990 ,
1991 ,
1992
1993
1994
1995 ,
1996 ,
1997
1998 ,

Esti mat ed popul ati on abundance at

10,

PRRENENNNDNN

. 86E+04,
. 08E+04,
51E+04,
01E+04,
35E+04,
51E+04,
16E+04,
. 29E+04,
. 98E+04,
. 06E+04,

PRRRRRRRN®

11,

. 58E+04,
. 30E+04,
68E+04,
96E+04,
60E+04,
80E+04,
18E+04,
. 73E+04,
. 03E+04,
. 59E+04,

AGE
4,

. 87E+04,
. 39E+04,
. B4E+04,
11E+03,
. 24E+04,
. 07E+04,
. 12E+04,
. 72E+03,
. 32E+04,
. 66E+03,

NP ORRPRORNN

R

03E+04,
. 87E+04,
04E+04,
87E+03,
14E+03,
90E+03,
37E+03,
. 01E+03,
10E+03,
. 62E+03,

WWONENWO RN

. 7T6E+03,
. 02E+04,

. 55E+03,
. 61E+03,
. 40E+03,

98E+03,
49E+03,
38E+03,
88E+03,
69E+03,

1st Jan 1999

PRRPRORRPNWRR

. 43E+03,
. 54E+03,

76E+03,

. 56E+03,
. 61E+03,
. 17E+03,
. 66E+02,
. 14E+03,
. 86E+03,
. 7T5E+03,

CPWIOER OO

. 55E+02,
. 73E+02,
29E+02,
60E+03,
29E+03,
77E+02,
06E+02,
. 97E+02,
. 61E+02,
. 61E+02,

NNPRPAONWAWN

. 93E+02,
. 69E+02,
. 39E+02,
12E+02,
59E+02,
50E+02,
40E+02,
. 96E+02,
. 06E+02,
. 29E+02,

PORNARRNRR

. 62E+02,
. 65E+02,

47E+02,

. 44E+02,
. 44E+02,
. 00E+02,
. 58E+02,
. 87E+02,
. 11E+01,
. 04E+02,

. O0E+00, 8.54E+03, 1.16E+04, 4.59E+03, 4.05E+03, 1.60E+03, 8.36E+02, 4.58E+02, 1.19E+02,

Taper wei ghted geonetric nmean of the VPA popul ati ons:

Standard error of the weighted Log(VPA popul ati ons)

Log cat chabi |

Fl eet

Ag

Ag

e

e

e

el

RPOWOWoO~NO UL W

RPOOWOLO~NOOTAW

. 4642,

FLTOZ1:

1982,
99. 99,
.42,
-. 31,
. 69,
-. 27,
-. 65,
-. 36,
-. 07,
-. 29,

1989,
. 10,
. 45,

-.12,
-. 41,
-. 19,
-. 54,
-.28,
-. 05,

. 4333,

ty residuals.

Cuba Beta ser

1983,

.41,
.22,
. 01,
.02,
.17,
.13,
. 75,
.53, -
. 46,

1990,

. 05,
. 00,
. 65,
. 16,
. 43,
. 49,

. 56,
. 15,

. 4589, . 4710,
1984, 1985, 1986,
-.17, .53, -.02,
1. 05, .44, . 04,
-. 38, .12, . 46,

.00, -.14, . 45,
. 18, 16, -. 06,
-.29, -.21, . 43,
-.52, -.41, . 69,
1.54, -1.44, .22,
-. 43, . 06, . 23,
1991, 1992, 1993,
-.34, -1.40, . 60,
.39, -.06, .47,
.21, -.06, . 39,
.08, -.11, .12,
-.08, -.40, -.05,
-.23, -.66, -.23,
-.72, -.24, -.19,
-.10, -.24, -.20,
.14, -.13, -.02,

. 4595,

1987,
. 30,

.17,
.19,

. 00,
. 07,

.22,

1994,
. 88,
. 87,

. 24,
.17,
. 33,
.19,
. 51,
. 19,

. 4106,

1988
.27
. 00

.28

1995,

. 36,
. 09,
.12,
. 10,

13,

. 4316,

1996,
.12,

-. 68,

. 15,
. 15,
.42,
. 82,
. 20,

I

L4771,

1997,
.49,

13

.02,
.09,
-. 03,

2. 21E+04, 1.90E+04, 1.31E+04, 7.38E+03, 3.36E+03, 1.54E+03, 7.13E+02, 3.24E+02, 1.56E+02,

. 5137,

1998

.27
.03
.06
.24
.25
.22
.31
.06
.01
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Table 2.5.5.1.2 (Cont'd

Mean | og catchability and standard error of ages with catchability
i ndependent of year class strength and constant w.r.t. tine

Age , 4, 5, 6, 7, 8, 9, 10, 11
Mean Log ¢, -11.0351, -10.0611, -9. 6965, -9. 6348, -9.6429, -9.7114, -9.7114, -9.7114
S. E(Log q), . 6631, . 3604, . 2782, . 2041, . 4805, . 6442, . 6456, . 2420

Regression statistics :

Ages with g dependent on year class strength

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Log q
3, . 98, . 040, 12. 94, . 38, 16, .62, -12.99,
Ages with g independent of year class strength and constant w.r.t. tine.

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Q

4, .97, . 064, 11. 00, . 31, 17, .67, -11.04,
5, . 98, . 075, 10. 05, .62, 17, .37, -10. 06,
6, . 99, . 080, 9. 68, .74, 17, . 29, -9.70,
7, 1.01, -. 101, 9. 66, . 83, 17, .22, -9. 63,
8, 1.71, -1. 209, 11. 29, .22, 17, . 81, - 9. 64,
9, 2. 05, -1. 160, 13. 02, .11, 17, 1. 30, -9.71
10, 1.10, -. 215, 10. 25, .32, 17, .72, -9. 85,
11, . 81, 1.736, 8. 85, . 90, 17, . 18, -9.72,
1

Term nal year survivor and F sumaries :
Age 3 Catchability dependent on age and year class strength

Year class = 1995

Fl eet, Esti nat ed, Int, Ext, Var, N, Scal ed, Estinated
, Survi vors, s.e, s.e, Rati o, , Wi ghts, F
FLTO1l: Cuba Beta ser, 6497. , . 697, . 000, . 00, 1, .179, . 019
P shrinkage nmean , 19019., .43,,,, . 469, . 007
F shrinkage nean , 3374., .50,,,, . 352, . 036

Wei ght ed prediction :

Survi vors, I nt, Ext, N, Var , F
at end of year, s. e, s. e, , Rati o,
8536. , . 30, . 59, 3, 1. 985, . 015
1

Age 4 Catchability constant w.r.t. time and dependent on age

Year class = 1994

Fl eet, Esti mat ed, Int, Ext , Var , N, Scal ed, Estimated
, Survi vors, s. e, s. e, Rati o, , Wi ghts, F
FLTO1: Cuba Beta ser, 15185., . 476, . 227, . 48, 2, .493, . 090
F shrinkage nmean , 8932., .50,,,, . 507, . 149
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Table 2.5.5.1.2 (Cont'd

Wei ght ed prediction :

Survi vors, Int, Ext , N, Var , F
at end of year, s. e, s. e, , Rati o
11605. , . 35, . 29, 3, . 840, . 117

Age 5 Catchability constant w.r.t. time and dependent on age

Year class = 1993

Fl eet, Esti nat ed, I nt, Ext, Var , N, Scal ed, Estinated
, Survi vors, s.e, s.e, Rati o, , Wi ghts, F
FLTO1: Cuba Beta ser, 4796. , . 295, . 048, . 16, 3, .670, . 300
F shrinkage nean , 4210. , .50,,,, . 330, . 335

Wei ght ed prediction :

Survi vors, I nt, Ext, N, Var , F
at end of year, s. e, s. e, , Rati o,
4593. . 26, . 05, 4, . 210, . 311
1

Age 6 Catchability constant w.r.t. tinme and dependent on age

Year class = 1992

Fl eet, Esti nat ed, I nt, Ext, Var , N, Scal ed, Estinated
, Survi vors, s. e, s. e, Rati o, , Wi ghts, F
FLTO1: Cuba Beta ser, 3702., . 212, . 303, 1. 43, 4, 742, . 595
F shrinkage nean , 5244., .50,,,, . 258, . 454

Wi ghted prediction :

Survi vors, I nt, Ext , N, Var , F
at end of year, s. e, s. e, , Rati o,
4050. , . 20, . 24, 5, 1. 194, . 556

Age 7 Catchability constant w.r.t. tinme and dependent on age

Year class = 1991

Fl eet, Esti mat ed, I nt, Ext, Var , N, Scal ed, Estimted
, Survi vors, s.e, s.e, Rati o, , Wi ghts, F
FLTO1: Cuba Beta ser, 1599. . 178, . 189, 1. 06, 5, .783, . 553
F shrinkage nean , 1622., .50,,,, . 217, . 547

Wei ght ed prediction :

Survi vors, I nt, Ext, N, Var , F
at end of year, s. e, s. e, , Rati o,
1604. , . 18, .15, 6, . 849, . 552
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Table 2.5.5.1.2 (Cont'd

1
Age 8
Year class = 1990
Fl eet, Esti mat ed,
, Survi vors,
FLTO1: Cuba Beta ser, 854, ,
F shrinkage nean 792.,

Wi ghted prediction :

Survi vors, I nt,
at end of year, s. e,
836. , . 19,
Age 9
Year class = 1989
Fl eet, Esti mat ed,
, Survi vors,
FLTO1: Cuba Beta ser, 458. ,
F shrinkage nean 459.,

Wi ghted prediction :

Survi vors, I nt,
at end of year, s. e,
458. , . 20,
1
Age 10
9
Year class = 1988
Fl eet, Esti mat ed,
, Survi vors,
FLTO1: Cuba Beta ser, 154.,
F shrinkage nean , 86. ,

Wei ght ed prediction :

Survi vors, I nt,
at end of year, s. e,
119., . 26,
Age 11
9
Year class = 1987
Fl eet, Esti mat ed,
, Survi vors,
FLTO1: Cuba Beta ser, 62.,
F shrinkage nmean , 43.,

Wi ghted prediction :

Survi vors, I nt,
at end of year, S. e,
56. , . 21,

110

Catchability constant w.r.t.

I nt,

s. e,

. 179,
.50,,,,
Ext, N,
S. e, ,
.13, 7,

Catchability constant w.r.t.

I nt,
s. e,
. 184,

.50,,.,

Ext, N,
S. e, ,
. 09, 8,

Catchability constant w.r.t.

Int,
s. e,
. 246,

.50,,.,

Ext, N,
S. e, ,
.17, 9,

Catchability constant w.r.t.

I nt,
s. e,
. 215,

.50,, .,

Ext, N,

10,

ti me and dependent on age

Ext , Var, N, Scal ed,
s. e, Rati o, , Wi ghts,
. 170, . 95, 6, .727,
. 273,
Var, F
Rati o,
. 705, . 541

Esti mat ed
F
. 532

. 564

ti me and dependent on age

Ext , Var , N, Scal ed,
s. e, Rati o, , Wi ghts,
. 122, . 66, 7, .674,
. 326,
Var, F
Rati o,
. 453, . 541

tinme and age (fixed at

Ext, Var, N, Scal ed,
s.e, Rati o, , Wi ghts,
. 147, . 60, 8, . 557,
. 443,
Var , F
Rati o,
. 654, . 450

time and age (fixed at

Ext , Var , N, Scal ed,
s.e, Rati o, , Wi ghts,
. 113, . 53, 9, .733,
. 267,
Var, F
Rati o,
. 537, . 415

Esti mat ed
F
. 541

. 540

the val ue for age)

Esti mat ed
F
. 365

. 579

the val ue for age)

Esti mat ed
F
. 383

. 515



Table 2.5.5.1.3.

Run title
At 30-Apr-99

Table 8
YEAR,
AGE

+ i)
0 FBAR 4- 8,

T ROWONOUL W

0Q B =

YEAR,
AGE

Loo~NOUT AW

10,
11,
+gp.,
0 FBAR 4- 8,
1
YEAR,
AGE
3,

4
5
6,
7,
8
9
10
11
+gp

0 FBAR 4. 8,

YEAR,
AGE

+ ’
0 FBAR 4- 8,
1

T HROW~NOULI AW

Qe

.0226,
.0557,
.0994,
.1219,
.0933,
.0852,
.0972,
.0916,
.0916,
.0916,
.0911,

1969,

.0328,
.1453,
L1721,
.1685,
.2002,
.2096,
.3066,
.3292,
.2834,
.2834,
L1792,

1979,

.0375,
.1781,
.2903,
.2832,
L3172,
.3645,
.3901,
L4729,
.4120,
.4120,
.2867,

1989,

.0176,
.2043,
.2281,
.4905,
.3825,
.5507,
.3744,
.3748,
L4712,
L4712,
L3712,

Saithe Faroes Vb (run:
17:39:42
Terminal Fs derived using XSA (With F shrinkage)

1962,

.0465,
.0864,
.1208,
.1402,
.1192,
.0752,
.1150,
.1295,
.1069,
.1069,
.1084,

1970,

.0480,
.2550,
.1540,
.1600,
.1538,
.1945,
.1658,
.2010,
.1879,
.1879,
.1834,

1980,

.0932,
.1537,
.2030,
L2312,
.3300,
.2507,
.3216,
.5166,
.3653,
.3653,
L2337,

1990,

.0157,
.2031,
.6320,
.7859,
L7973,
L4191,
L2257,
.2020,
.5132,
.5132,
.5675,

Saithe in the Faroe Grounds.

1963,

.0307,
.0358,
.0716,
L1115,
.1634,
.1157,
.1355,
.2012,
.1514,
.1514,
.0996,

1971,

.0886,
.1482,
.3584,
.1406,
.1263,
.1120,
.1245,
.1214,
.1197,
.1197,
L1771,

1981,

.0138,
.2435,
.1959,
.4400,
.5599,
.6591,
.5453,
.5441,
.5879,
.5879,
4197,

1991,

.0464,
L4115,
.7653,
.8910,
.8025,
.6518,
L7761,
.9125,
.8525,
.8525,
.7044,

Fishing mortality.

XSABJM10/X10)

Fishing mortality (F) at age
1961,

1964,

.0478,
.1261,
.2199,
.1798,
L2213,
.2567,
.1424,
.1658,
.1891,
.1891,
.2007,

1972,

.0936,
.0729,
.1652,
.2990,
.3292,
.3001,
.3766,
.4608,
.3817,
.3817,
.2333,

1982,

.0296,
.1842,
.2052,
.4827,
L3219,
.5464,
.6155,
.3162,
.5188,
.5188,
.3481,

1992,

.0291,
.2600,
.5887,
.7027,
.5707,
.4869,
.5484,
.5712,
.6577,
.6577,
.5218,

1965,

.0495,
.0773,
.1589,
.2138,
2217,
.2424,
.2984,
.2356,
.2602,
.2602,
.1828,

1973,

L1272,
.3230,
.4592,
.3493,
.2926,
.2431,
.1987,
.2502,
.2318,
.2318,
.3335,

1983,

.0695,
.1106,
.3654,
L4715,
.4961,
.5340,
.8707,
4215,
.5517,
.5517,
.3955,

1993,

.0639,
.1992,
.5415,
.5880,
.5087,
.4106,
.4845,
.4409,
.5329,
.5329,
.4496,

1966,

.0250,
.1007,
.1493,
L2327,
.2785,
.2537,
L2771,
.3347,
.2902,
.2902,
.2030,

1974,

.2303,
L3173,
.3549,
.3287,
.2303,
.1775,
.1966,
.1814,
.1860,
.1860,
.2817,

1984,

.0159,
L4972,
.3645,
.5736,
.6527,
.4660,
.5266,
.3901,
.5529,
.5529,
.5108,

1994,

.0517,
.2781,
.3210,
.5857,
.5762,
.6386,
.4894,
.7234,
.5351,
.5351,
L4799,

1967,

.0248,
.0518,
.1218,
.1389,
.2565,
.2617,
.2270,
.2905,
.2611,
.2611,
.1661,

1975,

.1500,
.3615,
.5450,
.2897,
.1965,
.1758,
.1187,
.1491,
.1484,
.1484,
.3137,

1985,

.0632,
.2379,
.5057,
.3135,
.5776,
L4321,
.3196,
12229,
3445,
3445,
.4134,

1995,

.0205,
.1005,
.4200,
.3838,
.6604,
.5801,
.7470,
.6583,
.5888,
.5888,
.4290,

1968,

.0321,
.0911,
.0955,
.1358,
.1346,
.2185,
.2184,
.2028,
L2142,
.2142,
.1351,

1976,

L2071,
.3687,
L3177,
.3440,
.2054,
L1775,
.1671,
.1207,
.1557,
.1557,
.2826,

1986,

.0210,
.1392,
.4585,
.7702,
.4504,
.7806,
.8975,
.6243,
.7718,
.7718,
.5198,

1996,

.0258,
.0718,
.1569,
.3096,
.4460,
.7049,
.4580,
.5682,
L4768,
L4768,
.3379,

1977,

.1482,
.3008,
.4220,
.4186,
.3677,
.2546,
.2038,
.1748,
.2120,
.2120,
.3527,

1987,

.0366,
.1381,
.4300,
.5840,
.4718,
.4908,
.5918,
.8842,
.5759,
.5759,
L4229,

1997,

.0193,
.0934,
.2273,
.3841,
.5224,
.4611,
.5002,
.4806,
.4337,
.4337,
L3377,

1978,

.0839,
.2375,
L2922,
.1897,
.2032,
.4140,
.2654,
.3041,
.3298,
.3298,
.2673,

1988,

.0217,
.0889,
.3542,
.6490,
.6018,
.6197,
.7510,
.6363,
.8640,
.8640,
L4627,

1998,

.0145,
L1167,
L3113,
.5556,
.5520,
.5407,
.5405,
.4502,
.4150,
.4150,
L4153,
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Table 2.5.5.1. 4

Nunber s*10**- 3

1966,

21813,
17758,
9572,
8975,
3664,
1859,
1342,
796,
685,
981,
67446,

1967,

26854,
17417,
13146,
6750,
5823,
2270,
1181,
833,
467,
669,
75411,

1968,

21493,
21448,
13540,
9529,
4810,
3689,

1431,
771,
510,

1066,

78287,

Nunber s*10**- 3

1974,

18828,
16771,
14839,
10984,

7528,
4349,
2278,
2265,
1283,
1717,
80843,

nkage)

1975,

16362,
12245,
9998,
8520,

6474,
4895,
2982,
1532,
1546,
2378,
66933,

1976,

18773,
11531,
6984,
4746,
5221,
4355,
3362,
2168,
1081,
2191,
60411,

Nunber s*10**- 3

1984,

25847,
31218,
8536,
10363,
2017,
810,
435,
178,
169,
651,
80223,

1985,

22101,
20829,
15545,
4854,
4781,
860,
416,
210,
99,
1035,
70729,

Nunber s*10**- 3

1995,

11776,
11179,
6366,
2691,
866,
506,
440,
258,
287,

Run title : Saithe Faroes Vb (run: XSABJMLO/ X10)
At 30-Apr-99 17:39:42
Term nal Fs derived using XSA (Wth F shrinkage)
Tabl e 10 Stock number at age (start of year)
YEAR, 1961, 1962, 1963, 1964, 1965,
AGE
3, 9045, 13661, 22424, 16183, 22791,
4, 7738, 7240, 10676, 17804, 12631,
5, 5643, 5992, 5437, 8433, 12850,
6, 3880, 4183, 4348, 4144, 5542,
7, 2679, 2812, 2977, 3184, 2834,
8, 1746, 1998, 2044, 2070, 2089,
9, 1384, 1313, 1518, 1490, 1311,
10, 1036, 1028, 958, 1085, 1058,
11, 568, 774, 739, 641, 753,
+gp, 1032, 1140, 2146, 1111, 1367,
0 TOTAL, 34751, 40141, 53266, 56145, 63226,
Tabl e 10 Stock nunmber at age (start of year)
YEAR, 1969, 1970, 1971, 1972, 1973,
AGE
3, 40766, 34097, 37232, 33577, 23264,
4, 17042, 32298, 26609, 27898, 25035,
5, 16032, 12065, 20493, 18785, 21235,
6, 10076, 11050, 8468, 11724, 13038,
7, 6811, 6970, 7710, 6024, 7118,
8, 3442, 4565, 4893, 5563, 3548,
9, 2427, 2285, 3077, 3582, 3374,
10, 942, 1463, 1585, 2224, 2012,
11, 515, 555, 979, 1149, 1149,
+gp, 846, 847, 976, 726, 988,
0 TOTAL, 98898, 106195, 112021, 111252, 100762,
1
Run title : Saithe Faroes Vb (run: XSABJMLO/ X10)
At 30-Apr-99 17:39:42
Termi nal Fs derived using XSA (Wth F shri
Tabl e 10 Stock nunmber at age (start of year)
YEAR, 1979, 1980, 1981, 1982, 1983,
AGE
3, 8628, 12369, 33167, 14651, 40873,
, 6320, 6805, 9226, 26783, 11645,
5, 5882, 4330, 4778, 5921, 18240,
6, 4629, 3603, 2894, 32186, 3948,
7, 2374, 2855, 2341, 1526, 1625,
8, 1498, 1415, 1681, 1095, 905,
9, 845, 852, 902, 712, 519,
10, 1387, 468, 506, 428, 315,
11, 1204, 708, 229, 240, 255,
+gp, 2242, 2817, 2510, 2438, 1392,
0 TOTAL, 35011, 36221, 58232, 57009, 79718,
Tabl e 10 Stock nunber at age (start of year)
YEAR, 1989, 1990, 1991, 1992, 1993, 1994,
AGE
3, 28646, 20831, 25117, 20090, 23478, 15146, 21628, 12874, 19836, 10579, O,
4, 35769, 23046, 16789, 19632, 15977, 18032,
5, 28721, 23874, 15400, 9109, 12393, 10718,
6, 20342, 18719, 10389, 5866, 4139, 5904,
7, 2757, 10198, 6984, 3489, 2378, 1882,
8, 1425, 1540, 3762, 2563, 1615, 1171,
9, 655, 673, 829, 1605, 1289, 877,
10, 293, 369, 439, 312, 759, 650,
11, 162, 165, 247, 144, 144, 400,
+gp, 114, 215, 224, 245, 138, 129,
0 TOTAL, 118884, 99629, 80180, 63055, 62312, 54910,

112

55999,

1996,

17348,
8720,
6014,
3551,
1138,

397,
196,
187,
237,

50660,

1986,

61929,
16987,
13443,
7675,
2905,
2197,
457,
248,
138,
320,
106297,

1997,

10271,
13220,
6102,
3613,
1861,
461,
206,
91,
311,
55971,

1977, 1978,
12906, 8395,
12494, 9111,
6530, 7572,
4162, 3505,
2755, 2242,
3481, 1562,
2986, 2209,
2329, 1994,
1573, 1601,
1899, 2090,
51115, 40280,
1987, 1988,
48576, 44646,
49647, 38340,
12101, 35406,
6959, 6444,
2909, 3177,
1516, 1486,
824, 760,
153, 373,
109, 52,
242, 113,
123034, 130797,
1998, 1999,
15930, 8536,
7659, 11605,
8623, 4593,
3403, 4050,
1754, 1604,
961, 836,
229, 458,
104, 119,
219, 175,
49460, 31978,



Table 2.5.5.1.5. Saithe in the Faroe Grounds. Summary table.
Run title : Saithe Faroes Vb (run: XSABJM10/X10)
At 30-Apr-99 17:39:42
Table 16 Summary (without SOP correction)

Terminal Fs derived using XSA (With F shrinkage)

RECRUITS, TOTALBIO, TOTSPBIO, LANDINGS, YIELD/SSB, FBAR 4- 8,
Age 3
1961, 9045, 121952, 83785, 9592, .1145, .0911,
1962, 13661, 126439, 85620, 10454, L1221, .1084,
1963, 22424, 158204, 100611, 12693, L1262, .0996,
1964, 16183, 160385, 98359, 21893, .2226, .2007,
1965, 22791, 174712, 107182, 22181, .2069, .1828,
1966, 21813, 184058, 108732, 25563, .2351, .2030,
1967, 26854, 181530, 104575, 21319, .2039, .1661,
1968, 21493, 189652, 115877, 20387, .1759, .1351,
1969, 40766, 214840, 123686, 27437, .2218, L1792,
1970, 34097, 224210, 129003, 29110, .2257, .1834,
1971, 37232, 228135, 139324, 32706, .2347, L1771,
1972, 33577, 236716, 147350, 42663, .2895, .2333,
1973, 23264, 210188, 136426, 57431, L4210, .3335,
1974, 18828, 203599, 137285, 47188, .3437, .2817,
1975, 16362, 186989, 137493, 41576, .3024, L3137,
1976, 18773, 169176, 121599, 33065, L2719, .2826,
1977, 12906, 155726, 113652, 34835, .3065, .3527,
1978, 8395, 136712, 95530, 28138, .2945, .2673,
1979, 8628, 112354, 82954, 27246, .3284, .2867,
1980, 12369, 123994, 88249, 25230, .2859, .2337,
1981, 33167, 141111, 75534, 30103, .3985, L4197,
1982, 14650, 147219, 81331, 30964, .3807, .3481,
1983, 40873, 178068, 98559, 39176, .3975, .3955,
1984, 25847, 187157, 98667, 54665, .5540, .5108,
1985, 22101, 186931, 113072, 44605, .3945, L4134,
1986, 61929, 233782, 101272, 41716, .4119, .5198,
1987, 48576, 248733, 97094, 40020, L4122, L4229,
1988, 44646, 258195, 103920, 45285, .4358, L4627,
1989, 28646, 227367, 102807, 44477, .4326, L3712,
1990, 20831, 190192, 96286, 61561, .6394, .5675,
1991, 25117, 150081, 75217, 54863, .7294, .7044,
1992, 20090, 125080, 63039, 36487, .5788, .5218,
1993, 23478, 134495, 67557, 33554, .4967, L4496,
1994, 15146, 126093, 66172, 33193, .5016, L4799,
1995, 21628, 126283, 65428, 27222, .4161, L4290,
1996, 12874, 118225, 65481, 20029, .3059, .3379,
1997, 19836, 121197, 63046, 22320, .3540, .3377,
1998, 10579, 106292, 61036, 26409, L4327, .4153,
Arith.
Mean , 23934, 171212, 98758, 33088, .3475, .3268,
0 Units, (Thousands), (Tonnes), (Tonnes), (Tonnes),
1
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Table 2.5.6.1.1. Saithe
options. |nput data.

Prediction with nanagenent option table:

3 Year: 1999

in the Faroe G ounds.

3

Predi ction with managenent

I nput data

3 3 Stock 2 Natural * Maturity3Prop.of F?Prop.of M3 Weight 3 Exploit.2 Weight 3

N
w

813927.0003
38536.000%
311605.000°
34593.0003
34050.0008
31604.000
9 3 836.000°
10 3 458.000%
11 3 119.0003
12+3 175.0003

0.20003
0.20003

0.20003
0.20003
0.20003
0.20003

0.20003

0.20003
0.20003

0.20003

0.07003
0.24003

0.45003
0.65003
0.79003
0.96003

0.97003

1.00003
1.00003

1.00003

O~NO UL W

W OWw W oW oW W W W W W

3Unit3Thousands® - 3 - 3 - 3

3 Year: 2000

[

313927.000° 0.2000% 0.1100%
0.2000% 0.2800%
0.2000% 0.5200%
0.2000% 0.7800%
0.2000% 0.9300%
0.2000% 0.9800°
. 0.2000% 1.0000%
10 3 . 3 0.2000% 1.0000%
11 3 3 0.2000% 1.00003
12+3 3 0.2000% 1.0000%

N
W oWw oW W W W W W W W
©©oo~NO O w

W oW oW W W W

W oW oW W W W

3Unit3Thousands® - 3 - 3 - 3

3 Year: 2001

[

0.00003
0.00003
0.00003
0.00003
0.0000¢3
0.00003
0.
0.00003
0.0000¢3
0.00003

0.00003
0.00003
0.00003
0.00003
0.00003
0.00003
0.00003
0.0000¢3
0.00003
0.00003

0.00003
0.00003

0.00003
0.00003
0.00003
0.00003

0.00003

0.00003
0.00003

0.00003

1.4433
1.8003
2.168°
2.4273
3.3023
4.2033
5.0123
6.350°
6.695°
8.6073

0.14103

0.49203
0.54403
0.5640°3
0.45403
0.50903
0.42503

00003

- 3Kilograms® - 3Kilograms?

3

0.0000% 1.4433
0.0000% 1.800° 0.1410°
0.0000% 2.168% 0.3350°
0.0000% 2.427% 0.49203
0.0000% 3.302% 0.5440°
0.0000% 4.203% 0.5640°3
0.0000% 5.012% 0.4540°3
0.0000% 6.350% 0.5090°3
0.0000% 6.695% 0.42503
0.0000% 8.607 0.4250°3

- 3Kilograms® - S3Kilograms?

3

0.03003

0.33503

0.42503

0.03003
1.8003
2.1683
2.4273
3.3023
4.2033
5.0123
6.360°
6.695°%
8.607°

Age 3 size 3mortality? ogive 3bef.spaw.3bef.spaw.? in stock?® pattern 3 in catch3

1.4433
1.8003

2.168°3
2.4273
3.3023
4.2033

5.0123

6.3503
6.695°

8.6073

3 Recruit-3 Natural 3 Maturity®Prop.of F3Prop.of M3 Weight 3 Exploit.2 Weight 3
Age 3 ment 3mortality®> ogive 3bef.spaw.3bef.spaw.3in stock® pattern 3 in catch?

1.4433

3 Recruit-3 Natural 3 Maturity®Prop.of F3Prop.of M3 Weight 3 Exploit.3 Weight 3
Age 3 ment 3mortality®> ogive 3bef.spaw.3bef.spaw.3in stock? pattern 3 in catch?

3 3 313927.000° 0.2000% 0.1100% 0.00003 0.0000% 1.443% 0.0300% 1.4433
3 43 3 0.2000% 0.2800% 0.0000® 0.0000° 1.800% 0.1410% 1.8003
3 53 3 0.2000% 0.5200% 0.0000%® 0.0000® 2.168° 0.3350% 2.1683
363 3 0.2000% 0.7800% 0.0000% 0.0000%3 2.4273 0.4920% 2.4273
373 3 0.2000% 0.9300% 0.0000% 0.0000% 3.3023 0.5440° 3.3023
3 83 3 0.2000% 0.9800% 0.0000% 0.0000% 4.203° 0.5640% 4.2033
3 93 . 3 0.2000% 1.0000® 0.0000® 0.0000% 5.0123 0.4540% 5.0123
3103 . 3 0.2000% 1.0000% 0.0000° 0.0000%® 6.350% 0.5090% 6.3503
3113 3 0.2000° 1.0000% 0.0000% 0.0000® 6.695% 0.4250° 6.6953
3 12+3 3 0.2000% 1.0000% 0.0000% 0.0000% 8.607% 0.4250° 8.6073
3Unit3Thousands® - 3 - 3 - 3 - 3Kjlograms® - S3Kilograms?
Notes: Run name : MANBJMO4

Date and time:
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Table 2.5.6.1.2. Saithe in the Faroe Grounds. Yield per
10: 29 Wednesday, May 5, 1999
Saithe in the Faroes Gounds (Fishing Area Vb)
Yield per recruit: Input data
3 3 Recruit-® Natural 3 Maturity3Prop.of F2Prop.of M3 Weight 3 Exploit.3 Weight 3
3

Table 2.5.6.2.1. Saithe in the Faroe grounds.

W OWw W W W W W W W

Age 3 ment 3mortality ogive 3bef.spaw.3bef.spaw.3 in stock? pattern 2 in catch?

43 3 0.2000% 0.2800% 0.0000° 0.0000% 1.8473 0.2400% 1.8473
53 3 0.2000% 0.5200% 0.0000% 0.0000%® 2.506% 0.4030% 2.506%
6 3 3 0.2000% 0.7800% 0.0000° 0.0000% 3.273® 0.4850% 3.2733
73 3 0.2000% 0.9300° 0.0000° 0.0000% 4.149% 0.4770% 4.1493
83 3 0.2000% 0.9800% 0.0000% 0.0000%® 5.081% 0.4710% 5.081%
93 . 3 0.2000% 1.0000% 0.0000% 0.0000® 5.860% 0.4750° 5.860%
10 @ . 3 0.2000° 1.0000% 0.0000% 0.0000° 6.5793 0.4690° 6.5793
11 3 3 0.2000° 1.0000% 0.0000° 0.0000% 7.399% 0.4770% 7.3993
12+3 . 3 0.2000® 1.0000® 0.0000® 0.0000° 8.801% 0.4770%® 8.8013
3Unit3 Numbers3® - 3 - 3 - 3 . S3Kjlograms® - 3Kilograms3
Notes: Run name : YLDBJMO4

Date and time: 04MAY99:21:44

May 5, 1999
Saithe in the Faroes G ounds (Fishing Area Vb)

3

WOW W W R W W W E RN RW® 0 NEEE® 0N EEE 0N REW® 0 R ® W W

3

Yield per
1 January

recruit:

Yi el d

Summary table
3 Spawning time 3

F 3Reference3 Catch ind Catch in3 Stock 3 Stock 2 Sp.stock3 Sp.stock3 Sp.stock? Sp.stock3

Factor® F

0.0000°
0.0500°
0.1000°
0.1500°
0.2000°
0.25003
0.30003
0.35003
0.40003
0.45003
0.50003
0.55002
0.60003
0.6500°
0.70003
0.75003
0.80003
0.8500°
0.9000°
0.9500°
1.00003
1.05003
1.10003
1.15003
1.20003
1.25003
1.30003
1.35003
1.40003
1.4500°
1.5000°
1.5500°
1.6000°
1.6500°
1.7000°
1.7500°
1.8000°
1.8500°
1.9000°
1.9500°
2.0000°

- 3 -

0.0000°
0.0208°
0.04153
0.06233
0.0830°
0.10383
0.12463
0.14533
0.16613
0.18683
0.20763
0.22843
0.24913
0.26993
0.29063
0.31143
0.33223
0.35293
0.37373
0.39443
0.41523
0.4360°
0.45673
0.47753%
0.49823
0.5190°
0.5398°
0.5605°
0.58132
0.60203
0.62283
0.64363
0.66433
0.68513
0.70583
0.72663
0.74743
0.76813
0.78893
0.80963
0.83043

Notes: Run name

Date and time

F-0.1 factor
F-max factor

F-0.1 reference F
F-max reference F

Recruitment

0.0002
0.0813

0.0002
382.706°
0.146° 661.130°%
0.200% 867.075°%
0.246° 1021.418°
0.285° 1138.298°
0.318° 1227.5323
0.348° 1296.0843
0.374° 1348.9823
0.397° 1389.910°
0.418° 1421.605°%
0.437° 1446.125°%
0.454° 1465.0293
0.470° 1479.5143
0.484° 1490.5023
0.497° 1498.7123
0.509° 1504.705°
0.5202 1508.925°
0.5318 1511.7223
0.5413 1513.3773
0.550% 1514.1123
0.5592 1514.1073
0.5672 1513.5073
0.5743 1512.4293
0.582% 1510.969°
0.5893 1509.2032
0.5952 1507.196°
0.6013 1504.9993
0.6072 1502.655°
0.613° 1500.198°
0.618° 1497.6573
0.623° 1495.0573
0.628° 1492.4153
0.633° 1489.7493
0.638° 1487.0713
0.642° 1484.3933
0.646° 1481.7223
0.650° 1479.0673
0.654° 1476.4333
0.658° 1473.825°%
0.662° 1471.246°

: YLDBJIMO4

5.517322943.5373
5.115320036.5923
4.790%17754.7953%
4.521%15926.2243

4.294314435.3323
4.101313201.7803
3.93312168.1203
3.787311292.2843
3.658310542.835°
3.5432 9895.866°
3.4402 9332.9163
3.3472 8839.5323
3.2632 8404.2633
3.186° 8017.9413
3.116° 7673.1473
3.0512 7363.830°
2.9913 7085.0113
2.936° 6832.563°
2.884° 6603.0433
2.836° 6393.5583
2.791% 6201.6623
2.749% 6025.280°
2.710° 5862.6373
2.67235712.2113
2.637° 5572.689%
2.604° 5442.9323
2.57235321.9523
2.5423 5208.885°
2.51335102.9753%
2.486° 5003.5553
2.460°2 4910.0373
2.435% 4821.9023
2.4113 4738.6883
2.388° 4659.9823
2.3672 4585.4173
2.346° 4514.6643
2.325% 4447.4273
2.306° 4383.4393
2.2872 4322.4613
2.2693 4264.2743
2.2523 4208.6833

: 04MAY99:21:44
Computation of ref. F: Simple mean, age 4 - 8

:0.4061
:11.0242
10.1686
:0.4252
: Single recruit

3.556°19315.0323
3.168%16449.327°
2.857314207.380°
2.601312417.3343
2.387310963.7032
2.2068 9766.209°
2.050°2 8767.458°
1.9168 7925.435°
1.7983 7208.753°
1.6943 6593.5503
1.6023 6061.4103
1.5203 5597.9223
1.4468 5191.675°
1.3802 4833.537°
1.3193 4516.126°
1.2643 4233.4243
1.2143 3980.483°
1.168% 3753.2093
1.1258% 3548.184°
1.086° 3362.544°
1.050° 3193.8703
1.016° 3040.1093
0.985% 2899.5123
0.956° 2770.5773
0.928° 2652.0133
0.903% 2542.7023
0.8793 2441.6743
0.856° 2348.083°
0.835% 2261.1913
0.815% 2180.3473
0.796° 2104.980°
0.778° 2034.5843
0.761° 1968.7123
0.745% 1906.9673
0.7293 1848.9933
0.715% 1794.4733
0.7013 1743.1243
0.687° 1694.6913
0.675° 1648.9453
0.663° 1605.6783
0.651% 1564.7043

3 numbers 3 weight 3 size 3biomass 3 size 3biomass?3 size 3biomass 3

3.556%19315.0323
3.168316449.327°
2.857314207.380°
2.601312417.3343
2.387°10963.703°
2.206° 9766.2093
2.050° 8767.4583
1.9168 7925.435°
1.7982 7208.753°
1.6942 6593.550°
1.6022 6061.410°
1.5203 5597.9223
1.4468 5191.675°
1.380° 4833.537°3
1.3192 4516.126°
1.2643 4233.4243
1.2143 3980.483°
1.168°% 3753.2093
1.1258% 3548.1843
1.086° 3362.5443
1.050° 3193.870°
1.016° 3040.1093
0.98582 2899.5123
0.9568 2770.5773
0.9283 2652.0132
0.9032 2542.7023
0.8793 2441.674°
0.856° 2348.083°
0.835% 2261.1913
0.815° 2180.3473
0.796° 2104.980°
0.778° 2034.5843
0.761° 1968.7123
0.745° 1906.9673
0.729° 1848.9933
0.715° 1794.4733
0.701° 1743.1243
0.687° 1694.6913
0.675° 1648.945°
0.663° 1605.678°
0.651° 1564.7043

3 Numbers 3 Grams 3 Numbers 3 Grams 3 Numbers 3 Grams 3 Numbers 3 Grams 3

per

recruit:

recruit:

i nput dat a.

sunmery table.

10: 29 Wednesday,
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Table 2.5.6.3.1. Saithe in the Faroe G ounds. Prediction with managenent option

t abl e.

10: 29 Wednesday, May 5, 1999
Saithe in the Faroes G ounds (Fishing Area Vb)

Prediction with nanagenent option table

é
3 Year: 1999 3 Year: 2000 3 Year: 2001 3

3 F SReference® Stock 3 Sp.stock? Catchin® F 3Reference3 Stock 3 Sp.stock?® Catch in® Stock 3 Sp.stock?
3 Factor® F 3biomass 3 biomass 3 weight 3 Factor® F 3 biomass 3 biomass 2 weight 3 biomass 3 biomass 3
3 1.0000% 0.41523 1012843 499743 238343 0.0000% 0.0000% 94718° 518532 0% 1154713 692823
3 .3 0.0500% 0.02083 518533 12983 114020° 679993
3 0.1000% 0.04153 51853® 2569° 112600° 66745°%
3 0.1500° 0.0623° 51853® 3814% 1112123 65520°
3 0.2000% 0.08303 518533 50323 1098533 643233
3 0.2500° 0.1038° 51853® 6225° 1085243 631543
3 0.3000% 0.12463 518532 7394% 107223% 620113
3 0.3500% 0.14533 518533 85383 1059513 608953
3 0.4000% 0.16613 518533 96593 104706 598043
3 0.4500° 0.1868° 51853® 107573 103488° 58738
3 0.5000% 0.20763 518533 118323 102296° 576963
3 0.5500% 0.22843 518533 128853 101129 566783
3 0.6000% 0.24913 51853® 139173 999883 556832
3 0.6500% 0.26993 518533 149273 98870° 547103
3 0.7000% 0.29063 518533 159173 977773 537603
3 0.7500° 0.31143 51853 168873 96706° 528313
3 0.8000% 0.33223 518533 17838 956583 519233
3 0.8500% 0.35293 518533 18769 946323 510363
3 0.9000% 0.3737° 51853® 196823 93628° 501682
3 0.9500% 0.39443 518533 205773 926453 493203
.3 1.0000° 0.41523 518533 21453 916823 484913
2 1.0500° 0.4360°3 51853® 223133 90740% 476813
3 1.1000% 0.45673 51853® 231553 898173 468882
3 1.1500% 0.47753 518533 23980° 889133 461143
3 1.2000% 0.49823 51853% 24790° 88028% 45356
3 1.2500° 0.5190° 51853% 255833 871613 44616
3 1.3000% 0.53983 518533 263613 863123 438913
3 1.3500° 0.5605° 51853® 271243 85480°% 431832
3 1.4000° 0.5813° 518532 278723 84666° 424913
3 1.4500% 0.60203 518533 28605° 83868 418143
3 1.5000° 0.6228° 51853® 293243 83086° 411523
3 1.5500° 0.6436° 51853% 30030% 823203 405043
3 1.6000% 0.66433 518533 307213 81570% 398713
3 1.6500% 0.68513 518533 31400° 808343 392513
3 1.7000% 0.70583 51853® 32066° 801143 38645°%
3 1.7500% 0.72663 518533 32719 79408 380533
3 1.8000% 0.74743 518533 33359 787163 374733
3 1.8500° 0.7681° 51853® 339883 78038 36906°
3 1.9000% 0.78893 518533 34605 773733 363513
3 1.9500% 0.80963 518533 35210% 767223 358083
3

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

3 - 3 - 3 Tonnes? Tonnes® Tonnes® - 3 - 3 Tonnes?3 Tonnes3 Tonnes 3 Tonnes3 Tonnes 3
AAAAAAAAAAAAAAAAARAAAAAAAARAAAAAARAARAAAAAARAAAAAAAARAAAAAAAAAAAAAAAAAARAAAAAAAARAAAAAARAARAAAAAAARAAAAAAAAARAAAAAAAARAAAAAAAY
Notes: Run name : MANBJIMO4

Date and time : 04MAY99:21:40

Computation of ref. F: Simple mean, age 4 - 8

Basis for 1999 : F factors
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Figure 2.5.3.1. Saithe in the Faroe Grounds. Mean weight (kg) at age in the catches in the period 1991 — 1998.
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Figure 2.5.5.1.1a. Saithe in the Faroe Grounds. Log catchability residuals for age group 4 — 11 yrs from XSA run.
Tuning data from Cuba Beta series (effort unit: days).

Figure 2.5.5.1.1b. Saithe in the Faroe Grounds. Log catchability residuals for age groups 4 — 11 yrs from XSA run.
Tuning data from Cuba Logbiik series (effort unit: hours).
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Figure 2.5.5.1.2a. Saithe in the Faroe Grounds. Retrospective analysis of average fishing mortality of age groups 4-8
yrsfrom X SA for 1993-98. Tuning data from the Cuba Beta series.
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Figure 2.5.5.1.2b. Saithe in the Faroe Grounds. Retrospective analysis of average fishing mortality of age groups 4-8
yrsfrom XSA for 1993-98. Tuning data from the Cuba Logbook series.
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Figure 2.5.5.2.1 Fish Stock Summary — Saithe in the Faroes Grounds (Fishing Area Vb)

Yield (1000 tonnes)
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Figure 2.5.6.2.1 Fish Stock Summary — Saithe in the Faroes Grounds (Fishing Area Vb)

Long term yield and spawning stock biomass

— Yield - SSB — Yield - SSB
1600 40 375 75
1 11 [ . F
[ N
1400 35 1\ L
L N
N
1 r N
t 30.0 > 60
L \\
1200 30 - SN
L g N t
—~ [ T ) Y
[ 1 L o g ~.
£ ] c 7 ~ae r
21000 25 o S
0 r g o 225 - 45
N
J [ > S) -
5 I s} | ~o L
2 t 5 > N
o 800 0 ~ ~ s
o r O o B L
“ i [ = S
@ \ [ =2 I
3 \ P 15.0 0
< 600 - F1s <
o \ [ m o 4 L
= /\ o8 o
\ r = il L
400 A 10
/ N S 75 15
" [
~ [
200 e 5 7 r
o4+ttt 0 00++—+——+t+———fr———"——— 0
0000 0125 0250 0375 0500 0625 0750  0.875 0000 0125 0250 0375 0500 0625 0750  0.875

Fishing mortality (average of age 4 - 8,u)

(run: YLDBJMO4) C

Fishing mortality (average of age 4 - 8,u)

(run: MANBJIMO04)

D

Recruitment at age 3 (millions)

]
o
\

1

D
o
L
t

ul
o
L
t

N
o
L
t

w
o
L
t

N
o
L
t

=
o
L
t

Stock - Recruitment

SSB (1000 tons) at spawning time

Figure 2.5.6.2.2 Saithe in the Faroe Grounds. Stock-recruitment relationship
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Figure2.5.6.2.3
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Figure 2.5.7.1. Saithe in the Faroes. Cumulative probability distribution (squares) of the potentia fishing
mortalities in 1999/2000 under the number of fishing days allocated for the Pair trawlers, JGGERS and
longliners. There is a 50% probability that the fishing mortality will be about 0.35, higher than the proposed
Fpa=0.28. The left line shows that it would be necessary to decrease the number of days to 60% of those
allocated to have an 80% probability that F will be less than Fy,.
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3 DEMERSAL STOCKSAT ICELAND (DIVISION VA)
31 Regulation of Demer sal Fisheries

With the extension of the fisheries jurisdiction to 200 miles in 1975, Iceland introduced new measures to protect young
juvenile fish. The mesh size in trawls was increased from 120 mm to 155 mm in 1977. Only in the fisheries for redfish
was 135 mm mesh size allowed in certain areas. In addition a system was implemented whereby fishing can be forbidden
immediately in areas where the number of small fish in the catches exceeds a certain percentage (25% < 55 cm for cod and
saithe and 25% < 48 cm for haddock). These areas are usually been closed for two weeks and can be extended in time and
space if necessary.

A quota system however, was not introduced, until 1984.The quotas are transferable boat quotas. The agreed quotas are
based on the Marine Research Institute’s TAC recommendations, also taking socio-economic effects into account. Until
1990, the quota year corresponded to the calendar year but at present the quota-, or so-called fishing year, starts on 1
September and ends on 31 August of the following year. Thiswas done to meet the need of the fishing industry.

Since the beginning of 1995/1996 fishing year i.e. 1st of September 1995 a harvesting control law has been enforced in
order to manage the cod fisheries. According to this management scheme, catch will be limited to 25% of the fishable (4+)
stock biomass calculated from the average stock at 1st of January of the previous fishing year and the coming fishing year.
However, with aminimum catch level of 155000 t.

3.2 Saithein Icelandic waters
321 Trendsin landings

Saithe landings from Icelandic grounds (Division Va) fluctuated between 57 000 t and 70 000 t during the period 1981-
1986 (Table 3.2.1). From 1987 to 1989, annual landings were about 80 000 t . In 1990, landings increased by more than
20% t0 98 000t and in 1991 the catches reached 103 000 t . Since 1991, landings have decreased to a historically low
level in 1997. In 1998 preliminary reported landings for saithe in Division Va (Table 3.2.1) are slightly above than the
30 000 t expected by the working group last year.

The Icelandic landings in the quota year September-August 1997/1998 amounted to about 35 000 t whereas the national
TAC for the same period was 50 000 t.

322 Fleets and fishing grounds

Approximately 67 % of the catches were taken by bottom trawl and 15 % in gillnets in 1998. The proportion of the
catch taken by the main gear types was close to that observed in 1997, although the proportion caught in gillnets has
decreased while the bottom trawl catch proportion increased dlightly. The proportion of the catch taken in gill nets has
decreased in recent years, while Danish seine boats and jiggers have taken a steadily increasing share of the total catch.
(Figure 3.2.1).

Landings from the bottom trawl fishery were highest in April in 1998 but in August from the gillnet fishery. The
trawlers caught saithe fairly evenly over the year, each month constituting more than 5% of the catches, while the gill
net fishery has a more seasonal character, with a winter and autumn season, although this year the catches were highest
in August (Figure 3.2.2).

The main fishing grounds of the bottom trawl fishery are southwest of Reykjanes and off the south east coast (Figure
3.2.3). The gillnet fishery is concentrated on the spawning grounds southwest of Iceland.

323 Catch at age

Data from samples from all gear types were used to calculate the catch in numbers at age for the total landingsin 1998,
with the sampling level indicated in the text table below, and used as input for the assessment (Table 3.2.2).
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Gear/nation Landings No. of otolith No. of No. of length No of length
samples otoliths read samples measurements

Gillnets 4277 4 395 13 3590
Jiggers 2013 1 100 2 454
Danish seine 1721 1 100 2 578
Bottom trawl 21 209 25 2225 81 17 950
Other gear 927 - - - -
Faroese jiggers 801 - - - -
Total 31393 31 2820 98 22572

Gillnet catches were split according to a gear-specific age-length key, the rest of the catches were split according to a
‘trawl’ key, based on all samples except those from gill nets. The length weight relationship used was

W = 0.024981.2™ for all fleets.

Compared to last years prognosis, a lower proportion of age groups 3, 4 and 6 and considerably higher proportions for
age groups 7 and older were observed in the 1998 landings (Figure 3.2.4). The difference between last years prognosis
and this years estimate is considerable for most age groups, and greater than what was found when comparing the
prognosis for 1997 to the estimate of catch in numbers in 1997.

3.24 M ean weight at age

Mean weights at age in the landings are computed on the basis of samples of otoliths and lengths along with length
distributions and length-weight relationships. The mean weights at age are computed for the same categories as the
catch numbers at age and are then weighted together across the fleets. In recent years a slight increasing trend in mear
weight at age is apparent, with the exception of the 1992 year class which has had lower than average mean weight at
age as 4, 5 and 6 year olds (Figure 3.2.5 and Table 3.2.3). These weights at age where also used as weight at age in th
stock.

3.25 Maturity at age

As has been pointed out in earlier reports of this working group, the maturity at age data for saithe can be misleading
due to the nature of the fishery and of the species, and inadequate sampling. A GLM model, described in the 1993
Working Group report (ICES. C.M.1993/Assess:18), was used to explain maturity at age as a function of age and year
class strength. This model was used to predict maturity at age for 1980-1998 (Figure 3.2.6). The maturity at age prior to
1980 is derived from ICES C.M. 1979/G:6.

3.2.6 Stock Assessment

3.26.1 Tuning input

CPUE data, based on Icelandic trawler logbooks from 1970-1997 and from the gillnet fleet from 1988 are available. To

begin with the logbooks were kept on a voluntary basis by skippers of a few vessels, but since 1991 it has become
mandatory to keep logbooks for both trawl and gill net fishery. During this decade the reports have become more

complete and have ranged from 60-80% of landings during the 1990s.

In both trawler and gilinet vessel logbooks a trend is apparent in the way catches of saithe are recorded and presumably
also caught. During this decade a continuous shift, from effort directed at saithe towards fishing of saithe as by-catch, is
observed (Figure 3.2.7). In part, this is a result of the build-up of the cod stock, but also indicates a reduction in effort
directed specifically at saithe. This necessitates a revision of the criterion used when choosing trawl hauls for
constructing a CPUE-index, which has previously been to include only hauls in which saithe constitute more than 70%
of the catch. GLIM indices (Stefansson 1988) based on trawl hauls and gill net sets where saithe was more than 50% of
the total catch were computed and age disaggregated as described in the 1998 report of this WG (ICES C. M.
1988/ACFM:19). Tuning data for trawlers in January-May is given in Table 3.2.4.

3.26.2 Estimates of fishing mortality

As there is a need for revision of the tuning fleets previously used in XSA of saithe in div. Va (Figure 3.2.7), no XSA
results are presented this year, but examples are given in a working document (see Jonsson 1999, WD 31 to
NWWG99).
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Time series analysis presented (Gudmundsson 1994, WD 32 to NWWG99) is based on annual catch-at-age values from
1988-1998 and ages 4-11 years. Three sets of CPUE data wereeusedlM indices 50%+ from nets, trawlers in
January-May and trawlers in June-December. The results of one run are given in Table 3.2.5. and graphs of
retrospective analyses and a graph of logq(y) for the three CPUE sets are shown in Figures 3.2.8-12.

Initial estimates of recruitment were produced by a linear trend. The estimated values in a joint analysis with CPUE
from trawlers in January-May was

N(4,y) = 31700 — 2030(y-1988) (thousand fish)

and similar values were obtained with other specifications presented in our tables. This specification of the recruitment
improves the fit with the data included in the present analyses. Estimation with a constant initial estimate of recruitment
produces systematic discrepancies in the retrospective patterns where the last year's biomass is consistently larger than
the values obtained. An example of this where no tuning data are included is shown in Figure 3.2.8. However, it should
be kept in mind that a linear trend in recruitment is certainly a misspecification of the long-term relationship although it
may fit rather well over one decade. The standard deviations of estimates presented in the table are obtained by the
Kalman filter. They only apply to the uncertainty produced by the random elements included in the model. Actual
uncertainty is bigger because of misspecifications and errors in parameter estimates.

Neither the retrospective analyses nor statistics on residuals (not presented here) indicate systematic errors. There is
little difference between the four sets of estimates and according to the estimated standard deviations there is little
information in the CPUE data beyond what is already in the catch-at-age observations. According to the time series
estimates, catchability has increased substantially since 1990; by 52 and 67 percent for trawlers in January-May and
June-December respectively and by 112 percent for nets.

The resulting reference F’'s from the TSA runs vary from 0.45 (catch at age only, linear trend in recruitment to 0.37
(catch at age data and trawler GLIM 50%+ January-May with linear trend in recruitment estimated). According to the
estimated standard deviations and other diagnostics from the TSA-runs there is no significant difference between the
four results.

A retrospective analysis was performed for the different methods and fleets (Figures 3.2.7-10). As in previous years
assessments the TSA-runs seem to be more consistent than XSA-runs. From the TSA-runs, the analysis of catch at age
data with linear trend estimated and trawler GLIM50+, appears to be the most consistent one and was adopted by the
working group. As no retrospective pattern was apparent in the TSA runs, no raising factor was used for the terminal F.
In 1997 and 1998 this working group used raising factors of 1.32 and 1.19 respectively, based on the average
underestimation in the last three years according to retrospective analyses.

The terminal fishing mortalities from the TSA were used to run a traditional VPA , where the F for age groups 8-14 was
taken as the mean of age groups 8-11 in the TSA. Natural mortality was set at a value of 0.2. The results of this run are
given in Tables 3.2.6 - 3.2.8 and Figures 3.2.13A and 3.2.13B.

3.26.3 Spawning stock and recruitment

The spawning stock biomass is shown in Figure 3.2.13B and given in Table 3.2.8. After a decline from 1970-1977, the
spawning stock biomass averaged between 160-180 000 t in 1978-1989 and increased to about 190 000 t in 1990. Since
1992 the spawning stock biomass has declined to a minimum in 1998 of a little less than 85 000 t , which is the lowest
recorded level. Spawning stock biomass at the beginning of 1999 is estimated at only 85 000 t.

Estimates of recruitment at age 3 are plotted in Figure 3.2.13.B. The 1983-1985 year classes are all well above the
1967-1987 long-term average of about 40 million 3 year old recruits. The 1984 year class is the highest on record at
109 million recruits. All year classes after 1985 are well below the long term average. The average size of the 1986-
1993 year classes is estimated at only 22 million recruits, which is below the lower quartile of the historic series of
recruitment. Since no information is available for the more recent year classes, the 1994-1997 year classes were set at
the rounded average for the 1986-1993 year claiseeat 20 million recruits.

3.2.7 Prediction of catch and biomass

3271 Input data
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Theinput data for the catch projectionsis shown in Table 3.2.9.

For catch predictions and stock biomass calculations, the mean weight at ages 4-9 were predicted using a multiple
regression analysis where the mean weight at age was predicted by the mean weight of the year class in the previous
year and the year class strength. Since the regression analysis showed significant relationships only for the above age
groups, the mean weights at age for other age groups were averaged over the 1995-1997 period, excluding the strong
1984 year class asit had weight at age much lower than average.

For the short-term predictions, maturity at age was predicted as described in Section 3.2.5. For long term predictions of
maturity at age, averages over the period 1980-1998 were used.

For a short term prediction the rounded average of the 1986-1993 year classes was used as recruitment.

For long-term yield and spawning stock biomass per recruit, the exploitation pattern was taken as the average of the
fishing mortalities during 1980-1997 from the standard VPA run. Averages over 1980-1997 for maturity and mean
weight at age for al age groups were used, along with a natural mortality of 0.2 (Table 3.2.11).

3.27.2 Biological reference points
Theyield and spawning stock biomass-per-recruit (age 3) curves are shown in Figure 3.2.13C.

The ACFM has set By, at 150 000 t and By, was tentatively set at 90 000 t and Fy, at 0.3. iy, has not been set for this
stock. The stock is therefore below By, according to this assessment.

3273 Projections of catch and biomass

Based on the input data given in Table 3.2.9, options for 1999 were calculated and are given in Table 3.2.10 and Figure
3.2.13.D.

As can be seen from the prediction (Table 3.2.10), total catch in 1999 is assumed 30 000 t which is alikely result of the
TAC of 30000t for the 1998/99 quota year. The resulting stock size in the beginning of 2000 is estimated about
170 000 t and SSB dlightly above 90 000 t . The same reference F in 2000, asin 1998, would result in ayield of approx.
37000t , and both total and spawning stock biomass in 2001 would remain close to the 1999 level. Total and spawning
stock biomass are at historically low levels and will continue to be at a low level in the coming years, even at very low
fishing mortalities, unless an increase in recruitment occurs.

3.2.8 M anagement consider ations

The stock was overestimated until in the 1997 assessment. It is at the lowest observed level at present. Last years
assessment seems to have been too optimistic. The reference F values have been at or above F o for the whole time
series in the assessment (one exception), and were higher than Fa in 1993-1995. Recruitment in recent years (the 1986
and more recent year classes) has been well below the long term average.

329 Comments on the assessment

Only one of previously used tuning fleets was updated. New tuning fleets were defined and X SA runs presented in WD
31, but only one of the fleets is presented in this report.

Time series analysis has been used to assess this stock in recent years. The TSA run adopted in the 1998 assessment
was based on catch at age only with no trend in recruitment, this year the TSA was tuned with an age disaggregated
GLIM index for trawlers in January-May, and a linear trend in recruitment was included. Figure 3.2.8 shows
retrospective analysis from a run with no trend in recruitment. From systematic patterns in retrospective analysis, it can
be seen that present fishing mortalities had been consistently underestimated in recent years, but the retrospective
pattern of underestimation was no longer apparent in runs with atrend in recruitment.

The range of years used in the TSA was shortened by 4 years, the year range in the 1998 assessment was 1982-1997. In
this assessment the TSA startsin 1988, when the abundant 1984 year class was entering the fishery, which changes the
behaviour of the model.
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In the 1997 and 1998 assessments the short term average of 25 million 3 year olds for year classes 1985-1992 was used
as a recruitment estimate in short term prediction. In this assessment the year class range was changed to 1986-1993,
averaging 22 million recruits, which was rounded to 20 million.

Tag returns indicate migration between saithe stock units in NE-Atlantic, and indications from catch at age have been

described (Reinch 1977, Jakobsen & Olsen 1987). Little is known about their magnitude and frequency. Better
understanding of saithe biology, e.g. recruitment and migrations, is needed.
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Table 3.2.1. Nominal catch (tonnes) of SAITHE in Division Vaby countries, 1982-1999, as officially reported to ICES

Country 1982 1983 1984 1985 1986 1987 1988 1989

Belgium 201 224 269 158 218 217 268 369

Faroe Islands 3,582 2,138 2,044 1,778 783 2,139 2,596 2,246

France 23 - - - - - - -

Iceland 65,124 55904 60,406 55,135 63,867 78,175 74,383 79,810

Norway 1 + - 1 - - - -

UK (Engl. and Wales) - - - 29 - - - -

Total 70,913 60,249 64,703 59,086 66,854 82,518 79,235 82,425

WG estimate - - - - 66,3767 - -

Country 1990 1991 1992 1993 1994 1995 1996 1997  1998Y
Belgium 190 236 195 104 30 - - - -
Faroe Islands 2,905 2,690 1,570 1,562 975 1,161 801 716 801
France - - - - - - - - -
Germany - - - - - - 1 - 3
Iceland 95,032 99,390 77,832 69,982 63,333 47,466 39,297 36,360 30,469
Norway - - - - - 1 - - -
UK (Engl. and Wales) - - - - - - - - -
Total 98,127 102,316 79597 71,648 64,338 48,628 40,099 37,264 31,393
WG estimate 102,7373) - - - - -

1) Provisional

2) Additional catch of 1,508 t
by Faroe Islands included

3) Additional catch of 451 t by
Iceland included
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Table 3.2.2. Saithe in division Va. Catch in numbers 1979-1998.

Run title : Saithe Iceland Va (run: SVPSTJ01/V01)
At 2-May-99 15:06:07

Table 1 Catch numbers at age Numbers*10**-3

YEAR 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988

AGE
3 480 275 203 508 107 53 376 3108 956 1318
4 3764 2540 1325 1092 1750 657 4014 1400 5135 5067
5 1991 5214 3503 2804 1065 800 3366 4170 4428 6619
6 3616 2596 5404 4845 2455 1825 1958 2665 5409 3678
7 1566 2169 1457 4293 4454 2184 1536 1550 2915 2859
8 718 1341 1415 1215 2311 3610 1172 1116 1348 1775
9 292 387 578 975 501 844 747 628 661 845
10 669 262 242 306 251 376 479 1549 496 226
11 589 155 61 59 38 291 74 216 498 270
12 489 112 154 35 12 135 23 51 58 107
13 150 64 135 48 2 185 72 30 27 24
14 72 33 128 46 4 226 71 14 48 1

+gp 0 58 141 99 174 190 291 95 22 1

0 TOTAL 14396 15206 14746 16325 13124 11376 14179 16592 22001 22790
TONSL. 63504 58347 58986 68615 58266 62719 57101 66376 80559 77247
SOPCC 98 100 99 99 99 100 99 100 100 100

Table 1 Catch numbers at age Numbers*10**-3

YEAR 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998

AGE
3 315 143 198 242 657 702 1573 2118 603 202
4 4313 1692 874 2928 1083 2955 1853 3465 2960 1246
5 8471 5471 3613 3844 2841 1770 2661 2327 2766 1944
6 7309 10112 6844 4355 2252 2603 1807 1838 1651 1490
7 1794 6174 10772 3884 2247 1377 2370 814 1178 1073
8 1928 1816 3223 4046 2314 1243 905 1129 599 566
9 848 1087 858 1290 3671 1263 574 321 454 352
10 270 380 838 350 830 2009 482 209 125 258
11 191 151 228 196 223 454 521 144 95 138
12 135 55 40 56 188 158 106 168 114 84
13 76 76 6 54 81 188 35 85 77 70
14 10 37 5 15 12 82 13 33 43 83

+gp 8 42 42 1 1 51 17 30 41 72

0 TOTAL 25668 27236 27541 21261 16400 14855 12917 12681 10706 7578
TONSL. 82425 98130 102737 79597 71648 64338 48650 40101 37246 31393
SOPCC 100 100 100 100 100 100 100 100 100 100
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Table 3.2.3. Saithe in Division Va. Mean weight (kg) at age in the catches 1979-1998.

Run title : Saithe Iceland Va (run: SVPSTJ01/V01)

At 2-May-99 15:06:07

Table 2 Catch weights at age (kg)

YEAR

AGE

©oo~NOO UL~ W

10
11
12
13
14
+gp
0 SOPC(

1979

1.12
1.76
2.73
4.29
5.54
7.27
8.42
9.41
10
10.56
11.87
13.12
13.12
0.984

1980

1.428
1.983
2.667
3.689
5.409
6.321
7.213
8.565
9.147
9.617
10.066
11.041
13
0.9989

1981

1.585
2.037
2.696
3.525
4.541
6.247
6.991
8.202
9.537
9.089
9.351
10.225
13
0.9933

Table 2 Catch weights at age (kg)

YEAR

AGE

©oo~NOO U~ W

10
11
12
13
14
+gp
0 SOPC(

1989

1.403
2.021
2194
3.047
4.505
5.889
7.172
8.852
10.17
10.392
12.522
11.923
13
0.9998

1990

1.647
1.983
2.566
3.021
4.077
5.744
7.038
7.564
8.854
10.645
11.674
11.431
13
1.0005

1991

1.224
1.939
2432
3.16
3.634
4.967
6.629
7.704
9.061
9.117
10.922
11.342
13
0.9999

1982

1.547
2.194
3.015
3.183
5.114
6.202
7.256
7.922
8.924
10.134
9.447
10.535
13
0.9922

1992

1.269
1.909
2.578
3.288
4.15
4.865
6.168
7.926
8.349
9.029
11.574
9.466
13
1.0002

1983

1.53
2221
3171

4.27
4.107
5.984
7.565
8.673
8.801
9.039

11.138
9.818
13
0.9915

1993

1.381
2.143
2.742
3.636
4.398
5421
5.319
7.006
8.07
10.048
9.106
11.591
13
1.0013

1984

1.653
2432
3.33
4.681
5.466
4.973
7.407
8.179
8.77
8.831
11.01
11.127
13
0.9975

1994

1.444
1.836
2.649
3.512
4.906
5.539
6.818
6.374
8.341
9.77
10.528
11.257
13
1.0018

1985

1.609
2172
3.169
3.922
4.697
6.411
6.492
8.346
9.401
10.335
11.027
10.644
13
0.9929

1995

1.37
1977
2.769
3.722
4.621
5.854
6.416
7.356
6.815
8.312
9.119
11.91

13
1.0027

1986

1.45
2.19
2.959
4.402
5.488
6.406
7.57
6.487
9.616
10.462
11.747
11.902
13
0.9987

1996

121
1.745
2.684
3.741

4.85

5.62
6.966

7.43
8.884
8.025

10.246
12.177
13

1

1987

1.516
1.715
2.67
3.839
5.081
6.185
7.33
8.025
7.974
9.615
12.246
11.656
13
1.0005

1997

1.325
1.936
2.409
3.906
5.032
6.171
7.202
7.883
8.856
9.649
9.621
10.877
13
1.0011

1988

1.261
2.017
2.513
3.476
4.719
5.932
7.523
8.439
8.748
9.559
10.824
14.099
13
0.9999

1998

1.375
2.03
2927
343
5.039
6.089
6.991
7.884
8.876
10.183
10.171
10.12
13
0.9958
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Table 3.2.4. Saithe in Division Va. Tuning data series.

Age group
EFFORT 4 5 6 7 8 9 10 11
1988 1 18.8 93.3 53.3 44.0 16.8 12.3 3.0 4.4
1989 1 7.8 34.7 101.2 42,5 30.5 14.4 4.8 1.8
1990 1 18.3 42.8 92.7 76.2 15.8 9.7 4.8 4.1
1991 1 54 35.5 71.9 118.6 37.9 12.4 11.6 39
1992 1 17.2 40.3 57.3 53.8 52.2 134 2.7 11
1993 1 34 171 38.6 50.2 36.8 33.9 79 1.8
1994 1 18.1 16.8 35.8 17.7 15.9 15.3 22.7 53
1995 1 225 33.8 32.3 42.2 131 6.1 55 6.8
1996 1 42.0 29.0 31.6 17.8 26.1 5.0 3.3 14
1997 1 63.2 28,5 23.9 34.0 16.3 10.6 3.0 15
1998 1 304 52.5 40.1 25.7 13.0 8.7 4.9 4.0
Table 3.2.5. Saithein Division Va. Results from TSA-runs.
Catch-at-age 4-11 years
CPUE trawl Jan.-May 6-11 years
Linear trend in recruitment
STOCK | N NUMBERS (t housands of fish)
4 5 6 7 8 9 10 11 Bi omass
1988 81142. 38463. 12009.  9004.  4222.  1490. 444, 541. 388.5
1989 39303. 61656. 25217.  6712.  4723.  1851. 684. 220. 367.0
1990 24481. 30033. 41522. 14618. 3676.  2247. 954, 357. 361.9
1991 16644. 18469. 19555. 24163.  6883.  1526.  1148. 489. 284.3
1992 21239. 12607. 11694. 10323. 11407.  2667. 619. 472. 235.3
1993 12010. 15073. 7094. 5757. 5027. 5378. 1285, 279. 185.2
1994 14521.  8844.  9588.  3594.  2540. 2025.  2416. 554, 149. 4
1995 13382. 10391. 5576.  5379.  1690. 923, 744, 948, 128.6
1996 16383.  9610.  6203.  2909. 2458, 640. 387. 307. 115.6
1997 14754. 11857. 5879.  3413.  1545.  1059. 307. 183. 118.5
1998 11352. 10768.  7402.  3279.  1727. 733, 560. 160. 118.0
STANDARD DEVI ATI ON OF STOCK ESTI MATES
1997 2635.  1487. 652. 351. 133, 103. 47, 42, 10.3
1998  4618.  1966. 1142, 461. 250. 90. 84, 33, 14.8
FI SHI NG MORTALI TY RATES
Aver age 4-9
4 5 6 7 8 9 10 11 geom arithm
1988 0.075 0.222 0.380 0.445 0.616 0.768 0.703 0.696 0.332 0.418
1989 0.066 0.196 0.345 0.402 0.543 0.659 0.648 0.674 0.294 0.368
1990 0.082 0.227 0.340 0.551 0.678 0.669 0.669 0.700 0.341 0.424
1991 0.075 0.256 0.439 0.550 0.736 0.876 0.870 0.812 0.380 0.489
1992 0.144 0.346 0.504 0.516 0.527 0.722 0.790 0.800 0.413  0.460
1993 0.096 0.252 0.439 0.579 0.700 0.800 0.835 0.832 0.389 0.478
1994 0.129 0.251 0.376 0.518 0.723 0.917 0.886 0.847 0.401 0.486
1995 0.128 0.296 0.436 0.575 0.734 0.832 0.844 0.822 0.424 0.500
1996 0.125 0.282 0.394 0.432 0.638 0.734 0.750 0.753 0.376 0.434
1997 0.116 0.268 0.384 0.478 0.545 0.638 0.652 0.692 0.354  0.405
1998 0.089 0.217 0.309 0.420 0.512 0.640 0.656 0.665 0.306 0.365
STANDARD DEVI ATI ONS OF LOG F)
1997 0.48 0.14 0.11 0.12 0.12 0.12 0.15 0.16 0.120
1998 0.47 0.17 0.15 0.16 0.16 0.17 0.18 0.18 0.148

134



Table 3.2.6. Saithe in Division Va. Fishing mortality.

Run title : Saithe Iceland Va (run: SVPSTJ01/V01)

At 2-May-99 15:06:07

Traditional vpa using screen input for terminal F

Table 8 Fishing mortality (F) at age

YEAR

AGE

+gp
0 FBAR 4

Table 8
YEAR

AGE

+gp
0 FBAR 4
1

1979

0.0096
0.1095
0.1777
0.3573
0.342
0.312
0.1715
0.7625
0.6698
0.5861
0.6027
0.655
0.655
0.245

1980

0.0109
0.0645
0.2174
0.3693
0.3777
0.5534

0.276
0.2293
0.3939
0.2524
0.1374

0.253

0.253
0.3097

1981

0.0116
0.0665

0.119
0.3662
0.3656
0.4545
0.4934

0.278
0.0763
0.8706
0.5457

0.443

0.443
0.3109

Fishing mortality (F) at age

1989

0.0112
0.1131
0.1482
0.3236
0.2788
0.3955
0.4594
0.5022
0.7982
0.7712
0.6461

0.679

0.679
0.2864

1990

0.0074
0.0769
0.2048
0.2647
0.4993
0.5044
0.4065

0.385
0.5888
0.5643
1.5586

0.774

0.774
0.3261

1991

0.008
0.0567
0.233
0.4247
0.4988
0.5322
0.476
0.6358
0.4214
0.302
0.1074
0.367
0.367
0.3702

1982

0.0257
0.0796
0.1952
0.2396
0.5582
0.5941
0.6591
0.5314
0.1006
0.0572
0.7539

0.361

0.361
0.3876

1992

0.0182
0.1573
0.3735
0.4855
0.4567
0.3529
0.4218
0.3629
0.2947
0.1719
0.8583

0.422

0.422
0.3746

1983

0.0036
0.1161
0.1038
0.2618
0.3615
0.6744
0.5261
0.3493
0.1133
0.0267
0.0041

0.123

0.123
0.3406

1993

0.0384
0.1059
0.2251
0.3915
0.5005
0.5457
0.6291
0.5303
0.4157
0.5109
0.4005

0.464

0.464
0.3996

1984

0.0012
0.0276
0.0712
0.2592
0.3922
0.5616
0.5626
0.9941
0.8843
0.7244
0.7003

0.826

0.826
0.3124

1994

0.0439
0.2413
0.2515
0.3314
0.4424
0.5769
0.6597
0.8751
0.6285
0.5884
1.6127

0.926

0.926
0.4172

1985

0.0119
0.1203

0.192
0.2486

0.362
0.3781
0.2126
0.7381
0.5314
0.1495
1.1648

0.646

0.646
0.2523

1995

0.0816
0.1561
0.3561
0.4393
0.5713
0.59
0.5802
0.5728
0.5892
0.2888
0.2459
0.424
0.424
0.4488

1986

0.0474
0.0562
0.1768
0.2288
0.3182
0.4882
0.3579
0.8997
0.9156
0.8843
0.2961

0.749

0.749

0.271

1996

0.1087
0.2588
0.2992
0.4469
0.3623
0.5946
0.4296
0.4316

0.333
0.3815
0.3966

0.386

0.386
0.3985

1987

0.0097
0.1029
0.2516
0.3646
0.4192
0.5055

0.606
0.5342
0.8518
0.6798
2.3062

1.093

1.093

0.375

1997

0.0332
0.2177
0.3392
0.3594
0.58
0.4968
0.51
0.2954
0.3567
0.48
0.3016
0.358
0.358
0.4172

1988

0.0264
0.0654
0.1868
0.3422
0.3343
0.4891
0.6974
0.4291
0.6324
0.4385
0.6773

0.544

0.544
0.3525

1998

0.022
0.089
0.217
0.309
0.42
0.618
0.618
0.618
0.618
0.618
0.618
0.618
0.618
0.3785

FBAR 96-98

0.0546
0.1885
0.2851
0.3718
0.4541
0.5698
0.5192
0.4484
0.4359
0.4931
0.4387

0.454
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Table 3.2.7. Saithe in Division Va Stock in numbers

Run title : Saithe Iceland Va (run: SVPSTJ01/V01)
At 2-May-99 15:06:07
Traditional vpa using screen input for terminal F

Table 10 Stock number at age (start of year) Numbers*10**-3
YEAR 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988

AGE
3 55240 28025 19441 22039 32622 47677 34930 74064 108824 55711
4 39980 44793 22696 15733 17585 26612 38987 28258 57833 88234
5 13451 29339 34382 17387 11896 12820 21195 28301 21872 42719
6 13200 9219 19328 24991 11710 8779 9774 14322 19415 13924
7 5932 7560 5217 10972 16102 7379 5547 6241 9328 11039
8 2941 3450 4242 2963 5141 9184 4082 3162 3717 5022
9 2038 1763 1624 2205 1339 2144 4288 2290 1589 1836

10 1366 1405 1095 812 934 648 1000 2838 1311 710
11 1317 522 915 679 391 539 196 391 945 629
12 1205 552 288 694 503 286 182 94 128 330
13 362 549 351 99 537 401 113 129 32 53
14 164 162 392 166 38 438 163 29 78 3
+gp 0 285 432 358 1655 368 668 196 36 3

0 TOT/ 137194 127623 110402 99099 100453 117275 121124 160316 225109 220213

Table 10  Stock number at age (start of year) Numbers*10**-3
YEAR 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 GMST 62-96 AM
AGE
3 31130 21509 27263 14769 19223 18005 22121 22651 20354 10239 0 37569 43700
4 44422 25202 17481 22142 11873 15145 14107 16692 16636 16120 8200 30233 35062
5 67668 32481 19107 13523 15490 8744 9741 9880 10550 10956 12074 22287 26041
6 29015 47769 21668 12393 7621 10126 5567 5586 5998 6153 7220 15119 17839
7 8097 17188 30015 11601 6244 4218 5952 2937 2925 3428 3698 9178 10972
8 6470 5016 8541 14924 6016 3099 2219 2752 1674 1341 1844 5180 6076
9 2521 3567 2480 4107 8585 2854 1425 1007 1243 834 592 2750 3191
10 748 1304 1945 1261 2205 3747 1208 653 537 611 368 1512 1702
11 378 371 726 843 718 1062 1279 558 347 327 270 795 880
12 274 139 168 390 514 388 464 581 327 199 144 425 484
13 174 104 65 102 269 253 176 285 325 166 88 218 266
14 22 75 18 48 35 148 41 113 157 197 73 98 148
+gp 18 85 150 3 3 92 54 103 149 171 162
0 TOT/ 190937 154809 129628 96106 78797 67880 64354 63798 61222 50741 34734
1
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Table 3.2.8. Saithe in Division Va. Stock summary table.

Run title : Saithe Iceland Va (run: SVYPSTJ01/V01)

At 2-May-99 15:06:07

Table 16 Summary

Arith.
Mean
0 Units

(without SOP correction)

Traditional vpa using screen input for terminal F

1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

RECRI
Age 3
30999
84106
55195
94062
70223
68332
59672
88751
66328
50638
26456
26103
25125
25927
31236
21672
49436
55240
28025
19441
22039
32622
47677
34930
74064
108824
55711
31130
21509
27263
14769
19223
18005
22121
22651
20354
10239

42165
(Thousands)

TOTALBIO  TOTSPBIO

277003
336274
380521
465836
550397
648019
697092
762546
755885
717074
603752
516600
434163
387979
347148
300239
307897
342168
349650
332640
317937
327671
355820
350179
415478
500181
514960
478972
454844
376105
304936
257225
211898
179783
160776
159257
146886

406102
(Tonnes)

142184
144613
141947
165999
214136
279292
345778
395280
399454
381384
334676
313690
288072
264698
227234
186665
165550
159514
166305
168799
177304
193539
182597
169711
177478
172033
164795
172287
192372
193286
182947
165253
138455
106463

91238

87427

83344

203670
(Tonnes)

LANDINGS YIELD/SSB FBAR 4-9

50514
48011
60257
60177
52003
75712
77549
115853
116601
136764
111301
110888
97568
87954
82003
62026
49672
63504
58347
58986
68615
58266
62719
57101
66376
80559
77247
82425
98130
102737
79597
71648
64338
48650
40101
37246
31393

73050
(Tonnes)

0.3553
0.332
0.4245
0.3625
0.2429
0.2711
0.2243
0.2931
0.2919
0.3586
0.3326
0.3535
0.3387
0.3323
0.3609
0.3323
0.3
0.3981
0.3508
0.3494
0.387
0.3011
0.3435
0.3365
0.374
0.4683
0.4687
0.4784
0.5101
0.5315
0.4351
0.4336
0.4647
0.457
0.4395
0.426
0.3767

0.374

0.2867
0.304
0.25
0.2313
0.1783
0.2375
0.2102
0.2947
0.3225
0.4429
0.3609
0.3446
0.2875
0.2779
0.3256
0.2823
0.2374
0.245
0.3097
0.3109
0.3876
0.3406
0.3124
0.2523
0.271
0.375
0.3525
0.2864
0.3261
0.3702
0.3746
0.3996
0.4172
0.4488
0.3985
0.4172
0.3785

0.3202
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Table 3.2.9. Saithe in Division Va. Prediction with management option - Input data.

Saithe in the Iceland G ounds (Fishing Area Va)

Prediction with nanagenent option table: Input data

Year: 1999 |

I
| Stock | Natural | Maturity;Prop.of F|Prop.of M} Weight | Exploit., Weight |
Age | size |mortality; ogive |bef.spaw.jbef.spaw.|in stock; pattern | in catch]
o + + + + + + + + 1
| 20.000; 0.2000; 0.1400; 0.0000; 0.0000; 1.303; 0.0520; 1.303
| 16.018} 0.2000; 0.2800; 0.0000; 0.0000; 2.067; 0.1710; 2.067,
| 11.864} 0.2000; 0.4700; 0.0000; 0.0000; 2.846} 0.2710; 2.846)
| 7.220} 0.2000; 0.6600; 0.0000; 0.0000; 3.871; 0.3530; 3.871;
I
I
I
I
I
I

3.698! 0.2000! 0.8200! 0.0000! 0.0000! 4.620} 0.4310! 4.620!
1.844! 0.2000! 0.9200! 0.0000! 0.0000! 6.155! 0.5410! 6.155!
0.592! 0.2000! 0.9600! 0.0000! 0.0000! 7.563! 0.4930! 7.563!
! 0.368! 0.2000! 1.0000! 0.0000} 0.0000; 7.732! 0.4260! 7.732!
! 0.270! 0.2000! 1.0000! 0.0000! 0.0000! 8.872! 0.4140! 8.872!
12 ! 0.144! 0.2000! 1.0000! 0.0000! 0.0000! 9.381! 0.4680! 9.381!
1
|
1

13 0.088; 0.2000; 1.0000; 0.0000; 0.0000; 9.845; 0.4170; 9.845)
14 0.073; 0.2000; 1.0000; 0.0000; 0.0000; 11.655; 0.4310; 11.655|
o + + + + + + + + 1
i Unit | Millions} - | - | - | - |Kilograms}, - |Kilograms;
+
I
I

I
i Recruit-} Natural | Maturity}Prop.of FiProp.of M; Weight | Exploit.; Weight |
Age | ment jmortality; ogive |bef.spaw.jbef.spaw.|in stock] pattern } in catch]
[ + + + + + + + + !

+

| Year: 2000 '
1

1

1

1

I

i 3| 20.000; 0.2000; 0.1400; 0.0000; 0.0000; 1.303; 0.0520; 1.303;
i 41 . | 0.2000; 0.2800; 0.0000; 0.0000; 2.009; 0.1710; 2.009;
1 5 i 0.2000; 0.4700; 0.0000; 0.0000; 2.869; 0.2710; 2.869|
| 6| i 0.2000; 0.6800; 0.0000; 0.0000; 3.827; 0.3530; 3.827|
V7 i 0.2000; 0.8200; 0.0000; 0.0000; 4.912} 0.4310; 4.912
18 i 0.2000; 0.9200; 0.0000; 0.0000; 5.829; 0.5410; 5.829;
19 i 0.2000; 0.9600; 0.0000; 0.0000; 7.605; 0.4930; 7.605|
1 10 |  0.2000; 1.0000; 0.0000; 0.0000; 7.732} 0.4260; 7.732|
111 i 0.2000; 1.0000; 0.0000; 0.0000; 8.872} 0.4140; 8.872
112 ) i 0.2000; 1.0000; 0.0000; 0.0000; 9.381} 0.4680; 9.381,
113 i 0.2000; 1.0000; 0.0000; 0.0000; 9.845} 0.4170; 9.845]
| 14 |  0.2000; 1.0000; 0.0000; 0.0000; 11.655} 0.4310; 11.655]
o + + + + + + + + 1
it Unit | Millions} - | - | - | - IKilograms}, - |Kilograms;

+

I
I

I
i Recruit-} Natural | Maturity}Prop.of FiProp.of M; Weight | Exploit.; Weight |
Age | ment jmortality; ogive |bef.spaw.jbef.spaw.|in stock] pattern } in catch]
[ + + + + + + + + !

+

H Year: 2001 '
1

1

1

1

I
i 3| 20.000; 0.2000; 0.1400; 0.0000; 0.0000; 1.303; 0.0520; 1.303;
i 41 . | 0.2000; 0.2800; 0.0000; 0.0000; 2.009; 0.1710; 2.009;
1 5 i 0.2000; 0.4700; 0.0000; 0.0000; 2.828} 0.2710; 2.828|
| 6| i 0.2000; 0.6800; 0.0000; 0.0000; 3.843} 0.3530; 3.843|
e i 0.2000; 0.8300; 0.0000; 0.0000; 4.898; 0.4310;, 4.898|
18 i 0.2000; 0.9100; 0.0000; 0.0000; 6.028; 0.5410; 6.028;
19 i 0.2000; 0.9600; 0.0000; 0.0000; 6.679; 0.4930, 6.679|
1 10 | i 0.2000; 1.0000; 0.0000; 0.0000; 7.732} 0.4260; 7.732|
111 i 0.2000; 1.0000; 0.0000; 0.0000; 8.872} 0.4140; 8.872
112 ) i 0.2000; 1.0000; 0.0000; 0.0000; 9.381} 0.4680; 9.381]
113 | | 0.2000; 1.0000; 0.0000; 0.0000; 9.845} 0.4170; 9.845|
1 14} . | 0.2000{ 1.0000; 0.0000; 0.0000; 11.655} 0.4310; 11.655)
o + + + + + + + + 1
it Unit | Millions} - | - | - | - IKilograms}, - |Kilograms;

Notes: Run name : MANSTJO02
Date and time: 04MAY99:17:44
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Table 3.2.10. Saithe in Division Va. Prediction with management option table.

Saithe in the Iceland G ounds (Fishing Area Va)

Prediction with nanagenent option table

Year: 1999 H Year: 2000 I Year:2001 |
+

: 1

+ + !
i

]

|

1
F |Reference| Stock | Sp.stock| Catchin} F |Reference] Stock | Sp.stockj Catch in] Stock | Sp.stock|
Factor| F |biomass |biomass |weight | Factor| F |biomass |biomass |weight | biomass | biomass |
1

[ S R S S S S S S S S S !
0.8395! 0.3162! 162104! 84293/ 30000! 0.0000; 0.0000! 168111} 91115/ 0! 207275| 122816!
o Lo 101000} 0.0377! . 91115 4334 202392! 118977

1 0.2000] 0.0753!
1 0.3000] 0.1130!

1

1 I

! ! 91115! 8519! 197678 115282!
! ! 91115! 12559} 193127 111725!
1 0.4000] 0.1507! ! 91115! 16461} 188733! 108301!
1 0.5000] 0.1883! ! 91115! 20231} 184489 105004!
1 0.6000] 0.2260! .| 91115 23872 180389! 101829
107000} 0.2637! . 91115 27390 176429! 98772
1 0.8000] 0.3013! ! 91115! 30791} 172602! 95826
1 0.9000] 0.3390! ! 91115! 34077! 168905 92989
! 1.0000! 0.3767! ! 91115! 37255 165330! 90255!
! 1.1000! 0.4143! ! 91115! 40327! 161875 87621!
! 1.2000! 0.4520! ! 91115! 43298! 158535 85082!

+ +

]
l
i
-l
]
l
]
l
i
-l
]
l
]
l
i
-l
i
-l
]
l
i
-l
i
N .
o — E —— S — E —— e ——  — e T S —— !

1
H 1 - | Tonnes| Tonnes| Tonnes| - | - | Tonnes| Tonnes| Tonnes| Tonnes| Tonnes |
+ +
Notes: Run name : MANSTJ02

Date and time : 04MAY99:17:44
Computation of ref. F: Simple mean, age 4 - 9
Basis for 1999 : TAC constraints

Table 3.2.11. Saithein Division Va. Yield per recruit - Input data.

I cel andi ¢ saithe (Division Va)

Yield per recruit: |nput data

i | Recruit-} Natural | Maturity;Prop.of FiProp.of M} Weight | Exploit.;, Weight |
\ Age | ment mortality} ogive |bef.spaw.|bef.spaw.} in stock] pattern | in catch]
o + + + + + + + + !

1
{31 1.000; 0.2000; 0.1153; 0.0000; 0.0000; 1.433} 0.0200; 1.436
i 41 . | 0.2000; 0.2284; 0.0000; 0.0000; 2.025; 0.1200; 2.025;
i 5] i 0.2000; 0.3974; 0.0000; 0.0000; 2.744; 0.2270; 2.734,
| 6| i 0.2000; 0.5984; 0.0000; 0.0000; 3.655; 0.3560; 3.668|
V7 i 0.2000; 0.7668; 0.0000; 0.0000; 4.728} 0.4470; 4.711]
18 i 0.2000; 0.8826; 0.0000; 0.0000; 5.833; 0.5600; 5.818]
19 i 0.2000; 0.9442; 0.0000; 0.0000; 6.951; 0.5600; 6.949;
1 10 |  0.2000; 1.0000; 0.0000; 0.0000; 7.832} 0.5600; 7.830,
111  0.2000; 1.0000; 0.0000; 0.0000; 8.800; 0.5600; 8.795|
112 ) i 0.2000; 1.0000; 0.0000; 0.0000; 9.571} 0.5600; 9.537,
113 i 0.2000; 1.0000; 0.0000; 0.0000; 10.649; 0.5600;, 10.676;
1 14} . | 0.2000{ 1.0000; 0.0000; 0.0000; 12.179; 0.5600;, 12.219;
o + + + + + + + + 1
i Unit} Numbers| - | - | - | - IKilograms] - [Kilograms|

Notes: Run name : YIELD3
Date and time: 27MAY99:14:46
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Table 3.2.12. Saithein Division Va. Yield per recruit - Summary table.

I cel andi ¢ saithe (Division Va)

Yield per

1 January |

Spawning time |

recruit:

Summary table

' ' 1
F |Reference] Catch in} Catch in} Stock | Stock | Sp.stock] Sp.stock} Sp.stock] Sp.stock|

Factor] F | numbers |weight | size |biomass| size |biomass| size |biomass |

+. +. +. +. +. +. 4+ +. +. 1

i ! ' ' ! " ' N ! 1
i 0.0000; 0.0000; 0.000; 0.000; 5.016;21381.278] 2.711}16055.957; 2.711}16055.957;
i 0.0500; 0.0189] 0.063} 371.668] 4.813}19733.575] 2.522]14473.488| 2.522]14473.488|
i 0.1000; 0.0378] 0.117} 665.686; 4.633}18305.580; 2.357;13108.166; 2.357]13108.166}
i 0.1500; 0.0568] 0.163} 898.499] 4.473}17063.252] 2.211]11926.090; 2.211}11926.090;
i 0.2000; 0.0757; 0.202}1083.010; 4.330;15978.239; 2.082}10899.039; 2.082]10899.039;
i 0.2500; 0.0946] 0.236}1229.353} 4.202}15026.882] 1.967}10003.476; 1.967,10003.476}
| 0.3000; 0.1135] 0.266}1345.491] 4.087]14189.400; 1.865}9219.736; 1.865}9219.736}
| 0.3500} 0.1324] 0.291}1437.692] 3.983]13449.219] 1.773}8531.353} 1.773}8531.353]
| 0.4000; 0.1513] 0.314}1510.893] 3.889]12792.425] 1.691}7924.513} 1.691}7924.513|
| 0.4500} 0.1702] 0.335}1568.987; 3.803]12207.311] 1.617}7387.603} 1.617}7387.603]
| 0.5000} 0.1892] 0.353}1615.049] 3.724/11684.001] 1.550}6910.837; 1.550}6910.837|
| 0.5500} 0.2081} 0.369}1651.512] 3.652]11214.149] 1.489|6485.952] 1.489|6485.952]
| 0.6000; 0.2270; 0.384}1680.301] 3.586]10790.685] 1.434}6105.955] 1.434}6105.955]
| 0.6500} 0.2459] 0.398}1702.946] 3.525/10407.600; 1.383}5764.913} 1.383}5764.913|
| 0.7000} 0.2648] 0.410}1720.661] 3.468]10059.780]; 1.336|5457.779} 1.336}5457.779|
| 0.7500} 0.2838] 0.421}1734.411] 3.415}9742.857) 1.293]5180.252} 1.293}5180.252]
| 0.8000} 0.3027] 0.432}1744.969] 3.365|9453.095] 1.254]4928.655, 1.254|4928.655|
| 0.8500} 0.3216] 0.442}1752.952] 3.319}9187.285] 1.217}4699.837, 1.217)4699.837|
i 0.9000; 0.3405] 0.451}1758.852] 3.276}8942.667, 1.183]4491.094} 1.183}4491.094|
| 0.9500; 0.3594] 0.4591763.066} 3.2358716.858] 1.151}4300.093} 1.151}4300.093;
! 1.0000! 0.3783! 0.467!1765.913! 3.197!8507.797! 1.122!4124.821! 1.122!4124.821!
i 1.0500; 0.3973] 0.475}1767.651} 3.161}8313.696] 1.094}3963.536] 1.094|3963.536]
i 1.1000; 0.4162] 0.482}1768.487} 3.126}8132.998] 1.069;3814.723] 1.069}3814.723,
i 1.1500; 0.4351] 0.489}1768.591} 3.094|7964.346] 1.044}3677.067, 1.044}3677.067|
i 1.2000; 0.4540] 0.495}1768.098] 3.063}7806.550; 1.021}3549.415} 1.021}3549.415]
i\ 1.2500; 0.4729] 0.501}1767.122} 3.033}7658.568] 1.000}3430.763} 1.000;3430.763;
| 1.3000; 0.4918] 0.507}1765.752} 3.005;7519.482] 0.979;3320.226]; 0.979}3320.226;
| 1.3500; 0.5108] 0.513}1764.065; 2.979|7388.483] 0.960;3217.027; 0.960;3217.027;
! 1.4000! 0.5297! 0.518!1762.120' 2.953!7264.855! 0.942!3120.481! 0.942!3120.481!
| 1.4500; 0.5486] 0.523}1759.969; 2.928|7147.961; 0.925;3029.981} 0.925}3029.981;
| 1.5000; 0.5675] 0.528}1757.653] 2.905]7037.236] 0.908}2944.990; 0.908}2944.990;
| 1.5500} 0.5864] 0.532}1755.208] 2.882}6932.177} 0.892]2865.029; 0.892]2865.029|
| 1.6000} 0.6053] 0.537}1752.660] 2.860}6832.332] 0.877]2789.671} 0.877)2789.671}
| 1.6500} 0.6243] 0.541}1750.035] 2.8396737.296; 0.863]2718.537} 0.863}2718.537|
| 1.7000} 0.6432] 0.545}1747.351] 2.819|6646.707, 0.850]2651.285, 0.850]2651.285|
| 1.7500} 0.6621] 0.549}1744.625] 2.7996560.238] 0.836]2587.610; 0.836}2587.610|
| 1.8000} 0.6810; 0.553}1741.871] 2.780}6477.591} 0.824]2527.235, 0.824|2527.235|
| 1.8500} 0.6999] 0.557}1739.100; 2.762}6398.500; 0.812]2469.912} 0.812]2469.912]
| 1.9000; 0.7188] 0.561}1736.322] 2.745}6322.723} 0.800]2415.417} 0.800}2415.417|
| 1.9500} 0.7378] 0.564}1733.545] 2.727}6250.038] 0.789]2363.547, 0.789]2363.547|
| 2.0000} 0.7567; 0.568}1730.775] 2.711}6180.244} 0.779}2314.116} 0.779}2314.116}
+ + + + + + + + + + |
i - 1 - | Numbers} Grams | Numbers| Grams | Numbers| Grams | Numbers| Grams |

(cont.) !

1January | Spawningtime |

1
F |Reference] Catch in} Catch in] Stock | Stock | Sp.stock] Sp.stock] Sp.stock] Sp.stock|

Factor |

+

F | numbers | weight | size |biomass| size |biomass| size
+ + + + + + + +

| biomass |
1

3.0000!

0.7756!

+ +

0.571} 1728.017!
0.574} 1725.277!
0.577} 1722.558!
0.580! 1719.862!
0.583! 1717.194!
0.586! 1714.554!
0.589! 1711.945!
0.592! 1709.367!
0.595! 1706.822!
0.597! 1704.311!
0.600! 1701.834!
0.602! 1699.391!
0.605! 1696.982!
0.607! 1694.609!
0.609! 1692.270!
0.612! 1689.965!
0.614! 1687.695!
0.616! 1685.459!
0.618! 1683.257!
0.620! 1681.089!

+

2.695! 6113.157!
2.679! 6048.611!
2.664! 5986.450!
2.649! 5926.533!
2.635! 5868.731!
2.621! 5812.922!
2.608! 5758.998!
2.594! 5706.854!
2.581! 5656.397!
2.569! 5607.538!
2.557! 5560.196!
2.545! 5514.295!
2.533! 5469.764!
2.522! 5426.536!
2.510! 5384.550!
2.500! 5343.749!
2.489! 5304.077!
2.479! 5265.486!
2.468! 5227.926!
2.458! 5191.353!

+ + +

0.768! 2266.958]
0.759! 2221.919)
0.749! 2178.859)
0.740} 2137.652)
0.731! 2098.179)
0.722! 2060.334]
0.714! 2024.018!
0.706! 1989.140!
0.698! 1955.616!
0.691! 1923.368!
0.684! 1892.325!
0.676! 1862.420)
0.670! 1833.592!
0.663! 1805.783!
0.656! 1778.941!
0.650! 1753.015!
0.644! 1727.959)
0.638! 1703.730!
0.632! 1680.288]
0.627! 1657.595!

+ +

1
0.768! 2266.958!
0.759! 2221.919!
0.749! 2178.859!
0.740! 2137.652!
0.731! 2098.179!
0.722} 2060.334!
0.714! 2024.018!
0.706! 1989.140!
0.698! 1955.616!
0.691! 1923.368!
0.684! 1892.325!
0.676! 1862.420!
0.670! 1833.592!
0.663! 1805.783!
0.656! 1778.941!
0.650! 1753.015!
0.644! 1727.959!
0.638! 1703.730!
0.632! 1680.288!
0.627! 1657.595!
1

+

Notes: Run name
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Date and time

F-0.1 factor
F-max factor

F-0.1 reference F
F-max reference F

Recruitment

1 YIELD3

1 27TMAY99:14:46
Computation of ref. F: Simple mean, age 4 - 9

:0.4958
11.1325
:10.1876
:0.4285
: Single recruit

' 1
1 - I Numbers| Grams | Numbers | Grams | Numbers| Grams | Numbers| Grams |
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Figure 3.2.1. Saithein division Va. Proportional catchesin different gears 1980-1998.
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Figure 3.2.2. Proportional landings of saithein div. Vaby gear and month in 1998.
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Figure 3.2.3. Saithein div. Va. Bottom trawl catchesin the period 1991-1998 (tonnes/square nm).

142



al0+

a9

a8

a7

a6

a5

a4

a3

14 0¢ Si 0]} G 0

Figure 3.2.4. Saithein div. Va. Prognosisin May 1998 (dark bars/spa) and estimate in April 1999 (lighter bars/raun) for
percent (by number) age distribution in 1999 landings.
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Figure 3.2.5..Saithein div. Va. Mean weight at age in the catches 1986-1998 for age groups 3-9.
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Figure 3.2.6. Saithein division Va. Maturity at age, data and fitted values 1980-1998 for age groups 3-9.
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Figure 3.2.7. Saithe in div. Va. Cumulative catch vs proportion in catch from individual fishing trials for bottom trawl
(top) and gillnets (botttom).
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Biomass
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Figure 3.2.8. Saithe in division Va. Retrospective TS Analysis. Catch in numbers at age of age groups 4-11. Biomass
and F4.¢ with linear trend in recruitment, top; biomass with no trend in recruitment, bottom.
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Figure 3.2.9. Saithe in division Va. Retrospective TS Analysis. Catch in numbers at age of age groups 4-11. GLIM50+
for gill nets. Linear trend in recruitment.
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Figure 3.2.10. Saithe in division Va. Retrospective TSAnalysis. Catch in numbers at age of age groups 4-11. GLIM50+
for trawlers jan-may. Linear trend in recruitment.
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Figure 3.2.11. Saithe in division Va. Retrospective TS Analysis. Catch in numbers at age of age groups 4-11.
GLIM50+ for trawlers jun-dec. Linear trend in recruitment.
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Figure 3.2.12. Saithein division Va. Relative changesin catchability as estimated with TSA.
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Figure 3.2.13. Saithe in division Va. Fish stock summary
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Figure 3.2.14. Saithein division Va. Stock and recruitment.
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3.3 I celandic cod (Division Va)
331 Trendsin landings and fisheries

In the period 1978-1981 landings of cod increased from 320 000 t to 469 000 t due to immigration of the strong 1973 year
class from Greenland waters combined with an increase in fishing effort. Catches then declined rapidly to only 280 000 t in
1983. Although cod catches have been regulated by quotas since 1984, catches increased to 392 000 t in 1987 due to the
recruitment of the 1983 and 1984 year classes to the fishable stock in those years (Table 3.3.1).

During the period 1988-1996 all year classes entering the fishable stock have been well below average, or even poor,
resulting in a continuous decline in the landings. The 1995 catch of only 170000 t is the lowest catch level since 1942.
Since 1993 a marked reduction in effort againgt cod has taken place (Table 3.3.2 and Figure 3.3.1) due to further
reduction in quota and a diversion of the effort towards other stocks and areas. As a result of these cod catch rates for al
fleet categories have been increasing sharply, except of the gillnet fleet in 1998. (Table 3.3.2 and Figure 3.3.2).

Due to an increase of the fishable stock biomass landings in 1996 to 182 000 t and 204 000 t in 1997. For 1997/1998
fishing year the quota was set at 218 000 t and for the 1998/199 fishing year the quota was increased to 250 000 t.
Landingsin 1998 amounted 243 000 t.

3.3.2 Catch in numbers at age and level of sampling

The fleet fishing for cod at |celand operates throughout the year. The fishing vessels are of different sizes but can however
be grouped into three main categories:

1. Trawlers; > 300 GRT.
2. Multi-gear boats; < 300 GRT
3. Small boats; < 20 GRT

The trawlers operate throughout the year outside the 12 mile limits. They follow the spawning and feeding migration
patterns of cod and fish on spawning grounds off the south west and south-coasts during the spawning season but move to
feeding areas off the northwest coast during the summer time. During the autumn, this fleet is more spread out. The multi-
gear boats operate mainly using gillnet during the spawning season in winter and spring along the south-west coasts but in
recent years this fleet has also used gillnet in late autumn. Part of this fleet uses longlines during autumn and early winter.
During summer some of these boats trawl along the coast out to the 3 mile limit. Others fish with Danish seines close to
the shore. Most of the smaller boats operate with handlines mainly in shallow waters during the summer and autumn
period. In recent year the mesh sizes used by the gillnet fleet have been increasing.

The data samples comprising the age-length keys for 1998 are given in the following table:

Gear Period Area Landings Nos. samples Nosfish measured  Nos. fish aged

Longline Jan-May S 13592 13 3543 878
Gillnet Jan-May S 48584 15 13480 3869
Handlines Jan-May S 2188 5 1288 390
Danish seine Jan-May S 7096 6 997 189
Bottom trawl Jan-May S 18675 59 12238 1403
Longline Jan-May N 7862 11 2402 193
Gillnet Jan-May N 1448 2 1594 813
Handlines Jan-May N 731 1 2011 0
Bottom trawl Jan-May N 20587 53 12208 1339
Longline Jun-Dec S 6940 8 1883 51
Handlines Jun-Dec S 3792 7 1533 395
Danish seine Jun-Dec S 4229 3 326 0
Bottomtrawl Jun-Dec S 8691 33 7448 363
Longline Jun-Dec N 12815 14 3028 193
Gillnet Jun-Dec N 1522 1 214 0
Handlines Jun-Dec N 14783 6 1329 298
Danish seine Jun-Dec N 5558 3 723 197
Bottom trawl Jun-Dec N 63892 146 30607 750
Total 242985 386 96852 11321
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The fleets (or "metiers') are defined by the gear, season and area combinations. The gears are long lines, bottom trawl,
gillnets, handlines and Danish seine. In the historical data sets each of these classes may contain related gears (based on
sparseness of data and low catches). Notably handlines are included with long lines and pelagic trawl is included with the
bottom trawl. The basic areas splits are the "northern” and "southern” aress. In the historical data set, seasons are split into
the "spawning" season (January-May) and "non-spawning” season (June-December). Historically, there have been some
changes in fleet definitions and thus there does not currently exist a fully consistent set of catch-at-age data on a per-fleet
basis.

Tota catch at age (aggregated across fleets) was used as VPA input, and seasona data (aggregated across gears and
regions) were used to estimate the proportion of fishing mortality in January-May.

Thetotal catch-at-age datais given in Table 3.3.3. It should be noted that much higher proportions of the older age groups
are taken during the first part of the year and this will considerably affect the estimation of the spawning stock at spawning
time. Since the catch-at-age data have historically only been available for January to May, and not by shorter seasons, it is
assumed that 60% of those catches were taken during January to March, i.e., before spawning time (Table 3.3.4).

In recent years emphasis has been put on improving the sampling scheme in order to obtain the most realistic information
on catch at age The data for these calculations is based on samples taken from al gears on the main fishing grounds
throughout the year. In recent years, annually 10 000 —15 000 cod otoliths have been read. The age-length keys have then
been used to convert about 100 000—-150 000 length measurements also collected throughout the year.

Because of the quota system the question about discarding has been revived. There is, however, no information available
for the time being and discarding is not thought to be a major problem at present.

333 M ean weight at age
3331 M ean weight at age in the landings

Mean weight at age in the landings are computed using samples of otoliths and lengths along with length distributions and
length-wei ght relationships.

The mean weights at age are computed for the same categories as the catch numbers at age and are then weighted together
across the fleet categories. The dataare givenin Table 3.3.5. Decline in weight at age for ages was observed in 1998. Mean
weights at age are not available on an annual basis for catches taken before 1973, and hence the average across the years
1973 - 1991 isused as the constant (in time) mean weight at age for earlier years.

3332 M ean weight at agein the stock

The weights at age in the landings have been used without modification to compute general stock biomasses, with the
exception of the spawning stock biomass (see below).

The Icelandic groundfish survey does provide better estimates of mean weights at age in the stock, but it is not at al clear
how these should be combined across areas which have different catchabilities, and in any case these weights are only
available back to 1985.

3333 M ean weight at age in the spawning stock

For years up to 1998, data from the period January-May have been used for the estimation of the mean weights at age in
the spawning stock. It is assumed that the catches in the different gears and areas appropriately reflect the stock
composition with regard to mean weight at age. These weight-at-age data are presented in Table 3.3.6. Decline in weight at
age for younger ages was observed in 1998.

334 Maturity at age

Maturity at age is based on samples from the commercial fleets in the months January-May (ICES 1992/Assess:14). It has

been pointed out that using data collected throughout the year may bias the proportion mature in various ways (Stefansson,
1992). The approach taken is, therefore, to compute the proportion mature at the time of spawning, by considering only the
first part of the year (January-May), but aggregating across gears and regions.
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There was a marked increase in the proportion of mature fish at age during the period 1992-1997 but in 1998 some
decrease could be noted (Figure .3.3.3).

The maturity-at-age data are not available on an annual basis for the catches taken prior to 1973 and, hence, the average for
the years 1973-1991 is used as a constant (in time) maturity at age for the years prior to 1973.

3.35 Stock Assessment
3351 Tuning data

Commercial trawler CPUE data were analysed as described in Stefansson (1988) to yield GLM indices of abundance
(numbers) at age. The analysis takes into account catchability changes in the fleet due to vessel renewa and vessdls
shifting between regions, but not changes in the spatial distribution of the resource or changes within vessels in the fleet.
For this reason the analysis of the logbook data was restricted to the years 1993-1998.

These indices are based on logbooks from demersal trawl fisheries for two parts of the year (January-May and
June-December) and two aressi.e. south-western areas, and northern areas (Table 3.3.7).

The same method was applied for the gillnet fleet. Logbooks for this fleet have been analysed for the years 1993-1998 but

are available since 1988. However information based on these logbooks for the years 1988-1990 is scarce as the logbooks

were not mandatory until 1991. The gillnet fleet operates mainly during the spawning season and at the spawning grounds

off the south and west coasts of the island. This fishery has often been referred to as “the spawning fishery” in earlier
reports of this Working Group. The GLM indices presented here (Table 3.3.8).are based on the gillnet fishery in the south
and west areas during January-May.

The Icelandic groundfish survey data (Palssbial., 1989) are used as part of the assessment. A description of the
Icelandic groundfish survey design is given the 1998 WG report (ICES 1998/ACFM:19). The basic data are age-
disaggregated (Palsson and Stefansson, 1991) and abundance indices computed by using the a modified Gamma-Bernoulli
(G-B) method to accommodate spatial information in an appropriate manner. The method is described in Working Paper
by H. Bjérnsson, Annex | in ICES (1994/Assess:19). Indices are calculated for three areas i.e southwestern, southeastern
and the northern areas separately, age groups 3 to 14 and for the yeat99885

To use the latest information available in the XSA, the 1999 survey abundance indices were moved back in time of
approximately three months i.e. to December 1998 for the age groups 4-9. The same applies to abundance indices for the
other survey years. For the age group 3 and age group 2 no shifting in time has taken place. The resulting indices are given
in Table 3.3.9 by fleet, area and age group.

3.35.2 Assessment methods

Migrations from Greenland into the Icelandic cod stock can have major effects and hence these need to be taken into
account in the assessments. Time series analysis (TSA) of Gudmundsson ( 1984) and an ADAPT-type of method
(Stefansson, 1992) which were applied to this stock earlier (ICES 1992/Assess:14) can estimate migration for a given year
and age. As the ADAPT-method uses an average selection pattern in determining the terminal fishing mortality recent
changes in fishing pattern can not be accounted for. In recent years the Group has used the XSA-method even though the
XSA has not been developed to account for migration — but there is a way to handle this:

XSA uses a cohort-analysis to project the stock (or back calculating):

N,, =e™N
N

—_ M2
a1y-1 € Ca—l,y—l or

— oM M/2
a-1y-1 — € Na,y te Ca—l,y—l

wereN is stock size an@ is catch in numbers ardd natural mortality. If fish of aga and in the yeay is migrating, in
amount ofG, to the stock in the beginning of the year, then the cohort equation will be:

N =e™N -eM2C +G

ay a-1y-1 a-1,y-1 ay
and in back calculation the equations will be:
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a-1,y-1

That is, if the size of the migration, G, is approximately known it can be implemented into the cohort equations by
changing the catch-in-numbers the year before, for the cohort in question. The results are stock in numbers taking into
account the migration but the fishing mortality given for age a—1 and year y—1 will be incorrect and the correct value can
be calculated by:

F —|nD Na-iys D—|\/|
a-1y-1 — %m%

For the Icelandic cod the estimated immigration of 6 yearsold cod in the year 1990 is about 30 millions at beginning of the
year. The total catch of 5 years old cod 1989 is estimated about 50 millions. The "corrected” catch of 5 years old cod of
Icelandic origin in 1989 will then be:

50 - 7230 = 16.8 millions
which is the number used in the assessment.
3.35.3 Estimates of fishing mortality

Tuning fleets used and the relevant tuning indices are given in Tables 3.3.7.-3.3.9. As there has been a mgjor decline in
fishing effort for this stock during the most recent period the XSA was shrunk to the mean of the three latest years instead
of using a default setting of five years. The retrospective analysis for this XSA with shrinkage of se= 0.5 is given in
Figure 3.3.4. Thetotal output of the XSA isgivenin Table 3.3.10.

The resulting fishing mortalities from the final XSA are given in Table 3.3.11 and in Figure 3.3.5.A. The fishing mortality
reached a peak in 1988 decreased in 1989 but then rose to another peak in 1993. Due to further restriction of the cod quota
effort has dropped markedly in 1994 and again in 1995. Fishing mortality has decreased correspondingly and has not been
s0 low since the late sixties. A dight increase in fishing mortality is noted in 1997 and 1998 (see Table 3.3.14). Present
fishing mortality is at the Frq level.

3.354 Stock and recruitment estimates

The resulting stock size in numbers and spawning stock biomasses from the final VPA are given in Tables 3.3.12-13. In
the stock in humbers table, the recruitment in the most recent years (year classes 1994-1998 as 3-year-olds in 1997-2001)
was estimated using RCT3 as described in Section 3.3.7.1.

The current spawning stock at spawning time and recruitment levels must be considered in relation to historical sizes. The
migration estimates of 39 and 7 million immigrants of the 1973 year class in 1980 and 1981, respectively are taken from
the last 1993 ADAPT-assessment (ICES 1993/Assess: 18). With given migration estimates, the recruitment from the SSB
can be recomputed by adding back-calculated migration. The approach taken here is to do these back-calculations with
natural mortality only, since it would be incorrect to use the sometimes high fishing mortalities at Iceland. This back
calculation revises the 1973 and 1984 year class estimates to 433 and 334 millions, respectively. The resulting SSB and
recruitment estimates are given in Table 3.3.14 along with average fishing mortalities. A better estimate might be obtained
by back calculating using the fishing mortdity at Greenland aso, but thisis unlikely to have major effects on the issue at
hand which is the stock-recruitment diagram.

3.36 Biological and technical interactions

Severa important biological interactions in the ecosystem around Iceland are connected to the cod stock. The single most

important interaction is the cod-capelin connection (Palsson, 1981) and this has been studied in some detail (Magnusson

and Palsson, 1989 and 1991a and Steinarsson and Stefansson, 1991). Another important interaction is between cod anc
shrimp. This has been studied by Magnuisson and Péalsson (1991b) and Stefahs&®94). The cod-capelin interaction

is used in the short-term prediction in Section 3.3.7.1 based on the results in Steinarsson and Stefansson (1996).
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Various factors affect the natural mortality of cod and several of these factors will change in magnitude in the future.

The cod is a cannibal and the mortality through cannibalism has been estimated in Bjornsson (WD 26,1998).Table

3.3.15 shows that the cannibalism occur mainly on prerecruits and immature fish. Further, the minke whale, the harbour
seal and the grey seal are apex predators, all of which consume cod to varying degrees. Most of these M values will
affect cod at an early age, before recruitment to the fishery.

It has been illustrated that not only may cetaceans have a considerable impact on future yields from cod in Division Va
(Stefanssomt al., 1995), but seals may have an even greater impact (Stefas#qri997). These results imply that
predictions which do not take into account the possible effects of marine mammals may be too optimistic in terms of
long-term yields. It is therefore desirable to include marine mammals as a part of future natural mortality for the cod
stock.

A number of fleets operate in Division Va. The primary gears are described in Section 3.3.2. Earlier work by this group
included the separation of catches into finer seasonal and areal splits, but this has not been taken further at this meeting.

A numerical description of interactions between fisheries and species requires data on landings as well as catches in
numbers at age of each species by gear type, region and season.

3.37 Prediction of catch and biomass
3371 Input data to the short-term prediction

For short-term predictions, it is essential to take into account potential changes in mean weights at age due to
environmental conditions.

It has been shown that cod growth is to some extent correlated to size the of the capelin stock. Table 3.3.16 gives the
size of the capelin stock biomass since 1979. The present data set differs from that previously used in that the adult
stock in weight on % August were based on back calculations of the autumn surveys values but the new data set is
based directly on observed weight in the autumn surveys.

Regressions are used to predict the mean weights at age for age groups 4-8 in the catches and ages 5-8 in the spawnin
stock for the years 1999-2001. For the year 2000 onwards, the average capelin biomass is used. For ag#4 3 and 9
respectively in both data sets and age 4 in the SSB, the average over the yedr3DB6used. (Table 3.3.19).

In the most recent period maturity at age has been at high levels compared to the years prior to 1992. A decline was
note in 1998. For the short-term predictions the average for the years19986has been used for the years 1999-
2001.

The exploitation pattern used for the short-term predictions was taken as the average of the yeE398.486n the
VPA rescaled to the 1998 fishing level.

The modified Delta-Gamma (D-E) method (ICES 1994/Assess:19) used for the analysis of the Icelandic Groundfish
Survey and as tuning data for this stock was also used for recruitment prediction. The resulting indices used for
recruitment prediction are given in Table 3.3.17. As an input to the RCT3 program age groups 1-4 from the survey were
chosen.

The size of the year classes 199998 has been estimated using RCT3, with the output as given in Table 3.3.18.
Taking natural and fishing mortalities into account the revised recruitment estimates are then used in the predictions.

3372 Short term prediction results
Results from projections up to the year 2001 with different fishing mortalities are given in Table 3.3.20.

Landings in 1999 are expected to be 260 000 t due an increase in the quota established. This will however mean a
further decrease in fishing mortality to F=0.46 compared to F=0.49 in 1998.

Continuing fishing in 2000 at the 1998 level of fishing mortality (F=0.49) will stabilise the SSB at present level in the
short term.
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The average size of the year classes at present which mainly contribute to the fishable stock (1989-1996) is 148 million
individuals. The yield-per-recruit computations indicate that the maximum obtainable yield per recruit is 1.77 kg. These
two numbers indicate that the average yield from these year classes cannot be expected to exceed 262 000 t. From the
RCT3 output the 1997 year class is at about average size and although the size of the 1998 year class is not well

estimated at present the 1998 0-group index for cod is among the highest observed (Table 4.1.1).

3.3.7.3 Input data to the long-term prediction

For long-term predictions, fluctuating environmental conditions can be ignored, but it is essential to take into account

potential changes due to density-dependent growth. These have been investigated for this stock (Steinarsson and
Stefansson, 1991 and ICES 1991/Assess:7) where no significant density-dependent relationships were found concerning
growth. However, the results in Schopka (1994) contain indications of some density dependence of growth and this will
affect the long-term results at low fishing mortalities. This is not taken into account in typical yield-per-recruit
calculations.

Naturally, any stock-recruitment relationship will affect yield-potential calculations and this is not taken into account in
the yield-per-recruit calculations.

Average exploitation pattern , mean weight at age and maturity at age over the yeait998Tfs been used as input.
(Table 3.3.21).

3374 Long-term prediction results and biological reference points

The biological reference values foggand R, are 0.36 and 0.20 respectively. Yield per recruit at the Fevel is
1.77 kg. (Figure 3.3.5 Table 3.3.22).

A plot of the spawning stock biomass and recruitment is given in Figure 3.3.6. When using the perd®d®5he
reference points &y and g, are about 0.48 and 0.77, respectively.

The inclusion of the stock recruitment relationship has a major effect on long-term predictions. From Figure 3.3.6 it is
seen that below-median recruitment occurs more frequently when the SSB is below-median than when the SSB is above
the median. The increased probability of poor recruitment at low SSB levels is of major concern and the possibility of a
stock-recruitment relationship cannot be fully ignored. However simulations have shown that the harvest control rule
currently applied to this stock appears to be in accordance with the precautionary approach as there is a vey low
probability of that the stock will be driven to very low levels.

3.38 M anagement consider ations

In the most recent period, there has been a substantial reduction in fishing effort directed on cod (Table 3.3.2) and hence
in fishing mortality (Figure 3.3.5). Fishing mortality was at the level of F=0.80-0.90 in-1992 but dropped
considerably to F=0.43 in 1996. In 1998 it increased to F=0.49 which is ajtHevel.

Medium-term predictions have been carried out during previous meetings (Anon. 1995/Assess:19 Anon.
1997/Assess:13). The model used incorporated the cod, capelin and shrimp stocks to account for interactions between
these stocks. Based on similar calculations, Iceland introduced a catch rule in 1995 which has been enforced since then.
According to this harvest control rule catches are limited to 25% of the fishable (4+) stock biomass calculated from the
average stock at'lof January of the previous year and the coming fishing year. In the long term this corresponds to a
fishing mortality of about 0.4.

Since there is an adopted strategy for harvesting the cod stock off Iceland, and this strategy appears sustainable, there
was no reason to repeat the medium-term predictions at this meeting.

Applying this management strategy for the 1999/2000 fishing year the catch will be 247 000 t which corresponds to
F=0.44.

3.39 Commentson the assessment

Current assessment has been carried out in same manner as in recent years.
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There has been a considerable decline in fishing mortality on this stock since 1993. Thisis verified in the sharp drop of
effort for al fleets engaged in the cod fisheries (Table 3.3.2).

All short-term results on the size of SSB depend heavily on the assumed development in maturity at age, which is
difficult to estimate or predict accurately.

It is clear that the stock was heavily overexploited for along time but is now recovering which is expected to continue
under the current management scheme.
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Table 3.3.1 Nominal catch (tonnes) of Cod in Divison Va, by countries, 1985- 1998 as
officially reported to ICES.

Country 1985 1986 1987 1988 1989 1990 1991
Belgium 207 226 597 365 309 260 548
Faroe Islands 2,203 2,554 1,848 1,966 2,012 1,782 1,323
Iceland 322,810 365,852 389,808 375,741 353,985 333,348 306,697
Norway 46 1 4 4 3 - -
UK (Engl. and 1 - - - - - -
Wales)

Total 325,267 368,633 392,257 378,076 356,309 335,390 308,568
WG estimate - - - - - - -
Country 1992 1993 1994 1995 1996 1997 1998 *
Belgium 222 145 136 - - Germany 9
Faroe Islands 883 664 754 739 599 408

Iceland 266,662 251,170 177,919 168,685 181,052 202,745 241,627
Norway - - - - 7 - -
UK (Engl. and - + - - - - -
Wales)

Total 267,767 251,979 178,809 169,424 181,658 203,153

WG estimate - - - - - - 242,994 2

1) Provisional.

2) Additional landings by Iceland of 655t,

and Faroes of 703 t are included.
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Table 3.3.2. Cod at Iceland. Division Va. Landings (tonnes), effort, cpue and percentage changes
in effort and cpue in the period 1991-1998 (with 1991 as 100%). Data are based on logbooks which

have been mandatory in the fisheries since 1991.

Bottom trawl

effort cpue
Year Catch effort % cpue % changes

changes
1991 175142 | 234946 100 745 100
1992 131504 | 228196 97 576 77
1993 114587 | 182882 78 627 84
1994 66186 83975 36 788 106
1995 57787 67944 30 851 114
1996 64849 64838 29 997 134
1997 82840 76077 32 1095 147
1998 109947 85314 36 1289 167

Gillnet

effort cpue
Year Catch effort % cpue % changes

changes
1991 58948 1060 100 56 100
1992 59712 984 93 61 109
1993 56701 1008 95 56 101
1994 39192 718 68 55 98
1995 32309 437 41 74 133
1996 41764 492 46 85 153
1997 46742 483 46 97 174
1998 51554 721 68 71 127

Long line

effort cpue
Year Catch effort % cpue % changes

changes
1991 44711 2006 100 22 100
1992 42301 2016 100 21 94
1993 47263 2224 111 21 95
1994 36426 1652 82 22 99
1995 44588 1724 86 26 116
1996 39770 1478 74 27 121
1997 31276 824 41 38 170
1998 37243 972 48 38 173
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Table 3.3.3. Cod at Iceland. Division Va. Catch in numbers (millions)

Virtua
FI NAL- VPA99

Age

3 7.

4 28.

5 13.

6 34.

7 14.

8 4

9 1.

10 0

11 0

12 0

13 0

14 0

Juvenile 66

Adul t 37

Sum 3- 3 7

Sum 4- 14 97

Tot al 104
Age

3 20.

4 20.

5 26

6 30.

7 11.

8 4

9 1.

10 0

11 0

12 0

13 0

14 0

Juvenile 80.

Adul t 36

Sum 3- 3 20.

Sum 4- 14 96

Tot al 117
Age

3 20.

4 33.

5 15

6 13.

7 3

8 2.

9 2.

10 1.

11 0

12 0

13 0

14 0

Juvenile 45

Adul t 46.

Sum 3- 3 20

Sum 4- 14 72

Tot al 92.
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297
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455
804
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228
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068
027
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118
316
434

1988
713
323
895
663
399
877
345
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305
157
114
025
170
101
713
558
271

1995
770
103
829
066
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596
313
184
156
141
029
. 008
. 953
357
770
540
310
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1982
. 285
812
462
351
012
666
517
. 912
. 327
. 094
. 043
.011
043
449
285
207
492

1989
605
983
059
455
.010
. 915
881
225
107
086
038
. 005
565
804
605
764
369

1996
. 356
. 886
372
307
430
157
837
208
076
065
. 055
. 005
. 802
952
. 356
398
754

mllions
1983 1984
3.554 6. 750
10. 910 31.553
24. 305 19. 420
18. 944 15. 326
17. 382 8.082
8. 381 7.336
2.054 2.680
2.733 0.512
0.514 0. 538
0. 215 0. 195
0. 064 0. 090
0. 037 0. 036
58. 426 65. 651
30. 667 26. 867
3.554 6. 750
85.539 85. 768
89. 093 92.518
1990 1991
5.785 8. 554
12. 313 25.131
27.179 15. 491
44,534 21.514
17. 037 25. 038
2.573 6. 364
0. 609 0. 903
0. 322 0. 243
0.118 0.125
0. 050 0. 063
0. 015 0.011
0. 020 0.012
65.114 60. 283
45, 441 43. 166
5.785 8. 554
104. 770 94. 895
110.555 103. 449
1997 1998
1.722 2.971
16. 442 8. 348
17. 298 25.032
6.711 20. 480
7.379 5.731
5. 958 3.727
1.147 3.177
0. 493 0. 576
0.126 0. 243
0.028 0. 052
0. 037 0. 028
0.021 0.018
21.963 37. 067
35. 399 33. 316
1.722 2.971
55. 640 67.412
57. 362 70. 383

24
35.
18

32.

95
101

12.
21.
26.
11.
10

48
43
12.
80
92.

cooorNA®

cooocom®

1985
. 457
552
392
267
711
201
264
063
217
233
102
. 038
. 001
496
. 457
. 040
. 497

1992
217
708
524
413
073
. 304
006
257
046
032
012
. 008
743
857
217
383
600
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Table 3.3.4. Cod at Iceland. Division Va. Proportion of fishing and natural mortality before
spawning.

Age PropF  PropM
3 0.085 0.250
4 0.180 0.250
5 0.248 0.250
6 0.296 0.250
7 0.382 0.250
8 0.437 0.250
9 0.477 0.250

10 0.477 0.250
11 0.477 0.250
12 0.477 0.250
13 0.477 0.250
14 0.477 0.250

Table 3.3.5. Cod at Iceland. Division Va. Mean weight at age in the landings (g).

Marine Research Institute Fri Apr 23 11:45:15 1999
Virtual Population Analysis : Wight at age in the catches, in grams
FI NAL- VPA99

Age 1979 1980 1981 1982 1983 1984 1985
3 1408 1392 1180 1006 1095 1288 1407
4 1956 1862 1651 1550 1599 1725 1971
5 2642 2733 2260 2246 2275 2596 2576
6 3999 3768 3293 3104 3021 3581 3650
7 5548 5259 4483 4258 4096 4371 4976
8 6754 6981 5821 5386 5481 5798 6372
9 8299 8037 7739 6682 7049 7456 8207
10 9312 10731 9422 9141 8128 9851 10320

11 13130 12301 11374 11963 11009 11052 12197
12 13418 17281 12784 14226 13972 14338 14683
13 13540 14893 12514 17287 15882 15273 16175
14 20072 19069 19069 16590 18498 16660 19050

Age 1986 1987 1988 1989 1990 1991 1992
1459 1316 1438 1186 1290 1309 1289

4 1961 1956 1805 1813 1704 1899 1768
5 2844 2686 2576 2590 2383 2475 2469
6 3593 3894 3519 3915 3034 3159 3292
7 4635 4716 4930 5210 4624 3792 4394
8 6155 6257 6001 6892 6521 5680 5582
9 7503 7368 7144 8035 8888 7242 6830
10 9084 9243 8822 9831 10592 9804 8127
11 10356 10697 9977 11986 10993 9754 12679
12 15283 10622 11732 10003 14570 14344 13410
13 14540 15894 14156 12611 15732 14172 15715
14 15017 12592 13042 16045 17290 20200 11267
Age 1993 1994 1995 1996 1997 1998 1999
3 1392 1443 1348 1457 1484 1294 1294
4 1887 2063 1959 1930 1877 1772 1722
5 2772 2562 2920 3132 2878 2490 2490
6 3762 3659 3625 4141 4028 3534 3534
7 4930 5117 5176 4922 5402 4923 4923
8 6054 6262 6416 6009 6386 7125 7125
9 7450 7719 7916 7406 7344 7930 7930
10 8641 8896 10273 9772 8537 9242 9242

11 10901 10847 11022 10539 10797 11573 11573
12 12517 12874 11407 13503 11533 14626 14626
13 14742 14742 13098 13689 10428 17387 17387
14 16874 17470 15182 16194 12788 15069 15069
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Table 3.3.6. Cod at Iceland. Division Va. Mean weight at age in the spawning stock (g).

Mari ne Research Institute Fri
Popul ation Analysis :

Vi rtual

FI NAL- VPA99

Age

Age

PRRER
AWNROOVONOUTAW

1979
1141
1647
2532
4027
5664
6951
8234
9500
12921
13028
13308
18930

1986
1182
1762
2681
3562
4824
6457
7843
9419
10674
13660
13812
18479

1993
1037
1570
2518
3611
4872
6150
7538
8840
11088
12002
14402
18383

1980
1333
1680
2708
3875
5446
7106
8120
10737
12628
17528
15939
25212

1987
1289
1811
2735
4202
5110
6497
7802
10220
11197
10620
15893
16514

1994
1193
1748
2382
3684
5175
6210
7676
8814
10842
12595
14402
17470

1981
967
1513
2101
3225
4520
5851
7661
9084
10833
12401
11724
14326

1988
1218
1604
2499
3566
5161
6238
7302
8647
10184
11504
14159
10952

1995
1066
1826
2735
3497
4741
6126
7582
9887
10829
11307
13098
15182

Apr 23 11:45:15 1999

1982
996
1626
2095
3006
4339
5571
6801
9259
11550
13445
17138
16554

1989
1012
1542
2423
3743
5298
6910
7725
9397
11953
9529
12195
14270

1996
1264
1627
2600
3829
4605
5792
7550
9433
11293
12984
13821
16194

Wi ght at age in the SSB

1983
891
1472
2139
2918
4130
5553
7007
7770
10817
13176
14175
18543

1990
813
1330
2132
3187
4691
6627
8915
10362
12093
15453
15337
17257

1997
1221
1613
2595
3807
5434
6440
7629
8606
10486
11774
10943
15225

in grans
1984 1985
1002 1131
1479 1597
2257 2285
3476 3524
4480 5010
5887 6195
7660 7800
9920 9225
11035 11336
14531 13277
15378 15325
16394 18932
1991 1992
1122 876
1776 1389
2233 2174
3044 3185
3891 4481
5897 5587
7657 6775
10573 8225
11230 11702
14340 13474
14172 15436
20200 11267
1998 1999
1273 1273
2074 2074
2384 2384
3532 3532
5159 5159
7638 7638
8229 8229
9489 9489
11570 11570
14626 14626
17387 17387
15069 15069
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Table 3.3.7. Cod at Iceland. Division Va. Bottom trawl CPUE (GLM) indices 1993-1998 used in
XSA tuning.

TRAWL-JUN-DEC-N

Year/Age 4 5 6 7
1993 1347 565 423 155
1994 2565 1576 306 146
1995 844 1974 1491 255
1996 1565 972 1159 637
1997 2546 1598 539 408
1998 929 2943 1907 427

TRAWL-JAN-MAY-N

Year/Age 4 5 6 7 8 9
1993 1595 989 812 128 54 78
1994 1619 1908 662 434 69 28
1995 363 2175 1771 418 84 14
1996 1778 957 1753 821 149 37
1997 1495 1900 704 690 589 37
1998 544 3506 2555 808 317 197

TRAWL-JAN-MAY-S

Year/Age 5 6 7 8
1993 167 124 42 126
1994 528 263 156 58
1995 428 469 291 150
1996 214 609 514 141
1997 578 384 408 246
1998 856 1047 566 262

TRAWL-JUN-DES-S

Year/Age 5 6 7 8
1993 299 217 94 79
1994 335 129 139 41
1995 738 455 131 79
1996 481 603 305 69
1997 991 487 322 190
1998 1573 923 334 131

Table 3.3.8. Cod at Iceland. Division Va. Gillnet CPUE (GLM) indices 1993-1998 used in XSA
tuning.

GILLNET-JAN-MAY-S

7 8 9
1993 209 266 367
1994 368 168 80
1995 524 265 79
1996 617 280 140
1997 1349 420 94
1998 358 497 270
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Table 3.3.9. Cod at Iceland. Division Va. Icelandic Groundfish survey indices used in XSA

tuning.

IceGFS-N. N.

110991

Year/Age
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

3
55261
22540
77227
92490
60113

8272
22262
13601
31684
18211

4301
19228
48173
13959
35495

IceGFS. a3 on a3. N

110.170.25

Year/Age
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

31297
84656
99294
68604
17511
19408
15633
30540
26030

5556
17477
37466
11969
28949

4
48059
18404
15257
49378
46566
15722
8102
9542
9441
13369
11353
6083
23365
48786
7683

5
13027
17203

7551
5573
18693
18464
8772
2499
5124
2675
7088
6923
5898
20710
12466

6211
4864
7364
2906
1665
6501
9355
2303
1100
1550
1330
6599
5422
5656
5233

1990
1388
1453
2306
545
456
1242
1347
672
263
417
1160
3004
2806
811

868
375
345
265
311
137
107
144
318
168
53
227
171
1010
225

IceGFS. a2 on a3. N.

110.170.25

Year/Age
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

39301
52943
25874

5820
14921
11786
14473
16407

2237
10539
28480

3869
18566
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Table 3.3.9. (Cont’d.) Cod at Iceland. Division Va Icelandic Groundfish survey indices used in
XSA tuning.

IceGFS-SE

110991

Year/Age 3 4 5 6 7 8
1984 233 561 470 524 373 345
1985 452 686 1171 608 294 138
1986 772 404 391 842 286 105
1987 4670 3153 519 333 385 62
1988 1914 4474 3858 619 274 238
1989 85 419 1673 1762 265 83
1990 113 114 324 1104 396 89
1991 349 511 309 763 1087 203
1992 1148 391 361 146 163 117
1993 1098 1189 356 321 79 57
1994 350 1943 2084 619 300 70
1995 792 460 1056 1654 502 141
1996 1139 860 358 582 561 50
1997 488 3397 1605 624 615 437
1998 1389 637 1591 915 214 116

IceGFS-SW

110991

Year/Age 3 4 5 6 7 8
1984 1723 4444 2588 1911 813 417
1985 1413 2203 2968 1310 535 232
1986 4003 1266 1190 1656 410 104
1987 3929 5935 1144 860 873 102
1988 5857 9371 5845 812 296 224
1989 1702 6149 8867 4150 409 113
1990 3044 2560 4625 7491 1556 193
1991 1088 2019 1016 1702 2172 387
1992 4112 1935 1664 420 359 255
1993 4366 3533 851 573 114 66
1994 1298 4397 3538 866 355 22
1995 3829 1958 3133 3764 804 181
1996 3785 3024 1181 1655 1554 126
1997 911 5132 3131 1182 895 537
1998 3820 1874 5897 3780 851 317
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Table 3.3.10. Cod at Iceland. Division Va. XSA diagnostic output

Lowestoft VPA Version 3.1
21/04/1999 16:41
Extended Survivors Analysis

"ICELANDIC COD (Div. Va); data from 1970-97(4/98)"

CPUE data from file codvarnt.dat

Catch data for 15 years. 1984 to 1998. Ages 3to 14.

Fleet First Last

year year
SMB. N. 1984 1998
SMB. a3 on a3. N 1985 1998
SMB. a2 on a3. N. 1986 1998
SMB. SE 1984 1998
SMB. SW. 1984 1998
TRAWL-JUN-DEC-N 1993 1998
TRAWL-JAN-MAY-N 1993 1998
TRAWL-JAN-MAY-S 1993 1998
GILLNET-JAN-MAY-S 1993 1998
TRAWL-JUN-DES-S 1993 1998

Time series weights :

Tapered time weighting applied
Power = 3 over 20 years

Catchability analysis :

First
age

Catchability dependent on stock size for ages <

Regression type = C

Minimum of 5 points used for regression

Survivor estimates shrunk to the population mean for ages < 5

Catchability independent of age for ages >=

Terminal population estimation :

11

Survivor estimates shrunk towards the mean F
of the final 3 years or the 4 oldest ages.

S.E. of the mean to which the estimates are shrunk =

Minimum standard error for population

estimates derived from each fleet =

Prior weighting not applied

Tuning converged after 42 iterations

0.300

5

Last
age

O~NODWWWWW

0.500

0 O 00 W~ 00w WwWwo

Alpha

0.99
0.17
0.17
0.99
0.99
0.42

0

0

0
0.42

Beta

0.25
0.25

0.42
0.42
0.42
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Table3.3.10 (Contd)

Regression weights

Fishing mortalities
Age

XSA population numbers (Thousands)

AGE
YEAR

1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

0.751

1989

0.035
0.263
0.136

0.6
0.726
0.876
0.818
0.546
0.653
0.978
0.563
0.691

3

8.42E+04
1.35E+05
1.03E+05
1.83E+05
1.59E+05
8.25E+04
1.79E+05
2.29E+05
9.19E+04
1.71E+05

0.82

1990

0.049
0.229
0.442
0.637
0.784
0.815
0.787
0.833
0.626
0.746
0.436
0.665

4

1.34E+05
6.65E+04
1.05E+05
7.70E+04
1.39E+05
1.11E+05
6.20E+04
1.37E+05
1.82E+05
7.37E+04

Estimated population abundance at 1st Jan 1999

0.877

1991

0.096
0.307
0.503
0.772
0.946
0.783
0.777
0.875
0.959
0.839
0.353
0.764

5

1.46E+05
8.40E+04
4.33E+04
6.32E+04
4.34E+04
8.37E+04
6.92E+04
4.25E+04
9.86E+04
1.34E+05

0.00E+00 1.37E+05 5.28E+04

Taper weighted geometric mean of the VPA populations:

1.48E+05 1.15E+05 7.75E+04

Standard error of the weighted Log(VPA populations) :

AGE
YEAR

1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

170

0.4105

13

9.76E+01
4.69E+01
4.08E+01
4.34E+01
2.86E+01
4.05E+01
4.82E+01
1.28E+02
9.01E+01
5.87E+01

0.4335

14

1.11E+01
4.55E+01
2.48E+01
2.35E+01
2.74E+01
1.35E+01
1.69E+01
1.32E+01
5.50E+01
4.03E+01

0.4455

0.921

1992

0.077
0.373
0.624
0.886
1.097
1.016
0.611
0.525
0.391
0.699

0.26
0.473

6

7.71E+04
1.04E+05
4.42E+04
2.15E+04
2.77E+04
2.18E+04
5.08E+04
4.14E+04
2.81E+04
6.50E+04

8.74E+04

4.12E+04

0.4868

0.954

1993

0.154
0.306
0.489
0.754

0.79
1.119
1.208
0.932
0.893
0.565
0.554
0.744

7

1.29E+04
3.46E+04
4.52E+04
1.67E+04
7.25E+03
1.07E+04
1.15E+04
2.97E+04
2.28E+04
1.70E+04

3.47E+04

1.80E+04

0.5313

0.976

1994

0.086
0.274
0.301
0.436
0.607
0.725

0.78
0.772
0.599
0.653
0.675
0.679

8

3.63E+03
5.10E+03
1.30E+04
1.44E+04
4.57E+03
2.69E+03
4.76E+03
5.72E+03
1.58E+04
1.20E+04

8.70E+03

7.24E+03

0.5804

0.99

1995

0.069
0.177
0.313
0.335
0.502
0.463
0.392
0.585
0.574
0.692
1.095

0.74

9

1.74E+03
1.24E+03
1.85E+03
4.85E+03
4.27E+03
1.22E+03
1.07E+03
2.46E+03
2.73E+03
7.56E+03

6.44E+03

2.54E+03

0.6194

0.997

1996

0.026
0.128
0.213
0.398
0.431

0.54
0.473
0.493
0.513
0.502
0.644
0.543

10

5.91E+02
6.29E+02
4.61E+02
6.96E+02
2.15E+03
1.04E+03
4.59E+02
5.91E+02
1.25E+03
1.20E+03

3.31E+03

8.94E+02

0.5164

1997

0.021
0.105
0.216
0.306
0.443
0.538
0.625
0.571
0.637
0.359
0.605
0.548

11

2.47E+02
2.80E+02
2.24E+02
1.57E+02
3.37E+02
6.94E+02
3.95E+02
2.09E+02
2.96E+02
5.80E+02

4.58E+02

3.67E+02

0.539

1998

0.019
0.134

0.23
0.428
0.467
0.421
0.625

0.76
0.622
0.596
0.749
0.681

12

1.52E+02
1.05E+02
1.23E+02
7.03E+01
8.71E+01
1.13E+02
3.12E+02
1.82E+02
1.03E+02
1.28E+02

2.55E+02

1.55E+02

0.5779



Table3.3.10 (Contd)

Estimated population abundance at 1st Jan 1999
5.78E+01 2.27E+01

Taper weighted geometric mean of the VPA populations:
6.97E+01 3.03E+01

Standard error of the weighted Log(VPA populations) :

0.6381 0.7365
1

Log catchability residuals.

Fleet : SMB. N.

Age 1984 1985 1986 1987
3 0.53 0 -0.15 0.11
4 0.24 0.2 0 -0.02
5 0.44 0.34 0.31 -0.16
6 0.53 0.19 0.34 0.3
7 0.48 0.22 0.37 0.66
8 0.87 0.28 0.5 0.4
9 No data for this fleet at this age

Age 1989 1990 1991 1992
3 -0.01 0.07 0.09 -0.02
4 -0.12 0.13 -0.17 0.18
5 -0.02 0.1 -0.44 0.02
6 0 0.1 -0.31 -0.21
7 -0.43 -0.36 -0.39 0.06
8 0.32 -0.33 -0.99 -0.08
9 No data for this fleet at this age

Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age 5 6 7 8
Mean Log q -1.7157  -1.6805 -1.9858  -2.5262
S.E(Log q) 0.307 0.333 0.4095 0.5683

Regression statistics :

Ages with q dependent on year class strength

Age Slope t-value Intercept RSquare
3 0.55 2.796 6.23 0.8
4 0.64 3.374 5.22 0.9

Ages with g independent of year class strength and constant w.r.t. time.

Age Slope t-value Intercept RSquare
5 0.8 1.176 3.58 0.79
6 0.87 0.682 2.82 0.75
7 0.87 0.627 3.02 0.7
8 1.03 -0.106 2.31 0.49
1

Fleet : SMB. a3 on a3. N

Age 1984 1985 1986 1987
99.99 0.19 -0.01 0.27

No data for this fleet at this age

No data for this fleet at this age

No data for this fleet at this age

No data for this fleet at this age

No data for this fleet at this age

No data for this fleet at this age

O oOo~NOOA~W

1988
0.38
0.04

0.3

-0.37
0.09
0.79

1993
-0.14
-0.23
-0.38
-0.25
-0.35

0.53

No Pts

15
15

No Pts

15
15
15
15

1988
0.54

1994
-0.32
-0.13
-0.26
-0.48
-0.45
-0.48

Reg s.e

0.22
0.15

Reg s.e

0.24

0.3
0.37
0.62

1995
-0.28
-0.01
-0.08
0.17
0.39
0.14

Mean Log q

-1.61
-1.58

Mean Q

-1.72
-1.68
-1.99
-2.53

1996
-0.04
0.03
0.15
0.24
0.32
-0.25

1997
0.18
0.19
0.57
0.58
0.53
0.51
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Table3.3.10 (Contd)

Age 1989 1990 1991 1992 1993 1994 1995 1996
0.36 -0.04 0.09 -0.05 0 -0.35 -0.39 -0.15

No data for this fleet at this age

No data for this fleet at this age

No data for this fleet at this age

No data for this fleet at this age

No data for this fleet at this age

No data for this fleet at this age

© oo~NO O W

Regression statistics :
Ages with g dependent on year class strength
Age Slope t-value Intercept RSquare No Pts Regs.e Meanlogq

3 0.64 1.822 5.39 0.73 14 0.26 -1.77

Fleet : SMB. a2 on a3. N.

Age 1984 1985 1986 1987 1988
99.99 99.99 -0.21 0.12 0.25

No data for this fleet at this age

No data for this fleet at this age

No data for this fleet at this age

No data for this fleet at this age

No data for this fleet at this age

No data for this fleet at this age

© o0o~NO U w

Age 1989 1990 1991 1992 1993 1994 1995 1996
0.16 0.19 0.33 -0.13 0.09 -0.33 -0.28 0.01

No data for this fleet at this age

No data for this fleet at this age

No data for this fleet at this age

No data for this fleet at this age

No data for this fleet at this age

No data for this fleet at this age

©oo~NO O bW

Regression statistics :
Ages with g dependent on year class strength
Age Slope t-value Intercept RSquare No Pts Regs.e MeanLogq

3 0.53 2.789 6.84 0.8 13 0.22 -2.42
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Table3.3.10 (Contd)

Fleet : SMB. SE

Age 1984 1985 1986 1987 1988
3 -0.52 -0.18 -0.71 0.49 0.49
4 -0.7 -0.02 -0.39 -0.03 0.27
5 -0.57 -0.04 -0.34 -0.23 1.03
6 -0.24 -0.19 -0.13 -0.17 0.34
7 -0.08 -0.22 -0.14 -0.02 0.51
8 0.57 -0.09 -0.06 -0.42 1.16
9 No data for this fleet at this age

Age 1989 1990 1991 1992 1993 1994 1995 1996 1997
3 -0.6 -0.9 0.04 0.14 0.3 0.26 -0.05 -0.12 0.31
4 -0.51 -0.56 -0.13 0.06 0.05 0.53 0.26 -0.21 0.25
5 -0.11 -0.89 -0.22 -0.32 -0.09 0.83 0.35 -0.34 0.32
6 0.39 -0.34 0.28 -0.53 -0.13 0.45 0.48 -0.29 0.07
7 0.14 -0.39 0.51 -0.24 -0.43 0.33 0.66 -0.24 0.13
8 0.45 0.12 -0.02 -0.45 0.08 0.43 0.29 -0.85 0.3
9 No data for this fleet at this age

Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age 5 6 7 8
Mean Log q -4.027  -3.3763  -3.0992  -3.1547
S.E(Log q) 0.5037 0.3466 0.4102 0.5533

Regression statistics :

Ages with q dependent on year class strength

Age Slope t-value  Intercept RSquare NoPts Regs.e Meanlogq
3 0.57 1.284 8.06 0.48 15 0.45 -5.2
4 0.56 1.756 7.68 0.62 15 0.36 -4.51

Ages with q independent of year class strength and constant w.r.t. time.

Age Slope t-value Intercept RSquare No Pts Reg s.e Mean Q
5 0.7 1.305 6.23 0.66 15 0.34 -4.03
6 1.02 -0.092 3.22 0.65 15 0.37 -3.38
7 1.05 -0.181 2.78 0.61 15 0.45 -3.1
8 1.34 -0.852 1.23 0.4 15 0.75 -3.15
1

Fleet : SMB. SW.

Age 1984 1985 1986 1987 1988
3 -0.3 -0.5 -0.46 -0.32 0.52
4 -0.14 -0.26 -0.94 -0.09 0.44
5 -0.03 -0.27 -0.39 -0.6 0.28
6 0.16 -0.32 -0.34 -0.11 -0.28
7 0.04 -0.28 -0.44 0.15 -0.07
8 0.42 0.08 -0.41 -0.27 0.75
9 No data for this fleet at this age
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Table3.3.10 (Contd)

Age 1989 1990 1991 1992
3 0.19 0.22 -0.34 0.18
4 0.57 0.33 -0.29 0.04
5 0.4 0.6 -0.19 0.05
6 0.36 0.68 0.2 -0.37
7 -0.09 0.32 0.55 -0.11
8 0.41 0.55 0.28 -0.01
9 No data for this fleet at this age

Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age 5 6 7 8
Mean Log q -2.8638  -2.4859 -2.4415 -2.8093
S.E(Log q) 0.3379 0.348 0.3492 0.4659

Regression statistics :

Ages with g dependent on year class strength

Age Slope t-value Intercept RSquare
3 0.83 0.658 5.12 0.62
4 1.03 -0.1 2.94 0.6

Ages with g independent of year class strength and constant w.r.t. time.

Age Slope t-value Intercept RSquare
5 0.71 2.009 5.31 0.83
6 0.65 3.649 5.35 0.92
7 0.72 2.271 45 0.87
8 0.78 1.152 4.13 0.74

Fleet : TRAWL-JUN-DEC-N

Age 1989 1990 1991 1992
3 No data for this fleet at this age
4 99.99 99.99 99.99 99.99
5 99.99 99.99 99.99 99.99
6 99.99 99.99 99.99 99.99
7 99.99 99.99 99.99 99.99
8 No data for this fleet at this age
9 No data for this fleet at this age

Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age 5 6 7
Mean Log q -3.5836  -3.3869  -3.3993
S.E(Log q) 0.2451 0.299 0.2174

Regression statistics :

Ages with g dependent on year class strength

Age Slope t-value Intercept RSquare
4 1.08 -0.205 3.41 0.61

Ages with g independent of year class strength and constant w.r.t. time.

Age Slope t-value Intercept RSquare
5 0.98 0.092 3.77 0.79

174 6 0.59 6.229 6.27 0.98

7 1.11 -0.477 2.73 0.83

1993
0.44

-0.38
-0.44
-0.73
-0.12

No Pts

15
15

No Pts

15
15
15
15

1993
-0.25
-0.27

-0.13
0.24

No Pts

No Pts

1994
0.02
0.42

0.2

-0.11

-0.16

-1.08

Reg s.e

0.34
0.37

Reg s.e

0.21
0.15
0.21
0.36

1994

0.64
-0.04
-0.43
-0.33

Reg s.e

0.37

Reg s.e

0.27
0.06
0.26

1995
0.14
0.07
0.28
0.42
0.48

0.2

Mean Log q

-3.78
-3.16

Mean Q

-2.86
-2.49
-2.44
-2.81

1995
-0.05
0.39

0.23
0.08

Mean Log q

-4.03

Mean Q

-3.58
-3.39
-3.4

1996
-0.15
-0.32
-0.31
-0.14

0.12
-0.27

1996

-0.21
0.1
0.23

1997
-0.43
-0.09
-0.17
-0.18
-0.16

0.16

1997

0.01
-0.25
-0.21
-0.17



Table3.3.10 (Contd)
Fleet : TRAWL-JAN-MAY-N

Age 1989 1990 1991 1992
3 No data for this fleet at this age
4 99.99 99.99 99.99 99.99
5 99.99 99.99 99.99 99.99
6 99.99 99.99 99.99 99.99
7 99.99 99.99 99.99 99.99
8 99.99 99.99 99.99 99.99
9 99.99 99.99 99.99 99.99

Mean log catchability and standard error of ages with catchability

independent of year class strength and constant w.r.t. time

Age 5 6 7 8

Mean Log q -3.6337  -3.2788 -3.2937 -3.6113

S.E(Log q) 0.1705 0.1966 0.3316 0.3639

Regression statistics :

Ages with g dependent on year class strength

Age Slope t-value Intercept RSquare
4 0.67 1.339 6.9 0.81

Ages with q independent of year class strength and constant w.r.t. time.

Age Slope t-value Intercept RSquare
5 1 0.004 3.64 0.88
6 0.76 1.863 5.04 0.94
7 0.89 0.387 3.98 0.76
8 0.77 1.251 4.78 0.89
9 0.83 1.153 4.56 0.92
1

Fleet : TRAWL-JAN-MAY-S

Age 1989 1990 1991 1992
3 No data for this fleet at this age
4 No data for this fleet at this age
5 99.99 99.99 99.99 99.99
6 99.99 99.99 99.99 99.99
7 99.99 99.99 99.99 99.99
8 99.99 99.99 99.99 99.99
9 No data for this fleet at this age

Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age 5 6 7 8
Mean Log q -5.0962 -4.3877 -3.9306 -3.5953
S.E(Log q) 0.1807 0.4446 0.5722 0.2596

Regression statistics :

1993

0.06
-0.01
-0.06
-0.54
-0.56

0.14

9
-3.8647
0.3116

No Pts

No Pts

[e2MNe>RNe> RN o))

1993

-0.32
-0.83
-1.02

0.27

1994

0.29
-0.04
-0.08

0.26

0.13

0.29

Reg s.e

0.23

Reg s.e

0.19
0.12
0.33
0.27
0.25

1994

0.13
0.1
-0.13
-0.05

1995

-0.14
0.28
0.03
0.12

-0.29

-0.35

Mean Log q

-4.57

Mean Q

-3.63
-3.28
-3.29
-3.61
-3.86

1995

0.12
-0.19
0.39
0.27

1996

0.12
-0.07
0.24
-0.17
0.12
-0.19

1996

-0.11

0.29

0.04
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1997

-0.28
-0.23
-0.3
-0.07
0.47
-0.27

1997

0.04
0.2
0.04
-0.42



Table3.3.10 (Contd)

Ages with g independent of year class strength and constant w.r.t. time.

Age Slope t-value Intercept RSquare
5 0.76 2.575 6.55 0.97
6 0.73 0.727 6.03 0.65
7 0.64 1.169 5.96 0.73
8 1.36 -1.783 1.76 0.86
1

Fleet : GILLNET-JAN-MAY-S

Age 1989 1990 1991 1992
3 No data for this fleet at this age
4 No data for this fleet at this age
5 No data for this fleet at this age
6 No data for this fleet at this age
7 99.99 99.99 99.99 99.99
8 99.99 99.99 99.99 99.99
9 99.99 99.99 99.99 99.99

Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age 7 8 9
Mean Log q -3.2765 -2.89  -2.7173
S.E(Log q) 0.4211 0.3414 0.4048

Regression statistics :

Ages with g independent of year class strength and constant w.r.t. time.

Age Slope t-value Intercept RSquare
7 1.17 -0.361 2.21 0.54
8 1.93 -5.062 -2.54 0.88
9 1.28 -0.857 1.3 0.71
1

Fleet : TRAWL-JUN-DES-S

Age 1989 1990 1991 1992
3 No data for this fleet at this age
4 No data for this fleet at this age
5 99.99 99.99 99.99 99.99
6 99.99 99.99 99.99 99.99
7 99.99 99.99 99.99 99.99
8 99.99 99.99 99.99 99.99
9 No data for this fleet at this age

Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age 5 6 7 8
Mean Log q -4.4115  -4.0855 -3.8051 -3.706
S.E(Log q) 0.3908 0.3821 0.2401 0.334

176

No Pts

[e2lNe>RNe)Re)]

1993

-0.07
0.31
0.55

No Pts

)]

1993

-0.08
-0.1
0.15
0.56

Reg s.e

0.09
0.34
0.35
0.29

1994

0.07
0.3
0.19

Reg s.e

0.54
0.27
0.53

1994

-0.76
-0.6
0.03
0.17

Mean Q

5.1
-4.39
-3.93

-3.6

1995

0.33
0.14
0.24

Mean Q

-3.28
-2.89
-2.72

1995

0.23
-0.25
-0.18

0.07

1996

-0.47
0.03
-0.01

1996

0.22
0.27
-0.33
-0.19

1997

0.58
-0.59
-0.48

1997

0.1
0.38
0
-0.2



Table 3.3.10 (Cont'd)
Regression statistics :

Ages with g independent of year class strength and constant w.r.t. time.

Age Slope t-value
5 1 0.007
6 0.72 0.936
7 1.23 -0.883
8 1.52 -1.816
1

Terminal year survivor and F summaries :

Intercept

4.43
5.89
2.47
1.09

RSquare

0.58
0.74
0.79
0.76

Age 3 Catchability dependent on age and year class strength

Year class = 1995

Fleet Estimated Int
Survivors  s.e
SMB. N. 148052 0.3
SMB. a3 ona3. N 134081 0.3
SMB. a2 on a3. N. 146696 0.3
SMB. SE 182615 0.475
SMB. SW. 158249 0.356
TRAWL-JUN-DEC-N 1 0
TRAWL-JAN-MAY-N 1 0
TRAWL-JAN-MAY-S 1 0
GILLNET-JAN-MAY-S 1 0
TRAWL-JUN-DES-S 1 0
P shrinkage mean 114562 0.43
F shrinkage mean 68054 0.5
Weighted prediction :
Survivors Int Ext
at end of year s.e s.e
136930 0.13 0.1

1

Ext
s.e

[ecNeoNeoNeolNeoleNoNoNoNe

7

Var
Ratio

[ecNeoNeoNeolNolNeNoNoNoNe

Var
Ratio
0.73

Age 4 Catchability dependent on age and year class strength

Year class = 1994

Fleet Estimated Int
Survivors  s.e
SMB. N. 56018 0.212
SMB. a3 ona3. N 54348 0.3
SMB. a2 on a3. N. 45361 0.3
SMB. SE 69128 0.293
SMB. SW. 38560 0.283
TRAWL-JUN-DEC-N 45452 0.435
TRAWL-JAN-MAY-N 50333 0.3
TRAWL-JAN-MAY-S 1 0
GILLNET-JAN-MAY-S 1 0
TRAWL-JUN-DES-S 1 0

Ext
s.e
0.122
0
0
0.03
0.121

[eNeoNeNe)

Var
Ratio
0.58
0
0
0.1
0.43
0

[eNeoNeoNe)

No Pts

(22N> RN o> R e}

[eNeoleoNoNol N - S ol

0.019

OQCOOFRPEFEPNNEFEENDN

Reg s.e

0.44
0.28

0.3
0.42

Scaled

Weights
0.201
0.201
0.201
0.08
0.143
0

[eNeoNeNe]

0.098

0.074

Scaled
Weights
0.233
0.115
0.115
0.123
0.131
0.056
0.118
0
0
0

Mean Q

Estimated

F

Estimated

F

-4.41
-4.09
-3.81
-3.71

0.018
0.02
0.018
0.015
0.017
0

[eNeoNeNe]

0.023

0.039

0.126
0.13
0.154
0.104
0.179
0.154
0.14
0

0

0
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Table3.3.10 (Contd)

178

P shrinkage mean 77494
F shrinkage mean 51350
Weighted prediction :
Survivors Int

at end of year s.e
52776 0.1

0.45

0.5

Ext
s.e
0.06

12

Var
Ratio
0.599

Age 5 Catchability constant w.r.t. time and dependent on age

Year class = 1993

Fleet Estimated
Survivors

SMB. N.
85167
SMB. a3ona3. N 75410
SMB. a2 on a3. N. 87851
SMB. SE 94570
SMB. SW. 86354
TRAWL-JUN-DEC-N 91842
TRAWL-JAN-MAY-N 79625
TRAWL-JAN-MAY-S 99414
GILLNET-JAN-MAY-S 1
TRAWL-JUN-DES-S 114094
F shrinkage mean 80338

Weighted prediction :
Survivors Int

at end of year s.e
87380 0.08

1

Int
s.e

0.177
0.3
0.3

0.264

0.211

0.247

0.212
0.3

0.422

0.5

Ext
s.e
0.04

Ext
s.e

0.124
0.113
0.101

0.024
0.179

18

Var
Ratio

0.7

0.43
0.48

0.1
0.84

Var
Ratio
0.467

Age 6 Catchability constant w.r.t. time and dependent on age

Year class = 1992

Fleet Estimated
Survivors

SMB. N. 35681
SMB. a3ona3. N 23563
SMB. a2 on a3. N. 26318
SMB. SE 30704
SMB. SW. 34817
TRAWL-JUN-DEC-N 34304
TRAWL-JAN-MAY-N 35763
TRAWL-JAN-MAY-S 40562
GILLNET-JAN-MAY-S 1
TRAWL-JUN-DES-S 42332
F shrinkage mean 44472

Int

S.e
0.16
0.302
0.302
0.212
0.185
0.194
0.175
0.256

0.297

0.5

Ext
s.e
0.193

0.118
0.136
0.185
0.126
0.161

0.082

Var
Ratio
1.21

0.56
0.74
0.95
0.72
0.63

0.28

0.134

P ORFRPNMNWWERPEPW

0.23

NONWWADIMRERLPEAM

0.061

0.048

Scaled
Weights

0.208
0.069
0.069
0.093
0.147
0.112
0.149
0.078
0
0.04

0.036

Scaled

Weights
0.185
0.043
0.043
0.11
0.142
0.136
0.165
0.078
0
0.061

0.036

0.093

0.137

Estimatec
F

0.236
0.263
0.229
0.215
0.233

0.22

0.25
0.205

0.181

0.248

Estimatec
F

0.418
0.58
0.533
0.472
0.427
0.432
0.418
0.376

0.363

0.348



Table 3.3.10 (Cont'd)
Weighted prediction :

Survivors
at end of year

34715

Int
s.e
0.07

Ext
s.e
0.05

25

Var F
Ratio
0.753 0.428

Age 7 Catchability constant w.r.t. time and dependent on age

Year class = 1991
Fleet

SMB. N.

SMB. a3 ona3. N
SMB. a2 on a3. N.
SMB. SE

SMB. SW.
TRAWL-JUN-DEC-N
TRAWL-JAN-MAY-N
TRAWL-JAN-MAY-S
GILLNET-JAN-MAY-S
TRAWL-JUN-DES-S

F shrinkage mean

Weighted prediction :

Survivors
at end of year

8703

Estimated
Survivors
8900
6147
6261
7719
8238
9052
8475
9942
5577
12131

8830

Int
s.e
0.07

Int

s.e
0.154
0.32
0.304
0.197
0.172
0.17
0.161
0.241
0.455
0.215

0.5

Ext
s.e
0.05

Ext

s.e
0.178
0
0
0.18
0.084
0.094
0.156
0.215

0.038

33

Var N
Ratio
1.15
0
0
0.91
0.49
0.55
0.97
0.89

Wk WhrArMOOOOAaer PFL O

0.18

Var F
Ratio
0.792 0.467

Age 8 Catchability constant w.r.t. time and dependent on age

Year class = 1990
Fleet

SMB. N.

SMB. a3 ona3. N
SMB. a2 on a3. N.
SMB. SE

SMB. SW.
TRAWL-JUN-DEC-N
TRAWL-JAN-MAY-N
TRAWL-JAN-MAY-S
GILLNET-JAN-MAY-S
TRAWL-JUN-DES-S

F shrinkage mean

Weighted prediction :

Survivors
at end of year

6444

Estimated
Survivors
6253
6456
7057
5704
6405
7216
7433
6405
6815
5860

4973

Int
s.e
0.07

Int

s.e
0.166
0.307
0.307
0.206
0.179
0.175
0.164
0.207
0.293
0.195

0.5

Ext
s.e
0.05

Ext
s.e
0.192

0.214
0.111
0.161
0.067
0.076
0.341
0.144

40

Var N
Ratio
1.16

1.04
0.62
0.92
0.41
0.37
1.17
0.74

ANPMMOOORL, PO

Var F
Ratio
0.722 0.421

Scaled
Weights
0.157
0.025
0.028
0.105
0.137
0.153
0.158
0.07
0.027
0.105

0.036

Scaled

Weights
0.122
0.015
0.015
0.092
0.123
0.109
0.153
0.125
0.072
0.131

0.042

Estimated

F

Estimated

F

0.459
0.612
0.603
0.514
0.488
0.453
0.477

0.42
0.657
0.356

0.462

0.431

0.42
0.391
0.464
0.423
0.383
0.374
0.423
0.402
0.455

0.518
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Table 3.3.10 (Cont'd)
Age 9 Catchability constant w.r.t. time and dependent on age

Year class = 1989

Fleet Estimated Int Ext Var N Scaled Estimated
Survivors  s.e s.e Ratio Weights F
SMB. N. 3636 0.164 0.124 0.75 6 0.103 0.583
SMB. a3 on a3. N 3151 0.313 0 0 1 0.013 0.648
SMB. a2 on a3. N. 2912 0.313 0 0 1 0.013 0.687
SMB. SE 4104 0.203 0.148 0.73 6 0.077 0.531
SMB. SW. 4010 0.176 0.053 0.3 6 0.103 0.54
TRAWL-JUN-DEC-N 3413 0.172 0.081 0.47 4 0.093 0.611
TRAWL-JAN-MAY-N 4108 0.166 0.105 0.63 6 0.21 0.53
TRAWL-JAN-MAY-S 2598 0.205 0.132 0.65 4 0.102 0.745
GILLNET-JAN-MAY-S 2002 0.256 0.047 0.18 3 0.107
TRAWL-JUN-DES-S 2430 0.194 0.091 0.47 4 0.107 0.781
F shrinkage mean 4428 0.5 0.071 0.5

Weighted prediction :

Survivors Int Ext N Var F
at end of year s.e s.e Ratio
3312 0.07 0.05 42 0.709 0.625
1

Age 10 Catchability constant w.r.t. time and dependent on age

Year class = 1988

Fleet Estimated Int Ext Var N Scaled Estimated
Survivors  s.e s.e Ratio Weights F
SMB. N. 417 0.181 0.151 0.83 6 0.086 0.811
SMB. a3 on a3. N 502 0.32 0 0 1 0.009 0.712
SMB. a2 on a3. N. 639 0.32 0 0 1 0.009 0.596
SMB. SE 497 0.22 0.266 121 6 0.068 0.717
SMB. SW. 450 0.193 0.15 0.78 6 0.09 0.769
TRAWL-JUN-DEC-N 399 0.192 0.162 0.85 3 0.075 0.835
TRAWL-JAN-MAY-N 417 0.185 0.086 0.46 5 0.192 0.811
TRAWL-JAN-MAY-S 470 0.216 0.103 0.48 4 0.098 0.746
GILLNET-JAN-MAY-S 388 0.258 0.221 0.86 3 0.112 0.852
TRAWL-JUN-DES-S 363 0.201 0.082 0.41 4 0.104 0.89
F shrinkage mean 704 0.5 0.159 0.554
Weighted prediction :
Survivors Int Ext N Var F
at end of year s.e s.e Ratio
458 0.1 0.06 40 0.546 0.76
Age 11 Catchability constant w.r.t. time and dependent on age
Year class = 1987
Fleet Estimated Int Ext Var N Scaled Estimated
Survivors  s.e s.e Ratio Weights F
SMB. N. 222 0.212 0.106 0.5 6 0.073 0.689
SMB. a3 on a3. N 246 0.331 0 0 1 0.006 0.64
SMB. a2 on a3. N. 309 0.331 0 0 1 0.006 0.538
SMB. SE 287 0.249 0.13 0.52 6 0.061 0.568
SMB. SW. 242 0.217 0.105 0.49 6 0.082 0.645
TRAWL-JUN-DEC-N 194 0.237 0.089 0.38 2 0.055 0.758
TRAWL-JAN-MAY-N 223 0.206 0.102 0.49 4 0.182 0.686
TRAWL-JAN-MAY-S 295 0.258 0.219 0.85 3 0.09 0.558
180 GILLNET-JAN-MAY-S 271 0.258 0.048 0.19 3 0.121 0.594
TRAWL-JUN-DES-S 265 0.224 0.035 0.16 3 0.1 0.605



Table 3.3.10 (Cont'd)
F shrinkage mean 280 0.5 0.225 0.58

Weighted prediction :

Survivors Int Ext N Var F
at end of year s.e s.e Ratio
255 0.13 0.04 36 0.274 0.622
1

Age 12 Catchability constant w.r.t. time and age (fixed at the value for age) 11

Year class = 1986

Fleet Estimated Int Ext Var N Scaled Estimated
Survivors  s.e s.e Ratio Weights F

SMB. N. 43 0.23 0.087 0.38 6 0.052 0.745
SMB. a3ona3. N 83 0.346 0 0 1 0.004 0.448
SMB. a2 on a3. N. 68 0.346 0 0 1 0.004 0.529
SMB. SE 51 0.274 0.196 0.72 6 0.044 0.652
SMB. SW. 29 0.234 0.188 0.81 6 0.06 0.962
TRAWL-JUN-DEC-N 74 0.307 0 0 1 0.028 0.494
TRAWL-JAN-MAY-N 44 0.242 0.158 0.65 3 0.159 0.722
TRAWL-JAN-MAY-S 50 0.281 0.282 1 2 0.069 0.664
GILLNET-JAN-MAY-S 73 0.276 0.075 0.27 3 0.115 0.5
TRAWL-JUN-DES-S 68 0.253 0.008 0.03 2 0.071 0.527

F shrinkage mean 69 0.5 0.394 0.522

Weighted prediction :

Survivors Int Ext N Var F
at end of year s.e s.e Ratio
58 0.21 0.06 32 0.297 0.596

Age 13 Catchability constant w.r.t. time and age (fixed at the value for age) 11

Year class = 1985

Fleet Estimated Int Ext Var N Scaled Estimated
Survivors  s.e s.e Ratio Weights F

SMB. N. 27 0.254 0.138 0.54 6 0.022 0.654
SMB. a3 on a3. N 39 0.367 0 0 1 0.002 0.502
SMB. a2 on a3. N. 29 0.367 0 0 1 0.002 0.626
SMB. SE 22 0.295 0.134 0.45 6 0.019 0.769
SMB. SW. 23 0.258 0.113 0.44 6 0.026 0.735
TRAWL-JUN-DEC-N 1 0 0 0 0 0 0
TRAWL-JAN-MAY-N 26 0.287 0.333 1.16 2 0.096 0.685
TRAWL-JAN-MAY-S 30 0.307 0 0 1 0.031 0.617
GILLNET-JAN-MAY-S 28 0.327 0.056 0.17 2 0.067 0.636
TRAWL-JUN-DES-S 40 0.37 0 0 1 0.022 0.493

F shrinkage mean 21 0.5 0.715 0.789

Weighted prediction :

Survivors Int Ext N Var F
at end of year s.e s.e Ratio
23 0.36 0.05 27 0.144 0.749
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Table3.3.10 (Contd)

Age 14 Catchability constant w.r.t. time and age (fixed at the value for age) 11

Year class = 1984

Fleet Estimated Int Ext Var N Scaled Estimated
Survivors  s.e s.e Ratio Weights F

SMB. N. 16 0.222 0.078 0.35 6 0.01 0.718
SMB. a3on a3. N 22 0.413 0 0 1 0.001 0.558
SMB. a2 on a3. N. 19 0.394 0 0 1 0.001 0.621
SMB. SE 16 0.275 0.187 0.68 6 0.008 0.715
SMB. SW. 22 0.236 0.14 0.59 6 0.011 0.558
TRAWL-JUN-DEC-N 1 0 0 0 0 0 0
TRAWL-JAN-MAY-N 19 0.345 0 0 1 0.025 0.612
TRAWL-JAN-MAY-S 1 0 0 0 0 0 0
GILLNET-JAN-MAY-S 29 0.448 0 0 1 0.015 0.448
TRAWL-JUN-DES-S 1 0 0 0 0 0 0

F shrinkage mean 16 0.5 0.929 0.688

Weighted prediction :

Survivors Int Ext N Var F
at end of year s.e s.e Ratio
17 0.46 0.05 23 0.099 0.681
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Table 3.3.11. Cod at Iceland. Division Va. Fishing mortality.

Mari ne Research Institute Fri
Popul ation Analysis :

Vi rtual
FI NAL- VPA99
Age 1979
3 0.033
4 0. 195
5 0.211
6 0.513
7 0. 487
8 0.503
9 0. 507
10 0. 339
11 0.531
12 0. 200
13 1. 020
14 0.519
W Av 5-10 0.403
Ave 5-10 0. 427
Age 1986
3 0. 070
4 0. 222
5 0. 580
6 0. 697
7 0. 883
8 0. 936
9 0. 806
10 0.763
11 0. 740
12 0.672
13 0. 445
14 0. 685
W Av 5-10 0.689
Ave 5-10 0.778
Age 1993
3 0. 155
4 0. 306
5 0. 490
6 0. 753
7 0.789
8 1.114
9 1. 202
10 0. 930
11 0. 889
12 0. 549
13 0. 558
14 0. 826
WAv 5-10 0.671
Ave 5-10 0.880

1980

034
176
358
378
442
554
514
453
425
700
171
453
404
450

coooooo0o0000000

1987

045
309
519
785
976
994
975
707
582
665
739
733
697
826

cooooooo0o000000

1994

. 086
275
301
437
606
723
778
770
601
651
639
688
371
. 603

coooooo0o0000000

1981

016
137
388
470
635
839
802
950
982
904
076
943
529
681

coorooocooooo000

1988

045
222
506
837
952
393
111
986
031
904
333
273
629
964

CORNORORPRPROOOODO

1995

069
178
313
336
502
463
392
585
573
695
074
664
344
432

cooroooooooo00

Apr 23 11:45:15 1999

1982

027
221
400
541
581
046
187
910
479
404
417
679
582
77

cooooooRrrOOOOO

1989

035
265
485
601
726
874
819
545
663
973
574
715
543
675

cooooooo0o000000

1996

. 026
129
213
398
432
541
474
493
514
501
651
526
351
. 425

coooooo00000000

Fishing nortality

1983

017
120
433
622
767
852
930
082
671
678
533
779
609
781

cooooorooo0O0O00OO

1990

049
230
445
639
784
815
783
834
622
768
436
689
595
717

coooooooo000000

1997

021
105
216
307
443
539
626
571
637
361
601
559
301
450

coooooooo00000

1984

055
211
323
539
598
900
746
634
639
587
685
658
479
623

coooooo0o0000000

1991

096
309
505
775
946
783
776
863
958
824
375
759
749
775

cooooooo0o000000

1998

. 019
134
230
428
467
421
625
760
622
596
749
681
326
. 488

coooooo00000000

1985

051
288
388
572
683
731
801
770
613
641
711
707
486
658

coooooo00000000

1992

077
374
624
884
095
016
613
526
385
701
356
516
780
793

cooooooorroO0OO

1995- 1998

034
136
243
367
461
491
529
602
586
538
769
605
362
449

coooooooo00000
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Table 3.3.12. Cod at Iceland. Stock in numbers (millions).

Marine Research Institute Fri Apr 23 11:45:15 1999
Virtual Population Analysis : Stock in nunbers, mllions
FI NAL- VPA99

Age 1979 1980 1981 1982 1983 1984 1985
3 245.522 144.034 143.276 133.578 226.328 139.017 144.046
4 176.062 194.529 113.999 115.392 106.399 182.092 107.726
5 79.448 118.551 133.570 81.351 75.744  77.276 120.682
6 93. 925 52.650 67.877 74.179  44.653  40.215  45.819
7 40.087 83.048 29.534 34.736  35.350 19. 621 19. 204
8 8

9

12. 250 20. 159 50. 702 12. 818 15. 903 13. 437 . 835

3.939 6. 065 9.481 17. 940 3. 687 5.554 4.472

10 1.335 1.942 2.970 3. 480 4.482 1.191 2. 156

11 0. 446 0.778 1.011 0. 940 1. 147 1. 244 0.517

12 0. 261 0.214 0.417 0. 310 0.476 0. 480 0. 538

13 0. 041 0.175 0. 087 0.138 0.170 0.198 0.219

14 0.011 0. 012 0.121 0. 024 0. 075 0. 081 0. 082
Juvenile 526.240 477.621 450.108 383.315 444.552 405.984 361.297
Adul t 127.086 144.537 102.937 91.571 69. 861 74. 424 92. 998

Sum 3- 3 245.522 144.034 143.276 133.578 226.328 139.017 144.046
Sum 4-14 407.804 478.124 409.768 341.308 288.085 341.391 310.249
Tot al 653. 326 622.158 553.044 474.886 514.414 480.408 454.295

Age 1986 1987 1988 1989 1990 1991 1992
3 335.905 277.711 168.566 83.222 133.149 102.584 181.628
4 112.107 256.391 217.439 131.951 65.785 103.791 76.274
5 66. 125 73.489 154.079 142.633 82. 865 42.780 62. 392
6 67.040 30. 300 35.814 76.078 102.920 43. 473 21.148
7 21.168 27. 348 11. 318 12. 693 34.154  44.457 16. 404
8 8

9

7.942 7.169 . 437 3.575 5.028 12. 769 14. 127

3. 484 2.551 2.173 1.716 1.222 1.823 4.779

10 1.643 1.274 0.788 0. 586 0.620 0. 457 0. 687

11 0. 817 0. 627 0.514 0. 241 0.278 0. 220 0.158

12 0. 230 0. 319 0. 287 0. 150 0.102 0.122 0. 069

13 0.232 0. 096 0.134 0. 095 0. 046 0. 039 0. 044

14 0. 088 0.122 0. 038 0.011 0. 044 0. 025 0. 022
Juvenile 531.565 608.205 516.344 345.609 313.114 249.017 268.031
Adul t 85. 216 69. 191 83.243 107.341 113.098 103.523 109.702

Sum 3- 3 335.905 277.711 168.566 83.222 133.149 102.584 181.628
Sum 4-14 280.876 399.685 431.021 369.728 293.062 249.956 196.104
Tot al 616. 781 677.396 599.587 452.951 426.211 352.540 377.733

Age 1993 1994 1995 1996 1997 1998 1999
3 157.373 81.958 177.670 227.790 101.000 173.000 83.000
4 137.683 110.376 61.545 135.746 181.663 80.974 138.975
5 42.960 82.996 68.659 42.190 97.721 133.906 57.981
6 27. 368 21. 557 50.275 41.090 27.906 64.438  87.107
7 7.153 10. 557 11. 400 29.425  22.597 16.816  34.388
8 5

9

4.492 2.661 4.715 . 647 15. 633 11. 884 8. 631

4.188 1. 207 1. 057 2.429 2.693 7.465 6. 387

10 2.119 1.031 0. 454 0.584 1.239 1.179 3.271

11 0. 332 0. 684 0.391 0. 207 0.292 0.573 0. 451

12 0. 088 0.112 0. 307 0. 180 0.101 0.127 0. 252

13 0. 028 0. 042 0. 048 0.126 0. 090 0. 058 0. 057

14 0. 025 0.013 0.018 0.013 0. 054 0. 040 0. 022
Juvenile 225.687 152.837 217.367 390.004 243.415 363.863 288.207
Adul t 158.122 160.356 159.171 95.424 207.574 126.596 132.316

Sum 3- 3 157.373 81.958 177.670 227.790 101.000 173.000 83.000
Sum 4-14 226.436 231.236 198.869 257.638 349.989 317.460 337.523
Tot al 383.809 313.194 376.539 485.428 450.989 490.460 420.523

184



Table 3.3.13. Cod at I celand. Division Va. Spawning stock biomass (tonnes).

Marine Research Institute Fri Apr 23 11:45:15 1999
Virtual Population Analysis : SSB in 1000 x tons
FI NAL- VPA99

Age 1979 1980 1981 1982 1983 1984 1985
3 0. 000 10. 271 0. 000 2.917 0. 000 0. 000 4.166
4 5.033 6. 867 4.674 8. 747 12. 670 10. 555 9.012
5 34.391 46.055 20.608 18.924  23.102 28.991  48.127
6 164.297 82.994 52.345 40.895 34.834 47.190 71.054
7 142.178 293.392 65. 636 62.440 53.320 43.625 54.569
8 60. 423 97.902 174.044  36.502 41.484  39.719 34. 165
9 23.794 35.896 44.874 62.994 13. 517 24.330 21.233

10 9. 432 15. 614 15.691 19. 197 19. 366 7.881 13.103
11 4. 251 7.633 6. 445 8. 215 8. 440 9. 326 4.166
12 2. 946 2. 469 3.193 3.271 4.322 4.755 5. 000
13 0. 317 2. 450 0.582 1. 845 1.773 2. 090 2.271
14 0. 152 0. 233 1.052 0. 277 0. 906 0.928 1.051
Tot al 447.212 601.775 389.144 266.225 213.734 219.391 267.918

e 1986 1987 1988 1989 1990 1991 1992
3 1.877 6.784 7.588 0. 000 0. 000 0. 000 10. 826
4 9.749 19. 217 6.376 8. 857 5.989 10. 449 21.198
5 35.631  40.009 66. 557 65.881  45.598 17. 159 62.114
6 100.360 56.164  45.227 124.704 163.444  54.347 34. 820
7 52. 830 73.980  26.647  39.747 92.520 89.521 41.690
8 28.878 27.034  22.635 13.764  20.247 45.129  46.288

9 17. 358 11. 324 8. 253 7.568 6. 797 8.666  22.460
10 9. 836 8.838 3.833 4.001 4. 045 2.566 4.182
11 5. 759 4.952 2. 967 1.996 2.378 1.491 1.463
12 2.165 2. 348 1.674 0.773 1.035 1.125 0.635
13 2. 463 1.020 0. 595 0.720 0. 550 0. 435 0.544
14 1.115 1.347 0.213 0.103 0.518 0. 329 0.182
Tot al 268.022 253.019 192.565 268.115 343.121 231.215 246.402
Age 1993 1994 1995 1996 1997 1998

3 11. 950 8. 863 7.701 21. 315 8.548 5. 438
4 47.870  49.083  40.793 19. 912 83.421  40.233
5 42.832 99. 474 120.480 50. 671 114.764 137.677
6 53.716 52.835 128.556 98. 709 68.297 123.214
7 23.030 36.898  36.197 94. 187 86. 799 57. 304
8 15. 890 10. 531 21. 407 22.380 69.763 67.668
9 6

16. 471 . 080 6.321 11.706 14. 077 42.720

10 11. 067 5.101 3. 229 4.144 7.198 6. 851
11 2.293 5.218 3. 064 1.741 2.151 4.678
12 0.774 0.982 2.371 1.731 0.873 1.325
13 0. 295 0.421 0. 357 1.175 0.700 0.670
14 0. 297 0. 158 0. 189 0. 160 0. 595 0. 419
Tot al 226.486 275.645 370.666 327.831 457.185 488.195
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Table 3.3.14. Cod at Iceland. Division Va. Average fishing mortality of age groups 5-10,
recruitment (at age 3, in millions), spawning stock at spawning time
("000 tonnes).

Year F5-10 Recruitment SSB

1955 0.31 260 1261
1956 0.26 307 1199
1957 0.32 153 1145
1958 0.32 191 1034
1959 0.33 143 928
1960 0.38 163 825
1961 0.33 292 760
1962 0.40 255 729
1963 0.45 273 683
1964 0.54 328 569
1965 0.61 174 454
1966 0.54 255 412
1967 0.49 186 476
1968 0.67 178 594
1969 0.53 136 693
1970 0.56 303 684
1971 0.62 170 615
1972 0.71 265 477
1973 0.71 432 436
1974 0.76 143 329
1975 0.81 222 339
1976 0.76 246 283
1977 0.63 144 319
1978 0.48 143 375
1979 0.43 134 447
1980 0.45 226 602
1981 0.68 139 389
1982 0.78 144 266
1983 0.78 336 213
1984 0.62 278 219
1985 0.66 169 268
1986 0.78 83 268
1987 0.83 133 253
1988 0.96 103 193
1989 0.68 182 268
1990 0.72 157 343
1991 0.78 82 231
1992 0.79 178 246
1993 0.88 228 226
1994 0.60 101 276
1995 0.43 173 371
1996 0.43 83 328
1997 0.45 206 457
1998 0.49 173 488
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Table 3.3.15.
period 1982-1997".

Year/Age 0 1 2 3 4 5

1982 0.10 0.60 0.49 0.16 0.06 0.04
1983 0.06 0.47 0.39 0.19 0.09 0.02
1984 0.11 0.42 0.38 0.18 0.11 0.02
1985 0.15 0.52 0.39 0.2 0.08 0.02
1986 0.14 0.68 0.40 0.19 0.08 0.02
1987 0.10 0.74 0.49 0.19 0.09 0.02
1988 0.07 0.53 0.53 0.22 0.10 0.02
1989 0.06 0.47 0.42 0.26 0.11 0.02
1990 0.08 0.38 0.43 0.24 0.14 0.03
1991 0.06 041 0.29 0.20 0.11 0.03
1992 0.06 0.33 0.28 0.13 0.07 0.02
1993 0.06 0.33 0.27 0.12 0.07 0.02
1994 0.06 0.33 0.26 0.14 0.07 0.02
1995 0.06 0.35 0.30 0.16 0.08 0.02
1996 0.08 0.39 0.32 0.18 0.08 0.02
1997 0.07 0.47 0.4 0.22 0.09 0.02

1) No data for 1998 were available at the WG meeting.

Cod at Iceland . Division Va. Estimated mortality due to cannibalism on cod in
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Table3.3.16. Cod at Iceland. Divison Va. Capelin biomass ('000 tonnes) at 1. August used
for prediction of cod mean weights

Year Total
Tota

1979 3177
1980 2110
1981 1500
1982 1209
1983 2385
1984 3373
1985 3724
1986 4195
1987 3994
1988 3094
1989 2780
1990 2197
1991 2519
1992 3164
1993 3405
1994 3350
1995 3921
1996 4705
1997 4481
1998 3487
1999 3610
Average 3161

Table3.3.17. Cod at I celand. Division Va. Input file for the RCT3 program.

Year cl ass VPA age3 Surv4 Surv3 Surv2 Survl
1981 139 55261 -11 -11 -11
1982 144 22540 31297 -11 -11
1983 336 77227 84656 39301 -11
1984 278 92490 99294 52943 16492
1985 169 60113 68604 25874 13903
1986 83 8272 17511 5820 2605
1987 133 22262 19408 14921 1711
1988 103 13601 15633 11786 2048
1989 182 31684 30540 14473 3509
1990 157 18211 26030 16407 1712
1991 82 4301 5556 2237 223
1992 178 19228 17477 10539 1312
1993 228 48173 37466 28480 8920
1994 92 13959 11969 3869 487
1995 -11 35495 28949 18566 2454
1996 -11 -11 5985 3570 530
1997 -11 -11 -11 31265 5299
1998 -11 -11 -11 -11 5587
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Table 3.3.18. Cod at Iceland. Division. Va. Output from RCT3.

Anal ysis by RCT3 ver3.1 of data fromfile
Recnwwgl. dat
I cel and Cod: VPA and groundfish survey data

Data for 4 surveys over 18 years : 1981 - 1998
Regression type = C

Tapered tinme wei ghting applied

power = 3 over 20 years

Survey wei ghting not applied

Final estimtes shrunk towards nean

M ninmum S. E. for any survey taken as .20
M ni num of 3 points used for regression

For ecast/ Hi ndcast variance correction used

Yearcl ass = 1994

Survey/ Slope Inter- Std Rsquare No. |Index Pr
Series cept Error Pts Val ue
Surv4 .52 -.19 .23 . 779 13 9.54
Surv3 .63 -1.34 .29 . 702 12 9. 39
Surv2 .56 -.34 .26 .768 11  8.26
Survl .44 1.57 .41 . 514 10 6.19
VPA Mean =
Yearclass = 1995
[ Regression---------- [
Survey/ Slope Inter- Std Rsquare No. |Index Pr
Series cept Error Pts Val ue
Surv4 .55 -.49 .24 L1772 14 10. 48
Surv3 .63 -1.39 .28 .724 13 10.27
Surv2 .53 -.03 .24 . 795 12 9.83
Survl .40 1.84 .36 . 577 11 7.81
VPA Mean =
Yearclass = 1996
[ Regression---------- [
Survey/ Slope Inter- Std Rsquare No. |Index Pr
Series cept Error Pts Val ue
Surv4
Surv3 .64 -1.40 .28 . 721 13 8.70
Surv2 .53 .02 .24 794 12 8.18
Survl .40 1.87 . 36 . 581 11 6. 27
VPA Mean =

edi
Va

PrAA

o

4

cted Std
ue Error
76 . 274
55 . 356
33 . 331
27 . 534
05 . 416
Predi ction
icted Std
ue Error
25 . 281
12 . 324
22 . 277
00 . 428
00 . 422
Predi ction
cted Std
ue Error
12 . 372
35 . 299
39 . 453
99 . 421

WAP
Wi ght's

. 336
. 199
. 230
. 089

. 146

WAP
Wi ght s

. 274
. 206
. 281
. 118

.121

WAP
Wi ght's

. 250
. 386
. 169

. 195
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Table 3.3.18 (Cont’d)

Yearcl ass = 1997
[ Regression-------
Survey/ Slope Inter- Std Rsquare
Series cept Error
Surv4
Surv3
Surv?2 .52 .07 .24 . 793
Survl .40 1.90 . 36 . 587
Yearcl ass = 1998
[ Regression-------
Survey/ Slope Inter- Std Rsquare
Series cept Error
Surv4
Surv3
Surv2
Survl .40 1.93 .35 . 596
Year Wi ght ed Log I nt
C ass Aver age WAP Std
Prediction Error
1994 101 4.62 .16
1995 173 5.15 .15
1996 83 4.43 .19
1997 206 5.33 .21
1998 173 5.15 .31

190

12
11

VPA

11

VPA

Ext
Std
Error

I ndex
Val ue

10. 35
8. 58

I ndex

Val ue

8. 63

Mean =

Va
Rat

[ Prediction--
Predicted Std
Val ue Error
5.50 . 295
5.33 . 442
4,98 . 420
[ Prediction--
Predicted Std
Val ue Error
5.36 . 446
4,97 . 418
r VPA Log
io VPA
.65 92 4.53
.11
.84
.51
.41

WAP
Wei ght s

. 515
. 230

. 255

WAP
Wi ght s

. 467

. 533



Table3.3.19

Cod in the Iceland Grounds (Fishing Area Va)

Prediction with nanagenent option table: Input data

Year: 1999 |

R + + + + + + +

I
i Stock | Natural | Maturity;Prop.of F}Prop.of M} Weight | Exploit., Weight |
Age | size |mortality} ogive |bef.spaw.]bef.spaw.} in stock] pattern | in catch]

+. I

3 183000.000! 0.2000! 0.0580!
4 1138975.00! 0.2000! 0.2200!
5 157981.000! 0.2000! 0.4980!
6 187107.000! 0.2000! 0.7090!
7 134388.000! 0.2000! 0.8570!
8 18631.000! 0.2000} 0.9250]
9 16387.000! 0.2000! 0.9320!
10 13271.000! 0.2000} 0.9520!
11 | 451.000! 0.2000} 0.9990!
12 | 252.000! 0.2000! 0.9360!
13 | 57.000! 0.2000! 0.9900!

14 | 22.000! 0.2000! 1.0000!

R — + + + +

0.0850! 0.2500} 1253.000!
0.1800} 0.2500! 1771.000!
0.2480! 0.2500! 2648.000!
0.2960! 0.2500! 3576.000!
0.3820! 0.2500! 4916.000!
0.4370} 0.2500} 6488.000!
0.4770! 0.2500! 7803.000!
0.4770} 0.2500} 9176.000!
0.4770! 0.2500!11116.000!
0.4770! 0.2500!13128.000!
0.4770! 0.2500!14050.000}

1

0.0230} 1412.000!
0.1340} 1864.000!
0.2350} 2652.000!
0.4030} 3571.000!
0.4810} 4796.000!
0.5360} 6325.000!

0.6160} 7560.000!

0.6520} 9184.000!
0.6220!10970.000!
0.6220!13221.000!
0.6220}13835.000!

0.4770} 0.2500!15496.000! 0.6220!14684.000!
1

+ + + +

it Unit ]Thousands; - | - | -

i - | Grams | - | Grams |

+
t

Year: 2000

+
t

I
i Recruit-} Natural | Maturity}Prop.of FiProp.of M; Weight | Exploit.; Weight |
Age | ment |mortality} ogive |bef.spaw.jbef.spaw.|in stock] pattern } in catch]

o + + + + + + + + 1

| 3 1206000.00; 0.2000; 0.0580; 0.0850; 0.2500; 1253.000; 0.0230; 1412.000;
i 41 . | 0.2000; 0.2200; 0.1800; 0.2500; 1771.000; 0.1340;1869.000;

1 5] i 0.2000; 0.4980; 0.2480; 0.2500; 2476.000; 0.2350;] 2622.000;

| 6| i 0.2000; 0.7090; 0.2960; 0.2500; 3723.000; 0.4030; 3598.000;
V7 i 0.2000; 0.8570; 0.3820; 0.2500; 4887.000; 0.4810; 4765.000;
18 i 0.2000; 0.9250; 0.4370; 0.2500; 6257.000; 0.5360; 6177.000;
19 i 0.2000; 0.9320; 0.4770; 0.2500; 7803.000; 0.6160; 7560.000;

1 10 | | 0.2000{ 0.9520; 0.4770; 0.2500; 9176.000; 0.6520; 9184.000;
111 | 0.2000{ 0.9990; 0.4770; 0.2500;11116.000; 0.6220{10970.000;
112 ) i 0.2000; 0.9360; 0.4770; 0.2500;13128.000; 0.6220;13221.000;
113 i 0.2000; 0.9900; 0.4770; 0.2500;14050.000; 0.6220;13835.000;
114} . | 0.2000{ 1.0000; 0.4770; 0.2500;15496.000; 0.6220;14684.000;
o + + + + + + + + 1

it Unit Thousands}; - | - |} - | - | Grams | - | Grams |

+
t

+
Year: 2001 i

+

1

1 i

+ |
1

1

1

1

I
i Recruit-} Natural | Maturity}Prop.of F|Prop.of M; Weight | Exploit.; Weight |
Age | ment |mortality} ogive |bef.spaw.jbef.spaw.|in stock] pattern } in catch]
o + + + + + + + + !

I
| 3 1173000.00; 0.2000; 0.0580; 0.0850; 0.2500; 1253.000; 0.0230; 1412.000;
i 41 . | 0.2000; 0.2200; 0.1800; 0.2500;1771.000; 0.1340;1869.000;
i 5] i 0.2000; 0.4980; 0.2480; 0.2500; 2476.000; 0.2350;] 2624.000;
| 6| i 0.2000; 0.7090; 0.2960; 0.2500; 3578.000; 0.4030;] 3579.000;
e i 0.2000; 0.8570; 0.3820; 0.2500; 5020.000; 0.4810; 4790.000;
18 i 0.2000; 0.9250; 0.4370; 0.2500; 6237.000; 0.5360;] 6156.000;
19 i 0.2000; 0.9320; 0.4770; 0.2500; 7803.000; 0.6160;] 7560.000;
1 10 | | 0.2000; 0.9520; 0.4770; 0.2500; 9176.000; 0.6520; 9184.000;
111 | 0.2000; 0.9990; 0.4770; 0.2500;11116.000; 0.6220;10970.000;
112 ) i 0.2000; 0.9360; 0.4770; 0.2500;13128.000; 0.6220;13221.000;
113 i 0.2000; 0.9900; 0.4770; 0.2500;14050.000; 0.6220;13835.000;
114} . | 0.2000{ 1.0000; 0.4770; 0.2500;15496.000; 0.6220;14684.000;
o + + + + + + + + 1
it Unit {Thousands}; - | - |} - | - | Grams | - | Grams |

1
+
t

Notes: Run name : MANSASO1
Date and time: 03MAY99:14:54

+
t
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Table3.3.20

Cod in the Iceland Grounds (Fishing Area Va)

Prediction with nanagenent option table

Year: 1999 1 Year: 2000 1 Year:2001 |
+

1

1 1 1

+ + !
|

1

1

1

1
F |Reference| Stock | Sp.stock] Catchin; F |Reference; Stock | Sp.stock} Catch in} Stock ; Sp.stock|
Factor| F |biomass |biomass |weight | Factor| F |biomass |biomass |weight | biomass | biomass |
[ — o — E —— o — E —— S — E —— e ——  — e —— E — S — :
0.9503} 0.4630; 1129517} 527884} 260000; 0.0000; 0.0000; 1194990; 616647; 0} 1539630} 854338}
] ]

0.1000} 0.0487! 606811! 32005! 1501824! 809205!

. K
0.2000} 0.0974!
1 0.3000] 0.1462!
0.4000! 0.1949!

0.5000! 0.2436!

1 I

1 I

! ! 597173! 62708} 1465593! 766996
! ! 587729! 92169! 1430863! 727507!
! ! 578475! 120445} 1397565! 690548
! | 569406! 147591! 1365633! 655941!
! 0.6000! 0.2923! ! 560518! 173658! 1335003! 623523
1 07000 0.3410! .| 551807! 198695 1305616/ 593143
1 0.8000] 0.3897! .| 543269 222750} 1277415! 564659
! 0.9000! 0.4385! ! 534901 245866] 1250345! 537943
! 1.0000! 0.4872! | 526697! 268086! 1224356! 512872
! 1.1000! 0.5359 ! 518656! 289451! 1199398 489335!
! 1.2000! 0.5846! ! 510773! 309998! 1175424! 467227
! 1.3000! 0.6333! !
! 1.4000! 0.6820; '
| |
1 I

| 503044! 329764! 1152390 446453
495467! 348784 1130254! 426922!
488038! 367091! 1108975! 408552!

1
Ml
|
-l
1
Ml
1
Ml
|
-l
1
Ml
1
Ml
|
-l
|
-l
1
Ml
|
-l
|
-l
1
Ml
|
|

11,5000} 0.7308!
--------- S

+ Hommmmeeee Ammmeeeee Hommmmeeee Ammmeeeee Aommmmeees !
1 Tonnes | Tonnes| Tonnes| - | - | Tonnes| Tonnes| Tonnes| Tonnes| Tonnes |
+ +
Notes: Run name : MANSASO01
Date and time : 03MAY99:14:54

Computation of ref. F: Simple mean, age 5 - 10
Basis for 1999 : TAC constraints

Table3.3.21

I cel andi c cod (Division Va)
Yield per recruit: |nput data
i Recruit-} Natural | Maturity}Prop.of FiProp.of M; Weight | Exploit.; Weight |

Age | ment |mortality} ogive |bef.spaw.jbef.spaw.|in stock] pattern } in catch,
o + + + + + + + + !

I
| 31 1.000; 0.2000; 0.0319; 0.0850; 0.2500;1101.350; 0.0460;1323.450;
i 41 . | 0.2000; 0.1120; 0.1800; 0.2500; 1634.300; 0.1960; 1837.600;
i 5 i 0.2000; 0.3070; 0.2480; 0.2500; 2410.400; 0.3380; 2603.450;
| 6| i 0.2000; 0.5613] 0.2960; 0.2500; 3525.000; 0.5040; 3568.550;
V7 i 0.2000; 0.7817; 0.3820; 0.2500; 4851.550; 0.6140] 4792.550;
18 i 0.2000; 0.9025; 0.4370; 0.2500; 6284.150; 0.6360] 6209.450;
19 i 0.2000; 0.9512; 0.4770; 0.2500; 7675.300; 0.6360; 7618.650;
1 10 | | 0.2000] 0.9669; 0.4770; 0.2500; 9370.800; 0.6360; 9400.750;
111 | 0.2000] 0.9951} 0.4770; 0.2500;11313.050; 0.6360]11255.050;
112 ) i 0.2000; 0.9956; 0.4770; 0.2500;13062.700; 0.6360;13356.300;
113 i 0.2000; 0.9987; 0.4770; 0.2500;14402.200; 0.6360;14619.000;
114} . | 0.2000{ 1.0000; 0.4770; 0.2500;15455.547} 0.6360]15278.369|
o + + + + + + + + 1
it Unit} Numbers| - | - | - | - | Grams | - | Grams |

1 1
Notes: Run name : YLDSASO03
Date and time: 27MAY99:14:59
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Table3.3.22

I cel andi ¢ cod (Division Va)

Yield per

1 January |

Spawning time |

recruit:

Factor |

Summary table

+ 1

! F |Reference] Catch in} Catch in] Stock | Stock | Sp.stock} Sp.stock] Sp.stock| Sp.stock|
]

|

+.

F | numbers | weight | size |biomass| size |biomass| size |biomass |
+. +. +. +. +. +. +. +. I

0.0000} 0.0000}

0.000!

' ! ' ' N ! 1
0.000} 5.016}23208.985] 2.45718072.404} 2.337]17191.003]

+

+ I

]

]

! 0.0500! 0.0280! 0.080! 500.325| 4.749!20630.476! 2.215!15604.999] 2.083!14643.075!
! 0.1000! 0.0561! 0.146! 867.438] 4.518!18478.999! 2.009!13557.352] 1.868!12554.016!
! 0.1500! 0.0841! 0.201!1135.808! 4.318!16674.727! 1.832!11850.342] 1.686!10832.959!
! 0.2000! 0.1121! 0.246!1331.000! 4.144!15153.754! 1.680!10420.685' 1.530! 9408.089)!
! 0.2500! 0.1402! 0.285!1471.982! 3.991!13864.786! 1.548!9217.637! 1.396!8222.494!
! 0.3000! 0.1682! 0.318!1572.830! 3.856!12766.541! 1.433!8200.400! 1.281!7230.941!
! 0.3500! 0.1962! 0.347!1643.993! 3.736!11825.699! 1.332!7336.084! 1.181!6397.371!
! 0.4000! 0.2243! 0.371!1693.227! 3.628!11015.287! 1.243!6598.100! 1.094! 5692.955!
! 0.4500! 0.2523! 0.393!1726.293! 3.532!10313.406! 1.165}5964.888! 1.0175094.563!
! 0.5000! 0.2803! 0.413}1747.465! 3.445!9702.215! 1.0965418.912! 0.950} 4583.583!
! 0.5500! 0.3084! 0.430}1759.920! 3.366!9167.136! 1.034!4945.868! 0.890) 4144.982!
! 0.6000! 0.3364! 0.445!1766.013! 3.294! 8696.216! 0.978!4534.046! 0.837! 3766.578!
! 0.6500! 0.3644! 0.459!1767.493! 3.228!8279.618! 0.928!4173.831! 0.789) 3438.462!
! 0.7000! 0.3925! 0.472!1765.657! 3.168!7909.221! 0.882!3857.298! 0.746) 3152.545!
! 0.7500! 0.4205! 0.484!1761.465! 3.112!7578.292! 0.841!3577.896! 0.708!2902.199!
! 0.8000] 0.4485! 0.495!1755.627! 3.060!7281.234! 0.804! 3330.188! 0.673! 2681.970!
! 0.8500] 0.4766! 0.505}1748.668] 3.012!7013.371] 0.770!3109.648! 0.641! 2487.355!
! 0.9000] 0.5046! 0.514!1740.973! 2.967!6770.784! 0.738)2912.490! 0.612! 2314.622!
! 0.9500! 0.5326! 0.523!1732.826! 2.925!6550.178! 0.709) 2735.541! 0.586! 2160.662!
! 1.0000] 0.5607! 0.531!1724.434] 2.886!6348.768! 0.682)2576.127! 0.561!2022.881!
! 1.0500! 0.5887! 0.539!1715.946! 2.849!6164.192! 0.658)2431.990! 0.539! 1899.098!
! 11000 0.6167! 0.546}1707.470! 2.814!5994.441 0.635!2301.213! 0.518! 1787.478!
! 1.1500! 0.6448! 0.553!1699.084] 2.781!5837.799! 0.613!2182.166! 0.499! 1686.471!
! 1.2000 0.6728! 0.559!1690.839! 2.750!5692.791 0.594! 2073.455! 0.481! 1594.757!
! 1.2500! 0.7008! 0.565}1682.772) 2.720!5558.149! 0.575!1973.883! 0.464! 1511.215!
! 1.3000 0.7289! 0.571!1674.907 2.692!5432.778! 0.557!1882.423! 0.449! 1434.883!
! 1.3500! 0.7569! 0.577!1667.258] 2.665!5315.726! 0.541)1798.185! 0.434! 1364.937!
! 1.4000! 0.7849! 0.582!1659.832] 2.639!5206.166! 0.526!1720.399! 0.421! 1300.664!
! 1.4500! 0.8130! 0.587!1652.632! 2.614!5103.373! 0.511!1648.395! 0.408)1241.451!
! 1.5000! 0.8410! 0.592!1645.658! 2.591!5006.713! 0.498!1581.588! 0.396)1186.761!
! 1.5500! 0.8690! 0.597!1638.906! 2.568!4915.629! 0.485!1519.466! 0.3851136.131!
! 1.6000! 0.8971! 0.601!1632.372! 2.547!4829.626! 0.472!1461.580! 0.374}1089.153!
! 1.6500! 0.9251! 0.605}1626.048! 2.526!4748.270! 0.461!1407.533! 0.364] 1045.470
! 1.7000! 0.9531! 0.610}1619.928! 2.506!4671.171 0.450!1356.975! 0.3541004.770;
! 1.7500! 0.9812! 0.614!1614.006! 2.4864597.986! 0.439!1309.595! 0.345| 966.774!
! 1.8000! 1.0092! 0.617!1608.273! 2.468!4528.404! 0.429!1265.119! 0.337} 931.238!
! 1.8500! 1.0372! 0.621!1602.722! 2.450}4462.149! 0.420}1223.299! 0.329! 897.944!
! 1.9000! 1.0653! 0.625}1597.346! 2.432!4398.972! 0.411!1183.916! 0.321! 866.699]
! 1.9500! 1.0933! 0.628!1592.138! 2.416!4338.649! 0.402! 1146.773! 0.313| 837.329
! 2.0000! 1.1213! 0.632}1587.090! 2.399!4280.978! 0.394!1111.694! 0.306| 809.681!
+. +. + +. +. + + +. +. + 1

]

1

1
- | - | Numbers| Grams | Numbers| Grams | Numbers| Grams } Numbers | Grams |
+

i 1January

' I
F |Reference] Catch in} Catch in] Stock | Stock | Sp.stock] Sp.stock] Sp.stock] Sp.stock|

Factor] F | numbers |weight | size |biomass| size |biomass| size |biomass |

+. +. +. +. +. +. +. +. +. 1

i ! ' ' ' ' N ! 1
| 2.0500} 1.1494] 0.635}1582.196] 2.384|4225.775| 0.386]1078.518] 0.300; 783.615]
| 2.1000} 1.1774} 0.638}1577.449] 2.368}4172.874} 0.378]1047.102; 0.293} 759.007;
| 2.1500} 1.2054] 0.641}1572.842] 2.354}4122.123} 0.371}1017.317; 0.287| 735.745]
| 2.2000} 1.2335] 0.644]1568.371] 2.339]4073.384} 0.364] 989.044 0.281] 713.726}
| 2.2500} 1.2615] 0.647}1564.029] 2.325]4026.530] 0.357| 962.176] 0.275] 692.860|
| 2.3000} 1.2895] 0.650;1559.811] 2.312}3981.447, 0.351} 936.616; 0.270; 673.062|
| 2.3500} 1.3176]; 0.653}1555.712] 2.298}3938.027; 0.345] 912.274} 0.265] 654.257|
| 2.4000} 1.3456; 0.655}1551.726] 2.286]3896.174] 0.339] 889.071} 0.260; 636.376|
| 2.4500} 1.3736]; 0.658}1547.849] 2.273}3855.798] 0.333] 866.931] 0.255] 619.357|
| 2.5000} 1.4017; 0.661}1544.078] 2.261}3816.815] 0.327| 845.786] 0.250; 603.141}
| 2.5500} 1.4297; 0.663}1540.406] 2.249]3779.149} 0.322] 825.573] 0.246] 587.676|
| 2.6000} 1.4577; 0.666}1536.831] 2.237]3742.730] 0.317| 806.236] 0.242] 572.914|
| 2.6500} 1.4858] 0.668}1533.349] 2.226]3707.491} 0.312] 787.721} 0.238] 558.810|
| 2.7000} 1.5138] 0.670}1529.956] 2.215]3673.372] 0.307| 769.979; 0.234] 545.323|
| 2.7500} 1.5418] 0.673}1526.648] 2.204}3640.316] 0.303] 752.966; 0.230; 532.417|
| 2.8000} 1.5699; 0.675}1523.423] 2.194}3608.269; 0.298] 736.638] 0.226] 520.056|
| 2.8500} 1.5979; 0.677}1520.277; 2.183}3577.183] 0.294] 720.957; 0.222] 508.208|
| 2.9000} 1.6259] 0.679}1517.208] 2.173}3547.012] 0.289] 705.888] 0.219] 496.843|
| 2.9500} 1.6540] 0.681}1514.211} 2.163}3517.713} 0.285] 691.397} 0.216] 485.935|
| 3.0000; 1.6820] 0.683}1511.286] 2.154]3489.245 0.281} 677.453] 0.212] 475.457|
+. +. +. +. +. +. +. +. +. +. 1

N ' ' ' ! ' ' N ! 1
! - 1 - | Numbers} Grams | Numbers| Grams | Numbers| Grams | Numbers| Grams |

Notes: Run name
Date and time

F-0.1 factor
F-max factor

: YLDSASO03

1 27TMAY99:14:59
Computation of ref. F: Simple mean, age 5 - 10

1 0.3522
1 0.6446

10.1975
:0.3614
: Single recruit

F-0.1 reference F
F-max reference F
Recruitment
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Figure 3.3.1. Cod at Iceland Division Va. Percentage changes in CPUE for the main gears since 1991.

Cod in Division Va. Percentage changes in CPUE since 1991
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Figure 3.3.2. Cod at Iceland. Division Va. Percentage changes in for the main fishing gear since 1991.

Cod in Division Va. Percentage changes in effort since 1991
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Figure 3.3.3. Cod at Iceland. Division Va. Propotion mature at the spawning time.

Cod in Div. Va. Sexual maturity in the stock at time of spawning

——3
—|—4
—&—5
6
—H—7
——38
N~ N~ N~ N~ N~ [e6] [ee] [ee] [ee] [ee] [ee] (o] [ee] (o] [ce] o O (2] o O (2] o O (2]
[o)] [o)] [o)] [o)] [o)] (o] (o] (o] (o] (o] (o] (o] (o] (o] (o] o O (2] [o) N e>) (2] [o) N e>) (2]
- - - - - - - - - - - - - - - - - - - - - - - -
Year
Figure 3.3.4. Cod at Iceland. Division Va. Retrospective analysis of the XSA.
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Figure3.3.5

Yield and fishing mortality
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Long term yield and spawning stock biomass
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Figure3.3.6
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34 I celandic haddock
341 I ntroductory comment

Haddock (Melanogrammus aeglefinus) in Icelandic waters is only connected with other haddock stocks in that 0-group
and occasionally young fish found in E-Greenland waters originate from the Icelandic stock. The speciesis distributed
all around the Icelandic coast, principaly in the relatively warm waters off the west and south coast, on fairly shallow
grounds.

I celandic haddock was assessed at the North-Western Working Group in 1970 and 1976 but otherwise assessments have
been conducted by the Marine Research Institute in Iceland.

34.2 Trendsin landings and fisheries

During the sixties haddock landings rose to the record level of around 100 000 tonnes for several years (Figure 3.4.2.1).
After that, landings fell to 40-60 000 tonnes (Table 3.4.2.1). Historically landings by foreign fleets accounted for up to
half of the total landed catch but since 1976 landings by other nations have been negligible. The only other nation
catching haddock in Icelandic waters are the Faroese. Haddock landings are subject to fluctuations, reflecting
variability in stock biomass and recruitment.

In 1998, 60% of landings were by demersal trawl, 9% by Danish seine, 26% by long line and 5% by gillnet.

Although fleet composition has been relatively stable for many years, during this decade an increased proportion of
landings have been by long line while the share by gill-netting has decreased. (Figure 3.4.2.2).

34.3 Catch at age

Catch at age for 1998 for the Icelandic fishery is provided in Table 3.4.3.1. Catch at age is calculated by 3 fleets, from
the age composition in each fleet category and the respective catches. Fleets are defined by gear and for 1998, season.
The gears are gill nets, long line and bottom trawl. Hand line is included in the long line fleet. Danish seine (as well as
minor units such as pelagic trawl and other gears which are dragged or hauled) are included in the trawl feet. The
Faroese catch is assumed to be by long line and included in that category. Numbers sampled in 1998 are given in
Table3.4.3.2.

34.4 Weight at age

Mean weight at age in the catch (Table 3.4.4.1) is computed for the same categories as the catch at age and then
weighted by the share of the landingsin each category.

Mean weight at age in the stock for 1978-1998 is given in Table 3.4.4.2. These data were calculated from the Icelandic
groundfish survey. Weights for 1985-1992 are cal culated using length-weight relationship for the actual years. Weights
from 1993 onwards are based on weight data. Stock weights prior to 1985 have been taken to be the mean of
1985-1999.

Originally mean weights at age in the stock were taken from the landings. After 1994, mean weights at age from the
groundfish survey were applied, but as this data represents early year (March) values the survey values were
"projected” to mid year values (assuming linear growth). The weights from the groundfish survey have been used for
the assessment this year, replacing the old stock weights back to 1978.

345 Maturity at age

Maturity at age is based on samples from the Icelandic groundfish survey for the years 1985-1998. For 1979-84,
maturity at age is based on samples from the commercial fleet from the 12 months of the year.

There was an increase in the proportion of mature fish at age after 1992. This development was especially notable for
the youngest age group (2) but since 1994 there has been a gradual decline in the proportion mature at age 2 (Figure
3.4.5.1). The maturity at age data are given in Table 3.4.5.1.
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3.4.6 Stock Assessment
3461 Tuning input

CPUE data, based on Icelandic trawler logbooks from 1970-1998 and from the gillnet fleet from 1988 are available.
For the nets component, CPUE from the commercial boats as number (abundance) at age were used (GLIM indices as
described by Stefansson (1988)). For the trawler fleet the same method (GLIM) was disproportionally affected by a
small part of total landings so raw CPUE indices distributed on age groups by the GLIM method, were used. The
Icelandic groundfish survey indices (Palsson et al., 1989) were used. The basic data are disaggregated (Palsson and
Stefansson, 1991) and abundance indices computed by using the Cochran method (Palsson, 1989). To use the latest
information available, survey abundance indices were moved back in time approximately 3 months. The resulting
indices of the trawl, gillnet and the survey are givenin Table 3.4.6.1.1.

34.6.2 Tuning and estimation of fishing mortality

Two main tuning runs were tried with XSA, one using survey data alone and another including survey indices along
with bottom trawl and gillnet CPUE. The survey data covers the years 1985-1999 age groups 3-9; trawl 1992-1998 age
groups 4-9; gill nets 1991-1998 age groups 5-8.

The tuning runs generated comparable estimates of recruitment and stock numbers. Although there are blocks of
positive and negative log catchability residuals when tuning with the 2 CPUE indices and survey indices, the standard
errors of log catchability are low (Table 3.4.6.2.1). It was decided to adopt that XSA asit includes information from the
catch CPUE rather than relying entirely upon the survey alone. Retrospective analyses were conducted with a range of
shrinkage levels (Figure 3.4.6.2.1). Asvarying the shrinkage produces little difference, the default of 0.5 was used.

Fishing mortalities are given in Table 3.4.6.2.2. The resulting mean F in 1998 for age groups 4-7 from the final run was
0.60 compared 0.72 when survey indices alone are used to tune the XSA. The plot of yield and fishing mortality (Figure
3.4.6.2.2) indicates that fishing mortality increased substantially in 1986 before falling slightly the following year and
has been stable since then.

3.4.6.3 Stock and recruitment estimates

The resulting stock size in numbers and summary table from the final XSA are given in Tables 3.4.6.3.1 and 3.4.6.3.2.
The spawning stock and recruitment plot (Figure 3.4.6.2.2) shows that although SSB is highly variable - ranging from a
low of 42 000 tonnes in 1987 to a maximum of 110 000 tonnesin 1982 - there are no trends.

34.7 Prediction of catch and biomass
34.7.1 Input data
Theinput data for the prediction is shown in Table 3.4.7.1.1.

For the short-term catch prediction and stock biomass calculations, the mean weight at age 3-8 in the catches were
predicted using regression analysis, where the mean weight at age was predicted by the mean weight of the year classin
the previous year. For the age groups 2 and 9, means of the years 1996-1998 were used. For the stock weights, means
of the years 1997-1999 were used for all age groups beyond the year 1999. For 1999, weight and maturity values from
the 1999 survey are used. After 1999, the mean proportion mature at age from 1997-1999 was used. The exploitation
pattern was taken as the mean from 1996-1998, scaled to the level in 1998.

Recruitment for 1999 and 2000 was estimated using a prediction program (RCT3, as described in Section 3.3.7.3.) with
input from the VPA runs and the survey (age groups 1-4), Tables 3.4.7.1.2 and 3.4.7.1.3. Recruitment for 2001 was
taken to be the geometric mean of recruitment from 1978-1997. Ages 3 and 4 in 1999 were also adjusted using RCT3
to reflect the more accurate information from the survey in estimating the size of these age classes. A TAC constraint
of 37 000 tonnes was applied to the prediction for 1999 as that is the forecast catch for the 1999 fishing year.

For the long-term yield and spawning stock biomass per recruit, the exploitation pattern was taken as the mean relative
fishing mortality from 1978-1997. Mean weight at age in the stock and the maturity ogive are means from 1985-1998.
Mean weight at age in the catch is the mean from 1978-1998. Input data for long term yield per recruit are given in
Table3.4.7.1.4.
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34.7.2 Biological reference points
The yield and spawning stock biomass per recruit curves are shown in Figure 3.4.7.2.1

Compared to the estimated fishing mortality of F,.; = 0.60 for 1998, Fx = 0.55 and Fo; = 0.29.
Yield per recruit at Fys corresponds to 0.90 kg. (Table 3.4.7.2.1)

A plot of spawning stock biomass and recruitment from 1978-1998 is shown in Figure 3.4.7.2.2.. The SSB-recruit
reference points Frne and Frigy are 0.47 and 1.10 respectively, where Fyg, is the fishing mortality rate with SSB/R equal
to the inverse of the 90th percentile of the observed R/SSB.

Since 1986 F,.; has exceeded F.x and for only 2 years since 1978 has F4 7 been lower than Feq.
It is proposed that Fjm is set to the Fieg Value of 0.47 and that Fy, be 0.34 (Fpa = Fiim X 0.72).
34.7.3 Projection of catch and biomass

At the beginning of 1999, the total stock is estimated to be 109 000 tonnes with a spawning stock of 70 000 t. (Table
3.4.7.3.1) With acatch of 37 000t in 1999, fishing mortality is estimated to be 0.44, the stock biomass 118 000 t and
the spawning stock biomass 68 000 t at the start of 2000. Assuming fishing mortality in 2000 to be the same asin 1999,
landings in 2000 are estimated to increase slightly to 42 000 t and stock biomass and spawning stock biomass should
increase to 126 000 t and 75 000 t respectively at the start of 2001. This level of fishing mortality is significantly lower
than that of recent years.

34.8 M anagement consider ations

For more than a decade fishing mortality on haddock has been high with F 4,7 between 0.6 and 0.7 since 1986. For the
first time, advice in the 1998 fishing year was based on F .o and a reduction in fishing mortality is forecast for 1999.

349 Comments on the assessment

Fishing mortality on haddock increased after 1985 (Figure 3.4.6.2.2.) The high fishing mortality in recent years is at
least partly due to an overestimation of the stock biomass through the use of stock weights that are 20-25% higher than
at present. The assessment this year has been carried out in a similar manner to previous years within MRI, the only
difference being that more appropriate stock weights have been used. F ¢ = 0.35 when calculated from the stock
weights used in 1998, compared to 0.47 with stock weights calculated directly from the survey.

Work is currently being carried out in constructing a longer time series of data than that used in the present assessment.
As the current biomass is well above the lowest observed, the working group decided to delay the proposal of biomass
reference points until that time series becomes available. As F valuesin recent years have been high, the working group
decided not to delay the definition of fishing mortality reference points.

Asthe oldest age in the assessment is hot a plus group, this created problemsin using IFAP. For the XSA run a dummy

oldest age was created, the use of which generated the same result as with the standard XSA without a plus group. This

run was done with the actual age range (i.e. ages 2 to 9) and the “plus group” was ignored. When the retrospective
analyses were carried out, however, if the true age range was used age 9 was considered to be a plus group and setting
the oldest age to be 10 produced the correct result. One problem with this is that IFAP allows a choice of whether to
have a plus group but the oldest age is always used as a plus group in the analyses. Another problem is the difference
between the age range input for XSA and the retrospective analysis to generate comparable results.
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Table 3.4.2.1. Haddock Division Va. Nominal landings (tonnes) of haddock by nation since 1978 as officially
reported to ICES
HADDOCK Va
Country 1978 1979 1980 1981 1982 1983 1984
Belgium 807 1010 1144 673 377 268 359
Faroe 2116 2161 2029 1839 1982 1783 707
Islands
Iceland 40552 52152 47916 61033 67038 63889 47216
Norway 13 11 23 15 28 3 3
UK
Total 43488 55334 51112 63560 69425 65943 48285
HADDOCK Va
Country 1985 1986 1987 1988 1989 1990 1991
Belgium 391 257 238 352 483 595 485
Faroe 987 1289 1043 797 606 603 773
Islands
Iceland 49553 47317 39479 53085 61792 66004 53516
Norway + 1 +
UK 2
Total 50933 48863 40761 54234 62881 67202 53774
HADDOCK Va
Country 1992 1993 1994 1995 1996 1997 19987
Belgium 361 458 248
Faroe 757 754 911 758 664 340
Islands
Iceland 46098 46932 58408 60061 56223 43245 40615
Norway 1 + 4
UK
Total 47216 48144 59567 60819 56891 43585
1) Preliminary
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Table 3.4.3.1. Haddock in Division Va. Catch at age 1978-1998.

Run title : Haddock Iceland Va (run: XSALQAQ1/X01)

At 1-May-99 18:04:14

Table 1 Catch nunbers at age Nunmber s* 10**- 3
YEAR 1978

AGE
108
579
2132
7188
4481
1821
627
94
0 TOTALNUM17030
TONSLAND43488
SOPCOF %105

©Co~NoOOWwWN

Table 1 Cat ch nunbers at age Nunber s*10**- 3

YEAR 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988

AGE
161 595 1 50 1 60 427 196 2237 133
2066 1384 516 286 705 755 1773 3681 7559 10068
4047 11476 4929 2698 1498 4970 4981 3822 7500 15927
6559 4296 16961 10703 4645 1176 6058 4933 2696 5598
9769 3796 6021 14115 10301 4875 837 5761 2249 1260
1887 3730 2835 2288 8808 3772 1564 493 1194 1009
474 544 1810 1167 874 4446 2475 852 151 577
61 91 169 816 241 171 2212 898 208 58
0 TOTALNUM 25024 25912 33242 32123 27073 20225 20327 20636 23794 34630
TONSLAND 55334 51112 63580 69325 65943 48285 50933 48863 40801 54236
SOPCOF % 94 100 100 101 102 100 101 103 102 101

©oO~NOO O WN

Run title : Haddock Iceland Va (run: XSALQAQ1/X01)

At 1-May-99 18:04:14

Table 1 Catch nunbers at age Nunber s* 10**- 3

YEAR 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998

ACGE
78 446 2461 2726 218 280 2357 1467 1375 153
2603 2603 1282 7343 11617 3030 6327 8982 3690 8469
23077 7994 3942 4181 12642 27025 5667 7076 11127 5067
9703 23803 6711 4158 3167 10722 23357 4751 4885 8071
3118 6654 13650 3989 1786 1550 5605 13963 2540 2349
541 857 2956 5936 1504 756 610 2446 4981 1566
507 167 398 1314 2263 404 263 228 692 1793
144 71 52 132 379 700 210 87 52 245
0 TOTALNUM 39771 42595 31452 29779 33576 44467 44396 39000 29342 27713
TONSLAND 62979 67200 54732 47212 48844 59345 61131 56958 44053 41434
SOPCOF % 100 100 100 100 100 101 102 100 100 100

©oO~NOUOA_WN
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Table 3.4.3.2 Length and age sampling in 1998.

Gear Total Landings | Samples- length | Samples - aged
Longline 10689 7244 1058
Gillnet 2186 599 292
Trawl 28559 82672 4240
Totd 41434 90515 5590
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Table 3.4.4.1. Haddock in Division Va. Mean weight at age in the catch 1978-1998.

o

o

204

Run title

Haddock |cel and Va (run:

At 1-May-99 18:04:15

Tabl e
YEAR

ACGE

©CO~NOUTAWN
PhwbhdbdPROO
©
P

.72

2

1978

XSALOAO1/ X01)

Catch weights at age (kg)

SOPCOFAC1. 0483

Tabl e

YEAR 1979

B

62
96
41
03
91
8

56
72

%ww\lmmbww
Errwnnroo

g

Run title

2

Haddock |cel and Va (run:

Catch wei ghts at

1981

584
693
081
656
283
214
409
046

rwwnkEPROO

1982 1983

0.33 0.655
0.819 0.958
1.365 1.436
1.649 1.827
2.329 2.355
3.012 2.834
3.384 3.569
3.965 4.308
1.0041

At 1-May-99 18:04:15

Tabl e

YEAR

B

745
856
17

01

879
109
035
706

%@m\lmm#wl\)
Easrnsnproo

g

1

rhpONRPROO

2

989

357
716
039
542
403
458
186
969
0042

1984

POWONNEERO

98
041
476
105
46
028
014
807
0015

Catch wei ghts at

1990

409
868
111
546
035
849
464
642

rwNdNEREOO

1991 1992 1993

32
856
253
597
088
529
133
022
0024

42
756
372
87
36
888
975
442

POWOWNNREROO

568
72
058
742
38
785
447
156
0007

age

1985

599
002
783
201
727
431
783
07

PwwdNRPEO

age

1994

475
874
145
366
079
853
251
899

wonhnNRPROO

(

1

BWWNNRRO

kg)

986

. 867
. 187
. 755
. 377
71

. 591
76

. 135

1987

1.0116

(

1

POONRRROO

PpuodNRPO

446
048
629
373
984
55

483
667

1988

PhRLOONMNEOO

468
808
474
23

934
545
769
574

0193

XSALOAO1/ X01)

kg)

995

387
841
189
528
816
641
499
526
004

1996

POWNRPRROO

45
829
192
663
934
36
059
01
0022

1997 1998

WM RO o

689
777
166
692
312
379
882
417

1. 0057

1.0034

1.0134

1.017 1.0043

1.0337

1.0011

1.0167

1. 0006

1. 0068



Table 3.4.4.2 Mean weight (kg) at age in the stock 1978-1998.

Run title :

At 1-May-99 18:04:15
Table 3
YEAR 1978
ACE

2 0. 185

3 0. 475

4 0.901

5 1.411

6 2.004

7 2.526

8 3.201

9 3. 266
Table 3
YEAR
ACE

2 0.185 0.185

3 0. 475 0. 475

4 0.901 0.901

5 1.411 1.411

6 2.004 2.004

7 2.526 2.526

8 3.201 3.201

9 3. 266 3. 266

Run title :

At 1-May-99 18:04:15
Table 3
YEAR1989 1990
AGE

2 0.181 0.183

3 0. 439 0. 447

4 0. 885 0. 829

5 1.502 1.238

6 2.38 1. 962

7 2.987 2. 688

8 3.503 3.08

9 3.194 3. 317

Haddock Iceland Va (run

XSALOAO1/ X01)

Stock weights at age (kg)

Stock weights at age (kg)

wwhbhrooo

185
475
901
411
004
526
201

. 266

wwhbhProoo

185
475
901
411
004
526
201

. 266

Haddock I celand Va (run

St ock wei ghts at

1991

WWNRPPOOO

174
495
998
397
879
49

732

. 642

wwhbhFrooo

185
475
901
411
004
526
201

. 266

XSALOAO1/ X01)

age (kg)

1992 1993

0. 157 0.171
0.496  0.385
0. 902 0.874
0.379 1. 492
1.926 1.807
2.373  2.617
2.932 2.62

3.672 3.346

wwhbhRrooo

19791980 1981 1982 1983 1984 1985 1986 1987 1988

185
475
901
411
004
526
201

. 266

1994

PNRPPRPPOOO

18
402

243
689
646

. 697
. 997

wWwhhEEPOoO

. 245

555
158
629
349
736
213

. 302

1995

PONMNPPOOO

165
443
738
053
868
624

. 285
. 313

WwWwwhkEFPoOo

. 234

677
128
929
371
149
241
688

1996

POMPRPOOO

18
456
855

437
171
172
78

WWWwNRPRPROoO

157
564
211
825
596

626
818

1997

WNPPRRPROOO

172
424
808
195
425
919
331
686

WWwNhNroOoOo

176
453
969
826
679
089
464
294

1998

WNNPRPRPOOO

202
404
741
223
725
001

03
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Table3.4.5.1 Proportion mature at age 1978-1998.

Haddock | celand Va (run: XSALQAO1/X01)

Run title

1- May-99 18:04:15

At

Proportion mature at age

5

Tabl e

1978

YEAR

o)

<

M _ ©®©oo
R RN RN
ococococococo

NMITWOOON~W0O,

Proportion nature at age

5

Tabl e

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988

YEAR

4

0.9

0.02 0.02 0.01
0.19 0.11 0.22
0.43 0.41 0.38

6 0.43 0.66 0.52 0.77

68 0.72 0.83 0.79 0.79

86 0.67 0.87 0.78 0.93
0.96 0.92 0.95 1

1

0.01
3 0.1
0.4
0.89 0.99 0.96 1

0
0.1
0.3
0.4
0
0

occcoccoo«
M ©w0Ow©
“mTOoDD
occcococoo«
™ ©owOo©
“dMmIODD
cococococooH
M ©w0Ow©
“m<TODD
occcococoo«
™ ©owOo©
"M ODD
cococococooH

NSO~

Haddock | celand Va (run: XSALQAO1/X01)

Run title

1- May-99 18:04:15

At

Proportion mature at age

5

Tabl e

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998

YEAR

Y

1

0.96 0.89 0.85

0.69 0.73 0.86 0.85
0.98 1

1
1

0.14 0.33 0.32 0.49 0.36 0.44 0.48
0.85 1

0.94 0.71 0.93 0.9
1

0.84 0.82 0.86 0.88 0.8 0.83 0.78 0.75 0.76
1

0.92 0.91 0.87 0.97 1

0.28 0.2

0.53 0.59 0.58 0.42 0.47 0.57 0.43 0.58 0.66 0.66
0.9
1

0.72 0.81 0.75 0.77 0.66 0.78 0.78 0.65 0.71 0.78

0.04 0.11 0.04 0.04 0.12 0.25 0.16 0.17 0.09 0.03
0.8

0.2
1
1
1

NSO~
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Table 3.4.6.1.1 Tuning input for XSA. Demersal trawl and gillnet CPUE and groundfish survey indices.
Haddock in the Iceland Grounds (Fishing Area Va) (run nane: XSALQAO1)

FLTO3: TRWEFF (Catch

103

1992 1998
110.00 1.00
49

1 839
1 2807
1 6129
1 1147
1 1426
1 3048
1 1532

FLTO4: NET CPU (Catch

1991 1998

1

cococooocoon

1 0.00 1.00

RPRRRRRRR®

NOOOUINO AW

837
538
1927
4723
944
1396
2699

WOoowOMOO®

808

211
853
2693
624
580

U PORL, WO

1118
271

P OOUIoWwOom

Unknown) (Effort:

321

Unknown) (Effort:

FLTO5: SUR CPU (Catch: Unknown) (Effort:
1984 1998

1

coocooooo0000000ON

1 0.99 1.00

RPRRRRRRPRRRPRRPRRERRERRERERO®

17.

53
141.
173.

NOOOOOWOWR,ROOWNUIN

PUOONNOOOOOWOO®0OWONO®

GWOWONOORRLROMUOERLDNO

PR NOCODODODOOONOOWORrO

= =
PWOORPNMNERANWON®O®

ANNOPOAWNO®OEFOWOO

Unknown)

Unknown)

Unknown)

PRPOORANOOOROMNW®
ONARORARRPWON®OO DD

POOOCOROOOOOORERM
OCWRRAOONRPNANWERE W
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Table 3.4.6.2.1 Haddock in Division Va. XSA tuning diagnostic output.
Lowest of t VPA Version 3.1
1-May-99 18:03: 47
Ext ended Survivors Anal ysis
Haddock | celand Va (run: XSALOAO1/X01)
CPUE data fromfile /users/fish/ifad/ifapwork/ nwyg/had_i ceg/ FLEET. X01

Catch data for 21 years. 1978 to 1998. Ages 2 to 10

Fl eet, First, Last, First, Last, Al pha, Beta

, year, year, age , age
FLT03: TRWEFF (Catc, 1992, 1998, 4, 9, . 000, 1.000
FLTO4: NET CPU (Catc, 1991, 1998, 5, 8, . 000, 1.000
FLTO5: SUR CPU (Catc, 1984, 1998, 2, 8, .990, 1.000

Tine series weights
Tapered tinme wei ghting applied
Power = 3 over 20 years
Catchability analysis
Catchability independent of stock size for all ages

Catchability i ndependent of age for ages >= 7

Term nal popul ation estimation

Survivor estimtes shrunk towards the nean F
of the final 5 years or the 2 ol dest ages

S.E. of the nean to which the estinates are shrunk = . 500

M ni num st andard error for popul ation
estimates derived fromeach fleet = . 300

Prior weighting not applied

Tuni ng converged after 27 iterations

1

Regr essi on wei ghts
, .751, .820, .877, .921, .954, .976, .990, .997, 1.000, 1.000

Fishing nortalities
Age, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998

.003, .022, .034, .018, .006, .007, .034, .046, .016, .011
.077, .142, .082, .136, .098, .117, .231, .178, .156, .131
.290, .357, .331, .418, .366, .346, .332, .438, .350, .332
. 466, .552, .581, .705, .653, .612, .573, .516, .623, .463
.925, .689, .727, .848, .771, .801, .774, .831, .581, .708
.952, .715, .771, .838, .954, .918, .892, .974, .831, .899
1.448, .917, .898, .998, .944, .741, 1.019, 1.071, .843, .843
1.185, .814, .847, .890, .925, .899, 1.193, 1.257, .764, .850

OCONDOUTAWN
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Table 3.4.6.2.1 (Cont'd)

XSA popul ati on nunbers (Thousands)

ACGE

YEAR , 2, 3, 4, 5, 6
8, 9

1989 , 2. 66E+04, 3.88E+04, 1.01E+05, 2.88E+04, 5. 71E+03, 9.73E+02, 7.32E+02
1990 , 2. 24E+04, 2.17E+04, 2.94E+04, 6.20E+04, 1.48E+04, 1.85E+03, 3.07E+02
1991 , 8. 07E+04, 1.79E+04, 1.54E+04, 1.68E+04, 2.92E+04, 6.08E+03, 7.42E+02
1992 1. 71E+05, 6.38E+04, 1.35E+04, 9.08E+03, 7.71E+03, 1.16E+04, 2.30E+03
1993 , 3. 74E+04, 1.38E+05, 4.56E+04, 7.30E+03, 3.67E+03, 2.70E+03, 4.09E+03
1994 4. 17E+04, 3. 04E+04, 1.02E+05, 2.59E+04, 3.11E+03, 1.39E+03, 8.53E+02
1995 , 7.69E+04, 3.39E+04, 2.22E+04, 5.92E+04, 1.15E+04, 1.14E+03, 4.55E+02
1996 , 3. 62E+04, 6. 08E+04, 2.20E+04, 1.30E+04, 2.73E+04, 4.34E+03, 3.83E+02
1997 9. 47E+04, 2.83E+04, 4.17E+04, 1.16E+04, 6.37E+03, 9.75E+03, 1.34E+03
1998 1. 52E+04, 7.63E+04, 1.98E+04, 2.41E+04, 5.12E+03, 2.92E+03, 3. 48E+03

Esti nmat ed popul ati on abundance at 1st Jan 1999

, . 00E+00, 1.23E+04, 5.48E+04, 1.16E+04, 1.24E+04, 2.06E+03, 9.72E+02
Taper wei ghted geonetric nmean of the VPA popul ati ons:

, 4. 97E+04, 4.36E+04, 2.96E+04, 1.73E+04, 7.74E+03, 3.06E+03, 1.10E+03
Standard error of the weighted Log(VPA popul ations)

, . 7434, . 6822, . 7012, . 7506, . 8224, . 8691, . 9729,

Log catchability residuals.

Fl eet : FLTO3: TRWEFF (Catc

Age , 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998
2, No data for this fleet at this age
3, No data for this fleet at this age
4, 99.99, 99.99, 99.99, -.01, -.04, -.07, -.23, . 04, .13, .17
5, 99.99, 99.99, 99.99, .10, -.15, ~-.15, ~-.10, -.22, . 33, .19
6 , 99.99, 99.99, 99.99, .23, -.34, -.22, -.14, . 16, . 05, .25
7, 99.99, 99.99, 99.99, .09, -.09, -.32, -.28, .21, . 29, J11
8, 99.99, 99.99, 99.99, -.08, ~-.11, -.64, -.19, .13, . 06, .08
9, 99.99, 99.99, 99.99, .15, -.04, -.65, -.81, -.89, .05, -.06

Mean | og catchability and standard error of ages with catchability
i ndependent of year class strength and constant w.r.t. time

Age |, 4, 5, 6, 7, 8, 9
Mean Log q,  -2.4794, -2.0657, -2.0101, -1.9827, -1.9827, -1.9827,
S.E(Log q), . 1351, . 2094, . 2348, . 2381, . 2879, . 5671,

Regression statistics :

Ages with q independent of year class strength and constant w.r.t. tine.

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Q

4, 1. 03, -. 306, 2. 26, . 96, 7, .15, -2.48,
5, 1. 04, -. 319, 1.74, .92, 7, . 24, -2.07,
6, 87, 1. 148, 2. 88, . 94, 7, . 20, -2.01,
7, . 81, 3. 486, 3.12, . 99, 7, L11, -1.98,
8, . 96, . 317, 2.28, . 93, 7, . 28, -2.09,
9, 1. 04, -. 174, 2.17, .79, 7, . 50, -2.31,

7,

. 29E+02,
. 41E+02,
. 01E+02,
48E+02,
. 94E+02,
30E+03,
33E+02,
. 34E+02,
. 08E+02,
. 73E+02,

ARPPWORONREN

1. 23E+03,

3. 17E+02,

1.0213,
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Table 3.4.6.2.1 (Cont'd)

Fl ee

Age

t

©o~NoOUO~WN

FLTO04: NET CPU (Catc

1989, 19

No data for this
No data for this
No data for this
99.99, 99.99, -
99.99, 99.99, -.
99.99, 99.99, -.
99. 99, 99.99,

No data for this

90, 1991, 1992, 1993,

fleet at this age
fleet at this age
fleet at this age

.37, -.35, . 40,
65, -.32, . 30,
10, -.24, . 26,

. 60, . 85, . 29,

fleet at this age

1994,

43,
39,

.17,

1995,

.57,

1996,

. 06,

- 00,
36,

1997,

Mean | og catchability and standard error of ages with catchability

i ndependent of year class strength and constant wr.t.

Age ,

Mean Log q,
S. E(Log q),

5
-3.0
.3

763,
900.

Regression statistics :

Ages with q independent of year class strength and constant w.r.t. tine.

Age,

O ~No 0

Fl ee

Age

Age

210

t

©Co~NoOUR~WN

©Co~NOUMWN

6, 7,
-1.8671, -1. 2375,
. 3646, . 2565,

Slope , t-value , Intercept, RSquare,
1. 30, -1. 035, 1.11, . 68,
1. 31, -1.593, -. 39, .82,
1. 09, -. 706, . 58, .91,
1. 05, -. 497, . 48, . 95,

FLTO5: SUR CPU (Catc
, 1984, 1985, 1986, 1987, 1988
,  -.39, .01, 22, -.20, ~-.49
, -.34, -.30, 47, .11, -.13
,  -.09, . 05, 52, . 26, .08
, . 10, .11, 65, -.83, .51
, .67, -.16, 1.03, ~-.11, -.35
,  -.39, .42, 64, .60, -.12
, -.11, -.43, 1.03, .59, .48
, No data for this fleet at this age

No

27,
dat

af;)

r this

23, 14, -.20,
50, .30, -.01,
23, .17, 24,
29, ~-.17, 63,
.06, -.75, . 54,
.16, -.07, .42,
29 07, 1.05,

fleet at this age

8

-1. 2375,
. 5257,

No Pts,

®® oo

tine

Reg s.e, Mean Q

. 50, -3.08,

.43, -1. 87,

. 29, -1. 24,

. 23, -. 79,
1995, 1996, 1997,
.17, .08, -.12,
.05, ~-.11, -.02,
.09, -.40, -.31,
.18, -.10, -.30,
.17, -.06, -.06,
.37, -.03, .11,
-.37, ~-.15, -.53,

1998



Table 3.4.6.2.1 (Cont'd)

Mean | og catchability and standard error of ages with catchability
i ndependent of year class strength and constant w.r.t. time

Age , 2, 3, 4, 5, 6, 7, 8
Mean Log q, -4.1566, -4.2621, -4.3736, -4. 4605, -4.4538, -4.5362, -4.5362
S.E(Log q), . 2389, . 2785, . 2421, . 4382, . 4268, . 6767, . 4983,
Regression statistics :

Ages with g independent of year class strength and constant w.r.t. tinme.
Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Q

2, 1. 00, -. 031, 4.13, .91, 15, . 25, -4.16

3, .97, . 215, 4. 44, . 86, 15, . 28, -4.26

4, 1.12, -1.002, 3. 64, . 87, 15, .27, -4.37

5, 1. 02, -. 109, 4. 35, .74, 15, .47, -4.46

6, . 96, . 257, 4.64, .79, 15, .43, -4.45

7, 1.02, -. 083, 4. 46, . 60, 15, .73, -4.54

8, . 93, . 498, 4. 66, . 83, 15, .47, -4.48,
1
Term nal year survivor and F summaries
Age 2 Catchability constant w.r.t. time and dependent on age
Year class = 1996
Fl eet, Esti nat ed, I nt, Ext, Var, N, Scal ed, Estinated

, Survivors, s. e, s. e, Rati o, , Wi ghts, F

FLT03: TRW EFF (Catc, 1., . 000, . 000, . 00, 0, .000, . 000
FLTO04: NET CPU (Catc, 1., . 000, . 000, . 00, 0, .000, . 000
FLTO5: SUR CPU (Catc, 15755. , . 300, . 000, . 00, 1, .733, . 009

F shrinkage nmean , 6188. , .50,,,, . 267, . 022
Wi ghted prediction :
Survi vors, Int, Ext , N, Var , F
at end of year, s.e, s.e, , Rati o,

12277., . 26, . 48, 2, 1.877, . 011
Age 3 Catchability constant w.r.t. time and dependent on age
Year class = 1995
Fl eet, Esti nat ed, Int, Ext, Var, N, Scal ed, Estinated
, Survivors, s. e, s. e, Rati o, , Wi ghts, F

FLT03: TRWEFF (Catc, 1., . 000, . 000, . 00, 0, .000, . 000
FLTO04: NET CPU (Catc, 1., . 000, . 000, . 00, 0, .000, . 000
FLTO5: SUR CPU (Catc, 57009. , . 212, . 161, .76, 2, .829, . 126

F shrinkage nean , 45249. , .50,,,, . 171, . 156

Wei ghted prediction :

Survi vors, I nt, Ext, N, Var , F
at end of year, s.e, s.e, , Rati o,
54796. , . 20, .12, 3, . 633, . 131
1
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Table 3.4.6.2.1 (Cont'd)

Age 4

Year class = 1994

Fl eet,

FLTO3: TRWEFF (Catc,

FLTO4: NET CPU (Catc

FLTO5: SUR CPU (Catc
F shrinkage nmean ,

Wi ghted prediction :

Survi vors, Int,

at end of year, s.e,
11635., .15,

Age 5

Year class = 1993

Fl eet,

FLTO3' TRWEFF (Catc,

FLTO4:
FLTOS:

NET CPU (Catc,
SUR CPU (Catc,

F shrinkage nmean ,

Wi ghted prediction :

Survi vors, Int,

at end of year, s. e,
12395., .13,

Age 6

Year class = 1992

Fl eet,

FLTO3' TRWEFF (Catc,
FLTO4: NET CPU (Catc.
FLTO5: SUR CPU (Catc.

F shrinkage nmean ,
Wi ghted prediction :
Survi vors,

at end of year,
2064.

Int,
s. e,
.13,

Age 7
Year class = 1991
Fl eet,
FLTO3:

FLTO4:
FLTOS:

TRW EFF (Catc,
NET CPU (Catc,
SUR CPU (Catc,
F shrinkage nean ,

Wei ghted prediction :

Survi vors, I nt,
at end of year, s.e,
972., .12,

212

Esti mat ed,
Survi vors,
13847.
1.,
11156.,

10288. ,

Ext,
s. e,
. 07,

Catchability constant w

Esti mat ed,
Survi vors,
14610. ,
21421. ,
10519.,

8876. ,

Ext,
S. e,
.11,

Catchability constant w

Esti mat ed,
Survi vors,
2612.
2302. ,
1532.,

1871.,

Ext,
s. e,
. 09,

Catchability constant w

Esti mat ed,
Survi vors,
975. ,
1034.,
922.,

933.,

Ext,
s.e,
. 04,

Catchability constant wr.t.

r.

r.

r.

I nt,
s. e,
. 300,
. 000,
. 174,

. 50,

N,

5,

t. tinme and dependent on age

I nt,
s. e,
. 215,
. 415,
. 166,

. 50,

N,

8,

t. tinme and dependent on age

Int,
s. e,
. 189,
. 295,
. 176,

. 50,

N,

11,

t. time and dependent on age

I nt,
s. e,
. 171,
. 222,
. 176,

. 50,

14,

time and dependent on age

Ext , Var ,
s. e, Rati o,
. 000, . 00,
. 000, . 00,
. 071, .41,

Var , F

Rati o,

. 448, . 332

Ext, Var ,
s. e, Rati o,
. 032, .15,
. 000, . 00,
. 125, .75,

Var , F

Rati o,

. 893, . 463

Ext, Var ,
s. e, Rati o,
. 068, . 36,
. 123, .42,
. 108, .62,

Var , F

Rati o,

. 679, . 708

Ext , Var ,
s. e, Rati o,
. 081, .47,
. 044, . 20,
. 115, . 66,

Var , F

Rati o,

. 357, . 899

Scal ed,
Wi ght s,
. 240,

. 000,

. 640,

. 120,

Scal ed,
Wi ght s,
. 335,

. 103,

. 450,

. 112,

Scal ed,
Wi ght s,
. 372,

. 174,

. 310,

. 144,

Scal ed,
Wi ght s,
. 370,

. 263,

. 213,

. 154,

Esti mat ed
F
. 286
. 000
. 344

. 369

Esti mat ed
F
. 405
. 293
. 527

. 600

Esti mat ed
F
. 595
. 654
. 870

. 759

Esti mat ed
F
. 897
. 863
. 931

. 924



Table 3.4.6.2.1 (Cont'd)

Age 8 Catchability constant wr.t.

Year class = 1990

Fl eet, Esti mat ed,
, Survivors,
FLTO3: TRW EFF (Catc, 1384.,
FLTO4: NET CPU (Catc, 1228. ,
FLTO5: SUR CPU (Catc, 1095. ,
F shrinkage nean , 1051.,

Wei ghted prediction :

Survi vors, I nt, Ext,
at end of year, s.e, s.e,
1226. , .14, .04,

Age 9 Catchability constant w

Year class = 1989

Fl eet, Esti mat ed,
, Survivors,
FLTO3: TRW EFF (Catc, 170.,
FLTO4: NET CPU (Catc, 208.,
FLTO5: SUR CPU (Catc, 134.,
F shrinkage nean 157.,

Wi ghted prediction :

Survi vors, Int, Ext ,
at end of year, s.e, s.e,
165., . 20, . 05,

r.

I nt,
s. e,
. 187,
. 239,
. 255,

. 50,

Ext,
s. e,
. 057,

_070,

Var ,

Rati o,
. 30,
.44,
. 28,

Scal ed,
Wi ght s,
. 414,

. 211,

L 177,

. 198,

t. time and age (fixed at the value for

I nt,
s. e,
. 212,
. 247,
. 273,

. 50,

N,

18,

Var ,
Rati o,
. 247,

s. e,

. 048,
. 109,
. 147,

. 850

Var ,

Rati o,
.23,
.44,
.54,

Scal ed,
Wi ght s,
. 391,

. 144,

. 120,

. 345,

time and age (fixed at the value for age) 7

Esti mat ed
F
. 776
. 842
. 909

. 934

age) 7

Esti mat ed
F
. 834
. 725
. 978

. 880
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Table 3.4.6.2.2 Haddock in Division Va. Fishing mortality.

Haddock Icel and Va (run:

XSALOAO1/ X01)

Fs derived using XSA (Wth F shrinkage)

Fishing nortality (F) at age

Run title :
At 1-May-99 18:04:15
Ter m nal

Table 8
YEAR 1978
AGE

2 0. 0008

3 0. 0185

4 0. 0901

5 0. 2658

6 0.799

7 1.1627

8 1.8932

9 1. 5483

FBAR 4- 7 0.5794

Table 8

2
3
4
5
6
7
8
9
4-

FBAR

Fishing nortality (F) at age

YEAR 19791980 1981 1982 1983 1984 1985 1986 1987 1988

AGE
. 0021
. 0186

[eNe]

0.1734
0. 4376
0.704
0
1
1
70

992

. 2006
. 1093

5768

Run title :

At

1- May-99

Table 8

YEAR 1989

©Co~NoOURMWN

FBAR

214

0032

0.0771

. 2904
. 4664

9251
9525
4484

. 1845

7

Haddock |cel and Va (run:

coooooo000

. 0181

0226
1361
2817
4912
6472
9099

. 7864
. 3891

18: 04: 15

Ter m nal

CeLLOoLeReo

0001
0195
1047
3055
8143
864

7754
8282
5221

oproooooo

. 0013

0405
1345
3462
4513
8764
1714

. 0357
. 4521

coroooooo

0228
3067
3605
6662
5704
0621

. 8247
. 476

XSALQAO1/ X01)

Fs derived using XSA (Wth

Fishing nortality (F) at age

1990

ococoooo000

. 0222
. 1419

3574
5524
6886
7153
9169

. 8141
. 6586

1991

CROOeORoo

0343
0822
3313
5808
7267
7715
8981
8465
5784

1992

cococoooo00

.0178

136

4177
7053
8478
8381
9981

. 8902
. 6026

1993

cococooooo0

. 0065
. 0979

3659
6533
7709
9535
9438

. 9252
. 7022

cooooooo0

. 0033

0344
2218
4219
8127
5507
6427

. 6019

5018

cooooooo00

. 0114

1283
331
4615
6093
676
8884

. 7938
. 5194

F shrinkage)

1994

cocooooo00

. 0074
. 1165

3457
6118
801
918
7407

. 8991
. 6859

1995

oproooooo

. 0345
. 2308

3318
5726
7737
892

0192

. 1932
. 6691

ekrroroOOO

. 0024

1281
4472
6437
1429
9256
0292

. 0058
. 7899

1996

oproooooo

. 0459
. 1781

438

5157
8308
9741
0711

. 2573
. 6425

coooooo000

. 0149

1219
4158
6653
6994
7781
8438
7687

. 6396

1997

cocooooo000

. 0162

1558
3496
6227
5809
8309
8433
7645

. 6897

corooooooO

. 0031

0862
4061
635
7753
8094
187

. 9721
. 6564

1998 FBAR 96- 98

ococooooo000

. 0112

1309
3322
4632
708
8992
843
85
596

cocooooo000

. 0244

1549
3733
5338
7066
9014
9191
9573
6007



Table 3.4.6.3.1

1987,

167043,
72772,
24364,

6133,
4940,
2440,
293,
429,

0,
278414,

1999,

Run title : Haddock Iceland Va (run: XSALQAO1/X01)
At 1-May-99 18:04:15
Term nal Fs derived using XSA (Wth F shrinkage)
Tabl e 10 St ock nunber at age (start of year) Nunber s*10**- 3
YEAR, 1978,
AGE
2, 151570,
3, 34951,
4, 27337,
5, 34037,
6, 9001,
7, 2928,
8, 816,
9, 132,
+gp, 0,
0 TOTAL 260771,
Tabl e 10 Stock nunber at age (start of year) Nunber s*10**- 3
YEAR, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986,
AGE
2, 83821, 36709, 9737, 42204, 30161, 19935, 41787, 89101,
3, 123997, 68481, 29517, 7971, 34509, 24693, 16267, 33826,
4, 28092, 99651, 54815, 23699, 6267, 27615, 19534, 11714,
5, 20452, 19338, 71203, 40419, 16962, 3776, 18112, 11486,
6, 21363, 10810, 11945, 42949, 23408, 9684, 2027, 9348,
7, 3315, 8651, 5416, 4332, 22392, 9844, 3518, 902,
8, 749, 1006, 3708, 1869, 1476, 10363, 4647, 1465,
9, 101, 185, 332, 1398, 474, 418, 4462, 1565,
+gp, 0, 0, 0, 0, 0, 0, 0, 0,
0 TOTAL, 281890, 244831, 186673, 164842, 135649, 106329, 110354, 159407,
1
Run title : Haddock Iceland Va (run: XSALQAO1l/ X01)
At 1-May-99 18:04:15
Termi nal Fs derived using XSA (Wth F shrinkage)
Tabl e 10 St ock nunber at age (start of year) Number s*10**- 3
YEAR, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998,
AGE
2, 26646, 22412, 80657, 171144, 37421, 41741, 76914, 36157, 94697, 15164,
3, 38784, 21746, 17946, 63810, 137654, 30440, 33921, 60839, 28275, 76287,
4, 101205, 29398, 15448, 13533, 45599, 102190, 22181, 22047, 41684, 19811,
5, 28770, 61979, 16836, 9081, 7297, 25894, 59213, 13032, 11648, 24060,
6, 5710, 14775, 29206, 7712, 3673, 3108, 11499, 27345, 6371, 5117,
7, 973, 1854, 6076, 11561, 2704, 1391, 1142, 4343, 9754, 2918,
8, 732, 307, 742, 2300, 4094, 853, 455, 383, 1342, 3479,
9, 229, 141, 101, 248, 694, 1304, 333, 134, 108, 473,
+gp, ) , ) , 0, 0, 0, 0, 0, 0,
0 TOTAL 203050, 152612, 167012, 279388, 239136, 206923, 205659, 164282, 193880, 147309,

12277,
54796,
11635,
12395,
2064,
972,
1226,
165,
95530,

1988,

47518,
134739,
52741,
13161,
2581,
2010,
918,
103,

0,
253771,

GVBT 78-96

48837,
39948,
29247,
18823,
9527,
3444,
1192,
351,

AMBT 78-96

63825,
51940,
38286,
25115,
13215,
5042,
1957,
673,
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Table 3.4.6.3.2 Haddock in Division Va. Summary.
Run title : Haddock Iceland Va (run: XSALQAO1/X01)

At 1-May-99 18:04:15
Tabl e 16 Sumary (wi thout SOP correction)

Term nal Fs derived using XSA (Wth F shrinkage)

RECRUI TS TOTALBI O TOTSPBI O LANDI NGS Yl ELDY SSB FBAR 4- 7

Age 2
1978 151570 145774 53203 43488 0.8174 0.5794
1979 83821 182486 67469 55334 0.8201 0.5768
1980 36709 203732 80936 51112 0. 6315 0. 3891
1981 9737 216249 103375 63580 0. 615 0.5221
1982 42204 197540 111380 69325 0. 6224 0. 4521
1983 30161 161298 101462 65943 0. 6499 0. 476
1984 19935 124438 79233 48285 0. 6094 0.5018
1985 41787 115441 59465 50933 0. 8565 0.5194
1986 89101 114644 56165 48863 0. 87 0. 7899
1987 167043 130859 41469 40801 0.9839 0. 6396
1988 47518 161180 65874 54236 0. 8233 0. 6564
1989 26646 174423 99258 62979 0. 6345 0. 6586
1990 22412 150308 109957 67200 0.6111 0.5784
1991 80657 134999 90658 54732 0. 6037 0. 6026
1992 171144 124107 55620 47212 0. 8488 0. 7022
1993 37421 136899 68828 48844 0. 7096 0. 6859
1994 41741 135916 83154 59345 0. 7137 0. 6691
1995 76914 133757 87804 61131 0. 6962 0. 6425
1996 36157 117237 70167 56958 0.8118 0. 6897
1997 94697 107200 64941 44053 0.6784 0. 596
1998 15164 102158 67490 41434 0.6139 0. 6007
Arith.

Mean 62978 146221 77043 54085 0.7248 0. 5966

0 Units (Thousands) (Tonnes) (Tonnes) (Tonnes)
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Table 3.4.7.1.1

Predi ction wi th managenent option table:

3 Year: 1999

3

3 3 Stock 3 Natural 3 Maturity®Prop.of F3Prop.of M3 Weight 3 Exploit.3 Weight 3

w

W oW oW W W W W W

©Co~NOUBMWN

3 Unit3Thousands® - 3 - 3 - 3 .

3 Year: 2000

w w

355000.000% 0.2000% 0.0500% 0.0000°3
316179.000% 0.2000% 0.3900% 0.0000°3
356572.000% 0.2000% 0.6800% 0.0000°3
311635.000% 0.2000% 0.7200% 0.00003
312395.000% 0.2000% 0.7600% 0.00002
32064.000% 0.2000% 0.9000% 0.00003
3 972.000% 0.2000% 0.7700% 0.00003%

$1226.000 0.2000% 0.9200% 0.00003

0.00003
0.00003
0.00003
0.00003
0.00003
0.0000¢3
0.00003
0.00003

3Kilograms?® -

3

3 2 298000.000% 0.2000% 0.0500% 0.0000% 0.00002

3 33 3 0.2000% 0.4200° 0.0000% 0.0000% 0.4363
3 43 3 0.2000% 0.6500° 0.0000% 0.0000% 0.7573
3 53 3 0.2000% 0.7100% 0.0000° 0.0000% 1.206°
3 63 3 0.2000% 0.7400° 0.0000% 0.0000% 1.7053
3 73 3 0.2000% 0.8400° 0.0000% 0.0000% 2.0993
3 83 3 0.2000% 0.9000° 0.0000° 0.0000% 2.4832
3 93 3 0.2000° 1.0000% 0.0000° 0.0000% 3.2083
3Unit3Thousands® - 3 - 3 - 3 - S3Kilograms® -

3 Year: 2001 3

W w

. 0.2000% 0.4200% 0.0000°3
0.2000% 0.6500% 0.0000°3
0.2000% 0.7100% 0.00003
0.2000% 0.7400% 0.00003
0.2000% 0.8400% 0.00003
0.2000% 0.9000% 0.0000°
0.2000% 1.0000% 0.00003

W oW oW W W W W W
©Co~NOURAWN
W oW oW W W W W
W oW oW oW W W

3 Unit3Thousands® - 3 - 3 - 3 .

Notes: Run name : MANLOAO2
Date and time: 01MAY99:18:53

348000.000% 0.2000% 0.0500% 0.0000°3
3

0.00003
0.00003
0.00003
0.00003
0.00003
0.00003
0.00003

0.00003

0.4368
0.7573
1.2068
1.7053
2.0993
2.4833
3.2083

3Kilograms?® -

Age 3 size 3mortality? ogive 3bef.spaw.3bef.spaw.? in stock?® pattern 3 in catch?

0.203® 0.0230% 0.508
0.481% 0.1480° 0.885%
0.721% 0.3570% 1.2023
1.200% 0.5100% 1.756°
1.965% 0.6750% 2.2143
2.378% 0.8610° 25733
2.797% 0.8780% 3.278°
2.907° 0.9140° 3.456°

3Kilograms?

3 Recruit-3 Natural 2 Maturity3Prop.of F3Prop.of M3 Weight 3 Exploit.2 Weight 3
Age 3 ment 3mortality® ogive 3bef.spaw.3bef.spaw.3 in stock? pattern 3 in catch3

0.192% 0.0230° 0.508%

0.1480% 0.8733
0.3570% 1.355%
0.5100% 1.7873
0.6750% 3.089%
0.8610% 2.4973
0.8780% 3.373°
0.9140% 3.456°

3Kilograms?

3 Recruit-3 Natural 2 Maturity3Prop.of F3Prop.of M3 Weight 3 Exploit.2 Weight 3
Age 3 ment 3mortality® ogive 3bef.spaw.3bef.spaw.3 in stock® pattern 3 in catch?

0.192% 0.0230% 0.5083

0.1480% 0.873%
0.3570% 1.340%
0.5100% 1.920°
0.6750% 3.1073
0.8610% 3.1523
0.8780% 3.335%
0.9140% 3.456°

3Kilograms?

Haddock in the Iceland Grounds (Fishing Area Va)

| nput data

217



Table3.4.7.1.2 Haddock in divisionVa. Input file for RCT3.

VPA and Groundfish survey indices

Yearcl VPA Survey4 Survey3 Survey?2 Surveyl
1976 155 -11 -11 -11 -11
1977 88 -11 -11 -11 -11
1978 37 -11 -11 -11 -11
1979 10 -11 -11 -11 -11
1980 42 -11 -11 -11 -11
1981 30 196 -11 -11 -11
1982 20 122 172 -11 -11
1983 42 548 538 312 -11
1984 89 828 1415 984 260
1985 167 1250 1737 2677 1194
1986 48 339 373 394 218
1987 27 166 256 221 154
1988 22 316 380 307 93
1989 81 865 1261 1425 655
1990 171 1425 2489 2016 849
1991 37 202 390 342 182
1992 42 327 480 593 280
1993 7 525 1126 823 561
1994 36 275 480 669 353
1995 -11 944 1058 1186 894
1996 -11 -11 247 177 82
1997 -11 -11 -11 863 227
1998 -11 -11 -11 -11 765
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Table3.4.7.1.3 Haddock in division Va. Output filefrom RCT3.

Analysis by RCT3 ver3.1 of data from file :
Recrun5.dat

Iceland Haddock: VPA and groundfish survey data
Data for 4 surveys over 23 years: 1976 - 1998
Regression type = C

Tapered time weighting applied

power = 3 over 20 years

Survey weighting not applied

Final estimates shrunk towards mean

Minimum S.E. for any survey taken as .20
Minimum of 3 points used for regression

Forecast/Hindcast variance correction used.

Yearclass = 1995

Survey/ Slope Inter- Std Rsquare No. Index Predicted Std WAP
Series cept Error Pts Value Value Error Weights

Survd 97 -190 .29 855 14 6.85 4.77 .351
Survd .90 -1.87 .23 .907 13 6.97 4.43 .267
Surv2 .90 -1.81 .29 .855 12 7.08 456 .341
Survl .97 -1.56 .34 815 11 6.80 5.01 .432
VPAMean= 3.95 .688 .055
Yearclass = 1996
e Regression---------- [ B Prediction---------

Survey/ Slope Inter- Std Rsquare No. Index Predicted Std WAP
Series cept Error Pts Value Value Error Weights

Surv4

Survd 91 -1.89 .23 908 13 551 311
Surv2 91 -1.86 .29 .853 12 5.18 284
Survl .97 -1.57 .34 817 11 4.42 271

VPA Mean= 3.97 .681

.284
.384
465

.083

212
.366
.225
141

ATT7
.261
178
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Table 3.4.7.1.3 (Cont'd
Yearclass = 1997

Survey/ Slope Inter- Std Rsquare No. Index Predicted Std WAP
Series cept Error Pts Value Value Error Weights

Surv4
Surv3
Surv2 .91 -192 .29 851 12 6.76 4.27 .350 .501
Survl 97 -158 .34 .818 11 543 3.68 .410 .364

VPA Mean= 3.98 .674 .135

Yearclass = 1998

Survey/ Slope Inter- Std Rsquare No. Index Predicted Std WAP
Series cept Error Pts Value Value Error Weights

Surv4
Surv3
Surv2
Survl .97 -161 .34 .818 11 6.64 4.84 .438 .699

VPAMean= 3.99 .667 .301

Year Weighted Log Int Ext Var VPA Log
Class Average WAP Std Std Ratio VPA
Prediction Error Error

1995 98 459 .16 .13 61
1996 200 3.04 20 .19 .90
1997 55 401 .25 .19 .60
1998 98 459 .37 .39 112
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Table 3.4.7.1. 4

Haddock in the Iceland Grounds (Fishing Area Va)

I cel andi ¢ haddock (Division Va)

Yield per recruit: Input data

1 Recruit-} Natural | Maturity}Prop.of FjProp.of M] Weight | Exploit.; Weight |
Age | ment |mortality} ogive |bef.spaw.bef.spaw.| in stock] pattern | in catch]
1

+

+

+

+

+ +

+ +

T ' ' ' ' ' ' 1
00 0.2000! 0.0800} 0.0000! 0.0000! 0.185! 0.0120} 0.563!

I

1

I

I

121 1.0

I 1

i 31 . | 0.2000; 0.2800; 0.0000; 0.0000; 0.475; 0.0910; 0.876}
14 i 0.2000; 0.5100; 0.0000; 0.0000; 0.901} 0.2980; 1.325]
I 51 i 0.2000; 0.7000; 0.0000; 0.0000; 1.411} 0.5020; 1.898|
1 6} i 0.2000; 0.8100; 0.0000; 0.0000; 2.004} 0.7500; 2.462
. i 0.2000; 0.8600; 0.0000; 0.0000; 2.526} 0.8530; 3.159|
I 81 i 0.2000; 0.9200; 0.0000; 0.0000; 3.201} 1.0460; 3.648|
191 i 0.2000; 0.9800; 0.0000; 0.0000; 3.266} 0.9680; 4.088|
+. + + +. + + + +. + 1

' ! T T T ' ' ' ' 1

i Unit | Numbers} - | - | - | - IKilograms}, - |Kilograms;

+

Notes: Run name

+

: YLDLOAOQ2

Date and time: 27MAY99:15:08

Table 3.4.7.2.1

I cel andi ¢ haddock (Division Va)

Haddock

in the |Icel and

Yield per recruit: Summary table

1January | Spawningtime |

+
I
I
1
I
+

|
F |Reference] Catch in}| Catch in] Stock | Stock | Sp.stock] Sp.stock] Sp.stock| Sp.stock|

| biomass |
I

2.112! 3837.683!
2.002! 3536.662!
1.904! 3270.199!
1.816! 3033.736!
1.736! 2823.362!
1.665! 2635.717!
1.600! 2467.909!
1.540! 2317.445!
1.487! 2182.176
1.437! 2060.247!
1.392! 1950.049]
1.350! 1850.193
1.312! 1759.469!
1.277! 1676.828!
1.244! 1601.358!
1.213! 1532.261!
1.185! 1468.841!
1.158! 1410.490!
1.133! 1356.675!
1.110! 1306.926!
1.088! 1260.834!
1.067! 1218.033!
1.048! 1178.205!
1.029! 1141.065!
1.012! 1106.362!
0.995! 1073.875!
0.980! 1043.403!
0.965! 1014.771!
0.950! 987.821!
0.937! 962.411!
0.924! 938.416
0.911! 915.721!
0.899! 894.224!
0.888! 873.833
0.877! 854.464!
0.866! 836.043!
0.856! 818.501!
0.846! 801.777!
0.837! 785.813
0.828! 770.558!
]

- | - | Numbers| Grams | Numbers| Grams | Numbers |

+

(cont.)

|
Grams | Numbers | Grams

Factor} F | numbers|weight | size |biomass| size |biomass| size
+ + + + + + + + + '

{ 0.0000; 0.0000; 0.000; 0.000; 4.403}5551.456} 2.234}4178.577, 2.234}4178.577;
1 0.0500; 0.0300; 0.073} 194.845 4.263}5174.685] 2.112}3837.683|
1 0.1000; 0.0601} 0.135} 350.025} 4.138}4840.534] 2.002}3536.662;
1 0.1500; 0.0901} 0.186} 473.447, 4.025}4543.412] 1.904}3270.199;
1 0.2000; 0.1202] 0.230} 571.441} 3.923}4278.517; 1.816}3033.736)
1 0.2500; 0.1502] 0.267} 649.076} 3.830}4041.720; 1.736}2823.362;
1 0.3000; 0.1802] 0.299} 710.412} 3.746}3829.468] 1.665}2635.717;
1 0.3500; 0.2103] 0.326} 758.700} 3.669}3638.698] 1.600} 2467.909;
1 0.4000; 0.2403] 0.350} 796.547, 3.599|3466.765] 1.540}2317.445)
1 0.4500; 0.2703] 0.370} 826.039} 3.534}3311.385] 1.487}2182.176)
i\ 0.5000; 0.3004; 0.388} 848.850] 3.474}3170.581] 1.437}2060.247,
i\ 0.5500] 0.3304] 0.404} 866.319} 3.419}3042.636] 1.392}1950.049;
i\ 0.6000; 0.3605] 0.419} 879.522} 3.369|2926.063] 1.350;}1850.193;
i\ 0.6500] 0.3905] 0.431} 889.319} 3.321}2819.566]; 1.312}1759.469;
1 0.7000] 0.4205} 0.443] 896.401} 3.277}2722.018] 1.277}1676.828}
1 0.7500] 0.4506] 0.453} 901.322} 3.236}2632.435] 1.244}1601.358|
i 0.8000] 0.4806] 0.462} 904.525} 3.198}2549.957; 1.213}1532.261]
i\ 0.8500] 0.5106] 0.471} 906.367, 3.161}2473.831] 1.185}1468.841]
1 0.9000; 0.5407; 0.479} 907.131} 3.128}2403.396]; 1.158}1410.490;
1 0.9500; 0.5707; 0.486} 907.046} 3.096}2338.073] 1.133}1356.675]
i 1.0000;] 0.6008] 0.493} 906.297} 3.065}2277.351] 1.110}1306.926}
i 1.0500; 0.6308] 0.500} 905.029; 3.037}2220.779; 1.088}1260.834|
1 1.1000; 0.6608] 0.506} 903.359} 3.010}2167.959; 1.067}1218.033;
1 1.1500; 0.6909; 0.511} 901.381} 2.984}2118.539; 1.048}1178.205}
1 1.2000; 0.7209; 0.517} 899.172} 2.960}2072.206; 1.029}1141.065}
1 1.2500; 0.7509] 0.522} 896.789, 2.936}2028.684; 1.012}1106.362;
1 1.3000; 0.7810; 0.526} 894.282} 2.914}1987.723] 0.995}1073.875}
\ 1.3500; 0.8110; 0.531} 891.688] 2.893}1949.105; 0.980;1043.403;
i\ 1.4000; 0.8411} 0.535} 889.037, 2.872}1912.631} 0.965}1014.771;
i 1.4500; 0.8711} 0.539; 886.353} 2.853}1878.126; 0.950; 987.821}
i 1.5000; 0.9011} 0.543} 883.655, 2.834}1845.430; 0.937} 962.411}
1 1.5500; 0.9312] 0.547) 880.958, 2.816}1814.402] 0.924} 938.416}
i 1.6000; 0.9612] 0.551} 878.273} 2.799;1784.912] 0.911} 915.721;}
1 1.6500; 0.9912] 0.554 875.610} 2.782}1756.846]; 0.899} 894.224|
1 1.7000; 1.0213] 0.558} 872.974} 2.766}1730.098; 0.888} 873.833}
1 1.7500; 1.0513} 0.561} 870.372} 2.751}1704.574] 0.877, 854.464;
1 1.8000; 1.0814; 0.564} 867.806] 2.736;1680.188] 0.866] 836.043}
1 1.8500; 1.1114} 0.567; 865.280; 2.721}1656.860; 0.856} 818.501}
1 1.9000; 1.1414} 0.570; 862.796; 2.707}1634.521] 0.846} 801.777;
1 1.9500; 1.1715} 0.573] 860.355] 2.694}1613.105] 0.837} 785.813]
| 2.0000; 1.2015; 0.576} 857.958] 2.680;1592.553] 0.828} 770.558}
1
1

Grounds (Fishing Area Va)
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Table 3.4.7.2.1 (Cont'd)

I cel andi ¢ haddock (Division Va)

Yield per recruit: Summary table

(cont.) I 1Jdanuary | Spawningtime |}
+ + '

F |Reference] Catch in} Catch in} Stock | Stock |} Sp.stock] Sp.stock] Sp.stock} Sp.stock|
Factor} F | numbers|weight | size }biomass| size |biomass| size |biomass |

+ + + + + + + + + '
2.0500; 1.2315} 0.578} 855.604} 2.668}1572.809; 0.819] 755.966; 0.819] 755.966|
2.1000; 1.2616} 0.581} 853.294} 2.655}1553.825; 0.810] 741.993} 0.810] 741.993;
2.1500; 1.2916} 0.583} 851.028} 2.643}1535.554} 0.802] 728.600; 0.802] 728.600;
2.2000; 1.3217; 0.586;} 848.805, 2.632}1517.955} 0.794] 715.751} 0.794] 715.751;
2.2500; 1.3517} 0.588} 846.625] 2.620}1500.987, 0.787; 703.413} 0.787; 703.413;
2.3000; 1.3817} 0.591} 844.487, 2.609|1484.616} 0.779} 691.556; 0.779; 691.556|
2.3500; 1.4118} 0.593] 842.389; 2.598|1468.808], 0.772} 680.151} 0.772] 680.151;
2.4000; 1.4418} 0.595} 840.331} 2.588]1453.533] 0.765} 669.172] 0.765] 669.172]
2.4500; 1.4718} 0.597 838.313} 2.578}1438.762] 0.758} 658.595] 0.758] 658.595|
2.5000; 1.5019; 0.599; 836.333] 2.568]1424.468] 0.751} 648.399; 0.751] 648.399;

+. +. +. +. +. +. +. +. ]

+ """+

+

f == fpmmmmmmm— e —

|
- | - | Numbers| Grams | Numbers| Grams | Numbers| Grams | Numbers | Grams |
+

Notes: Run name : YLDLOAO2
Date and time 1 27TMAY99:15:08
Computation of ref. F: Simple mean, age 4 - 7
F-0.1 factor :0.4834
F-max factor :0.9190

F-0.1 reference F  :0.2904
F-max reference F  : 0.5521
Recruitment : Single recruit

Table 3.4.7.3.1 Haddock in the Iceland G ounds (Fishing Area Va)

Prediction with management option table

3 Year: 1999 3 Year: 2000 3  Year:2001 3

3 F 3Reference® Stock 3 Sp.stock® Catchin® F 3Reference?® Stock 3 Sp.stock® Catch in® Stock 3 Sp.stock?®
3 Factor® F 3biomass 3 biomass 2 weight 3 Factor® F 3 biomass 3 biomass 3 weight 3 biomass 3 biomass 3

0.7290° 0.4379% 109245% 696823 37000% 0.0000% 0.0000% 117991°* 680613 03 159495% 1014133
. . 3 0.0500% 0.0300° 2 680613 3405° 1567823 992943
0.1000% 0.06013 680613 6717% 1541453 972373
0.1500% 0.09013 680613 9940° 1515823 952403
0.2000% 0.12023 680612 13075% 149090° 93300%
0.2500% 0.15023 680613 16125 146667° 914173
0.3000% 0.18023 680612 19094% 144310% 895883
0.3500% 0.21032 680613 219843 142019 878113
0.4000% 0.2403° 680612 247973 139790° 860853
0.4500% 0.2703° 680612 275353 137622% 844093
0.5000% 0.30042 68061 302013 135513% 82780°
0.5500% 0.33042 680612 32797 133460° 811973
0.6000° 0.3605° 68061 35326° 131463% 796593
0.6500% 0.3905° 680612 37788°% 129520° 781643
0.7000% 0.4205° 680612 40188° 127628% 76710°%
0.7500% 0.4506° 680613 425253 1257873 752973
0.8000% 0.4806° 680613 448023 123994° 739243
0.8500% 0.5106° 680613 470223 122249% 72588°
0.9000% 0.54073 680613 491853 120549° 712893
0.9500% 0.57073 680613 51293 118894° 70025°
1.0000% 0.6008° 680613 533493 117282° 687973
1.0500° 0.6308° 680612 55353 115711° 676013
1.1000% 0.6608° 680612 573073 114181° 66438°
1.1500% 0.69093 680613 592133 112691° 65306°
1.2000% 0.72093 680612 610723 111238° 64205°
1.2500° 0.75093 680612 62885% 109823° 63133°
1.3000% 0.7810° 680613 64654° 108443° 620903
1.3500° 0.81103 680612 663813 107098° 610743
1.4000° 0.84113 68061 68065% 105787% 600853
1.4500° 0.87113 68061 69709% 104508% 591233
1.5000% 0.90113 68061 71314% 103261° 581853

@ OW W W W W W W0 W W N W e 0w N W N w0 ® W w e
[ R A R A R X R A X S X SR R TR S R TR TR R
w e T e e e e e Te e e Te e Te Te e e Te e e Te e e Te e e Te e e Te
w e T e e e e e e e e e e e e e e e e e e e e e e e e e e

Tw e T e W e e e e e e e e e e e e e e e e e e e e e e e Tw T
Tw e e e W e e e e e e e e e e e e e e e e e e e e e e e Tw T

3 - 3 - 3 Tonnes3 Tonnes® Tonnes?® - 3 - 3 Tonnes? Tonnes3 Tonnes3 Tonnes?3 Tonnes 3
Notes: Run name : MANLOAO2
Date and time : 01MAY99:18:53

Computation of ref. F: Simple mean, age 4 - 7
Basis for 1999 : TAC constraints
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Figure 3.4.2.1 Haddock Division Va. Nominal landings (tonnes) 1950-1998
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Figure 3.4.2.2 Haddock Division Va. Percentage changes in CPUE for the main gears since 1992
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Figure 3.4.5.1. Haddock, Division Va. Sexua maturity at age in the stock 1985-1998.
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Figure3.4.6.2.1. Haddock in Division Va. Retrospective analyses of XSA runs, varying the shrinkage.
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Figure 3.4.6.2.2 Summary plots of yield, fishing mortality, spawning stock and recruitment.
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Figure 3.4.7.2.1 Summary plots of yield and spawning stock biomass per recruit.
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Long term yield and spawning stock biomass
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Figure 3.4.7.2.2 SSB-recruit plot
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4 THE COD STOCK COMPLEX IN GREENLAND (NAFO SUB-AREA 1 AND ICES SUB-AREA
XIV) AND ICELANDIC WATERS (DIVISION VA)

4.1 I nter-relationship Between the Cod Stocksin the Greenland-Iceland Area

Tagging experiments carried out at Greenland and Iceland show that mature cod at West Greenland migrate to East

Greenland. Tagging experiments at East Greenland also show that mature cod from that area migrate to Iceland

(Taning, 1937; Hansen, 1949; and Anon. 1971). On the other hand, immature cod seem not to emigrate from East
Greenland to Iceland, but in some years immature cod migrate from East Greenland to the West Greenland stock
(Anon. 1971). Tagging experiments at Iceland show that migration of cod from Iceland to Greenland waters occurs very
seldom and can be ignored in stock assessments (Jonsson 1965, 1986). Migrations from Greenland waters to Iceland
can, therefore, be regarded as a one-way migration.

In egg and larval surveys cod eggs have been found in an almost continuos belt from Iceland to East Greenland, along
the East Greenland coast, round Cape Farewell and over the banks at West Greenland (Taning 1937, Anon. 1963). From
O-group surveys carried out in the East Greenland-Iceland area since 1970, it becomes quite evident that the drift of O-
group cod from the Iceland spawning grounds to the different nursery areas at Iceland varies from year to year. The
same applies to the drift of O-group cod with the currents from Iceland to East Greenland (Table 4.1.1). In some years it
seems that no larval drift has taken place to the Greenland area, while in other years some, and in some years like 1973
and 1984, considerable numbers drifted to East Greenland waters (Vilhjalmsson and Fridgeirsson 1976, Vilhjalmsson
and Magnusson 1984, Sveinbjérnsson and Jénsson 1998). Since 1995, O-group surveys were continued with the area
coverage reduced to the Icelandic EEZ. However, the estimates of the 1997 and 1998 year classes are exceptional high
also west of Iceland. More than 60% of the O-group cod were distributed in northern areas off Iceland (Table 4.1.1).

The 1973 and 1984 year classes have been very important to the fisheries off both West and East Greenland. Tagging
results have shown that when these two year classes became mature, they had migrated in large numbers from West to
East Greenland and, to some extent, to the spawning area off the southwest coast off Iceland. This migration of mature

cod from Greenland to Iceland influences the assessment of these stocks (Schopka, 1993) and it cannot therefore be
ignored in the assessments.

228



Table 4.1.1 Abundance indices of O-group cod from international and Icelandic O-group surveys (Sveinbjérnsson and
Jonsson, 1998) in the East Greenland/Iceland area, 1971-97 (except 1972 and 1995-96).

Year class Dohrn SE Iceland SW Wiceland Nlceland E lIceland Total
Bank East Iceland
Greenland

1971 + - - 60 214 - 283
1973 135 10 107 96 757 86 1191
1974 2 - - 22 30 + 54
1975 + - 2 50 73 5 130
1976 5 9 30 102 2015 584 2743
1977 7 2 + 26 305 94 435
1978 2 - + 169 335 47 552
1979 2 + 1 22 345 + 370
1980 1 2 + 38 507 10 557
1981 19 - - 41 19 - 78
1982 + - + 7 4 - 11
1983 + - + 85 66 2 153
1984 372 5 + 200 826 369 1772
1985 32 + + 581 197 2 812
1986 + 1 2 15 32 + 50
1987 7 - 1 2 61 10 81
1988 0 - 1 7 12 + 20
1989 1 - 3 7 30 + 41
1990 3 - + 2 30 2 37
1991 + - - + 5 + 6
1992 0 - + 15 21 5 42
1993 1 - + 36 116 2 155
1994 0 - 0 1 71 2 74
1997 4 + + 97 1007 46 1152
199¢ + 2 814 1799 137 2752

1) Figure reflects Dohrn Bank area only due to reduced survey area.
%) No estimate available for the Dohrn Bank-East Greenland area due to reduced survey area.
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5 COD STOCKSIN THE GREENLAND AREA (NAFO AREA 1 AND ICES SUBDIVISION XIVB)
51 Cod off Greenland (offshore component)

Prior to 1996, the cod stocks off Greenland have been divided into West and East Greenland or treated as one stock unit
for assessment purposes to avoid migration effects. Fjord populations (inshore) have always been included. In 1996, the
offshore component off West and East Greenland, the so called Bank Cod, was assessed separately as one stock unit
and distinguished from the inshore populations for the first time. The completion of a re-evaluation of available German
sampling data for the offshore catches back to 1955 enabled such an analysis given in the 1996 North-Western Working
Group report (ICES 1996/Assess:15). Due to the severely depleted status of the offshore stock component, the directed
cod fishery was given up in 1992, the final year in the VPA. Since then, no adequate data were available to update the
assessment. Therefore, the present report includes the summary table and figures of the 1996 assessment only appended
by long term management considerations and updated survey results and catch information.

51.1 Results of the German groundfish survey

Annual abundance and biomass indices have been derived using stratified random groundfish surveys covering shelf
areas and the continental slope off West and East Greenland. Surveys commenced in 1982 and were primarily designed
for the assessment of cod (Gadus morhua L.). A detailed description of the survey design and determination of these
estimates was given in the report of the 1993 North-Western Working Group (ICES 1993/Assess. 18) and Working Doc.
15. Figure 5.1.1 indicate names of the 14 strata, their geographic boundaries, depth ranges and areas in nautical square
miles (nm?). All strata were limited at the 3 mile line offshore except for some inshore regions in Strata 6.1 and 6.2 off
East Greenland where there is a lack of adequate bathymetric measurements. In 1984, 1992, and 1994 the survey
coverage was incomplete off East Greenland partly due to technical problems.

5111 Stock abundance indices

Table 5.1.1 lists abundance and biomass indices for West and East Greenland, respectively and then combined for the
years 1982-98. Trends of the abundance and biomass estimates for West and East Greenland were shown in Figures
5.1.2 and 5.1.3, respectively. These Figures illustrate the pronounced increase in stock abundance and biomass indices
from 23 million individuals and 45 000 tons in 1984 to 828 million individuals and 690 000 tons in 1987. This trend
was the result of the recruitment of the predominating year classes 1984 and 1985, which were mainly distributed in the
northern and the shallow strata 1.1, 2.1 and 3.1 off West Greenland during 1987-89. Such high indices were never
observed in strata off East Greenland, although their abundance and biomass estimates increased during the period
1989-91 suggesting an eastward migration. During the period 1987-89, which were years with high abundance, the
precision of survey indices was extremely low due to enormous variation in catch per tow data. Since 1988, stock
abundance and biomass indices decreased dramatically by 99 % to only 5 million fish and 6 000 tons in 1993. The 1998
survey results confirmed the severely depleted status of the stock.

5112 Age composition

Age disaggregated abundance indices for West, East Greenland and the total are listed in Tables 5.1.2-4, respectively.
In 1998, the stock structure off West Greenland was found to be composed almost exclusively of the pre-recruiting age
group 1 (95 %). However, the 1997 year class is considered to be very poor as compared with strong 1984 and 1985
year classes. The age composition off East Greenland was found to be more diverse and comprised mainly mature cod
at ages 5-6 years (54 %).

5113 M ean weight at age

Mean weight of the age groups 1-10 years for West, East Greenland and weighted by abundance to the total were listed
in Tables 5.1.5-7, respectively. Weight (g) at age calculations are based on the regression f(x)=0.00895x>%*%, x=|ength
(cm), which has been determined on the basis of 3482 individual measurements. The trends of these values are
illustrated in Figure 5.1.4 for the period 1982-98. They revealed pronounced areal and temperature effects (WP 15).
Age groups 2-10 years off East Greenland were found to be bigger than those off West Greenland. Driven by the high
abundance of cod off West Greenland, weighted mean length and weight for the age groups 1-5 displayed a decrease
during 1986-87 and remained at low levels until 1991. Since then, the weight at age at ages 3 to 8 years increased
significantly and remained at that high level in 1998.
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51.2 Trendsin landings and fisheries

Officialy reported catches are given in Tables 5.1.8 and 5.1.9 for West and East Greenland including inshore catches,
respectively. Landings as used by the working group are listed in Table 5.1.10 by inshore and offshore areas and gear
for both West and East Greenland combined, their trends being illustrated in Fig. 5.1.5. Until 1975, offshore landings
have dominated the total figures by more than 90 %. Thereafter, the proportions taken offshore declined to 40-50 % and
the most recent yields have been dominated by inshore landings since 1993. Otter trawl board catches (OTB) were most
important throughout the time series for offshore fisheries. Miscellaneous gears, mainly long lines and gill nets,
contributed 30-40 % until 1977 but have disappeared since then.

Annual landings taken offshore averaged about 300 000 t during the period 1955-60. Until 1968, figures increased to a
higher level between 330000 t and of 440 000 t in 1962. Landings decreased sharply by 90% to 46 000 t in 1973.
Subsequently, the landings dropped below 40 000 t in 1977 and were very variable. The level of 40 000 t was only
exceeded during the periods 1980-83 and 1988-1990. Since 1970, there have been large changes in effort which
increased during exploitation of the strong year classes born in 1973 and 1984. The offshore fishery was closed in 1986
and for the first 10 months in 1987. During 1990-92, the landings decreased from 100 000 t by 90 % to 11 000 t. Since
then, almost no directed cod fishery has taken place offshore and the reported landings varied from 187 t to 736 t. A
total offshore catch amounting to 278 t was reported for 1998.

It is important to note that catch figures, especially since 1992, are believed to be incomplete due to unreported by-
catches in the shrimp fishery which has recently expanded to all traditional areas of the groundfish fisheries. Discards of
fin-fish by-catches were difficult to record due to the processing of the shrimp catch on board. A first assessment of the
catch taken by the shrimp fishery amounted to 32 t or 110 000 individuals of cod in 1994. This estimate was added to
the catch figures used by the Working Group for the 1992-95 period.

5.1.3 Biological sampling of commer cial catches
No commercial sampling datawere available to assess recent catch in numbers, weight and maturity at age.
514 Results from the 1996 assessment

The historical stock status was assessed based on the terminal Fs derived from an XSA tuning run applying 1992 as the
fina year.

Trends in yield and fishing mortality are shown in Figure 5.1.6. An increasing trend in Fbar from 0.1 to 0.4 was
determined during the period 1955-68. During the same period, the yield increased from a level of 280 000 t to 380 000
t but decreased drastically to 100 000 t in the early 70s. Thereafter, the fishing mortality was highly variable and
seemed to be dependent on the changes in effort directed to the exploitation of individual strong year classes. Periods
when Fbar for ages 5-8 years exceeded 0.5 were 1974-1977, 1980-1984 and 1988-1992.

Trends in spawning stock biomass and recruitment were shown in Figure 5.1.7. During 1955 to 1973, the spawning
biomass decreased almost continuously from 1.8 million t to 110 000 t, a decrease of 94%. Thereafter, the spawning
stock biomass averaged 50 000 t. During the period 1955-73 before the spawning stock decreased below 100 000 t, the
recruitment at age 3 varied enormously between 4 million and 700 million and averaged 220 million. Since 1974, the
spawning stock varied around the mean of 50 000 t and produced an average recruitment of 41 million representing a
mean reduction by 95 % and 80 %, respectively. The long term mean recruitment was not exceeded for 8 of 19 years
from 1955 to 1973, while it has been below that value for 17 of 19 years since then. During the last 29 years, only 2
year classes have reached the long term mean recruitment level at age 3, namely those produced in 1973 and 1984.

515 Estimation of management reference points

Input parameters for the estimation of long term yield and spawning stock biomass per recruit are listed in Table 5.1.11
for age groups 3-12. Maturity and weight at age vectors were calculated as long-term means covering the period 1955-
92. The natural mortality M was increased to 0.3 for age groups 5 and older to account for an emigration to Iceland. The
exploitation pattern was derived as Fbar from the three most recent years from the final VPA. Determined F-factors for
Fo1 and Fax Were scaled according to the mean reference F over the age groups 5-8. The resulting estimates of yield
and spawning stock biomass per recruit are illustrated in Figure 5.1.8. The values of Fy; and Fx are indicated by
arrows and amounted to 0.3 and 0.72, respectively. The lack of a well definite peak in the yield per recruit curve is due
to increased natural mortality.
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Recruitment at age 3 is plotted against the spawning stock biomass in Figure 5.1.9. K., amounted to 0.09. The
corresponding spawning stock biomass per recruit was as high as 4.5 kg. Fig, amounted to 0.59 with the accompanied
spawning stock biomass per recruit of 1.0 kg.

However, neither the determined Beverton & Holt nor the Ricker model fitted the observed recruitment-spawning stock
biomass points well. The Beverton & Holt curve quickly reached the long term mean recruitment level affected by the
strong 1973 and 1984 year classes related to low biomass values and extremely poor year classes 1969-72 produced by
spawning stock sizes exceeding 250 000 t. The Ricker curve did not reach a maximum over the available range of
observed spawning stock sizes. This suggested that, during the period of investigation, the recruitment appeared at al
times to be adversely affected by reductions in spawning stock biomass.

Given suitable environmental conditions, cod in the offshore areas of Greenland are considered to be self-sustaining. An
example of restricted recruitment was identified for the period 1969-72 when a continued cold event off West
Greenland and an almost complete recruitment failure was observed. Figure 5.1.9 indicates that the reduced recruitment
was observed at a SSB of less than 1 000 000 t. Following the instructions given by the SGPAFM this value could be
taken as the limit reference point By, Given the depleted stock status, no limit and precautionary reference points for
fishing mortality and biomass were proposed.

5.1.6 By-catch and discard of cod in the shrimp fishery

No information about the amount of by-catch and discard of cod in the shrimp fishery off East and West Greenland was
available. Long term simulations based on a recruitment model €Ratz 1999) were carried out last year (ICES
1998/ACFM:19) and indicated a significant adverse effect of even low fishing mortality of pre-recruits on the potential
stock recovery.

51.7 M anagement consider ations

The assessment of the offshore component of the cod stocks off Greenland revealed that over-fishing was a major cause
for the collapse of this unit in the beginning of the 70s. Since that time, the spawning stock has remained below 100 000

t and has not been able to produce adequate recruitment. Only two strong year classes have been observed in 1976 an
1987 as 3 year olds. An increase in effort directed towards the 1973 and 1984 year classes resulted in high fishing
mortality. Both year classes contributed only negligible amounts to the severely declined spawning stock. The most
recent trend in the fishery and German survey data which were not included in this assessment, are consistent with this
picture. Further, no indication of stock recovery was derivable based on the lack of strong pre-recruiting year classes. In
the present situation, catches of young cod in the shrimp fishery should be kept to a minimum in order to increase the
probability of stock recovery. No fishing should take place until a substantial increase in recruitment and biomass is
evident.

518 Comments on the assessment

The present assessment is based on survey indices only due to the termination of the cod directed offshore fishery in
1992.

The VPA assessment conducted in 1996 was affected by several uncertainties in data as well as ecological factors. The
effect of emigration was only directly covered for the 1973 and 1984 year classes and had been taken into account by an
increase of the natural mortality to 0.3 for age groups 5 and older. The sampling of commercial catches was historically

rather inconsistent and did not cover the 30 % taken by miscellaneous gears, mainly longlines and gill nets up to 1977.

Since 1991, catch at age and weight at age data had to be calculated using survey data. Maturity data were poorly
reported implying uncertainties in spawning stock estimates.

No XSA tuning could be applied for the most recent period 1993-97 when low levels in landings, effort and stock
abundance were observed. The age disaggregated survey indices had to be adjusted to account for incomplete coverage
of the survey area in 1992 and 1994.
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Table 5.1.1 Cod off Greenland (offshore component). Abundance (1000) and biomass indices (t) for West, East
Greenland and total by stratum, 1982-98. Confidence intervals (Cl) are given in per cent of the stratified mean at 95%
level of significance. () incorrect due to incomplete sampling.

Abundance Biomass
YEAR WEST EAST TOTAL Cl Spawn. St. WEST EAST TOTAL Cl Spawn. St.
1982 92276 8090 100366 28 33592 128491 23617 152107 25 78466
1983 50204 7991 58195 25 23889 82374 34157 116531 25 57223
1984 16684  (6603) (23286) 32 17531 25566  (19744)  (45309) 34 36246
1985 59343 12404 71747 33 16472 35672 33565 69236 39 44297
1986 145682 15234 160915 32 14244 86719 41185 127902 26 46864
1987 786392 41635 828026 59 25376 638588 51592 690181 63 66144
1988 626493 23588 650080 48 128208 607988 52946 660935 46 153387
1989 358725 91732 450459 59 311086 333850 239546 573395 46 438599
1990 34525 25254 59777 43 46705 34431 65964 100395 34 79021
1991 4805 10407 15213 29 6565 5150 32751 37901 36 18518
1992 2043 (658) (2700) 50 574 607 (1216) (1823) 69 1127
1993 1437 3301 4738 36 2321 359 5600 5959 41 4014
1994 574 (801) (2375) 36 457 140 (2792) (2930) 68 1744
1995 278 7187 7463 93 2215 57 15525 15581 155 9720
1996 811 1447 2257 38 592 373 3599 3973 56 2025
1997 315 4153 4469 75 3394 284 13722 14007 90 10385
1998 1723 1671 3394 54 1133 130 4348 4479 91 3820

Table 5.1.2 Cod off West Greenland (offshore component). Age disaggregate abundance indices (1000), 1982-1998. *)
calculated proportionally using age compositions reported by the ICES Working Group on Cod Stocks off East
Greenland (ICES 1984/Assess.5).

YEAR 0 1 2 3 4 5 6 7 8 9 10 11+ TOTAL
1982 0 176 884 33472 11368 32504 9525 2610 574 928 91 124 92256
*1983 0 0 1469 2815 26619 4960 10969 1882 992 317 168 13 50204
1984 186 5 38 2094 1541 9648 850 1983 90 201 29 0 16665
1985 890 39277 1531 898 5958 2616 7184 375 600 18 19 0 59366
1986 0 10575 114823 4374 1033 7837 2250 4167 107 449 23 35 145673
1987 0 317 45474 692566 24230 5929 11813 1637 4006 0 366 30 786368
1988 434 254 3200 101820 511473 5435 616 1134 662 1310 34 39 626501
1989 12 204 2583 7618 170469 174532 2868 0 259 40 141 5 358731
1990 158 47 1014 2900 1272 22120 6964 47 0 0 0 5 34527
1991 0 245 208 435 1260 160 2102 356 6 0 0 0 4772
1992 0 189 1473 227 48 89 0 28 0 0 0 0 2054
1993 0 10 832 546 20 28 6 0 0 0 0 0 1442
1994 0 286 45 199 38 5 0 5 0 0 0 0 578
1995 0 0 241 16 22 0 0 0 0 0 0 0 279
1996 0 147 11 638 10 0 10 0 0 0 0 0 816
1997 0 12 27 15 263 0 0 0 0 0 0 0 317
1998 48 1642 0 0 5 25 0 0 0 0 0 0 1720
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Table 5.1.3 Cod off East Greenland (offshore component). Age disaggregate abundance indices (1000), 1982-1998. *)
calculated proportionally using age compositions reported by the ICES Working Group on Cod Stocks off East
Greenland (ICES 1984/Assess:5). () incomplete sampling.

YEAR 0 1 2 3 4 5 6 7 8 9 10 11+ TOTAL
1982 0 0 236 837 1758 1993 1222 377 130 1370 73 87 8083
*1983 0 0 411 605 1008 1187 2125 1287 302 265 703 101 7994
(1984) 0 18 73 1339 659 1403 853 1619 408 102 36 95 6605
1985 232 1932 559 117 2496 2035 1853 779 1989 284 53 79 12408
1986 0 1398 3346 1693 550 2419 1121 2187 566 1594 116 201 15191
1987 0 13 13785 17789 3890 1027 1767 452 1562 180 1023 131 41619
1988 12 25 160 6975 11092 2011 478 1410 150 653 94 501 23561
1989 0 8 177 494 17396 63169 2990 294 4746 396 1560 498 91728
1990 0 37 79 552 463 5132 17998 265 71 238 0 41 25246
1991 0 101 374 388 697 148 3524 5046 82 37 12 20 10429
(1992) 29 29 73 69 59 54 47 143 52 0 0 25 580
1993 0 17 45 1860 370 279 278 88 263 95 0 9 3304
(1994) 0 87 0 29 261 143 87 145 0 29 0 0 781
1995 0 7 2523 1125 370 1730 450 141 460 36 217 125 7184
1996 0 0 0 502 258 295 255 60 77 0 0 0 1447
1997 0 0 37 28 1508 1611 566 236 140 0 0 19 4145
1998 63 240 192 21 45 462 435 156 43 0 0 0 1657

Table 5.1.4 Cod off Greenland (offshore component). Age disaggregate abundance indices (1000), 1982-1998. *)
calculated proportionally using age compositions reported by the ICES Working Group on Cod Stocks off East
Greenland (ICES 1984/Assess:5). () incomplete sampling.

YEAR 0 1 2 3 4 5 6 7 8 9 10 11+ TOTAL
1982 0 176 1120 34309 13126 34497 10747 2987 704 2298 164 211 100339
*1983 0 0 1880 3420 27627 6147 13094 3169 1294 582 871 1140 58198
(1984) 186 23 111 3433 2200 11051 1703 3602 498 303 65 95 23270
1985 1122 41209 2090 1015 8454 4651 9037 1154 2589 302 72 79 71774
1986 0 11973 118169 6067 1583 10256 3371 6354 673 2043 139 236 160864
1987 0 330 59259 710355 28120 6956 13580 2089 5568 180 1389 161 827987

1988 446 279 3450 108795 522565 7446 1094 2544 812 1963 128 540 650062
1989 12 212 2760 8112 187865 237701 5858 294 5005 436 1701 503 450459

1990 158 84 1093 3452 1735 27252 24962 312 71 238 0 416 59773
1991 0 346 582 823 1957 308 5626 5402 88 37 12 20 15201
(1992) 29 218 1546 296 107 143 47 171 52 0 0 25 2634
1993 0 27 877 2406 390 307 284 88 263 95 0 9 4746
(1994) 0 373 45 228 299 148 87 150 0 29 0 0 1359
1995 0 7 2764 1141 392 1730 450 141 460 36 217 125 7463
1996 0 147 11 1140 268 295 265 60 7 0 0 0 2263
1997 0 12 64 43 1771 1611 566 236 140 0 0 19 4462
1998 111 1882 192 21 50 487 435 156 43 0 0 0 3377
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Table 5.1.5 Cod off West Greenland (offshore component). Weighted mean weight (g., by stratum abundance) at age 1-

10 years, 1982, 1984-1998.

YEAR 1 2 3 4 5 6 7 8 9 10
1982 45 191 570 921 1770 2163 2962 4080 5083 7008
1983
1984 68 137 384 799 1359 2010 2922 3611 4498 6208
1985 97 168 571 987 1481 2023 2941 3315 4531 3909
1986 74 332 504 1130 1669 2182 2696 3713 3880 4147
1987 36 223 699 925 1195 2163 2250 3035 3563
1988 38 218 457 1021 1148 1948 2986 2779 3711 4122
1989 36 170 454 699 1248 1192 2947 3292 5346
1990 40 115 340 598 906 1373 1111
1991 52 142 354 659 954 1379 1768 920
1992 80 235 371 632 935 2057
1993 41 133 406 501 921 921
1994 45 129 459 609 1111 2461
1995 186 329 482
1996 42 104 512 753 3645
1997 68 334 375 994
1998 50 1567 1516

Table 5.1.6 Cod off East Greenland (offshore component). Weighted mean weight (g., by stratum abundance) at age 1-
10 years, 1982, 1984-1998. () Incomplete sampling.

YEAR 1 2 3 4 5 6 7 8 9 10
1982 424 770 1422 2333 3507 4607 5521 6584 6504
1983

(1984) 104 351 801 1799 2216 3050 3892 4969 4639 5456
1985 112 438 1045 1772 3163 3374 4471 4745 5662 7851
1986 89 375 916 1717 2677 4229 4147 4960 5969 6731
1987 34 283 652 916 1747 3605 4519 5107 5988 7556
1988 921 278 741 1797 3089 4305 4720 6522 6908 7441
1989 68 255 530 1124 2558 3715 3958 4985 5652 6203
1990 53 424 517 1150 1636 2637 3899 5707 6735
1991 87 195 411 1203 1896 2330 3382 4359 5186 10198

(1992) 22 416 683 1706 3175 3028 3271 3469
1993 82 353 732 1363 2363 2860 3609 4739 6159

(1994) 41 1111 2271 3054 4791 4827 5743
1995 68 250 445 1521 2949 4179 5248 5923 9646 7442
1996 744 1944 2462 3592 5148 5847
1997 104 1525 1931 3454 4062 4562 4685
1998 101 155 1045 1779 3028 3541 3858 6745

235



Table 5.1.7 Cod off Greenland (offshore component). Weighted mean weight (g., by stratum abundance) at age 1-10
years, 1982, 1984-1998. () Incomplete sampling.

YEAR 1 2 3 4 5 6 7 8 9 10
1982 45 240 574 988 1803 2316 3169 4346 5978 6784
1983

1984 96 277 547 1098 1468 2531 3358 4724 4545 5791
1985 97 240 626 1219 2217 2300 3974 4413 5594 6811
1986 75 333 619 1334 1907 2863 3195 4762 5510 6304
1987 36 237 698 923 1276 2351 2741 3616 5988 6504
1988 118 221 475 1037 1672 2978 3947 3470 4774 6560
1989 37 176 459 738 1596 2480 3958 4880 5436 6132
1990 46 138 369 746 1043 2284 3479 5707 6735

1991 62 176 381 853 1407 1975 3276 4124 5186 10198
1992 72 244 443 1224 1781 3028 3072 3469

1993 67 144 658 1319 2232 2819 3609 4739 6159

1994 44 129 542 2060 2988 4791 4748 5743

1995 68 244 443 1463 2949 4179 5248 5923 9646 7442
1996 42 104 615 1899 2462 3594 5148 5847

1997 68 180 1000 1761 3454 4062 4562 4685

1998 56 155 1045 1761 2923 3541 3858 6745

Table 5.1.8 Nominal catch (tonnes) of Cod in NAFO Sub-area 1, 1985-1998 as officially reported to NAFO.

Country 1985 1986 1987 1988 1989 1990 1991
Faroe Islands - - - - - 51 1
Germany 2.170 41 55 6.574 12.892 7.515 96
Greenland 12.651 6.549 12.284 52.135 92.152 58.816 20.238
Japan 54 11 33 10 - - -
Norway 1 2 1 7 2 948 -
UK - - - 927 3780 1.631 -
Total 14.876 6.603 12.373 59.653 108.826 68.961 20.335
WG estimate - - - 62.653 2 111.567 ° 98.474* -
Country 1992 1993 1994 1995 1996 1997 19981
Faroe Islands - - - - - -
Germany - - - - - -
Greenland 5.723 1.924 2.115 1.710 948 904 319
Norway - - - - - -
UK - - - - - -
Total 5.723 1.924 2.115 1.710 948 904 319
WG estimate - - - - - - -

1) Provisional data reported by Greenland authorities

%) Includes 3,000 t reported to be caught in |CES Sub-area X1V
%) Includes 2,741 t reported to be caught in |CES Sub-area X1V
) Includes 29,513 t caught inshore

236



Table 5.1.9 Nominal catch (tonnes) of cod in ICES Sub-area X1V, 1985-1998 as officially reported to ICES.

Country 1985 1986 1987 1988 1989 1990 1991
Faroe Islands - 86 - 12 40 - -
Germany 2.006 4.063 5.358 12.049 10.613 26.419 8.434
Greenland 106 606 1.550 345 3.715 4.442 6.677
Iceland - - 1 9 - - -
Norway - 17 828
Russia - - -
UK (Engl. and - - 1.158 2.365 5.333
Wales)
UK (Scotland) - - 135 93 528
United Kingdom - - - - - - -
Total 2112 4,755 6.909 12.415 15.661 33.336 21.800
WG estimate - - - 9.4572 14.669 * 33.5134 21.818°
Country 1992 1993 1994 1995 1996 1997 1998°
Faroe Islands - - 1 - - -
Germany 5.893 164 24 22 5 39 128
Greenland 1.283 241 73 29 5 32 14
Iceland 22 - - 1 - -
Norway 1.032 122 14 + 18 15° 1
Russia 126 - - - -
UK (Engl. and 2.532 163 - - -
Wales)
UK (Scotland) 463 46 - - - -
United Kingdom - - 296 232 181 284 149
Total 11.351 736 408 284 192 370 292
WG estimate = = - - - = =

1) Includes estimates of discards and catches reported in Sub-area X||

%) Excluding 3,000 t assumed to be from NAFO Division 1F and including 42 t taken by Japan

%) Excluding 2,741 t assumed to be from NAFO Division 1F and including 1,500 t reported from other areas assumed to

be from Sub-area X1V and including 94 t by Japan and 155 t by Greenland (Horsted, 1994)
* Includes 129 t by Japan and 48 t additional catches by Greenland (Horsted, 1994)
®) Includes 18 t by Japan
®) Provisiona data
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Table 5.1.10 Cod off Greenland (offshore component). Catches (t) as used by the Working Group, inshore and offshore
by gear based on Horsted (1994).

Year inshore Offshore  offshore  offshore total
Miscellaneous OBT total
1955 19787 117238 136028 253266 273053
1956 21063 121876 193593 315469 336532
1957 24790 104632 151666 256298 281088
1958 26684 121636 182516 304152 330836
1959 28184 97457 128777 226234 254418
1960 28708 115273 122859 238132 266840
1961 35164 140110 192007 332117 367281
1962 36283 168092 273598 441690 477973
1963 24173 138451 289143 427594 451767
1964 23106 118495 243714 362209 385315
1965 25209 133855 225150 359005 384214
1966 29956 149234 200086 349320 379276
1967 28277 132415 293519 425034 454211
1968 21215 64286 323800 388086 409301
1969 22119 36276 174031 210307 232426
1970 16114 16101 102196 118297 134411
1971 14039 25450 113207 138657 152696
1972 14753 29765 94730 124495 139248
1973 9813 16740 46141 62881 72694
1974 8706 18086 27695 45781 54487
1975 6779 13363 33692 47055 53834
1976 5446 8710 32157 40867 46313
1977 14964 10081 21726 31807 46771
1978 20295 4 26059 26063 46358
1979 36785 36 20056 20092 56877
1980 40122 0 57584 57584 97706
1981 40021 0 40266 40266 80287
1982 26934 2020 49827 51847 78781
1983 26689 3339 40991 44330 71019
1984 19967 5 22358 22363 42330
1985 8488 1 8499 8500 16988
1986 5320 2 6036 6038 11358
1987 8445 1 10836 10837 19282
1988 22814 7 49089 49096 71910
1989 38788 2 85946 85948 124736
1990 29513 948 99535 100483 129996
1991 18950 0 22966 22966 41916
1992 5723 0 11351 11351 17074
1993 1924 0 736 736 2660
1994 2115 0 408 408 2523
1995 1739 0 254 254 1993
1996 953 0 187 187 1140
1997 936 0 338 338 1242
1998 333 0 278 278 611

Table 5.1.11 Cod off Greenland (offshore component). Input parametersin for calculations of yield and spawning stock
biomass per recruit.

Age WEIGHT (kg) MATURITY  Exploit. pattern = M

3 0.815 0.001 0.154 0.2
4 1.255 0.004 0.425 0.2
5 1863 0.15 0.643 0.3
6 2549 0.449 0.931 03
7 3.295 0.795 1.07 0.3
8 4.157 0.946 1.145 0.3
9 4967 0.99 1.267 0.3
10 5836 1 1.027 0.3
11 6.447 1 1.027 0.3
12 709 1 1.027 0.3
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Figure 5.1.1 Cod off Greenland (offshore component). Survey area, stratification and position of hauls carried out in
1998.
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Figure 5.1.2 Cod off Greenland (offshore component). Aggregated survey abundance indices for West and East
Greenland and spawning stock size, 1982-98. *) incomplete survey coverage.
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Figure 5.1.3 Cod off Greenland (offshore component). Aggregated survey biomass indices for West and East
Greenland and spawning stock biomass, 1982-98. *) incompl ete survey coverage.
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Figure 5.1.5 Cod off Greenland. Catches 1955-98 as used by the Working Group, inshore and offshore by gear
(Horsted,1994).
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Figure 5.1.6 Greenland cod (offshore component). Trendsin yield and fishing mortality.
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Figure 5.1.9 Greenland cod (offshore component). Spawning stock-recruitment plot for year classes 1955-89 and fitted
recruitment curves. Frne=0.09 corresponding to a SSB/R=4.44 kg; Fy,ig:=0.59 corresponding to a SSB/R=0.98 kg.
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5.2 Inshore cod stock off Greenland

In the last decade, the inshore cod fishery at West Greenland has contained cod from two different spawning areas.
Icelandic cods spawned off South-western Iceland which in some years are carried by the Irminger current to settle off
South Greenland, and local, possibly self-sustained, fjord populations. Spawning cod are found in severa fjords of the
West Greenland, especially in NAFO Division 1B, 1C and 1D.

521 Trendsin Landings and Effort

Historically, the inshore landings have been of limited importance as the inshore fisheries have accounted for only 5-
10% of the total international catch. Annual landings of 15,000-20,000 t have been taken inshore during the period
1955-1973. Since then the landings have been varying consistently with the recruitment of strong year classes to the
offshore fishery. High landings of about 50,000 t in 1980 and 1989 have been followed by periods of very low landings.
In recent years the landings has decreased dramatically from about 2000 tons yearly in 1993-1995 to only 319 tonsin
1998 (Table 5.1.1.2).

The inshore fishery takes place from small vessels (<40 GRT). Pound nets, gillnets and handlines are used to take about
95% of the inshore catch.

A commercial pound net CPUE series is available since 1992 (Table 5.2.1). The mean catch pr pound net setting has
decreased from 804 t in 1992 to 248 t in 1998.

522 West Greenland young cod survey

A survey using gangs of gill nets with different mesh-sizes (16.5, 18, 24, 28, and 33mm) has been conducted since
1985. The objective of the program is to assess the abundance and distribution of pre recruit cod in inshore areas of
Greenland. The survey has usually been carried out in three inshore areas off West Greenland: Qagortog (NAFO Div.
1F), Nuuk (Div. 1D) and Sisimiut (Div. 1B). The Greenland inshore cod stock is not distributed in the Qagortoq area,
but occasional inflow of pre recruited cod from East to West Greenland shows up here.

Analysis of the selectivity of the fleet of gill-nets have shown, that selection is best towards age 2 cod, whereas only the
larger individuals of the age 1 cod are adequately selected. In the 1998-survey a total of 174 net settings were made.
Nets were sat at bottom and it was attempted to set the fleets at constant depths and to divide the survey effort evenly on
the depth zones of 0-5m, 5-10m, 10-15m, and 15-20m.

An index of recruitment is calculated as the mean catch of 2-year old cod per 100 hours net setting taken by all five-
mesh sizes. The recruitment index is shown in Figure 5.2.1 and reveals a strong 1985 and 1987 year-class, a moderate
1990- and 1993 year class and three successive weak year-classesin recent years.

523 Assessment

The available data for the Greenland inshore cod is not adequate to alow for a detailed analytical assessment of the
stock, but the results of a general production model are presented. A Schaefer general production model was fitted to
the Greenland inshore cod landing data using the commercial pound net CPUE results for 1993 to 1997 as an index of
stock biomass. The model was fitted using Excel Solver to minimise the sum of squared residual s between the observed
CPUE and the predicted CPUE where the predicted CPUE is given by:

CPUEpred: =Bt * g

And the biomassiis:

Bw1 = Bt + (r*Bi* (1-Bv/k))-Ci
Where C isthe catch

Parameter values obtained last year were used as starting values. Parameter values achieved from the general production
model are shown in Table 5.2.2. Observed and predicted CPUE-values are shown in figure 5.2.2.

The model parameters are not very stable and needs to be constrained. The initial biomass B: was constrained to be
lower than the virgin biomass (k), r was constrained to be between zero and one, while q was constrained to be higher
than 0,001.The model implies an FMSY of about 0.15, but the results should be used with caution as they are based on
very limited data. In addition the model does not account for the present recruitment failure of the stock

246



524 Biological reference points
No specific values can be put forward as reference points
525 M anagement consider ations

The inshore fishery exploiting possible self-sustained local fjord populations off West Greenland has historically been
small. The data presented indicate that the stock is continuously declining. The stock has undergone a series of
recruitment failures in recent years. The three latest year classes are all estimated very poor in the juvenile survey. No
fishing should take place until a substantial increase in recruitment and biomassis evident.
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Table 5.2.1 Greenland cod (inshore component) Landings, observe and predicted CPUE based on data from inshore
pound net fishery.

Y ear Predicted Predicted Observed Ln (CPUE/B) | Observed
Biomass CPUE CPUE Catch
1993 6120 936 730 -2.13 1924
1994 5038 771 768 -1.88 2215
1995 3661 560 600 -1.81 1710
1996 2694 412 536 -1.61 948
1997 2363 362 423 -1.72 904
1998 2021 309 248 -2.10 326
1999 2195*
*predicted

Table5.2.2 Input values and parameter values obtained form general production model.

Y ear of assess. Virgin biomass Rate of increase q Init. biomass
1998 12001 0,303 0,11 7428
1999 11268 0,300 0,15 6120
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6 GREENLAND HALIBUT IN SUB-AREASYV AND X1V
6.1 Landings, Fisheriesand Fleet
6.1.1 Landings

Total annual landings in Divisions Va, Vb and Sub-area XIV are presented for the years 1981-1998 in Tables 6.1.1—
6.1.5. During the period 1982-1986, landings were stable at about 31 000-34 000 t. In the years 1987-1989 landings
increased to about 62 000 t, followed by a decrease to about 35000t in 1992. The landings increased to 41 000t in
1993, but have thereafter decreased to 20 000 t in 1998. Catches not officially reported to ICES have been included in
the assessment. Landings within Icelandic EEZ have traditionally been reported as caught in Division Va. Therefore,
when referring to Division Va (or Icelandic waters) the area covers both Va and the Icelandic EEZ part of XIVb.
Landings and fishery relates to the Greenland EEZ part of XIVb as well as international waters on the Reykjanes Ridge.

Catches in Icelandic waters have, due to quota regulations, decreased from 37 000 t in 1990 to 10 700 t in 1998. Faroese
catches in Vb increased from a level of about 1 000 t in 1981-1991 to 6 500 t in 1996, whereafter it decreased to about
3800 tin 1998. Catches in division XIVb have increased from below 1 000 t in 1987-1991 to 8 500 t in 1997, but have
decreased again to 5 900 t in 1998.

6.1.2 Fisheriesand fleet

Most of the fishery for Greenland halibut in Divisions Va, Vb and XIVb is a directed fishery, only minor catches in Va
by Iceland, and in XIVb by Germany and the UK comes partly from a redfish fishery. A detailed description of the
fishery performance and areas is given in ICES CM 1998/ACFM 19. No changes occur for 1998 except that no catches
are reported on the Reykjanes Ridge.

6.2 Trendsin Effort and CPUE

Catch rates of Icelandic bottom trawlers decreased for all fishing grounds during 1990-1995, but stabilised in 1995
1997. In 1998 an increase of 50% in CPUE was observed for all fishing grounds, partly due to a drastic reduction of
effort. For the years 1990-1998 CPUE on the western fishing grounds have been about two to three times higher than
for the other fishing grounds.

Indices of CPUE for the Icelandic trawl fleet for the period 1985-1998 (Table 6.2.1) are estimated from a GLIM
multiplicative model, taking into account changes in the Icelandic trawl catch due to vessel, statistical square, month
and year effects. All hauls with Greenland halibut exceeding 50% of the total catch were included in the CPUE
estimation. The CPUE indices from the Icelandic trawling fleet in Division Va were used to estimate the total effort for
each year (y) for all the fleets operating on Greenland halibut in area V and XIV according to:

Eyvexiv = Yyve xiv /CPUEy,VaUaW,

where E is total effort, Y are the total reported landings in region V and XIV.

The total effort increased up to 1989, decreased somewhat in the next two years, but increased steeply since 1991 to a
maximum in 1997. In 1998 the effort was at the level of 1991. The CPUE was relatively stable in 1985-1989, but has
declined sharply since then to a historic low in the last two years. The CPUE declined by 70% from 1989 to 1997 but in
1998 it was around 60% of the maximum value.

For division XIVb, CPUE from logbooks in the years 1991-1998 were standardised using a multiplicative model taking
into account locality, fleet, season and year. CPUE increased from 1991 to 1993 thereafter it remains relatively stable.
In the same period the calculated effort has increased continuously until 1996 but has declined by 20% since then.
However, the fishery in XIVb is new and catches have increased from a level of less than 500 tons annually before 1991
to 5000 to 8000 tonnes in the last four years. The fishery was therefore assumed to be in the process of learning in the
beginning of the CPUE Series. However, the stability in CPUE in recent years is in accordance with observations from
the Icelandic fleet.
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6.3 Catch at Ageand Sampling level

The data set comprising the age-length key for 1998 were from 2 different sources. One consisted of 120 samples

(1346 otaliths) from the Icelandic trawl fleet and long line fleet operating in Icelandic water (Va-key). This key isfrom

samples taken in 1997 since the WG determined that the age-length key from 1998 samples from Icelandic waters was

unreliable due to: 1) limited number of otoliths analysed and, 2) discrepancy in the length at age between ages 5-10 and

ages above 11 years old, resulting in no growth between year 1997 and 1998 for year classes 1987 and older. Using the
97 key to the 98 data was considered to be acceptable as low variation in length at age has been observed during 1995-
1997. The other age-length key (758 otoliths) was from the East Greenland 1998 fall survey. These keys were used to
obtain catch in number for the length samples for each of the following commercial fleets and areas:

Gear Area Landings No. samples No. fish Key
Long line Iceland 590 20 356 Va
Bottom trawl Iceland-west 8088 242 8088 Va
Bottom trawl Iceland-north & east 1195 14 1195 Va
Bottom trawl Iceland-southeast 855 36 855 Va
Gill Net (&line)  Faroe Islands 2867 3 548 Va
Bottom trawl Faroe Islands 917 1 196 Va
Long line East Greenland 609 0 0 XIV
Bottom trawl East Greenland 4955 32 6167 XV
Total 20076 348 17405
EMBED

Length measurements from the Icelandic long line fleet were applied to the long line catch in East Greenland waters.
The length-weight relationship used was W = 0.01758%%’ for all fleets except the bottom trawl fleet in East
Greenland water, where W = 2.433*#0.*33 was used. The total catch in numbers (Table 6.3.1) were obtained from

the sum of the above weighted with the catch within each group.

6.4 Weight at Age

The mean weight at age in 1998 (Table 6.4.1) was derived from the weighted average of the above groups. Apart from
1994 and 1996 to 1998 only Icelandic data has been available. Weights at age in the catch are also used as weights at
age in the stock.

6.5 Maturity at Age

Data on maturity at age were available for the years 1982-1984 and 1991-1995, based on samples from the Icelandic
trawl fishery. Data on maturity at age for the years 1985-1990 were not available. The maturity at age for these years
was therefore estimated by averaging the data from the years 1982-1984 and 1991 (Table 6.5.1). Due to unreliable data
for 1994, 1993 data were applied to 1994. The data on maturity for 1996 and 1997 were based on information from the
Icelandic October groundfish survey and the data for 1998 from the Icelandic October groundfish survey and the East
Greenland June/July groundfish survey.

6.6 Stock Assessment
6.6.1 Tuning and estimates of fishing mortalities

Age-disaggregated CPUE values for age groups 7—12 over the period 1985-1998, obtained from the Icelandic trawling
fleet operating in Division Va, were used in the XSA tuning process with the same settings as in last year stock
assessment. The diagnostics are presented in Table 6.6.1.1.

The terminal fishing mortalities from the accepted XSA run were used to run a traditional VPA. Natural mortality was
assumed to be 0.15 and the proportions of F and M before spawning were set to 0. The results of this run are given in
Tables 6.6.1.2.-4. and Figures 6.6.1.1 C and D.
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6.6.2 Spawning stock and recruitment

Spawning stock biomass is shown in Table 6.6.1.4 and Figure 6.6.1.1.D. The spawning stock was between 70 and
80 000 t between 1978-1983, and increased to a maximum of 122 000 t in 1988. Since then it has declined to a low of
56 000 tin 1998.

Estimates of recruitment at age 5 are shown in Table 6.6.1.4 and Figure 6.6.1.1.D. The long term average for the period
1975-1998 is 31 million fish. The 1980 and 1981 year classes are the highest on record at about 46 million. Since then
there has been a decline in recruitment with the size of the 1986 year class and onwards being below average. Estimates
of the more recent year classes of 1992 and 1993 are thought to be unreliable, since they are just entering the fisheries
and calculated VPA stock numbers thus based on few numbers.

6.7 Prediction of Catch and Biomass
6.7.1 Input data

The input data for the short term prediction are given in Table 6.7.1.1. Mean weight at age is average from 1996-98 and
the exploitation pattern is average fishing mortalities from 1996-1998 rescaled to the level of 1998. Maturity at age is
the average of 1996-1998. Natural mortality was set to 0.15 and the proportions of F and M before spawning were set to
0. Year classes 1994-96 were set to the lower quartile value of the recruitment of the 1970-1991 year classes. This is a
reflection of the recruitment being below average since 1986 year-class.

Since TAC for the Greenland EEZ was not reached in 1998 and since in the Icelandic area the fishing is regulated not to
exceed 10 000 t for the current fishing year, a catch constraint of 20 000 t was applied to 1999. This is based on the
expectancy that the TAC constraint in Iceland will hold and on the assumption that the catch in other areas remains the
same as in 1998.

The Y/R calculation uses the mean weight and maturity at age averaged for the period 1975-1998. The exploitation
pattern is based on an average exploitation pattern over the period 1975-1998 rescaled to the level of 1998 (Table
6.7.1.2).

6.7.2 Biological reference points

ACFM proposed a B, as Bess = 50,000 t. This is the estimated SSB in the beginning of the 1975-1997 data geries B
of 80 000 t was derived by using.B: By, €-***°, whereo = 0.3. F, was defined as,& = 0.36.

6.7.3 Proj ections of catch and biomass

At the beginning of 1999, the total stock is estimated to be 133 000 t, and the spawning stock 59 000t (Table 6.7.3.1).
The catch prediction of 20 000 tonnes in 1999 will result in an estimated fishing mortality of 0.32 and a stock biomass
and spawning stock biomass of 137 000 and 61 000, respectively in the beginning of 2000. Assuming an F in 2000 to be
the same as in 1999, results in the stock remaining in a stable, although low, state in the beginning of 2001. A linear
reduction in F from the proposed,fn accordance with the estimate of biomass in 2000 in relation.tari8l B,

results in F = 0.14 and catch of no more than 10 000 t in 2000.

6.8 Management Considerations

The Greenland halibut stock biomass has been falling rapidly from a peak in 1987. The fishing mortality has been
substantially abovegk since 1986 and is currently at the level gf fFhe SSB in 1998 and 1999 is also below the B

The stock recruitment relationship is highly negative (Figure 6.8.1), indicating that the highest recruitment is to be
expected at low SSB. With respect to time, however, the recruitment in the beginning of the period (year classes 1975—
1985) was above average but recruitment in the latter part of the period (year classes 1986-1990) have been below
average, i.e., 38 and 23 million, respectively. The yield-per-recruit computations indicate that the obtainableyyield at F

is 1.06 kg per recruit. The average yield from the year classes 1975-85 and 1986—95 were or are thus not expected to
exceed 40 000 t and 24 000 t, respectively.

Considerable reduction in catch is needed to rebuild the stock, necessitating strict management regulations.
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No formal agreement on the management of the Greenland halibut exists among the three coastal states, Greenland,
Iceland and the Faeroe I slands. The regulation schemes of those states have previously resulted in catches well in excess
of advised TAC’s by ICES.

6.9 Comments on the Assessment

Improved sampling of catch data is needed. At present information on age composition and maturation for all areas is
insufficient. Improved precision and standardisation in methods of determination of maturity are badly needed. Short
term predictions are based on assumed recruitment values. Indices of recruitment of Greenland halibut are an obvious
prerequisite for sound management advice.

The use of only one commercial fleet for tuning is a cause of concern since the fleet covers only a part of the total
fishing area. Fleet data from Division XIVb may hopefully be included in future assessments. Although Iceland and

Greenland, respectively, have initiated, annual surveys, on the Greenland halibut grounds within Division Va and XIVb,
they will not become of use in stock assessment until 2001.

Although some tagging experiments and stock discrimination analysis (DNA, electrophoresis, parasite burden, meristic
studies) have been carried out in recent years, further understanding on the basic biology of the Greenland halibut
components in the area is needed.
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Table6.1.1. GREENLAND HALIBUT. Nominal catches (tonnes) by countries,
in Sub-areas V, Xl and X1V 1981-1998, as officially reported to | CES.

Country 1981 1982 1983 1984 1985 1986 1987 1988 1989
Denmark - - - - - - 6 + -
Faroe Idands 767 1532 1146 2502 1052 853 1096 1378 2319
France 8 27 236 489 845 52 19 25 -
Germany 3007 2581 1142 936 863 858 565 637 493
Greenland + 1 5 15 81 177 154 37 11
lceland 15457 28300 28360 30080 29231 31044 44780 49 040 58 330
Norway - - 2 2 3 + 2 1 3
Russia - - - - - - - - -
UK (Engl. and Wales) - - - - - - - - -
UK (Scotland) - - - - - - - - -
United Kingdom - - - - - - - - -
Totd 19239 32441 30891 34024 32075 32984 46 622 51118 61 156
Working Group estimate - - - - - - - - 61 396
Country 1990 1991 1992 1993 1994 1995 1996 1997 1998
Denmark - - - - - - 1 -

Faroe Idlands 1803 1566 2128 4405 6241 3763 6148 4971 -
France - - 3 2 - - 29 11 8
Germany 336 303 382 415 648 811 3368 3342 3404
Greenland 40 66 437 288 867 533 1162 1129 -
Iceland 36557 34883 31955 33987 27778 27 383 22 055 18 569 10 709
Norway 50 34 221 846 1173 1810 2157 1939 1246
Russia - - 5 - - 10 424 37

UK (Engl. and Wales) 27 38 109 811 513 1436 386 -

UK (Scotland) - - 19 26 84 232 25 -

United Kingdom

Totd 38813 36890 35259 40780 37305 35978 35755 29998 15 367
Working Groupestimate ® 39326 37950 35423 40817 36958 36 300 35825 30 267 20493

1) Provisional data

2) Working group best estimates.
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Table6.1.2. GREENLAND HALIBUT. Nominal catches (tonnes) by countries,
in Division Va 1981-1998, as officially reported to ICES.

Country 1981 1982 1983 1984 1985 1986 1987 1988 1989
Faroe Islands 325 669 33 46 - - 15 379 719
Germany - - - - - - - - -
Greenland - - - - - - - - -
Iceland 15455 28300 28359 30078 29195 31027 44644 49000 58 330
Norway - - + + 2 - - - -
Total 15780 28969 28392 30124 29197 31027 44659 49379 59 049
Working Group estimate - - - - - - - - 59 272 2
Country 1990 1991 1992 1993 1994 1995 1996 1997 1998 *
Faroe Islands 739 273 23 166 910 13 14 26

Germany - - - - 1 2 4 - 9
Greenland - - - - 1 - - -

Iceland 36557 348383 31955 33968 27696 27376 22055 16766 10709
Norway - - - - - - - -

Total 37296 35156 31978 34134 28608 27391 22073 16792 10718
Working Group estimate 37308 % 35413 * - - - - - - 10737 °

1) Provisional data

2) Includes 223 t catch by Norway.
3) Includes 12 t catch by Norway.
4) Includes additional catch of 257 t by Iceland.
5) Includes additional catch of 19t by Iceland.
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Table6.1.3. GREENLAND HALIBUT. Nominal catches (tonnes) by countries,
in Division Vb 1981-1998, as officially reported to | CES.

Country 1981 1982 1983 1984 1985 1986 1987 1988 1989
Denmark - - - - - - 6 + -
Faroe Ilands 442 863 1112 2 456 1052 775 907 901 1513
France 8 27 236 489 845 52 19 25
Germany 114 142 86 118 227 113 109 42 73
Greenland - - - - - - - - -
Norway 2 + 2 2 2 + 2 1 3
UK (Engl. and Wales) - - - - - - - - -
UK (Scotland) - - - - - - - - -
United Kingdom - - - - - - - - -
Tota 566 1032 1436 3065 2126 940 1043 969 1589
Working Group estimate - - - - - - - - 1606 °
Country 1990 1991 1992 1993 1994 1995 1996 1997 1998 *
Denmark - - - - - - - -

Faroe Idlands 1064 1293 2105 4058 5163 3603 6 004 4750

France s 3! 2 1 281 29 ! 1 8
Germany 43 24 71 24 8 1 21 41

Greenland - - - - - - - -

Norway 42 16 25 335 53 142 281 * 42 114
UK (Engl. and Wales) - - 1 15 - 31 122 -

UK (Scotland) - - 1 - - 27 12 26

United Kingdom - - - - - 43
Tota 1149 1333 2 206 4434 5225 3832 6469 * 4870 165
Working Group estimate 1282° 1662 * 2269 ° - - ! - - 3826 °

1) Provisional data

2) Includes 17 t taken by France

3) Includes 133 t taken in Division |la (Faroese waters).

4) Includes 317 t taken in Division |1a (Faroese waters) + France 12 t.
5) Includes 63 t taken in Division |la (Faroese waters).

6) Quantity unknown 1989-1991.

7) Includes 16t by France

8) Includes 3661 t taken in by Faroe Islands.
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Table 6.1.4. GREENLAND HALIBUT. Nominal catches (tonnes) by countries,
in Sub-area X1V 1981-1998, as officially reported to | CES.

Country 1981 1982 1983 1984 1985 1986 1987 1988 1989
Faroe Islands - - - - - 78 74 98 87
Germany 2893 2439 1054 818 636 745 456 595 420
Greenland + 1 5 15 81 177 154 37 11
Iceland - - 1 2 36 17 136 40 +
Norway - - - + - - - - -
Russia - - - - - - - - +
UK (Engl. and Wales) - - - - - - - - -
UK (Scotland) - - - - - - - - -
United Kingdom - - - - - - - - -
Total 2893 2 440 1060 835 753 1017 820 770 518
Working Group estimate - - - - - - - - -
Country 1990 1991 1992 1993 1994 1995 1996 1997 1998 *
Denmark - - - - - - 1 +

Faroe Islands - - - 181 168 147 130 148

Germany 293 279 311 391 639 808 3343 3301 3395
Greenland 40 66 437 288 866 533 1162 1129

Iceland - - - 19 82 7 - 1803

Norway 8 18 196 511 1120 1668 1874° 1897' 1132
Russia - - 5 - - 10 424 37

UK (Engl. and Wales) 27 38 108 796 513 1405 264 218

UK (Scotland) - - 18 26 84 205 13 -

United Kingdom - - - - - - - 190
Total 368 401 1075 2212 3472 4783 7211 8533 4717
Working Group estimate 736 2 875°% 1176* 2249° 3125° 50777 7283%® 85581 5930

1) Provisional data

2) Includes 370 t catches taken by Japan

3) Includes 315 t catch taken by Japan and 159 t by other countries as reported to Greenland.

4) Indicates additional catches taken by Germany (96 t) and UK (17 t) as reported to Greenland.

5) Indicates additional catches taken by Germany (37 t), Norway (238 t), UK (182 t) and Japan (62 t) as reported to Greenland.

6) Total reported to Greenlandic authorities are used in assessment: 159 t trawl (Norwegian charter), 205t gillnets (Norwegian charter).

405t from Norway not included in working group estimate.
7) Includes 273 t offshore gillnets (Greenland charter)
8) Working group estimates asin Table 6.1.5. Includes 72 t by Germany
9) Inside 200 EEZ: 1505 t. Outside 200 EEZ: 36%t.
10) Includes catches taken both inside and outside the 200 EEZ.
11) Includes additional catch of 25 t as reported by Norwegian authorities (1858 t inside 200 EEZ, 64 t outside EEZ)

Table6.1.5. GREENLAND HALIBUT. Nominal catches (tonnes) by countries
in Sub-area X1 1996-1998, as officially reported to the ICES.

Country 1996 1997 1998
Faroe Islands 47 -
Norway 2 -
Total 2 47 -

257



Table 6.2.1.CPUE indices of the I celandic trawl fleet estimated from a
GLIM multiplicative model for the period 1985-1998.

% change % change
in CPUE in effort
between between
year cpue years landings effort years
85 1.000 32075 32075
86 0.971 -2.9 32984 33970 5.9
87 0.934 -3.8 46622 49907 46.9
88 1.108 18.6 51118 46138 -7.6
89 1.074 -3.1 61396 57173 23.9
90 0.775 -27.8 39326 50718 -11.3
91 0.815 51 37950 46561 -8.2
92 0.651 -20.2 35423 54438 16.9
93 0.548 -15.8 40817 74522 36.9
94 0.418 -23.7 36958 88463 18.7
95 0.312 -25.3 36300 116375 31.6
96 0.276 -11.5 35826 129758 115
97 0.279 0.9 30267 108642 -16.3
98 0.433 55.3 20493 47379 -56.4
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Table6.3.1 Catchin number at age (Numbersin 10°)

YEAR. 1975 1976 1977 1978
AGE

5 120 43 0 23

6 800 296 34 91

7 1775 584 671 347

8 1782 621 1727 1037

9 1259 431 2289 1214

10 926 240 834 848

11 464 121 420 567

12 459 86 423 312

13 279 37 174 232

14 193 32 120 218

15 137 14 28 114

+gp. 85 9 141 204

TOTALNUM. 8279 2514 6861 5207

TONSLAND. 23494 6045 16578 14349

SOPCOF % 126 100 100 100

Catch in number at age (Numbersin 10-3)

YEAR. 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988
AGE

5 29 47 26 8 10 83 125 245 182 129

6 197 502 158 300 240 277 441 612 3123 742

7 1605 1536 580 1140 1611 891 1018 1033 4863 2068

8 2253 2630 1160 2451 2651 2139 2295 1942 2586 2985

9 3090 3126 1430 2646 3060 3568 3454 2983 2156 3166

10 1693 2324 1764 2456 2443 2800 2749 3097 3476 2966

11 880 1739 1299 1803 1693 1825 1452 1683 1847 1848

12 394 849 664 963 978 1134 627 820 1829 1761

13 246 578 435 609 424 588 423 550 886 1851

14 189 306 252 331 174 363 137 202 243 701

15 147 143 176 195 37 92 36 59 31 216

+gp. 125 116 159 132 47 20 46 34 5 246

TOTALNUM. 10848 13896 8103 13034 13368 13780 12803 13260 21227 18679

TONSLAND. 23616 31252 19239 32441 30888 34024 32075 32984 46622 51118

SOPCOF % 101 99 100 100 101 99 103 101 98 101

Catch in number at age (Numbersin 10-3)

YEAR. 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
AGE

5 499 188 289 17 44 78 503 178 86 90

6 1657 463 1225 421 397 672 1587 1488 549 550

7 4485 1513 1797 2023 1896 2197 3031 2908 2723 1882

8 5961 3515 2866 3262 5024 3815 3287 3181 2579 2051

9 5763 4186 2935 2646 4324 3648 2608 2119 2331 1657

10 3246 3143 2074 3019 2859 2330 1963 1755 1247 1067

11 1601 1224 1130 1962 1539 1715 1548 1610 975 737

12 1458 959 1072 1278 1412 990 1132 1216 937 710

13 1237 568 924 509 576 422 657 665 652 359

14 506 358 554 144 136 371 444 548 374 195

15 362 137 342 36 135 168 240 238 282 150

+gp. 145 61 82 56 14 177 232 503 700 237

TOTALNUM. 26920 16315 15290 15373 18356 16583 17232 16409 13435 9685

TONSLAND. 61396 39326 37950 35423 40817 36958 36300 35826 30267 20493

SOPCOF % 100 100 101 100 100 100 100 100 100 100
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Table6.4.1 Catch weights at age (kg)

YEAR, 1975,
AGE
5 .9680,
6, 1.1990,
7, 1.4230,
8, 1.8540,
9, 2.2560,
10, 2.6070,
11, 3.0810,
12, 3.5910,
13, 4.6040,
14, 4.6950,
15, 5.1510,
+gp, 6.9020,
SOPCOFAC, 1.2550,
Catch weights at age (kg)
YEAR, 1979,
AGE
5~ .9110,
6, .9420,
7, 1.2780,
8, 1.6760,
9, 2.0720,
10, 2.3330,
11, 2.7230,
12, 3.2970,
13, 3.9850,
14, 4.6680,
15, 4.7920,
+gp, 5.3870,
SOPCOFAC, 1.0124,
Catch weights at age (kg)
YEAR, 1989,
AGE
5 = .8420,
6, 1.0470,
7, 1.4250,
8, 1.7270,
9, 2.1250,
10, 2.6370,
11, 3.2200,
12, 3.7330,
13, 4.1350,
14, 5.3800,
15, 6.5690,
+gp, 6.4970,
SOPCOFAC,  .9999,
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1976,

1.1570,
1.5850,
1.7680,
2.1800,
2.5700,
3.0180,
3.7300,
4.0520,
4.8150,
5.3480,
5.7520,
7.0940,
1.0024,

1980,

1.1250,
1.2830,
1.4870,
1.7560,
2.1530,
2.2790,
2.4980,
3.0590,
3.7830,
4.5070,
5.1390,
5.9830,

.9902,

1990,

1.0290,
1.2100,
1.5720,
1.7900,
2.1260,
2.5360,
3.2140,
3.6930,
4.4480,
5.1970,
5.8910,
6.0490,

.9998,

1977,

1.1570,
1.0460,
1.4290,
1.7940,
2.2280,
2.6870,
3.0170,
3.9140,
4.0400,
4.7140,
5.4010,
5.5970,
1.0008,

1981,

1.0710,
1.2570,
1.4400,
1.6600,
1.9670,
2.2580,
2.5150,
2.9500,
3.4500,
4.0330,
4.6520,
5.3300,
1.0024,

1991,

1.0010,
1.2470,
1.4720,
1.8100,
2.0880,
2.4400,
2.9350,
3.7370,
4.4010,
5.0220,
5.9910,
6.4120,
1.0097,

1978,

.9680,
1.1990,
1.4230,
1.8540,
2.2560,
2.6070,
3.0810,
3.5910,
4.6040,
4.6950,
5.1510,
6.4500,

.9993,

1982,

1.0100,
1.3680,
1.6180,
1.9050,
2.1870,
2.5160,
2.7610,
3.1290,
3.7850,
4.4750,
4.9850,
6.0880,

.9997,

1992,

1.0160,
1.2560,
1.4010,
1.7180,
2.0490,
2.4360,
2.8680,
3.4780,
4.5100,
4.6810,
6.0100,
5.1280,
1.0033,

1983,

.9840,
1.3380,
1.5770,
1.8480,
2.1590,
2.4340,
2.6030,
3.0340,
3.7840,
4.4460,
4.7510,
6.3850,
1.0110,

1993,

.9910,
1.2490,
1.4010,
1.6850,
1.9820,
2.4250,
2.9520,
3.4290,
4.4790,
6.0430,
5.8320,
2.7560,
1.0010,

1984,

.9420,
1.2750,
1.5920,
1.8170,
2.2400,
2.4610,
2.8350,
3.2620,
3.9620,
4.9360,
5.2300,
7.1920,

.9937,

1994,

1.1630,
1.2540,
1.4880,
1.7360,
2.1500,
2.3520,
2.7360,
3.0820,
3.6070,
4.2420,
5.2930,
6.0870,
1.0001,

1985,

.9950,
1.2300,
1.6300,
1.9510,
2.3670,
2.6370,
2.8290,
3.3530,
4.0060,
4.7920,
5.2310,
6.3230,
1.0258,

1995,

.9500,
1.2130,
1.4130,
1.7030,
2.0280,
2.2790,
2.6430,
2.9920,
3.5680,
4.0680,
5.3020,
5.6140,
1.0014,

1986,

1.0300,
1.2380,
1.4990,
1.9370,
2.3630,
2.6310,
2.8480,
3.3350,
4.0390,
4.9250,
5.4660,
5.9850,
1.0060,

1996,

1.1010,
1.1240,
1.3460,
1.6490,
1.9250,
2.3420,
2.5950,
3.0130,
3.5150,
4.1230,
4.9960,
5.8450,
1.0011,

1987,

1.0300,
1.2180,
1.5330,
1.8240,
2.1870,
2.6660,
2.9960,
3.5950,
4.4310,
5.1400,
5.7640,
7.2670,

.9785,

1997,

.9190,
1.1070,
1.3340,
1.6400,
1.8810,
2.2400,
2.5380,
2.8460,
3.3850,
4.3590,
4.8510,
5.8000,
1.0044,

1988,

1.1290,
1.3040,
1.5410,
1.7700,
2.2360,
2.6830,
3.0820,
3.6240,
4.3120,
5.0980,
5.2130,
5.7640,
1.0063,

1998,

.7960,
1.0520,
1.3420,
1.6950,
1.9580,
2.2800,
2.5450,
2.9120,
3.3700,
4.3450,
5.0300,
5.8030,
1.0016,



Table6.5.1 Proportion mature at age

YEAR, 1975, 1976, 1977, 1978,

AGE
5, .0000, .0000, .0000, .0000,
6, .0300, .0300, .0300, .0300,
7, .1000, .1000, .1000, .1000,
8, .3500, .3500, .3500, .3500,
9, .7700, .7700, .7700, .7700,

10,  .9600,  .9600,  .9600,  .9600,
11, 1.0000, 1.0000, 1.0000,  1.0000,
12, 1.0000, 1.0000, 1.0000,  1.0000,
13, 10000, 1.0000, 1.0000,  1.0000,
14, 10000, 1.0000, 1.0000,  1.0000,
15, 1.0000, 1.0000, 1.0000,  1.0000,
+gp, 1.0000, 1.0000, 1.0000, 1.0000,

Proportion mature at age

YEAR, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 1988,

AGE
5, .0000, .0000, .0000, .0000, .0400, .0000, .0100, .0100, .0100, .0100,
6, .0300, .0300, .0300, .0500, .0700, .0800, .0600, .0600, .0600, .0600,
7, .1000, .1000, .1000, .2000, .1500, .1900, .2100, .2100, .2100, .2100,
8, .3500, .3500, .3500, .3300, .2800, .3200, .3500, .3500, .3500, .3500,
9, .7700, .7700, 7700, .5000, .3800, 4200, .4600, .4600, .4600, .4600,

10, .9600, .9600, .9600, .7000, .6000, .6400, .6400, .6400, .6400, .6400,
11, 1.0000, 1.0000, 1.0000, .8500, .8500, .7500, .8200, .8200, .8200, .8200,
12, 1.0000, 1.0000, 1.0000, .9400, .9800, .9300, .9600, .9600, .9600, .9600,
13, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
14, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
15, 10000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
+gp, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,

Proportion mature at age

YEAR, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998,

AGE
5, .0100, .0100, .0100, .0200, .0300, .0300, .1780, .3040, .2240, .2700,
6, .0600, .0600, .0600, .0400, .1200, .1200, .1810, .3100, 2910, .3180,
7, .2100, .2100, .2900, .1100, .2700, .2700, 4770, .3930, .3680, .3600,
8, .3500, .3500, .4800, .2500, .4000, .4000, .5970, 4640, 4380, 4010,
9 .4600, .4600, .5600, 4700, .4500, .4500, .5860, .5260, 4950, .5000,

10, .6400, .6400, .6200, .6800, .5400, .5400, .7050, .6260, .5880, .4840,
11, .8200, .8200, .8500, .8500, .6500, .6500, .7860, .6900, .6680, .6310,
12, .9600, .9600,  1.0000, .9600, .7800, .7800, .7640, 7730, .7450, .6700,
13, 10000, 1.0000, 1.0000, 1.0000, .8300, .8300, .9610, .8700, .8500, .8030,
14, 1.0000, 1.0000, 1.0000, 1.0000, .9700, .9700,  1.0000, .9530, .9480, .8820,
15, 10000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, .9810, 9710, .9250,
+gp, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, .9860, .9120,
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Table6.6.1.1 Output from XSA

Lowestoft VPA Version 3.1
Extended Survivor analysis

G. Hdibut V & X1V (run XSAEHJ02/X02)

CPUE data from file /userg/fish/ifad/ifapwork/nwwg/ghl_grn/FLEET.X02

Catch datafor 24 years. 1975-1998. Age 5-16.

Fleet, First, First, Alpha,
) year,
FLTO1l: VaTRW 85-98 1985, 1998, .000,

Time seriesweights

Tapered time weighting applied

Power = 3 over 20 years

Catchability analysis

Catchability dependent on stock size for ages< 7

Regression type=C
Minimum of 5 points used for regression
Survivor estimates shrunk to the population mean for ages< 7

Catchability independent of age for ages >=13

Terminal population estimation:

Survivor estimates shrunk towards the mean F

of thefinal 5 yearsor the 5 oldest ages.

S.E. of the mean to which the estimates are shrunk =

Minimum standard error for population

estimates derived from each fleet = .300

Prior to weighting not applied
Tuning converged after 24 iterartions
Regression weights
, 751, .820, 877, 921, .954,
Fishing mortalities
Age, 1989, 1990, 1991, 1992, 1993,
5, .015, .006, .012, .001, .002,
6, .062, .017, .045, .020, .022,
7, 179, .070, .080, .092, 113,
8, .302, 197, 174, 193, .327,
9, 429, .339, .237, .228, .396,
10, A76, 414, .264, .386, .389,
11, .383, 311, 241, 404, .327,
12, .649, .393, 464, 444, .538,
13, .633, .534, 774, .394, .347,
14, .704, .352, 1.608, .238, .163,
15, .543, .388, .632, .359, .346,
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Beta

1.000

.500

.976,

1994,

.035,
153,
.327,
.396,
.363,
402,
341,
.284,
371,
292,

.990,

1995,

.024,
.091,
.206,
.338,
.367,
.361,
413,
477,
377,
514,
412,

997,

1996,

.009,
.087,
.226,
327,
.359,
426,
.536,
.628,
.540,
.586,
542,

1.000,

1997,

.004,
.032,
214,
.303,
.399,
.350,
420,
.653,
.786,
.632,
.646,

1998

0.004
0.029

0.14
0.234
0.307
0.302
0.339
0.583
0.528
0.536
0.529



Table6.6.1.1 Cont’'d
XSA population numbers  (Thousands)

AGE
YEAR , 5, 6, 7,
1989 , 3.52E+04, 2.98E+04, 2.94E+04,
1990 , 3.51E+04, 2.98E+04, 2.41E+04,
1991 , 2.67E+04, 3.00E+04, 2.52E+04,
1992 , 2.31E+04, 2.27E+04, 2.47E+04,
1993 , 2.46E+04, 1.98E+04, 1.92E+04,
1994 , 2.30E+04, 2.11E+04, 1.67E+04,
1995 , 2.30E+04, 1.97E+04, 1.76E+04,
1996 , 2.18E+04, 1.93E+04, 1.55E+04,
1997 , 2.44E+04, 1.86E+04, 1.53E+04,
1998 , 2.38E+04, 2.09E+04, 1.55E+04,
Estimated popul ation abundance at 1st Jan 1999
, .00E+00, 2.04E+04, 1.75E+04, 1.16E+04,
Taper weighted geometric mean of the VPA populations:
, 2.79E+04, 2.46E+04, 2.10E+04, 1.66E+04,
Standard error of the weighted Log (VPA populations):
, .2441, .2552, .2694, .3045,
AGE
YEAR ) 15,
1989 , 9.31E+02,
1990 , 4.60E+02,
1991 , 71.87E+02,
1992 , 1.29E+02,
1993 , 4.98E+02,
1994 , 71.14E+02,
1995 , 7.66E+02,
1996 , 6.14E+02,
1997 , 6.39E+02,
1998 , 3.94E+02,
Estimated popul ation abundance at 1st Jan 1999
) 2.55E+02,
Taper weighted geometric mean of the VPA populations:
, 4.23E+02,
Standard error of the weighted Log (VPA populations):
, .7303,
1
Log catchability residuals Fleet: FLTO1: VaTRW 85-98
Age , 1985, 1986, 1987,
7 , .03, -44, 31,
8 , 12, -43, -.28,
9 , .27, .16, -.14,
10 , .33, .28, .18,
1 ) 32, .26, 24,
12 , .22, 19, 17,
Age , 1989, 1990, 1991,
7 , .26, -.07, -.38,
8 , .26, 22, -.14,
9 , 40, .35, -.16,
10 , 48, .29, -23,
11 , .26, -.01, -.23,
12 , .63, -.08, .46,

Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

8,

2.47E+04,
2.12E+04,
1.93E+04,
2.01E+04,
1.94E+04,
1.47E+04,
1.23E+04,
1.23E+04,
1.06E+04,
1.06E+04,

7.22E+03,

1.19E+04,

.3408,

1988
0.15
0.04
0.31
0.31
0.33
0.17

1992,
.10,
.04,
-.14,

.06,
-.07,
-.03,

9,

1.78E+04,
1.57E+04,
1.50E+04,
1.40E+04,
1.42E+04,
1.20E+04,
9.14E+03,
7.57E+03,
7.63E+03,
6.75E+03,

4.28E+03,

7.97E+03,

.3408,

1993,
-12,
.23,
.09,
-.08,
-.28,
-.08,

10,

9.23E+03,
9.99E+03,
9.63E+03,
1.02E+04,
9.57E+03,
8.24E+03,
6.98E+03,
5.45E+03,
4.55E+03,
4.41E+03,

2.80E+03,

5.03E+03,

.3095,

1994,
.08,
.05,

-.08,
-.24,
-.18,
-.62,

11,

5.42E+03,
4.93E+03,
5.68E+03,
6.37E+03,
5.94E+03,
5.58E+03,
4.93E+03,
4.18E+03,
3.06E+03,
2.76E+03,

1.69E+03,

3.14E+03,

.3226,

1995,
.02,
-.13,
-.31,
-.40,
-.38,
-.63,

12,

3.29E+03,
3.18E+03,
3.11E+03,
3.84E+03,
3.66E+03,
3.69E+03,
3.21E+03,
2.81E+03,
2.11E+03,
1.73E+03,

8.32E+02,

1.73E+03,

.3785,

1996,
-.02,
-.22,
-.46,
-42,
-.23,
-.34,

13,

2.84E+03,
1.48E+03,
1.85E+03,
1.68E+03,
2.12E+03,
1.84E+03,
2.26E+03,
1.72E+03,
1.29E+03,
9.44E+02,

4.79E+02,

8.87E+02,

4551,

1997,
-.06,
-.15,

14,

1.08E+03,
1.30E+03,
7.47E+02,
7.34E+02,
9.77E+02,
1.29E+03,
1.19E+03,
1.33E+03,
8.61E+02,
5.07E+02,

1998
0.12
0.22
0.25
0.41
0.63
0.42
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Table6.6.1.1 Cont’d

Regression statistics

Ages with q independent of year class strength and constant w.r.t. time.

Age,

7,
8,
9,
10,
11,
12,

Slope

.90,
.83,
13,
.76,
1.18,
1.24,

Fleet disaggregated estimates of survivors:

Ageb5
Year class

FLTO1:

Age,
Survivors,
Raw weights

Fleet,
FLTO1: VaTRW 85-98

P shrinkage mean
F shrinkage mean

Weighted prediction
Survivors,

at end of year
20397.,

Ageb

Y ear class

FLTO1:

Age,

Survivors,

Raw weights

Fleet,

FLTO1: VaTRW 85-98

P shrinkage mean
F shrinkage mean

Weighted prediction
Survivors,

at end of year
17493,
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464,
977,
1.634,
1.099,
-.501,
-.493,

t-value Intercept,

6.72,
6.35,
6.44,
6.13,
4.61,
4.23,

RSquare,

71,
.78,
.79,
.69,
44,
.30,

No Pts

14,
14,
14,
14,
14,
14,

Catchability dependent of age and year class strength.

Estimated,
Survivors,
1,

24647 .,
9862.,

Int,
s.e,
.23,

1993

TRW

Int,
s.e,
.000,

.26,,,,
-50!!”

Ext,
S.e,
9.93,

85-98

Ext,
s.e,
.000,

2,

Var,
Ratio,
.00,

Var,
Ratio,
43.688,

0.004

Catchability constant w.r.t time and dependent on age

Estimated,
Survivors,
1.,

21010.,
9304.,

Int,
s.e,
.24,

1992

TRW
5,

0.,
.000,

Int,
s.e,
.000,

-27”11
-50!!”

Ext,
S.€,
9.78,

85-98

Ext,
s.e,
.000,

21

Var,
Ratio,
.00,

Var,
Ratio,
41.224,

0.029

Regse, MeanQ
.18, -6.38,

A7, -5.66,

.18, -5.34,

.25, -5.22,

.38, -5.22,

.51, -4.99,
Scaled, Estimated
Weights, F
.000, 0
.793, 0.003
.207, 0.008
Scaled, Estimated
Weights, F
.000, 0
775, 0.024
.225, 0.053



Table6.6.1.1 Cont'd

Age7

Year class

FLTOL:

Age,

Survivors,

Raw weights

Fleet,

FLTO1: VaTRW 85-98
F shrinkage mean
Weighted prediction
Survivors,

at end of year
11588,

Age8

Y ear class

FLTO1:

Age,

Survivors,

Raw weights

Fleet,

FLTO1l: VaTRW 85-98
F shrinkage mean
Weighted prediction
Survivors,

at end of year
7222.,

Age9

Y ear class

FLTOL:

Age,

Survivors,

Raw weights

Fleet,

FLTO1: VaTRW 85-98
F shrinkage mean
Weighted prediction
Survivors,

at end of year
4276.,

Catchability constant w.r.t time and dependent on age

Va

7,
13047.,
9.656,

Estimated,
Survivors,
13047.,

8703,
Int,

s.e,
.26,

1991

TRW
6,

0,
.000,

Int,
s.e,
.300,

50,,,,

Ext,

S.e,
.22,

85-98
5,

0.,
.000,

Ext,
s.e
.000,

Var,
Ratio,
.00,

Var,
Ratio,
.850,

0.14

Catchability constant w.r.t time and dependent on age

Va

8,
8981.,
8.794,

Estimated,
Survivors,
7948.,

4938,
Int,

end
.20,

1990

TRW
7,
6831.,
7.099,

Int,
se,
213,

50,,,,

Ext,

of
17,

Ext,
s.e
.136,

Var,
Ratio,
.64,

Var,
S.e,
.878,

s.e,
0.234

Catchability constant w.r.t time and dependent on age

Va

9,
5492,
8.173,

Estimated,
Survivors,
4524.,

3270,
Int,

S.e,
17,

1989

TRW
8,
3685.,
6.032,

Int,
S.6,
77,

50,,,,

Ext,

s.e,
A2,

85-98

4207,
4.798,

Ext,
S.€,
124,

Var,
Ratio,
.70,

Var,
Ratio,
.709,

0.307

Scaled, Estimated
Weights, F
707, 0.126
.293, 0.183
Scaled, Estimated
Weights, F
799, 0.215
.201, 0.326

, Ratio,

Scaled, Estimated
Weights, F
.826, 0.293
174, 0.385
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Table6.6.1.1 Cont'd

Age 10

Y ear class
FLTO1:
Age,
Survivors,

Raw weights

Fleet,

FLTO1: VaTRW 85-98
F shrinkage mean

Weighted prediction

Survivors,
at end of year
2805.,

Agell
Y ear class

FLTO1:

Age,
Survivors,
Raw weights

Age,
Survivors,
Raw weights

Fleet,

FLTO1: VaTRW 85-98
F shrinkage mean

Weighted prediction

Survivors,
at end of year
1693.,

266

Catchability constant w.r.t time and dependent on age

Va
10,
4218.,
6.325,

Estimated,
Survivors,
2968.,

2144.,
Int,

s.e,
.16,

1988

TRW
9,
2481.,
5.508,

Int,
S.e,
.164,

'501111

Ext,

S.e
A4,

85-98

2240.,
3.962,

Ext,
S.e,
.150,

2858.,
3.202,

Var,
Ratio,
91,

Var,
Ratio,
.843,

0.302

Catchability constant w.r.t time and dependent on age

Va
11,
3166.,
6.955,

10,
1228,
4.295,

Estimated,
Survivors,
1783,

1303,
Int,

S.E,
.15,

1987

TRW

1073,
3.884,

Int,
S.e,
154,

'501111

Ext,

s.e,
19,

85-98

1493,,
2.750,

Ext,
S.e,
222,

1840.,
2.327,

Var,
Ratio,
1.44,

Var,
Ratio,
1.245,

0.339

Scaled,
Weights,
.826,

74,

Estimated
F
0.288

0.38

Estimated

0.325

0.422



Table6.6.1.1 Cont'd

Age12
Y ear class

FLTO1:

Age,
Survivors,
Raw weights

Age,
Survivors,
Raw weights

Fleet,

FLTO1: VaTRW 85-98

F shrinkage mean

Weighted prediction

Survivors,
at end of year
832,

Age 13
Y ear class

FLTOL:

Age,
Survivors,
Raw weights

Age,
Survivors,
Raw weights

Fleet,

FLTO1: VaTRW 85-98

F shrinkage mean

Weighted prediction

Survivors,
at end of year
479.,

Va
12,
1264.,
3.285,

10,
549.,
2.043,

Estimated,
Survivors,
802.,

941.,

Int,
s.e,
A7,

Catchability constant w.r.t time and dependent on age

1986

TRW
11,
748.,
3.580,

611.,
1.824,

Int,
s.e
.156,

.50,,,,

Ext,
s.e
A1,

85-98

878.,
1.297,

Ext,
S.e,
132,

739.,
1.132,

Var,
Ratio,
.84,

Var,
Ratio,
.659,

0.583

Catchability constant w.r.t time and dependent on age

Va
13,
0,
.000,

10,
320,
1.060,

Estimated,
Survivors,
439.,

556.,

Int,
S.e
.21,

1985

TRW
12,
503,
1.807,

9!
914,
Int,
s.e

159,

.50,,,,

Ext,
s.e
.09,

85-98
11,
383,
1.749,

Ext,
s.e,
.088,

530.,
.567,

Var,
Ratio,
.55,

Var,
Ratio,
411,

0.528

Scaled,
Weights,
767,

.233,

Estimated
F
0.6

0.531

Estimated
F
0.565

0.469

267



Table6.6.1.1 Cont'd

Agel14

Y ear class
FLTO1:
Age,

Survivors,
Raw weights

Age,

Survivors,

Raw weights

Flest,

FLTOL:

FLTO1l: VaTRW 85-98
Weighted prediction
Survivors,

at end of year
255.,

Age 15

Y ear class
FLTO1:
Age,

Survivors,
Raw weights

Age,

Survivors,

Raw weights

Fleet,

FLTO1: VaTRW 85-98
F shrinkage mean
Weighted prediction
Survivors,

at end of year
200.,

268

Catchability constant w.r.t time and dependent on age (fixed at the value of age 13)

Va
14,
0.,
.000,

10,
201,
.548,

Estimated,
Survivors,
201.,

314.,

Int,
S,
.28,

Catchability constant w.r.t time and dependent on age (fixed at the value of age 13)

Va
15,

.000,

10,
185.,
419,

Estimated,
Survivors,
156.,

238,

Int,
s.e
.30,

1984

TRW
13,
0.,
.000,

279.,
467,

Int,
s.e
154,

-50,,,,

Ext,
s.e,
.14,

1983

TRW
14,
0.,
.000,

174.,
418,

Int,
s.e
153,

50,,,,

Ext,
s.e,
.14,

85-98
12,
183,
.836,

267.,
372,

Ext,
S.e,
.081,

Ny

7,

85-98
13,

.000,

174.,
334,

Ext,
s.e,
.096,

11,
175.,
911,

174.,
.327,

Var,
Ratio,
52,

Var,
Ratio,
511,

12,
106.,
.660,

186.,
.292,

Var,
Ratio,
.63,

Var,
Ratio,
481,

F

0.536

11,
167.,
122,

0.529

Scaled,
Weights,
464,

.536,

Scaled,
Weights,
416,

.584,

Estimated
F
0.641

0.455

Estimated
F
0.638

0.46



Figure6.6.1.2 Fishing mortality (F) at age

YEAR,

AGE

© 00N U

10,
11,
12,
13,
14,
15,

+gp,
FBAR 8-12

Fishing mortality (F) at age

YEAR,

AGE

© 0N G

10,
11,
12,
13,
14,
15,

+gp,
FBAR 8-12

Fishing mortality (F) at age

YEAR,

AGE

© 0N U

10,

11,

12,

13,

14,

15,

+op,

FBAR 8-12

1975,

.0053,
.0480,
1515,
.2564,
.2990,
.3559,
.2382,
.3647,
.7896,
.6760,
4876,
4876,
.3028,

1979,

.0009,
.0090,
.0941,
.1636,
.3352,
.3167,
.3299,
.2236,
.2191,
3794,
.2949,
.2949,
.2738,

1989,

.0154,
.0619,
1794,
.3017,
4288,
4764,
.3831,
.6492,
.6326,
.7038,
.5431,
5431,
4479,

1976,

.0018,
.0153,
.0426,
.0688,
.0857,
.0803,
.0671,
.0597,
.0421,
1747,
.0849,
.0849,
.0723,

1980,

.0012,
.0183,
.0858,
.2080,
.3377,
4277,
.5883,
5763,
5571,
4370,
.5203,
.5203,
4276,

1990,

.0058,
.0169,
.0701,
1971,
.3388,
4143,
3111,
.3929,
.5339,
.3521,
.3876,
.3876,
.3309,

Terminal Fsderived using XSA (with shrinkage)

1977,

.0000,
.0017,
.0415,
.1619,
.3640,
.2245,
.1864,
3311,
.1561,
1767,
.2157,
.2157,
.2536,

1981,

.0007,
.0049,
.0251,
.0818,
1579,
.3057,
4256,
4390,
.6237,
AT743,
4561,
4561,
.2820,

1991,

.0117,
.0449,
.0798,
1742,
.2374,
.2641,
2414,
4643,
7738,
1.6076,
.6318,
.6318,
2763,

1978,

.0009,
.0044,
.0198,
.0791,
.1549,
.2095,
.2217,
.1946,
.2879,
.2822,
.2400,
.2400,
.1720,

1982,

.0003,
.0094,
.0420,
.1334,
.2561,
A175,
.5527,
.6106,
.8849,
1.4499,
.7889,
.7889,
.3941,

1992,

.0008,
.0202,
.0923,
1927,
.2284,
.3860,
4038,

.3944,
.2376,
.3585,
.3585,
.3310,

1983,

.0004,
.0090,
.0611,
1233,
.2319,
.3756,
.5361,
.6257,
.5629,
.6392,
.5512,
.5512,
.3785,

1993,

.0019,
.0218,
.1128,
3273,
.3965,
.3887,
.3272,
.5378,
.3466,
.1626,
.3455,
.3455,
.3955,

1984,

.0028,
.0118,
.0397,
1022,
.2296,
3251,
.5037,
.8031,
.9350,
1.3935,
7979,
7979,
.3927,

1994,

.0037,
.0349,
.1528,
3272,
.3955,
.3633,
4021,
3415,
.2841,
3710,
2923,
.2923,
.3659,

1985,

.0030,
0173,
.0522,
1294,
2254,
.2627,
.2632,
.3030,
.7637,
5427,
4292,
4292,
.2367,

1995,

.0239,
.09009,
.2059,
.3384,
3673,
.3614,
4127,
4773,
.3766,
5137,
4119,
4119,
3914,

1986,

.0058,
.0170,
.0487,
.1265,
.2339,
.3057,
.2404,
.2201,
4473,
1.0106,
4471,
4471,
.2253,

1996,

.0088,
.0866,
.2262,
.3268,
.35809,
4262,
.5360,
.6278,
.5405,
.5855,
5415,
.5415,
4551,

1987,

.0048,
.0897,
.1728,
.1567,
1911,
4412,
.2847,
4202,
.3697,
.3419,
3733,
.3733,
.2988,

1997,

.0038,
.0323,
.2137,
.3033,
.3991,
.3499,
4201,
.6529,
.7855,
.6319,
.6460,
.6460,
4251,

1988,

.0040,
.0231,
.0749,
.1445,
.2763,
4105,
4193,
4539,
.9520,
.5297,
.5463,
5463,
.3400,

1998,

.0041,
.0288,
.1403,
.2339,
3071,
.3023,
.3392,
.5829,
5277,
.5357,
.5286,
.5286,
.3531,

FBAR 96-98

.0056,
.0492,
.1934,
.2880,
.3551,
.3595,
4317,
.6212,
.6179,
.5844,
5720,

269



Table6.6.1.3 Stock number at age (start of the year). Numbers* 10
Terminal Fs derived using XSA (with shrinkage)

YEAR,

AGE

© 0N U

10,

11,

12,

13,

14,

15,

+gp,
TOTAL,

Stock number at age (start of the year)

YEAR,

AGE

© 0N U

10,

11,

12,

13,

14,

15,

+gp,
TOTAL,

Stock number at age (start of the year)

YEAR,

AGE

© O ~NO U

10,

11,

12,

13,

14,

15,

+gp,
TOTAL,
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1975,

24536,
18407,
13606,
8494,
5252,
3333,
2360,
1619,
551,
423,
383,
236,
79199,

1979,

34680,
23619,
19269,
16088,
11694,
6722,
3376,
2119,
1348,
645,
620,
525,

120704,

1989,

35194,
29759,
29442,
24668,
17815,
9231,
5422,
3291,
2844,
1079,
931,
370,

160047,

1976,

25824,
21007,
15101,
10064,
5658,
3352,
2010,
1601,
968,
215,
185,
119,
86103,

1980,

40553,
29822,
20146,
15096,
11756,
7198,
4215,
2089,
1459,
932,
380,
306,

133951,

1990,

35105,
29829,
24077,
21180,
15702,
9987,
4934,
3181,
1480,
1300,
460,
203,

147438,

1977,

26124,
22187,
17807,
12455,
8086,
4470,
2663,
1617,
1298,
798,
156,
781,
98441,

1981,

39978,
34860,
25203,
15915,
10553,
7219,
4039,
2014,
1010,
719,
518,
465,

142494,

1991,

26709,
30041,
25244,
19319,
14969,
9631,
5680,
3111,
1849,
747,
787,
187,

138274,

1978,

27466,
22485,
19065,
14704,
9118,
4836,
3073,
1902,
1000,
956,
576,
1026,
106207,

1982,

33579,
34385,
29858,
21154,
12622,
7756,
4577,
2272,
1118,
466,
385,
258,
148430,

1992,

23069,
22721,
24720,
20061,
13969,
10161,
6366,
3840,
1683,
734,
129,
199,

127651,

1983,

29460,
28895,
29317,
24641,
15934,
8409,
4397,
2266,
1062,
397,
94,
119,
144992,

1993,

24588,
19840,
19165,
19400,
14240,
9569,
5945,
3659,
2120,
977,
498,
51,

120051,

1984,

32277,
25347,
24647,
23739,
18750,
10875,
4971,
2214,
1043,
520,
180,
39,
144604,

1994,

22968,
21122,
16708,
14737,
12037,
8245,
5584,
3689,
1839,
1290,
714,
749,

109682,

1985,

45484,
27704,
21560,
20387,
18448,
12828,
6763,
2586,
854,
353,
111,
141,
157218,

1995,

22994,
19697,
17557,
12342,
9145,
6976,
4935,
3215,
2257,
1191,
766,
736,

101810,

1986,

45872,
39032,
23436,
17612,
15418,
12674,
8491,
4474,
1644,
342,
176,
101,
169272,

1996,

21791,
19325,
15481,
12299,
7574,
5451,
4183,
2811,
1717,
1333,
614,
1287,
93865,

1987,

40868,
39255,
33027,
19213,
13357,
10503,
8035,
5747,
3090,
905,
107,
17,
174125,

1997,

24394,
18591,
15252,
10626,
7635,
4553,
3064,
2106,
1292,
861,
639,
1571,
90584,

1988,

34714,
35007,
30890,
23915,
14138,
9497,
5815,
5203,
3249,
1837,
553,
625,
165444,

1998,

23795,
20916,
15492,
10602,
6754,
4409,
2762,
1732,
944,
507,
394,
618,
88923,

1999,

0,
20397,
17493,
11588,

7222,
4276,
2805,
1693,
832,
479,
255,
513,
67554,

GMST

30698,
26286,
21845,
16939,
11885,
7633,
4609,
2740,
1469,
727,
338,



Table6.6.1.4 Summary (without SOP correction)

RECRUITS, TOTALBIO, TOTSPBIO, LANDINGS, YIELD/SSB FBAR 8-12,

, AgeS

1975, 24536, 122673, 46780, 23494, 5022, .3028,
1976, 25824, 158171, 53957, 6045, 1120, 0723,
1977, 26124, 159829, 65043, 16578, .2549, .2536,
1978, 27466, 176092, 75982, 14349, .1888, 1720,
1979, 34680, 175704, 76641, 23616, .3081, 2738,
1980, 40553, 212485, 79079, 31252, 3952, 4276,
1981, 39978, 213780, 73197, 19239, .2628, .2820,
1982, 33579, 246234, 80005, 32441, 4055, .3941,
1983, 29460, 239600, 72360, 30888, 4269, .3785,
1984, 32277, 243100, 83825, 34024, 4059, .3927
1985, 45484, 266129, 96129, 32075, .3337, .2367,
1986, 45872, 283589, 104835, 32984, .31486, 2253,
1987, 40868, 296613, 116203, 46622, 4012, .2988,
1988, 34714, 298505, 121452, 51118, 4209, .3409
1989, 35194, 263381, 111079, 61396, 5527, 4479
1990, 35105, 251572, 96871, 39326, .4060, .3309,
1991, 26709, 237178, 105746, 37950, .3589, .2763,
1992, 23069, 218883, 85484, 35423, 4144, .3310,
1993, 24588, 208651, 87105, 40817, .4686, .3955,
1994, 22968, 196008, 80997, 36958, 4563, .3659,
1995, 22994, 169761, 93049, 36300, .3901, .3914,
1996, 21791, 155619, 82340, 35826, 4351, 4551,
1997, 24394, 139439, 68166, 30267, 4440, 4251,
1998, 23795, 126001, 55690, 20493, .3680, .3531,
Arith,

Mean 30918, 210792, 83834, 32062, 3761, .3260
Units,  (Thousands), (Tonnes), (Tonnes), (Tonnes),
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Table 6.7.1.1

Greenl and hal i but (Fishing Areas V and Xl V)

Prediction with nanagenent option table: Input data
e e e ee e me e eeem-mesmsmmsmsesmsmmsmsmesmemesmsemsmmemmsmsmemsmmeesmeemsmm-me-memsmsmm-mmsmem-msm-me-meem-m-mm——————-=
Year: 1999 '
I
I
i Stock | Natural | Maturity;Prop.of FiProp.of Mj Weight | Exploit.; Weight ;
Age | size 'mortahty, og|ve jbef. spaw'bef spaw |n stock; pattern | in catch;
+. I
+ 1
5 '25000000' 01500' 0.2660: 0.0000: 0.0000: 0.939; 0.0050; 0.939;
6 '20397 OOO' 01500' 0.3060; 0.0000; 0.0000; 1.094} 0.0420; 1.094
7 117493.000; 0.1500; 0.3740; 0.0000; 0.0000; 1.341} 0.1660; 1.341;
8 111588.000; 0.1500; 0.4340; 0.0000; 0.0000; 1.661} 0.2470; 1.661,
9 |7222.000; 0.1500; 0.5070; 0.0000; 0.0000; 1.921} 0.3050; 1.921]
10 }4276.000; 0.1500; 0.5660; 0.0000; 0.0000; 2.287; 0.3090; 2.287,
11 }2805.000; 0.1500; 0.6630; 0.0000; 0.0000; 2.559} 0.3710; 2.559|
12 }1693.000; 0.1500; 0.7290; 0.0000; 0.0000] 2.924} 0.5340] 2.924|
13 } 832.000; 0.1500; 0.8410; 0.0000; 0.0000; 3.423; 0.5310; 3.423;
14 } 479.000; 0.1500; 0.9280; 0.0000; 0.0000; 4.276; 0.5020; 4.276;
15 | 255.000; 0.1500; 0.9590; 0.0000; 0.0000; 4.959; 0.4910; 4.959]
16+ | 513.000; 0.1500; 0.9660]; 0.0000; 0.0000; 5.312] 0.4910; 5.312}
+ +. + + + +. +. I
' + ' ' ' ' ]
Unlt'Thousands' - 1 - 1 - 1| - IKilograms| - [Kilograms}
+
+
Year: 2000 '

I
| Recruit-} Natural | Maturity}Prop.of FiProp.of M| Weight' Exploit.; Weight |
Age | ment mortalltyI oglve ibef. spaw ibef. spaw |n stock] pattern 1 in catch]

+

10,1500}
' 0.1500!
' 0.1500!
' 0.1500!
0.1500!
0.1500!
0.1500!
0.1500!
0.1500!
0.1500!
0.1500

0.3060!
0.3740!
0.4340!
0.5070!
0.5660!
0.6630!
0.7290!
0.8410!
0.9280!
0.9590!

+.
t

! 0.9660!

0.0000!
0.0000!
0.0000!
0.0000!
0.0000!
0.0000!
0.0000!
0.0000!
0.0000!
0.0000!

0.0000!

:25000 ooo' 0.1500! 0.2660! 0.0000! 0.0000}

0.0000!
0.0000!
0.0000!
0.0000!
0.0000!
0.0000!
0.0000!
0.0000!
0.0000!
0.0000!

0.0000!

1.094!
1.341!
1.661!
1.921!
2.287!
2.559!
2.924!
3.423!
4.276!
4.959!

0.939!

5.312)

0.0420!
0.1660!
0.2470!
0.3050!
0.3090!
0.3710!
0.5340!
0.5310!
0.5020!
0.4910!

0. 4910'

0. 0050'

0.939!
1.094!
1.341!
1.661!
1.921!
2.287!
2.559!
2.924!
3.423!
4.276!
4.959!
5.312]

Unlt 'ThousandsI -

iKilograms} -

'Kllograms,

+

Year: 2001

+

I
| Recruit-} Natural | Maturity}Prop.of FiProp.of M| Weight' Exploit.; Weight |

B e et T S e i S T i Tt S e

Age' ment mortalltyI oglve 1bef. spaw'bef spaw.| |n stock| pattern | in catch]
5 :25000000' 01500: 0.2660: 00000' 00000' 0.939: 00050' 0.939,
6 | i 0.1500; 0.3060; 0.0000; 00000' 1094: 0.0420; 1094:
71 . | 0.1500{ 0.3740; 0.0000; 0.0000; 1.341} 0.1660; 1.341]
8 | . | 0.1500; 0.4340; 0.0000; 0.0000; 1.661; 0.2470; 1.661,
9 i 0.1500; 0.5070; 0.0000; 0.0000; 1.921} 0.3050; 1.921;
10 | | 0.1500{ 0.5660; 0.0000; 0.0000; 2.287} 0.3090; 2.287,
11 | | 0.1500{ 0.6630; 0.0000; 0.0000; 2.559; 0.3710; 2.559|
12 | i 0.1500; 0.7290; 0.0000; 0.0000; 2.924} 0.5340; 2.924
13 | i 0.1500; 0.8410; 0.0000; 0.0000; 3.423} 0.5310; 3.423
14 | | 0.1500{ 0.9280; 0.0000; 0.0000; 4.276} 0.5020; 4.276)
15} . | 0.1500{ 0.9590; 0.0000; 0.0000; 4.959; 0.4910; 4.959
16+ . | 0.1500; 0.9660; 0.0000; 0.0000; 5.312} 0.4910; 5.312|
+ + + 4+ 4+ 4+ 4 4 I
' ' ' ' ' ' ]
it Unit|Thousands}; - | - | - | - |Kilograms; - |Kilograms]
+ +
Notes: Run name : MANEHJO5

Date and time: 30APR99:16:13
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Table 6.7.1.2

Greenl and halibut (Fishing Areas V and Xl V)
Yield per recruit: Input data
i Recruit-} Natural | Maturity}Prop.of F|Prop.of M; Weight | Exploit.; Weight |

Age | ment |mortality} ogive |bef.spaw.jbef.spaw.|in stock] pattern } in catch]
o + + + + + + + + !

]
{ 51 1.000; 0.1500; 0.0800; 0.0000; 0.0000;1012.000; 0.0050;1012.000}
' 61 . | 0.1500; 0.1520! 0.0000! 0.0000j1218.000; 0.0324}1218.000}
V7 | 0.1500; 0.2700} 0.0000! 0.0000} 1476.000! 0.1095] 1476.000}
1 8| i 0.1500; 0.4080; 0.0000; 0.0000}1791.000; 0.2102}1791.000}
19| i 0.1500; 0.5750; 0.0000; 0.0000;}2148.000; 0.3086}2148.000}
110 | ! 0.1500} 0.7260; 0.0000} 0.0000}2491.000! 0.3697}2491.000}
111 ! 0.1500} 0.8390; 0.0000} 0.0000}2869.000! 0.3897}2869.000}
112 ! 0.1500} 0.9180; 0.0000} 0.0000} 3363.000! 0.4873}3363.000}
113 | i 0.1500; 0.9670; 0.0000; 0.0000;4042.000; 0.5771}4042.000}
1 14 i 0.1500; 0.9880; 0.0000; 0.0000;4747.000; 0.6413}4747.000}
115 | ! 0.1500} 0.9930; 0.0000} 0.0000}5352.000! 0.4929;5352.000}
+ + + 4+ 4+ 4+ 4+ 4 4 I
' ' ' ' ' ' ' ' ' I
{ Unit | Numbers} - | - | - | - | Grams | - | Grams |
+ +

Notes: Run name : YLDEHJO3
Date and time: 04MAY99:12:18

Table6.7.3.1

Greenl and halibut (Fishing Areas V and XIV)

Prediction with nanagenent option table

H Year: 1999 H Year: 2000 I Year:2001 |

+ + + !

| F |Reference| Stock | Sp.stockj Catchin] F |Reference| Stock | Sp.stock] Catch in} Stock | Sp.stock|

| Factor| F |biomass | biomass |weight | Factor; F |biomass |biomass }weight | biomass | biomass |
1

R — S R S S S S S S S S S !
0.9275! 0.3276! 133162! 59277/ 20000! 0.0000; 0.0000! 137435 60987! 0! 163381 76797!
R 100500 0.0177! . 60987 1275/ 161999 75916

1 0.1000] 0.0353!
0.1500! 0.0530!
0.2000} 0.0706!
0.2500} 0.0883!
0.3000! 0.1060!
0.3500} 0.1236!
0.4000} 0.1413!
0.4500! 0.1589!
0.5000! 0.1766!
0.5500} 0.1943!
0.6000! 0.2119!
0.6500! 0.2296!

|
1 I
! ! 60987! 2531! 160640/ 75051!
! ! 60987! 3767! 159302 74201!
! ! 60987! 4983! 157986/ 73367
! ! 60987! 6181! 156690! 72547!
! ! 60987! 7360 155415 71741}
! ! 60987! 8521! 154159! 70950!
! ! 60987! 9664] 152924! 70172!
! ! 60987! 10789 151708! 69408
! ! 60987! 11898 150510! 68657!
! ! 60987! 12989! 149332! 67919
! ! 60987! 14064] 148171 67194!
! ! 60987! 15122! 147029! 66482!
! 0.7000! 0.2472! ! 60987! 16165 145904! 65781!
107500 0.2649! . 60987 17192 144797! 65093
1 0.8000] 0.2826! .| 60987! 18203 143707! 64417
! 0.8500! 0.3002! ! 60987! 19199! 142633! 63752!
! 0.9000! 0.3179 ! 60987! 20180} 141575 63098
! 0.9500! 0.3355! ! 60987! 21147! 140534! 62456
! 1.0000! 0.3532! ! 60987! 22099! 139509! 61824!
! 1.0500! 0.3709! ! 60987! 23037 138499! 61203
! 1.1000! 0.3885! ! 60987! 23962! 137504! 60593
! 1.1500! 0.4062! ! 60987! 24872) 136524! 59993
! 1.2000! 0.4238! ! 60987! 25770] 135559! 59403
! 1.2500! 0.4415! ! 60987! 26654] 134608! 58822!
! 1.3000! 0.4592! ! 60987! 27525| 133672 58252
! 1.3500! 0.4768! ! 60987! 28384] 132749! 57691!
! 1.4000! 0.4945! ! 60987! 29230 131840! 57139
! 1.4500! 0.5121! ! 60987! 30064] 130945 56596
| |
1 I
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1.5000] 0.5298!

., 60987, 30886, 130063] 56063
--------- L R R ————— R RT— T — i —
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1
H I - | Tonnes| Tonnes| Tonnes| - | - | Tonnes| Tonnes| Tonnes| Tonnes| Tonnes |
+ +
Notes: Run name : MANEHJO05
Date and time : 30APR99:16:13

Computation of ref. F: Simple mean, age 8 - 12
Basis for 1999 : TAC constraints
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Table6.7.3.2

Greenl and halibut (Fishing Areas V and XIV)

Yield per recruit: Summary table

1 January |

Spawning time |

+
1
1
1
|
+

1
F |Reference] Catch in} Catch in} Stock | Stock | Sp.stock] Sp.stock} Sp.stock] Sp.stock|

Factor |

+.

F | numbers | weight | size |biomass| size |biomass| size |biomass |
+. +. +. +. +. +. +. +. I

0.0000!
0.0500!
0.1000!
0.1500!
0.2000!
0.2500!
0.3000!
0.3500!
0.4000!
0.4500!
0.5000!
0.5500!
0.6000!
0.6500!
0.7000!
0.7500!
0.8000!
0.8500!
0.9000!
0.9500!
1.0000!
1.0500!
1.1000!

1.2000
1.2500!
1.3000!
1.3500!
1.4000!
1.4500!
1.5000!
1.5500!
1.6000!
1.6500!
1.7000!
1.7500!
1.8000!
1.8500!
1.9000!
1.9500!
2.0000!

0.0000!
0.0177!
0.0353!
0.0530!
0.0706!
0.0883!
0.1059
0.1236
0.1412!
0.1589!
0.1765!
0.1942!
0.2119!
0.2295!
0.2472!
0.2648!
0.2825!
0.3001!
0.3178
0.3354!
0.3531]
0.3708!
0.3884!
0.4061!
0.4237!
0.4414!
0.4590!
0.4767!
0.4943!
0.5120!
0.5297!
0.5473!
0.5650!
0.5826
0.6003!
0.6179!
0.6356!
0.6532!
0.6709
0.6885!
0.7062!

0.000!
0.059
0.111!
0.156
0.195!
0.229!
0.260!
0.287!
0.310!
0.332!
0.350!
0.367!

182.715!
334.863!
461.519!
566.916!
654.589!
727.483!
788.057!
838.364!
880.114!
914.734!
943.414!
0.383! 967.148!
0.397! 986.762!
0.409} 1002.948!
0.421! 1016.280!
0.431} 1027.237!
0.441} 1036.221!
0.450! 1043.563!
0.458! 1049.541!
0.466! 1054.387!
0.473} 1058.293!
0.480! 1061.420!
0.486! 1063.900!
0.492} 1065.845!
0.498! 1067.348!
0.503! 1068.484!
0.508! 1069.319)!
0.513! 1069.905!
0.518! 1070.286!
0.522! 1070.498!
0.526! 1070.573!
0.530! 1070.536!
0.534! 1070.406!
0.538! 1070.202!
0.542! 1069.938!
0.545! 1069.625!
0.548! 1069.274!
0.551! 1068.892!
0.555! 1068.487!
0.558! 1068.063!

5.634!11998.894!
5.482!11423.257!
5.343!10902.796!
5.215!10431.278!
5.097!10003.232!
4.988! 9613.855!
4.887! 9258.922!
4.7941 8934.717!
4.707! 8637.964!
4.627! 8365.775!
4.552! 8115.599!
4.481! 7885.183
4.416! 7672.532)
4.354! 7475 877!
4.296! 7293.651!
4.241} 7124.462)
4.190! 6967.070!
4.141! 6820.372]
4.095! 6683.386!
4.052! 6555.233
4.010! 6435.128)
3.971! 6322.368!
3.933! 6216.323!
3.898! 6116.427!
3.864! 6022.171!
3.831! 5933.098!
3.800} 5848.794!
3.770! 5768.886
3.742! 5693.037!
3.714! 5620.942)!
3.688! 5552.322)!
3.662! 5486.928!
3.638! 5424.529)
3.614! 5364.917!
3.591! 5307.902!
3.569! 5253.309
3.548! 5200.981!
3.528! 5150.770!
3.508! 5102.544!
3.489! 5056.179!

2.614! 7582.363!
2.480! 7053.335!
2.358! 6577.445!
2.248! 6148.595!
2.146! 5761.440!
2.053!5411.291!
1.968! 5094.029!
1.890! 4806.031!
1.818! 4544.112!
1.751! 4305.465!
1.690! 4087.614!
1.633| 3888.376
1.580} 3705.819
1.531} 3538.235|
1.485! 3384.112!
1.442! 3242.108!
1.402! 3111.032!
1.365/ 2989.826
1.330! 2877.548!
1.297! 2773.358!
1.266/ 2676.508!
1.237! 2586.329!
1.209! 2502.221!
1.183! 2423.649!
1.159! 2350.132!
1.135! 2281.238!
1.113! 2216.579!
1.092! 2155.804!
1.072! 2098.599!
1.053! 2044.678!
1.035! 1993.784!
1.018! 1945.683!
1.002! 1900.164!
0.986! 1857.035!
0.971! 1816.120)
0.956! 1777.261!
0.943! 1740.313}
0.929! 1705.142]
0.917! 1671.628]
0.904! 1639.660!

' ! ' ' N ! 1
0.000! 5.800!12636.817! 2.761!8171.489! 2.761!8171.489

2.614! 7582.363!
2.480! 7053.335!
2.358! 6577.445!
2.248! 6148.595!
2.146! 5761.440!
2.053! 5411.291!
1.968! 5094.029!
1.890! 4806.031!
1.818! 4544.112)!
1.751! 4305.465!
1.690! 4087.614!
1.633! 3888.376!
1.580! 3705.819)
1.531} 3538.235!
1.485! 3384.112)!
1.442! 3242.108!
1.402! 3111.032!
1.365! 2989.826!
1.330! 2877.548!
1.297! 2773.358!
1.266} 2676.508!
1.237! 2586.329
1.209! 2502.221!
1.183! 2423.649!
1.159! 2350.132!
1.135! 2281.238!
1.113! 2216.579!
1.092! 2155.804!
1.072! 2098.599!
1.053! 2044.678!
1.035! 1993.784!
1.018! 1945.683!
1.002! 1900.164!
0.986! 1857.035!
0.971! 1816.120!
0.956! 1777.261!
0.943! 1740.313!
0.929! 1705.142!
0.917! 1671.628!
0.904! 1639.660!
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
I
1
I
1
I
1
I
1
I
1
1
]
1
]
1
]
1
]
1
]
1
]
1
]
1
]
1
]
1
i
! 1.1500!
:
I
1
I
1
I
1
I
1
I
1
I
1
I
1
I
1
I
1
I
1
I
1
I
1
1
]
1
]
1
]
1
1
1
1

+

Notes: Run name

274

Date and time

F-0.1 factor
F-max factor

F-0.1 reference F
F-max reference F

Recruitment

: YLDEHJO03

: 04MAY99:12:18
Computation of ref. F: Simple mean, age 8 - 12

:0.6196
1 1.5567
10.2188
:0.5497
: Single recruit

t t t !
i - | Numbers| Grams | Numbers| Grams | Numbers| Grams | Numbers | Grams |



Figure6.6.1.1 Fish Stock Summary — Greenland Halibut (Fishing Areas V and XIV)
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Figure6.8.1 Greenland Halibut (Fishing AreasV and X1V)
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7 REDFISH IN SUB-AREASV, VI, X1 AND X1V

The genus Sebastes is very common and widely distributed in the North Atlantic. It is found off the coast of Britain,

along Norway in the Barents Sea and Spitzbergen, off the Faroe Islands, Iceland, East - Greenland, West - Greenland,

and along the east coast of North America from Baffin Island South to Cape Cod (Magnusson and Magnusson, 1995).

All Sehastes species are viviparous. The extrusion of the larvae takes place in late winter - late spring/early summer but
copulation occurs in autumn-early winter.

7.1 Description of the species and stocksin the area

In ICES Divisions V, VI, XlIl and XIV there are at least 3 species of red8sharinus, S. mentella andS. viviparus.
The latter has only been of minor commercial value. Iceland has started ® ¥istparus in 2 small areas south of
Iceland at depths of 150 - 250 m. The catche&3 akiparusin 1997 were 1,160 t and 994 t in 1998.

In the stocks in areas assessed by the NWWG, one st&knafinus exists in the area of East Greenland - Iceland -
Faroes. Large redfisls marinus type named “Giant”, have been recorded and fished in different areas of theSentire
marinus distribution area including the Reykjanes Ridge. Due to uncertainties related to the stock identification of
“Giants”, NWWG concluded to collect separately all biological and fisheries data for future considerations.

During last years the existence of more than one stoSkméntella in the area was discussed. Historic&lynentella

was fished on the shelves and banks of Faroe Islands, Iceland and East Greenland and was considered as one stock
With the start of a new pelagic fishery in the open Irminger Sea in 1982, a new stock was defined for management
purposes foiS. mentella inhabit in Irminger Sea. In 1992, the Study Group on Redfish Stocks distinguished between
these types as deep-seanentella and oceani&. mentella. In early 90’s, the pelagic fishery in the open Irminger Sea

moved to deeper layers beyond 500 m and some researchers considered that some of the fish caught below 500 m were
different to those living above 500 m but resembling more the deep-seatella living on the shelves. This new type

of S. mentella living below 500 m has been called “pelagic deepSaantella”.

There has been a strong controversy about whether these types are more than one stock and different hypotheses have
been put forward:

Thesingle stock hypothesis suggests that all redfish from Faroes Island to Greenland, segregated according to age/size.

Thetwo stock hypothesis suggests that th& mentella living on the shelves (deep-s8amentella) and that living in
deeper pelagic waters of Irminger Sea (pelagic deefgaentella) constitute one stock unit which is separated from
the oceani& mentella living in upper layers of the Irminger Sea.

Thethree stock hypothesis support the idea that each of the described types constitutes a distinct stock.

At the present NWWG-meeting the draft summary of the ICES WGAGFM (12-15 April 1999, Reykjavik) was
presented, based on preliminary results of genetic studies on the stock struStumentdila in the Irminger Sea (WD
8). It was stated, that:

“Significant differences in allele frequencies based on preliminary studies on three polymorphic isozyme loci ...and
three polymorphic microsatellite loci ... of the deep-sea and ocBamntella types in the Irminger Sea indicate that
the two types represent separate genetic stocks.

Differences between Icelandic and Irminger Sea deefsseantella are less but significant indicating also probably
distinct genetic stocks.

Heterogeneity among samples of deep-sea and oceanic Sypaesitella in the Irminger Sea, respectively, could

indicate sub-structuring within each group and awaits further study....”.

Based on the information given above, the NWWG stresses that there are still uncertainties in the stock structure of
Smentella in ICES Divisions V, Xl and XIV (see Figure 7.1). In accordance with the precautionary approach the units
must, until the problem have been clarified, treated in such way that each of the possible components will not be
overexploited.
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7.2 Nominal Catches and Splitting of the Landingsin Stocks
The official statistics sent to | CES do not report catch figures specified by species/stocks (Tables 7.2.1. - 7.2.5)

Therefore, based on various information from different laboratories, the catches were split into species/stock (Table
7.2.6).

The technique and data for such splitting were described in 1998 NWWG report.
7.3 Abundance and distribution of 0-group and juvenile redfish

Available data on distribution patterns of 0-group and juvenile S. marinus indicate that there are nursery grounds in

Icelandic and Greenland waters only but no nursery grounds are known around the Faroe Ilands. In the 1983 Redfish

Study Group report (ICES C.M. 1983/G:3) and in MagnUsson and Johannesson (1997) the distributi@®rodrinus 0-

group at East Greenland was evaluated, showing that there are considerable am@unésindis at East Greenland

mixed with S, mentella (Magnusson et al., 1988 and 1990) in variable proportions in different sub-areas and periods
(Sigurdsson, WD1 in ICES CM 1998/G:3). In Icelandic waters, nursery are@sniiarinus are found mostly west and

north of Iceland at depths between 50 and approximately 350 m, but also in the south and east (ICES C.M. 1983/G:3;
Einarsson, 1960; Magnusson and Magnusson 1975; P&ssbn1997). As the length (age) increases, migration of
youngS. marinus along the north coast to the west coast takes place towards the most important fishing areas around
Iceland.

Indices for O-group redfish in the Irminger Sea and at East Greenland areas were available from the Icelandic 0-group
surveys from 1970 — 1995. Thereafter, survey was discontinued. Above or average year class strengths were observed
in 1972, 1973-74, 1985-91, and in 1995.

Abundance, biomass indices and length compositions have been derived using German annual groundfish surveys
covering shelf areas and the continental slope off West and East Greenland down to 400 m depth (Ratz, WD 14). Due to
difficult identification the juvenile redfish (<17 cm) were not classified to species level but treated as a single unit called
Sebastes spp. Trends in survey abundance for juvenile redfish (<17 cm) are shown in Figure 7.3.1 for West and East
Greenland, respectively. Since 1993, small and unspecified redfish were very abundant and distributed mainly off East
Greenland.

Juvenile redfish are caught both off West and East Greenland during the Greenland trawl survey (directed towards
shrimp), which were conducted since 1992 off West Greenland and during1992-96 off East Greenland (Engelstoft, WD
20 in ICES CM 1997/A:13). The survey was discontinued off East Greenland after 1996. Abundance estimates were
quite variable off West Greenland but indicated also a significant increase in abundance off East Greenland.

74 Discards and by-catch of small redfish
741 Discards of redfish in East and West Greenland

An offshore shrimp fishery with small meshed trawls (44 mm) began in the early 1970s off the west coast of Greenland
and expanded to the east coast in the beginning of the 1980s, mainly on the shallower part of Dohrn Bank and on the
continental shelf from 65° N to 60° N. Observer samples derived from the Greenland Fishery Licence Control revealed
that the shrimp fishery at both West and East Greenland takes small redfish as a by-catch but there was no information
available to quantify the by-catches and their length composition in 1998.

7.4.2 Regulations of small redfish by-catch at East and West Greenland

Present regulation concerning by-catches in the Greenland shrimp fishery permit a by-catch maximum of 10 % of the
total catch per each haul by weight. In 1994, a new arrangement with observers on board the vessels was implemented
to strengthen the enforcement of the regulations and improve the reliability of the log-books.

The Redfish Box was created in 1981 off East Greenland as recommended by ACFM to protect that part of the nursery
area of redfish§ marinus andS. mentella) against the directed cod and redfish trawl fishery. Currently, the redfish box
is effective also to the shrimp fishery
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Bearing in mind the declining fishery and biomass of S mentella and S marinus in all areas, and increased interest of
fishing redfish, concern must be expressed on the discard of small redfish of both species where ever it takes places.

The Working Group suggest the following measures for prevent young redfish by-catch and discards:

- legidate the mandatory use of a "fish grid or grate" for the shrimp fisheries as is the case in the Barents Sea, in
Icelandic waters and in NAFO Regulatory Area

- permit the temporary closure of areas when the by-catch of small fish exceeds a defined level as enforced at Iceland
and in the Barents Sea.
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Table 7.2.1. REDFISH. Nominal catches (tonnes) by countries, in Division Va 1985-1998, as
officialy reported to ICES.

Country 1985 1986 1987 1988 1989 1990 1991
Belgium 400 423 398 372 190 70 146
Faroe Islands 291 144 332 372 394 624 412
Germany - - - - - - -
Iceland 91,381 85,992 87,768 93,995 91,536 90,891 96,770
Norway 8 2 7 7 1 - -
Total 92,080 86,561 88,505 94,746 92,121 91,585 97,328
WG estimate 92,080 86,670 88,505 94,762 92,121 91,585 97,328
Country 1992 1993 1994 1995 1996 1997 1998 *
Belgium 107 96 50 - - - -
Faroe Islands 389 438 202 521 309 242

Germany - - 46 229 233 - 284
lceland 2 94,382 96,577 95,091 89,474 67,757 73,976 68,164
Norway - - - - 1341 - -
Tota 94,878 97,111 95,389 90,224 68,433 74,218 68,448
WG estimate 96,846 99,714 110,861 91,767 72,909 89,519 112,646

1) Provisional

2) Oceanic S mentella not included in the officially reported catches

Table 7.2.2 REDFISH. Nominal catches (tonnes) by countries, in Division Vb 1985-1998, as
officially reported to ICES.

Country 1985 1986 1987 1988 1989 1990 1991
Denmark - 36 176 8 - + -
Faroe Islands 12,634 15,224 13,477 12,966 12,636 10,017 14,090
France 1,157 752 819 582 996 909 473
Germany 2 5,091 5,142 3,060 1,595 1,191 441 447
Iceland - - - 21
Norway 4 2 5 5 - 21 20
UK (Engl. and Wales) - - - - + 3
Totd 18,886 21,156 17,537 15,156 14,844 11,388 15,033
WG estimates 19,754 21,476 17,538 15,508 15,068 11,737 15,037
Country 1992 1993 1994 1995 1996 1997 1998 *
Denmark - - - - - -
Faroe Idlands 15,279 9,687 8,872 7,978 7,286 7,199
France® 114 32 90 111 62 98 110
Germany 2 450 239 155 91 189 36 -
Norway 34 16 34 36 351t 251t 38
Russia 15 44 3 - - - -
UK (E/W/NI) 21 28 1 2 40 +
UK (Scotland) 8 1 18 24 43 36
United Kingdom 30
Totad 15,921 10,047 9,173 8,242 7,655 7,394 178
WG estimates 15,993 10,422 9,173 8,251 7,655 7,397 6,654
1) Provisional

2) Former GDR and GFR until 1991
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Table 7.2.3 REDFISH. Nominal catches (tonnes) by countries, in Sub-area VI 1985-1998, as
officially reported to ICES.

Country 1985 1986 1987 1988 1989 1990 1991
Faroe Islands 18 - - 1 61 - 22
France 397 480 1,032 1,024 726 684 483
Germany 76 24 - 16 1 6 8
Ireland - - - - - -
Norway - 14 2 1 2 5 +
Spain - -
UK (Engl. and Wales) 1 2 3 75 1 29 12
UK (Scotland) - 10 17 6 6 6 40
Tota 492 530 1,054 1,123 797 730 565
WG estimates 492 530 1,054 1,123 797 730 565
Country 1992 1993 1994 1995 1996 1997 1998*
Faroe Islands 6 - - 2 12
France 127 268 555 529 489 395 297
Germany - 77 87 5 9 1 1
Ireland 1 1 - 4 10
Norway 4 3 2 1 6! 5 3
UK (E/WINI) 4 4 9 105 54 19
UK (Scotland) 32 94 118 500 603 518
United Kingdom 377
Total 174 447 771 1,146 1,161 960 678
WG estimates 174 447 771 1,146 1,711 960 678
1) Provisional
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Table 7.2.4 REDFISH. Nominal catches (tonnes) by countries, in Sub-area XII 1985-1998, as
officially reported to ICES and/or FAO.

Country 1985 1986 1987 1988 1989 1990 1991

Bulgaria - - - - - 1,617 -

Estonia - - - - - - -

Faroe Islands - - - - - - -

France

Germany - - - - 353 7 62

Greenland - - - - 567 - -

Iceland - - - - - 185 95

Latvia - - - - - - -

Lithuania - - - - - - -

Netherlands

Norway - - - - - 249 726

Poland - - - - 112 - -

Portugal

Russia® 17,300 24,131 2,948 9,772 15,543 4,274 6,624

Spain

UK (E/WNI)

UK (Scotland) - - - - - - -

Ukraine - - - - - -

Totd 17,300 24,131 2,948 9,772 16,575 6,332 7,507

WG estimates 17,300 24,131 2,948 9,772 17,233 7,039 10,061

Country 1992 1993 1994 1995 1996 1997 1998*

Bulgaria 628 3,216 3,600 3,800 3,500

Estonia 1,810 6,365 17,875 421 4,697 3,720 3,968

Faroe Ilands - 4,026 2,896 3,467 3,127 3,822

France 3

Germany 1,084 6,459 6,354 9,673 4,391 8,866 9,746

Greenland 9 710 - 1,856 3,537 -

Iceland 361 8,098 17,892 19,577 3,613 3,856 1,430

Latvia 780 6,803 13,205 5,003 1,084 - -

Lithuania 6,656 7,899 7,404 22,893 10,649

Netherlands - - - 13 - -

Norway 380 5,911 4,514 3,893 1,010" 2,699" 488

Poland - - - 662 -

Portugal 503

Russia 2,485 4,106 10,489 34,730 606 - 89

Spain 20 410

UK(E/WNI) 33 -

UK (Scotland) 13 -

UK - + - -

Ukraine - 2,782 5,561 3,185 518

Totd 14,193 56,375 89,790 108,531 37,188 23,625 16,227

WG estimates 23,249 72,529 94,189 132,039 42,441 18,578 19,538
1) Provisional

2) Former USSR until 1991
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Table 7.2.5 REDFISH. Nominal catches (tonnes) by countries, in Sub-area XIV 1985-1998, as
officially reported to ICES and/or FAO.

Country 1985 1986 1987 1988 1989 1990 1991
Bulgaria 5,825 11,385 12,270 8,455 4,546 1,073 -
Denmark - - - - - - -
Faroe Ilands - 5 382 1,634 226 - 115
Germany, Dem. Rep, 5,438 8,574 7,023 22,582 8,816

Germany, Fed. Rep. 5,974 5,584 4,691

Germany 11,218 9,122
Greenland 5,519 9,542 670 42 3 24 42
Iceland + - - - 814 3,726 7477
Norway - - - - - 6,070 4,954
Poland 135 149 25 - -

Russia’ 42,973 60,863 68,521 55,254 7,177 3,040 2,665
UK (Engl. and Wales) - - - - 5 39 219
UK (Scotland) - - - - - 3 +
United Kingdom - - - -
Totd 65,864 96,102 93,582 87,967 21,587 25,193 24,504
WG estimates 65,864 96,102 95,824 91,676 24,520 31,261 28,400
Country 1992 1993 1994 1995 1996 1997 1998 *
Bulgaria - -

Denmark - - -

Faroe Ilands 3,765 3,095 164 8 298 123

Germany 7,959 26,969 22,406 9,702 16,996 11,610 9,671
Greenland 962 264 422 2,936 2,699 193

lceland ® 12,982 11,650 29,114 8,947 49,381 33,820 44,740
Norway 14,000 8,351 2,546 2,890 6,286 * 4331 594
Poland 114

Portugal - - 1,887 5,125 2,379 3,644 3,369
Russia 1,844 6,560 13,917 9,439 45,142 36,930 25,748
Spain 4,534 3,897

UK (E/WINI) 178 241 138 48 247 28

UK (Scotland) 28 8 4 10 6

United Kingdom - - 43
Total 41,718 57,138 70,598 43,639 127,331 90,793 84,165
WG estimates 48,513 57,269 59,776 43,142 134,782 88,018 57,223

1) Provisional data
2) Former USSR until 1991.
3) Officially reported catches includes Oceanic redfish caught in Subdivision Va.
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Table 7.2.6. Proportions used for splitting the 1998 REDFISH landings between Smarinus and
Smentella stocks.

Area Va Vb VI Xl XIV

Species/stock  Smar. Sment. Sment. Smar. Sment. Smar. Sment. Sment. Smar. Sment. Sment.
deep-sea oceanic deep-sea deep-sea  oceanic deep-sea  oceanic

Belgium 1.00
Estonia 1.00
Faroes 1.00 0.00 0.00 0.25 0.75 1.00 0.00 1.00 0.00
France 1.00 1.00
Germany 0.00 1.00 0.00 1.00 0.00 1.00 1.00 0.06 0.51 0.43
Greenland 1.00 0.10 0.90
Iceland 0.35 0.51 0.14 1.00 1.00
Latvia 1.00
Lithuania 1.00
Norway 1.00 0.00 1.00 0.00 1.00 0.02 0.98
Portugal 1.00
Russia 1.00 0.00 1.00 0.00 0.47 053
UK 1.00 0.00 1.00 011 0.90

In Sub-area X1V the landings for Germany, Greenland and UK have been splitted between Smarinus and deep-sea Smentella according to the
German surveys.

For Faroe Idands, Germany, Iceland, Norway and Russia the splitting in most areas has been based on biological information presented to the
Working Group and/or from log-books.
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Figure 7.1.1 Schemeatically possible relationship between different stocks of redfish in the Irminger Sea and along the
continental slope of E-Greenland-Iceland-Faroe Island.

:

BEAST
OWEST

S88¢

Abundance (Million)

:

o
!

1082 1984* 1986 1988 1990 1992 1994* 1996 1998

Figure 7.3.1 Sebastes spp. (<17 cm). Survey abundance indices for East and West Greenland as derived from the
German groundfish survey, 1982-98. *) incomplete survey coverage.
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8 SEBASTES MARINUS
8.1 Landingsand Trendsin the Fisheries

The total catch of S marinus in Divisions Va and Vb and in the Sub-areas VI and X1V has decreased from about
130,000 t in 1982 to about 40,00 and 39,000 t in 1997 and 1998, respectively (Table 8.1.1). This decline of about 70%
over this period has been continuous but with few exceptions. Since 1990, catches have decreased from about 67,000 t
or about 45%. The relative highest declinein last years occurred in areaVa (Table 8.1.1).

Catches of S marinusin Division Va have declined from 63,000 t in 1990 to only 34,000 t in 1996, a 55% reduction.
The catch in 1998 was about 37,000 t. The decline in the catch in 1994 was at |east partly due to area closures imposed
on the fishery by Iceland in order to reduce the catches of S. marinus. The catches in 1995 increased again to
approximately 42,000 t despite the area closures. The catches in 1996-1998 are the lowest catch of S. marinusin Va
since 1978. The length distributions in the Icelandic landings in 1989-1997 along with measurements at sea from the
commercia trawler fleet are shown in Figure 8.1.1. The location and number of measured fishes by statistical square is
givenin Figure 8.1.2.

About 90-95% of the total redfish catchesin area Vain recent years have been taken by bottom trawlers (both fresh fish
and freezer; length 48-65 m) targeting on redfish. The remainder is taken by different gears and partly as a bycatch in
the gill net and long line fishery. A total of 100 - 150 vessels landed more than 10 t of redfish during the last years. In
1998, asin previous years, most of the catches are taken in the area from SE of Iceland to W of Iceland.

In Division Vb, the catches were highest in 1985 approximating 9 000 t with steady decline to about 2,400 t in 1990.
They have since then remained at the level of 2,100-2,600 t except in 1992 when the catch was about 3,400 t (Table
8.1.1). Most of the S. marinus catches in Vb have been taken by pair trawlers and single trawlers (< 1000 HP). No
length distribution from the catches was available for this year.

In Sub-area VI, the catches in the period from 1978-1994 were highest in 1987, at almost 600 t, but then declined to a
level of 100 t from 1988-1994. In 1995-1996 the catches increased to over 600 t which are the highest catches in the
whole period from 1978 (Table 8.1.1). The catch in 1997 were over 500 t and in 1998, the provisional catch is about
400 t. The major proportion of the catches has been taken by trawlers. No length distribution was available from the
catch.

In Sub-area X1V, the catches have shown arelatively larger decrease than in the other Divisions and Sub-areas. Thus

the catches dropped from ailmost 31 000t in 1982 to 5 000 t in 1984 (an 84% decrease). In the period 1984 to 1988, they

varied between 1,200-5,000 t. In 1989 they amounted to only 685 t (only 2.2% of the catches in 1982). The catches

remained at thislow level for two years, then they increased again to 3,900 t in 1990. In the period from 1991-1994 the

catches were between 1,100-1,700 t but in 49987 the catches were less than 100 t, the lowest on record (Table
8.1.1). In 1995 and 1996, there was almost no directed fishe8 fisarinus nor deep se& mentella in area XIV, but

in 1998 a directed redfish fishery started again and S.marinus catches from that were estimated around 150 t. The
remainder of the catches were taken as a bycatch in the shrimp fislaege bottom trawlers took the catches taken in
directed redfish fishery.

Following text-table shows the sampling by gear type and Divisions.

Area Gear Landings Nos. samples Nos. fish measured
Smarinus Va Bottom trawl 36,000 164 34989
Vb Bottom trawl 2,500 0 0
XIV Bottom trawl < 100 16 1310
VI Bottom trawl 380 0 0
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8.2 Assessment
821 Trendsin CPUE and survey indices

Figure 8.2.1 shows the S. marinus abundance index with 95% confidence intervals using Icelandic groundfish survey

data down to 400 m depth. The index is a biomass index of the fishable stock computed by using a fishable stock ogive

(see WD 10). The index is a Cochran index (see Palsstat, 1989) and the stratification is based on depth intervals
and is shown in Figure 8.2.3. In Table 8.2.1 the contribution of each strata to the index is given.

The index indicates an increase in the fishable biomass from the record low level in 1995. The length distribution from
the survey shows that the peak in the length distribution (Figure 8.2.4) which have been followed during the last years
(first in 1987) now has reached the fishable stock and can clearly been seen in the length distributions of the catches
(Figure 8.1.1) as a peak around 35-37 cm. That is in accordance to the peak in earlier years, showing a growth of about
1.5-2 cm each year. The increase in the survey index in recent years therefore reflects the recruitment of a strong year
class (probably the 1985 year class). This indication of strong ear classes is also confirmed by age readings which have
been going on since 1998. Based on the age reading, the 1985 year class have been dominating in the catches since
1995 with about 30% of total number (Figure 8.2.2).

Indices of CPUE for the Icelandic trawl fleet for the period 4898 are also estimated from a GLIM multiplicative

model, taking into account changes in the Icelandic trawl catch due to vessel, statistical square, month and year effects.
All hauls with redfish at depths above 500 m, exceeding 10% of the total catch were included in the CPUE estimation
(Figure 8.2.5). Also, a simple CPUE was calculated (sum of catch / sum of effort for each year each haul where redfish
exceeding 10% of the total catch in each haul). The results from the trawler fleet also reflect the situation shown in the
groundfish survey and although the CPUE has been at a low level in recent years it increased in 1997 and has been at
similar level in 1998 as in 1997.

In summary, the Icelandic groundfish survey as well as the CPUE data seem to indicate a considerable decline in the
fishable biomass db marinus during the period from 1986 to 1994. The stock seems to have started to recover in 1995
- 1999 but it is still at a low level.

In Division Vb, CPUE ofSmarinus were available from the Faroes groundfish survey 49838 showing an increase
since 1995 although this was not seen in the catch statistics which still are on a very low but seemingly stable level
(Figure 8.2.6).

For the period 1982-98, abundance and biomass indices from the German groundfish siBvmariows (=17 cm)

are illustrated in Figures 8.2.7 and 8.2.8. From 1986-1995, an almost continuous reduction in survey biomass has
occurred. However, in the most recent survey results, a weak signal of possible recovery is shown. It can be taken from
Figures 8.2.7 and 8.2.8 that the redfish were mainly distributed off East Greenland, while the minor abundance and
biomass indices off West Greenland decreased almost to zero.

The length frequencies from the German groundfish survey in 1998 are illustrated for West and East Greenland in
Figures 8.2.9. The low mean length and left-skewed size composition in 1998 indicate relatively good recruitment
which caused a slight stock increase. The adults, however, remain depleted. Growth increments of single cohorts and
the annual abundance and biomass indices at West - and East Greenland for the period 1992-1998 were presented in
WP 10.

8.2.2 Alternative assessment methods

During previous meetings, the working group have tried an age-production model which has been described in
Stefansson and Sigurdsson (ICES C.M. 1997/DD10). Applying the mo&ehtarinus the model showed the same

general trend in the fishable biomass as the Icelandic groundfish survey and it seems to be able to reflect the peak in the
recruitment of the assumed 1985 and 1990 year classes. This year, an alternative model (BORMICON(BOReal
Migration and CONsumption model)) was applied to 8mmarinus stock. The model is described in WD 18.
BORMICON is a simulation model and estimation model developed at the Marine Research Institute. It is described in
Stefansson and Palsson (1997). The model is designed as multispecies - multiarea model but can also be used as ¢
single species model as was done for the redfish. The main characteristics that distinguish the model from most stock
assessment model is that it stores the number and mean weight of fish in each age and length group, not only in each
age group as traditional models do. This means that growth has to be modelled. It is done by calculating the mean
growth for each length group according to some growth model (for example von Bertalanfy's) model. The next step is
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then to distributed the growth. Then certain proportion of the fishes do not grow, some proportion grows one length
group, some proportion 2 length groups etc.

All fleets (predators) in the model have length based selection pattern. This means that fleets catch only the largest
individuals of each recruiting age group and therefore affect mean weight at age. The model does not use catch in
number directly as input data but rather length distributions, otolith samples and other data used to calculate catch in
numbers. An objective function is then used to minimise the discrepancy between the model output and these data. This
means that the model can use data that are not sampled regularly enough to calculate catch in number. Severa runs
were done and presented in WD 18, by using two types of fleets:

1) The total amount calculated by the fleet is specified and it is distributed on different length groups according to
abundance and the selection pattern. The same proportion is caught of each age group in alength group.

2) The proportion caught (approximately fishing mortality for short timesteps) is specified. This proportion is then
multiplied by the selection pattern so it is only for the length groups that are fully recruited that this proportion is
caught. Fishing mortality refersto this proportion.

In calculation for the past the fleets where the total amount is specified area used but in simulations into the future
proportion caught is specified

The formulation used is arelatively simple one. It's main characteristics are.

* One area

» Two fleets catching each species, acommercial fleet and asurvey. Selection patterns of both fleets are described
by alogit function, whose parameters are estimated.

» Growth isdescribed by the von Bertalanffy’s function.

Data used in the objective function to be minimised are:

» Length distributions from commercial catch and survey

* Adgelength keys p(a/L) from commercial catch and survey

» Length disaggregated survey indices

* Mean length at age from survey, and commercial catches

» Understocking (Not enough biomass exists to cover the catch)
Estimated parameters are then:

» Initial number in each age group

* Recruitment each year

* Parametersin the growth eguation
» Selection patterns of commercial fleet and survey. Two parameters for each fleet

Simulation period is from 1970 to 1999. Two timesteps are used each year

Natural mortality is set to 0.15 for the youngest decreasing gradually to 0.05 or 0.1 for age 5 and older. The ages used
are 1 to 30 years. The oldest age is treated as a plus group. Recruitment was at age 1. Prior to 1989 length at
recruitment was 7.1 cm but 8.1 cm after that. This was supposed to reflect length of the 1985 and 1990 ear classes in
the groundfish survey.

3 alternatives were tested.

e M=0.05

» Same asthe first alternative but age readings were not used in the objective function
e M=01

Figure 8.2.10 shows the estimated fishing mortality on fully recruited fishes for the period 1975-1998. As seen, the
fishing mortality rate has decreased in last years, after having being increasing in the period 1978-1990. The fishing
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mortality rate in 1998 is estimated to 0.25 (on fully recruited fish), and the average F for the whole period from 1975-
1998is0.33.

Figure 8.2.11 shows estimated recruitment as age 1 according to one of the alternatives model (M = 0.05). The main
indicator for recruitment is the groundfish survey, which does not indicate that anything is on the way after the 1990
year class. Here the 1990 year class seems somewhat smaller than the 1985 year class. Much less data are available to
estimate the recruitment prior to 1985.

As may be seen on figure 8.2.11 the cacheable biomass will increase in the nearest future, for F between 0.2-0.3, but
thereafter, the biomass will decrease again due to no indication of recruitment. Also, the catches (Figure 8.2.12 will
increase in next years, but in al cases decrease thereafter. If the groundfish survey is to be accepted as a measure of
recruitment no new year class will show up in the catch until 2010 so the 1985 and 1990 ear classes need to be
preserved at least until then.

8.2.3 State of the stock and catch projections

All available survey information and CPUE data from Division Va show that the Smarinus stock decreased
considerably to the lowest recorded biomass level in 1995. An improvement in fishable biomass has, however, been
seen in the most recent years due to improved recruitment. During the last few years, the 1985 year class has
contributed significantly to the fishable stock, and the 1990 year class is expected to contribute significantly to the
fishable biomass in next years. In Division Vb the CPUE from the Faroes groundfish survey show an increase in last
years but the catches are till at avery low level. The adult stock of Smarinusin Sub-area X1V has nearly been depleted
in the most recent years, but there are indications of arecruitment in the area

The Icelandic groundfish survey indices (U) may be assumed to be related to overall biomass (B) by a simple linear
relationship (U=KkB). If catches in time, t, are assumed to be proportional to stock size and effort (Y=cEB), then it
follows that catch over survey index is proportiona to effort (Y/U=aE) and this allows a one-year prediction of catch
assuming a status-quo effort level.

Yea Survev index Catch Va _Effort
85 1000 67,312 67
86 1137 67,772 60
87 1167 69,212 59
88 875 80,472 92
89 953 51,852 54
90 683 63,156 93
91 559 49,677 89
92 516 51,464 100
93 423 45,890 108
94 480 38,669 81
95 359 41,516 116
96 535 33,558 62
97 567 36,342 63
98 568 36,310 64
99 710

By assuming same effort in 2000 as it was in 1998 (calculated from the survey index from depth down to 400 m) and
calculating the catch in 2000 as:

Catch 2000 = Survey index 1999 * Effort 190s,
the catch in Vawould be around 46 000 t.

In Division Vb the CPUE from the Faroes fleet show similar trend as the Icelandic (increase in last three years) but in
Sub-area X1V the fishable stock of Smarinus is amost depleted. Based on Icelandic age reading data and a length-
weight relationship from commercial catches, an unexploited year class will reach maximum biomass at an age of
approx. 16-18 or length of 40-42 cm (Table 8.2.2). Keeping fishing effort lower than in the last 2 or 3 years should
therefore result in an increased total yield from the 1985 and 1990 year classes.
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In order to protect the new incoming year classes any fishing effort on these components should be kept low to allow
the stock to rebuild. It should also be kept in mind that, based on the groundfish survey there is no indication of new
year class after the 1990 year class. Therefore as described in 8.2.2, the two ear classes, 1985 and 1990 needs to be
preserved, since it is unlikely that other ear classes than the 1985 and 1990 will contribute substantially to the catch in
next years. Therefore, the working group recommends that the catches should not be increased from the present level.

8.3 Biological reference points

S marinusis mainly caught in Division Va and the relative state of the stock can be assessed through survey and cpue

index series from that Division. ACFM proposed to define reference points in “terms of current state with respect to

Uiim = Unad/5 and Y, = Une/2”. Based on survey data, the highest recorded biomass was reached in 1987. Based on
the proposed reference points, the Upa is then 133 gndround 53. Further, based on these definitions, the stock has
been below L} during the last years, but the survey index from 1999 indicates that it now is above that reference limit
point. Based on the BORMICON model the corresponding values for reference points (for the period 1985-1999) are
then U= 230 (in 1985); W= 46 and .= 115, and the stock seems to have been belgunlthe period from 1993-

1996. As for the survey series, the stock has been above that level during past 2 years.

The survey index series is only available back to 1985. Due to the long time lag between spawning and recruitment to
the fishable stock (at least 10 years) it is very difficult to see the consequences of the low fishable stock in early 1990’s.
There are, however indications that the recruitment has been low ever since. Index of fishable biomass have, in last 9
years, been abovek}/2 for 6 years. Therefore, based on both the survey index as well as the BORMICON model a
Upa limit set as W,/2 might result in to low fishable biomass to produce strong year class, and therefore the Upa might
be set to high. The working group, therefore proposes thdidset at 60% of L, which corresponds to the level of
fishable biomass associated with the last strong year class.

8.4 “Giant” S.marinus.

In March 1996 a new fishery with longlines and gillnets started on the Reykjanes Ridge deeper than 500 meters. In
addition to traditional bottom longlines, vertical longlines were used on the steep sea mountains. One or two vessels
also used gillnets. One of the main species caught in this fishery were the “dialpdistes marinus (see chapter 7.1).
The main fishery has taken place from within the Icelandic EEZ (north to appréid) 68d southwards in
international waters to approx. ®§ although occasionally “giant” redfish have been caught south*8D%2

ACFM decided in 1997 to treat a8 marinus in ICES Sub-areas V, Xl and XIV, including the ‘giant’, as one
management unit.

The only landing statistics presented in 1996 were by Iceland, the Faroes and Norway (Table 8.1.2). The total reported
landings of “giant"S. marinus taken by these countries in Sub-areas Xll and XIV in 1996 were 900 t. The fishery since
then decreased, with only minor catches reported by Norway in 1997 and there were no reportings of “giant” catch in
1998. There was however a considerable fishing effort on the Reykjanes in 1997, but the target demersal species seems
to have been Greenland halibut and other deep sea species.

Taking all available information and knowledge into account it is the view of the Working Group that the demersal
redfish caught on the Reykjanes ridge in international waters, of which nearly 100% have been documented to belong to
a separate genetic pool, the ‘giants’, should be managed separately and in a very conservative and cautious way.
Although these ‘giants’ living in international waters extend the distribution into the EEZs, one should avoid including
‘giants’ that can be identified as ‘giants’ (i.e., nearly 100% in international waters) in a TAC me&ntianinus

within the EEZs.
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Table8.1.1 S marinus. Landings (in tonnes) by area used by the Working Group.

Year Va Vb VI Xll X1V Tota

1978 31,300 2,039 313 0 15,477 49,129
1979 56,616 4,805 6 0 15,787 77,214
1980 62,052 4,920 2 0 22,203 89,177
1981 75,828 2,538 3 0 23,608 101,977
1982 97,899 1,810 28 0 30,692 130,429
1983 87,412 3,394 60 0 15,636 106,502
1984 84,766 6,228 86 0 5,040 96,120
1985 67,312 9,194 245 0 2,117 78,868
1986 67,772 6,300 288 0 2,988 77,348
1987 69,212 6,143 576 0 1,196 77,127
1988 80,472 5,020 533 0 3,964 89,989
1989 51,852 4,140 373 0 685 57,050
1990 63,156 2,407 382 0 687 66,632
1991 49,677 2,140 292 0 4,255 56,364
1992 51,464 3,460 40 0 746 55,710
1993 45,890 2,621 101 0 1,738 50,350
1994 38,669 2,274 129 0 1,443 42,515
1995 41,516 2,581 606 0 62 44,765
1996 33,558 2,318 663 0 59 36,598
1997 36,342 2,839 542 0 37 39,761
1998 ' 36,310 2,565 380 0 175 39,593

1) Provisiona

Table8.1.2 Catchesof "giant" S. marinusin Divisions X1 and XIV.

XII XIV
1996 1997 1996 1997
Norway 76 21 750 22
Faroes' 80

Total 76 21 830 22

1) Includes area XIlI
Catch figures for other areas or nations are not available for the meeting.

Table8.2.1. Index on fishable stock of S.marinusin the |celandic groundfish survey by depth.

Depthinterviyear 85 86 87 8 8 90 91 92 93 94 95 9% 97 98 99

< 100m T 2 2 1 1 2 2 1 1 1 0 1 1 2 1
100-200m 87 84 119 93 99 66 74 60 47 57 37 44 59 56 55
200-400m 134 173 145 106 117 87 52 56 49 52 44 77 70 72 106
400-500m 2 12 10 4 11 25 9 10 19 113 25 41 3 48
Total 0 —400m 228 259 266 200 217 156 128 118 97 109 82 122 129 130 162
Total 0-500 m 252 273 277 221 231 195 139 129 118 112 96 147 170 132 210
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Table 8.2.2. Smarinus. Estimated weight of a year class, based on Icelandic age reading data and a length-
weight relationship from commercial catches. Input parameters are given below.

Age Estim. Mean length Number in stock  Weight in stock

7 27.24 1000 289

8 29.45 951 350

9 31.41 905 406
10 33.14 861 456
11 34.67 819 498
12 36.03 779 534
13 37.23 741 562
14 38.29 705 583
15 39.22 670 597
16 40.05 638 606
17 40.79 607 610
18 41.44 577 609
19 42.01 549 605
20 42.52 522 597
21 42.97 497 586
22 43.37 472 574
23 43.72 449 560
24 44.03 427 544
25 44.31 407 528
26 44.55 387 511
27 44.76 368 493
28 44.96 350 475

Input parameters

Vonbertanlanffy
to -0.2089
Kl 0.1226
Linf 46.4167

Natural mortality
M 0.05
L ength-weight relationship (a*length™")
a 0.011
b 3.089
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Figure 8.1.1. S marinus. Length distribution from Icelandic landings and from samples taken at sea from

the trawler fleet 1989-1998.
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Figure 8.2.1. Index on fishable stock of Smarinus from Icelandic groundfish survey and 95% confidence

intervals. Theindex isbased on all strata at depths from 0-400 m.
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Figure 8.2.2. Age composition of Smarinusin Sub-division Va, based on samples from catch.
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Figure8.2.11. Estimated recruitment of Smarinus, according to the BORMICON model
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9 DEEP-SEA S. MENTELLA ON THE CONTINENTAL SHELF

Traditionally, the S. mentella on the shelves and banks around the Faroe Islands, Iceland and at East Greenland have
been treated as one stock unit, with a common area of larval extrusion to the SW of Iceland, a drift of the pelagic fry
towards the nursery areas on relatively shallow waters at East Greenland, and feeding and copulation areas on the
shelves and banks around Faroe Islands, Iceland and at East Greenland. In Faroese waters spawning has been observed
in some years to the south and west of the islands, implying that there could be a local component in the area; no
nursery areas have, however, been found so far (Reinert, 1990). A relationship to other ICES areas (11 and 1V) have aso
been suggested (Reinert et al., 1992; Reinert and Lastein, 1992). The question of a possible relationship between the
deep-sea S. mentella on the shelf in Subareas V and X1V and the pelagic deep-sea Smentella in the Irminger Sea has
been raised severa times. The ICES Working Group in 1999 on the Application of Genetics in Fisheries and
Mariculture (WGAGFM) states that the presence of significant genetic differences between these two deep-sea
components indicating probably distinct genetic stocks. The NWWG therefore continues treating the deep-sea S.
mentella on the shelf as a separate self-contained stock unit. For management purposes the Icelandic authorities separate
the deep-sea S. mentella on the shelf (some of which are caught in pelagic trawls) from the pelagic Smentella in the
Irminger Sea (both oceanic and pelagic deep-seatype) by straight lines through three positions (Figure 9.1.1).

9.1 Landingsand Trendsin the Fisheries

The total annual landings of deep-sea S. mentella from Divisions Va and Vb and Sub-areas VI and XIV varied
considerably in the 1980s mainly from 30 000 to 60 000 t.

In 1990, the landings were 44 000 t, and reached 67 000 t in 1991, decreased slightly in 1992 (63 000 t) but increased to
about 83 000t in 1994. Since then the landings have decreased to approximately 37 400t in 1998. In summary, the
average annual landings in the period from 1991-1994 increased substantially from the average in the 1980s (42 000 t),
but is now (1998) back to the 1980s level again (Table 9.1.1).

From Division Va, total landings in 1998 were about 33 000 t, decreasing from the record high catches in 1994 of

57 000 t. In the 1980s landings varied from 10 000—40 000 t. From 1990 to 1994 the landings doubled from 28 000 t to
57 000 t. This increase in the catch coincides with the introduction of large pelagic trawls used by a part of the Icelandic
fleet during the autumn and early winter months. This fishery has now decreased to 14% of the 1994 level due to low
catch rates. About 90-95% of the total deepSa@ntella catches in area Va in 1998 have been taken by bottom
trawlers (both fresh fish and freezer trawlers). During the last three years the fishery has been regulated by quotas.
Length distributions from the Icelandic catches in 29838 are shown in Figure 9.1.2. A decrease in the mean length

of the landed fish is seen in recent years. In Division Va the proportion of redfish below 33 cm in the catches is not
allowed to exceed 20% in numbers, unless the fishing area may be closed.

In Division Vb annual catches of deep-seamentella varied from 5 000-8 000 t until 1984. Then catches increased
rapidly to about 15 000 t in 1986. The catches declined again to 9 000 t in 1990. They increased to about 13 000 t 1991.
Since then they have remained very low and the catches in 1998 of only 4 000 t is the lowest catch since early 1970s
(Table 9.1.1). Length distributions of the Faroes catches from Division Vb are given in Figure 9.1.3.

In Sub-area VI the annual catches were highest in 1980 (1 000 t), but have varied from 130 - 640 t during recent years,
except for 1996 when the catches were about 1,100 t, the highest recorded catch in the series since 1978 (Table 9.1.1).

In Sub-area XIV, annual catches have varied considerably. In the beginning of the 1980s, the landings were between
10 006-15 000 t, but then decreased to 6 000 t in +38%92 and increased to 19 000t in 1994. At that time the fleet

was mainly fishing very small redfish. Since then there has been a drastic decrease to 200t in 1997 when the only
catches taken were bycatches in the shrimp fishery. In 1998, however, Germany started again a directed fishery on the
juveniles in this area and this resulted in a total catch of about 1 300 t.

Biological sampling from catch and landings of deepSe®ntella from the continental shelf in each Division and by
gear type is shown in the text table below.

Area Gear Landings Nos. samples Nos. fish measured
Va Pel.trawl 2,000 4 864

Va Bottom trawl 26,000 79 16196

Vb Bottom trawl 6,596 128 12013
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9.2 Assessment
921 Trendsin CPUE and survey indices

CPUE for deep-sea S. mentella in Division Va is based on bottom trawl tows taken below 500 m depth and where the

total catches of redfish compose a certain percentage of the total catch in each tow. Data prior to 1986 are poor. In the

period from 1986-1990 CPUE was rather stable. From 1989 to 1993 CPUE declined by about 45% (see text table

below and Figure 9.2.1), and it has remained rather stable at this lower level since then. However, if not the effort had

decreased considerably it is unlikely that the catch rates had remained this stable in recent years. The effort which

peaked in 1993-1995 had by 1998 decreased to 58% and 12% of that peak level in the demersal and pelagic fisheries,
respectively.

Y ear Total CPUE CPUE Total effort
landings (t) in (10%) relative (1000 hours)

Va to 1986
86 18,898 943 1.000 20
87 19,293 974 1.033 20
88 14,290 886 0.940 16
89 40,248 974 1.033 41
90 28,429 804 0.853 35
91 47,651 770 0.816 62
92 43,414 611 0.648 71
93 51,221 547 0.581 94
94 56,720 488 0.517 116
95 48,708 514 0.545 95
96 34,741 489 0.518 71
97 37,876 562 0.596 67
98 32,710 501 0.531 65

The effort in Division Va in the time when the stock was considered in stable condition i.e., froni9¥\B6vas
20 000—40 000 hours. After a peak in 1994 of about 116 000 hours the total effort in 1998 had decreased to about
65 000 hours or 56% of the maximum level in the time series 1986—1998.

Regarding Division Vb a CPUE-series (1985-1997) of deep=Ssaaentella was presented in last year's Working
Group report. The series shows a decrease since 1993, which seems to have stabilized at a level below 50% of the
maximum level in the time series.

Survey abundance and biomass indices from the German groundfish survey for d8emeseela (> = 17 cm) are

broken down by stratum at West and East Greenland and illustrated in Figures 9.2.2-9.2.4. The surveys in 1991, 1993
and 1995-98, when the whole area was covered, registered high abundances of 8emtsHa at East-Greenland.

The survey results show recruiting juveniles only while mature deef. sasntella are almost absent. Comparing the
proportions between West and East Greenland, deep sea redfish is almost exclusively distributed off East Greenland.
Record high values in the time series were measured in 1997 mainly composed of fish with a mean length of about
25 cm. This dominant year class had in the 1998 survey grown to about 27 cm, and the abundance and biomass had at
the same time decreased by about 50%. Since there are no significant commercial fishery for this species at East-
Greenland at present, the decrease indicate an emigration out of the area. The origin of these very abundant recruits and
to which fishing area they will recruit is uncertain but there are indications that at least some of these juveniles will
recruit to the fishery within Division Va. This may be hypothesized from survey results at East-Greenland in 1991
which observed deep-s&mentella of about 26 cm to be relatively abundant. Three years later, in 1994, incoming
recruits of about 32 cm were seen in the length distributions of deeprsaraella catches in Division Va (Figure

9.1.2).

Survey results were also presented to the Working Group from the Icelandic groundfish survey in Division Va. Since

this survey only covers depths down to approx. 500 m and there seem not to be any nursery grounds of major
importance in Division Va, these results add little to the current stock evaluation. A recently started deep-water survey
(approx. 500-1200 m) around Iceland in autumn may, however, add valuable information about the fishable stock of
deep-se&mentella in future.
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9.2.2 State of the stock and catch projections

The CPUE decreased drastically from a high level in the late 80s and seems to have stabilised in the 90s at or below
50% of that level. New recruits have entered the fishable biomass in recent years. It is, however, difficult with current
state of knowledge to be sure about to what extent the rich yearclass(es) of juvenile Smentella currently at East-
Greenland will recruit to this stock.

The fishermen report of less Smentella in the fishing areas. The fishermen have aso reduced their use of pelagic trawls
on the continental shelf. Apart from catching less fish pelagic the fishing area has remained unchanged. A precautionary
reference point for this stock has been defined corresponding to 50% of the maximum CPUE-level in the time series
from the commercia fishery (see chapter 9.3). U (or CPUE) is at present below Upa, and the immediate management
action should therefore be to decrease the effort in order to increase U above Upa.

It is possible to compute effort as well as a TAC corresponding to different reductions in effort for deep sea S. mentella
by using a similar method as described above for S. marinus, although for the deep-sea S. mentella, the survey index is
replaced by CPUE index. The working group, taking al the uncertainties into account, recommends that the effort
should be further reduced in order to let the stock increase from the present low level and suggests a 25% reduction in
effort. Using the CPUE data in the same way as the Iceland groundfish survey used for S. marinus indicates that a 25%
reduction in effort would lead to catches of 24 800 t in Division Vain 2000.

Catch 2000 = CPUE gg * Effort og

Catch
2000==>
Catch Effort
100% 32710 65
75% 24500 49
50% 16500 33

In Division Vb the recent years development in CPUE resembles that in Division Va, i.e., the CPUE seems to have

stabilized at or below a level 50% of the maximum level in the time series (1985-1997). Since the deep-sea S.mentella
in Div.Va and Div.Vb belong to the same stock, a similar reduction in effort as in Div.Va is recommended also for
Div.Vb.

For deep-se& mentella on the continental shelf in Sub-area XIV the Working Group recommends maximum protection
of the juveniles and no directed fishery. This is seen necessary in order to rebuild the stock to safe biological limits.

9.3 Biological reference points

The relative state of the stock can be assessed through survey and CPUE index series (U) from the commercial fishery,
which imply a maximum, k., as well as the present state. Given these data, it has been proposed by ACFM that
reference points be defined in terms of the current state with respagf toUa/5 and U, = Upad?2.

94 M anagement consider ations

The two types of pelagic redfish in the Irminger Sea (i.e., the oceanic and the pelagic deeprieida) in the present
context are treated separately from the deefsse®ntella on the continental shelf. It can, however, not be excluded
that there may be a relationship between the demersal de&peatella on the continental shelves of the Faroe
Islands, Iceland, Greenland and the pelagic deefgeentella in the Irminger Sea and this should be keep in mind in
the management of this stock.
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Table 9.1.1 Deep-sea S mentella on the continental shelf. Landings (in tonnes) by area used by the Working Group.

Y ear Va Vb Vi Xl X1V Tota

1978 3,902 7,767 18 0 5,403 17,090
1979 7,694 7,869 819 0 5131 21,513
1980 10,197 5,119 1,109 0 10,406 26,831
1981 19,689 4,607 1,008 0 19,391 44,695
1982 18,492 7,631 626 0 12,140 38,889
1983 37,115 5,990 396 0 15,207 58,708
1984 24,493 7,704 609 0 9,126 41,932
1985 24,768 10,560 247 0 9,376 44,951
1986 18,898 15,176 242 0 12,138 46,454
1987 19,293 11,395 478 0 6,407 37,573
1988 14,290 10,488 590 0 6,065 31,433
1989 40,269 10,928 424 0 2,284 53,905
1990 28,429 9,330 348 0 6,097 44,204
19901 47,651 12,897 273 0 7,057 67,879
1992 43,414 12,533 134 0 7,022 63,103
1993 51,221 7,801 346 0 14,828 74,196
1994 56,720 6,899 642 0 19,305 83,566
1995 48,708 5,670 540 0 819 55,737
1996 34,741 5,337 1,048 0 730 41,856
1997 37,876 4,558 418 0 199 43,050
1998* 32,710 4,089 298 3 1,319 37,424

1) Provisional data.
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Figure 9.1.1. Map showing the line used by Icelandic authorities to separate the landing statistics between deep-sea
Smentella on the continental shelf and pelagic Smentella (oceanic and pelagic deep-sea) in the Irminger Sea. In
addition the figure shows parts of the pelagic fishery distribution patternin 1998.
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Figure 9.1.2. Length distributions of deep-sea Smentella catch and landings from the Icelandic bottom trawl fishery in
ICES Division Va.
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Figure 9.1.3. Length distribution of deep-sea Smentella caught by Faroes otterboard trawlersin Division Vb in 1998.
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Figure 9.2.1. CPUE, relative to 1980, from the Icelandic bottom traw! fishery for deep-sea Smentella on the continental

shelf in Division Va. “Simple 10%” means CPUE calculated on hauls where redfish deeper than 500 m compose 10%
or more of the total catch in each haul. “Glim_50%" shows the modelled development using GLIM including hauls
where redfish deeper than 500 m compose 50% or more of the total catch in each haul. For explanation of UPA anc
ULim see text-chapter 9.3.
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Figure 9.2.2. Deep-sea S mentella (=17 cm) on the continental shelf. Survey abundance indices for
East and West Greenland as derived from the German groundfish survey, 1982-98. *) incomplete
survey coverage.
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Figure 9.2.3. Deep-se&. mentella (=17 cm) on the continental shelf. Survey biomass indices for
East and West Greenland as derived from the German groundfish survey, 1982-98. *) incomplete
survey coverage.
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Figure 9.2.4. Deep-sea S. mentella on the continental shelf. Length composition off Greenland as
derived from the German groundfish survey, 1995-1998.
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10 PELAGIC SEBASTESMENTELLA

This section includes information on the pelagic fishery for oceanic redfish S. mentella and pelagic deep-sea S. mentella
inthe Irminger Sea (Sub-area X1, parts of Division Vaand Sub-area XIV).

10.1 On the possible relationship between S.mentella units

Inthe ToR the WG was asked to “comment on the possible relationship between pelagic “degghastes mentella
and theSebastes mentella fished in demersal fisheries on the continental shelf and slope”

As has been described in section 7.1, there are great uncertainties in the stock str@ctueatefa in the area. The

Working Group concerns about current situation of the fishery in the area related with the possible existence of more
than one stock db. mentella. Prior to 1994, the problem of stock mixing was considered minor as only small proportion

of the catches was taken at depths below 500-600 m. The problem has been of greater magnitude during the last few
years as the fishery has shifted towards greater depths (WD 7, 20 and 21; Sigurdsson and Pérarinsson, 1998). As the
fishery has shifted towards greater depths, greater proportion of the catch might originate from the deeper stock (deeper
than 500 m). The problem of separate the catches has magnified even further due to the fact that the ocganic type
mentella also has been distributed deeper than 500 m in recent years.

As shown in WD 7 and in previous NWWG reports (ICES C.M 1998/ACFM:19) a major proportion of the fishery
takes place at depths below 500 m. In fact in 1998, more than 90% of the Icelandic oceanic redfish landings was caught
below 500 m depth, according to the log - books. Also, more than 50% of the Spanish effort was at depth greater than
600 m (WD21). Based on the German observer program, it is assumed that about 30% of the German catches were
taken below 600 m depth (Table 10.1.1.)

The problem of distinguish between stock component also magnified even further, as the Icelandic oceanic fishery in
1998 has extended very close to the areas where the traditional shelf fishery has been ongoing for years. It is difficult to
estimate how much of the pelagic deep sea component is taken as deep sea belonging to the shelf component and vice
versa.

In May 1998, Iceland conducted a pelagic trawl survey in the northern part of the Irminger Sea. The purpose was to
map the deeper layer of oceanic redfish at depths below 500 m, the part of the stock which is the target of commercial
fishing during spring-early summer (Sigurdsson and Reynisson 1998). The results indicate an even distribution of

redfish with low densities except for two very small areas where the fishing fleet was concentrated and fishing at depths
between 650-800 m with catch rate of 2-3 t/h. During the survey, acoustic recordings definitely identifiable as redfish

were rare, and then mostly in the uppermost 400 m. The results from that survey show that the distribution in the study
area is continuous.

Given all the uncertainties mentioned above, the future development of the stock(s) and catches must be described as
uncertain because it is at present not known how much of each component is actually caught in recent years. An attempt
to improve the situation has been made by some nations to report the catches on a depth base. For the same purposes
Iceland has discriminated between the types of redfish in the oceanic redfish fishery since 1995 (WD7) and the
Icelandic results are given in Table 10.1.2.

10.2 Fishery
10.2.1 Historical development of the fishery

Russian trawlers started fishing oceaniarBntella in 1982. Vessels from Bulgaria, the former GDR and Poland joined

those from Russia in 1984. Total catches increased from 60,600t in 1982 to 105 000 t. in 1986. Since 1987, the total
landings decreased to a minimum in 1991 of 25 000 t. The main reason for this decrease was a reduction in fishing effort,
especially by the Russian fleet. Since 1989, the number of countries, participating in the oceantells.fishery

gradually increased. As a consequence, total catches have also increased and reached the historically highest level in 1996 a
180 000t (Tables 10.2:10.2.2). In 1998 the total provisional catch was 120 000 t, but some countries have not reported
their catches yet.

In the period 19821992, the fishery was carried out mainly from April to August. In $3994, the fishing season was
prolonged considerably, and in 1995 the fishery was conducted from March to December. In 1997 and 1998 the main
fishing season occurred during the second quarter. Few trawlers of Russia, Iceland and Spain conducted their fishery during
the whole year. The fleets participating in this fishery have continued to develop their fishing technology, and most trawlers
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now use large pelagic trawls ("Glorid'-type) with vertical openings of 80-150 meters. The vessels have operated in 1998 at
a depth range of 200 to 950 m, but mainly deeper than 600 m. Icelandic trawlers fished mainly on depth 600-800 m during
the period 19951998 (Figure 10.2.1).

10.2.2 Description of the variousfleetsin 1998.

Trawlers from at least 12 countries participated in the fishery in 1998. Most of them were freezer-factory trawlers. Up to 90
different trawlers fished in Sub-areas XIl and XIV during the season with the vessels varying in length, horsepower, gears,
type of fish processing etc.

The following text table summarises the available information from fishing fleets in the Irminger Sea in 1998:

Russia 25 factory trawlers of five types, ranged from 2500 to 4500 hp
Iceland 25 factory trawlers and 2 freshfish trawlers
Norway 2 factory trawlers
Greenland 1 factory trawler
Spain 6 freezing trawlers
Germany 9 factory trawlers
Faroes 1 factory trawler and 6 freshfish trawlers
10.2.3 Discard and conversion factors

Prior to 1996, Icelandic landings of oceanic redfish have been raised by 16% due to discards of redfish infected with
Sphyrion lumpi. This value of was based on measurements from-119813 when the fishery was mostly on depths

above 600 m. During the 1997 fishing season measuring was made on discard from different depths and on 10 different
vessels in the period from May to July, showing discard rate of 10% which was then added to the landings in 1996 and
1997. A new measurement shows that the discard rate has decreased to 2% in 1998 (WD 7). This new value was used
for raising the Icelandic catches.

Norwegian fishermen currently report approximately 3% discards of redfish infected with the parasite. This percentage
has in recent years become less due to a change in the production from Japanese cut to mainly fillets at present.

No information on possible discards was available from other countries participating in this fishery.

The factors used for converting the weight of “Japanese cut” fish and fillets into round weight may cause errors in the
statistics if these factors are incorrect and/or differ between countries.

The Working Group reiterates its recommendation that each country should investigate and conduct scientific

work to find the best factorsfor a particular product and fishery, and that the results are published/documented

and made available for the assessment work. The text table below show the conversion factors used for the most
common products by some of the countries participating in the Oceandotella fishery:

Japanese cut Fillet Fillet with skin  Fillet without skin
France 3.37 3.37 3.37
Germany 2.84 3.00
Greenland 1.900 3.00
Iceland 1.818 3.333 3.571 3.636
Norway 1.650 3.00-4.77
Russia 1.984 2.577 2.825
UK 2.7 2.7 2.7

! Factor 3.00 used in log-books, while factor 4.77 used on landings.
2 With bone.

10.2.4 Trendsin landings and fisheries
A preliminary estimate of a total catches in 1998 are estimated to be 120 000 tonnes, which is similar catch as in 1997. In
1995 and 1996 the catches amounted 176 000 and 180 000 respectively, the highest catches on record @Eh22)0.2.1

The actual catches in 1998 will increase due to the lack of reporting from some countries participating in the fishery.
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At the beginning of the fishery in 1982, catches of pelagic redfish were reported from both Sub-areas X11 and X1V. But most

of the catches were taken in Sub-area XII (40 000-60 000 t) until 1985, then the greater part of the catches were reported
from Sub-area XIV. The landings from Sub-area XII were again in the majority in 1994 and in 1995 with 94 000 t and 129
000 t landed respectively. In 199098 the main part of the total catch were taken from Sub-area XIV (Table 10.2.1).

PelagicS. mentella fishery in Division Va started in 1992. The catch varied from 2 000-14 000 from 1992-1997. Since
1995, the catches have increased every year and in 1998 the catches were 44 000 t, more than three times the catches in 19¢
(Table 10.2.1).

In Table 10.2.3 the CPUE series for Bulgarian, German, Icelandic, Norwegian, Russian, and Spanish fleets are given. Table
10.2.4 gives catches, effort and CPUE by depth for the Icelandic fleet during the perietiOP83%\s can be seen from the

table more than 90% of the Icelandic catches were taken below 500 m. In Figure 10.2.2. the development of CPUE in three
depth intervals is illustrated graphically. The figure shows that after a constant decrease in the CPUE from 1994-1997, there
was a slight increase in all depth categories in last year. Figure 10.2.3 shows the overall CPUE from different fleéts in recen
years.

Greenland presented a catch rate index for 48933 of the fishery within the Greenland EEZ based on log-book data from
selected vessels reporting to Greenland authorities (WD 27). After a possible learning period in the fishery the estimated
indices show a rather stable situation since 1994.

Length distributions of pelagi& mentella from German, Icelandic, Russian and Spanish commercial catches were
reported for 1998 and are given in Figure 10.2.4.

10.3 Assessment
10.31 Acoustic assessment
There was no trawl-acoustic survey on “oceafighentella in the Irminger Sea and adjacent waters carried in 1998.

Trawl-acoustic surveys have for many years been carried out in the Irminger Sea and adjacent waters. Because of the
limited depth range coverage (down to 500 meters) the surveys have mainly covered theSoueateita, and should
therefore only be used as an index for this component.

The following text table gives the results of acoustic estimates during the period 1991-1997.

Year Acoustic estimate Area surveyed,
down to 500 m thousand sg. nautical

(thousand tonnes) miles
1991 2235 105
1992 2165 190
1993 2556 120
1994 2190 190
1995 2481 167
1996 1600 256
1997 1240 159

10.3.2 I chthyoplankton assessment

The traditional ichthyoplanktonic survey, conducted by Russia in-11%9%5 was not carried out in 1997. The historical
series of icthyoplanktonic surveys is presented in Table 10.3.1.

10.3.3 State of the stock

Data available to the Working Group for evaluating the stock status of p&amgistes mentella were the acoustic
estimates of the fishable biomass shallower than approximately 500 meters in the period 1991-1997 and CPUE from
the commercial trawl fishery.
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Both survey estimates and CPUE of four fleets decreased in a similar manner during the period from 1994-1997. In
1998, the CPUE (both above and below 500 m) from the Icelandic fleet show an increase, but all the other fleets have
similar value for 1998 as they had in 1997. The Working Group considers the period up +t6980B3as a learning

period including gear technology development. However, since 1994, the overall CPUE has been decreasing
substantially. During 1995-97, the survey estimates decreased by 50% from 2.5 milliont to 1.2 million t. However,
catches alone can not explain the observed decline in the biomass indices during that period.

There have been observed changes in the environmental conditions in the Irminger Sea during the last years, which
could affect the behaviour of the redfish in the area. At 200-500 m depth, the sea water temperature increased by
around 2° C since 1994. This increase during the last years have also been observed by the Icelandic fleet where
information from log-books show increase in temperature at 600—-800 m depth by a similar magnitude as in the
uppermost 500 meters. The observed vertical changes in the hydrographical environment may have caused a change in
the behaviour of oceanic redfish and in the depth distribution of the scattering layer.

Some uncertainties arise regarding the indices used in the assessment (both in the CPUE and survey estimate) in
relation to the environmental changes and survey design.

Based on the information available, the working group considers the status of the stock/stocks components as highly
uncertain.

104 M anagement consider ations

For the oceanic redfish there have been some discussion in the past about MBAL (previous NWWG reports), and it has
been suggested as 50% of the virgin biomass of around 3 milliont. In the 1994 acoustic survey, the biomass was
estimated to be around 2.2 million t in the uppermost 500 m but in most recent years the survey results and CPUE series
have indicated lower stock size. Based on these information one might conclude that we are perhaps reaching this
MBAL level of around 1.5 million t. It is, however, not clear so far, to which degree the environmental changes have
contributed to the sudden decrease in the stock indices.

In June/July 1999, Germany, Iceland and Russia will conduct a trawl-acoustic survey in Irminger Sea and adjacent
waters. The survey plan is described in ICES CM 1999/G:9. The main objective is to obtain an acoustic abundance
estimate of the oceanic redfish and there will also be an attempt to estimate the redfish abundance below 500 m., both
acoustically and by pelagic trawl.lhe working group recommends that the results from the survey will be

presented to and evaluated by ACFM during it's autumn meeting.

10.5 Precautionary approach

Experience has shown that deep-water fisheries develop rapidly and that resources which they exploit may be especially
vulnerable to over-fishing. Species such as these may become depleted before sufficient data has been accumulated to
provide advice on appropriate management measures based on standard assessment methodology. These data are not
available for al the redfish stocksin the Irminger Sea.

It iswell known that lack of full scientific certainty shall not be used as a reason for postponing cost-effective measures

to prevent environmental degradation. It is aso well know that when stock identification is an issue, there is
considerable safety in allocating catches to each potential unit separately rather than to treat the whole complex as one

unit. Thisisthe case for the redfish stocks in the area. Available indices include CPUE data and acoustic measurements.

To date only the acoustic measurements have been used to illustrate stock trends. Suppose first that the two
components, “oceanic” and “pelagic dee-sea” are really a single stock, and hence there is some (considerable) mixing
between the two (Fig. 7.1.1). In this case the management of the stock is only a question of monitoring the acoustic
index since the mixing will take care of depletion in one depth zone over another. However, if there are two different
stocks then it must be recalled that the acoustic measurements apply only to the “oceanic” component. There will in this
case be no indication in the acoustic index if this “new” fishery of the “pelagic deep sea” component is overfished.

Given the current situation, action must be taken in accordance with the precautionary approach and attempts be made
to assess each stock separately until better knowledge on the relationship between each stock or stock components are
known. Such assessment must be based on what information is currently available

Although the stock size and catch from each stock or stock component are as yet unknown, as are all of the basic
parameters used for calculation on reference points, information is available on the range of the catches and the fishing
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effort in each component. Therefore, by regulating effort by depth, the risk of irreversible or slowly reversible changes
can be reduced, in accordance with the intent of the precautionary approach.

Based on the Icelandic calculations given in Table 10.1.1, assuming that the “pelagic deep sea” and the shelf deep sea
belongs to the same stock, the catches of deef. saantella could have increased drastically during the last years. As

an example based on that exercise, the catch of deep sea redfish in 1996 could have been between 40 000 and 140 000 f
depending on how the catch of different fleets is estimated (WD?9).

Based on above, it is clear that if advice and management is to be in accordance with the precautionary approach each
stock must be handled separately. In particular advice must be given for each part separately. The most troublesome of
the components is the “pelagic deep sea” component since there is no accepted measure of stock abundance or trend ir
abundance for this component. Such measures are available for the other components and hence it is possible to provide
advice and control catches based on acoustic estimates for c8eaantella or CPUE data for deep-s8amentella on

the shelf. Such advice could lead to sustainable management for these stock components.

For “pelagic deep sea” it can be seen that the effort (and the catch) has increased substantially each year during the last
years. A continuation of such increase will probably not be sustainable and a continued lack of advice for this
component is not in accordance with the precautionary approach. The current progress in the fishery gives cause for
serious concern and it is imperative that advice be given in such a fashion as to limit catches from this particular
component. Given that there is no other information at all, the minimum restriction to be placed on catches is that they
should not be allowed to increase until further information is available.

10.6 Special comments

In order to gain important knowledge on the location of the nursery areas for the Oceanic redfish stock and of the
recruitment to the Irminger Sea, a joint international synoptic trawl survey for 0-group and/or juvenile redfish covering
the entire distribution area would be necessary. A different approach to this would be to follow the extruded larvae from
the spawning grounds in the Irminger Sea on their way to the nursery grounds by conducting e.g., monthly surveys
covering the larvae/O-group as they drift/swim.
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Table 10.1.1. Pelagic S. mentella landings (in tonnes) in 1998 by countries and depth (A), and in 1996-1998 by depth
(B). (Working Group figures and/or as reported to NEAFC).

A. Total not splitted shallower than deeper than
600 m 600 m
Estonia 3,968 100%

Faroes 5,681 100%
Germany 18,046 70% 30%
Iceland 52,284 9% 91%

Lithuania 1,768 100%
Norway 1,084 95% 5%
Portugal 3,872 100%

Russia 25,837 22% 13% 65%
Greenland 1,351 70% 8% 22%
Spain 5,000 48%* 52%
Total 118,891 16237.84 24234.45 78418.71

*Derived from effort data
B. Total not splitted shallower than deeper than
600 m 600 m
1996 180 138 43% 14% 43%
1997 122 37% 20% 43%
1998 119 14% 20% 66%

Table 10.1.2. Results of dividing the Icelandic pelagic redfish catch according to the Icelandic samples from the
fishery.

Year Total Catch Catch oceanic Catch deep sea Not classified % oceanic
1995 34631 24976 9521 134 72%
1996 62903 28361 32737 1805 46%
1997 41272 15001 26271 0 36%
1998 46202 4932 40824 446 11%
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Table 10.2.1 Pelagic S. mentella. Landings (in tonnes) by area as used by the Working Group. Due to to the lack of area
reportings for some countries, the exact share in Divisions X11 and XIV isjust approximate in latest years.

Y ear Va Vb \4 XII X1V Total
1978 0 0 0 0 0 0
1979 0 0 0 0 0 0
1980 0 0 0 0 0 0
1981 0 0 0 0 0 0
1982 0 0 0 39,783 20,798 60,581
1983 0 0 0 60,079 155 60,234
1984 0 0 0 60,643 4,189 64,832
1985 0 0 0 17,300 54,371 71,671
1986 0 0 0 24,131 80,976 105,107
1987 0 0 0 2,948 88,221 91,169
1988 0 0 0 9,772 81,647 91,419
1989 0 0 0 17,233 21,551 38,784
1990 0 0 0 7,039 24,477 31,516
1991 0 0 0 10,061 17,089 27,150
1992 1,968 0 0 23,249 40,745 65,962
1993 2,603 0 0 72,529 40,703 115,835
1994 15,472 0 0 94,189 39,028 148,689
1995 1,543 0 0 132,039 42,261 175,843
1996 4,610 0 0 42,365 133,163 180,138
1997 15,301 0 0 18,557 87,760 121,618
1998 * 43,626 0 0 19,535 55,729 118,891

1) Provisional data
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Table 10.2.2 Pelagic S. mentella catches (in tonnes) by countries used by the Working Group.

Year Bulgaria Canada Estonia Faroes France Germany® Greenland Iceland Japan Latvia Lithuania Netherland Norway Poland Portugal Russa®? Spain UK  Ukraine Total
1978

1979

1980

1981

1982 581 60,000 60,581
1983 155 60,079 60,234
1984 2,961 989 239 60,643 64,832
1985 5,825 5,438 135 60,273 71,671
1986 11,385 5 8,574 149 84,994 105,107
1987 12,270 382 7,023 25 71,469 91,169
1988 8,455 1,090 16,848 65,026 91,419
1989 4,546 226 6,797 567 3,816 112 22,720 38,784
1990 2,690 7,957 4,537 7,085 9,247 31,516
1991 2,195 115 571 8,783 6,197 9,289 27,150
1992 628 1,810 3,765 2 6,447 9 15478 780 6,656 14,654 15,733 65,962
1993 3,216 6,365 7,121 17,813 710 22,908 6,803 7,899 14,990 25,229 2,782 115,835
1994 3,600 17,875 2,896 606 17,152 53,332 13,205 7,404 7,357 1887 17,814 5,561 148,689
1995 3,800 602 16,854 5,239 226 18,985 1856 34,631 1,237 5,003 22,893 13 7457 5125 44,182 4,555 3,185 175,843
1996 3,500 650 7,092 6271 21,245 3537 62903 415 1,084 10,649 6,658 2379 45748 7,229 260 518 180,138
1997 111 3,720 3,945 20,476 41,276 31 3,179 776 3,674 36,930 7,500 121,618
19081 3,968 5,681 18,046 1,351 52,284 1,768 1,084 3,872 25837 5,000 118,891

1) Provisional data

2) Former USSR until 1991.
3) Former GDR and GFR.
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Table 10.2.3 Pelagic S. mentella. Catch per unit effort (t/h) by country in Sub-areas X11 and X1V.

Year Bulgaia Germany? Iceland Norway USSR-Russa(BMRT) Spain
1982 - - - - 1.99 -
1983 - - - - 1.60 -
1984 1.25 - - - 1.48 -
1985 1.85 - - - 1.68 -
1986 2.04 - - - 135 -
1987 1.22 0.79 - - 1.10 -
1988 0.82 1.28 - - 1.00 -
1989 - 0.70 111 - 1.00 -
1990 - 0.89 1.02 1.09 0.99 -
1991 - - 152 142 0.80 -
1992 - - 1.66 1.79 0.63 -
1993 - - 3.27 2.02 0.63 -
1994 - - 2.64 2.83 1.70 -
1995 - 2.06 2.00 2.05 1.00 -
1996 - 1.45 1.74 1.20 1.30 -
1997 - 131 111 0.66 - 0.83
1998* 1.30 1.56 0.73 .0.87

1 Preliminary

21987-1990 reported as GDR (FVSIV)

Table 10.2.4 Catch, trawling time and CPUE of pelagic redfish by depth intervals since 1989 as reported in log-
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books from the | celandic fleet.

Data Depth range 89 90 91 92 93 94 95 96 97 98
Sum of Catch 100-199 226 839 2035 908 12 1 121
200-299 279 415 1336 2115 611 2874 2165 453 130
300-399 174 315 1408 3021 2402 863 1572 75 1693 886
400-499 7 951 385 1950 1298 1141 537 792 278
500-599 24 915 3515 9463 2960 3674 2390 2092
600-699 757 2539 12149 10402 12203 12548 11792
700-799 113 33 1210 4083 19093 10246 16785
800-899 252 50 1370 466 252
900+ 6 88 326 76
Sum of Hours 100-199 300 844 1564 847 9 16 96
200-299 152 367 1009 1447 325 2019 949 303 122
300-399 161 318 738 1221 428 269 656 78 1111 501
400-499 13 420 228 483 424 439 475 929 321
500-599 49 776 1329 3233 1471 2910 2453 1736
600-699 405 937 4866 4840 8095 10948 8663
700-799 36 15 586 2080 9196 9506 9151
800-899 73 25 577 500 182
900+ 46 46 318 130
CPUE (t/h) 100-199 0.75 099 130 1.07 131 0.08 1.26
200-299 1.83 1.13 1.32 1.46 188 142 228 149 1.07
300-399 1.08 099 191 247 561 321 240 09 152 177
400-499 053 227 169 404 306 260 113 085 0.87
500-599 048 118 264 293 201 126 097 1.20
600-699 187 271 250 215 151 115 1.36
700-799 314 228 207 196 208 1.08 1.83
800-899 344 200 237 093 1.39
900+ 0.12 193 1.02 0.59




Table 10.3.1. Pelagic S mentella biomass from the the Russian ichthyoplankton surveys in 1982-1995. N S.- No survey

Square surveyed Redfish abundance Redfish biomass
(thou. sg. miles) (mill. spec.) (thou. t)
Iceland Intern. Total Iceland Intern.  Total Iceland Intern  Total
EZZ waters EZZ waters EZZ waters

1982 - 88 88 - 662 662 - 4213 4213
1983 - 148 148 - 1944 1944 - 1198 1198
1984 - 96 96 - 1423 1423 - 957 957
1985 - 100 100 - 1169 1169 - 687 687
1986 42 98 140 9602 1136 10738 10119 680.3 1692.2
1987 - 114 114 - 1032 1032 -  646.1 646.1
1988 178 99 277 723 1212 1936 396.4 636.2 1031.6
1989 90 100 190 393 998 1391 263.3 607.6 870.9
1990 39 81 120 420 890 1310 280.7 677.3 863
1991 - 115 115 - 1390 1390 - 801.6 801.6
1992 NS
1993 - 126 126 - 4460 4460 - 31194 31194
1994 NS
1995 - 136 136 - 3640 3640 - 2948.7 2948.7
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Figure 10.2.1. Depth distribution of Icelandic trawl hauls for pelagic redfish as reported in the log-books since Iceland
began its pelagic redfish fishery in 1989.
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Figure 10.2.3. Trendsin CPUE of pelagic S. mentellain the Irminger Sea and estimated acoustic biomass..
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Figure 10.2.4. Length distributions from landings of pelagic S. mentellain 1995-1998.
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11 WORKING DOCUMENTSAND REFERENCES

32 working documents were presented to the working group during the meeting and they are al listed below. In
addition the following documents were presented: a) Report of the Study Group on Redfish Stocks (ICES C.M.
1999/G:9).

Jesper Boje, 1999. The fishery for Greenland halibut in ICES Div. X1Vb in 1998.
Ole A.Jgrgensen, 1999. Survey for Greenland halibut in ICES Div. XIVb, June-July 1998.

1

2

3. Jakup Reinert, 1999 . Faroe Haddock: Preliminary Assessment.
4. Jakup Reinert, 1999 . Redfish in ICES Division Vb.
5

6

7

Agnes Gundersen & Astrid Woll. 1999. Trawl fishery for Greenland halibut in ICES XIVb, 1998.

Bjarni Mikkelsen, 1999. Preliminary assessment of Faroe Saithe 1998

Thorsteinn Sigurdsson, 1999. Information on the Icelandic fishery of Oceanic refifiemtélla TRAVIN);
information based on log-book data and sampling from the commercial fishery.

8. Report of ICES WGAGFM 12.-15. April Reykjavik 1999.: T.Johansen, A.K. Danielsdottir, K. Meland and G.
Neevdal. Studies of genetic relationship between deep-sea and @&sbasties mentella in the Irminger Sea.

9. Thorsteinn Sigurdsson and Gunnar Stefansson.198&®anic redfish and precautionary approach.

10. Thorsteinn Sigurdsson 1999. Preliminary assessme®ttmstes marinusin ICES Sub-division XIV and V.

11. Thorsteinn Sigurdsson. 1999. Deep Sea redfish in Division Va —some tables and figures

12. Petur Steingrund. 1999. Preliminary assessment of Faroe Plateau cod.
13. Petur Steingrund. 1999. Faroe Bank cod.

14. Hans-Joachim Ré&tz and Christoph Stransky. 1999. Abundance, length composition and temporal trends in mean
lengths forSebastes marinus L., deep-se&. mentella and juvenile redfishSebastes spp.) off Greenland, based on
German groundfish surveys 1982-1998.

15. Hans-Joachim Ratz 1999. Groundfish survey results for cod off Greenland (offshore component) 1982-98.

16. Hans-Joachim Ratz 1999. On the German Fishery and biological characteristics of Oceanic Redfish (Sebastes
mentella Travin) 1991-98.

17. Hans-Joachim Réatz . Data on German catches and effort for Greenland HRaibbar@tius hippoglossoides),
redfish (Sebastes marinus and deep sea S. mentella), and Atlantic cod (Gadus morhua) in ICES Div. Va, Vb, Via
and X1V, 1995-98.

18. Hoskuldur Bjérnsson 1999. Use of the BORMICON model to estimate the stock size of Plaice, Redfish, Wolffish
and Haddock in Icelandic waters.

19. E. Jonsson 1999. A view on the Icelandic haddock.

20. Kjell Nedraas 1999. Information about the Norwegian fishery for pelgghastes mentella in the Irminger Sea,
Smarinus and Greenland halibut in ICES Sub-areas Xl and XIV (revised) and 1998 (provisional).

21. S. Junquera 1999. Report of the fishing activity of the spanish fleet in ICES Div. XIl and XIVb in 1998.
22. L.Taylor. 1999. Stock dynamics and assessment of haddock in Icelandic waters.

23. V.S. Mamylov 1999. Methodical aspects of trawl-acoustic surveys on redfish stock in the Irminger Sea.

24. Yu,l. Bakay 1999. On using the copep&ghyrion lumpi and pigment spots on body to differentiate local
aggregations of redfish froBebastes genus.

25. Yu. |I. Bakay and A.B. Karasev 1999. Registration of ectolesions of marine redfishasfes genus of the north
Atlantic (methodical guidelines).

26. V. N. Shibanov 1999. Preliminary information about Russian fishery for the Oceanic S. mentella in ICES Subareas
Xl and XIV in 1998.

27. J.J.Engelstoft 1999. Redfish fishery in ICES Division XIVb and XII (inside Greenland EEZ) in 1998.
28. J.J.Engelstoft 1999. Inshore cod stock at West Greenland.
29. S. A. Schopka 1999. Cod at Iceland (Division Va).

326



30. E. Hjorleifsson 1999. A view on the Greenland halibut.

31. Sigurdur Jonsson 1999. Saithe in Division Va.

32. G. Gudmundsson 1999. Time series analysis of catch-at-age values for saithe in Division Va, 1988-1988.
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