. §’V3§‘ \ A
Advisory Committee on Fishery Management o ICES CM1997/Assess:3

[,

{23 DEs, 1997

REPORT OF THE

WORKING GROUP ON THE ASSESSMENT OF MACKEREL, HORSE MACKEREL,

SARDINE AND ANCHOVY

ICES Headquarters, Copenhagen, Denmark
13-22 August 1996

Part 1 of 2

This report is not 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

Palegade 2-4 DK-1261 Copenhagen K Denmark

(’J;—j 55) f/,% ;"'\/
YL






TABLE OF CONTENTS

Section Page
1 INTRODUGCTION. .....cotititirietiririeiiitetsteesteasseetassessesssssstasesessasesessessasessasesssssesessssasessesssesessesessesasessessasenesasanses 1
1.1 Terms Of RETEIEIICE ....ccviiuiiiieieeiecei ettt b et sk e e b eae et s b sbene et eaaebesanbens 1
L2 PatICIPANES ...c.eveiiriieieiesietei ettt ettt ettt e b e et e e b e bbbt b e b bt ebe e 1
1.3 Quality and Adequacy of Fishery and Sampling Data........ccccoceveriiieriniineiriicinieeseee e s 2
1.3.1 Sampling data from commercial fIShery ........cccoooieivieiinicecc e 2
1.3.2 CaCh A ...t e ek b e e ene 4
1.3.3 DESCATA .viviiuieieiiisiesieieie vttt e st sie et e e eb b e sae et b e ee s b e be s e e e e e et ek e ane s ae e e e n b ent et bt et pe e e st areanen 5
1314 FIREL daLA...c..iiceiiiieieet ettt s e sttt e et e e be s et et atene b e ebe b en et bt senan 5
13,5 AZE TEAGINE . ...oviiiiieiieie ettt ettt ettt e va e ekt s me ek b be st eseeb e e bt ebene e basa et e esesbe s anne e 5
1.3.6 BioloZICAl DA ...oiveeviiieiicieiieee ettt b e sttt sh et et en bbbt s et be b enesaranis 6
1.4 Review of the Mackerel/Horse Mackerel Egg Production Working Group (Anon. 1996/H:2)................ 7
1.5 Review of the Report on the Development of a Spatial-Temporal Model to Improve Annual Egg
Production Assessments of Mackerel and Horse Mackerel .........c.ocvoccviviniinnnincneseneeecscnree e 9
1.5.1 Problems identified With GAM........cc.ooiiiiii et ettt s 9
1.52 Advantages 0f GAM ...ttt et emae s ettt ettt e aa ke abe b ebasbeanennens 10
1.5.3 Requirements before GAM could be incorporated into routine assessments ............coeervereeeenee. 10
1.5.4 ReECOMMENAALION ...verviieiiireeiee ettt ettt ettt sbe s ebe b e e st ebe s b et et sae st e e et esanranane 10
TADLE 1.3.1 1ottt ettt ettt a ettt b s bk sh e b e e bRt e r e bt b e e Rt A R eh ek e e Rt ke es e st ks eRe bt es et e et e s ene et e s naternens 11
2 MACKEREL - GENERAL .....ccooiiiitirteiniieitie ettt ettt neseastsnessseessasesbe et e sesassssensstasessesessasessssesansesensen 14
2.1 SHOCK UIIES 1.ttt ettt e et eb e e b et e b e bt be s b e b et e bt skt b et et ne st e b s e 14
2.2 Spawning Stock Biomass Estimates from Egg Surveys........cccccevniniiioenciinnencne e 14
2.2.1 NOIH S8 ATCA......couiiiiiiiiiii ettt ettt et e e ettt eae et s bt e e e nbeembeabeeseebeeaee e 14
2.2. 2 WESTBITL @A ..evvoveniiveientisieeesteeesteaeeseestasesr st esee s ebt et ere st eesesbes st shesbeeb e sebeebe et se e beabesessbsb e beneeresanen 14
2.2.3  SOUTNEITI BI'EA ...ouviieiiiiiiiceeitiettete ettt sttt e st sab e s et s b e e bt s s ba e st e s ere e bt aseneanees 15
2.3 Allocation of Catches t0 STOCK........coiviiiirreees et s 15
2.4 Bottom TIaW] SUIVEYS ...oceiriciieiccerc ettt s st et s 15
2.5 The FiShery in 1995 ...ttt ettt se bttt e b et ebesbe s ee 16
2.5.1 ACFM advice and management applicable to 1995 and 1996 ..........ccccovvveniiininnvcnnicncnnenne. 17
2.6 Distribution of the Mackerel FISheries.........ccocooiiiiiiiinine et 18
2.7 Length Compositions by Fleet and COUNITY .......ceceivrirereriniirinineneniiseeeseese e ssessestessesaesessesseseeeaseas 19
2.8 Catch in NUMDELS 8L AZE .ocvviviireiiesiicieseesie st e st et et e raesee s aesreesaeseessaeseessaeseessessesstessesseessessesssansesssnans 19
2.9 Mean Lengths at Age and Mean Weights at AZE........coivveveiiinrereinniiiinnieieneseee et 19
2.10 MALULILY AL AZE .oviiviirverireeierteecrereesieesiesiesereeueseearaessessaesttessassesseessseraessesssassesssesssensesseeseentesnsessesssessessessses 20
2,11 SPECIES MIXITIZ .. e.eivirieurerieeieteseeetereretassassesteseestasaetessesbestesbatesseseesbansassasessassassaneessaseasessensensanessesensensenses 21
TADIES 2.1-2.16 ..ttt etttk R e b ek s et et bbbt 23
FIZUIES 2.1-2.10 1.ttt et bbbt e e bbbt 41
3 NORTH SEA, WESTERN AND SOUTHERN MACKEREL (DIVISIONS IIA, IIIA, IVA-C, VB, VIA-B,
VIIA-K, VIII A,B,C,E AND IXA)....cctiiiritiirieirieisiaieseenissesessstessesassesessessenesiesessessasentssnsessssansasssessesassassssessans 53
3.1 NOTth S8 IMACKETE] ......octieiiiriieieriertieie ettt sttt s be et be b e ss e abesbe s bt e s asbenessaasesbesnean 53
3.1.1 Fishery independent information from €gg SUIVEYS .......c.cveirririmeeiiineinernierreses e eeeeene 53
3,12 RECTUIIMENT....ecvitiieieiet ettt ettt e be et ekt e ke s b b e st s st ebe e bt s ba s enbarbensenaesbenensann 53
313 ASSESSIMEIE. ...evveueeiririiriieiiitesreettes e eteetesnt e st e sseetaretsbeantesbeesre et e sat e st abaesbesbanebesanasennesreenreabeenreanes 53
3.1.4 Management measures and CONSIAEIALIONS .........ceceeerreeiirieireieneereeerrereereere e srenressseeseessereeresans 53
3.2 WeSEErn MACKEIEL ......ccviiiiiiiiiiciceccet ettt et s e re et e re st sae st e nne s 54
3.2.1 Fishery independent infOrmation ..........cuuvvriireineinnieierntirniisesestsis e besasesaaes 54
3.2.2 RECIUIMIIENL. . ..ceviriiiereeeietetire st ste e st ae e st sseett e esaeebessassesaessnsnaaseareebesseraasesssasessersessesseseessateesen 54
3.2.3 MALUTILY 8L AZE ...evevirereeeriineeierieretriicere sttt st et e b et b et b et b et b ebe st ne bt b nesrene b nes 54
3.2.4  SLOCK @SSESSIMENL.....ceviviieieriieriireesieireeere st ete st es st asre st e st et e atesseasseeseessassesssessasssansessaessesseessessnsans 55
3.2.5 Comments On the asSeSSMENt........oouiiririnrerenteieireririnreeseseetesaessesnsressansenes e 56

ENACFM\WGMHSAOT\REPORT97.DOC  18/09/96 i



Section Page

3.2.6  COmMPAratiVe ASSESSITIBIILS . ....evirvereveresretiatrieserteeeseestsaestrssnssesassesssbeseasesestasesessestssesessesentssnsasesens 56
3.2.7 Consequences of using GAM estimates of egg production ...........ccceeevverniennicnnerenenenen, 57
3.3 Southern Mackerel COMPONEIL..........ccveurveierieirieiiieierrterteesteiesaeteseesares e sesseseststerassastssesessesessssenssssssasens 58
3.3.1 Effort and catch per Unit €ffOrt ...........ccocvviiiieciiieicece ettt 58
3302 SUIVEYS eveiieiiitieie et ste et st e srea et e e st et e s bt e b e s beebe e taes et s esbeaneeseebesbesha shesasasesehearbesreerbenhen nrasbease 58
3.4 North East Atlantic (NEA) MaCKETEL.........cccocoiriiuiciiiiieieieteee ettt ene e e ebens 58
3.4.1 Fishery independent infOrmMation .........c...ecuevirieiieiniiieniiet e nise s b esbeaeaereebesrens sbaseens 58
342 RECTUIIMENL . ...cuiiuiiiiitiiiieiniestiteste v et sve sttt eseebe e sras b e b ae e es e ebe b e s be e e bt er e ot e sbenee b et ebe s neabnenie 59
3.4.3  Data PreParation.........c.cceeueeiriririeicriineeieiete ettt r ettt st bttt bttt b ettt s s s enena 59
344 StOCK @SSESSITIENT.....coueiiiiiiiiriirieitiieiiee ettt sttt s a et at et s b e bbb sbesb b saeben e arnenis 59
3.4.5 Comments On the aSSESSIMENL. .. .....co.irieierieierieieete sttt ettt e sttt eres e sreneen 60
3.4.6  CatCh PIEAICTIONS .ivevviiverieriiieseeeteesiecteet et ete et eb e te et e teases s sabest et e sbeabenrassebseseasesbesesaessessesssnsateenes 60
3.4.7 Medium-term PrediCtions. ... ..ottt 61
3.4.8 LoNE-EIT YIELA .eooeineiiiieiiice et bbbt 63
3.4.9 Reference points for management, MBAL and fishing mortality targets ..........c.coceevecvvecinecnnen, 63
3.4.10 Management measures and CONSIAEIAtIONS ......c..coeeiriererieeieiireetetisteneseeeetesie e see e sraee e esaeseens 64
TADIES 3.1-3.29 ...ttt et ek ekt k ekt ARt bbbk e b st bebe st h b e eae et ene 65
FIZUIES 3.1-3.20 ..ottt ettt et s e b e e b ekt b e bk e e btk et b et s bttt eb et er et ettt 94
4 HORSE MACKEREL - GENERAL .......cecciiiiiiiniirniet sttt ettt st ene 113
4.1 SOCK UIIES ..uteteieiiieiietetestes ettt ettt b et b e b st et bes b esess b e et es b ebes et en e b antesne s ket e tenrrennbn 113
4.2 Spawning Stock Biomass Estimates from Egg SUIVEYS.........cccevvrierieiireriniiinie et 113
4.2.1 NOIH S€2 BI'Ba......ccuiriiiriieieiienteiei ettt st e et sreetee e beaseesesseasesseseeaesbesseabebesaenbensensenenanenss 113
422 WESEEITL AICA .viviieriinireeie ittt st ettt et st r et et s ekt re et b et er ek eseese s sr e ne st seen e bsreenessensanateae 113
4.2.3  SOUHEITI IEA ....ceeiiviieiirieii ettt sttt sttt b et se s b s ettt eaeebena et et ebe e b b enesbenes 113
4.3 Allocation of CatChes t0 StOCK......c.cceiiiriiiiciirerie ettt sttt een 114
4.4 SPECIES MIXINZ .. e eevirriririeercerinretesisteseetesee et etestetesbese st ate st ststasse st ateseesansesesaas e e eseeebenraseneaseasenessnseneasentone 114
4.5 The FISREry QN 1995 ..ottt et ettt es s bt e sae st sesreneseennaben 115
4.6 Distribution of the Horse Mackerel FISHEIIES .........cocvviverirriceririniierinineereistsieieeenssiseresasessesesesensesess 115
4.7 Length Compositions by Fleet and by COUNLIY ........c..ooveriereierereeninierercseis et ene e e 115
4.8 Otolith EXChange i 1996 .........coviiiiiirieiirieiiiiciietteesteis et sb st b e ese st et sa e e sa b s ba e sbassasensnsanen 115
TADIES 4.194.7 .ottt sttt b ettt bRt R e kbRt ek e bRt R e b e s et be et e bene 117
FIBUTES 4.1-4.4 ...ttt ettt e bbb b e bt ek e b e b e ke b s e b e e eba b e eb st b e ebentsee e 124
5 NORTH SEA HORSE MACKEREL (DIVISIONS IIIA - EXCEPT WESTERN PART OF SKAGERRAK -
IVB,C AND VIID) ..cuiiiiiiiriieieiteintirterrentestestasees e e estssasse st sbeesesbe s e saasaentenseatessassssessessensessansestsnsensonsaneaseansens 129
5.1  The FiShery i 1995 ...oovov ittt sttt stk b bbbttt b bbbt enabenens 129
5.2 Fishery Independent INfOrmation...........cccoecriniiieinnnicieeieisieneini st sasne e rebesnons 129
5.2.1 E@Z SUIVEYS...ouiiiiiiiiiieiierctesieetriest bt teseste s s b aes st e st s ae s estases s sbas s seas s ee s eneenesenbesennabennoseanians 129
5.2.2  ACOUSLIC SUIVEYS ..cucvevreuiarreretenisiesereresestesssenssessasesenesesesessseesesasessenssmasesasesensasesesestseesessseseessenes 129
5.3 AZE COMPOSIEION «o.vevererienireerieteisiesiitestereeeteseetestete st eseese e sesessessasesestassssssbasessetassesessasereesestesensesereasensens 129
5.4 ASSESSIIENL......ctiiiieieieiiitenetete st e st s et e be s bt s st e b te s e et ekt e e s h ekt e ebe e b r ek e se e R se et sr ek e eresre e 129
5.5 Reference Points for Management PUIPOSE ............ecervuieererueueeriniereniisteisneesssinieseenssnesenessssessassesessesens 129
5.5.1 MBAL ok b e bt bt a e h bt a b r e bbb enes 129
5.5.2 Fishing MOTtality tAIZELS ......ccvicivveeriiriieerireiereeeitere s ereetee s e e sresestessstesasesessessssessesssessesessensasenne 130
5.6 Management Measures and CONSIAEIAtIONS ...........ccerrrurreinieernersieseesesiseseeesessesss et seesesaeseseeneene 130
FIGUTE 5.1 ..ottt ettt b b e e et 131
6 WESTERN HORSE MACKEREL (DIVISIONS IIA, IITA (WESTERN PART), IVA, VB, VIA, VIIA-C,
VIIE-K AND VIIA,B,D,E) ..ottt ettt er ettt es s s et enssesb s sa s ebsassssasenernis 132
6.1  The FiShery N 1995 ...tttk b et 132
6.2 Fishery Independent Information from EZE SUIVEYS......ccoeieiiiireniciiniiiinesieesesesenesreeeene e seseesrene 132
6.3 Catch in NUMDETS 8t AZE ...eovvriiiiiiiiiiieece ettt st ss et e bt esseb st s e seraneen 132

ENACFM\WGMHSA9T\REPORT97.DOC  18/09/96 ii



Section . Page

6.4 Mean Length at Age and Mean Weight at AZE........cccovviiniiiiniiiine e 133
6.5 MatUIIty Bt AZE ..eoviviiiiiiicir i e e 133
6.0 STOCK ASSESSIIEIE .. .iiuveiortitierie ittt e s et e et e st a e se bt atb e e ss s e sebesrae e b e ebeesrbeanneenbaesbeeenraesnee s 133
6.7 Comparison with GAM Egg Production ESHMALE .........cccoeviiiriiiiiiiccee e 134
6.8 Risk Analysis and Medium-Term Projections .........cccovcverrirnerniniieertsieesieeseessnsscsr e sseassnes 134
6.9 LONZ-Term YIEIA ..ooviuiririiieiiiicter ettt ettt bbbt s bbb tann 135
6.10 Reference Points for Management PUIPOSES.......cociveiiiriiiiiiiiciincsiesrcciei et 135
6.10.1 MBAL oottt e e bbb e s bt b s skttt reebe s e 135

6.10.2 Target fishing MOTTAHLY ......ooviriiiriii ettt eve v 136

6.11 COMIMENES ON ASSESSITIBIE..c..euviiveriitireeiteteeete st eeettetesteste st eebesbe s teestebesbesbeeestestaseetseaeebesseate st esersessases 136
6.12 Management CONSIAEIALIONS .......cciiiriiiiiiiiestiie sttt sttt b e st et r et aseabesbesbasbenes 136
TADLES 6.1-0.21 ...ttt etttk b ke b e ekt stk et b et r R e e et et e e e beraerene s 137
FIGUIES 6. 1-6.7 ..ottt e bbbt e bt s b s b et e e et et bt et ekt s bt ba s b e st aeanene 153
7 SOUTHERN HORSE MACKEREL (DIVISIONS VIIIC AND IXA) ...ccoviiiiiericrninineennr e sieesesnneneas 160
7.1 The FiSHEry in 1995 ..ottt s et rt e beereesbeesaesraesssabeesesbesbsesbesaeesbesaeen 160
7.2 Effort and Catch per Unit Effort ......c.ccoiiiiiiiii e s 160
7.3 Fishery Independent INfOrmation..........c.eociireiririnerinieriieiiesiee s sssesse e ve et eve e 160
T3] TTAW] SUIVEYS..ccveriiiteieiriteierietetttst st te et e raeta st e bt st e e st et e s b ese st et e sae b e s ebessebe st atasensessasesnesessasassns 160

7.3.2  EZE SUIVEYS..couiiiiieuiiiiiiiiti ittt sttt ettt b et e h bt b e a et be st e b e bt eb e sb et e e s et e st eaeeseseeeaensenes 161

7.4 Catch in NUMDEIS GE A ...ooveeriiireiiiiiecrteestea et e aes b be s ese b et ebe st eresaesassereeresssseressaresseresne 161
7.5 Mean Length at Age and Mean Weight at AZe.......cccevivireiiciieiiiecs et 161
76 MALUIIEY BE AR .oveveeiiieeerieieriei ettt sttt bbb bbb e s b s bt e e eb e b e b et te s bk e s b se b eseenetenne 161
7.7 Fishing Mortality and Tuning of the VPA ... e 162
7.8 RECTUILITIEIL ..c.vuiiiiiieieieeietiit ettt ee ettt bt e eb e st sbe s b st esaes s estebeasbasaebeebe et e sbesbessasbensessessesserens 162
7.9 Catch PrediCtiOnS .ouevueeereeeiietiieiirie sttt b e bbb b b st b ae b st et beebe s steranee 162
7.10 Short-Term and Medium-Term Risk ANalysiS.........cccoiiiiiiiviiiiiiiiiii ittt eas s 162
711 Long-TeIT YIEIA ...eceeiiiiieiiriie ettt s s b st s e st etsebeebesaeeresbessansares 163
7.12 COMMENES ON ASSESSITIBIL.....c.eevertiiereitiitieereteeeeteeetstestassessesaetasssseestesessersesassessassassesseseesassessersonsesns 163
7.13 Reference Points for Management PUIPOSE .......c.c.cocveiiriireniiciinecienecis et se v sne e et sre e 163
T3 T MBAL ettt ekt b et bbbt e b b e nene et e e ata s 163

7.13.2 Fishing mortality tarZELS ......ccccieverirenieeriereenine sttt st b et sb st an st ereessereseenbenes 163

7.14 Management Measures and ConsiderationsS..........ccoecurvecrreerinreiiieceiiereseeseeeseesesre e sneeetesessesessesessesenns 163
TADIES T.1-T.19 ittt h e R bk s bR ea b b e h bt rabe bbb eteatate b eseeben 164
FIBUIES T.1-7.5 oottt et b s s bbbt b e b s e s e b et e s e b b et e saness s et eress b eserebenta 193

PART 2

8 SARDINE ..ottt d e ekt ek kbbb bbb R Rt bR et s aee et et te e ene 199
8.1 OtOlith EXCRANGE ....oivireeeiiiiiec ettt s b b etess bbbt eaeeseneneae 199
8.2 The fiShery i 1995 ...ttt st r e ere et steereeteersabeesensentereaneeresre 199
8.3 Distribution of the Sardine FiSHery .......c..ccccvrviviiiiiriiiiieinr et ceev e nn 200
8.4 Effort and Catch per Unit EffOrt ......cccooiveiiiiniiincccirseeet et v s s 200
8.5 Fishery-Independent INfOrMation ........ccvvuierevnireciiiniicei ittt esee bttt es et eneaenes 200
8.6 Length Compositions by Fleet and by COUNIIY .......cccovuvvieeiiiiinincieiiesereriseserees v 202
8.7  Catch in NUMDET B AZE.....ecevverieierieiieirritetrt ettt sttt ese et es e resesbestebessssestebenssbassstersstsnsen 202
8.8 Mean Length at Age and Mean Weight @t AZe........cccoeiiieieieeciiciireecseeeee ettt 203
8.9 MALUIIEY B AE ..ottt ettt e b ettt r et b s s bbbt e s et ebsas s st ebeaea s et ebebereae s eaetnnrasas 203
8.10 StOCK ASSESSIMENL......cveeiieeisieiiiieistitret ettt et eteere e se et et esesbeteseebestetereetesesteseesenseresessensasensasersstersssoneos 203
81T RECTUIMMENE .....eveieverieeciiiet ettt ettt sttt eaeas s ets et ete et etessessesebesearessareseesssseressenensatesesresosennns 204
8.12 CatCh PrediClions .....ccceveiiiiirieiiieieri sttt s e bbb et et evsebesseretssaetesbereebereseeree 204
8.13 Short-Term and Medium-Term RiSK ANLYSIS.........ccoeeviviiiiieiiiieccieecieeeeereee sttt sr e e sreeneans 204
8.14 Long-Term YIld .....cccouioiriiiiiieiiicec ettt b et ba b aa b s e s nearan 205
8.15 Comments 0N the ASSESSIIENL . ........cierrrreirriereieritir et sestete st rtesa e seeserassessessssasessesesetessesassessssenes 205

E\ACFM\WGMHSAS7\REPORT97.DOC  19/09/96 iti



Section Page

8.16 Reference Points for Management PUIPOSE ........cccviiirreiiiniiienicseniee et srssesesessa s 205
8.16.1 MBAL bbb et 205

8.16.2 Target fiShing MOTTAHIES ... c..iiiieiitieitce ettt be sttt seeta s s 206

8.17 Management CONSIAEIALIONS .......cccviiriiieiiiicerieieist e tes e es e rete st s e st esabesesessa s esansseen 206
TADIES B.1-8.27 .ttt bbb R e bR R bkt h bbb et arane 207
FIGUIES 8.1-8.17 ..ottt sttt e st e be s b e s et ava et e e s e s ba s eeb e ea b enbesaeeeebesenseearennanes 240
9 ANCHOVY - GENERAL ..ottt et bbb e sb e b 266
9.1 UL SEOCKS vttt ettt ettt b s st b et e bt e st ta s esebese b e st te st es et nn s s e b saberenenrens 266
9.2 Distribution of the ANCROVY FISHETIES ....covoviviriiirieiics et bbb b s 266
9.3 Length Compositions by Fleet and by COUNIY .......ccocuiiiiciiiirieiiieseeinecceeses e 266
9.4 Anchovy Otolith EXCHaNZE .....c.ccuccceeiiiiiiriiiitiiie ettt sttt sv e et sresse st st s eneeeesaane 267
TADIES 9.1-9.2D ..ottt e b ettt R e etk e bt b etttk e ne st ne et 268
FIGUIES 9.18-0.7 ..oriiiiiici e st e e e b ettt 271
10 ANCHOVY - SUB-AREA VIIL...ioiioiriiiicec ettt r e s ebe st en st naess 279
10.1 The Anchovy FisShery il 1995 ..ottt et 279
10.1.1 Fleets, scheme of fishing and regulation..........c.cocoeveenniiiiniinceiinieieecne e 279

10.1.2 Landings in Sub-area VIIL ..........c.ociiiiiieiiinieeie e seaess s seesaeneessiasseeneenessseseenasenenesnensane 279

10.1.3 Landings bY diVISIONS .....covveuiiiiuiiirreticieie ettt et sne et ss st be st sbassssesbesessenasssseses 279

10.1.4 Landings by EU CAtEZOTIES ....c.vcvervrviriiiriireririerereitesisesseserestessesesesiesassesasseseesessassesessesesesensessses 279

10.1.5 Effort and Catch per Unit EffOrt........ocooviiiieriiieciciieceneee et 279

10.2 Fishery-Independent INfOrMAation .........ccocveriiiiiiiiiiiieriiseee ettt ss e eseebbe et see b seesassseseene e 280
JO.2.T EZE SUIVEYS c.iiutiteieiiietiitieteeristesteseesseseesresseseensesassesseastsaesessenssacaseebe s e e et eseeabeseeabesresresbesbeenensan 280

10.2.2 ACOUSEIC SUIVEYS c.vcveviveriniaiirteserieseatesiesessessesessssassesessesessssesesseseasessssessssssessensertasensssensenesssseneasonis 280

10.2.3 Comparison of abundance INAICES ...........cerviriieeiierinrirerienereee ettt it s s s e renenses 281

10.3 RECTUIIMIBNL ...ttt a et bbbk bbbt eb e bt e b et e bbbt bbb nens 281
10.4 Catch IN NUMDETS 8 AE ...ooviviiviiiiriieiiieiess et ese bbb e e be e bt s e sbe s e e sme e s enesresane 281
10.5 Mean WEIZHE 8L AZE ...vccvniiririiieeiiie ettt be sttt b st e s e b e ek bbb ese e b b nesene e 281
10.6 MALUIIEY @ A c.eveviiiceiiiiisieieiiee sttt et sie st ete e e eseeaesbestesbesbesseseeseensesee bt aatebe st erae st aseemeesaenbesetobennecnentasens 282
10.7 StOCK ASSESSIMENL .....cueitiitiriireetitiie st e e st ertestess e resaeere s be s e b esaebe et eseebesb et eseebeebesb e st e e esenataeenseseeaennens 282
10.7.1 Integrated Catch at age analysis........coccceervrieciirnnnrecci e 282

10.7.2 Production MOAEL.......cccoeiiiiiiiiiiieiseisisesve st 282

10.8 Recruitment and NVIFOMIIIENT ...........ccoiiririereriiiireiiscereerese st bes e s aer s et sb ettt ebe e srseesesssensevenas 282
10,9 CAtCh FOTECAS......civitiiitiiiii ettt bbbt r etk sr et et b e sas bt sne e 283
10.10 COMMENLS ON ASSESSITIENIE.......evvvverirtesiirerieieeresesteseetescoresaatesbseeseeresesnesssesemeene st st eneseebesesassbeseenesrsnessenens 284
10.11 Reference points for Management PUIPOSES.........cvvereruereerrrieererermirnrasiereetssisiesesseseesseseisssesesssesnsesnes 284
TOTLI MBAL Lottt ettt bbbt s bbb bbb bbb a e 284

10.11.2 Fishing mortality tarZets .....c.covieveeiieiiiiieeiririereesieeetcs sttt et s re e ere s se e snene 284

10.12 Management Measures and Considerations ...........c.ceeeeeirerieniecrerenieniiniee e e sne 285
TADIES 10.1-10.19 ..ottt et s bttt sb ettt r et 287
FIGUIES 10.1-T0. 11 coiiiiiiieiiiieee etttk eb bt s bbb bbbt s bbbt er bt 308
11 ANCHOVY IN DIVISION IX@...coiiiiitiiriiiiiriieierenseririsesssneseessesebeses s sennessesnsassssmsenessssssnesnsssssessessssssensons 322
11,1 The FiSHery i 1995 ...cooviieiiiireeiii stttk ekt b et b et sbore b 322
11.1.1 Landings in DiviSion IXa......ccocciieverireiiniininiereeeniecsree et et scne 322

11.1.2 Landings bY Sub-AIVISION ......ccccvereiiviiiiriieri ittt sre e e seesesresesneneneseenane 322

11.2 Effort and Catch per Unit EffOrt ..........ccoeiiiiiieieiniieeiie et 323
L1.3 ACOUSEIC SUIVEYS. .cuirieieriiriiiieieeiterinieestaseese st eteseetestesaesssease st ese st sk et ebeseeb et saesessentebe e enterenes st srenassssnsbeneens 323
11.4 Catch in NUIMDET 8t AZE....c.ooiiiiiiiriiiieires e et et 323
11.5 Mean Weight at age and Mean Length @t AZE.....c....covirvireeriierereiecrereieet e s s 323
11.6 Management Measures and CoNnSIAErationNS ..........cc.cvvvieeeieireiieierienireescarersesiseesrneessesssessesseessaessseessannss 323

EACFM\WGMHSA97\REPORT97.DOC  19/09/96 iv




Section Page

TADIES 11 1-11.8 oottt sttt st e et e b e s bee et e e s bestaeabeesaebe et beerbenteebesnberaseraeraeteeresaes 324

FIZUIE 11Tttt sttt et et e a et ereea s ea e n b ek st e re b sse e et aaresbesnans 329

12 DATA REQUESTED BY THE MULTI-SPECIES WORKING GROUP ........c.cccoevvimrirerireiererereerereenerenens 330

1201 MACKETEL ...ttt s ettt et b e st et e et e e as et eaestesbersetenr s bersereens 330

12.1.1 Catch in numbers at age by quarter for the North Sea mackerel stock .........c.ccoccveriiiviceecunnenn. 330

12.1.2 Weight at age for the North Sea mackerel StoCK............ceovvvmiiviiviniiiiir e 330

12.1.3 Stock distribution by QUATLET.........cccvciiriieiiiiiiriiiecirsee ettt 330

12.2 HOISE MACKETE] ..ottt sttt sttt b e s s es et et e st s saeteesabesreateteereenesseris 330

12.2.1 Catch in numbers at age by quarter for the North Sea horse mackerel stock ..........cccoevvevnrnenn. 330

12.2.2 Weight at age for the North Sea horse mackerel...........cccooivveviiirniiciinninc e 330

12.2.3 Stock distribution BY qUAITET.......c.cevivieririiiriiiereeerte e s b e 330

TADIES 12.1-12.5 1ottt et e sa et et et e e s b e e e te s R e e et e e e abe bt e arbeeaabe e st esreeeeneereeenbeenreeteeans 332

13 CLOSED AREAS ..ottt ettt ettt et as e se st et saestsaesa s b e st bass et e aese et seteesssebassese s ateteseetenerans 335

13.1 Mackerel Box (Protection of JUVENILES)........couieririiiiiirinieiiisiee ettt v e 335

13.2 Closure of areas to protect juvenile Sardine ...........ccveceveriricininiiieneisee et tere e 337

TADIES 13.1-13.2.3€ 1ottt sttt ettt etttk ettt bbbt e te b e e s ta b e ete b e saeen st ereseeebenreneresneneeaea 340

FIUIES 13.1-13.2.7 oo ettt a et ek st ekt e en et ebas 361
14 INVESTIGATIONS ON ENVIRONMENTAL INFLUENCES ON PRODUCTIVITY OF SARDINE AND

ANCHOVY. GLOBEC .. ...ttt sttt s e s ae e ae st e s s e esesstasrsestesatesbesrsessansenbeersensensens 376

15 RECOMMENDATIONS ....ociitititietee ettt st et b a st sa st e et ast st e s e ba et asaes s saese st eresesbenessebesseseresenns 377

151 GEMETAL..c.iiritceicce ettt et sttt st st b et e e b ese et ebese s ebe st et eseetetereen 377

15.2 MACKETEL ...ttt sttt et b e st e e st et et e et e b e e sbeeabeebsesne e bt e bebeesseaaetesaeeneeteente 377

15.3 HOTSE MACKEIEL ......oiiiiiiieieieect ettt sa e e b et a s bt a e st esesbe st essetessessesserennenn 377

I5.4 SAIAINE ..ottt et ettt e bbbkt e e b ke R ke e beebe st eae et et aebeseareerensennas 378

15.5 ANCROVY .ottt sttt st e et e st e e erb e st e et e e rt et e e saeehesre e beebeareereeteebenre ot 378

I5.0 TCES .otttk etttk et stk sa ekt e E bR etk e b e bk b e be ket nt et et st aneebereneaans 378

16 WORKING DOCUMENTS ...ttt sttt sttt ebe sttt ve s v e st e e se et et et ebe e beressesebennatasens 379

17 REFERENCGES .....coiiiit ittt ettt st a ettt st bbbt e s b e s s b eseas e b nasasasesbereannsans 380

ENACFM\WGMHSA9T\REPORT97.DOC  19/09/96 v






1

1.1

INTRODUCTION

Terms of Reference

At the 83rd Statutory Meeting (1995 ICES Annual Science Conference) in Aalborg, Denmark, it was decided
(C.Res.1995/2:13:9), in the terms of reference for this Working Group that we will meet at ICES Headquarters
from 13-22 August 1996 to:

a)

b)

assess the status of and provide revised catch options for 1997 for the stocks of mackerel and horse mackerel
(defining stocks as appropriate);

assess the status of and provide catch options for 1997 for the sardine stock in Divisions VIlIc and IXa, and
the anchovy stocks in Sub-area VIII and Division IXa;

provide data requested by the Multispecies Assessment Working Group (quarterly catches and mean weights
at age in the catch and stock for 1995 by statistical rectangle of the North Sea) for mackerel and horse

provide estimates of the minimum biologically acceptable level of spawning stock biomass (MBAL) for as
many stocks as possible, with an explanation of the basis on which the estimates are obtained,

prepare medium-term forecast under different management scenarios, including different levels of fishing
mortality on juvenile mackerel, taking into account uncertainties in data and assessments and possible stock-
recruitment relation-ships, and indicate the associated probability of the stocks falling or remaining below

evaluate the effect of the mackerel box in relation to the need to protect juvenile mackerel, taking into
account the impacts of all pelagic fisheries, including and excluding handling;

evaluate the likely effect on the exploitation of juvenile mackerel of changing or extending the boundaries of
the existing mackerel box and closing other areas to mackerel fishing;

Define the data and information requirements for evaluating, and if possible carry out an evaluation of, the
effects of an area closure or closures to protect juvenile sardine, taking into account different scenarios of

c)
mackerel;
d)
e)
MBAL within a stated time period;
)
g
h)
recruitment and fishing mortality levels.
1.2 Participants

The Working Group met in Copenhagen with the following participants:

Pablo Abaunza Spain

Sergei Belikov Russia

Fatima Borges Portugal
Pablo Carrera Spain

Kevern Cochrane (Observer) FAO (Rome)
Chris Darby UK (England)
Georgi Daskalov Norway

Guus Eltink Netherlands
Svein Iversen Norway

M. Manuel Martins Portugal

John Molloy Ireland

John Nichols UK (England)
Kenneth Patterson UK (Scotland)
Carmela Porteiro (Chairwoman) Spain

Beatriz Roel UK

Eugene A. Shamrai Russia
Dankert Skagen Norway
Eduardo Soares Portugal
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Karl-Johan Stzhr Denmark
Andrés Uriarte Spain
Begofia Villamor Spain

1.3 Quality and Adequacy of Fishery and Sampling Data

1.3.1  Sampling data from commercial fishery

The Working Group again carried out a brief review of the sampling data and the level of sampling on the
commercial fisheries. A short summary of the data, similar to that presented in recent Working Group is shown
for each stock species. The overall sampling intensity is similar in recent years. Intensive sampling programmes
continue to be carried out by Spain and Portugal. On the other hand sampling programmes on some of the large

northern fisheries, particularly horse mackerel is very inadequate.

The sampling programme on the various species is summarized as follows.

Mackerel
Year Total catch Catch covered by Samples Measured Aged
sampling programme
1995 755,000 642,400 1,008 102,383 14,481
1994 822,000 657,000 807 72,541 13,360
1993 825,000 688,400 890 80,411 12,922
1992 760,000 645,000 792 77,000 11,800

In mackerel it appears that over 85% of the total catch was covered by sampling. There are, however, a number
of important mackerel catching countries which did not carry out any sampling programmes, e.g. Germany,
Faroes, France and Sweden. On the other hand Spain and Portugal carry out intensive sampling programmes
although their catches are comparatively small. The summarized details of the more important mackerel catching
countries are shown in the following table.

Country Catch Catch covered by Samples Measured Aged
sampling programme
Norway 202,100 202,100 198 15,850 2,720
UK (Scotland) 163,170 159,000 71 6,012 3,290
Ireland 95,000 90,000 72 6,294 2,933
UK (Engl. + Wales) 54,000 29,200 25 3,957 425
Netherlands 50,400 50,400 67 5,506 1,675
Denmark 37,100 37,100 13 992 992
Russia 44,500 43,000 11 24,540 750
Spain 28,700 28,700 260 17,105 862
Germany 24,400 0 0 0 0
Faroes 31,000 0 0 0 0
France 11,800 0 0 0 0
Sweden 6,300 0 0 0 0
Portugal 2,900 2,900 291 22,125 834
Others 3,600 0 0 0 0
Total 755,000 642,400 1,008 102,383 14,481

Horse Mackerel

The following table shows a summary of the overall sampling intensity on horse mackerel catches in recent
years.
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Year Total catch Catch covered by Samples Measured Aged
sampling programme

1995 580,000 275,516 2,041 177,803 5,885

1994 447,153 272,100 1,453 134,269 6,571

1993 504,190 379,000 1,178 158,954 7,476

1992 436,500 195,450 1,803 158,447 5,797

During 1995 the detailed sampling of horse mackerel remained at a very low level. The only countries that
carried out comprehensive sampling programmes were Netherlands, Portugal and Spain. Other countries, e.g.
Ireland, Denmark and United Kingdom carry out no sampling programmes whatsoever. The lack of sampling
data for large portions of the horse mackerel catch has a serious effect on the accuracy and reliability of the

assessment.

The following table shows the most important horse mackerel catching countries and the summarized details of

their sampling programme in 1995.

Country Catch Catch covered by Samples Measured Aged

sampling programme
Ireland 202,000 0 0 0 0
Netherlands 125,900 125,941 75 10,311 1,875
Norway 96,100 96,100 21 1,835 544
Spain 35,800 35,775 646 50,916 1,101
UK (England + Wales) 32,300 0 0 0 0
Denmark 31,200 0 0 0 0
Germany 20,000 0 0 0 0
Portugal 17,700 17,700 1,299 114,741 2,365
UK (Scotland) 15,000 0 0 0 0
Others 4,000 0 0 0 0
Total 580,000 275,516 2,041 177,803 5,885
Sardines

The sampling programmes carried out on sardines in 1995 was again very similar to the programmes of recent

years and is summarized as follows.

Year Total catch Catch covered by Samples Measured Aged
sampling programme

1995 108,900 716 59,444 4,991

1994 162,900 134,700 748 63,788 4,253

1993 149,600 143,200 813 68,225 4,821

1992 164,000 130,000 788 66,346 4,086

In general the overall sampling intensity remains at a satisfactory level and good coverage is maintained

throughout the year. No sampling programmes are carried out by France or Denmark.

The summarized details of individual sampling programmes are shown below on the following page.
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Country Catch Catch covered by Samples Measured Aged
sampling programme

Portugal 85,200 85,200 308 22,133 3,300
Spain 33,500 33,500 400 36,334 1,691
Denmark 10,000 0 0 0 0
France ? ? ? ? ?
UK (England) 6,900 0 8 977 0
Anchovy

The sampling programmes carried out on anchovy in 1995 are summarized below. The sampling levels are very
similar to those of 1993 and 1994 although the number of fish aged has decreased considerably. However,
sampling is stratified and appears to be satisfactory.

Year Total catch Catch covered by Samples Measured Aged
sampling programme

1995 42,104 ? ? ? ?

1994 34,600 34,400 281 17,111 2,923
1993 39,700 39,700 323 21,113 6,563
1992 40,800 37,700 289 17,112 3,805

Considerable catches of anchovy were taken by Portugal in 1995 but were not subject to a sampling programme.
The sampling data from Spain, who carry out a comprehensive programme is shown below. No details are
available about the French programme in 1995.

Countr Catch Catch covered b, Samples Measured Aged
y M P
sampling programme

France 10,848 ? ? ? ?
Spain 24,200 24,200 180 11,821 2,208
Portugal 7,056 0 0 0 0

1.3.2  Catch data

The 1995 Working Group discussed the possible underestimating of the mackerel catches due to quota
restrictions and the misreporting of mackerel both by species and by area. It was concluded that the effect of
underreporting on the accuracy of the assessment could not be quantified. There are still considerable doubts
about the accuracy of the total catches taken by some of the major mackerel catching countries but it has not
been possible to make any corrections. It is felt that, because of the reductions in the overall TACs and national
quota, the underestimation of catches may increase. It is therefore again strongly recommended that all countries
should make effort to provide reliable statistics. In 1995 a number of countries, e.g. France, Faroes, Sweden,
Estonia, all of whom have directed mackerel fisheries, were unable to supply any data on the origin of their
catches by statistical rectangle.

As stressed in the section on management consideration (Section 3.4.10) misreporting of mackerel by area is a
serious problem between Division VIa and Division IVa during the month of January.

The Working Group considers that this problem could be solved without endangering the North Sea stock by
allowing fishing in Division IVa during January.

There is again serious concern about the possible misreporting of mackerel and horse mackerel in the northern

areas. The big increase in the horse mackerel catch may be a result of deliberate misreporting of mackerel and
horse mackerel.
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1.3.3  Discards

Discarding of small mackerel has historically been a major problem in the mackerel fishery and was largely
responsible for the introduction of the south west mackerel box. In the years prior to 1994 there was evidence of
large-scale discarding and slipping of small mackerel in the fisheries in Division Ila and Sub-area IV, mainly
because of the very high prices paid for larger mackerel (>600 g). This factor was put forward as a possible
factor in the very low abundance of the 1991 year class in the 1993 catches in numbers at age. The Working
Group is, therefore, concerned that a high level of discards may still exist, although reports from the fishery in
1994 and 1995 suggest that, because of high prices paid for all mackerel, discarding in these years at any rate
may be relatively small. At present, only one country (the Netherlands) supply information on levels of discards.
Some information is also available about by-catch of mackerel from the Irish bottom trawl fisheries from the EU
funded project (EU DGXIV, Study Contract 94/013).

An EU programme carried out by Spain studied the rate of discards of all species taken by the Spanish fleets,
fishing in Sub-areas VI, VII, VIlIc and IXa. The results of this study for mackerel, horse mackerel and sardine
are summarized below as estimated percentages of discards of total catch (Perez et. al. 1994).

Fleet Species VLVII | VIIIa,b VIIIc | VIIIb,c East | VIIc West IXa
Trawlers Horse mackerel 6.6 25.7 4.7

Longliners Horse mackerel 0.2 1.1 1 0.6
P. seiners Horse mackerel 33 0.4

Gillnet Horse mackerel 0.2

Trawlers Mackerel 1.4 2.6

P. seners Mackerel 0.7 0.1

Longliners Mackerel 8.1 0.7

Gillnet Mackerel 0.5

Trawlers Sardine 0.6
P.seiners Sardine 0.5

As for mackerel only the Netherlands are collecting data about discards in the fishery for horse mackerel. Based
on this it is impossible to estimate to what extent horse mackerel are discarded in the international fishery.

There are no data available on discards of anchovy, but it is assumed to be insignificant.
1.3.4  Fleet data

In 1993, the Working Group expressed concern that insufficient information was available about changes that
may be taking place in the various national fleets. It was, therefore, decided that data should be collected about
the different national fleets, particularly in relation to the introduction of new technical equipment, the
improvement or increase in size of fishing nets and change in fleet capacity. It was felt that important
information about the fishery effort was being lost without which it was difficult to determine changes in fish
abundance. A certain amount of information on abundance was previously available from fluctuations in
catches. However, this is not the case now because of the imposition of TACs and boat quotas. Decreases in
stocks may therefore be difficult to detect because of rapid changes in efficiency. The Working Group therefore
feels that data on fleet size and composition, e.g., size of vessels, type of vessel, overall horse power, size etc.,
should be updated each year. It is particularly important to note the introduction of new technical innovations
which can revolutionize catching methods and may influence exploitation patterns, e.g., the use of extremely
powerful and sensitive sonar systems, introduction of new an more efficient fishing gears, the increased carrying
capacity of vessels now compared with similar sized vessels some years ago. The collection of such data should
enable the development of the fisheries to be more easily understood in future years. Summary of data available
to this years Working Group for various fleets are shown in Table 1.3.1.

1.3.5 Age reading

The quality of the age data for the various assessments depends on 1) the accuracy and precision of the age
readings of each species, and 2) the sampling intensity which enables the catches to be converted into numbers

EAACFM\WGMHSA97\REPORT97.D0OC  18/09/96 5



at age. The Working Group examined the various species in respect to these factors. Factor 1 is dealt with in this
section, but factor 2 is dealt with in section 1.3.1.

Mackerel

A mackerel otolith exchange in 1994 showed that the ageings were of a poor quality. Therefore an otolith
workshop was held in February 1995 (Anon. 1995/H:1). This improved the quality considerably and the
precision of the age readings achieved was acceptable for the Working Group.

Horse Mackerel

At last year’s Working Group meeting (Anon. 1996/Assess:7) it was recommended that an otolith exchange
should be carried out in 1996. The exchange has not been completed yet, because only one of the three otolith
sets has been read by all readers. Results of the analysis of this completed set is presented in section 4.8. The
catch in numbers at age data for 1995 are based on ageings of readers 1, 2 and 6 for the western horse mackerel
and of readers 3 and 5 for the southern horse mackerel stock. The precision of the ageings and possible bias can
be seen in the age bias plots of Figure 4.3.

As in recent years, the only countries carrying out age readings on otoliths of horse mackerel are the
Netherlands, Spain, Portugal and Norway. For the western area the catches of the non-sampling countries use the
age compositions of either the Netherlands or Norway (only for the Divisions Ila and IVa area) to raise these to
their own catches. In some cases this causes serious problems, e.g. where in a certain area/period the
Netherlands took only one sample because of low Dutch catches and the Dutch age composition was then raised
to the high catches of non-sampling countries. The quality of the catch in numbers at age would improve
considerably, if the non-sampling countries, with relatively high catches would start to age horse mackerel and
would take samples for ageing relative to their catches. The text table below shows how the number of otolith
readings relates to the catches by country for both the western and North Sea area in 1995:

Country Catch (t) Otoliths read
Ireland 203,000 0
Netherlands 125,000 1875
Norway 96,000 544
Denmark 56,000 0
England 32,000 0
Germany 20,000 0

Therefore the Working Group strongly recommends that all countries with relatively high horse mackerel
catches should sample for age at an adequate level.

Sardine

In 1996 a sardine otolith exchange took place between Spain and Portugal, which confirmed that there was a
good agreement in the ageings. Spain and Portugal have adequately sampled the catches for age in the southern
area. No age compositions are available from sardine catches taken in Sub-area VII and Divisions VIlIa,b.
However, these catches were not considered to be part of the stock unit assessed by this Working Group (Anon.,
1996/Assess: 7), because they are not considered to belong to the stock units assessed by this Working Group.
Anchovy

The age readings of anchovy and the age sampling of all the catches appear to be satisfactory. Results of an
otolith exchange are presented in section 9.4.

1.3.6  Biological Data

The main problems in respect to the biological data (except age reading), which are identified by the Working
Group for the various species, are:
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Mackerel

The proportion mature of 1-, 2- and 3-year old mackerel appears to be overestimated in the present maturity
ogive and therefore needs to be further investigated, because it affects the accuracy of the assessment (see
section 2.10).

Horse mackerel

The selection of an appropriate maturity ogive for the western horse mackerel stock still presents major
difficulties. This affects the accuracy of the assessment (see section 6.5). There excists uncertainty about the
level of natural mortality (see section 6.11).

Anchovy
The main biological problems for anchovy lies in understanding the migration of 0-group fish and their pre-

recruit distribution. Information is also required about variations in natural mortality (M) as M may increase
dramatically immediately after spawning has been completed. A better understanding is needed of seasonal
growth in weight and length to modulate the time evolution over time of cohorts, because of the large seasonal
changes in growth.

14 Review of the Mackerel/Horse Mackerel Egg Production Working Group (Anon. 1996/H:2)

Provisional estimates of egg production and SSB for mackerel and horse mackerel were reported in Anon. (1996
Assess:7). The estimates of egg production were based on the whole area sampled during the 1995 surveys. The
starting and end dates of spawning, for the production curve, were the same as those used in previous years. The
fecundity estimates and corrections for atresia were the same as those used for the previous survey in 1992.

At the Working Group meeting in April 1996 additional data were available which showed that the spawning of
mackerel and horse mackerel in the western and southern areas started much earlier (10 February) than the date
used for the analysis of previous western area surveys (11 March). A new end date of 31 July, based on
observations, was used in preference to 16 July, the date calculated using the method adopted for previous years.
It was noted that the peak of horse mackerel egg production occurred one sampling period earlier than in the two
previous survey years and coincided with the peak production period for mackerel eggs.

The Working Group examined the fecundity and atresia estimates from the southern and western areas for
mackerel and horse mackerel.

The data for mackerel in the western area showed that there was a reduction in fecundity compared with
previous estimates. This reduction was not significant with respect to the 1992 estimate but was significantly
lower than the 1989 estimate. The estimate of atresia for the western area mackerel (11.6%) showed an increase
over the 1992 estimate of 8.8% which had been used for all previous years and in calculating the provisional
estimate for 1995.

A new estimate of fecundity (1557 eggs/g female) for the western area horse mackerel was obtained by
combining the data from 1989 and 1992 with the observations during the 1995 surveys. The estimate of atresia
in the western horse mackerel was 3.4% compared with a value of 10% used to calculate annual potential
fecundity in previous survey years. The reduction was generated by the use of the geometric mean instead of the
arithmetic mean to calculate the level of atresia. This was considered to be a more accurate estimate of atresia
and the Working Group therefore used the value for the 1995 survey data and recommended that it should be
used to correct the historic series of biomass estimates.

A new estimate of fecundity was obtained for the southern area mackerel of 1344 eggs/g female. Samples
collected for the estimation of atresia were unsuitable and the western area estimate was therefore used. New
estimates of fecundity (1526 eggs/g female) and atresia (7.7%) for the southern horse mackerel were calculated
from the 1995 survey data and used by the WG.

Using these new data the estimates of SSB changed from the provisional figures provided to the MHMSA

Working Group in 1995. For the western mackerel the estimate of SSB increased from 1.97 to 2.47 million
tonnes. For western horse mackerel the estimate increased from 1.64 to 1.71 million tonnes.
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For the mackerel in the southern area the estimate of SSB changed from the provisional figure of 327,000 tonnes
to 378,000 tonnes. The provisional figure for southern area horse mackerel was low, 46,450 tonnes and was
based on a limited data set with the first survey period not available. Once all the data became available the
estimate increased to 261,000 tonnes.

The estimates of mackerel and horse mackerel egg production and subsequent calculation of SSB were made
separately for the western and southern areas. It was not possible to carry out a combined estimate for the North
East Atlantic mackerel at the meeting. The reasons were, firstly that not all the southern area egg survey data
were available before the start of the meeting and as a consequence the egg production and SSB estimates for the
southern area were not made until the final day. Subsequently corrections were necessary, to the estimates of egg
production in some rectangles, after the meeting. The Working Group also considered that it was important to
provide a separate estimate of the western component in order to compare the historic series of egg survey
estimates.

The area covered by the egg surveys in the western area in 1995 was greater than the area surveyed in 1992.
This was the result of an adaptive sampling strategy based on the presence of either mackerel or horse mackerel
eggs at the ends of the east/west sampling rows (Anon., 1994/H:4). This resulted in additional rectangles, to the
west of the 1992 standard area, being sampled in 1995.

Western area mackerel and horse mackerel egg production estimates were produced based on the whole area
surveyed in 1995,

The new start and end dates for egg production were also used in these estimates.

The egg production estimates were used to calculate the SSB using the 1995 values of fecundity and atresia for
both species.

For direct comparability with the estimates of previous years the Working Group also calculated the egg
production, of western area mackerel and horse mackerel, based only on the observations of production within
the 1992 standard area. These estimates of egg production were based on the same start and end dates of
spawning as used for previous surveys and not those observed in 1995. The estimates of SSB based on these egg
production estimates were calculated using the new fecundity and atresia data obtained for both species in 1995.

In the southern area the egg production curve for mackerel was adjusted to take account of poor sampling
coverage in period 1, (12 February to 6 March). There was evidence of a large spawning in the north of Spain
not sampled by the surveys. The Working Group decided to use an interpolated value for period 2, 14 - 24
March, based on a weighted mean between the observed values in periods 1 (12 February to 6 March) and
period 3 (23 March to 15 April).

For the southern horse mackerel the main spawning peak occurred in the Portuguese area during period 1 and it
was noted that future surveys should start earlier. However, the main spawning in the Cantabrian Sea was in
May/June. As a result, the poor sampling coverage in period 2 did not appear to have a major effect on the
estimate of egg production of horse mackerel. There was no evidence of a large, unsampled spawning in the
North of Spain at that time. The estimate of production for period 2, based only on sampling off the Portuguese
coast, fits the pattern of spawning observed in periods 1 and 3.

Spawning stock biomass estimates were provided for southern area mackerel and horse mackerel, using the egg
production estimates described above, and estimates of fecundity observed during the 1995 surveys. Samples
collected for atresia were rejected and the estimate for the western area, rounded to 12% was used.

The Working Group also provided an estimate of total egg production of horse mackerel based on an
interpolated value for period 2, consistent with the method used for mackerel, but did not recommend its use.

Preliminary results of an analysis of the 1989, 1992 and 1995 western area mackerel and horse mackerel egg
productions, using a Generalized Additive Model (GAM), were presented to the Working Group. This work was
carried out by the University of St Andrews Scotland under an EU contract. The GAM model, without bias
correction, gave much lower estimates of egg production for both species than the traditional method. With an
ad hoc bias correction the GAM estimates were much closer to those obtained by the traditional method. A

EAACFM\WGMHSA97\REPORT97.DOC  18/09/96 8




bootstrap bias correction was applied to some of the data series. This appeared to work well for horse mackerel
but the estimate of mackerel egg production in 1995 was substantially lower than the estimate from the
traditional method. The advantages and disadvantages of the model were examined and listed. Many issues
concerning the use of the GAM for these surveys remained unresolved at this meeting. It was agreed that the
bias, precision and accuracy of the GAM and the traditional method should be evaluated and presented, as a
Working Document, to the next meeting of the Mackerel, Horse Mackerel, Sardine and Anchovy Working
Group. The Working Document would also include results of the analysis of the southern area mackerel and
horse mackerel egg production by GAM (see section 1.5).

New mackerel maturity data were presented for the western area, from samples taken from the Dutch
commercial fishery and by the Dutch research vessel Tridens between 1985 and 1995. The effect on the maturity
ogive of maturity state based on histological, as opposed to macroscopic, examination, was reviewed. The whole
topic is presented in detail in section 2.10 of this report. The Working Group highlighted the need to analyze all
the maturity data available from the extensive trawl survey carried out in conjunction with the egg surveys in
1992. It was agreed that the data would be analyzed by the University of Aberdeen and presented as a Working
Document to the next meeting of the Mackerel, Horse Mackerel, Sardine and Anchovy Working Group. This
WD is reviewed in section 2.10 of this report.

1.5 Review of the Report on the Development of a Spatial-Temporal Model to Improve Annual Egg
Production Assessments of Mackerel and Horse Mackerel

A working paper on a generalized additive model (GAM) approach to analysis of egg survey data was presented
at the Mackerel/Horse Mackerel Egg Production Working Group (MHMEPWG) held in Aberdeen, Scotland
from 25 March to 29 March 1996 (Anon. 1996/H:4). The MHMEPWG agreed that some outstanding issues, in
particular the questions of relative bias, precision and accuracy (measured as mean square error) of the
traditional and GAM methods, should be investigated further. It was also requested at the meeting that an
analysis of the southern area mackerel and horse mackerel egg survey data should be undertaken and the results
reported in a Working Document to be presented at the next meeting of the Working Group on the Assessment
of Mackerel, Horse Mackerel, Sardine and Anchovy (MHMS&AWG). This report was received and reviewed
by the 1996 MHMS&AWG.

It was agreed that GAM approaches to analysis of egg survey data represented an important and potentially
useful development and should be explored further. At this stage the outstanding uncertainties in, and lack of
validation of, the method, discussed below, precluded its use with confidence in the routine assessments.
However, it was agreed by the MHMS&AWG that the available results of total egg production estimated by
GAM for 1989, 1992 and 1995 for mackerel and horse mackerel, should be used in trial assessments and the
output of these trials presented in the Working Group report as examples, but examples of unknown validity at
this stage.

1.5.1 Problems identified with GAM

1. The Working Group agreed that there were still several important questions about the method which had not
been answered and a number of decisions needed to be made concerning the application of GAM to egg
survey data. These included features such as the selection of the degrees of freedom associated with the
smoothing function, the most appropriate model for the error distribution, the definition of the outer spatial
and temporal boundaries of spawning activity, the explanatory variables to be included in the model and the
best approach to correcting the negative bias found to be associated with the use of GAM with egg survey
data. At this stage, the sensitivity of the method to different model specifications of these features was not
known.

2. In the report (Anon. 1996/H:4) received by the Working Group, no formal tests of model adequacy had been
undertaken. While models had been evaluated by examination of plots of standardised deviance residuals and
of spatial distribution of residuals summarized by months, these had not been formal or conclusive.
Therefore the actual ability of the method to generate results of greater precision or accuracy had not yet
been conclusively demonstrated.

3. A key problem associated with the use of GAM techniques is that they are statistically complex and require
considerable expertise to apply. The contract with the statistical consultants to investigate the application of
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the method had come to an end and there was only a limited number of people available within the Working
Group who would have the expertise, at present, to undertake analyses using GAM methods.

1.5.2  Advantages of GAM

It was agreed that the advantages of the GAM method over the traditional method claimed in Anon. (1996/H:4)
were valid, with minor modifications. The advantages can therefore be listed as follows.

1. By parsimoniously modelling spatial variation as trend rather than variance, the method has the potential to
yield egg abundance estimates with higher precision than estimates from the traditional method.

2. The method has the potential to model complex trends in density with respect to space, time and other
explanatory variables, facilitating insights into factors determining egg abundance.

3. It provides a formal means of extrapolating beyond the sampled region to the assumed boundaries of the
spawning area.

4. Itis comparatively insensitive to the assumed start and end times of spawning.

5. It does not require strong assumptions about the form of the egg production curve, and it is able to
incorporate uncertainty due to estimation of the shape of the egg production curve.

In addition to the above, the potential role of the method as a means of guiding survey design was recognised.
By appropriate sensitivity analyses, the important factors to be considered in survey design could be identified.
In view of the very high costs of surveys, the benefits which would result from an ability to reduce survey effort
without a loss in precision could substantially outweigh the costs associated with further contract work on GAM.

The role of point 2 above in generating greater insights into the processes determining egg distribution was
emphasised.

1.5.3  Requirements before GAM could be incorporated into routine assessments

1. A primary requirement was for thorough testing, using Monte Carlo simulation techniques, to investigate
whether the potential of GAM to achieve greater precision than the traditional method could be realised.

2. Also using Monte Carlo simulation studies, the sensitivity of GAM and of the traditional method to model
specifications needed to be compared. These studies should focus particularly on the choice of smoothing
functions, explanatory variables, error structure and bias correction.

In order to achieve these two requirements, formal tests of model adequacy would have to be developed, if not
already available, and used in the comparisons. In addition, clearer methods of presenting model output, such as
distribution of residuals, would be necessary.

If these exercises did demonstrate the superiority of GAM over the traditional method, further development of
the approach for use in routine analysis of egg survey data would also be required. This would include the
development of a framework for the efficient implementation of GAM that was readily comprehensible to likely
users. This framework should include adequate documentation and stipulation of the procedure or procedures to
be implemented in selecting model specifications such as the smoothing function, most appropriate explanatory
variables and error structure for any given analysis.

1.5.4 Recommendation

It was reported that the funds originally received for the study had been exhausted and that any application for
an extension of the project to achieve the above requirements was highly unlikely to be approved.

The MHMEPWG is requested to address the issues highlighted in Section 1.5.3.
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Table 1.3.1

Summary of fleet data received for 1995.

Country Main fishing Directed fishery Kind of gear Secondary Number Mean Length  Mean Horse Mean Crew Comments
area species of boats (min - max) power size
(min - max) (min - max)
DENMARK No changes
NORWAY No changes
IRELAND IVa, VI, VII Mackerel Single and paired Horse, 17 49 2043 12 2 new vessels
pelagic trawl mackerel, (32-97) (634-5850) (10-40) replaced
herring New Sonar
NETHERLANDS VIA,VIL Horse mackerel stern trawler Herring, 12 103 4802 35 Human cons.
mackerel (71 - 120) (2699 - 7648) Frozen fish
New Sonar
NETHERLANDS Center and South ~ Herring in winter  Pelagic pair trawl Flat fish and 14 40 1229 6 Human cons.
of the North Sea or beam trawl in round fish in (30-51) (736-1472) One ship
summer summer replaced by
larger
PORTUGAL IXA Sardine Purse seine Horse mackerel, 225 20.5 280 6 Human cons.
mackerel, (10-29) (35-751) and canned
anchovy
SPAIN VIIIc east Anchovy, Tuna Purse seine Horse mackerel, 227 24 431 14 canned fish
sardine, (16-33) (106-950)
mackerel
SPAIN VIIc west Sardine, Horse Purse seine Mackerel, 117 15.1 190.8 Human cons.
mackerel anchovy
SPAIN IXa north Sardine, Horse Purse seine Mackerel 150 15 185 Human cons.
mackerel Fleet increased
SPAIN IXa south Anchovy Purse seine sardine, Spanish 58 13 218 11 canned fish
mackerel (7.9-20.2) (49-624)
SPAIN VlIIc east Demersal fish Trawl blue whiting, 33 25 478 11 fish meal and
horse mackerel (20-30) (320-850) human cons.

Fleet increased
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Table 1.3 1 (continued)

SPAIN

SPAIN

SPAIN

SPAIN

SPAIN

SPAIN

SPAIN

SPAIN

RUSSIA ITA

RUSSIA ITA
RUSSIA ITIA

UK Vlile
(Engl. & Wales)

UK Vile
(Engl. & Wales)

Vlllc west

IXa north

IXa south

VIIIc east

VIlIc west

VIIIc east

IXa south

IXa south

Demersal fish

Demersal fish

Shell fish and
demersal fish
Hake,
Hake, pollock

Hake mackerel,
(Mar- Apr)

miscellaneous

anchovy, Horse
mackerel

Mackerel

Mackerel
Mackerel

Horse mackerel

Mackerel

Trawl

Trawl

Trawl

Gill net

Gill net

Long line and line

hook and gill net

trawl and purse
seine

Pelagic trawl

Pelagic trawl
Pelagic trawl

Pelagic trawl

Pelagic trawl

blue whiting,
horse mackerel

blue whiting,
horse mackerel

Horse mackerel

Mackerel, horse
mackerel

red sea bream

conger,red sea
bream.

Sparidae,
cephalopods,
flat fish, h mac.

sardine, Spanish
mackerel

Mackerel,
herring

Herring, horse
mackerel

51

144

286

52

&5

396

270

64

36

40

19

28

23

14

13
(4.2-22.5)

15

13

12

63.5
(53.7-82.2)
59.1
101.8

228
(6.4-50.5)

25.4
(10.5-97.8)

516

429

207 6

131 8

165

140 6

97 5

141 6
2271 47
2200 39
6149 93
5312

(17.4-2373.6)

1123.4
(114.0-6509)

human cons.

human cons.

Fleet increased

human cons.

human cons.

human cons.

human cons.
Fleet increased

human cons.

human cons.
Fleet decreased

human cons.

human cons.

human cons.

human cons.

human cons.
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Table 1.3 1 (continued)

UK Vile Mackerel Purse seine Horse mackerel, 29 45.7 1876.7 human cons.
(Engl. & Wales) herring (32.3-56.1) (737.6-3300)

UK Vile Mackerel Handling Sardine, herring 78 10.8 203.5 human cons.
(Engl. & Wales) (4.1-23.0) (4.0-650.4)

UK Vlile Herring Drift net Mackerel, horse 17 10.7 167.6 human cons.
(Engl. & Wales) mackerel (5.3-16.4) (9.4-359.4)

UK Vile Herring All forms of Mackerel, 376 12.36 188.2 human cons.
(Engl. & Wales) gill net sardine (4.3-43.6) (6.7-1578.4)
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2 MACKEREL - GENERAL
2.1 Stock Units

The mackerel caught in North Fast Atlantic waters was until 1995 treated as belonging to three stocks, Western
Southern and the North Sea stocks. Based on tagging experiments (Uriarte 1995) in the south east corner of the
Bay of Biscay, in the North Sea and Western area (Bakken and Westgaard, 1986, Iversen and Skagen, 1989) and
egg distributions the Working Group last year (Anon. 1996/Assess:7) decided to pool these units into one. The
tagging experiments have demonstrated that mackerel from the different spawning areas are mixing in the North
Sea and Norwegian Sea during the second half of the year (August-January). Since it is impossible to split the
mackerel caught in these areas by stocks all the fish caught have been allocated to the Western stock. The
catches of North Sea mackerel has been included in the assessment of Western mackerel since 1988 (Anon.
1989/Assess:11). Due to big differences in stock size levels this has negligible impact on the assessment of the
Western stock. The size of the North Sea stock is about 3% of the Western stock.

Even if the three spawning units now are treated as one unit the Working Group considers it important to be able
to follow the development of the egg production and spawning biomasses in the Western, Southern and North
Sea spawning area separately.

2.2 Spawning Stock Biomass Estimates from Egg Surveys
2.2.1  North Sea Area

A series of surveys was carried out in the North Sea in 1996 by Denmark and Norway. The data analysis is not
yet complete but the results will be reported in full to ACFM at their autumn meeting (see section 3.1.1).
Preliminary results show that the egg production was very low indicating that the North Sea spawning stock still
shows no signs of a recovery. However, the water temperatures observed during the surveys were very low and
it is possible that spawning was delayed. This could have resulted in the peak of egg production being missed by
these surveys.

2.2.2 Western area

The estimate of egg production (1.487 x10" eggs; S.E. 0.170 x 10"), using all the rectangle observations and
the new start and end dates for spawning, observed during the 1995 surveys, was used. This estimate was based
on an adaptive sampling strategy designed to cover the whole spawning area and to take into account any
changes in distribution since the previous survey. The surveys are intended to measure the total spawning stock
biomass. Therefore the egg production estimate based only on those rectangles within the 1992 standard area
was not used. The new estimates of potential annual fecundity and atresia used by the MHMEPWG in their
estimates of SSB were not used.

The estimate of fecundity (1473 eggs/g female) was not significantly different from the estimate in 1992 but was
significantly different from the 1989 estimate. Therefore a mean of the 1992 and 1995 estimates, weighted by
the inverse variance of the estimates, was used. The new estimate of 1511 eggs/g female was also used to
recalculate the 1992 estimate of SSB. The Working Group recommended that the MHMEP Working Group
address this issue at their next meeting and consider combining the data sets for 1992 and 1995.

The new estimate of atresia obtained in 1995 was based on a small and highly variable data set. The Working
Group decided to take an arithmetic mean of the 1992 and 1995 data sets and use the new value of 10.2% for the
1995 survey estimate. The new value was also used in the recalculation of the 1992 estimate of SSB. The SSB
calculated for 1995 was 2.37 x 10° tonnes.

The historic data series is given in Table 2.1 with the changes made for fecundity and atresia to the 1992
estimates included. Two estimates of egg production and subsequent calculations of SSB are given for 1980.
They are based on the inclusion and exclusion of the egg survey data in period 3 (Anon. 1994/H:4). The
Working Group currently use the time series of estimates with the lower value for 1980 included (Anon.
1995/Assess:2). Table 2.1 is a revised version of Table 5.4.3 in Anon. (1996/H:2) with the SSB estimates
currently used in the assessments. Estimates from the Generalized Additive Modelling (GAM) method, with and
without bias correction, are also included in this table.
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2.2.3 Southern area

This was the first series of surveys carried out in the southern area for the Annual Egg Production Method.
There was very poor coverage of the survey area in sampling period 2 when only the Portuguese coast was
sampled. There was evidence, from a few samples taken off the north coast of Spain, of high mackerel egg
production in that area during period 2. The MHMEP Working Group calculated two production estimates, one
based on the survey samples in period 2 (169.21){1012 eggs; S.E. 11.2x1012) and the other based on an
interpolation between the period 1 and period 3 productions (207.27 x10"eggs; S.E. 12.59x10"%). The Working
Group accepted the higher estimate for the calculation of SSB. An estimate of fecundity, of 1344 eggs/g female,
was obtained from sampling during period 2. The samples taken for atresia were rejected and the estimate for the
western area of 10.2% (section 2.2.2) was used. The resultant estimate of SSB for the southern area was 370,928
tonnes. Using the lower estimate of egg production gave an SSB estimate of 302,813 tonnes.

2.3 Allocation of Catches to Stock

Since 1987 all catches taken in the North Sea and Division Illa have been assumed to belong to the Western
stock. This assumption also applies to all the catches taken in the international waters. It has not been possible to
calculate the total catch taken from the Northern Sea stock component separately but it has been believed to be
less than 10,000 t for a number of years. This is because of the very low stock size and because of the low
catches taken from Divisions IVb,c. An international egg survey carried out in the North Sea during June 1996
provided a very low index of stock size in the area. ’

Prior to 1995 catches from Divisions VIIIc and IXa were all considered to belong to the southern mackerel
stock, although no assessment had been carried out on the stock. In 1995 a combined assessment was carried out
in which all catches from all areas were combined, i.e. the catches from the southern stock were combined with
those from the western stock. The same procedure was carried out by the present Working Group, the new
population unit again being called the North-east Atlantic mackerel unit.

2.4 Bottom Trawl Surveys

Bottom trawl surveys which sample juvenile mackerel confirm the previous indications that the 1994 year class
is low, and give an indication that the 1995 year class may be strong. Present analyses suggest that there are
marked interannual changes in mackerel distribution in the North-South direction. Such changes in distribution
appear to affect the catchability of the mackerel to the survey gear. By correcting for this change it appears
feasible again to use the survey in order to forecast recruitment at age 2, but the statistical basis for making such
a correction should be examined in more detail.

High catch rates of 1995 year class fish were obtained at some locations at the extreme north and south of the
usual distribution of this stock, off North-West Ireland, in south of the Bay of Biscay and off northern Portugal.
In contrast, catch rates in central parts of the distribution were rather low. Distribution charts are provided for
the catches of the 1994 and 1995 year classes of mackerel in the fourth quarter of 1995 (Figures. 2.1 and 2.2)
and the first quarter of 1996 (Figures. 2.3 and 2.4). In the first quarter of 1996 the distribution of 1995 year-class
fish was similar to that observed in the preceding quarter (where comparable sampling was available), with
particularly high abundance to the north-west of Ireland. Additional areas of abundant juvenile fish were found
along the outer edge of the continental shelf as far as the Viking Bank. Fish were less abundant than usual
around the South of Ireland and the Cornish peninsula.

The distribution of the 1994 year class in the fourth quarter (Figure 2.2) was very similar to that of the 1995 year
class, while abundance was much lower, reinforcing indications from the previous winters’ surveys that this year
class is a weak one. The highest catch rates in this quarter were obtained around north-west Ireland. Catch rates
of juvenile mackerel in the North Sea were low (Figures 2.3 and 2.4) do not indicate any significant recovery of
that stock.

Catch rates of juvenile mackerel, as calculated by the method described by Dawson et al. (1988), are given in
Table 2.2, including recent survey information for the last quarter of 1995 and the first quarter of 1996. The
survey reported a large catch rate of 1995 year class fish in the winter of 1996, and this may be an indication that
the 1995 year class will be a strong one. However, the Working Group does not consider the observation
sufficiently reliable to be usd in quantitative predictions.
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Conflicting trends exist in recruitment as estimated by the population model used for the stock assessment and
the catch rates of juvenile mackerel in surveys (Anon. 1996/Assess:7; Anon. 1995/Assess:2). Although the
conflict in the trends had been diminished by replacing the traditional estimates with year-class effects from a
multiplicative model (fitted to mean catch rates in ICES rectangles), the deviation was still sufficiently strong to
preclude use of the trawl surveys in the assessment. The underlying cause of the conflicting trends is not known.
Information on mackerel recruitment surveys has only recently been prepared in database form, allowing some
preliminary investigation into possible distributional changes and their possible effects on availability to the
surveys.

There appears to be a strong and highly-variable interannual change in the distribution of the juveniles (Figure
2.5.). For example, in 1984, 1987 and 1993 a larger proportion of the juvenile population was found in the
northern areas (VIa(N) and VI(S)) compared to other years. A simple approach was used to examine whether the
differences between the Working Group's population model estimates of recruitment and the survey estimates
might be explained in terms of ditributional changes. Firstly, a measure of the displacement of the centre of the
distribution of the juvenile population, in the North-South direction, was calculated as:

> (Lat.Catchia,y)
21w Catchia y

Lat. a
Displacement ,= Ly (Lat. Catchi l,y)]

-1/nY (
y
Z[a/ Catchlat,y
where /at represents latitude, and 'Catch' represents the catches in survey trawls in year y at the corresponding
latitude.

Values so calculated (Table 2.3) were compared with the discrepancy between the traditional survey index of
abundance (Table 2.2) and the most recent estimates of year-class strength from the assessment (Figure 2.6). The
data scatter was interpreted as a simple dependence of the catchability of the fish in the surveys on the location
of the juvenile shoals in the North - South direction each year. The fitted slope allows an ad hoc correction to be
made to the observed survey catch rates in order to remove the effect of interannual distributional changes, so
improving the coincidence of the surveys and the assessment model (Figure 2.7). The application of such a
correction has a reasonable mechanistic basis, as one would expect that when fish are distributed further
northwards, and hence in colder water, their swimming speed would be reduced and their catchability in trawls
would be correspondingly higher. However, the statistical validity of the correction has not yet been tested.

The ad hoc corrected survey index shows good coincidence with the Working Group’s estimates of year-class
strength in recent years. This provides strong support for maintaining the assumption that the 1994 year class is a
weak one.

The Working Group recommends further modelling work should be undertaken in order the explore
further the use of distributional models for improving the use of the juvenile surveys for prediction of
recruitment. Preliminary work indicates good prospects for deriving a robust index of abundance from
the mackerel survey data, and the Working Group recommends that the surveys be continued.

2.5 The Fishery in 1995

The total catch estimated by the Working Group to have been taken from the various areas is shown in Table
2.4, This table shows the development of the fisheries in the different areas since 1969. The total estimated catch
in 1995 was about 755,000 t which was approximately 80,000 t lower than the catch taken in 1994. The total
catch maintains the high level of catches taken from the fishery in recent years. Estimates of discards are also
shown. However, these estimates apply to one fleet only.

During 1995 the highest catches were again taken from Sub-area IV and Division Illa - over 96% of these
having been taken in Division IVa. There was, however, a considerable decrease in the catch taken from this
area compared with that of 1994. The increased catches in Division Ila were apparently a result of increased
effort in that area. Catches taken from Sub-areas VI and VII and from Division VIlla,b,c,d,e were all similar to
those in recent years. The catches taken in Divisions VIlIc and IXa have slowly increased in recent years and the
1995 catch of 27,600 t is the highest recorded since 1977. The amounts misreported during 1995 decreased
compared with previous years. Over 106,000 t of mackerel were taken in Division IVa and were reported as
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having been taken in Division Vla - the corresponding figure for 1994 was 245,000 t. This decrease was due to
increased monitoring of the fisheries but also due to the development of the fishery in the southern part of
Division VIa during the fourth quarter.

The catches per quarter and per Sub-area and by Division are shown in Table 2.6. This table gives a good
indication of the migration of the stocks. The quarterly distribution of the fisheries is similar to that of recent
years. Over 37% of the total catch was taken during the 1st quarter as the shoals migrate through Sub-area VI to
the main spawning areas in Sub-area VII. Only 8% of the total catch was taken in Quarter 2, most of it from
Sub-areas VI and VII. During Quarter 3 the main catches were recorded from Division Ila and Division 1Va
from the shoals on the summer feeding areas. During Quarter 4 the main catches were recorded from the
overwintering areas in Division IVa while considerable catches were also taken from a fishery in Division Vla
South and from around the South-west Box. The main catches from Divisions VIlic and IXa were taken in
Quarter 2 - over 57% of the total being taken from Quarter 2 from Division VIIic.

National catches

The national catches recorded by the various countries for the different areas are shown in Table 2.5a—d. As has
been stated before these figures should not be used to study trends in national figures because of the degree of
misreporting, and the high “unallocated” catches due to countries exceeding their quota. The main mackerel
catching countries in recent years continue to be Norway, United Kingdom, Ireland, Netherlands and Russia.

The total catch recorded from Divisions Ila and Vb (Table 2.5a) was believed to be about 135,000 t, which was
considerably higher than that for 1994 (71,900 t). Most of the catch was taken by Norway and Russia.

The total catch recorded from the North Sea (Sub-area IV and Division Illa) (Table 2.5b) was 323,000 t
compared with 475,980 t in 1994. This decrease was mainly a result of a decrease in the amount of the
misreported catch. The main catches were recorded by Norway (108,000 t), while substantial catches were also
recorded by Denmark, the United Kingdom and the Faroes. Some slight revisions were made to the 1994 area
distribution of catches.

The total catch recorded from the Western areas (Table 2.5¢) was 270,000 t - including unallocated and
misreported catches of minus 79,000 t. Approximately 107,000 t were believed to have been taken in Division
IVa but reported as having been taken in Division VIa while over 28,000 t were considered “unallocated”. The
national catches have been very stable for a number of years.

The total catch recorded from Divisions VIIIc and IXa (Table 2.5d) was 27,400 t which is the highest recorded
since before 1977. Most of this catch was taken by Spain (90%).

2.5.1 ACFM advice and management applicable to 1995 and 1996

The TACs agreed by the various management authorithies, the catches and the TACs rcommended by ACFM
for 1995 and 1996 were as follows:

1995 1996
Stock TAC recommended by ACFM Agreed Catch Recommended Agreed
TAC TAC TAC
North Sea Stock | Lowest possible level 76,320 ? see text 52,750
Western Stock 530,000 608,08 728,000 see text 354,615
Southern Stock No advice given 36,570° 27,600 see text 30,0002

TAssumed to be mainly Western stock mackerel, taken from Sub-area IV, Division IIla and Ila, and included in
the total agreed TAC for the western stock.
*Division VIIIc, Sub-areas IX and X and CECAF Division 34.1.1 (EU waters only).

The agreed TAC includes the agreements between EU, Norway and the Faroese. For 1996 ACFM recommended
a significant reduction in fishing mortality to restore and maintain the SSB above historical low level by the time
of spawning in 1997 or 1998. The recommendations were given for two areas, the Southern (Divisions VIIIc and
IXa) and the Northern area (Divisions Ila, IIla, IVa, Vb, VIIlabd and Sub areas VI,VII). The recommended TAC
were:
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To restore SSB at spawning time 1997: 4,000 tons in the Southern area and 144,000 tons in the Northern area.
To restore SSB at spawning time 1998: 8,000 tons in the Southern area and 280,000 tons in the Northern area.

It is important to note that while the recommended TACs are meant to apply to the total catch of mackerel in the
total distribution area the actual agreed TACs do not apply to the catches taken in international waters. Catches
in international waters are mainly taken by Russia in the Norwegian Sea ( 44,000 tons in 1995).

In addition to the TACs and the national quota the following are some of the more important additional
management measures which were in force in 1995 and are again in force in 1996:

1. Prohibition of fishing in Division IVa during Quarters 1 and 2, and of a directed mackerel fishery in
Divisions IVb and IVc throughout the year. Norway opened for a small fishery in Division IVa the first
quarter of 1995 and 1996;

2. Prohibition of a directed mackerel fishery in the “Cornwall Box”;

3. Restrictions on the quantities of mackerel which could be taken east of 2° in Quarters 3 and 4 by some
countries;

4. Minimum landing size of 30 cm for Sub-area IV, Division IIla and 25 cm for Divisions VIlIIc and IXa;

Various national measures such as closed seasons and boat quotas.
2.6 Distribution of the Mackerel Fisheries

The distribution of the mackerel catches taken in 1995 is shown per quarter and per Sub-area and Division in
Table 2.6. More detailed information on catches, per statistical rectangle, based on logbook information is
shown in Figures 2.8a—d. The information is incomplete because it is based only on catches from Netherlands,
Norway, Ireland, Russia, Denmark, Spain, Portugal and United Kingdom (England). Only limited data were
available for the United Kingdom (Scottish) catches.

First quarter 1995

Catches taken during this quarter totalled about 281,200 t. Considerable misreporting of catches takes place
during this quarter between Division [Va and VIa and the data relating to these Divisions should be treated with
caution. The distribution of the catches appear to be very similar to that of 1994 and reflects the migration of the
shoals as they move away from the overwintering areas in the North Sea and Ila along the west of Scotland and
Ireland and towards the spawning grounds south-west of Ireland and England. Small catches are also taken
during this quarter in the western English Channel and along the Iberian Peninsula. The distribution is shown in
Figure 2.8a.

Second quarter 1995

Catches during this quarter totalled about 63,200 t. The main catches were again taken from the spawning
grounds south-west of Ireland. Small catches were again taken from the Iberian Peninsula, particularly in the
south-eastern section of the Bay of Biscay. Some catches were also reported from the international waters in the
Norwegian sea. The distribution was again very similar to that of 1994 and is shown in Figure 2.8b.

Third quarter 1995

Catches during this quarter totalled about 204,600 t. During this quarter the main catches were taken in the
fisheries west of Norway where the distribution was again similar to 1994. Catches taken from the fishery in the
international waters in the Norwegian sea were distributed over a very wide area and the general distribution in
the fishery appeared to be more northerly than in 1994. Small catches were again taken from around the Iberian
Peninsula, particularly along the west coast of Portugal. The distribution is shown in Figure 2.8c.

Fourth quarter 1995

Catches during this quarter totalled 206,600 t. The main catches were again taken west of Norway. However,
there were considerably more catches taken in the western part of Division IVa than in 1994. Higher catches

ENACFM\WGMHSA97\REPORT97.DOC  18/09/96 18




were also taken from north-west of Ireland than in 1994. Considerable catches were again taken from the
western part of the English Channel. Small catches continued to be taken from around the Iberian Peninsula. The
distribution is shown in Figure 2.8d.

2.7 Length Compositions by Fleet and Country

Length distributions of the 1995 catches by some of the various fleets were provided by Denmark, Ireland,
Netherlands, Norway, Portugal, Russia, Spain and United Kingdom. The length distributions were available
from most of the major fishing fleets and account for about 75% of all catches.

The length distributions by country and by fleet for 1995 are shown in Table 2.7. More detailed information on a
quarterly basis is available on the Working Group files.

2.8 Catch in Numbers at Age

The catches in numbers at age by quarter for Divisions Ila; IIla; IVa; IVb,c; Vla; VIla,e,f,gh; VIIb,c,jk; VIId
and VIlla,b,d,e are shown in Table 2.8. The percentage catch by numbers at age from 1985 to 1995 is given in
Figure 2.9.

The catch in number at age by quarter for mackerel from Divisions VIlIc and IXa for southern mackerel is given
in Table 2.9 for 1995 and in Figure 2.10 for the period 1984-1995.

The overall age composition is mainly composed of 2—6 year old fish. These age groups constitute 72% of the
total catches. The overall age compositions are reasonably consistent throughout most areas with the exceptions
of Divisions IVb,c and Divisions VIIa,e,f,g,h and Division VIId. These three areas contain much higher numbers
of 0 and 1 year old fish. The following text table shows the overall % (in numbers) distribution for different age
groupings.

Areas
AgeGroups Ila Illa IVa 1IVbe VIa VIlbejk VIlaefgh VIId VIabde VIclIXa
0-1 + 1 + 49 2 2 23 24 1 24
2-6 74 79 76 48 66 68 75 2 52 44
6-15 26 20 24 3 32 30 2 1 47 32

Catches from Divisions VIlIc and IXa areas continue to be dominated by young mackerel and 0 and 1 group fish
in 1995 constituted 24% of the catch in 1995. Fish in the age groups 2—6 constituted 44% of the catches while
older age groups constituted 32%.

Age distributions of catches were provided by Denmark, Ireland, Netherlands, Norway, Portugal, Russia, Spain
and United Kingdom. There were again some serious defects in the overall sampling of the catches. No age
distributions were available from a number of countries who take substantial catches, e.g. the Faroes, France,
Germany and Sweden. In addition, there were no samples to cover the entire catch from Division VIId (12,000
t). Catches for which there was no sampling data were converted into numbers at age using data from the most
appropriate fleets. As in 1994 this procedure was not always desirable because of possible differences between
fishing gears in the different areas.

The sampling intensity is further discussed in Section 1.3.1.
2.9 Mean Lengths at Age and Mean Weights at Age
Mean lengths

The mean lengths at age per quarter for 1995 for the Western area and for the Southern area are shown in Tables
2.10 and 2.11 respectively.
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Mean weights

The mean weights at age in the catches per quarter for 1995 for the western and southern areas are shown in
Tables 2.12 and 2.13 respectively. The mean weights at age in the stock for the western mackerel is shown in
Table 3.6. These are based on samples obtained from Dutch freezer trawlers fishing on the spawning grounds
west of Ireland. The mean weights at age in the stock for the southern mackerel are based on samples obtained
during Quarter 1 and Quarter 4 and averaged over 1991-1994 the last three years. The same data set has been
used since 1984. The data are as follows:

Stock Weights at Age (kg) for Southern Mackerel

Age in Years

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15+
Jd61 248 305 354 385 427 455 493 511 545 548 617 622 656 716

2.10 Maturity at age

At last years Working Group meeting (Anon. 1996/Assess:7) it was recommended that the assumptions about
maturity at age of mackerel should be examined in more detail by the Egg Survey Working Group as maturity is
critical to the fitting of the populations to egg survey biomasses. The maturity ogive assumes that 60% of 2 year
old mackerel are mature. An exception was made in the case of the very large 1984 year class, for which 20%
were assumed to be mature at age 2. This was based on a lower than average growth rate and a scarcity of
mature fish of this year class during the 1986 egg survey. There is no evidence that the maturity ogives of the
large 1987, 1989 and 1991 year classes should be similarly adjusted.

The present maturity ogive was constructed in 1985 (Anon. 1985) based on Dutch commercial and research
vessel samples taken in April, May, June, July and August in Division VIa south of 57°N and Divisions
VIIb,e,f,g,h,j during the period 1977-1984. These Dutch data were accepted as the most representative samples,
because they were well distributed throughout both the spawning ground and the juvenile area. However, the
shortcomings of this maturity ogive is that no weighting factors have been applied to the samples, depending on
how many fish of a certain age group were distributed in the juvenile areas and how many in the spawning area.
At the Egg Survey Working Group (Anon. 1996) new maturity ogives were presented based on Dutch
commercial and research vessel samples from the same ICES Divisions but now coverering the time periods
1985-1995 and 1977-1995 (Table 2.15). The differences between the maturity ogives from period 1977-1984
and 1985-1995 are not large despite the fact that in recent years the samples were mainly taken from the adult
area. The differences become even smaller when a maturity ogive is constructed over the whole period 1977-
1995. The Egg Survey Working Group decided not to change the maturity ogive based on available information
and because of uncertainties in estimating a maturity ogive and recommended that a maturity ogive be estimated
from the biological samples collected during the surveys of the Daily Egg Production Method (DEPM) in 1992,
when many hauls were carried out in the main distribution area of the adult mackerel at peak spawning time.
Unfortunately large parts of the juvenile distribution area are not covered by these surveys.

The existing maturity ogive is based on macroscopically estimated maturity stages. However, histological
analysis of the ovaries of younger fish showed that the macroscopically estimated proportion mature might be
overestimated. A review was given on examples of abortive maturation in ovaries of mackerel and other fish
species (Anon., 1996/H:2).

At this Mackerel, Horse Mackerel, Sardine and Anchovy Working Group meeting additional information on
mackerel maturity ogives was presented:

e Newby and Watson (1996 WD) provided maturity data from the 1992 DEPM surveys.

e Iversen (1996 WD) presented mackerel maturity data from Norwegian mackerel tagging program southwest
of Ireland.

e  Witthames (1996 WD) provided mackerel maturity data from a histological method to compare maturity at
age of 1 to 3 year old females from the years 1988, 1989 and 1991 from ICES Divisions VIIj (adult area) and
Vlle (juvenile area).

e Villamor (pers. comm.) presented mackerel maturity data collected in 1993-1995 from Division VIlIc and
IXa north (Spanish area).
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e Martins (1996 WD) provided mackerel maturity data collected in 1986-1995 from Division IXa (Portuguese
area).
e Maturity at age obtained from combined 1995 maturity data from Spain and Portugal.

The proportions mature at ages 2 and 3 obtained from the 1992 DEPM surveys and the Norwegian tagging
program are higher than those as used by the Working Group (Table 2.15). The explanation for this is that the
sampling mainly took place in the adult areas, while sampling should take place in accordance with the
distribution pattern of both age group 2 and 3.

The histological maturity data indicate that proportions mature obtained from macroscopically estimated
maturity stages are overestimating the proportions mature of especially age groups 1 to 3. This is due to the fact
that a large proportion of the young fish, which start to mature, never actually spawn, because all vitollogenic
oocytes become atretic. Furthermore, there appears to be a large difference between the proportions mature in
the adult and juvenile areas. Based on present histological information none of the 0-group fish actually spawn.

For assessment purposes it is important that the maturity ogive represents the proportions of fish by age group
that actually spawn, because the assessment is tuned to spawning stock biomasses obtained from egg surveys.
This is especially the case when a strong year class enters age group 2.

In the southern area the proportions mature of age groups 1 to 3 are even much higher than in the western area,
while the proportion mature of 1-year olds is highly variable (Table 2.15). The proportions mature for the
southern area are also based on macroscopically estimated maturity stages and are therefore assumed to be
overestimated.

The Working Group decided not to change the existing maturity ogives for both the western and southern areas,
because of the uncertainties mentioned above. The Working Group, however, expresses the need for improved
estimates of maturity ogives for assessment purposes, estimates of the precision with which these are estimated
and sensitivities to the assumptions.

Histological analysis appears to be an prerequisite to estimate the proportion mature of ages 1-3. Therefore, the
Working Group recommends that during the next egg survey in 1998 both mackerel and horse mackerel
ovaries be collected at peak spawning time in both the western and southern area in order to construct
maturity ogives based on histological analysis. At the same time additional sampling should be carried out
in the juvenile areas.

2.11 Species Mixing

As in previous years there was also a Spanish fishery for Spanish mackerel, Scomber japonicus, in 1995 in the
south of Division VIIIb and in Sub-division VIIIc east. The fishery took place mainly in autumn. Table 2.16
shows the Spanish mackerel landings by subdivision in the period 1982-1995. Landings in 1995 (2,558 t) in
Sub-division VHIc East increased compared to 1994 (1,903 t). In Division VIIIb landings were 247 t, a slight
decrease compared to 1994, There was also a Spanish fishery for Spanish mackerel, mainly in the 3rd quarter, in
Subdivision IXa North in 1995 (4,705 t). There is no misidentification of mackerel species in the Spanish fishery
in Divisions VIIIbc and Sub-division IXa North.

In Sub-division IXa South , the Bay of Cadiz, there is a small Spanish fishery for mixed mackerel species with
landings of 364 t in 1995. This was a decrease in comparison with previous years in which landings were around
1000 t. In the bottom trawl surveys carried out in the Gulf of Cadiz in 1995, catches of S. Scombrus were scarce
or even non-existent, with S. japonicus making up 99% of the total of both species ( M. Millan, pers. comm).
Due to the uncertainties in the species proportions in the landings catches of S. Scombrus have never been
included in mackerel landings reported to this Working Group by Spain.

Portuguese landings during 1982—-1995 are also shown in Table 2.16.
Since the seventies there has been a Portuguese Spanish mackerel fishery. Mackerel and Spanish Mackerel are
distributed along the Portuguese coast, (from 20 meters to 400 m aproximately). Spanish mackerel appears to be

more abundant in the southern areas while mackerel appears more abundant in the North zone (Martins and
Cardador 1996). This species is caught by purse seiners, artisanal fleet and trawl fleet.
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In 1995 purse seiners accounted for 73% of total Portuguese landings (around 4,000 t); the population was
composed of age classes between 0 and 12. Age 2, 3 and 4 contributed with the highest percentage of the
landings (Martins, 1996).
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Table 2.1

Spawning stock biomass for the western mackerel and western horse mackerel. Spawning stock biomass
estimates are corrected for atresia. A sex ratio of 1:1 is assumed. The SSB was calculated from the total egg
production based on arithmetic mean of unsampled rectangles if available.

Total egg production (10°"°)

Total fecundity

Pre-spawning

Spawning stock

Year (Mean used for unsampled Total fecundity corrected for stock biomass biomass
rectangles) (eggs/g female) atresia (x10°® tonnes) (x10°® tonnes)
Geometric | Arithmetic (eggs/g female) (conv. £.x1.08)
Annual egg production method - western mackerel
1977 1.98 1457 ¢ 1329 e 2.98 3.22
1980 1.48 a 1457 ¢ 1329 e 2.23 2.41
1980 1.84 b 1457 ¢ 1329 e 2.77 2.99
1983 1.50 1.53 1457 ¢ 1329 e 2.30 2.49
1986 1.15 1.24 1457 ¢ 1329 e 1.87 2.02
1989 1.45 1.52 1608 d 1466 e 2.07 2.24
1992 1.83 1.94 1511 1387 ¢ 2.86 3.09
1995 - 1.49 1511 1357 1 2.19 2.37
Total egg production (1 0'15) Total fecundity Pre-spawning Spawning stock
Year (Mean used for unsampled Total fecundity corrected for stock biomass biomass
rectangles) (eggs/g female) 3.4% atresia (x10® tonnes) (x1 0°® tonnes)
Geometric | Arithmetic (eggs/g female) (conv. f.x1.05)
Annual egg production method - western horse mackerel
1977 0.533 g 1567 1504 0.71 0.74
1980 0.635 g 1557 1504 0.84 0.89
1983 0.381 ¢ 1557 1504 0.51 0.53
1986 0.508 g 1557 1504 0.68 0.71
1989 1.54 1.63 1557 1504 2.17 2.28
1992 1.37 1.58 1557 1504 2.10 2.21
1995 - 1.226 1657 1504 1.63 1.71
a Egg survey data for period 3 included
b Egg survey data for period 3 excluded
c from Anon (1987) page 3
d from Anon (1990)
e with 8.8% atresia
f with 10.2% atresia
g Eaton (1989). Incomplete coverage in 1977
Estimates by Generalized Additive Modelling (from Augustin et al WD 1996
Egg Production x 10"
Year |Area Mackerel Horse mackerel
GAM (no bc) [GAM (with bc) GAM (no bc) GAM (with bc)
1995 [Western 0.854 1.623 0.886 1.554
0.02 0.05 0.09 0.24
[2.7} [2.9] [10.2] [15.4]
Southern 0.136 0.202 0.396 0.553
1992 [Western 1.744 2.366 1.44 1.804
0.05 0.07 0.11 0.21
[2.6] 2.9 [7.5] [11.9
1989 |Western 1.373 3.027 1.308 1.635
0.09 0.12 0.09 0.14
[6.5} [3.8] [6.7] [9.2]

bc = bias correction

Figures in italics are standard errors

Figures in brackets are %cv's
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Table 2.2 Mean catch rates of juvenile mackerel in first-quarter and fourth-quarter demersal trawl surveys.
Estimates from preliminary database supplied by Walsh (pers. comm.; Marine Laboratory, Aberdeen).

Year-Class Mean Catch Rate
(Fish/hr)

1985 63
1986 48
1987 297
1988 161
1989 294
1990 169
1991 358
1992 220
1993 517
1994 149
1995 1582*

* Preliminary; based on catch rates at ages 0

in the 4th quarter and 1 in the first quarter

Table 2.3 Estimates of the displacement of the centre of the distribution of juvenile mackerel (ages 0, 1 and 2)

from their long-term mean

location. Positive values indicate a northward shift.

Survey Year Estimated Displacement
(degrees latitude)

1987 -2.595
1988 -1.516
1989 -0.691
1990 -0.2503
1991 -1.037
1992 -1.751
1993 242
1994 1.504
1995 1.695
1996 2.367
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Table 2.4

Catches of MACKEREL by area. Discards not estimated prior to 1978. (Data submitted by Working Group members.)

Year Sub-area VI Sub-area VII and Divisions Sub-area IV and Division Ila | Divs. IIa,Vb' | Divs. VIIIc, IXa Total
VIila,b,d,e
Landings Discards’ Catch | Landings Discards® Catch | Landings Discards’ Catch Landings Landings Landings : Catch

1969 4,800 - 4,800 66,300 - 66,300] 739,182 - 739,182 + 810,282 - 810,282
1970 3,900 - 3,900/ 100,300 - 100,300 322,451 - 322,451 163 426,814 - 426,814
1971 10,200 - 10,200 122,600 - 122,600| 243,673 - 243,673 358 376,831 - 376,831
1972 10,000 - 10,000| 157,800 - 157,800 188,599 - 188,599 88 Not 356,487 - 356,487
1973 52,200 - 52,2001 167,300 - 167,300 326,519 - 326,519 21,600 available 567,619 - 567,619
1974 64,100 - 64,100 234,100 - 234,100] 298,391 - 298,391 6,800 603,391 - 603,391
1975 64,800 - 64,800 416,500 - 416,500f 263,062 - 263,062 34,700 779,062 - 779,062
1976 67,800 - 67,800| 439,400 - 439,400f 303,842 - 303,842 10,500 821,542 - 821,542
1977 74,800 - 74,800 259,100 - 259,100] 258,131 - 258,131 1,400 27,417 620,848 - 620,848
1978 151,700 15,100 166,900 355,500 35,500 391,000| 148,817 - 148,817 4,200 26,508 686,725 50,700 737,425
1979 203,300 20,300 223,600 398,000 39,800 437,800 152,323 500 152,823 7,000 22,475 783,098 60,600 843,698
1980 218,700 6,000 2247007 386,100 15,600 401,700 87,391 - 87,391 8,300 15,964 716,455 21,600 738,055
1981 335,100 2,500 337,600} 274,300 39,800 314,100 64,172 3,216 67,388 18,700 18,053 710,325 45,516 755,841
1982 | 340,400 4,100 344,500 257,800 20,800 278,600 35,033 450 35,483 37,600 21,076 691,009 25,350 716,359
1983 315,100 22,300 337,400} 245,400 9,000 254,400 40,889 96 40,985 49,000 14,853 665,242 31,396 696,638
1984 306,100 1,600 307,700| 176,100 10,500 186,600 39,374 202 39,576 93,900 20,308 635,782 12,302 648,084
1985 308,140 2,735 390,875 75,043 1,800 76,843 46,790 3,656 50,446 78,000 18,111 606,084 8,191 614,275
1986 104,100 + 104,100| 128,499 + 128,499 236,309 7,431 243,740 101,000 24,789 594,697 7,431 602,128
1987 183,700 + 183,700| 100,300 + 100,300] 290,829 10,789 301,618 47,000 22,187 644,016 10,789 654,805
1988 115,600 3,100 118,700 75,600 2,700 78,300| 308,550 29,766 338,316 116,200 24,772 640,772 35,566 676,288
1989 121,300 2,600 123,900 72,900 2,300 75,2001 279,410 2,190 281,600 86,900 18,321 578,831 7,090 585,921
1990 114,800 5,800 120,600 56,300 5,500 61,800 300,800 4,300 305,100 116,800 21,311 610,011 15,600 625,611
1991 109,500 10,700 120,200 50,500 12,800 63,300 358,700 7,200 365,900 97,800 20,683 637,183 30,700 667,883
1992 141,906 9,620 151,526 72,153 12,400 84,553] 364,184 2,980 367,164 139,062 18,046 735,351 25,000 760,351
1993 133,497 2,670 136,167 99,828 12,790 112,618] 387,838 2,720 390,558 165,973 19,720 806,856 18,180 825,036
1994 134,338 1,390 135,728| 113,088 2,830 115,918 474,830 1,150 475,980 69,900 25,043 817,198 5,370 822,568
1995 145,626 74 145,700 117,883 6,917 124,800 322,000 730 323,400 135,500 27,600 747,879 7,721 755,600

'For 1976-1985 only Division ITa.

"Discards estimated only for one fleet in recent years.

NB: Landings from 1969-1978 were taken from the 1978 Working Group report (Tables 2.1, 2.2 and 2.5).
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Table 2.5a Catches (t) of MACKEREL in the Norwegian Sea (Division IIa) and off the Faroes (Division Vb),
1983-1995. (Data submitted by Working Group members.)
Country 1983 1984 1985 1986 1987' 1988
Denmark 10,427 11,787 7,610 1,653 3,133 4,265
Faroe Islands - 137 - - - 22
France - - 16 - - -
Germany, Fed. Rep. 5 - - 99 - 380
German Dem. Rep. - - - 16 292 -
Norway 38,453 82,005 61,065 85,400 25,000 86,400
Poland - - - - - -
United Kingdom - - - 2,131 157 1,413
USSR 65 4,292 9,405 11,813 18,604 27,924
Discards - - - - - -
Total 48,950 08,222 78,096 101,112 47,186 120,404
Country 1989 1990 1991 1992 1993 1994° 1995
Denmark 6,433 6,800 1,098 251 - - 4,746
Estonia 216 - 3,302 1,925
Faroe Islands 1,247 3,100 5,793 3,347 1,167 6,258 9,032
France 11 - 23 6 6 5 5
Germany, Fed. Rep. - - - - - - -
German Dem. Rep. 2,409 - - - - - -
Latvia 100 4,700 1,508 389
Norway 68,300 77,200 76,760 91,900 110,500 140,708 93,315
Poland - - - - - - -
Russia 42,440 49,600 28,041 44,537
United Kingdom - 400 514 802 - 1,706 194
USSR 12,088 30,000  13,631° - - - -
Misreported' -109,625 -18,647
Discards - 2,300 - - - -
Total 90,488 118,700 97,819 139,062 165,973 71,903 135,493
'Includes catches probably taken in the northern part of Division IVa.
*Preliminary.
*Russia.
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Table 2.5b Catch (t) of MACKEREL in the North Sea, Skagerrak, and Kattegat (Sub-area IV and Division IIla),
1983-1995. (Data submitted by Working Group members).

Country 1983 1984 1985 1986 1987 1988
Belgium 93 68 - 49 14 20
Denmark 11,285 10,088 12,424 23,368 28,217 32,588
Faroe Islands - - 1,356 - - -
France 2,248 - 322 1,200 2,146 1,806
Germany, Fed. Rep. 10 112 217 1,853 474 177
Ireland - - - - - -
Netherlands 866 340 726 1,949 2,761 2,564
Norway 24,464 27,311 30,835 50,600 108,250 59,750
Sweden 1,903 1,440 760 1,300 3,162 1,003
United Kingdom 16 2 143 18 94 876
USSR - - - - - -
Unallocated, discards

and misreported 96 202 3,656 162,822 136,737 233,532
Total 40,985 39,576 50,466 243,700 301,618 338,316
Misreported’ 148,000 117,000 180,000
Country 1989 1990 1991 1992 1993° 1994 1995
Belgium 37 - 125 102 191 351 106
Denmark 26,831 29,000 38,834 41,719 42,502 47,852 30,891
Estonia 400 - - -
Faroe Islands 2,685 5,900 5,338 - 11,408 11,027 17,883
France 2,200 1,600 2,362 956 1,480 1,570 1,599
Germany, Fed. Rep. 6,312 3,500 4,173 4,610 4,940 1,479 712
Ireland 8,880 12,800 13,000 13,136 13,206 9,032 5,607
Latvia 211 - - -
Netherlands 7,343 13,700 4,591 6,547 7,770 3,637 1,275
Norway 81,400 74,500 102,350 115,700 112,700 115,741 108,785
Sweden 6,601 6,400 4,227 5,100 5,934 7,099 6,285
United Kingdom 38,660 30,800 36,917 35,137 41,010 27,479 21,609
Russia - - - - - - -
Romania - - - - - 2,903 -
Unallocated, discards,

and misreported 100,651 126,900 153,958 143,546 149,417 245,807 127,338
Total 281,600 305,100 365,875 367,164 390,558 473,977 322,099
Misreported’ 92,000 126,000 130,000 127,000 146,697 245,157 106,987

! May includes catches taken in Division Ila.

2 Preliminary.
* Catches reported as taken in Division VIa.
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Table 2.5¢

(Data submitted by Working Group members).

Catch (t) of MACKEREL in the Western area (Sub-areas VI and VII and Divisions VIIIa,b,d,e).

Country 1983 1984 1985 1986 1987 1988
Belgium + + - + - -
Denmark 15,000 200 400 300 100 -
Faroe Islands 14,900 9,200 9,000 1,400 7,100 2,600
France 11,000 12,500 7,400 11,200 11,100 8,900
Germany, Fed. Rep. 23,000 11,200 11,800 7,700 13,300 15,900
Ireland 110,000 84,100 91,400 74,500 89,500 85,800
Netherlands 73,600 99,000 37,000 58,900 31,700 26,100
Norway 19,900 34,700 24,300 21,000 21,600 17,300
Poland - - - - - -
Spain - 100 + - - 1,500
United Kingdom 182,900 198,300 205,900 156,300 200,700 208,400
USSR + 200 + - - +
Unallocated 105,500 18,000 75,100 -98,701 -91,000 -175,300

+ misreported|

Discard 11,300 12,100 4,500 - - 5,800
Grand Total 567,100 479,600 467,700 232,599 284,000 377,000
Misreported -148,000 -117,000 -180,000
Country 1989 1990 1991 1992 1993 1994 1995
Belgium - - - - - - -
Denmark 1,000? - 1,573 194 - 2,239 1,443
Estonia 361
Faroe Islands 1,100 1,000 4,095 - 2,350 4,283 4,248
France 12,700 17,400 10,364 9,109 8,296 9,998 10,178
Germany, Fed. Rep. 16,200 18,100 17,138 21,952 23,776 25,011 23,703
Ireland 61,100 61,500 64,827 76,313 81,773 79,996 72,927
Netherlands 24,000 24,500 29,156 32,365 44,600 40,698 34,514
Norway 700 - - - 600 2,552 -
Poland - - - - - - -
Spain 1,400 400 4,020 2,764 3,162 4,126 4,509
United Kingdom 149,100 162,700 162,588 196,890 215,265 208,656 190,344
USSR - - - - - - -
Unallocated -73,100 -114,500 -133,802 -125,528' -146,697 -130,133 -78,742
+ misreported1

Discard 4,900 11,300 23,550 22,020 15,660 4,220 6,991
Grand Total 288,900 302,900 183,509 236,079 248,785 251,646 270,476
Misreported -92,000 -126,000 -130,000 -127,000 -146,697 -134,765 -106,987

'Includes catches taken in Division IVa, but misreported to Division VIa.

2Preliminary.

*Catches taken in Division IVa but reported for Division Vla.
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Table 2.5d Landings (tonnes) of Mackerel in Divisions Vllic and 1Xa, 1977-1995.
(Data submitted by Working Group members).

Division Vllic Division 1Xa
Years Spain Portugal Spain Poland USSR Total TOTAL
1977 19,852 1,743 2,935 8 2,879 7,565 27,417
1978 18,543 1,555 6,221 - 189 7,965 26,508
1979 15,013 1,071 6,280 - 111 7,462 22,475
1980 11,316 1,929 2,719 - - 4,648 15,964
1981 12,834 3,108 2,111 - - 5,219 18,053
1982 15,621 3,018 2,437 - - 5,455 21,076
1983 10,390 2,239 2,224 - - 4,463 14,853
1984 13,852 2,250 4,206 - - 6,456 20,308
1985 11,810 4,178 2,123 - - 6,301 18,111
1986 16,533 6,419 1,837 .- - 8,256 24,789
1987 15,982 5,714 491 - - 6,205 22,187
1988 16,844 4,388 3,640 - - 7,928 24,772
1989 13,446 3,112 1,763 - - 4,875 18,321
1990 16,086 3,819 1,406 - - 5,225 21,311
1991 16,940 2,789 1,051 - - 3,840 20,780
1992 12,043 3,676 2,427 - - 6,003 18,046
1993 16,675 2,015 1,027 - - 3,042 19,719
1994 21,146 2,158 1,741 - - 3,899 25,045
1995 23,631 2,893 1,025 - - 3,918 27,549
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Table 2.6  Catches of mackerel by Division and Sub-area in 1995.
(Data submitted by Working Group members.)

Division/ Quarter Total
Sub-area :
1 2 3 4

ITa + Vb 200 2,000 133,300 + 135,500
IVa 103,900 200 60,100 147,800 312,000
IVb + 1,100 400 1,500
IVc 100 300 1,000 1,500 2,900
IIIa + 300 500 4,800 5,600
VI 117,200 9,500 2,600 16,400 145,700
VII 51,100 30,000 3,300 34,200 118,600
VIIlIa,b,d,e 1,600 3,900 400 300 6,200
Sub-total 274,100 46,200 202,300 205,400 728,000
VIIIc 6,300 16,000 900 500 23,700
IXa 800 1,000 1,400 700 3,900
Grand total 281,200 63,200 204,600 206,600 755,600

Catches rounded to nearest 100.
Catchesless than 50t = +.
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Table 2.7 Length distribution (millions of fish) in 1995 catches by different fleets.

Country SCOTLAND NORWAY |Nether- Spain Ireland UK (England & Wales) |Russia Portugal | Denmark |
Gear P> |P.Seine’ [Others  |Pr. Trawl Total Tands -
Length cm P.seine Pelagic |P. seine |Artisanal |Trawl P. Trawl |Trawl Handline Commercial |P.seine |Artisanal |Trawl P Seine |Trawl B

10 0 0 trawl o

11 0 0 T

12 0 0 0 ) 1T 1

13 [} 0 0 N B I e I N

14 0 0 0 B R T I B

15 0 0 0 - T

16 [} 0 0 [} [} [} oo | i 1o 0

17 ] o 0 0 [} o o 72 ‘ [} "o

18 0 0 0 [} 32 0 0 [} 19 343 ] 0 o o

19 0 0 [} 0 77, 40 0 330, 83 0 0 of o

20 0 0 0 0 510 1356 0 548 91 0 [}] 122 0

21 153 854 0 0 576 2634 o 471 19 160 1 0 219 0 I

22 66 366 0 1 64 1745 0 168 19 245 5 0 609 0 67 -

23 11 61 0 0 31 702 8 30 [} 402 11 3 323 [} 121 -

24 11 61 0 ) 111 195 23 143 202 2874 12 2 56 0 452 -

25 98 68 0 4 1270 967 22 150 698 1305 40 27 178 o 743]

26 413 207 238 17 2385 900 27 118 2636 1568 113 225 178 0 544 770 -

27 1727 624 173 55 3225 951 30 117 2061 1067 176 676 177 of 309f I

28 3147 1594 1997 153 4221 74 113 164 1795 1152 241 1357 122 0 388 .*

29 4469 1779 2331 4165 2866 283 78 215 1593 1081 308 1837 205 0 435 770

30 5174 2048 1799 12252 2273 206 339 477 5106 9308 3295 3245 233 14] 457 6180

31 5649 3134 2675 24461 3058 468 668 492 8334 1061 312 5291 392 17 490| 26160

32 11790 4379 4310 42724 5221 642 1197 596] 16614 6496 330 7980, 551

33 14728 5204 3508 47818 8596 487 1195 573] 20497 4186 459 7162 619

34 17512 4578 5604 46900 9131 744 2452 703] 21001 2001 263 7607 542

35 16817 5501 4099 47848 9602 756 3178 343] 19403 946 183] 11074 610

36 15965 4765 3957 39885] 12998 737 3375 563] 22646 388 193 9141 499

37 17022 4240 4233 38851 12637 914 3660 469] 19696 151 149 9185 298

38 15181 3336 3632 33774 13924 1297 4517 1155] 19702 20 112 5259 256

39 14919 3403 3117 27582| 11770 2004 5106 626] 19958 0 90} 3448 85

40 9175 1829 2460 19486 9672 2078 4961 1105] 18065 0 73 2003 64|

4 4858 1172 1006 10268 6259 1984 3946 509] 11835 0 21 612 4

42 2408 929 491 5166 3225 1595 2479 245 7671 0 7 280 4

43| 899 89 416 1089 1499 928 1435 119 4204 0 4 7] )

44 520 izl 42 50 678 593 705 88 2392 0 3 [} 0

45 326 105 42 31 150 221 208 21 882 [} 0 0 0 9| 0

46 177 5 0 12 166 88 60 5 70 0 0 0 [} )

47 0 0 0 + 646 51 10 0 207 0 0 0 0 K 0

48 0 0 0 + 0 30 15 0 [ 0 0 0 [} 0 0 B

49 0 0 0 + [}] [} 19 [} 0 0 [} [} 0 [} o

50 0 0 0 + 0 0 0 0 0 [) 0 [} [} 1 0 )

51 0 0 [} 0 0 0 0 0 [} 0 0 o L

52 0 0 0 0 0 0 0 0 0 0 0 0 o B

53 0 0 0 [} 0 0 0 0 0 0 0 0 0

54 0 0 0 0 0 0 0 0 0 0 0 0 "o} 77
Total nos 163209)  50403| 50960 452647] 126873] 25669 40626 10543] 227499] 99679 3501 76486 6347 781 s286| 70260 888
Tonnes 66149] 18580 20365 202100] 50426 7783] 17846 3536] 94700] 17503 989 44534 1491 1142 1032| 34496 480

. i s s
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Table 2.8

Catch in numbers (‘000) at age by quarter and by Division for MACKEREL

Sub-division II-VIII in 1995.

Mac 2A 3A 4A 4BC 6A 7BCJK | 7AEFGH 70 BABDE | All arens
1'st O 1'st Q 1'stQ 1'st Q 1'st Q 1'st Q 1'st Q 1'stQ 1'st Q 1'st Q
Age_lcatch{'000|catch(' 000 [catch('000 [eatch(' 000 |catch{' 000 leatch(' 000 Jeatch( 000 |catch(' 000 [catch('000 | estch{’ 000)
o o 0 o] 0 0] 0 0 0 0 0
1 0| 0 36 0 175 286/ 20,266 0 87 20,830
2 121 0 24,729 0] 11,800 1,995 37,465 0 179 78,290
3 162! o] 30,005 0 35,164 8,727 6,268 [0} 1,744 81,158
4 106 0| 42,417 0 40,363 17314 706 o] 582! 101,488
5 30 0 26,208 0 35,125 13,884 264 0 397 75,908
6 35 0 30,680 0 40,826 14,888 166 0 402 86,066
7 15 0 19,928 0 30,729 12,480 134 o] 336 63,623
8 16 0] 22,892 0l 24,505 8,155 56, 0 331 63,953
9 10! o 11,120 0 18,544 6,132 115 0 179 36,100,
10 § 0, 10,673 0 10,082 4,483 23 ] 114] 26,380
1 5 o] 6,679 0 9,468 1,808 18 0 76 18,141
12 0 0 4,135 0| 3,356 558 10 0 48 8,107
13 0 0 2,143 0| 2,047 1,284 8 0 28 6,409
14 0 0 2,317 0 1,323 123 5 0, 33 3,801
15+ 0 0 3,302 Q 1,662 674 4 0 21 5,463
Total 506 0] 248,234 0] 265,870 80,881 65,494 0 4,635| 673,819
Tonne 196 1] 103,914 O 117,193] 40,091 8,854, 0, 1,609 271,857]
2A 3A 4A 48C 6A 7BCJK TJAEFGH 70 8ABDE | All areas
2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q
Age_icatch('000 catch{'000 {catch{'000{catch{'000 {catch{'000 jcatchf' 000 jeatch{' 000 jeatch{' 000 lcatch{’ 000 catch {'000)
0 0 0 0 0 0 0 o] 0 o 0!
1 0] 0 0, 732 0 o] 0| 11,380 4 12,116
2 1,048 o 78 333 862 469’ 0, 21,037 21 23,848
3 1,398 0, 387 131 2,639 5,638 o 3,602 868 14,563
4 818 0, 235 94 4,618 15,640 0 382 655 22,540
5 262 Ol 185 68 2,639 14,190 0 132 731 18,207
6 306 0 135 20, 5,207 12,716 ¢} 80 1,205 19,649
7 131 0. 53 29 2,372 7,703 0 44 1,326 11,656
8 131 0 100 8 1,304 4,387 0 0 1,328 7,268
g 87 0 77 8 1,733 2,456 0 44 869 §,265
10 44 0 4 0 0 2,084 0 0 6541 2,673
1 44 0 9 0| 429 1,876 0, 0 382 2,739
12 0| 0| 1 0 o] 1,045 0 0 218 1,264
13 0 0| 1 0 0 392 0| 0 128 522
14 0 [ 2 0 0 405 0, 0| 114/ 520
15+ 1) 0 2 [1] 0 479 0 Q9 91 572
Total 4,3651: 0 1,269 1,423] 21,800| 69,480, 0f 36,581 8,470 143,392
Tonne 1,686 64 524 376 8,839 28,065 0; 4,802 3,886 48,342
2A 3A 4A 48C 6A 7BCJK TJAEFGH 70 BABDE | All areas
34d Q 3d Q 31d Q 3d Q 3d Q 3da 3'rd Q 3idQ 3wda 3'rd Q
Age |cateh(*000|eatch{' 000 |eatch('000 [catch{’ 000 catch{’ 000 jeatch('000 eatch( 000 [eatch( 000 [catch{'000 featch {'000!
0 0 0 0 0 ] 0| 0| 0 0
1 0 27 179 4,289 250 0 0; 0, 0 4,746
2 30,118 105, 14,986 2,002 2,742 0 [¢] 0 0 49,954
3 65,699 148 30,657 727, 661 0 0. 0| 128 87,921
a4 41,320 239 22,998 486 836! 0 ) [ 128 86,006
5 32,256 223 14,667 293 536 0 0 0 128 48,103
6 34,177 237| 14,703 84, 636 0 0 0 128 49,865
7 25,492 183 11,655 204 268 0 0 0 128 37,910
8 20,198, 154 9,196 36 536 0 0 ] 128 30,249
9 8,875, 65 3,660 36 268 0 0, 0 128 13,022
10 4,526 25 1,654 0 268 0 0 0 0 6,472
11 6,045 48 1,985 o] 268 0i o 0! o] 8,346’
12 431 8 386 0 268 0, 0 0, 0 1,093
13 1,692 34 373 0 268 0 0, 0, 0 2,367
14 147 39 427 0 268 0 ¢} 0! 0 880/
15+ 158 83 467 0 0 0. (4] 0, 0 1,289
Total | 261,733 1,668) 127,893 8,159 7,973 0 0, 0, 896( 408,222
Tonne | 132,223 858 61,254 2,069 2,366 (4] 4] 0 391 199,151
2A 3A 4A 4BC B6A 78CJK TAEFGH 70 BABDE | All areas
4'th Q 4'th Q 4'th Q 4'th Q 4'th Q 4'th Q 4'thQ 4'th Q 4'th Q 4'th Q
Age_{catch{' 000 |catch{* 000 jeatch{' 000 lcatch{ 000 leatch{’ 000 featch{ 000 [catch(*000 lentch(' 000 jcatch{ 000 catch (*000)
o 0 0! o) 2,427 301 1,004 0. 0 3,732
1 0 33 2,768 3,388 5,782 2,802 15,874 5,754 o 36,401
2 0| 2,456 76,851 2,617 27,004 11,084 45,072 19,731 20, 184,936
3 o 2,2 88,784 616 14,525 6,425 17,576 7,068 60| 137,324
4 0] 1,600 61,262 463 6,281 2,095 5,412 1,068 60 78,241
5 [¢] 962 31,336 1588 1,073 453 5,294 255 40 39,568
6 [} 768 29,337 165 712 438 2,468 141 100 34,120
7 0 632 19,222 185 815 161 1,297 85 80 22,247
8 0 440 13,640 166 48 18 628 0] 80 15,009
9 0! 257 9,329 0| 173 25 976 224 60 11,044
10 0| 156 4,931 0 158 19 0 0! 40 5,305
1 0, 136 6,165 0 3 ] 183 (o} 20 6,508
12 0! a4 1,748 0 2 0 181 0 20 1,892
13 0| 3 924 0 18 [ o 0 0] 1,041
14 0] 9 805 0 3 0 0, 0, 0 817
15+ Q (8] 333 [4) 2 [s] 131 0 (o] 466
Total 0 9,763| 347,434 7.705 59,015 23,833 96,095 34,326 580] 578,751
Tonne _0] 4,833] 147,808 1,871 16,445 6,454 24,329 7,275 271 209,286
2A 3A 4A 4BC 6A 78CJK TAEFGH 0 BABDE | All areas
1-4Q 1-4 Q 140 140 140 14Q 1-4 Q 1-4 Q 14Q 1-40Q
Age leatch(000 |catch{’ 000 {eateh' 000 [catch{ 000 [catchi' 000 leatch(' 000 |catch{’ 000 [eatch{' 000 lcatch{*000 jeatch {'000)
4] 0| 0 0 0 2,427 301 1,004 o [0} 3,732
1 0 60 2,984 8,410 6,207, 3,088/ 36,140/ 17,134 70 74,083
2 31,288 2,661 116,646 4,962 42,498 13,659 82,5638 40,768 219] 335,028
3 57,259, 2,419| 168,824 1,474 62,988 20,791 23,842 10,570 2,800 330,966
4 42,344 1,839] 126,911 1,043 52,096 35,049 6,118 1,450 1,424] 268,274
5 32,548 1,185 72,394 517 39,373 28,528 5,658 387 1,296 181,786
6 34,519 1,005 74,835 289 47,280 28,043 2,624 201 1,836 190,601
7 26,638 794 50,858 388 33,984 20,344 1,431 128 1,869 135,435
8 20,344 594 45,827 199 26,393 10,561 684 0 1,866 106,469
g 8,972 312 24,186 44/ 20,718 8,614 1,091 260 1,226 65,432
10 4,675 181 17,262 0 10,508 6,587 23 [ 694 39,830
11 5,004 184 14,738 0| 10,168 3,873 199 0 478 35,734
12 431 50 6,270 0 3.626 1,603 191 0 286 12,456
13 1,692 37 3,441 0 3,330 1,676 6 o 168 10,339
14 147 47 3,651 0 1,595 527 5 0 146 $5,018
15+ 758 64 4,104 0 1,564 1,052 135 (1) 112 7,789
Total QGG,Gq 11,332 722,830 17,287] 354,767 184,194| 161,689 70,907 14,481} 1,803,984
Tonne | 134,104 6,766] 313,500 4,308] 144,843 74,610 33,183 12,177 6,158 728,637

32




Table 2.9 Catch in numbers (‘000) at age by quarter and by Sub-division of SOUTHERN MACKEREL

in 1995.
1995 | Vliic East|Vilic Wesl IXa North[Xa Centr-JXa Centr-41Xa South| All areas
1'stQ 1'stQ 1'stQ 1'stQ 1'stQ 1'stQ 1'stQ
Age patch('000Fatch('000patch('000patch('000Fatch('000Fatch('000¢atch (‘000
0 0 0 0 0 0
1 85 408 164 1,464 2,120
2 396 499 174 526 1,596
3 1,930 377 209 159 2,674
4 1,642 195 71 65 1,974
5 1,185 202 48 49 1,485
6 1,608 338 64 38 2,048
7 1,434 371 51 30 1,886
8 1,395 384 44 15 1,838
9 771 152 19 14 956
10 521 96 11 10 639
11 459 84 10 2 555
12 270 26 2 2 300
13 145 6 0 1 152
14 155 9 1 1 166
15+ 133 11 0 1 146
Total| 12,129 | 3,157 868 2,379 18,533
[fonned 5,179 1,161 257 487 7,085
Vliic EastlVilic West [Xa North[Xa Centr-lfXa Centr-4IXa South| All areas
2ndQ | 2ndQ | 2ndQ | 2ndQ | 2ndQ | 2ndQ | 2nd Q
Age batch('000katch(000Fatch('000Fatch(*000Fatch(*000Fatch('000katch (000
[§] 0 0 0 0 0-
1 37 19 42 920 1,018
2 627 236 175 578 1,616
3 3,501 764 166 338 4,768
4 3,435 413 103 171 4,121
5 2,825 258 78 121 3,282
6 4,404 344 118 R 4,957
7 4,430 289 97 61 4,877
8 4,595 311 87 30 5,022
9 2,535 161 53 17 2,767
10 1,773 113 33 11 1,930
11 1,512 100 27 5 1,644
12 849 57 18 3 927
13 446 30 10 0 486
14 435 28 8 0 472
15+ 441 24 6 1 472
Total| 31,844 | 3,146 1,021 2,347 38,358
Tonned 14,652 | 1,300 397 627 16,976
Viltic EastVilic Wesl IXa North[Xa Centr-Xa Centr-4IXa South{ All areas
3rdQ | 3rdQ | 3dQ | 3dQ | 3dQ | 3IdQ | 3IdQ
Age patch('000patch('000atch('000patch('000patch('000patch('000patch (‘000
0 370 4,761 274 1,168 6,573
1 40 128 2,122 830 3,120
2 66 735 246 851 1,897
3 86 628 37 514 1,267
4 31 152 11 245 439
5 17 58 4 114 193
6 22 51 4 77 154
7 15 23 2 43 83
8 13 12 1 21 47
9 6 6 1 8 21
10 4 2 0 22 28
1 4 3 0 7 15
12 2 1 0 7 10
13 2 0 0 1 3
14 1 1 0 0 2
15+ 2 0 0 1 3
Total| 680 6,562 2,702 3,910 13,855
Tonned 124 732 339 1,067 2,262
Vliic EastjVillc West IXa North{Xa Centr-IfXa Centr-4iXa South| All areas
4thQ | 4thQ | 4thQ | 4thQ | 4thQ | 4thQ | 4thQ
Age Fatch(‘000fatch('000Fatch(’000Fatch('000Fatch('000katch('000patch (000
0 815 2,180 27 1,432 4,454
1 82 53 206 837 1,178
2 138 57 21 546 761
3 224 59 2 254 539
4 86 31 1 104 223
5 41 16 0 52 109
6 46 19 0 32 97
7 26 14 0 21 61
8 18 11 0 7 37
9 8 5 0 2 16
10 4 3 0 7 14
11 5 3 0 4 12
12 2 1 0 3 6
13 3 0 0 0 3
14 2 0 o] 0 2
15+ 2 0 0 0 3
Totall 1,502 2,452 257 3,303 7,514
Tonned 264 218 32 712 1,226
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Table 2.10

Length (cm) at age by quarter and by Division(s) for MACKEREL
in Sub-areas II-VIII in 1995.

Mac 2A 3A 4A 48C 6A 7BCJK JFAEFGH 70 BABDE | All areas

1'st Q 1'st @ 1'st Q 1'st Q 1'st Q 1'et Q 1'st Q 1'st Q 1'st Q 1'st Q

Age I{ I h( length{cm){length{cm} | length{cm}| tength({em} } tength{cm} ! length{cm) | fengthicm}] lengthicm)
4] 0.0 0.0 0.0 0.0 0.0 0.0, 0.0 0.0 0.0 0.0
1 0.0] 0.0 26.5 0.0 20.2 20.6 26.2 0.0 25.1 26.1
2 31.8 0.0 29.5 0.0 29.0 38.9 27.6 0.0 30.0: 28.7
3 341 0.0 329 0.0 33.4 36.1 31.8 0.0 33.6 33.3
4 35.6 0.0 34.9 0.0 36.2 36.3 32.8 0.0 35.4 356.0
5 36.9 0.0 36.5 0.0 36.7 36.9 34.0 0.0 36.3 36.7
8 38.6 0.0 37.8 0.0 38.1 38.1 356.8 0.0 38.1 38.0
7 38.0 0.0 38.4. 0.0 38.9 39.4 38.1 0.0 39.4 38.9
8 40.3 0.0] 39.3 0.0 39.7 40.5 40.5 0.0 40.2 38.7
9 40.1 0.0 40.1 0.0 40.4 40.2 38.1 0.0 40.9 40.3
10 39.2 0.0] 40.6 0.0 40.8 411 41.2 0.0 41.1 40.7
11 40.8 0.0 40.1 0.0 41.3 42,1 42,1 0.0 42.2 41.0
12 0.0 0.0 41.6 0.0 411 42.0 43.0 0.0 42.7 41.4]
13 0.9 0.0 41.8 0.0 42.0 42.8 43.8 0.0 43.6 42.0
14 0.0 0.0 421 0.0 41.8 43.1 41.9 0.0 40.5 41.9
15+ 0.0, 0.0] 42.7 0.0 41.6 44.5 44.4 0.0 44.7 42.6
0-16+ 34.9 0.0 36.2 0.0] 37.2 38.0 27.7 0.0 36.0 36.0!
2A A 4A 4BC 6A 78CJK TAEFGH 70 BABDE | Ali ateas

2nd Q d Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q

Age |l h{cm}) length{cm)| length{cm)] lengthicm) | length{em)| length(cm}| length{cm)] length{cm)] length(cm)| length{cm)
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 0.0 0.0 28.4 27.8' 0.0 0.0 0.0 26.2 23.9 26.3]
2 29.5 0.0 32.3 311 28.5 32.3 0.0 27.6 31.3 27.9
3 32.6 0.0 32.8 329 33.2 33.7 0.0 31.5 34.2 33.0
4 33.9 0.0 33.9 36.9 34.3 35.4] 0.0 32.8 36.9 35.1
5 36.0 0.0 37.3 38.0 36.2 37.0 0.0 33.8 37.9 38.9
6 37.0 0.0 371 36.4 38.0 38.0] 0.0 34.3 39.1 38.0
7 36.8 0.0 38.5 39.3; 40.9 38.4 0.0l 33.5 38.7 39.0
8 38.9 0.0 39.4 41.5 40.3 39.8 0.0 0.0 40.5 39.9
9 40.5 0.0 40.5 426 41.5 30.8 0.0 36.9 409 40.6
10 42.5 0.0 40.7 0.0 0.0 40.4 0.0 0.0 411 40.8
1 38.1 0.0 41.3 0.0 41,5 40.9 0.0 0.0 42.2 41.1
12 0.0 0.0 42.2 0.0 0.0 41.5 0.0 0.0 42.9 41.7
13 0.0 0.0] 42.3 0.0 0.0 44.7 0.0 0.0 43.7 44.4
14 0.0 0.0 44,6 0.0: 0.0 44.4 0.0 0.0 415 43.8
15+ 0.0 0.0 43.5 0.0 0.0] 43.4 0.0, 0.0 44.3 43.6
015+ 333 0.0 35.4 30.6 36.8 37.4 0.0} 27.8 39.3 34.7
2A 3A 4A 4BC BA 78CJK BABDE | All areas

31d Q 3'd Q 3'd Q 3dQ 3'rd Q 3hd Q 3'rd Q 3dQ
Age_jlength {em llength {em Jlength {cm Jlength {em [length {cm |length {cm ength {cm | length{cm)
0 0.0] 0.0 0.0 0.0 0.0 0. 0.0 0.0
1 0.0 27.0 32.0 28.0 26.6 0.0 0.0 28.0
2 3.7 29.6 32.2 30.9 30.0 0.0 0.0 31.7
3 34.1 36.5 34.4 32.7 34.2 0.0 34.6 34.2
4 35.8 36.8 35.9 36.5. 35.8 0.0 36.6 35.8
5 37.3 37.5 37.3 38.0 37.2 0.0 37.6 37.3
6 38.6 38.3 38.6 36.4 37.0] 0.0 38.7 38.6
7 39.2 39.0] 39.4 39.4 36.9 0.0 39.5 39.2
8 40.2 40.1 40.1 41.5 37.6 0.0 40.4 40.2
9 40.5 40.6 40.9 42.5 37.2 0.0 40.8 40.5
10 40.6 414 41.7 0.0 37.8 0.0 0.0 40.8
11 41.0! 41.9 41.3 0.0 37.6 0.0 0.0 41.0
12 42.9 42,7 43.1 0.0 37.4 0.0 0.0 41.8
13 42.6 45.1 41.8 0.0 37.8 0.0 0.0 41.9
14 43.5 44.7 44.5 0.0 38.7 0.0 0.0 42.6
15+ 41.3 46.6 43.5 0.0 0.0 0.0 44.4 42.3
0-15+ 36.8 38.1 36.6 30.5 34.1 0.0 38.3 36.4
2A 3A 4A 4BC BA 7BCJK | 7AEFGH 70 B8ABDE { All aieas

4'th Q 4'th Q 4'th @ 4'th Q 4'th Q 4'thQ 4'th Q 4thQ 4'th Q 4'thQ

Age |lengthicm)|length{cm)|lengthiem}|length{cm)j length length{em) [ength{cm)] length{cm) | length{cm) | length{cm
4] 0.0 0.0 0.0 0.0 21.9 20.9 21.2 0.0 0.0 21.6
1 0.0 30.9 31.2 27.8 27.6 27.6 271 27.2 0.0 27.6
2 0.0 331 32.5 31.0 32.2 32.4 29.6 29.5 33.4] 31.4
3 0.0 34.7 34.4 34.3 34.0 33.9: 32.3 31.8 35.0 33.9
4 0.0 36.3 36.8 36.2 35.0 35.0; 36.5 34.1 36.7 35.7
5 0.0 37.6 37.2 35.5 36.6 36.4 38.6 33.5 38.0 37.4
6 0.0 39.1 38.6 42.5 37.6 37.4 39.3 34.7 38.9 38.6
7 0.0 39.8 39.3 37.6 38.2 37.4 39.2 33.% 39.7 39.2
8 0.0 40.5 40.2 40.5 39.9 40.2 41.1 0.0 40.5 40.3
9 0.0 40.9 40.7 0.0 38.7 37.2 39.0 37.7 40.8 40.4
10 0.0] 411 40.6 0.0 39.9 38.4 0.0 0.0 41.1 40.6
1" 0.0 1.3 41.1 0.0 38.3 0.0 38.5 0.0 42.2 41.0
12 0.0 42.2 41.5 0.0 37.2 0.0 40.9; 0.0 42.8 41,6
13 0.0 44.8 44.8 0.0 42.4 0.0 0.0 0.0 0.0 44.6
14 0.0 44.1 43.2 0.0 39.6 0.0 0.0 0.0 0.0 43.2
15+ 0.0 46.5 44.6 0.0 38.9; 0.0 39.5 0.0 29.5 43.1
0-15+ 0.9 36,2 35.8 30.8] 32.3 32.5 31.1 29.8 39.0, 34.1
2A 3A 4A 48C 7JAEFGH 70 BABDE | All arens

140 14 Q 14Q 1-40Q 140 140Q 1-40Q 1-4Q
Age lengthlem}|lengthlcm)|tengthicm]|iength(cm): length{cm)} length{cm}} length{cm) | length{cm)}
0] 0.0 0. 0.0 0.0 219 20.9 21.2 0.0 0.0 21.6
1 0.0 29.1 31.2 27.9 21.3 26.8 26.6 26.5 25.0 27.0
2 317 33.0 31.8 31.0 311 331 28.7 28.5 30.4 30.6
3 34.0 34.8 34.0 33.4 33.6 34.8 32.1 31.7 33.9 33.8
4 36.7 36.3 36.6 36.4, 36.1 35.3 36.1 33.8 36.3 35.4
5 37.2 37.6 37.0 37.2 36.7 36.9 38.4 33.6 37.4 37.0
6 38.5 38.9 38.2 40.0 38.0] 38.0 39.1 34.6 38.8 38.2
7 38.2 39.6 39.0; 38.6 39.0 39.0 38.9 33.5 39.6 39.0
8 40.2 40.4 39.8 40.7 39.7 40.1 411 0.0 40.4 39.9
9 40.5 40.9 40.4 42.5 40.4 40.1 38.9 37.6 40.9 40.4
10 40.6 411 40.6 0.0 40.7 40.8 41.2 0.0 41.1 40.7
1 41.0 41.4 40.7 0.0 a1.2 41.5 38.8 0.0 42.2 41.0
12 42.9 423 41.7 0.0 40.8 41.6 41.0] 0.0 42.9 41.6
13 42.6 45.1 42.6 0.0 41,7 43.2 43.8 0.0 43.7 42.4
14 43.5 44.6 42.6 0.0 LEN} 44.1 41.8 0.0 41.3 42.4
15~ 41.3 46.6 43.0 0.0 41.6 44.0 39.6 0.0] 44.4 42.7
0-16 + 36.6 35.4 36.1 30.6 36.3 37.0] 20.7 28.7 38.2 356.4
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Table 2.11 Length (cm) at age by quarter and by Sub-division of SOUTHERN MACKEREL
in 1995.
1995 {Villc EastiVllic Wes{ IXa North[Xa Centr-iXa Centr-IXa South| All areas
1'stQ 1'stQ 1'st Q 1'stQ 1'stQ 1'stQ 1'stQ
Age [length(cm]length(cm}iength(cmilength(cmjlength(cmjlength(cm}length(cm)
0 0.0 0.0 0.0 0.0 0.0
1 26.7 26.1 26.2 26.6 26.5
2 31.6 30.1 306 30.2 30.6
3 343 32.4 329 33.6 339
4 36.2 36.6 35.6 36.2 36.2
5 37.3 38.0 37.0 37.7 37.4
6 38.1 38.9 37.8 38.2 38.3
7 39.2 39.4 39.0 40.0 39.3
8 40.0 40.1 39.6 40.8 40.0
9 40.6 40.1 39.4 423 40.5
10 41.4 40.5 40.2 43.4 41.3
11 41.4 40.5 40.0 42.2 41.2
12 43.0 41.3 39.6 42.8 42.8
13 438 435 425 455 43.8
14 2.7 41.1 394 48.1 42.7
15+ 44.2 41.8 40.5 47.8 44.0
0-15+] 38.0 35.3 33.0 29.0 36.1
Vilic EastlVilic Wes{ IXa Northi{Xa Centr-i{Xa Centr-4IXa South| Ali areas
2ndQ | 2ndQ | 2ndQ | 2ndQ | 2ndQ | 2ndQ | 2nd Q
Age {length(cmilength(cmlength(cmlength(cmjlength(cmjlength(cmjlength(cm)
0 0.0 0.0 0.0 0.0 0.0
1 29.1 27.6 28.3 275 27.6
2 31.6 31.6 29.9 31.8 315
3 343 33.8 334 34.3 34.2
4 36.5 35.7 36.2 36.0 36.4
5 376 36.8 37.3 37.3 375
6 38.6 38.0 38.1 38.0 38.6
7 39.5 39.3 39.2 394 39.5
8 40.2 40.1 39.8 40.3 40.2
9 40.8 40.7 40.6 41.2 40.8
10 41.4 4.5 41.3 421 41.4
11 4.5 4.5 41.2 41.9 415
12 42.9 42.9 42.6 413 42.9
13 437 437 433 455 437
14 42.8 27 42.2 47.4 42.8
15+ 44.2 433 42.9 44.1 44.1
0-15+] 38.8 37.0 36.0 31.8 38.2
Vllic Eaﬁplllc Wesl IXa North{Xa Centr-jXa Centr-JiXa South] All areas
3IrdQ | 3rdQ | 3rdQ | 3rdQ [ 3dQ | 3IrdQ | 3IrdQ
Age |ength (cmlength (cmlength (cmlength (cmength (cmlength (cm|length(cm)
0 21.7 20.5 24.2 237 21.3
1 25.8 29.0 25.6 31.0 27.2
2 31.4 30.8 28.2 34.1 31.9
3 33.0 32.6 327 35.5 338
4 35.4 34.3 34.8 36.5 35.6
5 36.7 35.2 355 37.3 36.6
6 37.6 35.9 36.2 37.8 37.1
7 38.9 37.8 37.9 39.0 38.6
8 39.4 38.6 38.2 40.9 39.8
9 40.1 39.0 39.2 423 40.6
10 41.2 40.1 40.6 42.0 41.7
11 1.9 39.6 40.4 41.8 M.3
12 42.8 40.9 41.8 409 41.3
13 44.8 43.6 425 45.5 44.9
14 1.9 40.1 39.3 47.6 M5
15+ 45.4 43.0 42.4 43.8 44.7
0-15+] 27.1 23.6 25.9 31.0 26.3
Villc EastVliic West IXa North[Xa Centr-liXa Centr-§IXa South| All areas
4thQ | 4thQ | 4thQ | 4thQ | 4thQ | 4thQ | 4thQ
Age llength(cmjlength(cmjlength(cm)length(cmjlength(cm}length(cmjlength(cm)
0 21.7 21.2 24.2 237 221
1 25.5 26.2 25.6 30.2 28.9
2 317 302 27.8 33.2 32.6
3 332 335 338 35.2 342
4 35.2 35.7 35.2 36.6 35.9
5 36.4 36.8 36.1 37.6 37.0
6 371 377 36.9 37.9 375
7 38.3 38.7 38.3 39.0 38.6
8 38.5 39.3 38.9 40.6 39.2
9 39.1 393 39.5 421 39.6
10 40.8 40.4 41.8 41.9 41.3
1 41.9 40.0 M7 40.8 41.1
12 425 40.5 43.2 41.0 415
13 45.3 44.4 44.0 455 45.3
14 40.6 39.0 42.0 46.5 40.8
15+ 45.6 423 43.9 435 45.2
0-15+] 27.0 225 25.8 28.8 26.3
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Table 2.12

Weight (g) at age by quarter and by Division for MACKEREL
in Sub-areas II-VIII in 1995.

Mac 2A 3A aA 48C 6A 7BCJK TABFGH 70 BABDE { All areas
1'st Q 1'st Q 1'st Q 1'st Q 1'st Q 1'st Q 1'stQ 1'st Q et Q 1'at Q
Age | weight(g) | weight{g) | weight weight(g) | weight{g) | weight{g) | weight(g) ight(g) weighl(gh weight
0 0 0 0 [ o 0! 0 o 0] 0.
1 0 0 150 0 42 62 110 0| 107 109,
2 304 0 207 0 188 155 132 0 189 166
3 386 0 296 0 297 273 199 0| 271 288
4 444 0, 360 0 350 334 242 0 322 351
5 504 0| 420 4] 414 309 263 0 350 413
6 676 0 469 0 463 452 335 0 408 483
7 600 0 501 0 602 528 336 0 450 508
8 661 0 539 0 539 570 494 0 483 542
9 656 0 676 0 6§77 6561 437 o 510 673
10 606 0 593 0 584 587 620 0, 517 588
1 692 [ 576 0 625, 643 659 0 562 809
12 0 0| 652 0| 607 653 6598 0 583 633
13 o] 0 658 0 839 694 831 [ 822 856
14 0, 0 873 0 813 604 557 0| 602 651
16+ [1] (1] 714 0 616 795 665 0 881 695
016+ 425 0 423 (4] 440 440 136 4] 349 404
2A 3A 4A 4BC 6A 78CJK TAEFGH 70 BABDE | All atens
2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q
Age | weight{a) | weight{g) | weight{g) | weight{g} | weight{a)} | weight{g) | weight{g) | weight(g) | weight(g] | weight(g)
0 0, 0: 0 0 o 0 0| 0 [} 0|
1 0 0 187 172 [ 0| 0 110 01 114
2 259 0 253 309 183 231 0| 132 214 144
3 364 0 324 308 283 mn (o] 199 287 268
4 388 [ 361 416 316 328 0. 237 366 328
5 468 0 478 474 385 391 ] 245 402 392
8 532, 0 469 420 445 426 o 284 440 433
7 524 0 6536 508 632 447 [0} 245 462 467
8 568 0 650 561 530 483 0 0 494 496
9 704 0 583 571 656 493 o] 406 ' 509 520
10 795 o) 662 o] o 523 0 0 517 527
1 551 0 680 0 586 568 0 0 561 563
12 0 0] 733 0 0 568. o] 0 592 572
13 0| o 743 o 0, na 0 [ 628 693
14 0 0 886 0 [ 639 0| 0 540 818
15+ 0 0 814 (1] 0, 605 9 1] 658 614
0-15+ 3686 ] 413 262 406 404 0 134 4—5Z1 336]
2A 3A 4A 48C B6A 7BCJK TAEFGH 70 BABDE | All ateas
3d Q 3d @ 3ida 3+d Q 3d Q 3tdQ 3'rd Q 34d Q 3 Q 3'd Q
Age | weight (a) | weight (a) | weight (g} | weight (g} weight {q)} weight {q) }__vﬂ'lght {91} weight {g) | weight {g) ight]
0 0, 0 0 0, 0 0| 0 0 0 0
1 i} 170 288 174 153 0 o 0| 0| 177
2 304 228 303 287 225 0 0, 0 0 298
3 389 426 383 300 337 0 0! 0 297 386
4 456 481 441 397 382 0| 0 0| 368 449
5 528 512 605 474 427 0 0 0l 392 5189
6 590 645 559 420 417 0| 0 0, 428 578
7 623 580, 602 484 414 0| 0 0 454 614
8 672 831 834 561 437 0 0| 0 489 655
9 687 666 877 571 420 0 0 [o] 506 677
10 703 702 718 o 442 0 0 o 0 696
1 705 722 691 0. 438 0 0 0| 0| 694
12 810 762 802 0 427 o 0 0 o 713
13 804 809 741 0; 442 0| 0 0 0 763
14 927 866 885 0 480 0, ) 0. [ 768,
15+ 751 966 813 0, 0 o] (1) [4) 662 783
0-15+ 605 547 479 250] 339 0 1) Q 418 489
2A 3A 4A 4BC 6A 7BCJK | TAEFGH 70 BABDE | All areas
4'th Q 4'th 0 4th o 4'th Q 4'th Q 4'th Q 4'th Q 4'th Q 4'th Q 4'th Q
Age | weight{g] | weight(g) | weight(g) | weight(g} ight(g) ight{g) | weight{q) | weight{q) | weight{g) { weight(g]
[} 0, 0 0 0, 76 57 Al o} o] 73
1 0 262 265 164 167 148 165 167 0 184
2 0 n 296 226 265 260 205 203 266 267
3 0 384 364 364 318 308 270 253 310 339
4 0| 448 418 387 353 345 404 315 361 409
5 o 515 481 355 413 389 487 292 403 478
8 0| 566 544 676 449 404 511 326 435 537
7 0 606 673 435 476 403 613 292 462 564
8 0| 656 626 665 548 567 589 0 492 623
9 0! 645 647 0 498 427 487 418 509 624
10 0 679 647 0 663 481 0] 0 516 644
11 0 872 668 0 494 0! 479 0. 663 662
12 0 816 6580 0 428 o 576 0 590 673
13 o] 862 763 o 679 0O 0 0 [¢] 754
14 0 806 773, 0 455 0 0 0, 0, 772
15+ Q 900 870 (o] 467 0 517 g; 437 769
0.15+ 0 455 426] 242 279 271 263 212 441 361
2A 3A aA 48C 6A 78CJK TAEFGH 7D BABDE | All sreas
1-4Q 1-4Q 140 140 1-4Q 140 140 1-40Q 1-4Q 1-4Q
Age | weight{g) ight ight(g} ight{a) | weight{g) | weight{g) | weight{g) | weight{g) | weight{g) | weight{g)
[ (¢} o 0] 0 n 0 [ 73
1 [} 215 265 170 154 139 130 126 106 141
2 302 337 278 256 239 244 172 166’ 198 234
3 388 386 351 328 303 283 251 235 278 334
4 454 462 403 394 348 332 385 294 347 390
5 528 514, 464 438 413 395 476 276 385 453
6 589 561 516 573 460 439 500 313 432 503
7 623 601 661 466 503 497 496 276 459 542
8 671 648 584 6564 537 534 581 o} 492 682
El 687 647 619 571 572 641 481 416 509 598
10 704 682 621 [ 680 567 520 0 617 609
1 704 685 630 0 619 802 485 0 561 635
12 810 807 669 0 6594 697 577 o 6590 840
13 804 813 695 0 625 899 831 0 627 690
14 927 8565 3l 0 690 651 657 0 632 682
15+ 751 955 738 [} 616 709 521 0 662 708
0-16+ 503 468 435 248 409 405 205 172 419 404
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Table 2.13 .
Weight (g) at age by quarter and by Sub-division of SOUTHERN MACKEREL

in 1995.
1995 [Villc EastVllic Wes{ IXa North{Xa Centr-l{Xa Centr-§1Xa South{ All areas
1'stQ 1'stQ 'stQ 1'stQ 'stQ 1'stQ 1'stQ
Age | weight(g) | weight(g) | weight(g) | weight(g) | weight(g) | weight(g) | weight(c
0 0 4] 0 0 0
1 137 128 128 148 142
2 229 205 216 217 216
3 300 262 273 302 293
4 362 392 356 379 366
5 397 440 404 430 404
6 429 476 433 450 437
7 467 496 478 523 474
8 496 525 503 552 503
9 523 525 497 622 524
10 552 543 529 670 552
11 552 541 518 615 550
12 614 579 505 648 610
13 647 685 633 775 649
14 605 578 499 929 606
15+ 668 604 542 915 665
0-15+] 427 372 296 205 383
Vlilic EastVIllc Wes{ 1Xa North{Xa Centr-{Xa Centr-4IXa South| All areas
2ndQ | 2ndQ | 2ndQ | 2ndQ | 2ndQ | 2ndQ | 2'nd Q
Age | weight(g) | weight(g) | weight(g) | weight(g) | weight(g) | weight(g) | weight(g)
0 0 0 0 0 0
1 176 157 165 162 163
2 228 239 200 256 236
3 302 298 287 321 302
4 372 358 376 372 371
5 412 397 416 417 411
6 447 440 445 442 446
7 478 493 486 496 479
8 506 527 512 531 508
9 530 552 551 571 532
10 553 588 578 606 556
11 560 589 577 599 562
12 620 658 643 573 623
13 655 694 675 775 658
14 617 653 627 883 619
15+ 677 678 653 708 677
0-15+] 459 414 388 267 442
Villc EastjVIllc Wesl IXa North[Xa Centr-fiXa Centr-§1Xa South{ All areas
3IrdQ | 3rdQ | 3dQ | 3dQ | 3rdQ | IdQ | IdQ
Age |weight (g)|weight (g)|weight (g)|weight (g)|weight (g)|weight (g)| weight(g)
4] 69 57 99 103 67
1 124 183 119 251 157
2 234 219 165 335 265
3 275 265 269 384 314
4 346 314 328 417 374
5 388 344 354 449 410
6 418 366 377 471 426
7 457 433 436 518 482
8 475 465 448 609 532
9 502 481 495 683 565
10 545 528 547 663 634
1 591 507 540 654 603
12 620 566 601 609 606
13 740 688 633 863 768
14 591 534 495 1005 587
15+ 758 663 627 762 748
0-15+f 178 111 125 273 163
Villc EastVllic Wesl 1Xa NorthfXa Centr-§Xa Centr-§1Xa South[ All areas
4thQ | 4thQ | 4thQ | 4thQ | 4thQ | 4thQ | 4thQ
Age ] weight(g) ] weight(g) | weight(g) | weight(g) | weight(g) ] weight(g) ] weight
0 69 63 99 103 77
1 119 130 119 229 198
2 241 206 157 308 284
3 281 291 298 374 326
4 338 358 343 422 380
5 375 398 373 461 419
6 401 429 400 473 430
7 443 468 451 518 475
8 450 492 477 593 493
9 480 491 502 670 513
10 553 539 607 661 604
11 615 523 605 605 592
12 635 546 673 617 617
13 783 733 713 863 786
14 550 484 622 928 571
15+ 802 627 705 743 788

0-15+] 173 89 123 215 163
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Table 2.14 Catch weights at age (kg) for the Southern Mackerel .

8¢

AGE/YEAR 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
0 0.031 0.055 0.063 0.089 0.055 0.042 0.092 0.075 0.051 0.077 0.046  0.071

1 0.059 0.092 0122 0.183 0.081 0.100 0.118 0.160 0.190 0.116  0.167 0.160

2 0228 0.189 0.249 0.251 0218 0197 0207 0.208 0265 0200 0205 0.246

3 0248 0299 0.289 0.291 0.251 0267 0256 0242 0279 0307 0262 0.303

4 0303 0339 039 0398 0286 0357 0310 0294 0325 0326 0352 0.370

5 0.344 0408 0.401 0442 0326 0392 0365 0333 0366 0360 0379 0.409

6 0378 0484 0404 0474 0342 0472 0401 0.400 0.404  0.401 0422  0.443

7 0392 0502 0567 0560 0388 0499 0475 0439 0435 0443 0457 0478

8 0.457 0593 0512 0602 0395 0511 0.494 0485 0463 0469 0498 0.507

9 0.451 0596 0417 0638 0406 0544 0525 0508 0480 0499 0525 0.530
10 0.441 0609 0567 0624 0480 0545 0507 0.521 0.537  0.491 0.536  0.556
1" 0465 0.607 0649 0.652 0.494  0.591 0.565 0517 0544 0518 0.579 0.560
12 0.345 0646 0528 0449 0492 0565 0540 0.746 0595 0597 0626 0619
13 0406 0636 0526 0519 0543 0626 0729 0674 0523 0590 0629 0657
14 0504 0679 0000 0663 0549 0579 0553 0667 0.718 0578 0625 0616
15+ 0708 0667 0679 0769 0567 0735 0724 0.720 0.708 0.744 0722 0675
0-15+ 0.060 0153 0.286 0.329 0.161 0.186  0.231 0.281 0200 0.294 0280 0.352
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Table 2.15  Maturity ogives of mackerel for the western and southern areas.

AGE 1 2 3 4 5

WESTERN AREA

Recent maturity ogive of WG

Dutch maturity data 1977-84 8% 60% 90% 97% 97%
Dutch maturity data 1985-95 10% 56% 98% 100% 100%
Dutch maturity data 1977-95 8% 59% 92% 98% 99%
Maturity data 1992 DEPM

weighted by egg production - 69% 99% 97% 98%
Norwegian maturity data of

“77, ‘83, ‘86, ‘89, ‘92 and ‘95 0% 74% 99% 99% 100%
Histological maturity data # #

1988, 1989 and 1991 0% 13-52%  82-98% - -
SOUTHERN AREA

Recent maturity ogive of WG 45% 89% 95% 100% 100%
Portuguese maturity data

Spanish maturity data ‘93 - 27% 86% 88% 88% 93%
"95

Portug. maturity data ‘86 -’95 36% 94% 98% 99% 99%
Iberian maturity data 1995 71% 96% 98% 100% 100%

# Lowest value obtained from juvenile area (VIle) and
highest value obtained from spawning ground (VIIj)
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TABLE 2.16

Scomber japonicus landings in Divisions Viib, Vllic and 1Xa during the period 1982 - 1995

Country |Sub-Divisions 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
Division Villb 0 0 0 0 0 0 0 0 0 487 7 4 427 247
Villc East 322 254 656 513 750 1150 1214 3091 1923 1502 859 1892 1903 2558
Villc West 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Spain Total 322 254 656 513 750 1150 1214 3091 1923 1502 859 1892 1903 2558
IXa North 0 0 0 0 0 0 0 0 0 0 0 25857 7560 4705
IXA South - - - - - - - - - - 895 800 1013 364
Total 895 3357 8573 5068
Total Spain 322 254 656 513 750 1150 1214 3091 1923 1989 1761 5253 10903 7874
IXa CN - 0 236 229 223 156 165 281 228 137 914 543 378 913
Portugal |IXa CS - 244 3924 4777 3784 4932 838 2105 5792 6925 5264 5019 2474 1544
IXa 8 - 129 3899 4113 177 3173 2813 4061 2547 3080 2803 1779 1578 1427
Total Country 664 373 8059 9118 8184 8261 3816 6447 8568 10142 8981 7341 4430 3884

e\acfm\wgmhmsa97Nt-2-16.xls
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Figure 2.1. Catch rates of 1995 year-class mackerel (Age group 0) in international trawl surveys in the last quarter of
1995.
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2nd Winter Mackerel (Yr Class 1994) Nos/Hr Trawled - 4th Qu 1995

12K 8H 0 4E 8E
59 O T e
58 |~ 4210 R
: MO e
o L ﬁ 43
r R 42
56 L .
) 5] \ 40
55 £ P \ 3
. ‘, \J 38
54 g 5 7
N P E A\ 4~336
5312 % ) A B
C » } / f 134
: 3
— )
52 N2 e if P JEE
51 Ve 3
) .,,61«—»/4 30
n J X
% A ]
T . 28
L ° 5:‘:«[ Tor
49 .
i A TN ;%6
8 - “e-)-‘p -] 0 25
Hlofe] M, e 0.1-9.9 24
. Tel-[1éc © w0-uv3 |23
B 100 - 999.9 122
" NRE > 993.9 JER
\'\ . GX. ?20
. ol o]\ 119
9] ‘b 18
NP ] 17
44 -2 >
: ;‘/;/**\_:t" 8 914 16
a :,, < TN 15.
vy 14
e i iz
a 2lp 0
? 7 ] 10
. .9
40 :
o) ! s
e 7
39 ' h
: ¢ T
38 X B
BB 14
37 Ry i3
P 2

06 07 08 03 €0 £1 E2 E3 €4 €5 €5 €7 €3 EQ FO F1 F2 F3 F4 F5 F6 F7

Figure 2.2. Catch rates of 1994 year-class mackerel (Age group 1) in international trawl surveys in the last quarter of
199s.
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i1st Winter Mackerel (Yr Class 139385) Nos/Hr Trawled - ist GQu 1396
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Figure 2.3. Catch rates of 1995 year-class mackerel (Age group 1) in international trawl surveys in the first quarter of
1996.
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Figure 2.4. Catch rates of 1994 year-class mackerel (Age group 2) in international trawl surveys in the last quarter of
1995.
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Figure 2.8a

Distribution of catches.
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Distribution of catches.

Figure 2.8¢
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Figure 2.8d Distribution of catches.
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Figure 2.9 The age composition of the western mackerel in the international catches from 1985-1995.

Age 12 is a plus group.
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3 NORTH SEA, WESTERN AND SOUTHERN MACKEREL (DIVISIONS IIA, IIIA, IVA-C, VB,
VIA-B, VIIA-K, VIII A,B,C,E AND IXA)

31 North Sea Mackerel
3.1.1  Fishery independent information from egg surveys

The last time the North Sea was covered several times to estimate the total egg production was in 1990 (Iversen
et al. 1991) with an estimated total egg production of 53%10%, corresponding to a SSB of 78,000 t. The areas in
the central North Sea known as the main spawning area was surveyed in 1991 and 1992, with a single coverage
of the spawning area in June both years (Anon. 1993/H:4). The daily egg production was estimated at 0.70* 10"
eggs and during the 1992 survey 0.25 *10" eggs. If the spawning curve in 1992 was similar to the one observed
in 1990 and the fecundity as given in Iversen and Adoff (1983) the spawning stock might have decreased from
1990 to 1992.

It is difficult to evaluate the state of the SSB based on one coverage of the spawning area. However, since the
surveys in both years (1991 and 1992) were carried out in mid June, which is close to the peak spawning in the
previous years and only small amounts of eggs were observed the Working Group has concluded that the SSB
has not increased.

In the period 7 June to 2 July 1996 Mackerel egg surveys were conducted in the North Sea by Denmark and
Norway. During this period the area a priori known to be the major spawning area in the North Sea were
covered three times. Only few eggs were found over the total survey area ( Iversen and Stehr pers. com.)
indicating that the North Sea Mackerel stock still are at a very low level. However the water temperatures
observed during the surveys were 2°-3° C lover than in previous years and it is possible that spawning was
delayed. The result of the surveys will be reported to the ACFM meeting in October-November 1996.

3.1.2 Recruitment

Abundance indices from the International Young Fish Survey carried out during the first quarter are given in
Table 3.1. The abundance indices have been low since the early 1970s and there are no evidence of any
improvement in recruitment.

3.1.3  Assessment

No assessment of the North Sea stock of Mackerel has been done since the egg survey in 1990.

The spawning stock biomass and the catches for the North Sea mackerel Stock for the period 1966 to 1995 are
given in Table 3.2 and show no evidence of stock recovery.

3.1.4 Management measures and considerations

The stock has been at a severely depleted level for many years. As for the recent years, the management policy
therefore should reflect the necessity of providing maximum protection for the North Sea spawning stock until it
shows some evidence of recovery, while at the same time allowing fishing on the western stock to be continued.

ACFM has for several years recommended the closure of Division IVa for fishing during the first half of the
year until the Western Mackerel stock enter the North Sea in July early August to stay there until late December.
However in recent years the Western stock has still been present in Division IVa in January. Restriction on
fishing in January has therefore resulted in large scale misreporting from this area to Division Vla. To allow a
fishery during January could solve this misreporting problem. However this would have implications for the
overwintering North Sea component in that area. The distribution of the overwintering North Sea component is
not clearly known. The Working Group recommends that this is further investigated.

The Working Group endorses the recommendations made by ACFM in 1995:

— There should be no fishing for mackerel in Divisions IIla and IVb,c at any time of the year;
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— The 30 cm minimum landing size at present in force in Sub-area IV should be maintained.

The closure of the mackerel fishery in Divisions IVb,c and IIla the whole year will protect the North Sea stock
in this area and the juvenile Western fish which are numerous particularly in Division IVb,c during the second
half of the year. This closure has unfortunately resulted in increased discards of mackerel in the non-directed
fisheries in the these area as vessels at present are permitted to take only 10% of their catch as mackerel by-
catch. No data on the actual size of mackerel by-catch have been available for the Working Group concerning
1995 but the reported landings of Mackerel in Div. [Ila and IVb,c for 1995 might be seriously under-estimated
due to discarded by-catch.

3.2 Western Mackerel
3.2.1  Fishery independent information

A revised spawning stock biomass estimate of 2.37 million tonnes of Western mackerel, a 20% increase from
the provisional estimate of 1.97 million t, is available from the egg surveys carried out in 1995. The derivation
of the estimate is discussed in Section 2.2 which also explains the reason for the increase and includes a
complete time series of egg survey biomass estimates (Table 2.1).

Table 3.3 presents the catches of mackerel by the MAFF Western Approaches March ground fish survey, carried
out in each year since 1984. In 1994, due to gear failure, only a limited area within VIIj was covered. The
catches at length were raised to provide a survey index value for the whole of VIIj. Screening of the raised 1994
values, within an XSA fit, revealed large negative log catchability residuals at all ages. The 1994 survey data is
therefore treated as missing. In 1996 the research vessel used to collect the times series suffered winch failure
and the trawl was transferred to a replacement vessel which completed the survey without complications. The
substitution of the research vessel may have introduced a catchability year effect, the 1996 data are considered to
be of qualitative rather than quantitative value.

3.2.2 Recruitment

Anon. (1995b) compared estimates of recruitment derived from the recruitment index for the Western stock with
the estimates derived from an ICA analysis which incorporated all available assessment information. The results
established that the index values have an increasing trend with time, whereas the estimates of recruitment have
recently been declining.

During this meeting the trawl survey data set was re-examined (Section 2.4). The new index shows close
agreement with the ICA estimates of recruitment and will provide information about the strength of a year class
occurring two years prior to the date of the assessment which is the year class estimate to which stock forecasts
are most sensitive.

3.2.3  Maturity at age
The assumptions about maturity made by the Working Group in previous years were retained for the present

assessment. The values are given in the text table below. They are constant for each year of the assessment, apart
from the 2 year old fish in 1996, the 1984 year class, for which the maturity was reduced from 60% to 20%.

Age 0 1 2 3 4 5 6 7 8+
%0 8 60 90 97 97 99 100 100

The underlying assumption of constant maturity at age in all years and the 1986 reduction, should be examined
in detail. They are critical to the fitting of the populations to the egg surveys. The shape of the sum of squares
surface is sensitive to the maturity-at-age values used in the years of the egg surveys. Accurate estimation of
maturity, by microscopic rather than macroscopic methods, so that atresia at the younger ages is incorporated
into the values, must be carried out in each year of the forthcoming egg surveys.
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3.2.4 Stock assessment

Tables 3.4 to 3.6 show the catches in number, mean weights at age in the catch and mean weights at age in the
stock. The catch at age data were screened using separable VPA, there were no large residuals or aberrant
patterns within the residuals from the fit to recent years.

As was established last year, when a power relationship between catchability and population abundance is used,
the index values from the Western Approaches survey at ages 1-4 show good agreement with the estimated
population abundances at these ages. However, the standard errors are high and the slope of the relationship near
the origin is severe. The fitted Q and k parameters of the power function have correlation of 0.9995. This
produces extreme sensitivity in the predicted population abundances when the survey indices are low with
correspondingly large variances, and the 1995 VIIj survey estimates are extremely low when compared with
previous years. Therefore, the survey was removed from the analysis until the effect of using the power model
for catchability has been examined further.

ICA fits using both the egg production estimates were used to examine the relationship between the indices and
the catch at age data as estimated by a separable VPA. Two selection patterns were used, a terminal selection of
1.0 for the period 1986 - 1989 and 1.2 for 1990 - 1995. The first period is a modification to that used last year,
excluding the 1985 catch data. This removes a large residual created by a 0 (missing) catch of 0-group in that
year, reducing the variance and bias of the log catch residuals from the separable fit.

The model was fitted by a non-linear minimisation of:

T 2ok ke (In(Cay) - In(F 5 S 1. N, )+
a0 23000 ha (In(Cay - In(F .8 2,. N, )" +
> S (In(EPB,) -1n(Z, Nuy.Ouy Way.exp(-PF.F,.S1,- PM.M))* +

y=1984

2 1902 ZUN(EPB,) - 10(Z, Ny Ouy W ay-exp(-PF.F .82, - PM. M)’

y=1992

subject to the constraints

S15=52,=1.0
S1,=1.0
$2,=12

where

Nbar - mean exploited population abundance over the year

N - population abundance on 1 January

O - percentage maturity

M - natural mortality

F - fishing mortality at age 5

S1, S2 - selection at age over the time periods 1986-1989 and 1990-1995, referencedto age 5
A - weighting factor set to 0.1 for age 0, 1.0 for all other ages

a,y - age and year subscripts

PF, PM, proportion of fishing and natural mortality occurring before spawning
EPB - Egg production estimates of mackerel spawning biomass

C - Catches in number at age and year

Tables 3.7a and b and Figures 3.1-3.4 present the ICA diagnostic output. Tables 3.8, 3.9 and 3.10 present the
estimated fishing mortalities and population numbers-at-age and stock summary.
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3.2.5 Comments on the assessment

Mean F on ages 4-8 is estimated to have been 0.307 in 1995 and 0.301 in 1994 (6% lower than estimated in last
year’s assessment (Fg4 = 0.319). This results from both the addition of the new catch data and also the increase

in the egg production estimate of the 1995 spawning stock biomass (+20%). However, mean F over the period
1991 to 1994 (0.26) is unchanged.

Figure 3.2 shows that whilst the yield remained relatively stable between 1980 and 1990, the spawning stock
biomass increased slowly. This resulted from a sustained level of good recruitment. Between 1990 and 1993 the
yield and reference F increased rapidly, they have stabilised in 1994 and 1995 but are well above the long term
mean. Since 1992 the SSB has declined sharply and in 1995 is, once again, estimated to be at a historical low
(2.13 million t).

The 1994 year class was estimated to be extremely low in last years assessment and was taken to be an average
of the three lowest recruitments. Both the new ICA fit and the index of abundance derived from roundfish
surveys confirm that the 1994 recruitment is weak.

Comparative calculations using XSA on a trawl survey data set and two approaches to biomass dynamic models
(Section 3.2.6) provide similar perceptions of stock dynamics to the working group’s assessment model
estimates. This suggests the assessment is robust to the choice of assessment model, but it may be quite sensitive
to the assumptions made in the treatment of the egg survey information (Section 3.2.7).

3.2.6 Comparative assessments

As in previous years the ICA assessment was cross-validated using an XSA assessment tuned to the Western
Approaches ground fish survey. The estimated SSB values, recruitment, fishing mortality in the final year and
the time series of exploitation show close agreement with the ICA results (Figure 3.5a,b,c,d,e). The main
difference being the fishing mortality at the older ages in the final year for which the survey data is known to be
extremely noisy. The output from the run is included in the Working Group files.

Western Mackerel
The Working Group explored the use of two simple biomass-dynamic models, being time series forms of the
Schaefer model, one of conventional form and one of Caddy-Csirke form based on tagging mortality estimates.
Results obtained are closely similar to those of the age-structured assessment, and suggest that estimates of stock
size from models of this type may perform as well as the conventional assessments, with a much lower cost in terms
of data collection and computation.
Writing

B, Biomassin yeart

C, Catchin yeart

r, K : parameters of the Schaefer surplus-productionmodel

e : observation error, distributed as N(O,cz)

EPB; : Egg production estimate of biomass

The conventionalmodel fitted to egg surveys and to catches (EC model) was:

B/+1=Bp-C,+rB,(1'Bz/K)

by a simple nonlinear minimisation of:

>, ((In(EPB,)-In(B,) ]
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with respect to the parametersr and K, subject to the constraint B,g,s=K.

A time-series of smoothed Jolly-Seber estimates of total mortality Z, was derived from Norwegian tagging
experiments (Skagen, WD 1996). An alternative model was formulated using this mortality estimate, introducing a
single additional parameter for natural mortality M, and writing fishing mortality F, = Z-M:

The 'tag-egg-catch'(TEC) model fitted was:
B = Br'F1~Br+rBr(1‘BI/K)

by minimising
>, ((In(EPB)-In(B,) )+ ¥, ((In(C,)-In(F,. B.) |

with respect to parametersr, K and M, again subject to the constraint B,¢75=K.

Estimated time trends in stock size compared with the conventional age-structuredassessment estiamtes are given in
Figure 3.6. This shows that the stock size estimates are very robust to the choice of population dynamics model, and
that the management advice is also robust to the choice of model. Of the three estimates, the ‘TEC’ model fit does
not show the same decline in stock size in the last two years as do the other two models. This is most likely due to
the use of a five-year running mean of tag estimates of mortality, and the use of alternative approaches that do not
impose such a restriction is suggested.

In some areas of fisheries science principally outside ICES, substantial doubts have been expressed about the
appropriateness of using very highly-parameterisedage-structured models. Although these incorporate much detail
about the dynamics of the stock being assessed, they may attempt to estimate so many parameters that the overall
performance of the models for assessing fish stocks may be worse than that of simpler models which estimate fewer
models more reliably (Ludwig and Walters, 1985, 1989; Punt, 1991). In some areas, the use of age-structured
assessment models has been abandoned in favour of models that only use biomass information (Payne and Punt,
1995; Butterworth et al. 1993). Such models appear to be as useful as age-structured models also in the assessment
of anchovy (Roel and Cochrane, WD 1996). In consequence, the Working Group suggests that the robustness and
precision of stock size estimates made using biomass-dynamics models be further evaluated, and their use for
management purposes should be examined.

3.2.7 Consequences of using GAM estimates of egg production

Estimates of mackerel egg production based on a generalised additive modelling approach were provided by
Augustin et al. (WD 1996) and are commented on in Section 1.5. Two additional assessment calculationshave been
made to explore the sensitivity of perceptions of stock size and fishing mortality to the method used for calculating
egg production, and its subsequent use in the assessment model. The Working Group’s assessment model (Section
3.2.4) was used, replacing the traditional egg production estimates with the GAM bias-corrected estimates (Table
2.1). This showed strong residual patterns, indicating that the data were not consistent with the assumed value of
natural mortality. The model was therefore fitted again, assuming a linear relationship between the GAM-based
estimates of stock size and the fitted populations. This resulted in an improved model fit that showed no clear
pattern in the residuals. The assessment based on traditional egg production estimates is robust to this alternative
model of the relationship between the egg-based estimates of stock size and the fitted populations (Anon.
1996/Assess: 7). Summary results of the two model fits are given in Figure 3.7, which shows that using the GAM-
based biomass estimates and assuming a linear relationship of these to stock size would lead to much lower
estimates of biomass and correspondinglyhigher estimates of fishing mortality.

The relative accuracy of the ‘GAM’ and the traditional estimates is not known at present. However it is of some
concern that the assessment is apparently quite sensitive to the use of this alternative treatment of the egg survey
information, and the Working Group would welcome further studies to elucidate the cause of the differing
perceptionsin stock size brought about by the treatment of the data used by Augustin et al. (WD 1996).
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3.3 Southern Mackerel Component
3.3.1 Effort and catch per unit effort

Table 3.11 shows the fishing effort data from Spanish and Portuguese commercial fleets. The table includes
Spanish effort of the hand-line fleets from Santona and Santander (Sub-division VIIIc East) from 1989 to 1995
and from 1990 to 1995 respectively, for which mackerel is the target species from March to May. The table also
shows the effort of the Aviles and La Corufia traw! fleets (Sub-division VIlIc East and VIIIc West) from 1983 to
1995 and the Vigo purse-seine fleet (Sub-division IXa North) from 1983 to 1992 for which mackerel is a by
catch. The Spanish trawl fleet effort corresponds to the total annual effort of the fleet for which demersal species
is the main target. Portuguese Mackerel effort from the trawl fleet (Sub-division IXa Central-North, Central-
South and South) during 1988-1994 is also included and as in Spain mackerel is a by catch.

Table 3.12 shows the CPUE corresponding to the fleets referred to in Table 3.11. The Spanish trawl and purse-
seine fleets show fluctuations during the periods considered, while the hand-line fleets are relatively stable,
although a considerable increase was observed for the fleet of Santander in 1994 and 1995. The Portuguese trawl
fleet shows a relative stability. The catches per effort, expressed as the numbers fish at each age group, for the
various fleets is shown in Table 3.13.

The percentage age composition of the catches for 1985 - 1995 is shown in Figure 2.10.

The series of the Spanish CPUE of the commercial fleets indicate that there are seasonal fluctuations in the
abundance of adults and juveniles mackerel in Division VIIIc and Subdivision IXa North and also confirm that
seasonal and spatial variation of the fishery is related to the spatial variation of the abundance of this species in
that area. (Villamor ef al., in press).

3.3.2  Surveys
Mackerel egg surveys carried out in the Spanish and Portuguese area are discussed in Section 2.2.

Table 3.14 shows the numbers at age per half hour trawl from the Spanish bottom trawl surveys from 1984 to
1995 in September-October and the numbers at age per hour trawl (* 1000) Portuguese bottom trawl Autumn
surveys from 1986 to 1995.

The two sets of Autumn surveys covered Sub-divisions VIIIc East, VIIIc West and IXa North (Spain) from 20-
500 m depth and Sub-divisions IXa Central North, Central South and South (Portugal), from 20-750 m depth.
The same sampling methodology was used in both surveys but there were differences in the gear design.

The data of the bottom trawl surveys indicate that mackerel were very scarce. This may be explained because of
the gear used in these surveys, in which the main aim was to obtain the hake recruitment index, and also because
the season in which these surveys are carried out is a time when abundance of the species is very low in this area
(Villamor et al., submitted). The catches of these autumn surveys consist mainly of juveniles, both on the
Spanish coast and Portuguese coast (Martins et al. op. cit.).

3.4 North East Atlantic (NEA) Mackerel
3.4.1 Fishery independent information

Egg production survey estimates of spawning stock biomass in 1995 of 2.37 million t for the western area and
0.371 million t for the southern area are presented in Section 2.2. This represents an overall 19% revision of the
preliminary values (1.97,0.33) for 1995. The ratio of the two values (0.16) is similar to that calculated for the
1992 egg surveys (0.19). Taking into account that the 1992 value is the more uncertain of the two, all of the
western area egg survey estimates of spawning stock biomass since 1984 were raised by 16% to provide an
abundance estimate for the combined stock.

For reasons described in Section 3.2.1 the Western Approaches survey was not used within the analysis but as a
qualitative estimate of recent recruitments.
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3.4.2 Recruitment

During this meeting the trawl survey data set was re-examined. (Section 2.4). The new index shows close
agreement with the ICA estimates of recruitment. The working group anticipates that further modelling studies
with this data series should provide an predictive index for recruitment with known precision.

3.4.3  Data preparation

The analysis was restricted to the years 1984—-1995. The data series for the southern area is only available for
this period and the stock spawning in the North Sea had been reduced to near the present low level by 1984, so
its contribution to the catch at age data was negligible.

For the North Sea stock, only data for 1984-1987 were included, since data for the North Sea have been
included in the data for the Western stock from 1988 onwards.

Mean weight in the catch was obtained as a catch number weighted average of the weights used for the three
stocks. Catch weights for the 0 and 1 groups are determined primarily from the southern area and those for all
other ages primarily from the western area.

"Weights in the stock and maturity ogives were obtained as averages weighted by the relative proportion of the
egg production spawning stock biomass within the respective areas. For the North Sea spawners, the biomass
estimates by egg surveys since 1984 range from 37 to 133 thousand t (Anon. 1989), which corresponds to
approximately 1.5% to 4.5% of the combined North Sea and Western spawners. Thus, for combining the North
Sea and Western stock data, weighting factors of 0.03 and 0.97 respectively were applied. Weighting factors of
0.16 and 0.84 were used for the Southern and Western data. The resulting maturity ogive is given below.

Age 0 1 2 3 4 5 6 7 8+
Maturity 0 0.14 065 091 097 097 099 1 1

Natural mortality was taken as 0.15 and the proportions of F and M before spawning were 0.4.
3.44  Stock assessment

Tables 3.15 to 3.17 show the catches in number, mean weights at age in the catch and mean weights at age in the
stock.

A similar procedure to that used for the assessment of the Western mackerel was used for the combined
assessment. A terminal selection of 1.0 was used for the period 1986-1988, a terminal selection of 1.2 for the
years after 1988. Both were calculated relative to the reference fishing mortality at age 5.

The model was fitted by a nonlinear minimisation of

S (I0(Cay) - In(F,. S 14 N,,)) +
T ke (I0(Cay - In(F, 52, W, +
> Y (In(EPB,) - 10(Sy Nuyy-Oay-Wey - €Xp(-PF. F,.S1,- PM. M) Y +

y=1984

> S (In(EPB,) - 10(S, Nay-Ouy-Way-exp(-PF. F,.S2,- PM. M))’

y=1989

subject to the constraints

S1,=82,=1.0
8211 =12
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where

N bar - mean exploited population abundance over the year

N - population abundance on 1 January

O - proportion of fish mature at each age

M - Natural mortality

F - fishing mortality at age 5

S1, S2 - selection at age over the time periods 1986-1988 and 1989-1995, referenced to age 5
A - weighting factor set to 0.1 for age 0, 1.0 for all other ages

a,y - age and year subscripts

PF, PM, proportion of fishing and natural mortality occurring before spawning
EPB - Egg production estimates of mackerel spawning biomass

C - Catches in number at age and year

Parameter estimates and their standard deviations are listed in Tables 3.18a and b and illustrated in Figures 3.8 -
3.11. Tables 3.19, 3.20 and 3.21 present the estimated fishing mortalities, population numbers-at-age and stock
summary.

3.4.5 Comments on the assessment

Mean F on ages 4-8 is estimated to have been 0.27 in 1995 and 0.28 in 1994 (8% lower than estimated in last
year’s assessment (Fo, = 0.292). This results from both the addition of the new catch data and also the increase in
the egg production estimate of the 1995 spawning stock biomass (+19%). Mean F over the period 1991 to 1994
(0.20) is unchanged. Figures 3.12 and 3.13 illustrate the changes in the time series of estimates of F and
reference SSB between the 1995 and 1996 assessments.

Figure 3.8 shows that as with the Western mackerel the yield remained relatively stable between 1984 and 1990,
with a slow increase in spawning stock biomass. This resulted from a sustained sequence of good recruitment.
Between 1990 and 1992 the yield and reference F increased rapidly, they have been stable since 1993 but are
well above the mean. Since 1992 the SSB has declined sharply and in 1995 is, once again, estimated to be at a
historical low (2.54 million t).

Anon. (1991) performed a sensitivity analysis for status quo forecasts made using data from this stock. The
results revealed that the forecasts were sensitive to the estimates of the strength of the year class that recruited
two years before the year of the assessment. The forecast made this year will be sensitive to the estimate of
recruitment in 1994, The 1994 year class was estimated to be extremely low in last years assessment and was
taken to be an average of the three lowest recruitments. Both of the new ICA fits and the index of abundance
derived from groundfish surveys confirm that the 1994 recruitment is weak. The 1995 year class is estimated to
be weak by the ICA fit but this is not considered to be reliable as it is based on one catch at age value from the
1995 0-group.

Comments on the robustness of the assessment made in the Western area also apply to this assessment.
3.4.6  Catch predictions

Table 3.22 presents the input values for the catch forecasts. Apart from the 1995 and 1996 year classes, the ICA-
estimated abundances at all ages were used as the starting populations in the prediction. The recruitment for
1995 is estimated to be 1,592 million. Information from the English groundfish survey and from the Spanish and
Portuguese catches indicate that the 1995 year class may be strong. However, the predictive value of these data
series is unknown. A precautionary approach is to assume that the 1995 year class is of average strength.
Therefore, the geometric mean (3,711 million) was used for the 1995 recruitment. Recruitments in 1996, 1997
and 1998 were taken to be the geometric mean (1975-1993) calculated for Western mackerel, raised by the
average ratio (1.095) of the estimated western and southern area recruitments for the period 1984-1994.

Catch forecasts have been calculated for the provision of area based TACs. Three “fleets” have been defined,
corresponding to the exploitation of the western area including the North Sea (Western), the southern area
(Southern) and an international waters (International). The latter corresponds to the catches taken in area Ila
which are unregulated.
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The exploitation pattern used in the prediction was the separable ICA F’s for the final year. This was subdivided
into partial Fs for each fleet using the ratio of the fleet catch at each age and the total catch at each age. Weight
at age in the catch was taken as an average of the values for the period 1993-1995 for each area. Weight at age
in the stock from an average (1993—1995) of the combined data.

The anticipated TAC restricted catch for the Western area in 1996 is 425,000 t (0.61 x F95). The Southern area
has a TAC of 30,000 t. Catches in this area have recently been increasing, however, this level has never been
achieved. Catches in International waters which are not subject to a TAC, have recently averaged 45,000 t.

Three single option summary tables are presented and summarised below. The calculated forecasts predict that
SSB will continue to decline for the next two years with a recovery in 1998. However, the recovery is sensitive
to the estimate of the 1995 year class abundance, which is taken to be the geometric mean for the time series.

Year Status quo (F95) Constant TAC TAC 1996
F=0.15, 97,98
Ref F SSB Ref F SSB Ref F SSB
1996 0.27 2.34 0.18 2.41 0.18 2.41
1997 0.27 221 0.18 2.44 0.15 2.46
1998 0.27 2.16 0.18 2.51 0.15 2.59

If the fishing mortality in 1996 had not been reduced from recent levels then it is estimated that the SSB would
have continued its rapid decline to a new historic low for 1998 of 2.16 million t (Table 3.23).

The following tables illustrate 500,000 t TAC restrictions for 1996. In Table 3.24 the TAC restriction is
followed by a constant catch option for 1997 and 1998 of 500,000 t. SSB continues to be reduced in 1996 but
then begins to recover in 1998, to just below the level estimated for 1995. Table 3.25 follows the TAC
restriction with a constant F strategy. The value of F used, 0.15, is that agreed between the EU and Norway for
1997. The predicted SSB values are reduced to a lesser extent in 1996 and 1997 than the constant TAC scenario,
but recover to the 1995 level in 1998.

Three management option tables are presented. They present the outcome of applying reductions in fishing
mortality to combinations of the three areas after a 500,000 t TAC restriction in 1996. Table 3.26 presents status
quo F in the Southern and International areas with a range of factors for F97 in the Western area. Table 3.27
presents status quo F in the International area and a range of factors for F97 in the Western and Southern areas.
Table 3.28 presents a range of F97 values for all three areas.

The forecasts for the three scenarios are in close agreement for the predicted SSB values. This results from the
dominant effect of the exploitation in the Western area on the forecast SSB estimates. The reference F’s in the
International and Southern areas are so low that for the range of F multipliers used in the forecast their catches
make no significant impact on the predicted SSB.

3.477 Medium-term predictions

Medium-term predictions were made using the methodology described in Anon. (1996/Assess:7). The input
parameters were estimated as follows:

— Stock population parameters (Fishing mortality, selection, population abundance at age) were taken directly
from the ICA fit (Section 3.4.4).

— The estimate of the variance-covariance matrix provided by the ICA programme was used as the estimate of
uncertainty in the stock population parameters.

— Mean weights at age in the catches and the fleet partial-F ratio at age were calculated as from the proportions
in the 1995 catches and were assumed to be known precisely.

— The means of the maturity ogive and weights in the stock were estimated from observations from 1993 to
1995.

— Recruitment Function.
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A simple, robust and precautionary approach to modelling recruitment was adopted. It is assumed that if recruitment
falls below the lowest spawning stock biomass estimate, then a linear dependency is assumed to hold. Uncertainty
about such a relationship was also modelled.

This model was formulated on the basis of making the simplest assumptions about recruitment that are consistent
with the available data and with obvious constraints that are necessary from theoretical grounds. Firstly, there is no
detectable dependency of recruitment on stock size over the range of stock size estimates available. Attempts to fit
such functions having proved unsuccessful, it becomes necessary to retain the assumption that, over the observed
range of stock sizes, the recruitment is independent of stock size. A geometric mean recruitment has been used as
the estimate of central tendency over this range of stock sizes. An additional necessary constraint is that when stock
size is zero, recruitmentis also zero. The dependency of recruitment on stock size in the region between the lowest
observed stock size (Recruitment = Geometric mean) and stock size = zero (Recruitment = zero). The simplest
model satisfying these constraints, chosen by Ockham’s (1319) razor, is a linear dependency of recruits on stock
size in this region.

Stochastic variation of recruitmentabout the model for medium-term prediction purposes was modelled in different
ways separately for the regions of stock size above and below the lowest observed stock size. In the region over
which stock sizes have been observed and recruitment is assumed to be stock-independent, pseudo-recruitmentsR'
were drawn from a distributionas:

R’=exp(—i—2y(ln(Ry )+e’)

where R, are the estimated recruitments over the n years, and the epsilon' are resampled with replacement from the
historic distribution of recruitments about their geometric mean.

For lower stock sizes, a different approach was used. For each pseudo recruitment, a new estimate of the inflection
point of the stock-recruit relationship (the recruitment at the lowest observed stock size) was drawn from a
distribution having as its mean the geometric mean of observed recruitments, and with variance equal to the
estimated variance of the observed recruitments. A pseudo recruitment was then generated using the generated
inflection point (and assuming a linear dependency of recruitment on stock size down to the origin) and perturbed
with an error resampled from log residuals with replacement, as above.

Medium-term prediction have been calculated for the following options:
Catch constraints for 10 years ahead:

C1995 Catch as in 1995 (755600 tonnes)
C1996 Catch as expected for 1996 (500000 tonnes)

F - constraints for 20 years ahead:

F95 F as in 1995 (0.29)
F96 F as expected for 1996 (0.17)
F15 F = 0.15, which has been agreed by EU and Norway as a TAC that is consistent with a fishing

mortality of 0.15 in 1997 unless future scientific advice requires modification of the agreement
(Brussels 9th Dec. 1995).

The two measures of F considered as target reference fishing mortalities in section 3.4.10.2 (Fq = 0.17 and
F,= 0.175 from the western assessment) have not been simulated, since they are very close to the F1996.

An MBAL of 2,300,000 tonnes was used (see Section 3.4.10.2).

With the catch constraints (Figures 3.14 and 3.15), there is a risk that the stock becomes too small to enable the
target catch to be taken. For the C1995 option this appears in the first simulations in 1999, and the risk of this
happening reaches 50% by 2003. Even at the lower catch restriction C1996, there is a small probability of not
being able to support the catch towards the end of the 10 year period. In the median, the C1995 leads to a rapid
decrease in stock and recruitment, while the medians for the C1996 option were stable or increase slightly.
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The F constraint at F95 = 0.29 led to a considerable risk of SSB falling below MBAL (Figure 3.16), around 60%
most of the period. At the lower fishing mortalities this risk was considerably lower (10 - 20%) and decreased
with time. Under these options the catches increased to a range of 350 - 700000 tonnes, slightly higher for F =
0.17 (Figure 3.17) than for F = 0.15 (Figure 3.18).

3.4.8 Long-term yield

Table 3.29 presents the yield per recruit and short term forecasts for the all areas. Fmax is estimated to be at a
combined reference F of 0.54. However, for pelagic species F,,, is generally estimated to be at levels of
reference F well beyond sustainable levels and should not be used as a fishing mortality target. F, ;, which from
the western mackerel assessment is estimated at 0.175, is a possible long-term management target for this stock.

The time series of stock and recruitment estimates for this management unit are short and the estimation of F, 4,
Fiign and Fy,, for short time series will be biased if the stock has previously been reduced to a low level. For this
reason the F reference have been calculated for both the western area assessment, Figure 3.19 and the NEA
mackerel, Figure 3.20. The values are compared below.

Western NEA
Fuign 0.409 0.391
) 0.173 0.147
Flow 0.005 0.125

Current F is between Fy,eq and Fy,y,. The fishing mortality forecast for 1996 under the TAC restriction is 0.179.
3.49 Reference points for management, MBAL and fishing mortality targets

There is no clear relationship between stock and recruitment neither for the combined stock nor for the Western
mackerel. According to the experience from the North Sea mackerel, there is a possibility for a permanent
recruitment failure if the SSB becomes sufficiently low, but nothing is known as to the level of SSB where this
may take place. The precautionary approach would therefore be to avoid letting the SSB decline below the level
where the historical data indicate a normal recruitment.

In the last year’s Working Group report, an MBAL of 2.3 million tonnes was adopted for the NEA mackerel
stock. This was arrived at by taking the lowest SSB on record for the western stock (i.e. 2.0 million tonnes, and
increasing it by 15% to account for the southern component.

This MBAL is not suitable as a limit reference point because it is not known how strong an action is needed if
the SSB drops below this level and it is not intended as a target reference point.

As discussed by the Comprehensive Working Group (Anon. 1996/Assess:20), responsible harvesting of a stock
in accordance with international agreements would imply that the long term fishing mortality should have only a
small probability of exceeding a level which is the lowest of Fy.4, Frax, and Fgy.

For the mackerel, F_,, is poorly defined, and a precautionary approach would be to apply F,;. A simple
approach to the Fygy would be to represent it by F,,, or Fy,, which would result if it is assumed that the
recruitment is independent of the SSB. Another approach is to apply a simple production model (Section 3.2.6)

Still another approach would be to use a fraction (e.g. 30%) of the virgin SSB as a guideline to a target SSB.
Again assuming constant recruitment the virgin SSB can be obtained by multiplying the SSB per recruit at F=0

with this recruitment.

The resulting fishing mortalities and corresponding SSB’s, assuming a constant recruitment at the geometric
mean of the historical ones, are presented in the text table below:
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Ref. point. Fishing mortality Corresponding SSB
(mill. tonnes)

Fy, : 0.175 2.86
Froed 0.173 2.89
Fysy (catch + eggs) 0.24 2.29
Fysy (tags + eggs) 0.30 1.94
Fi00virg 0.22 2.46

The present value of 2.3 million tonnes is in line with these numbers. Since the stock is still declining from year
to year, use of the all time low SSB as MBAL implies decreasing the MBAL as the stock decreases. Because of
this, and because most of the approaches attempted above give higher values, the WG decided to retain the
present value of 2.3 million tonnes SSB for MBAL. The analysis above also indicates that a more appropriate
target value for the management would be SSB around 2.8 million tonnes, corresponding to a fishing mortality
of approximately 0.18.

In the longer term F in the order of 0.15 - 0.2 will result in a low risk of going below the MBAL level and is
likely to optimise the long term yield. F’s at the 1995 level imply a far greater risk of exceeding MBAL.

3.4.10 Management measures and considerations

In 1995 ACFM recommended a reduction in F to a fishing mortality 60% below that of 1994. If the 1996 TAC
restriction is followed, the current stock forecast indicates that the 1996 F (0.179) will be 35% below F94.
Medium term forecasts predict that this combined with a fishing mortality of 0.15 in 1997, will lead to an initial
decline and subsequent recovery of SSB. The Working Group points out that catches have consistently exceeded
the TAC and this forecast is therefore considered to be optimistic.

In the longer term, F in the order of 0.15 - 0.2 will result in a low risk of going below the MBAL level and is
likely to improve the long term yield. F’s at the 1995 level imply a far greater risk of falling below MBAL.

The management of the Western component in recent years has reflected the need to protect the North Sea
spawning stock by recommending that there should be no fishing for mackerel in Divisions IIla and IVb,c at any
time of year and in Division IVa for the first seven months of the year (see Section 3.1).

The catches from this management unit have been increasing, with those of the period 1993—1995 the highest on
record. Fishing mortality has recently shown a strong upward trend but has now stabilised. This years
assessment has confirmed the relatively high levels of F and the recent rapid decline in the spawning stock
biomass. The upwards revision of the egg survey estimates has raised the level of recent spawning stock biomass
estimates but has not altered the perception of the state of the stock.

The Working Group points out that the current fishing mortality has been above F, .4 and that, even with the
anticipated TAC restriction in 1996, the spawning stock biomass is predicted to decrease to a historic low in
1996 and 1997 with a recovery in 1998. The recovery forecast is sensitive to the estimate of the 1995 year class
abundance, which is taken to be the geometric mean for the time series.

In conjunction with the new practise of including the international catches in the forecasts for this stock, the
TAC should be applied to all areas including international waters.
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Table 3.1 Mackerel abundance indices from the North Sea International Young Fish surveys. Values are mean
numbers per 10 hr.

Year First winter Second winter
1970 6536 13
1971 3250 576
1972 13 226
1973 28 2
1974 14 12
1975 165 1
1976 4 2
1977 14 <5
1978 23 <5
1979 2 <5
1980 <5 <5
1981 1 <5
1982 1 1
1983 19 52
1984 1 4
1985 7 0
1986 5 21
1987 89* <.5
1988 13 1
1989 11 17
1990 350 12
1991 69* 2
1992 160* 4
1993 10 8
1994 22 1
1995 + ok

Notes: Data for survey years 1970-1974 based on standard area south of 59°30°N, 1975-1992 based on standard area
south of 61°30°N; *Values dominated by catch in one or two rectangles only; ** Data not yet available; + To few
agings for calculation of an indices by age.

ENACFM\WGMHSA97\T-3-1.D0OC

65



Table 3.2 North Sea Mackerel (Weight in ‘000 t).

Year Spawning Stock Biomass Landings
1965 2850 $ 208
1966 2700 $ 530 *
1967 1900 $ 930 *
1968 1500 § 822 *
1969 13« 739 *
1970 550 323 *
1971 580« 243 *
1972 1249 « 125 +
1973 1097 226 +
1974 1036 190 +
1975 826 + 138 +
1976 700 + 165 +
1977 583 + 188 +
1978 436 + 103 +
1979 336 + 66 +
1980 258 + 61+
1981 189 + 60 +
1982 162 + 40 +
1983 168 + 43 +
1984 133 # 67 +
1985 35+
1986 45 # 25+
1987 3+
1988 37# 6
1989 7
1990 78 # 10
1991 -k
1992 - *¥
1993 - ¥
1994 -k
1995 - - ¥
Average 805 206

$ Hamre, J. 1980 Rapp.P.-v. Reun.Cons.Int.Explor.Mer. 177:212-242

* Report of the Mackerel Working Group 1975. ICES CM 1975/H:3

«“ Report of the Mackerel Working Group 1981. ICES CM 1981/H:7

+ Report of the Mackerel Working Group 1989. ICES CM 1989/H:7

# Estimations based on Mackerel Egg Surveys

* ¥ Assumed by the Working Group to be 10,000 t as in 1990
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Table 3.3

ICES area VIlj

1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996

Effort

ICES area Vllh

1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996

Effort

0.99
1.20
0.96
1.38
1.68
1.73
1.79
1.80
1.74
1.80
1.20
2.04
1.74

1.00
1.00
1.00
.00
.00
.00
.00
00
.00

- et e e ) e

0.00
1.00
1.00

The effort and catch in numbers of Mackerel recorded by the M.A.F.F.
Western approaches groundfish surveys in two ICES areas.

Catch in total numbers(000's).

Age

0.06
3.83
0.43
4.69
36.00
20.39
3.40
4.46
1.86
8.40
1.05
0.06
3.31

0.61
0.04
9.02
0.53
2.18
14.99
8.52
33.12
5.57
7.29
0.27
1.08
4.13

5.65
0.97
0.21
8.79
442
6.75
17.65
12.13
13.78
8.16
1.12
2.62
6.99

3.89
6.16
0.33
0.04
18.13
6.14
5.95
10.44
5.66
5.95
0.91
2.01
2.43

Data standardised to total numbers per hour.

Age
1
41.12
212.42
1.96
13.36
3.04
223.00
3.62
16.23
0.00
104.00
0.00
156.30
306.40

2
440.71
22.92
43.06
20.01
48.46
209.31
63.98
1251.92
138.00
171.00
0.00
1528.00
6298.70

3
760.18
120.90

11.86
73.20
165.46
130.92
117.47
437.47
459.00
149.00
0.00
614.90
6566.30

a
451.06
275.24
9.58
4.33
268.91
41.69
33.21
216.32
50.00
141.00
0.00
432.30
565.90

Effort in total hours(000's)

4.07
4.36
1.65
0.32
2.79
11.67
2.39
4.69
2.61
2.25
1.63
0.70
1.48

584.93
148.87
18.22
9.32
17.65
36.92
3.80
18.17
20.00
22.00
0.00
134.10
236.60

0.47
1.93
1.38
0.68
3.95
0.98
3.55
3.50
0.58
1.05
0.88
0.49
0.62

5.16
36.51
156.77
40.67
50.99

6.85

8.87

0.00
23.00

7.00

0.00
57.30
46.80

0.16
0.35
0.95
0.56
3.08
0.68
0.19
4.64
0.61
0.93
0.34
0.21
0.44

0.00
12.77
10.93
27.38
41.42

0.00

1.36

9.25

7.00

3.00

0.00

8.70
25.10

0.16
0.35
0.19
0.20
2.96
1.85
0.27
0.50
0.81
0.30
0.07
0.19
0.37

0.19
3.13
0.26
13.22
30.29
3.15
3.80
6.67
1.00
1.00
0.00
7.20
44 .60

0.30
0.36
0.06
0.02
2.16
1.94
0.37
0.17
0.09
0.30
0.14
0.06
0.40

0.23
7.30
0.04
2.49
4.56
0.00
2.53
0.00
0.00
2.00
0.00
0.00
7.20

10

0.31
0.11
0.12
0.01
0.65
1.51
0.27
0.69
0.20
0.00
0.06
0.16
0.61

10
0.15
5.90
0.19
0.23
6.81
0.15
2.35
0.00
0.50
0.00
0.00
0.00

48.90
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Table3.4 : Western mackerel catch numbers at age (Thousands)

YEAR, 1976, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985,
AGE
0, 34200, 2000, 10300, 79500, . 19500, 38300, 2000, -1, 510, -1,
1, 279400, 153500, 31300, 351100, 484500, 266100, 203000, 43600, 15240, 234300,
2, 184900, 289500, 563800, 61600, 468700, 506400, 435900, 712700, 79510, 16000,
3, 322300, 154000, 425000, 602500, 75200, 225100, 483600, 444600, 661830, 49100,
4, 170600, 166000, 243700, 365500, 381300, 31700, 184100, 391600, 374600, 420300,
5, 288800, 51000, 258300, 217200, 282000, 174800, 24700, 130400, 238200, 242600,
6, 118600, 140000, 71900, 233100, 145200, 158500, 136600, 20200, 92000, 158400,
7, 279700, 64400, 151900, 86800, 158400, 99500, 108600, 91300, 15540, 58900,
8, 438800, 89400, 56700, 154200, 52400, 116600, 84500, 70900, 51470, 16200,
9, 0, 158500, 83200, 70500, 139600, 35300, 87000, 47100, 39270, 42000,
10, 0, 0, 210800, 74600, 43600, 138700, 24400, 48900, 25120, 33000,
11, 0, 0, 0, 189100, 47900, 29400, 90300, 19100, 21390, 20400,
+gp, o, 0, 0, 0, 115400, 176100, 147600, 126200, 44240, 80300,
TOTALNUM, 2117300, 1268300, 2106900, 2485700, 2413700, 1996500, 2012300, 2146599, 1658920, 1371499,
TONSLAND, 507178, 325974, 503913, 605744, 604761, 661762, 623819, 614287, 550929, 561292,
SOPCOF %, 4, 85, 80, 79, 75, 95, 89, 91, 98, 101,
YEAR, 1986, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995
AGE
0, 18100, 2490, 290, 24440, 5350, 4890, 1720, 13120, 470, 3732,
1, 25700, 22920, 99010, 42830, 108600, 47120, 74950, 114660, 144460, 74093,
2, 397800, 148430, 127260, 306860, 202330, 202680, 150920, 202770, 215110, 335028,
3, 29900, 653570, 175410, 203330, 408090, 194870, 347320, 264200, 301070, 330966,
4, 63600, 51930, 505090, 163430, 205270, 362780, 261110, 387430, 261030, 268274,
5, 331900, 79310, 66500, 356460, 152060, 181810, 298330, 239850, 289740, 181786,
6, 1893900, 237420, 77910, 45930, 247400, 125010, 152640, 247230, 176280, 190601,
7, 119500, 148770, 179240, 54010, 40620, 192280, 111840, 145580, 183830, 135435,
8, 38300, 83910, 111520, 105720, 44980, 49740, 135550, 95640, 103530, 106469,
9, 11100, 32980, 51640, 66660, 79980, 42010, 50340, 119140, 77460, 65432,
10, 28600, 17970, 19260, 31410, 31510, 67940, 35560, 37370, 56430, 39830,
11, 20200, 24680, 12310, 13570, 15890, 29220, 39770, 28150, 19610, 35734,
+9p, 60100, 60770, 52430, 34800, 26970, 52380, 67500, 65570, 56370, 36602,

TOTALNUM, 1338700, 1565150, 1477870, 1449450, 1569050, 1552730, 1727550, 1960710, 1885390, 1803982,
TONSLAND, 537615, 615380, 628000, 567400, 605937, 646169, 742305, 805039, 797688, 728637,
SOPCOF %, 101, 98, 100, 100, 100, 99, 100, 100, 100, 100,
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Table3.s Western mackerel catch weights at age (kg)

YEAR,

=

[0)]

CoOAOnUTd WN RO
- -~ - - - ~ ~ - ~

~

—
(e}
~

11,

SOPCOFAC,

10,
11,
+gp,

SOPCOFAC,

1976,

.0660,
.1370,
.1580,
.2410,
.3140,
.3340,
.3980,
.4100,
.5080,
.0000,
.0000,
.0000,
.0000,

.7434,

1986,

.0000,
.1660,
.2450,
.3390,
.4210,
.4730,
.4440,
.4560,
.5410,
.5930,
.5460,
.6920,
.6920,

1.0055,

19717,

.0660,
.1370,
.1580,
.2410,
.3140,
.3340,
.3980,
.4100,
.5030,
.5110,
.5110,
.0000,
.0000,

.8550,

1987,

.0490,
.1760,
L2220,
.3180,
.3990,
.4780,
.5130,
.4920,
.4960,
.5770,
. 6350,
.6340,
.7210,

.9767,

1978,

.0000,
.1370,
.1580,
.2410,
.3140,
.3340,
.3980,
.4100,
.5030,
.5110,
.5110,
.0000,
.0000,

.8021,

1988,

.0710,
.1570,
.2600,
.3260,
.3900,
.4620,
.5370,
.5670,
.5630,
.5680,
.6170,
.6270,
.7050,

1.0037,

1979,

.0000,
.1370,
.1580,
.2410,
.3140,
.3340,
.3980,
.4100,
.5030,
.5110,
.5110,
.5110,
.0000,

.7897,

1989,

.0610,
.1540,
.2380,
.3210,
.3770,
.4340,
.4550,
.5460,
.5960,
.5790,
.5820,
.6490,
.7420,

.9996,

1980,

. 0660,
.1310,
.2480,
.2830,
.3430,
.3730,
.4550,
.4970,
.5080,
.5390,
.5730,
.5730,
.5730,

.75217,

1990,

.0610,
.1670,
.2340,
.3370,
.3800,
.4250,
. 4690,
.5300,
.5580,
.6120,
.6110,
.5920,
.7170,

1.0006,

1981, 1982,
.0660,  .0660,
.1310,  .1310,
.2480,  .2480,
.2830,  .2830,
.3430,  .3430,
.3730,  .3730,
.4550,  .4550,
.4970,  .4970,
.5080,  .5080,
.5390,  .5390,
.5730,  .5730,
.5730,  .5730,
.5730,  .5730,
.9456,  .8908,
1991, 1992,
.0600,  .0550,
.1550,  .1640,
.2550,  .2380,
.3320,  .3340,
.3970,  .3980,
.4260,  .4620,
.4710,  .4970,
.5080,  .5340,
.5560,  .5570,
.6120,  .5990,
.6350,  .6540,
.6510,  .6670,
.7080,  .6700,

.9871, 1.0000,

1983,

.0660,
.1780,
.2160,
.2700,
.3060,
.3830,
.4250,
.4300,
.4910,
.5420,
.6080,
.6080,
.6080,

.9063,

1993,

.0530,
.1360,
.2410,
.3170,
.3770,
.4370,
.4860,
.5300,
.5500,
.5850,
.5990,
.6510,
.6800,

1.0004,

1984, 1985,
.0690,  .0000,
.1370, .1510,
.1760, .2730,
.2940, .3490,
.3240,  .4180,
.3410, .4160,
.4290, .4340,
.5380, .5200,
.4680, .5440,
.5610,  .5620,
.6190, .6270,
.6360,  .6660,
.6360, .7040,

.9759, 1.0094,

1994, 1995,
.0540,  .0730,
.1350,  .1400,
.2570,  .2360,
.3410,  .3340,
.3910,  .3890,
.4510,  .4520,
.5170,  .5020,
.5460,  .5430,
.5930,  .5820,
.5850,  .5990,
.6290,  .6100,
.6830,  .6350,
.7140,  .6560,

1.0002, 1.0007,
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Table3.6 Western mackerel stock weights at age (kg)
YEAR, 1976, 1977, 1978, 1979, 1980, 1981, 1982,
AGE
0, .0000,  .0000,  .0000,  .0000,  .0000,  .0000,  .0000,
1, .1130,  .1130,  .0950,  .0950,  .0950,  .0700,  .0700,
2, .1310,  .1310,  .1500,  .1500,  .1500,  .1720,  .1080,
3, .2010,  .2010,  .2150,  .2150,  .2150,  .2410,  .2020,
4, .2510,  .2510,  .2750,  .2750,  .2750,  .3000,  .2600,
s, .2640,  .2640,  .3200,  .3200,  .3200,  .3000,  .3790,
6, .3160,  .3160,  .3550,  .3550,  .3550,  .3590,  .3290,
7, .3800,  .3800,  .3800,  .3800,  .3800,  .4010,  .3880,
8, .4900,  .4120,  .4000,  .4000,  .4000,  .4120,  .4170,
9, .0000,  .5110,  .4200,  .4200,  .4200,  .4270,  .4250,
10, .0000,  .5110,  .4850,  .4850,  .4850,  .4130,  .4600,
11, .0000,  .0000,  .0000,  .4850,  .4850,  .5090,  .5130,
+gp, .0000,  .0000,  .0000,  .0000,  .4850,  .5090,  .5130,
YEAR, 1986, 1987, 1988, 1989, 1990, 1991, 1992,
AGE
0, .0000,  .0000,  .0000, .0000,  .0000, .0000, .0000,
1, .0700,  .0700,  .0700,  .0700,  .0700,  .0700,  .0700,
2, .1640,  .1390,  .1460, .1760,  .1280,  .1490,  .2160,
3, .2610,  .2330,  .2330,  .2380,  .2130,  .2270, .2570,
4, .2900,  .2680,  .3020,  .2990,  .2800,  .3070,  .3090,
5, .3450,  .3630,  .3270,  .3420,  .3310,  .3560,  .3590,
6, .3370,  .3710,  .4340,  .3630,  .3650,  .4080,  .4000,
7, .3950,  .3920,  .4550,  .4190,  .4050,  .4310,  .4240,
8, .4670,  .4020,  .4360,  .4680,  .3930,  .5060,  .4640,
9, .4410,  .4590,  .4600,  .4410,  .4200,  .5470,  .4890,
10, .4510,  .4830,  .5280,  .4510,  .5140,  .5740,  .5230,
11, .4720,  .4420,  .6060,  .4960,  .5140,  .5740,  .5560,

+gp, .6120, .5590, .6840, .5850, .5140, .5740,

.5820,

1983,

.0000,
.0700,
.1560,
.2200,
.2610,
.3220,
.3600,
.3840,
.4200,
.4970,
.4530,
.5500,
.5500,

1993,

.0000,
.0700,
.1930,
.2640,
.3110,
.3570,
.4160,
.4580,
.4640,
.4800,
.5120,
.5970,
.5610,

1984,

.0000,
.0700,
.1870,
.2460,
.2830,
.3050,
.3790,
.4290,
.4210,
.4650,
.5150,
.4970,
.5470,

1994,

.0000,
.0700,
.1750,
.2300,
.2890,
.3530,
.4070,
.4680,
.4640,
.4720,
.5500,
.6120,
.5680,

1985,

.0000,
.0700,
.1500,
.2920,
.3000,
.3280,
.3660,
.4210,
.4400,
.4480,
.5540,
.5790,
.6010,

1995,

.0000,
.0700,
.1510,
.2590,
.3160,
.3920,
.4450,
.4930,
.5060,
.5460,
.5020,
.6270,
. 6330,



Table3.7a ICA diagnostic output for the Western mackerel assessment.

PARAMETER ESTIMATES +/- SD

Separable Model: Reference F by year

1 1986 .1370 L1126 .1666

2 1987 .1685 .1399 .2030

3 1988 .1812 .1515 L2167

4 1989 .1672 .1422 .1967

5 1990 .1736 .1473 .2046

6 1991 .1913 L1617 .2263

7 1992 L2267 .15900 .2706

8 1993 .3026 .2481 .3691

9 1994 .2966 .2336 .3767

10 1995 .3019 .2228 .4089

Separable Model: Selection (S) by age

11 0 .0040 .0022 .0071 .0067 .0043 .0103

12 1 .0787 .0614 .1010 .1370 L1121 .1675

13 2 .4582 .3590 .5847 .4059 .3380 .4874

14 3 .5903 .4630 .17525 .7030 .5915 .8356

15 4 . 6974 .5474 .8885 .8930 L7570 1.0536
5 1.0000 Fixed : Reference age

16 6 1.2442 .9787 1.5816 . 9709 . 8311 1.1341

17 7 1.5823 1.2464 2.0088 1.0736 .9224 1.2495

18 8 1.5503 1.2197 1.9704 1.1432 . 9862 1.3252

19 9 1.1319 .8919 1.4365 1.4388 1.2475 1.6594

20 10 1.1606 .9170 - 1.4689 1.3016 1.1249 1.5060
11 1.0000 Fixed : last true age 1.2000 Also fixed

Separable Model: Populations in year 1995

31 0 1993795. 660301. 6020313.

32 1 1612946. 1019006. 2553069,

33 2 3263851. 2306233. 4619101.

34 3 1723822. 1277519. 2326042.

35 4 1158085. 874177. 1534199.

36 5 704048. 536676. 923617.

37 6 827549. 636484. 1075970.

38 7 419300. 323629, 543255,

39 8 506639. 382794, 653480.

40 9 199138, 153370. 258565.

41 10 123958. 93184. 164894.

42 11 180664. 133614. 244282,

Separable Model: Populations at age 11

43 1986 169195.3094 118957.5533 240649.3068

44 1987 161768.6154 121856.6389 214753.0505

45 1988 64272.1674 50022.8702 82580.4573

46 1989 82156.3585 65097.1859 103686.0065

47 1990 123555.4473 99320.6761 153703.6312

48 1991 147575.9567 119177.3680 182741.6006

49 1992 200750.3845 162971.1818 247287.3819

50 1993 74636.1045 60156.5702 92600.8262

51 1994 48835.6703 38093.9144 62606.3961

SSB Index catchabilities
SSB Index 1 was used as absolute estimator.
No fitted catchability for this index.
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Table3.7b ICA diagnostic output for the Western mackerel (cont).

RESIDUALS ABOUT THE MODEL FIT

Separable Model Residuals:

ights in the analysis

log (Observed Catch) -

log{Expected Catch), and we

Age 1986 1987 1988

0 2.393 -0.108 1.271
1 -0.052 0.003 -0.111
2 0.020 0.208 0.178
3 -0.209 -0.230 0.000
4 -0.101 0.101 -0.129
5 0.284 0.138 0.063
6 0.097 -0.172 -0.143
7 0.101 0.036 -0.302
8 -0.270 0.359 0.248
9 -0.191 0.075 -0.033
10 0.122 -0.066 0.151
11 -0.044 0.075 0.051

Wts 1.000 1.000 1.000

Biomass Index Residuals:

1989

-2.307
-0.403
0.055
0.161
0.006
-0.013
-0.148
0.011
-0.114
-0.428
-0.113
0.061

1.000

log (Observed Index)

1990

-0.567
-0.056
-0.646
-0.077
0.039
0.045
-0.020
-0.056
0.133
0.380
0.173
-0.028

1.000

1991
1.289 0.
0.668 -0.
0.434 -0.
0.216 O.
0.052 -0.

-0.066 0.
0.053 0.
-0.057 O.
0.105 -0.
0.283 -0.
0.079 -0.
0.224 -0,
1.000 1.

1992

834
303
326
512
034
061
053
051
144
631
492
259

000

1983

0.546
-0.246

0.026
-0.341
-0.024
-0.139
-0.068
-0.152
-0.034
-0.012

0.363
-0.001

1.000

1994

-0.321
~0.032
0.434
0.186
0.192
-0.250
0.329
0.093
-0.115
-0.102
0.000
0.058

1.000

- log(Expected Index)

Idx 1977 1978
1.000 0.143 -1.000
1986 1987

1879
-1.000

1988

1980

1981

1982

1983

1984

1995

-1.246
-0.083
~-0.191
0.044
0.216
-0.308
0.050
0.034
-0.036
0.036
0.199
-0.360

1.000

13885

0.058 -1.000 ~-1.000 0.000 -1.000 -1.000

1989

1990

1991

1992

1993

1994 1995

-0.081 -1.000 -1.000 -0.160 -1.000 -1.000 0.080 -1.000 -1.000 0.108

PARAMETERS OF THE DISTRIBUTION OF 1n CATCHES AT

Separable model fitted from 1986

Variance

Skewness test statistic
Kurtosis test statistic

Partial chi-square

Probability of chi-square

Degrees of freedom

to 1995

.2939

.3705

30.
2
1

9822

.7586
.0000

41

PARAMETERS OF THE DISTRIBUTION OF THE SSB INDICES

DISTRIBUTION STATISTICS FOR ln SSB INDEX 1

Index used as absolute measure of abundance.

Variance

Skewness test statistic
Kurtosis test statistic

Partial chi-square

Probability of chi-square
Number of observations

Degrees of freedom

Weight in the analysis

1.

1.

0102
0427
7200
0050
0000

7

7
0000

72
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.100
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
. 000
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Table3.8 Western mackerel fishing mortality at

1976

.0071
.0717
.0802
.1355
L1977
.1242
.1781
.3784
.2783
.1406
.1441
.1242
.1242

1977

.0021
.0380
.0937
.0843
.0909
.0791
.0775
.1313
.1878
.1449
.0918
.0791
.0791

1978

.0033
.0396
.1801
.1831
.1761
.1886
.1447
.1070
.15498
.2525
L2751
.1886
.1886

1979

.0155
.1395
.0969
.2806
.2240
.2223
.2451
.2459
.1429
.2767
.3550
.3998
.3998

1880

.0038
L1174
.2638
.1556
L2721
.2549
.2149
.24776
L2177
.1761
.2602
.3825
.3825

1981

.0058
.0623
.1639
.1846
.0862
.1824
.2103
.2117
.2747
.2112
.2512
.2650
.2650

1982

.0011
.0361
.1303
.2200
.2139
.0850
.2005
.2062
.2647
.3201
.2093
.2433
.2433

1983

.0000
.0293
.1624
.1801
.2632
.2185
.0880
.1893
.1908
.2186
.2829
.2378
.2378

1984

.0001
.0138
.0650
.2109
.2145
.2394
.2234
.0858
.1468
.1455
.1643
.1820
.1820

age.
1985

.0000
. 0451
.0171
.0494
.1903
.1985
.2344
.2061
.1149
.1624
.1659
.1844
.1844

1986

.0005
.0108
.0628
.0809
.0955
.1370
.1704
.2167
.2124
.1550
.1590
.1370
.1370

1987

.0007
.0133
.0772
.0995
.1175
.1685
.2097
.2667
.2613
.1908
.1956
.1685
.1685

Table3.9 Western mackerel population numbers at age (Millions)

1976

5190
4346
2580
2734
1022
2659
781
952
1939
0

0
0
0

1977

1010
4436
3482
2050
2055
722
2021
563
561
1263
0

0

0

1978

3379
868
3676
2729
1622
1615
574
1610
425
400
941
0

0

1979

5549
2898
718
2642
1956
1170
1151
427
1245
313
268
615
0

1980

5532
4703
2170
561
1718
1346
807
775
288
929
204
162
389

1981

7192
4744
3599
1435
413
1126
898
560
521
199
670
136
812

1982

1892
6155
3837
2629
1027
326
808
626
390
341
139
449
734

1983

1389
1626
5110
2899
1816
713
258
569
438
258
213
97
640

1984

6649
1196
1359
3739
2084
1201
493
203
405
312
178
138
286

1985

3102
5722
1015
1096
2606
1447
814
340
lel
301
232
130
512

1986

3258
2670
4708
859
898
1854
1021
554
238
123
220
169
505

1987

5667
2802
2273
3806
682
703
1392
741
384
166
91
162
421

1988

.0007
.0143
.0830
.1070
.1264
.1812
.2254
.2867
.2809
.2051
.2103
.1812
.1812

1988

3328
4875
2380
1811
2966
522
511
971
489
255
118
64
340

1989

.0011
.0229
.0679
.1176
.1493
.1672
.1624
.1795
.1912
.2406
L2177
.2007
.2007

1989

4662
2863
4136
1886
1401
2249
375
351
628
318
178
82
206

1990

.0012
.0238
.0705
.1220
.1550
.1736
.1685
.1864
.1984
.2498
.2259
.2083
.2083

1990

2708
4008
2408
3326
1443
1038
1638
274
252
446
215
124
154

1991

.0013
.0262
.0776
.1345
.1708
.1913
.1857
.2053
.2186
.2752
.2489
.2295
.2295

1991

3036
2328
3369
1932
2534
1064
751
1191
196
178
299
148
274

1992

.0015
.0311
.0920
.1594
.2025
.2267
.2201
.2434
.2592
.3262
.2951
L2721
.2721

1992

3183
2610
1952
2683
1453
1839
756
537
835
135
1le
201
304

1993

.0020
.0415
.1228
.2128
.2703
.3026
.2938
.3249
.3460
.4354
.3939
.3632
.3632

1993

4598
2736
2177
1532
1969
1022
1262
522
362
555
84
75
231

1994

.0020
.0406
.1204
.2085
.2649
.2966
.2880
.3184
.3391
.4268
.3861
.3559
.3559

1994

1878
3949
2259
1657
1066
1293
650
809
325
221
309
49
202

1995

.0020
.0414
.1225
.2122
.2696
.3019
.2931
.3241
.3451
.4343
.3929
.3622
.3622

1995

1954
1613
3264
1724
1158
704
828
419
507
199
124
181
129

1996

3354
1713
1332
2485
1200
761
448
531
261
309
111
72
186



Table3.10 The Western mackerel stock summary (without SOP)

STOCK SUMMARY

Year Recruits Total B Spawn B Landings Y1d/SSB Fbar 4-8
x10”6 tonnes tonnes tonnes

1976 5190 3895234 2795870 507178 0.1814 0.231
1977 1010 3804656 2789910 325974 0.1168 0.113
1978 3379 3792770 2985138 503913 0.1688 0.154
1979 5549 3491945 2653938 605744 0.2282 0.216
1980 5532 3247973 2273748 604761 0.2660 0.241
1981 7192 3364161 23893825 661762 0.2769 0.193
1982 1892 3253412 2270154 623819 0.2748 0.194
1983 1389 3377769 2489304 614287 0.2468 0.190
1984 6649 3120234 2458286 550929 0.2241 0.182
1985 3102 3287790 2451648 561292 0.2289 0.189
1986 3258 3300104 2189537 537615 0.2455 0.166
1987 5667 3224780 2481489 615380 0.2480 0.205
1988 3328 3504458 2613569 628000 0.2403 0.220
1989 4662 35236239 2629130 567400 0.2158 0.170
1990 2708 3293746 2484827 605937 0.2439 0.176
1991 3036 3690396 2856368 646169 0.2262 0.194
1992 3183 3736369 2851837 742305 0.2603 0.230
1993 4598 3408811 2510200 805039 0.3207 0.308
1994 1878 3030137 2149731 797688 0.3711 0.301
1995 1994 2891465 2126436 728637 0.3427 0.307
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Table 3.11

SOUTHERN MACKEREL. Effort data by fleets.

SPAIN PORTUGAL
TRAWL HOOK (HAND-LINE) PURSE SEINE TRAWL
AVILES LA CORUNA SANTANDER SANTONA VIGO
(Subdiv.Vlllc East) (Subdiv.Vllic West) (Subdiv.Viilc East) (Subdiv.Vllic East) (Subdiv.IXa North) (Subdiv.IXa CN,CS &S)
(_HP*fishing days*10*-2) (Av. HP*fishing days*10*-2) (N° fishing trips) (N° fishing trips) (N° fishing trips) (Fishing hours)
YEAR ANUAL ANUAL MARCH to MAY MARCH to MAY ANUAL ANUAL
1983 12568 33999 - - 20 -
1984 10815 32427 - - 700 -
1985 9856 30255 - - 215 -
1986 10845 26540 - - 157 -
1987 8309 23122 - - 92 -
1988 9047 28119 - - 374 60601
1989 8063 29628 - 605 153 53428
1990 8492 29578 322 509 161 49532
1991 7677 26959 209 724 66 45467
1992 12693 26199 70 698 286 78272
1993 7635 29670 151 1216 - 48565
1994 9620 39590 130 1926 - 39062
1995 6146 41452 217 1696 - 44463
- Not available
Table3.12  SOUTHERN MACKEREL. CPUE series in commercial fisheries.
SPAIN PORTUGAL
TRAWL HOOK (HAND-LINE) PURSE SEINE TRAWL
AVILES LA CORUNA SANTANDER SANTONA VIGO
(Subdiv.Vllic East) (Subdiv.Vllic West) (Subdiv.Vllic East) (Subdiv.Vliic East) (Subdiv.IXa North) (Subdiv.IXa CN,CS &S)
( Kg/HP*fishing days*102-2) (Kg/Av. HP*fishing days*104-2) (Kg/N° fishing trips) | (Kg/N° fishing trips) (t/N° fishing trips) (Kg/Fishing hours)
YEAR ANUAL ANUAL MARCH to MAY MARCH to MAY ANUAL ANUAL
1983 142 342 - - 13 -
1984 241 40.1 - - 56 -
1985 176 38.1 - - 42 -
- 1986 411 34.2 - - 5.0 -
1987 13.0 36.5 - - 21 -
1988 15.9 48.0 - - 3.7 33.1
1989 19.0 43.0 - 1427.5 21 26.4
1990 82.7 59.0 739.6 1924.4 27 39.6
1991 68.2 54.6 632.9 13944 2.0 38.6
1992 35.1 19.7 905.6 856.4 39 203
1993 12.8 19.2 613.3 1790.9 - 16.6
1994 57.2 414 2388.5 1590.6 - 20.7
1995 94.9 34.0 3136.1 1987.9 - 24.6
- Not available

e:\acfm\wgmhmsa97\t-3-31a2.xis




Table 3.13 SOUTHERN MACKEREL. CPUE at age from fleets.

Viiic East handline fleet (Spain:Santofia) (Catch thousands)

Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch
Year Effort age0 age1 age2 age3 age4 age5 age6 age7 age8 age9 age 10 age 11 age 12 age 13 age 14 age 15+

1989 605 0 0 3 74 142 299 197 309 441 134 67 27 23 19 7 27
1990 509 0 0 0 17 71 210 465 177 384 378 127 40 51 2 7 5
1991 724 0 0 52 435 785 473 309 323 100 98 150 29 3 7 7 18
1992 698 0 0 35 568 442 477 139 69 77 20 16 17 4 4 0 1
1993 1216 0 0 40 65 1043 621 1487 771 345 339 215 126 59 66 30 52
1994 1926 0 23 168 526 1060 2005 1443 1003 406 360 176 98 54 24 24 9
1995 1696 0 41 83 793 1001 789 1092 998 928 519 339 300 159 83 81 63

Vllic East handline fleet (Spain:Santander) (Catch thousands)

Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch
Year Effort age0 age1 age2 age3 age4 age5 age 6 age 7 age 8 age 9 age 10 age 11 age 12 age 13 age 14 age 15+

1990 322 0 0 0 6 25 66 132 41 86 83 28 8 11 0 2 2
1991 209 0 0 5 45 96 60 39 43 14 14 23 4 1 1 1 4 i
1992 70 0 0 4 60 47 51 15 7 8 2 2 2 0 0 0 0 :
1993 151 0 0 1 2 43 26 63 33 15 15 9 5 3 3 1 2
1994 130 0 2 18 56 110 205 146 101 40 36 18 10 5 2 2 1 |
1995 217 0 3 33 171 168 144 225 227 222 107 70 56 22 9 1 9 ]

Vilic East trawl fleet (Spain:Aviles) (Catch thousands)

Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch
Year Effort age0 age1 age2 age3 age4 age5 age6 age 7 age 8 age9 age 10 age 11 age 12 age 13 age 14 age 15+

1988 9047 0 333 25 78 126 28 34 31 15 6 1 0 1 2 0 1
1989 8063 0 535 201 66 38 53 17 23 29 7 3 2 2 2 0 4
1990 8492 1834 6690 145 123 147 158 181 21 24 17 6 1 2 3 5 24
1991 7677 95 2419 592 205 108 99 57 55 16 14 26 4 3 2 1 13
1992 12693 236 1495 329 122 65 115 56 38 52 16 19 27 13 4 0 2
1993 7635 3 31 48 8 49 20 37 20 11 13 7 6 9 5 3 9
1994 9620 0 83 317 299 180 302 204 144 56 45 21 12 7 3 4 1
1995 6146 0 9 138 261 168 125 177 156 147 74 50 44 20 10 11 9

Vilic West trawl fleet (Spain:La Corufia) (Catch thousands)

Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch
Year Effort age0 age1 age2 age3 aged4 age5 age6 age7 age8 age9 age 10 age 11 age 12 age 13 age 14 age 15+

1988 28119 0 6095 584 625 594 167 239 444 195 63 12 8 21 26 0 7 i
1989 20628 462 482 719 345 289 541 231 355 444 117 63 24 22 22 6 15

1990 29578 27 4535 939 175 235 370 624 184 409 405 145 45 69 5 9 5

1991 26959 1 39 454 573 839 551 445 504 165 165 266 53 4 10 1 23

1992 26199 1 154 102 298 251 355 128 61 84 25 32 38 14 6 0 2

1993 29670 O 307 440 118 528 188 265 98 41 33 21 1" 3 4 2 3

1994 39500 0 237 16831 1085 821 1156 575 264 63 40 17 6 1 1 1 0

1995 41452 735 249 400 624 324 251 381 376 402 175 116 104 44 17 19 20

IXa trawl fleet (Portugal) (Catch numbers * 1000)

Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch
Year Effort age0 age1 age2 age3 age4 age5 age6 age7 age 8 age 9 age 10 age 11 age 12 age 13 age 14 age 15+

1988 60601 8076 4510 536 457 76 14 3
1989 53428 6092 6468 1080 572 185 51 15
1990 49532 2841 5729 1967 137 36 1 4
1991 45467 1695 2397 1904 1090 138 85 65
1992 78272 498 2211 1015 664 263 100 45 22
1993 48565 1010 2365 442 172 155 32 8 5
1994 39062 650 1128 1446 342 125 94 65 21
1995 44463 1001 2690 983 295 99 59 46 40

[\
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Table 3.14

Year

1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995

Year

1986
1987
1988
1989
1990
1991
1992
1993
1994
1995

SOUTHERN MACKEREL. CPUE at age from surveys.

Effort

Effort

[ G QL [ W QI Gt i’ W G Y

October Spain Survey, Bottom trawl survey (Catch: numbers)

Catch
age 0

Catch
age1

1.467
2.653
0.026

0.200
1.598
0.174

0.286
0.510

0.028
0.000
0.400 0.940
0.130 0.270
19.900 0.480
0.071 1.256
0.468 0.106
0.916 0.031

Catch
age 2

0.106
0.016
0.140

0.027
0.020
0.040
0.220
0.160
0.789
0.122
0.187

Catch
age 3

Catch
age 4

0.371
0.055
0.022

0.149
0.370
0.026

0.014
0.000
0.000
0.270
0.150
0.026
0.145
0.164

0.021
0.040
0.010
0.340
0.090
0.063
0.043
0.049

Catch
age 5

0.209
0.138
0.060

0.005
0.020
0.020
0.070
0.030
0.018
0.040
0.013

Catch
age 6

0.039
0.085
0.025

0.010
0.000
0.000
0.030
0.010
0.008
0.012
0.011

Catch
age 7

0.013
0.030
0.002

0.012
0.010
0.000
0.010
0.000
0.002
0.006
0.003

Catch
age 8

0.029
0.017
0.000

0.004
0.000
0.000
0.030
0.000
0.002
0.002
0.002

October Portugal Survey, Bottom trawl survey (Catch: thousands)

Catch Catch
age0 age1

515 2759
1026 23280
86467 24547
11643 28427
1344 2991
309 374
123551 2738
52323 385
12211 1771
318598 9076

Catch
age 2

1004
14792
354
4707
1763
288
664
115
297
282

e:\acfm\wgmhmsa97\t-3-3-4.xls

Catch Catch Catch Catch Catch Catch
age3 aged4 age5 age6 age7 age8

512 36
2939 545
328 35
3452 22
89 5
185 32
302 57
47 75
106 42
110 31

77

14
0
11
9
1
19
14
0
49
10

npongooooo©

MNpOO®OoOOOO A

OO0 O0O—~~0000O0

Catch
age 10+

Catch
age 9

0.018
0.029
0.004

0.065
0.084
0.029

0.001
0.000
0.000
0.000
0.000
0.002
0.001
0.001

0.001
0.000
0.000
0.010
0.000
0.005
0.000
0.000

Catch Catch
age 9 age 10+

OO0 O0OO0O-~~0000O0
=N eleNolNeNolNelolNoRN o]



Table3.15 Mackerel in the North East Atlantic MHMWG 1996.

YEAR
AGE

WoOo~Jo U wWhEFk o

10
11

+gp

TOTALNUM
TONSLAND
SOPCOF 3%

:

8L
>
1)
=

OWoIa U WNDE O

10
11
+9p

TOTALNUM
TONSLAND
SOPCOF %

1584

288397
32024
86397

685128

389079

252475
98442
22171
62052
48110
37627
30221
69450

2101573

648084
101

1986

48519
56423
412124
37262
74302
353451
201927
122477
41322
13137
31825
22298
78775

1493842

602128
103

1985

81220
267056
20745
57933
442205
250432
164050
61922
19424
47223
37341
26774
96961
1573286
614275
101

1987

7417
40203
156970
664649
56789
89173
245038
150876
86027
34862
19696
25796
63267
1640763
654805
100

1988

55119
145969
131606
182062
514809

69720

83498
192215
117130

53464

19803

12601

54975

1632971
676288
104

1989

65400
64263
312739
207689
167588
362469
48696
58116
111251
68240
32228
13904
35814
1548397
585921
100

1990

24246
140534
209848
410751
208146
156742
254015

42549

49698

85447

33041

16587

27905

1659509
625611
100

1991

10007
58459
212521
206421
375451
188623
129145
197888
51077
43415
70839
29743
52986
1626575
667883
99

1992

43447
83583
156292
356209
266591
306143
156070
113899
138458
51208
36612
40956
68205
1817673
760351
100

1983

19354
128144
210319
266677
398240
244285
255472
149932

97746
121400

38794

29067

68217

2027647
825036
100

Catch numbers at age

1994

25368
147315
221489
306979
267420
301346
184925
189847
106108

80054

57622

20407

57551

1966431
827712
101

(1000's) .

1985

14759
81529
340898
340215
275031
186855
197856
142342
113413
69191
42441
37960
39753
1882242
756186
100
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Table3.16 Mackerel in the North East Atlantic MHMWG 1996. Catch weights at age (Kg).

YEAR

g
@
=

Woo~-J0U b WNKHE O

10
11

+gp
SOPCOFAC

YEAR

i
[O)]
jes]

Wowo-Jo b wbdhDEHE O

10
11

+gp
SOPCOFAC

1984

.0310
.1020
.1840
.2950
.3260
.3440
.4310
.5420
.4800
.5690
. 6280
.6360
.6630
1.0057

1986

.0390
.1460
.2450
.3350
.4230
.4710
.4440
.4570
.5430
.5910
.5520
.6940
.6880
1.0301

1985

. 0550
.1440
.2620
.3570
.4180
.4170
.4360
.5210
.5550
.5640
.6290
.6790
.7100
.0070

1987

.0760
.1790
.2230
.3180
.3990
.4740
.5120
.4930
.4980
.5800
.6340
.6350
.7180
.9978

1988

.0550
.1330
.2590
.3230
.3880
.4560
.5240
.5550
.5550
.5620
.6130
.6240
.6970
1.0394

1989

.0490
.1360
.2370
.3200
.3770
.4330
.4560
.5430
.5920
.5780
.5810
.6480
.7390
1.0000

1980

.0850
.1560
.2330
.3360
.3790
.4230
.4670
.5280
.5520
.6060
.6060
.5910
.7130
.9892

1991

.0680
.1560
.2530
.3270
.3940
L4230
.4690
.5060
.5540
.6090
.6300
. 6490
.7080
.9885

1992

.0510
.1670
.2390
.3330
.3970
.4600
.4950
.5320
.5550
.5970
.6510
.6630
.6690
.9996

1993

.0610
.1340
.2400
.3170
.3760
.4360
.4830
.5270
.5480
.5830
.5950
.6470
.6790
1.0006

1994

.0460
.1360
.2550
.3390
.3900
.4480
.5120
.5430
.5800
.5830
.6270
.6780
.7130
1.0105

1995

.0720
.1430
.2340
.3330
.3900
.4520
.5010
.5390
.5770
.5940
.6060
.6310
.6720
.9999
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Table3.17 Mackerel in the North East Atlantic MHMWG 1996.

YEAR
AGE

WowJon Uk WNREO

YEAR

>
(9]
=

WoJoa Uk WO

1984

.0000
.0870
.1980
.2570
.2970
.3210
.3890
.4350
.4350
.4740
.5210
.5080
.5730

1986

.0000
.0870
.1800
.2700
.3020
.3530
.3540
.4070
.4730
.4550
.4690
.4880
.5860

1985

.0000
.0870
.1680
.2950
.3110
.3400
.3780
.4290
.4510
.4600
.5540
.5750
.6110

1987

.0000
.0860
.1580
.2460
.2840
.3680
.3820
.4040
.4190
.4700
.4950
.4620
.5690

1988

.0000
.0840
.1610
.2440
.3100
.3360
.4330
.4550
.4450
.4680
.5310
.5970
.6470

1989

.0000
.0840
.1870
.2480
.3070
.3480
.3730
.4240
.4720
.4520
.4650
.5040
.5970

1990

.0000
.0840
.1460
.2270
.2910
.3390
.3740
.4120
.4080
.4340
.5190
.5190
.5370

1991

.0000
.0840
.1640
.2390
.3140
.3600
.4110
.4350
.5040
.5420
.5700
.5700
.5860

Stock weights at age

1992

.0000
.0840
.2210
.2640
.3160
.3630
.4040
.4290
.4680
.4920
.5260
.5550
.5920

1993

.0000
.0840
.2010
.2700
.3180
.3610
.4180
.4580
.4680
.4850
.5170
.5900
.5740

1994

.0000
.0840
.1860
.2410
.2990
.3580
.4100
.4660
.4680
.4780
.5490
.6020
.5790

(Kg) .

1995

.0000
.0840
.1660
.2660
.3220
.3910
.4420
.4870
.5040
.5410
.5080
.6150
.6350



Table3.18a ICA diagnostic output for the NEA mackerel assessment.

PARAMETER ESTIMATES +/- SD

Separable Model: Reference F by year

1 1986 .1425 .1203 .168%

2 1987 .1656 .1409 .1947

3 1988 .1800 .1540 .2104

4 1989 .1643 .1424 .1895

5 19390 .1691 .1462 .1954

6 1991 .1815 .1564 .2107

7 1992 L2137 .1826 .2500

8 1993 L2722 .2283 .3244

9 1994 .2708 .2199 .3334

10 1995 .2642 .2042 .3418

Separable Model: Selection (3) by age

11 0 . 0420 .0255 .0693 .0380 .0261 .0552
12 1 .1326 .1070 .1644 .1542 .1295 .1836
13 2 .4511 .3654 .5570 L4117 .3512 .4826
14 3 . 6057 .4912 .7468 .6973 .6003 .8100
15 4 .7084 .5749 .8730 .8904 L1717 1.0272

5 1.0000 Fixed : Reference age
16 6 1.2187 .9908 1.4989 .9720 .8502 1.1111
17 7 1.5472 1.2590 1.9013 1.0749 .9434 1.2248
18 8 1.5511 1.2612 1.9075 1.1627 1.0240 1.3202
19 9 1.1687 .9520 1.4349 1.4383 1.2715 1.6269
20 10 1.1843 .9668 1.4508 1.3057 1.1509 1.4813
11 1.0000 Fixed : last true age 1.2000 Also fixed

Separable Model: Populations in year 1995

31 0 1592439. 616053, 4116305.

32 1 2205860. 1490068. 3265501.

33 2 3252828. 2410061. 4390301.

34 3 2042076. 1575489. 2646845.

35 4 1279609. 1002986. 1632524.

36 5 815053. 645049. 1029862.

37 6 965911. 770665. 1210622.

38 7 526648. 421542. 657962.

39 8 563461. 452495, 701639.

40 9 2265717. 180779. 283979.

41 10 147166. 115140. 188100.

42 11 208066. 160705. 269384.

Separable Model: Populations at age 11

43 1986 179526.6814 132434.3463 243364.5821
44 1987 169976.9897 132965.6256 217290.5735
45 1988 68852.0981 55395.8522 85577.0104
46 1989 84503.4911 68993.9544 103499.5034
47 1990 127659.1632 105434.2367 154568.9756
48 1991 156620.1806 129742.0219 189066.5846
49 1992 219409.2482 182442.6400 263866.0468
50 1993 84960.3159 70176.7837 102858.1661
51 1994 56586.2838 45553.5128 70291.1217

SSB Index catchabilities
SSB Index 1 was used as absolute estimator.
No fitted catchability for this index.
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Table3.18b ICA diagnostic output for the NEA mackerel assessment.

RESIDUALS ABOUT THE MODEL FIT

Separable Model Residuals:

the analysis

Age 1986

0
1
2
3
4
5 0.181
6
7
8
9
0
1

0.933
-0.060
0.029
-0.204
-0.131

-0.233
0.109
-0.265
-0.117
0.106
0.089

1.000

PARAMETERS OF THE DISTRIBUTION

Separable model fitted from

1987
0.358
0.005
0.217

-0.197
0.097
0.154

-0.118
0.041
0.337
0.122

-0.076
0.062

1.000

Variance
Skewness test statistic
Kurtosis test statistic
Partial chi-square :
Probability of chi-square :
Degrees of freedom :

PARAMETERS OF THE DISTRIBUTION

1988
1.182
-0.516
0.199
0.006
-0.130
0.058
-0.147
0.136
0.213
-0.040
0.075
0.096

1.000

log (Observed Catch)

1989
-2.059
-0.391

0.066
0.138
0.000
-0.035
-0.187
-0.010
-0.121
-0.387
-0.082
0.058

1.000

.

1990
-0.529
-0.042

0.221
-0.092
0.021
0.056
0.037
-0.073
-0.261
0.394
0.156
-0.030

1.000

1991
1.182
0.638
0.280
0177
0.042

-0.074
0.088
-0.060
0.043
0.275
0.052
0.160

1.000

1992
0.778
-0.285
-0.312
0.251
-0.025
0.072
0.051
-0.032
-0.090
0.010
-0.507
-0.203

1.000

OF 1n CATCHES AT

1986

-5.
18.

to 1995
.1321

2685
1734

.9725

OF THE SSB INDICES

.0000

41

DISTRIBUTION STATISTICS FOR 1n SSB INDEX

1

Index used as absolute measure of abundance.

Variance
Skewness test statistic
Kurtosis test statistic
Partial chi-square :
Probability of chi-square :
Number of observations
Degrees of freedom
Weight in the analysis

.0154

.6124
. 6349

.0044

.0000

4
4

.0000

82

log (Expected Catch),

1993
0.467
-0.198
-0.031
-0.189
-0.012
-0.119
-0.037
-0.110
-0.021
-0.016
0.332
0.035

1.000

AGE

1994
-0.329
-0.020

0.406
0.195
0.097
-0.236
0.305
0.108
-0.092
-0.161
0.000
0.058

1.000

1995
-1.179
-0.072
-0.211

0.047
0.293
-0.274
0.030
0.013
-0.098
0.065
-0.004
-0.328

1.000

and weights in
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Table 3.19

1984

.0437
.0266
.0643
.2065
L2142
.2445
.2282
.1102
.1639
.1646
.1707
.1880
.1880

Table 3.20

1984

7259.
1315.
1493.
3945.
2167.
1250.
518.
228.
441.
341.
258.
189.
435.

NEA mackerel ICA estimated fishing mortality at age.

1985

.0256
. 0492
.0205
.0531
.1888
.1969
.2346
.2075
.1263
.1713
.1759
.1671
.1671

1986

.0060
.0189
.0643
.0863
.1010
.1425
.1737
.2205
.2211
.1666
.1688
.1425
.1425

1987

.0070
.0220
.0747
.1003
L1173
.1656
.2018
.2562
.2569
.1936
.1961
.1656
.1656

1988

.0076
.0239
.0812
.1090
.1275
.1800
.2194
.2785
.2782
.2104
.2132
.1800
.1800

13989

.0062
.0253
.0676
.1145
.1463
.1643
.1597
.1766
.1910
.2363
.2145
L1971
.1971

1890

.0064
.0261
.0696
.1179
.1505
.1691
.1643
.1817
.1966
.2431
.2207
.2029
.2029

1991

.0069
.0280
.0747
.1266
.1616
.1815
.1764
.1951
L2111
.2611
.2370
.2178
.2178

1992

.0081
.0330
.0880
.1490
.1902
.2137
L2077
.2297
.2484
.3073
.2780
.2564
.2564

Nea mackerel ICA estimated population numbers at age

1985

3454.
5981.
1102.
1205.
2762.
1505.
842.
355.
176.
322.
249.
187.
677.

1986

3442.
2897.
4900.
929.
o84.
1968.
1064.
573.
248.
134.
234.
180.
638.

1987

5882.
2945.
2447.
3955.
734.
765.
1469.
770.
396.
171.
97.
170.
445.

1988

3910.
5036.
2480.
1954.
3079.
562.
558.
1033.
513.
264.
122.
69.
359.

1989

5127.
3340.
4232.
1968.
1508.
2333.
404.
386.
673.
334.
184.
85.
215.

1990

3000.
4385.
2803.
3404.
1510.
1122.
1704.
296.
278.
479.
227.
128.
163.

1991

3278.
2566.
3677.
2250.
2604.
1118.
815.
1244.
213.
197.
323.
157.
291.

1992

3764.
2802.
2148.
2937.
1706.
1907.
803.
588.
881.
148.
130.
219.
324.

1993

.0103
.0420
.1120
.1898
.2423
L2722
.2645
.2925
.3164
.3914
.3553
.3266
.3266

1994

.0103
.0418
L1115
.1888
L2411
.2708
.2632
.2911
.3148
.3895
.3535
.3249
.3249

(Millions).

1993

4626.
3214.
2334.
1693.
2178.
1214.
1326.
561.
402.
592.
94.
85.
263.

1994

2589.
3940.
2652.
1796.
1205.
1471.
796.
876.
361.
252.
344.
57.
222.

1995

.0100
.0408
.1088
.1842
.2353
.2642
.2568
.2840
.3072
.3800
.3450
.3171
L3171

1995

1592.
2206.
3253.
2042.
1280.
815.
966.
527.
563.
227.
147.
208.
157.

1996

3783.
1357.
1823.
2511.
1462.
870.
539.
643.
341.
357.
133.
90.
229.



Table3.21 NEA mackerel stock summary

STOCK SUMMARY

Year  Recruits Total B Spawn B  Landings Y1d/SSB Fbar 4-8

x1076 tonnes tonnes tonnes
1984 7259 3602984 2856140 648084 0.2269 0.192
1985 3454 3789347 2821708 614275 0.2177 0.191
1986 3442 3736146 2817671 602128 0.2137 0.172
1987 5892 3601752 2779065 654805 0.2356 0.200
1988 3910 3843553 2868859 676288 0.2357 0.217
1989 5127 3874316 2905725 585921 0.2016 0.168
1990 3000 3722432 2800990 625611 0.2234 0.172
1991 3278 4110730 3194544 667883 0.2091 0.185
1992 3764 4160868 3205899 760351 0.2372 0.218
1993 4626 3862868 2879113 825036 0.2866 0.278
1994 2589 3519970 2548935 827712 0.3247 0.276
1995 1592 3391522 2538097 756186 0.2979 0.270

84
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Mackerel in the North East Atlantic

The SAS System

Multi fleet prediction: Input data

1996 Western Southern International
Exploit.| Weight | Exploit.| Weight | Exploit.| Weight Stock Natural | Maturity|Prop.of F|Prop.of M| Weight
Age | pattern | in catch| pattern | in catch| pattern | in catch| size mortality| ogive |bef.spaw.]|bef.spaw.| in stock
0 0.0030 0.060 0.0070 0.065 0.0000 0.000( 3711.000 0.1500 0.0000 0.4000 0.4000 0.000
1 0.0370 0.137 0.0040 0.148 0.0000 0.000| 3163.000 0.1500 0.1400 0.4000 0.4000 0.084
2 0.1060 0.245 0.0020 0.217 0.0010 0.302{ 1823.000 0.1500 0.6500 0.4000 0.4000 0.184
3 0.1740 0.331 0.0050 0.290 0.0050 0.388| 2511.000 0.1500 0.9100 0.4000 0.4000 0.259
4 0.2210 0.386 0.0060 0.349 0.0080 0.453| 1462.000 0.1500 0.9700 0.4000 0.4000 0.313
5 0.2410 0.447 0.0070 0.383 0.0160 0.527| 870.000 0.1500 0.9700 0.4000 0.4000 0.370
6 0.2310 0.502 0.0090 0.422 0.0160 0.589| 539.000 0.1500 0.9900 0.4000 0.4000 0.423
7 0.2490 0.540 0.0140 0.459 0.0210 0.622| 643.000 0.1500 1.0000 0.4000 0.4000 0.470
8 0.2570 0.575 0.0190 0.491 0.0310 0.671| 341.000 0.1500 1.0000 0.4000 0.4000 0.480
9 0.3420 0.590 0.0210 0.518 0.0180 0.686| 357.000 0.1500 1.0000 0.4000 0.4000 0.501
10 0.3000 0.613 0.0210 0.528 0.0240 0.702 133.000 0.1500 1.0000 0.4000 0.4000 0.525
11 0.2920 0.656 0.0190 0.552 0.0070 0.704 90.000 0.1500 1.0000 0.4000 0.4000 0.602
12+ 0.2790 0.683 0.0250 0.644 0.0130 0.812| 229.000 0.1500 1.0000 0.4000| 0.4000 0.596
unit - Kilograms - Kilograms - Kilograms| Millions - - - - Kilograms
1997 Western Southern International
Exploit.| Weight | Exploit.| Weight | Exploit.| Weight | Recruit-| Natural | Maturity|Prop.of F|Prop.of M| Weight
Age | pattern | in catch| pattern | in catch| pattern | in catch ment [mortality|[ ogive [bef.spaw.[bef.spaw.| in stock
4] 0.0030 0.060 0.0070 0.065 0.0000 0.000| 3711.000 0.1500 0.0000 0.4000 0.4000 0.000
1 0.0370 0.137 0.0040 0.148 0.0000 0.000 . 0.1500 0.1400 0.4000 0.4000 0.084
2 0.1060 0.245 0.0020 0.217 0.0010 0.302 0.1500 0.6500 0.4000 0.4000 0.184
3 0.1740 0.331 0.0050 0.290 0.0050 0.388 0.1500 0.9100 0.4000 0.4000 0.259
4 0.2210 0.386 0.0060 0.349 0.0080 0.453 . 0.1500 0.9700 0.4000 0.4000 0.313
5 0.2410 0.447 0.0070 0.383 0.0160 0.527 . 0.1500 0.9700 0.4000 0.4000 0.370
6 0.2310 0.502 0.0090 0.422 0.0160 0.589 . 0.1500 0.9900 0.4000 0.4000 0.423
7 0.2490 0.540 0.0140 0.459 0.0210 0.622 0.1500 1.0000 0.4000 0.4000 0.470
8 0.2570 0.575 0.0190 0.491 0.0310 0.671 0.1500 1.0000 0.4000 0.4000 0.480
9 0.3420 0.590 0.0210|° 0.518 0.0180 0.686 N 0.1500 1.0000 0.4000 0.4000 0.501
10 0.3000 0.613 0.0210 0.528 0.0240 0.702 0.1500 1.0000 0.4000 0.4000 0.525
11 0.2920 0.656 0.0190 0.552 0.0070 0.704 0.1500 1.0000 0.4000 0.4000 0.602
12+ 0.2790 0.683 0.0250 0.644 0.0130 0.812 . 0.1500 1.0000 0.4000 0.4000 0.596
Unit - Kilograms - Kilograms - Kilograms| Millions - - = - Kilograms
(cont.)
Table322 Mackerel in the North East Atlantic multifleet prediction input data.

21:25 Wednesday, August 21, 1996
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Mackerel in the North East Atlantic

The SAS System

Multi fleet prediction: Input data

(cont.)
1998 Western Southern International
Exploit.| Weight | Exploit.| Weight | Exploit.| Weight | Recruit-| Natural | Maturity|Prop.of F|Prop.of M| Weight

Age | pattern | in catch| pattern | in catch| pattern | in catch ment Imortality| ogive |bef.spaw.|bef.spaw.| in stock
0 0.0030 0.060 0.0070 0.065 0.0000 0.000} 3711.000 0.1500 0.0000 0.4000 0.4000 0.000
1 0.0370 0.137 0.0040 0.148 0.0000 0.000 . 0.1500 0.1400 0.4000 0.4000 0.084
2 0.1060 0.245 0.0020 0.217 0.0010 0.302 0.1500 0.6500 0.4000 0.4000 0.184
3 0.1740 0.331 0.0050 0.290 0.0050 0.388 0.1500 0.9100 0.4000 0.4000 0.259
4 0.2210 0.386 0.0060 0.349 0.0080 0.453 0.1500 0.9700 0.4000 0.4000 0.313
5 0.2410 0.447 0.0070 0.383 0.0160 0.527 0.1500 0.9700 0.4000 0.4000 0.370
6 0.2310 0.502 0.0090 0.422 0.0160 0.589 . 0.1500 0.9900 0.4000 0.4000 0.423
7 0.2490 0.540 0.0140 0.459 0.0210 0.622 . 0.1500 1.0000 0.4000 0.4000 0.470
8 0.2570 0.575 0.0190 0.491 0.0310 0.671 0.1500 1.0000 0.4000 0.4000 0.480
9 0.3420 0.590 0.0210 0.518 0.0180 0.686 0.1500 1.0000 0.4000 0.4000 0.501
10 0.3000 0.613 0.0210 0.528 0.0240 0.702 0.1500 1.0000 0.4000 0.4000 0.525
1" 0.2920 0.656 0.0190 0.552 0.0070 0.704 0.1500 1.0000 0.4000 0.4000 0.602
12+ 0.2790 0.683 0.0250 0.644 0.0130 0.812 0.1500 1.0000 0.4000 0.4000 0.596

unit - Kilograms - Kilograms - Kilograms| Millions - - - - Kilograms

Notes: Run name : SPRCDDO1

Date and time: 21AUG96:21:26
Table 3.22 (Cont’d) Mackerel

in the North East Atlantic multifleet prediction input data.

21:25 Wednesday, August 21, 1996
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Mackerel in the North East Atlantic

The SAS System

Multi fleet prediction: Summary table

Western Southern International
Year F Reference| Catch in| Catch in F Reference| Catch in| Catch in F Reference| Catch in| Catch in
Factor F numbers | weight Factor F numbers | weight Factor F numbers | weight
1996 1.0000 0.2398] 1599159 645899 1.0000 0.0110 92125 26972 1.0000 0.0184 70298 39186
1997 1.0000 0.2398 1533184 609439 1.0000 0.0110 87666 25003 1.0000 0.0184 66821 37372
1998 1.0000 0.2398| 1504727 591158 1.0000 0.0110 85351 23653 1.0000 0.0184 63190 34761
unit - - Thousands| Tonnes - - Thousands| Tonnes - - Thousands| Tonnes
Total 1 January Spawning time
Year | Catch in| Catch in| Stock Stock Sp.stock| Sp.stock| Sp.stock| Sp.stock
numbers | weight size biomass size biomass size biomass

1996 1761583 712057 | 15872000 3165318 8501430| 2735011 7349259| 2337063

1997 1687671 671813 15743874| 3041292| 8182552| 2581103| 7087402| 2208086

1998 1653268 649552 15701829| 2988762 8101858 2518931 7029390| 2158267

Unit {Thousands| Tonnes |Thousands| Tonnes |Thousands| Tonnes |Thousands| Tonnes
Notes: Run name : SPRCDDO1

Date and time

Computation of ref. F:

Prediction basis

: 21AUG96:21:26

Western:
Southern:

Simple mean, age 4 - 8
Simple mean, age 4 - 8

International: Simple mean, age 4 - 8
: F factors

21:25 Wednesday, August 21, 1996

Table3.23 Myltifleet prediction summary table for the Mackerel in the North East Atlantic,
1997 and 1998

assuming status quo F

(F95)

in 1996,



Mackerel in the North East Atlantic

The SAS

Multi fleet prediction: Summary table

v

System

21:25 Wednesday, August 21, 1996

Western Southern International
Year F Reference| Catch in| Catch in F Reference| Catch in| Catch in F Reference| Catch in| Catch in
Factor F numbers | weight Factor F numbers | weight Factor F numbers | weight
1996 0.6759 0.1621] 1118014 453449 0.6759 0.0074 63902 18933 0.6759 0.0124 49466 27618
1997 0.6676 0.1601] 1122113 453099 0.6676 0.0073 62882 18642 0.6676 0.0123 50216 28259
1998 0.6511 0.1561] 1123569 454195 0.6511 0.0072 62002 18329 0.6511 0.0120 49366 27476
unit - - Thousands Tonnes - - Thousands| Tonnes - - Thousands| Tonnes
Total 1 January Spawning time
Year | Catch in{ Catch in| Stock Stock Sp.stock| Sp.stock| Sp.stock| Sp.stock
numbers | weight size biomass size biomass size biomass
1996 1231381 500000 15872000| 3165318| 8501430( 2735011| 7555258! 2411675
1997 1235211 500000] 16232953 3225543 8639824 2759049| 7688338( 2435301
1998 1234937 500000 16540046 3318569| 8896594 2839264| 7931160( 2511004
Unit |Thousands| Tonnes |Thousands| Tonnes |Thousands| Tonnes {Thousands| Tonnes
0
[~-]
Notes: Run name : SPRCDDO1

Date and time

Computation of ref. F: Western:
Southern:

Prediction basis

: 21AUG96:21:26

Simple mean, age 4 - 8

Simple mean, age 4 - 8

International: Simple mean, age 4 - 8
: TAC constraints

Table 324 Multifleet prediction summary table for the Mackerel in the North East Atlantic,
assuming a TAC constraint catch of 500,000 tonnes in 1996, 1997 and 1998




’ The SAS System
Mackerel in the North East Atlantic

Multi fleet prediction: Summary table

Western Southern International
Year F Reference| Catch in| Catch in F Reference| Catch in| Catch in F Reference| Catch in| Catch in
Factor F numbers | weight Factor F numbers | weight Factor F numbers | weight

1996 0.6335 0.1519| 1048214 424987 1.0744 0.0118 101521 30074 1.1043 0.0203 80776 45083
1997 0.5600 0.1343 952541 385041 0.5600 0.0062 53184 15822 0.5600 0.0103 42711 24035
1998 0.5600 0.1343 994937 404170 0.5600 0.0062 54560 16314 0.5600 0.0103 44075 24573

Unit - - Thousands| Tonnes - - Thousands| Tonnes - - Thousands| Tonnes
Total 1 January Spawning time
Year | Catch in| Catch in| Stock Stock Sp.stock| Sp.stock| Sp.stock| Sp.stock
numbers | weight size biomass size biomass size biomass

1996 1230511 500144 15872000f 3165318( 8501430{ 2735011 7558377 2411824
1997 1048436 424898| 16233749 3226572f B64T165]| 2760478| 7765285| 2462146
1998 1093573 445057 16713246| 3385058) 9060738 2903824 8137898 2590332

68

Unit [Thousands| Tonnes |Thousands| Tonnes |Thousands| Tonnes |Thousands| Tonnes

Notes: Run name : SPRCDDO1
Date and time : 03SEP96:18:48
Computation of ref. F: Western: Simple mean, age 4 - 8
Southern: Simple mean, age 4 - 8
International: Simple mean, age 4 - 8
Prediction basis : F factors

Table3.25 M) tifleet prediction summary table for the Mackerel in the North Easlt Atlantic,
assuming a TAC constraint of 500,000 tonnes in 1996 and F=0.15 in 1997 and 1998.



Table3.26 Multiflect management option table for the Mackerel in Lhe North East Atlantic,
assuming a TAC constraint of 500,000 tonnes in 1996 and status quo F for Lhe
Southern and International areas.

Multi fleet prediction with mangement option table

Year: 1996
Western Southern International Total
F Reference| Catch in F Reference| Catch in F Reference| Catch in| Catch in| Stock Sp.stock
Factor F weight Factor F weight Factor F weight weight biomass | biomass

0.6335 0.1519 425000 1.0744 0.0118 30074 1.1043 0.0203 45083 500157| 3165318 2411820

06

- - Tonnes - - Tonnes - - Tonnes Tonnes Tonnes Tonnes
Year: 1997 Year: 1998
Western Southern International Total
F Reference| Catch in F Reference| Catch in F Reference| Catch in| Catch in| Stock Sp.stock|{ Stock Sp.stock
Factor F weight Factor F weight Factor F weight weight biomass | biomass | biomass | biomass
0.0000 0.0000 0 1.0000 0.0110 29834 1.0000 0.0184 45573 75406 3226561 2576456| 3694018] 2989854
0.1000 0.0240 71912 1.0000 0.0110 29511 1.0000 0.0184 45030 146453 .| 2553836)] 3631443 2907428
0.2000 0.0480 142262 1.0000 0.0110 29193 1.0000 0.0184 44497 215951 .| 2531429) 3570244) 2827585
0.3000 0.0719 211086 1.0000 0.0110 28881 1.0000 0.0184 43972 283938 .| 2509234| 3510386| 2750240
0.4000 0.0959 278421 1.0000 0.0110 28574 1.0000 0.0184 43455 350450 .| 2487247{ 3451839] 2675309
0.5000 0.1199 344301 1.0000 0.0110 28272 1.0000 0.0184 42948 415521 .| 2465468 3394571 2602712
0.6000 0.1439 408761 1.0000 0.0110 27975 1.0000 0.0184 42448 479185 .| 2443894 3338552| 2532370
0.7000 0.1679 471835 1.0000 0.0110 27683 1.0000 0.0184 41957 541475 .| 26422523 3283752| 2464211
0.8000 0.1918 533555 1.0000 0.0110 27396 1.0000 0.0184 41474 602425 .| 2401353 3230142 2398160
0.9000 0.2158 593953 1.0000 0.0110 27113 1.0000 0.0184 40998 662064 .| 2380382| 3177695| 2334148
1.0000 0.2398 653060 1.0000 0.0110 26835 1.0000 0.0184 40530 720425 .| 2359608 3126382| 2272107
1.1000 0.2638 710905 1.0000 0.0110 26562 1.0000 0.0184 40070 777537 .| 2339030 3076176| 2211973
1.2000 0.2878 767520 1.0000 0.0110 26293 1.0000 0.0184 39617 833430 .| 23186441 3027053 2153683
1.3000 0.3117 822931 1.0000 0.0110 26029 1.0000 0.0184 39171 888131 .| 2298450| 2978986( 2097176
1.4000 0.3357 877168 1.0000 0.0110 25768 1.0000 0.0184 38733 941669 .| 2278446] 2931950( 2042393
1.5000 0.3597 930258 1.0000 0.0110 25512 1.0000 0.0184 38301 994071 .| 2258629 2885922 1989278
1.6000 0.3837 982227 1.0000 0.0110 25260 1.0000 0.0184 37876 1045364 .| 2238998| 2840877 1937776
1.7000 0.4077| 1033102 1.0000 0.0110 25013 1.0000 0.0184 37458 1095573 .| 2219550 2796793| 1887835
1.8000 0.4316| 1082908 1.0000 0.0110 24769 1.0000 0.0184 370471 1144723 .| 2200285] 2753647 1839402
1.9000 0.4556] 1131669 1.0000 0.0110 24528 1.0000 0.0184 36642 1192839 .| 2181201 2711417 1792430
2.0000 0.4796| 1179411 1.0000 0.0110 24292 1.0000 0.0184 36243 1239946 .| 2162294 2670081 1746871
- - Tonnes - - Tonnes - - Tonnes Tonnes Tonnes Tonnes Tonnes Tonnes
Notes: Run name : MANCDDOZ2
Date and time : 03SEP96:18:38
Computation of ref. F: Western: Simple mean, age 4 - 8
Southern: Simple mean, age 4 - 8
International: Simple mean, age 4 - 8

Basis for 1996 : F factors




Table 3.27 Multifleet managemenl option lLable for the Mackerel in the North Bast Allanlic,
assuming a TAC constraint of 500,000 tonnes in 1996 and status quo I for "Lhe
Internaltional area.

Multi fleet prediction with mangement option table

Year: 1996
Western Southern International Total
F Reference| Catch in F Reference| Catch in F Reference| Catch in| Catch in| Stock Sp.stock
Factor F weight Factor F weight Factor F weight weight biomass | biomass
0.6335 0.1519 425000 1.0744 0.0118 30074 1.1043 0.0203 45083 500157 3165318 2411820
- - Tonnes - - Tonnes - - Tonnes Tonnes Tonnes Tonnes
Year: 1997 Year: 1998
Western Southern International Total
F Reference| Catch in F Reference| Catch in F Reference| Catch in| Catch in| Stock Sp.stock| Stock Sp.stock
Factor F weight Factor F weight Factor F weight weight biomass | biomass | biomass | biomass
' 0.0000 0.0000 0 0.0000 0.0000 0 1.0000 0.0184 45856 45856 3226561| 2586607 3723651 3027028
2 0.1000 0.0240 72242 0.1000 0.0011 2968 1.0000 0.0184 45280 120491 .| 2562877 3657520f 2939739
0.2000 0.0480 142839 0.2000 0.0022 5868 1.0000 0.0184 44715 193422 .| 2539382 3592909 2855326
0.3000 0.0719 211830 0.3000 0.0033 8702 1.0000 0.0184 44160 264692 .| 2516120 3529781 2773687
0.4000 0.0959 279256 0.4000 0.0044 11472 1.0000 0.0184, 43614 334342 .| 2493089| 3468097 2694724
0.5000 0.1199 345157 0.5000 0.0055 14180 1.0000 0.0184 43077 402414 .| 2470286| 3407823| 2618343
0.6000 0.1439 409569 0.6000 0.0066 16826 1.0000 0.0184 42550 468945 .| 2647708 3348922| 2544453
0.7000 0.1679 472530 0.7000 0.0077 19414 1.0000 0.0184 42032 533976 .| 2425354 3291361| 2472967
0.8000 0.1918 534076 0.8000 0.0088 21943 1.0000 0.0184 41523 597541 .| 2403221| 3235105 2403801
0.9000 0.2158 594241 0.9000 0.0099 24417 1.0000 0.0184 41022 659680 .| 2381306| 3180123 2336874
1.0000 0.2398 653060 1.0000 0.0110 26835 1.0000 0.0184 40530 720425 .| 2359608 3126382| 2272107
1.1000 0.2638 710565 1.1000 0.0121 29201 1.0000 0.0184 40046 779813 .| 2338124| 3073851 2209426
1.2000 0.2878 766790 1.2000 0.0132 31515 1.0000 0.0184 39571 837876 .| 2316853] 3022502| 2148757
1.3000 0.3117 821766 1.3000 0.0143 33778 1.0000 0.0184 39104 894647 .| 2295790| 2972303| 2090032
1.4000 0.3357 875523 1.4000 0.0154 35992 1.0000 0.0184 38644 950158 .| 2274936| 2923227 2033182
1.5000 0.3597 928091 1.5000 0.0165 38158 1.0000 0.0184 38192} 1004441 .1 2254287| 2875247 1978144
1.6000 0.3837 979499 1.6000 0.0176 40277 1.0000 0.0184 37748 1057524 .| 2233841| 2828334 1924853
1.7000 0.4077| 1029776 1.7000 0.0187 42351 1.0000 0.0184 37311 1109438 .| 2213596| 2782463 1873251
1.8000 0.4316| 1078949 1.8000 0.0198 44381 1.0000 0.0184 36881 1160211 .| 2193550| 2737608| 1823279
1.9000 0.4556] 1127045 1.9000 0.0209 46368 1.0000 0.0184 36459 1209872 .| 2173702 2693743| 1774881
2.0000 0.4796] 1174090 2.0000 0.0220 48312 1.0000 0.0184 36043 1258446 .| 2154048] 2650846f 1728003
- - Tonnes - - Tonnes - - Tonnes Tonnes Tonnes Tonnes Tonnes Tonnes
Notes: Run name : MANCDDO2
Date and time : 03SEP96:18:38
Computation of ref. F: Western: Simple mean, age 4 - 8
Southern: Simple mean, age 4 - 8
International: Simple mean, age 4 - 8

Basis for 1996 : F factors




Table3.28 MultLitleelt management option table for the Mackerel in the North East Atlantic,
assuming a TAC constraint of 500,000 tonnes in 1996.

Multi fleet prediction with mangement option table

f

Year: 1996
Western Southern International Total
F Reference| Catch in F Reference| Catch in F Reference| Catch in| Catch in| Stock Sp.stock
Factor F weight Factor F weight Factor F weight weight biomass | biomass

0.6335 0.1519 425000 1.0744 0.0118 30074 1.1043 0.0203 45083 500157| 3165318| 2411820

4

- - Tonnes - - Tonnes - - Tonnes Tonnes Tonnes Tonnes
Year: 1997 Year: 1998
Western Southern International Total
F Reference| Catch in F Reference| Catch in F Reference| Catch in{ Catch in| Stock Sp.stock| Stock Sp.stock
Factor F weight Factor F Wweight Factor F weight weight biomass | biomass | biomass | biomass
0.0000 0.0000 0 0.0000 0.0000 0 0.0000 0.0000 0 0] 3226561| 2599710 3757269| 3073599
0.1000 0.0240 72663 0.1000 0.0011 2987 0.1000 0.0018 4563 80213 .| 2574542} 3686973 2980106
0.2000 0.0480 143573 0.2000 0.0022 5901 0.2000 0.0037 9005 158478 .| 2549639 3618397| 2889884
0.3000 0.0719 212776 0.3000 0.0033 8745 0.3000 0.0055 13328 234848 .| 2524998 3551492| 2802811
0.4000 0.0959 280318 0.4000 0.0044 11520 0.4000 0.0074 17535 309373 .| 2500616| 3486215 2718769
0.5000 0.1199 346243 0.5000 0.0055 14228 0.5000 0.0092 21630 382102 .| 2476490 3422522 2637644
0.6000 0.1439 410593 0.6000 0.0066 16872 0.6000 0.0110 25616 453082 .| 2452618 3360371 2559328
0.7000 0.1679 473410 0.7000 0.0077} 19453 0.7000 0.0129 29496 522360 .| 2428997 3299721| 2483715
0.8000 0.1918 534735 0.8000 0.0088 21973 0.8000 0.0147 33274 589981 .| 2405623 3240532 2410704
0.9000 0.2158 594605 0.9000 0.0099 24433 0.9000 0.0166 36951 655988 .| 2382494 3182764 2340199
1.0000 0.2398 653060 1.0000 0.0110 26835 1.0000 0.0184 40530 720425 .| 2359608 3126382 2272107
1.1000 0.2638 710136 1.1000 0.0121 29182 1.1000 0.0202 44015 783333 .| 2336962 3071346| 2206339
1.2000 0.2878 765869 1.2000 0.0132 31474 1.2000 0.0221 47408 844751 .| 2314553 3017623 2142808
1.3000 0.3117 820295 1.3000 0.0143 33713 1.3000 0.0239 50711 904719 .| 2292378| 2965178| 2081433
1.4000 0.3357 873448 1.4000 0.0154 35900 1.4000 0.0258 53928 963275 .| 2270435 2913976( 2022133
1.5000 0.3597 925360 1.5000 0.0165 38037 1.5000 0.0276 57059| 1020456 .| 2248721 2863985| 1964832
1.6000 0.3837 976064 1.6000 0.0176 40125 1.6000 0.0294 60109| 1076298 .| 22272341 2815173 1909458
1.7000 0.4077{ 1025591 1.7000 0.0187 42166 1.7000 0.0313 63078| 1130836 .| 2205971 2767510f 1855940
1.8000 0.4316] 1073972 1.8000 0.0198 44161 1.8000 0.0331 65970 1184103 .| 2184930 2720965| 1804209
1.9000 0.4556( 1121236 1.9000 0.0209 46111 1.9000 0.0350 68785| 1236133 .| 2164108] 2675509 1754201
2.0000 0.4796| 1167412 2.0000 0.0220 48018 2.0000 0.0368 71528| 1286958 .| 2143503 2631113| 1705853
- - Tonnes - - Tonnes - - Tonnes Tonnes Tonnes Tonnes Tonnes Tonnes
Notes: Run name : MANCDDO02
Date and time : 03SEP96:18:38

Computation of ref. F: Western: Simple mean, age 4 - 8

Southern: Simple mean, age 4 - 8

International: Simple mean, age 4 - 8

Basis for 1996 : F factors




£6

Mackerel in the North East Atlantic

Multi fleet yield per recruit: Summary table

The SAS System

22:44 Vednesday, August 21, 1996

Western Southern International Total 1 January Spawning time
F Reference| Catch in F Reference| Catch in F Reference| Catch in| Catch in[ Stock Stock Sp.stock| Sp.stock| Sp.stock| Sp.stock
Factor F weight Factor F weight Factor F weight weight size biomass size biomass size biomass
0.0000 0.0000 0.000 0.0000 0.0000 0.000 0.0000 0.0000 0.000 0.000 7.179| 2271.822 5.088] 2134.868 4.791] 2010.543
0.2000 0.0480 79.573 0.2000 0.0022 4.047 0.2000 0.0037 6.179 89.799 5.938| 1604.879 3.856| 1470.186 3.561| 1354.536
0.4000 0.0959( 116.230 0.4000 0.0044 5.347 0.4000 0.0074 8.689 130.267 5.249| 1255.441 3.175( 1122.862 2.882| 1014.153
0.6000 0.1439| 135.816 0.6000 0.0066 5.780 0.6000 0.0110 9.620] 151.216 4.802| 1041.394 2.736] 910.796 2.445| 807.779
0.8000 0.1918| 147.253 0.8000 0.0088 5.909 0.8000 0.0147 9.812| 162.974 4.483| 896.741 2.425| 768.007 2.136| 669.763
1.0000 0.2398( 154.299 1.0000 0.0110 5.933 1.0000 0.0184 9.649( 169.881 4.241 792.164 2.191| 665.188 1.903| 571.022
1.2000 0.2878( 158.766 1.2000 0.0132 5.925 1.2000 0.0221 9.322| 174.013 4.049| 712.786 2.006| 587.472 1.720| 496.847
1.4000 0.3357( 161.616 1.4000 0.0154 5.915 1.4000 0.0258 8.926( 176.456 3.891| 650.294 1.856] 526.555 1.572] 439.048
1.6000 0.3837| 163.400 1.6000 0.0176 5.913 1.6000 0.0294 8.509( 177.822 3.759| 599.691 1.731| 477.450 1.449| 392.719
1.8000 0.4316| 164.455 1.8000 0.0198 5.924 1.8000 0.0331 8.097| 178.475 3.646| 557.793 1.625| 436.977 1.345| 354.746
2.0000 0.4796| 164.996 2.0000 0.0220 5.948 2.0000 0.0368 7.700( 178.645 3.548| 522.472 1.533| 403.016 1.255| 323.053
2.2000 0.5276| 165.169 2.2000 0.0242 5.984 2.2000 0.0405 7.326| 178.478 3.462| 492.247 1.453] 374.093 1.177| 296.204
2.4000 0.5755; 165.070 2.4000 0.0264 6.031 2.4000 0.0442 6.975| 178.076 3.385] 466.057 1.382] 349.151 1.108) 273.172
2.6000 0.6235| 164.771 2.6000 0.0286 6.087 2.6000 0.0478 6.648| 177.506 3.316| 443.120 1.319) 327.410 1.047| 253.200
2.8000 0.6714 164.323 2.8000 0.0308 6.151 2.8000 0.0515 6.344 176.817 3.253( 422.842 1.263| 308.285 0.992( 235.721
3.0000 0.71941 163.761 3.0000 0.0330 6.221 3.0000 0.0552 6.061| 176.043 3.197| 404.770 1.212) 291.322 0.943] 220.298
3.2000 0.76741 163.114 3.2000 0.0352 6.298 3.2000 0.0589 5.799| 175.210 3.145| 388.546 1.165] 276.169 0.898| 206.591
3.4000 0.8153] 162.403 3.4000 0.0374 6.378 3.4000 0.0626 5.555| 174.337 3.097) 373.888 1.122] 262.546 0.858]| 194.332
3.6000 0.8633| 161.644 3.6000 0.0396 6.463 3.6000 0.0662 5.328| 173.435 3.052| 360.568 1.083} 250.227 0.820f 183.303
3.8000 0.9112] 160.849 3.8000 0.0418 6.551 3.8000 0.0699 5.117( 172.517 3.011| 348.401 1.047| 239.030 0.786| 173.330
4.0000 0.9592( 160.027 4.0000 0.0440 6.642 4.0000 0.0736 4.920f 171.590 2.972| 337.233 1.014| 228.803 0.754| 164.269
- - Grams - - Grams - - Grams Grams Numbers Grams Numbers Grams Numbers Grams
Notes: Run name : YLDCDDO1
Date and time : 21AUGD6:22:45

Computation of ref. F: Western: Simple mean, age 4 - 8

Southern: Simple mean, age 4 - 8

8

Recruitment

International: Simple mean, age 4 -
Single recruit

Table3.29 Multifleet yield per recruit table for the Mackerel in the North East Atlantic.
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The sum of squares surface for the ICA fit to the Western mackerel.
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Figure 3.3 The catch at age residuals and selection at age as fitted by ICA
to the Western mackerel data.
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Figure 3.5a,b,c,d,e
a)
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A comparison between the XSA and ICA assessments of the Western Mackerel
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| Figure 3.6 Western Mackerel. Biomass estimates from egg surveys and from three
ipopulation models. 'TEC', biomass-dynamic model using estimates of mortality from
‘Norwegian tag returns, egg survey estimates of biomass, and reported catches. 'EC',
]biomass-dynamic model using egg survey estimates and catches only. ICA, Working
]Group's conventional age-structured model.
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Figure 3.7 Western Mackerel. Comparison of stock assessment calculations made using the Working

Group’s age-structured assessment model, using either the traditional egg production
estimates (as absolute measures of stock size), or the estimates of stock size derived by
Augustin et al. (WD, 1996) using a generalised additive modelling (GAM) approach (Table
2.1). The GAM estimates were tested as either absolute or linear proportional estimates of
stock size.
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Figure 3.8 The sum of squares surface for the ICA fit to the North
East Atlantic mackerel.
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Figure 3.9 The long term trends in stock parameters for the North
East Atlantic mackerel.
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Figure 3.10 The catch at age residuals and selection at age as fitted
by ICA fit to the North East Atlantic mackerel data.
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Figure 3.11 The diagnostics for the egg production index as fitted by
ICA to the North East Atlantic mackerel data.
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Figure 3.13 A comparison between the NEA mackerel SSB
estimates derived from the ICA fits for 1995 and 1996
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Figure 3.14 The medium term projection results for a constant TAC
option of a catch equivalent to that taken in 1995 from

the North East Atlantic mackerel.
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Figure 3

.15 The medium term projection results for a constant TAC

option of a catch of 500,000t from the North East Atlantic
mackerel.
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Figure 3.16 The medium term projection results for a constant F option
F = F 1995 for the North East Atlantic mackerel.
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Figure 3.17 The medium term projection results for a constant F option
F = F 1996, the fishing mortality required to achieve a
catch of 500,000t, for the North East Atlantic mackerel.
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Figure 3.18 The medium term projection results for a constant F option
F = 0.15 for the North East Atlantic mackerel.
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Figure 3.20 The Western mackerel stock-recruitment relationship
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4 HORSE MACKEREL - GENERAL
4.1 Stock Units

In recent years the Working Group has considered the horse mackerel in the north east Atlantic as separated into
three stocks, the North Sea, the Southern and the Western stock (Anon. 1990/Assess:24; Anon. 1991/Assess:22).
However, there is no well established biological basis for this. This separation is based on the observed egg
distribution combined with the location and time of the different fisheries in recent years. In particular data from
the western egg survey in 1992 and 1995 (Anon. 1993, Anon. 1996) indicate that it might be difficult to
determine a realistic border between a western and southern spawning area. In 1994 horse mackerel were tagged
in Portuguese and Spanish waters. However, so far no tags have been recovered (Borges and Porteiro pers.
comm.).

The 1982 year class is the strongest in all three stock units, while other year classes seem to be represented
differently in the catches (Figures 5.1, 6.1 and 7.1). The proportion of the 1982 year class in the 1995 western
catches is high compared with the North Sea area and also with the southern area where the proportion is lowest.
The 1987 year class is the second strongest year class in the western area, while in the North Sea area and the
southern area the 1986 year class seems to be more abundant than the 1987 year class.

There is no new information on which to base a change in the stock-separation used previously, Therefore the
Working Group considers the horse mackerel in the northeast Atlantic to consist of three units, Southern, Western
and North Sea horse mackerel. However, it should be noted that there are no other data than the egg surveys and catch
distributions on which to base this separation.

4.2 Spawning Stock Biomass Estimates from Egg Surveys
4.2.1 North Sea area

No egg surveys covering the spawning of horse mackerel have been carried out since 1991 and none are
currently planned for the future.

4.2.2 Western area

Two alternative egg production estimates from the 1995 surveys were provided by the MHMEP Working Group
(Anon. 1996/H:2), one based on the sampled area in 1995 and the other on the rectangles sampled within the
standard area surveyed in 1992. These estimates were also based on different start and end times of spawning.
The egg production estimate (1.226 x10"” eggs; S.E. 0.205 x 1015), based on the area surveyed in 1995 and the
new observed start and end times for production, were used by this Working Group (see comments in section
22.2).

The new estimates of both fecundity (1577 eggs /g female) and atresia (3.4%), obtained from combining the
data from the 1989, 1992 and 1995 surveys, were used in the calculation of SSB for 1995. The traditional
method estimate of SSB for 1995 was 1.71 x 10° tonnes. The previous survey estimates, going back to 1977,
were also adjusted using the new fecundity and atresia values. The historic data series is given in Table 2.1.
which includes estimates of egg production obtained by the use of a Generalized Additive Modelling method.

4.2.3 Southern area

This was the first series of surveys carried out in the southern area for the Annual Egg Production Method
(Anon. 1996/H:2). Total seasonal production of eggs, calculated on the observed period productions and with
the observed start and end times was 175.383 x 10" eggs (S.E. 9.47 x 10"). The alternative egg production, not
used by the WG and based on an interpolated production for period 2, was 172.744 x 10'? eggs (S.E. 7.99 x
10'%). The fecundity, estimated during the 1995 surveys, was 1,526 eggs /g female (S.E. 44). A value of 7.7%
atresia (S.E. 1.5) was calculated in 1995. The annual potential fecundity corrected for atresia and used in the
estimate of SSB was 1,408 eggs /g female (S.E. 46).

The spawning stock biomass estimate for horse mackerel in the southern area in 1995 was 261,000 tonnes.
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4.3 Allocation of Catches to Stock

ACFM in its November meeting asked this Working Group to reevaluate the distribution of the North Sea stock and in
particular to advice on whether the eastern part of Division IIla still needs to be kept within the stock distribution area.
Based on the assumed migration pattern of westen horse mackerel the stock enters Division IVa the third quarter
and leaves back to western area late in the fourth quarter. Since 1990 the Danish, Norwegian and Swedish
catches in the Division IIla the third and fourth quarter have been allocated to the western stock. The catches in
this area since 1990 have been distributed both spatially (western part of Division IIla) and temporally (third and
fourth quarter) closer to the catches in Division [Va than the catches in Divisions IVb,c. Therefore these catches
has been allocated to the Western stock. In 1995 only 240 t were reported caught in Division IIla in the second,
third and fourth quarter. The catches from the second quarter (112 t) were allocated to the North Sea stock.
There are no information were these catches were taken in Division Illa. The catches from the third quarter (29
t) might as well be allocated to the North Sea stock (Figure 4.2¢).

Until new and more extensive data than the present information are available the Working Group is unable to
evaluate the question raised by ACFM more precisely.

The spatial and temporal distribution in the fishery in 1995 (Figure 4.2a—d) remained unchanged from previous
years. Therefore the Working Group allocated the catches in 1995 to the different stocks as in recent years:

Western stock (Divisions IIa, western part of [IIa, Vb, IVa, VIa, VIla-c.e-k and VIIIa,b,d,e)

North Sea stock (Divisions IVb,c and VIId and eastern part of Division I1Ia)

Southern stock (Division VIIIc and IXa)

The catches by stock are given in Table 4.1 and Figure 4.1.
4.4 Species Mixing

The set TAC for horse mackerel should only apply Trachurus trachurus and according to the Working Group
recommendation (Anon. 1996), special care was again taken to ensure that catch and length distributions and
numbers at age of T. trachurus supplied to the Working Group did not include T. mediterraneus and T.
picturatus. Spain provided data on 7. mediterraneus and Portugal on T. picturatus.

In Divisions VIIIa,b and Sub-division VIIIc East, the total catch of T. mediterraneus was 6,856 t in 1995. In
Division VIIIab the figure has increased with respect to 1994, remaining at the mean level for the period 1991-
1994, and in Sub-division VIIc East it has increased with respect to 1994, remaining at the mean level for the
period 1989-1995 (Table 4.2).

In both areas, more than 95% of the catches were obtained by purse seiners as in previous years. Although the T.
mediterraneus fishery took place throughout the year, the main catches were taken in the second half of the year,
mainly in autumn (Table 4.3), when the T. trachurus catches were lowest. 7. mediterraneus catches were lowest
in spring.

Catches and length distributions of 7. mediterraneus in the Spanish fishery in Divisions VIIIa,b and ¢ were
reported separately from the catches and length distributions of 7. trachurus.

A fishery for T. picturatus only occurred in the southern part of Division 1Xa, as in previous years. Data on T.
picturatus in the Portuguese fishery for the period 1986-1994 are given in Table 4.4. Catches and length
distributions for the Portuguese fishery of T. trachurus in Division IXa do not include data for T picturatus.

As there is information available on the amounts and distribution of catches of 7. mediterraneus and T.
picturatus for at least seven years (Anon. 1990, 1991, 1992, 1993, 1995 and 1996), and as the evaluations and
assessments are only made for 7. trachurus, the Working Group recommends that the TACs and any other
management regulations which might be established in the future should be related only to 7. trachurus and not
to T trachurus spp. in general, as is the case at present . It would then be appropriate to set TACs for the other
species as well.
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4.5 The Fishery in 1995

The total international catches of horse mackerel in the North East Atlantic are shown in Table 4.5 and Figure
4.1. The total catch taken from all areas in 1995 is 75,000 tons larger than the record high catch of 504,000 tons
in 1993. Ireland, Denmark and the Netherlands have a directed trawl fishery for horse mackerel while Norway
has a directed purse seine fishery. Spain and Portugal have a directed trawl and purse seine fishery.

Only one country provides data for discards. Therefore the amount of discards given in Table 4.1 are not
representative for the total fishery in the respective areas

4.6 Distribution of the Horse Mackerel Fisheries

The distribution of the fisheries are given in Figure 4.2 a-d. These figures are based on data provided by
Denmark, Germany, Ireland, Netherlands, Norway, Portugal, Spain and UK (England and Wales) covering 97%
of the total catch. The total catch was allocated to quarters using the data given by the above countries and are
given in Table 4.6. As in previous years most of the catches were taken in Sub-area VII. In 1995 the catches in
this area increased by 130,000 t since last year and as usual the main catches were taken in the fourth quarter.

First quarter, 121,000 t. The main catches were taken along the continental shelf west of Ireland and the British
Isles, in the western Channel, in the Bay of Biscay and around the Iberian Peninsula (Figure 4.2a).

Second quarter, 92,000 t. This is about 50,000 t more than in 1994. The main catches were as usual taken south
west of Ireland, in the Bay of Biscay and around the Iberian peninsula (Figure 4.2b). Compared with the first
quarter the most intensive fishing area has moved from south west of Ireland to north of Irland.

Third quarter, 107,000 t. This is 20% more than in 1994, The main catches were taken to the west and north of
of Ireland, in the Channel and around the Iberian peninsula. Some catches were also taken in the Norwegian Sea
and in the southern part of the North Sea (Figure 4.2¢).

Fourth quarter, 260,000 t. This is 20% more than in 1994 and 85,000 tons were taken in the northern part of the
North Sea (Division IVa), while the rest were taken west of Ireland, in the Channel, in the Bay of Biscay and
around the Iberian Peninsula (Figure 4.2d).

4.7 Length Compositions by Fleet and by Country

The 1995 annual length compositions by fleet were provided by Ireland (third and fourth quarter), England and
Wales (UK landings only), The Netherlands, Norway, Portugal and Spain. These length distributions cover
about 70% of the total landings in 1995.

The length distribution by country for each fleet (in millions) of fish per cm-length group are shown in Table
4.7.

4.8 Otolith Exchange in 1996
At last years Working Group meeting (Anon. 1996/Assess:7) it was recommended that an horse mackerel otolith
exchange should be carried out. This exchange would be organised by A. Eltink of the Netherlands Institute for

Fisheries Research in the Netherlands.

In an earlier otolith exchange the whole otolith set got lost. Three sets of otoliths have therefore now been
prepared for the 1996 exchange:

1) One set containing only otoliths of the extremely strong 1982 year class, which have been collected during
the period 1983—-1995. This set can be used as validation set to estimate the accuracy of the ageings, since the

age of each otolith is fairly certain.

2) One set containing otoliths collected during the first half of the year of which the otoliths have only hyaline
edges (a mixture of year classes, because the 1982 year class might be a special case).
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3) One set containing otoliths collected during the second half of the year of which the otoliths have both
opaque and hyaline edges (a mixture of year classes, because the 1982 year class might be a special case).

Sets 2 and 3 can only be used to estimate the precision of the ageings and can be used to analyse whether there
exist difficulties in the interpretation of the outer edge, causing mainly differences in the ageing of one year.

Up to this Working Group meeting only otolith set 3 has been read by all readers. Age bias plots by reader
(Figure 4.3) and one for all readers combined (Figure 4.4) show the precision of the age readings of this set. The
age readings of each reader and of the group are compared to the modal age. Some readers obtain a quite high
precision, while two readers have an increasing bias with age (underestimating) in their readings from age 7
onwards. It is also surprising that three readers have a bias (underestimating) in their readings only in the age
range of 8—12 and not for ages 13—15. Only one reader has a bias in which all ages in the age range of 4-14 are
overestimated.

Only some countries present age readings to the Working Group (see Section 1.3.1 and 1.3.5). Therefore, the
precision of the age readings of the whole group is not representative for the precision of the age readings
presented to this Working Group. Only readers 1, 2 and 6 presented age readings for the western horse mackerel
stock and readers 3 and 5 for the southern horse mackerel stock to the Working Group.

The Working Group decided to wait for the analysis of all three otolith sets, before a decision would be taken on
whether or not a workshop should be held.
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Table 4.1

(Data submitted by Working Group members.)

Landings and discards of HORSE MACKEREL (t) by year and division, for the North Sea, Western and Southern horse mackerel.

Year North Sea horse mackerel Western horse mackerel Southern horse mackerel Total
Mla IVb,c Discards VIId  Total Ia IVa Vla VHa-c,e-k VIHa,b,d,e Discards Totalj VIIIc IXa Total| All stocks

1982 - 2,788 - 1,247 4,035 - - 6,283 32,231 3,073 - 41,587( 19,610 39,726 59,336 104,958
1983 - 4,420° - 3,600 8,020 412 - 24,881 36,926 2,643 - 64,862 25,580 48,733 74,313 147,195
1984 - 25,893 - 3,585 29,478 23 94 31,716 38,782 2,510 500  73,625) 23,119 23,178 46,297 149,400
1985 1,138 22,897 2,715 26,750 79 203 33,025 35,296 4,448 7,500  80,551) 23,292 20,237 43,529 150,830
1986 396 19,496 4,756 24,648 214 776 20,343 72,761 3,071 8,500 105,665{ 40,334 31,159 71,493 201,806
1987 436 9,477 1,721 11,634} 3,311 11,185 35,197 99,942 7,605 - 157,240 30,098 24,540 54,638 223,512
1988 | 2,261 18,290 3,120 23,671 6,818 42,174 45,842 81,978 7,548 3,740 188,100 26,629 29,763 56,392 268,163
1989 913 25,830 6,522 33265| 4,809 85304 34,870 131,218 11,516 1,150 268,867 27,170 29,231 56,401 358,533
1990 | 14,872} 17,437 1,325 18,762| 11,414 112,753 20,794 182,580 21,120 9,930 373,463| 25,182 24,023 49,205 441,430
1991 | 2,725 11,400 600 12,000 4,487 63,869 34,415 196,926 25,693 5,440 333,555} 23,733 21,778 45,511 391,066
1992 | 2,374 13,955 400 688 15,043] 13,457 101,752 40,881 180,937 29,329 1,820 370,550} 24,243 26,713 50,955 436,548
1993 850" 3,895 930 8,792 13,617| 3,168 134,908 53,782 204,318 27,519 8,600 433,145] 25,483 31,945 57,428 504,190
1994 | 2,492} 2,496 630 2,503 5,689 759 106,911 69,546 194,188 11,044 3,935 388,875| 24,147 28,442 52,589 447,153
1995 240 7,948 30 8,666 16,756 13,133 90,527 83,486 320,102 1,175 2,046 510,597 27,534 25,147 52,681 580,034

1Norwegian and Danish catches are included in the Western horse mackerel.

2Norwegian catches in Division IVb included in the Western horse mackerel.

*Divisions Ma and IVb,c combined.
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Table 4.2

Catches (t) of Trachurus trachurus and Trachurus mediterraneus in Divisions Vlilab, Vlilc and IXa
in the period 1989-1995.

Divisions Sub-Divisions 1989 1990 1991 1992 1993 1994 1995
Villab 2904 4306 4030 3445 2431 1262 815
Vlic East 8478 7505 4907 8299 11519 9697 7045
T. trachurus Vliiic Vilic west 17802 17676 18827 15945 13963 14451 20489
Total 26280 25181 23734 24244 25482 24148 27534
IXa North 13028 4065 4275 4059 6198 9380 7442
IXa IXaC, N&S 25231 19958 14497 22653 25747 19061 17698
Total 38259 24023 18772 26712 31945 28441 25140
Villab 23 298 2122 1123 649 1573 2271
Vilic East 3903 2943 5020 4804 5576 3344 4585
T. mediterraneus Vilic Vilic west 0 0 0 0 0 0 0
Total 3903 2943 5020 4804 5576 3344 4585
IXa North 0 0 0 0 0 0 0
IXa IXaC, N&S 0 0 0 0 0 0 0
Total 0 0 0 0 0 0 0
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Table 4.3

Catches (t) and percentages (%) of Trachurus mediterraneus in relation to total landings of Trachurus trachurus
in Divisions Villab and Vilic in 1995.

Quarter 1 Quarter 2 Quarter 3 Quarter 4 Total
Divisions Sub-Divisions {t) (%) {t) (%) (t) (%) (t) (%) (t) %
Villab 356 77.4 452 51.5 38 248 1425 89.3 2271 73.6
Trachurus mediterraneus Vllic East 1320 47.0 470 17.3 1046 32.9 1749 59.6 4585 394
Villc East of 3°W 506 70.2 225 20.4 441 455 1044 791 2216 53.9
West of 3°W 814 39.0 245 15.2 605 27.4 705 43.6 2369 31.5
Viilab 104 22.6 426 48.5 115 75.2 170 10.7 815 26.4
Trachurus trachurus Vllic East 1487 53.0 2246 827 2130 67.1 1188 404 7051 60.6
Vilic East of 3°W 215 29.8 876 79.6 528 54.5 276 209 1895 46.1
West of 3°W| 1272 61.0 1370 84.8 1602 72.6 912 56.4 5156 68.5
Viliab 460 878 153 1595 3086
Total Vlilc East 2807 2716 3176 2937 11636
Vilic East of 3°W 721 1101 969 1320 4111
West of 3°W| 2086 1615 2207 1617 7525
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Table 4.4

Catches (t) of Trachurus trachurus and Trachurus picturatus in ICES Division IXa, Subarea X, and in CECAF Division 34.1,
in the period 1986-1995.

Madeira's area

Divisions 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
T. trachurus (%) iXa 28,526 19,554 25,125 25,226 19,959 17,497 22,653 25,747 19,061 17,698
IXa 367 181 2,370 2,394 2,012 1,700 1,035 1,028 1,045 728
T. picturatus X 3,331 3,020 3,079 2,866 2,510 1,274 1,255 1,732 1,778 -
Azorean area
3411 2,006 1,533 1,687 1,564 1,863 1,161 792 530 297 -

(*) As estimated by the Working Group.

(-) Not available
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Table 4.5 Landings (t) of HORSE MACKEREL by Sub-area. Data as submitted by Working
Group members.

Sub-area 1979 1980 1981 1982 1983 1984
I 2 - + - 412 23
IV + Illa 1,412 2,151 7,245 2,788 4,420 25,987
VI 7,791 8,724 11,134 6,283 24,881 31,716
VII 43,525 45,697 34,749 33,478 40,526 42,952
VIII 47,155 37,495 40,073 22,683 28,223 25,629
IX 37,619 36,903 35,873 39,726 48,733 23,178
Total 137,504 130,970 129,074 104,958 147,195 149,485
Sub-area 1985 1986 1987 1988 1989 1990
I 79 214 3,311 6,818 4,809 11,414
IV + Illa 24,238 20,746 20,895 62,892 112,047 145,062
VI 33,025 20,455 35,157 45,842 34,870 20,904
Vil 39,034 77,628 100,734 90,253 138,890 192,196
VIII 27,740 43,405 37,703 34,177 38,686 46,302
IX 20,237 31,159 24,540 29,763 29,231 24,023
Total 144,353 193,607 222,340 269,745 358,533 439,901
Sub-area 1991 1992 1993 1994 1995
I+ Vb 4,487 13,457 3,168 759 13,133
IV + Illa 77,994 113,141 140,383 112,580 98,745
VI 34,455 40,921 53,822 69,616 83,595
viI 201,326 188,135 221,120 200,256 330,705
VIII 49,426 54,186 53,753 35,500 28,709
IX 21,778 26,713 31,944 28,442 25,147
Total 389,466 436,553 504,190 447,153 580,034
1Preliminary .

Table 4.6 Quarterly catches (1000 t) of HORSE MACKEREL by Division and Sub-division in 1995.

Division 1Q 2Q 3Q 4Q| TOTAL
[Ta+Vb 0 0 2.8 10.3 13.1
IITa 0.1 + 0.1 0.2
IVa 1.7 0 3.1 85.8 90.6
IVbe, VIId 0.6 0.5 2.8 12.8 16.7
VIa 8.9 17.5 56.8 0.5 83.7
Vlla-c,e-k 99.9 58.7 242 139.2 322
VIllabde 0.5 0.4 0.1 0.2 1.2
VIiIc 4.4 8.3 9.1 5.7 27.5
IXa 4.9 6.7 7.8 5.7 25.1
Sum 120.9 922 106.7 260.3 580.1
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Table 4.7 Annual length distributions (millions) of HORSE MACKEREL catches by fleet and country in 1994.

Netherlands | Eng.&Wales Norway Spain Portugal Ireland
Pelagic Pel.trawl Purse Purse | Demersal gill hook Artisan, trawl |Purse Pel.trawl

cm traw! UK landings seine seine trawl net seine 3+4Q

5

6

7

8

9 0.00

10 0.10 0.00

11 0.68 0.01 0.08

12 4.59 0.40 0.01 1.06

13 18.54 1.31 0.00 2.15

14 33.06 0.98 0.00 0.06 8.92

15 32.15 32.98 0.71 0.00 0.21 7.28

16 86.82 37.47 1.22 0.00 0.00 0.03 7.05 0.01

17 70.19 35.53 2.23 0.01 0.00 0.05 11.86 0.05

18 70.09 0.00 20.98 3.44 0.02 0.00 0.07 14.59 0.05

19 71.43 0.00 13.44 3.13 0.02 0.00 0.10 15.74 1.50

20 63.46 0.66 11.96 2.66 0.03 0.00 0.19 13.38 6.18 1.02
21 58.62 2.97 11.69 2.22 0.04 0.00 0.65 9.93 9.84 1.02
22 66.30 3.63 15.30 2.26 0.04 0.00 0.88 6.42 7.67 5.63}
23 67.25 5.61 14.97 1.61 0.06 0.00 1.16 4.70 2.66 1.84
24 45.77 3.30 16.74 1.20 0.04 0.01 0.82 3.88 1.24 21.48
25 52.93 5.94 15.26 1.18 0.04 0.02 0.70 3.12 0.86 12.28
26 52.59 7.61 9.96 1.49 0.04 0.03 0.58 2.25 0.50 47.57
27 75.24 10.01 5.69 1.82 0.03 0.04 0.50 2.21 0.33 60.35
28 79.16 8.72 4.67 5.48 0.02 0.08 0.37 2.60 0.09 128.89
29 60.92 6.06 4.24 6.69 0.03 0.08 0.30 3.05 0.21 164.69
30 34.69 3.06 1.25 3.46 6.72 0.03 0.08 0.34 3.34 0.25 104.34
31 17.94 5.82 13.78 2.56 4,21 0.05 0.07 0.36 3.39 0.81 37.85
32 14.95 6.48 14.90 1.83 3.85 0.04 0.04 0.34 2.75 0.87 11.25
33 1417 5.82 46.74 1.33 2.98 0.04 0.03 0.42 1.75 0.12 1.53
34 9.68 4.12 45.68 0.67 2,62 0.03 0.04 0.54 1.45

35 10.61 1.70 54.66 0.43 2.38 0.02 0.05 0.58 0.96 0.51
36 2.58 1.37 35.41 0.32 1.42 0.02 0.03 0.45 0.76

37 1.13 2.40|. 14.85 0.14 1.12 0.01 0.03 0.41 0.43

38 1.81 0.67 8.01 0.11 0.80 0.01 0.01 0.27 0.30

39 0.70 0.34 4.61 0.05 0.49 0.00 0.01 0.16 0.12

40 3.47 0.04 0.20 0.00 0.00 0.08 0.05

41 0.01 0.06 0.00 0.00 0.04 0.01
42+ 0.34 0.02 0.02 0.08 0.00

sum 1061.18 86.63 243.36] 317.82 66.91 0.64 0.65 10.75 135.58 33.24] 600.25
1000 t 125.94 16.89 96.10 23.24 12.30 0.11 0.17 2.13 12.62 2.95 124.39
0.00=<5000
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Figure 4.1

in the northeast Atlantic.

65 67 69 71 73 75 77 79 81 83 85 87 89 91 93 95

Total catches of horse mackerel in the northeast Atlantic during the period 1965 - 1995. The catches taken by the USSR

catches taken from the southern, western and North Sea horse mackerel stocks are shown in relation to the total catche
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Distribution of horse mackerel fishery.
20 300

14°

o~ g o~ O m w ooy
m%%%.zm/u.mmwmll.lo.mscw
Lama |

q.-...<.-.<.<4....<<<....-..
(881

. )(
| wfvf R %jk . &
59 R s [ e b >
L=y KR — | (D
o= /.,5% e N .

tr.

a
t
N

LU

N
[T
10
(1

.
(a8}
.

o1
i

|
|
|
I
%*"33}
e
4
—% 3
T
e
T
}
|
t
|
l
Horse HAacHEREL

.
o
L (1

(82}
13
T
18]

r .
"

18]
T:

10

17

e — e e — —

|
l
|
I
r
|
l
|
e |
/1“’
W
VAl
—
L
yd
<z
07 !
‘0!_4:
| 5
T~
<3
|/
LT
i/
i
N

S
) ')
‘>: 18}

ﬁ P
o

4] <

)

Figure 4.2a

ny
’’’’’’ 3 |y F&\A.'Ua..\— L ]
/me J /;M; MWM\_...;J, LV
e B N Mt!» <
S O ot mwm CEEESSSSHEE b
_ _ o N AR g R i
= - . e T e T et ad el et tad et O B O, B O B )
T S S v o 2 L E LS i
=] =] == SR N O B O i!lHHAV//n//ﬁ EARRINY ||| (- IR
e e e e ] - V/WV(V S e e e o S
RN AERRRNEENA NN m
B A I EERN 0
. o
i R R 1 - HHAEEHEHE A L e
\ N L L O bbb to
) ° o o o hd [ ° © (-3 W' 0_ LJ N r ml M ° o Q/ o 3
Bood B &8 5 B B BLERRIBMEIRETESESRLIGIIIBRRLEY

124



b

=

}r

Distribution of horse mackerel fishery.
1Q°

’?Fuom !

125

Figure 4.2b

3 w 3 0x 2 2 9w 3 3 2 3 8 3 88 &8 I N 8 2w ”u ,w .mw. % .ﬁ
T T T T T T T T T T T L T T -\- % M T T T T T T T T T T T T T T 7 1 vV 7 TrrT T T T T T
et IO OB n,
xGWY 4,/ \ﬂ.\.\..u%.uﬁ(lul.\ﬁfr/. VlnlJ//W
W,.. 7 %_ A IR ;L.M ’
I~ (ﬂpwa),w ] ) — :.. J g ¢ ~
ST /Jf \ e . ) +J
G |- Y 4 g m 14
g S ) X o
A, =] kUt T S p
N Sy AL NN Qv
PR e AR RN ~ 8 LS
. ,i‘..;u.-:.,i.i.wuu|||fil b 2 v I A
I . - — \\..nu.ln.\.l.l\l»llnl.l.itilil i I O O IO O Y
,,,,,, S A O I BUEERNE = BRESE:N
+|+ +|+ A M
o =] — e — M+
o St e ol e Y I I I 2 4 _
T B e e e S e e ; oA
BREREEEREE 11(ll/\\ lp%b- TR
—_ —- — — - //Hw + ;“s
e o 0 s =1 e N A Twsw /m e I
I A I !|w N PRI e L
HEREE ??&Cuﬁ \ r.r,\«\ I.|/A&. BERRERD ~ m
% " N LT s A1 1
— Mmm\h‘l\..ll ,voi mw..\m_la — /M o ol e e e N \M
BN O O A O O I A A B O O @H AR 1!:-1;,W - N
Y R I St A At A Bl Al Rt A RN B B W - J Ry m ZBA1 1 Fﬁfﬁ [~ & W_
EEREREE SN IO W e SEE G - AR RENENSSEE SSSSSST R
e e S RRIS N 00 O O N O O O O O I
N I Y O O O O _ +H AR N | _ 1
| — - HAHH HHH
v o ° ©° d o © °© ° ° ° ° lo..l! © °
o B YL BB BELERELBIOEHELSBRERERLILESRRE




Distribution of horse mackerel fishery.
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5 NORTH SEA HORSE MACKEREL (DIVISIONS IIIA - EXCEPT WESTERN PART OF
SKAGERRAK - 1VB,C AND VIID)

5.1 The Fishery in 1995

The total catch taken from the North Sea and Division IIla during 1995 was about 99,000 t compared to 133,000
tin 1994 (Table 6.2). However, only catches taken in Divisions Illa - except western part of Skagerrak - IVb,¢c
and VIId are regarded to belong to the North Sea horse mackerel stock (see section 4.3). Table 4.1 shows the
catches of this stock from 1982—-1995. The total catch taken from this stock in 1995 was about 17,000 t, which is
a considerable increase compared to the catch of about 6,000 t in 1994. In the latest years most of the catches
from the North Sea stock were taken as a by-catch in the small mesh industrial fisheries in the fourth quarter
carried out mainly in Divisions IVb and VIId. However, in 1995 at least 70% of the catch has been taken for
human consumption.

5.2 Fishery Independent Information

52.1 Eggsurveys

Horse mackerel egg surveys in the North Sea have been carried out from 1988 to 1991 and the spawning stock
biomass estimated were respectively 120, 217, 255 and 247 thousand tonnes (Eltink, 1992). The 1988 estimate
was regarded to be an underestimate. No egg surveys were carried out in the years 1992—-1996.

5.2.2  Acoustic surveys

No acoustic estimates of the North Sea horse mackerel stock have been available from 1991-1996.

53 Age Composition

Samples taken from the Dutch commercial catches and research vessel catches were available for the period
1987-1995. The Dutch samples cover only a small proportion of the total, but give a rough indication of the age
composition of the stock (Figure 5.1).

The strength of the 1982 year class in the central and southern North Sea does not seem as strong as in the
western area (compare Figure 5.1 with 6.1) and the 1987 year class can not be recognized as a strong year class
as is the case in the western area, Year classes 1992 and 1993 are abundant in the western catches, but not in the
North Sea area.

5.4 Assessment

As the available biological samples are not considered to be representative of the total catch, no estimates of the
catch in numbers were made and it was not possible to do an analytical assessment.

The egg surveys carried out in 1989, 1990 and 1991 resulted in an average spawning stock biomass of 240,000 t
over this period (Eltink, 1992).

The strong 1982 year class and relatively strong 1986 and 1989 year classes are recognized in the structure of
the stock (Figure 5.1).

The Working Group recommends that more research be carried out on the North Sea horse mackerel
stock in order to be able to assess this stock.

5.5 Reference Points for Management Purpose
551 MBAL

MBAL can not be defined with the very little current information about this stock.
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5.5.2  Fishing mortality targets

No assessment has been carried out for this stock, since no catch in numbers at age data are available. Therefore
a fishing or total mortality target can not be used as is proposed for the western horse mackerel (see Section
6.12.2).

5.6 Management Measures and Considerations

No forecast is available for 1996.

This stock appears to be underexploited based on the following evidence:

The catch ranged from 4,000-33,000 t during the period 1982-1995, while the average SSB from the egg
surveys from 1989-1991 was estimated at 240,000 t. There is a high abundance of the 15 plus group (Figure
5.1). The Y/SSB ratio during the period of the 1989-1991 is only 0.09.

A precautionary TAC might be set at 1/5 of the average SSB of 240,000 t from period 1989-1991, which
corresponds to approximately 50,000 t. At least the TAC of 60,000 t for 1996 should not be set any higher in the

following years unless the is enough evidence that this stock can sustain this constant catch.

The Working Group advises, that if a TAC is set for this stock, it should apply only to those areas where North
Sea horse mackerel are fished, i.e. Divisions IVb,c, VIId, and Division Illa.
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Figure 5.1 The age composition of the North Sea horse mackerel based on
commercial and research vessel samples from 1987-1995.
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6 WESTERN HORSE MACKEREL (DIVISIONS IIA, IIIA (WESTERN PART), IVA, VB, VIA,
VIIA-C, VIIE-K AND VIIIA,B,D,E)

6.1 The Fishery in 1995

The fishery for the western horse mackerel stock is mainly carried out in Divisions Ila, IIla (western part), IVa,
VIa, Vlle,g,h,j and VIila. The national catches taken by the countries fishing these areas are shown in Tables
6.1-6.5, while additional information on the development of the fisheries by quarter and division is shown in

Tables 4.1, 4.4 and 4.5 and in Figures 4.2a—d.

Sub-areas II and Division Vb

The national catches taken in this area are shown in Table 6.1. After the drop in catch level to 750 t in 1994 the
catches in 1995 is back to the high level of 1993 (13,000 t).

Sub-area IV and Division IIla (western part)

The total catch of Western horse mackerel in this area was estimated to be about 98,000 t (Table 6.2), mainly
taken by a directed fishery for horse mackerel in the fourth quarter in Division IVa by Norwegian purse seiners.

Sub-area VI

The catches taken in Division VI are shown in Table 6.3. The catches have increased from 21,000 t in 1990 to
historical high level of 83,500 t in 1995. The main part of the catches are taken by Ireland in a directed trawl
fishery for horse mackerel.

Sub-area VII

The catches taken from this area are mainly from Divisions VIIb,e,h,j and are shown in Table 6.4. The catches in
1995 increased by 130,000 t since 1994 and are the highest on record.

Sub-area VIII

The catches from this area are mainly taken in Divisions VIIIa,b,d,e and given in Table 6.5. The catches in these
areas increased until 1993 but are now reduced to the level of 1985. Spain is the major fishing nation for horse
mackerel in this area and caught 99% of the catches in 1995.

6.2 Fishery Independent Information from Egg Surveys

Horse mackerel egg surveys in the North Sea have been carried out from 1988 to 1991 (Eltink, 1992), but no
egg surveys were carried since.

6.3 Catch in Numbers at Age

Sample data with age readings were as in previous years only provided by two countries, the Netherlands
(Division Vla, Sub-areas IV, VII and VIII) and Norway (Divisions Ila and IVa). Catches from the other
countries were converted to numbers at age using the most appropriate Dutch or Norwegian data.

The catch in numbers at age by quarter and Divisions for western horse mackerel are shown in Table 6.6. The
total annual catch in numbers for 1995 is shown in Table 6.9. The sampling intensity is discussed in Section 1.3.

The strong 1982 year class has made up the major part of the international catches since 1984 (Figure 6.1). In
1994 this year class contributed 38% by numbers and 56% by weight and 35% by numbers and 50% by weight
of the total catches in 1995. Last year’s Working Group (Anon. 1996/Assess:7) indicated that the 1992 year
class might be of significant strength because it contributed 33% by numbers of the total catches in 1994. In
1995 this yearclass contributed only 15% and the 1993 year class 18% by numbers.
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6.4 Mean Length at Age and Mean Weight at Age

Mean weight and mean length at age in the catches in 1995

Mean weights and mean lengths at age in the catches by quarters in 1994 were provided only by the Netherlands
and Norway. These data were applied to the catches from the other countries. The mean weight and mean length
at age in the catches in 1995 are shown in Tables 6.7-6.8. The mean weight at age in the catches for several age
groups was 10-30% smaller than in 1994.

Mean weight at age in the stock

The mean weights at age in the stock at spawning time for 1995 are shown in Table 6.9. The mean weight at age
are as usual based on fish in all maturity stages sampled from the Dutch freezer trawlers the first and second
quarter in Divisions VIIj and VIIk. In 1994 the weight in stock was based on Dutch data from Division VIIj only
since no data were available from Division VIIk.

Data for two years old horse mackerel were not obtained, but average weight was assumed to be the same as in
previous years (Table 6.9).

6.5 Maturity at Age

The proportion mature at age has not been changed, because of the difficulties in estimating it. The proportion
mature can be estimated for each year in both the spawning area and the juvenile area. However, the proportion
mature for the whole area of distribution can only be estimated if the proportions mature estimated in both areas
are weighted according to the numbers of fish present in the spawning and juvenile areas. A proportion mature
estimated from all samples taken in the area of stock distribution is regarded as inappropriate.

The large disagreement between the spawning stock biomass estimate of 2.28 million tonnes from the egg
survey in 1989 (Table 2.1) and the spawning stock biomass of 4.2 million tonnes from the ‘ADAPT -assessment
(Table 6.20) can be explained by changing the assumed value for the proportion of the 1982 year class that were
mature in 1989 from 1.0 to 0.74. However, the assumed value of 1.0 was retained unchanged for the assessment
calculation. No changes were made to the maturity ogive from 1987 onwards. The problems in estimating the
proportion mature at age are similar to those of mackerel (see Section 3.2.3).

Assumptions about maturity at age of horse are critical to the fitting of the populations to the egg survey
biomasses, especially when strong year classes appear in the partly mature age groups (see section 6.6).
Therefore, the Working Group recommends that during the next egg survey in 1998 both mackerel and
horse mackerel ovaries be collected at peak spawning time in both the western and southern area in order
to construct maturity ogives based on histological analysis. At the same time additional sampling should
be carried out in the juvenile areas.

6.6 Stock Assessment

Fitting a population model for this stock presents particular problems which have been documented by Anon.
(1995/Assess:2) and Anon. (1996/Assess:7). In summary, the stock is dominated by two cohorts. The 1982
cohort is estimated to have had an abundance at age 0 of around 66x10° individuals compared with more typical
recruitments between 1% and 10%. The 1987 cohort is the next most abundant cohort and is estimated to have
numbered around 5 billion. Furthermore, there are indications from the recent catches at age that the 1992 cohort
is also rather strong, but the strength of the estimate of this cohort depends on assumptions about recent
exploitation pattern.

A separable model is not appropriate to assess this stock. There is good evidence from residual patterns that the
fishery concentrated on the abundant cohorts since 1982, which violates the assumption of separability. No age-
disaggregated indices of abundance are available, hence conventional VPA-tuning methods (e.g. XSA) cannot be
used. Furthermore, because of density-dependenteffects and spatial sampling problems the proportion mature of the
abundant cohorts is highly uncertain. This strongly affects the reliability of the 1986 and 1989 egg surveys as
measures of stock size (Anon. 1994/H:4).
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The method chosen to assess this stock is ‘ADAPT’-type method (Gavaris, 1988) in which an arbitrary choice of
selection pattern is made. This method has previously been used to estimate the size of this stock and associated
mortality rates (Anon. 1995/Assess:7). The use of this method also allows estimation of some of the uncertainty in
the assessment, and of the sensitivity of the assessment to the assumed selection pattern. As fishing mortality has
historically been rather low in this stock, VPA ‘convergence’ does not help stabilise the analysis rapidly and hence
the populationmodel is likely to be strongly dependent on starting assumptions.

The model is a conventional VPA which is fitted by a non-linear minimisation. Given population abundance N,
fishing mortality F, natural mortality M, weights at age W, and maturity at age O, egg survey estimates of SSB U,
and the proportion of fishing and natural mortality exerted before spawning PF and PM respectively, the VPA is
fitted by minimising:

Y, (In(U,)-1n(3, , Nay- Oy Way-€Xp(-PF. Fo - PM. M.,) )

where subscriptsa and y denote age and year respectively.

The model is fitted to the traditional egg production estimates of biomass (Table 2.1) for 1992 and for 1995. A
calculation was made for illustrative purposes using GAM estimates (Augustin e al., 1996 WD), but as these
estimates have not yet been shown to be more accurate than traditional estimates, this calculation is provided only to
show the sensitivity of the assessmentto the choice of method for calculating egg production.

Given the lack of age-structured surveys it is necessary to impose some constraints about the exploitation pattern on
the model. Although some of these constraints are not very realistic there are insufficient observations available to
make objective parameter estimations. These constraints are somewhat arbitrary, and were chosen by Anon.
(1996/Assess: 7)and are retained here.

— Selectionpattern in 1995 and later years is equal to 1 on ages 5 and older;

— Selectionon ages 0 to 5 in 1995 and later years set to mean from previous 5 years (1990 to 1994);

— Natural mortality, weights at age in the stock and in the catch are assumed known precisely;

— Maturity ogive is assumed to be known precisely;

— Fishing mortality on the oldest age taken as an arithmetic mean from age 6 to the penultimate true age in the
catch at age matrix.

The choices made about constraints listed above were made after a number of exploratory model fits, which are
documentedin Anon. (1996/Assess:7).As before, egg survey information prior to 1992 was excluded on account of
uncertainty introduced by the unknown maturity of the 1982 cohort.

Input data for the assessment and projections is given in Table 6.10-6.17 and the fitted populations, fishing
mortalities and stock sizes are given in Table 6.18-6.20. Figure 6.2 shows the estimates of spawning stock biomass,
recruitment, catch and fishing mortality over the period 1982-1995, which are also listed in Table 6.21.

6.7 Comparison with GAM Egg Production Estimate

Population parameter estimates obtained using GAM estimates of egg production are given in Figure 6.2 as dashed
lines, for comparative purposes only. The assessment calculation is clearly very robust to the choice of either the
traditional or the GAM estimates of egg production.

6.8 Risk Analysis and Medium-Term Projections

A very simple parametric bootstrap approach to the assessment of the consequences of management action under
uncertainty is used here. Only uncertainty in the egg survey biomass estimates is considered, and all other
parameters and observations are assumed to be known precisely and the model is assumed to be correctly
formulated. This approach considerably underestimates the uncertainty in the stock projections, but is considered

preferableto presenting a purely deterministic view of stock dynamics.

A catch of 500,000 t was assumed for 1996.
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The ADAPT assessment model described above was used to fit 1000 VPA populations to the catch at age data for
each of 1000 Monte-Carlo simulations of pseudo-egg surveys, assuming a lognormal error distribution and a
coefficient of variation of 20%. The population vectors were then projected forwards through 1997 to 2001 under a
range of constant-catchoptions from 200,000t to 500 000t annually.

The conservative approach to modelling forthcoming recruitment used by Anon. (1996/Assess:7)was retained here.
Recruitments in 1995 and later years were assumed equal to the geometric mean of the weak year classes (1981,
1983-1986, 1988-1991) as estimated in the ADAPT procedure (= 1291 million).

Percentiles of the simulations of stock size falling above and below the MBAL were used as estimates of the risk of
the stock falling below this level. Results of these simulations are given in Figure 6.3 and 6.4. An additional
simulation was calculated with a constant fishing mortality multiplier constraint (relative to 1995) correspondingto
fishing at a target mortality of F = M = 0.15, beginning in 1997 (Figure 6.5).

The simulations indicate that for constant catch levels between 300,000 t and 500,000 t, both stock size and catch
will decline rapidly in the forthcoming few years. If catches were to be reduced to 200,000 t annually, the decline
would be somewhat slower. The associated risks to the stock, in terms of the probability that the stock will fall
below MBAL in each forthcoming year, are plotted in Figure 6.4. This shows for catches of 300,000 t the stock will
fall below MBAL with approximately 50% probability in 1998. For catches of 400,000 t, this probability increases
to approximately 80% and there is an estimated 30% risk that the stock will fall below MBAL by 1997. At catch
levels of 500,000 t, there is approximately a 50% probability that the stock will fall below MBAL in 1997.
However, a reduction in catches to 200,000 t would permit the stock to maintain a 50% probability of being above
MBAL until 1999.

Fishing at a target fishing mortality rate of 0.15 leads to a slower decline in stock size and a lower risk of falling
below MBAL, at a cost of a progressive reduction in catches from 135,000 t down to 86,000 t in 2001. However,
these calculations are sensitive to the assumed value for maximum fishing mortality imposed on the stock. This is
particularly the case for higher levels of catch constraint, which cannot be maintained unless extremely high values
of fishing mortality (in excess of 1.5) are allowed in the projections. Such values may not be feasible in practice. the
consequences of attempting to remove catches exceeding 200,000 t cannot therefore be predicted in the medium
term, but it appears likely that a rapid depletion in stock size would occur.

The calculations are also of course highly sensitive to the assumed values of natural mortality, which is not known
for this stock.

6.9 Long-Term Yield

Given the strong dependence of this stock on infrequent, very strong year-classes it is not considered appropriate to
calculate reference points from yield per recruit considerations.

6.10 Reference Points for Management Purposes
6.10.1 MBAL

This stock relies heavily on one or a few very large year classes (at present the 1982 year class). In this situation,
reference points that refer to stock-recruitmentrelationships are not relevant, except that one should not permit the
stock to fall below a level which by experience is able to produce a strong year class. This level has been taken as
the MBAL by the WG. The spawning stock size estimate from VPA in 1982 was estimated by the Working Group
in 1991 to be approximately 500,000 t (Anon. 1991/Assess:22). However, due to the low fishing mortalities on this
stock in the 1980s, VPA estimates of stock size are very unreliable and estimates as high as 1.2 million tonnes are
plausible (Anon. 1996/Assess: 7). To overcome this problem, the Working Group proposes the use of the egg survey
estimate of stock size in 1983, being 530,000 t. (Table 2.1). For convenience and in view of the known imprecision
of the egg survey estimates, this value is rounded to 500,000, and hence the previous value should be retained if an
estimate of MBAL is required.
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6.10.2 Target fishing mortality

In this stock the last strong year class is now being depleted. At present in 1996, it amounts to approximately
700,000 tonnes in the stock. A precautionary approach would therefore be to reduce the fishing mortality to a level
by which the MBAL will be sustained by an average low recruitment. With the low recruitmentof 1291 millions (as
average over age 1), a long-term equilibrium spawning stock biomass of 500,000 tonnes corresponds to a fishing
mortality of 0.11. This level is approximately2/3 of M as for some of the other stocks in this report.

Also because of the obviously highly uncertain recruitment dynamics in this stock as well as problems of estimating
stock size, the Working Group again indicates a preference for a fishing-mortality based reference point to be used
for management purposes in the future.

Maintaining fishing mortality below or equal to natural mortality may be an appropriate and cautious approach for
managing a stock whose recruitment dynamics are so variable and poorly known. Hence, a management strategy to
maintain fishing mortality below 0.15 would be appropriate.

6.11 Comments on Assessment

The present assessment indicates a substantial upward revision in the estimate of fishing mortality from that
calculated by Anon. (1996/Assess:7), from 0.16 to 0.32. This is due in very large part to the revision of the
preliminary estimate of catches taken in 1995 from 300,000t to the reported value of 511,000t.

The assessment of this stock depends on the correct specification of natural mortality and the maturity ogive. The
former is assigned an assumed value and the latter may not be measured accurately, hence the assessment model
used may be subject to substantial bias. The potential magnitude of this bias for assumptions of the natural mortality
rate was investigated by a simple test in which the assessement was repeated for values of M of 50% higher and
lower than the routinely used value of M = 0.15. The use of different values of M in the VPA generated markedly
different assessments of the spawning biomass of the stock since 1982 (Figure 6.6). The estimated values of F also
showed similar sensitivity to M. These preliminary sensitivity results indicate that a lower natural mortality rate
could resolve the substantial discrepancies between the model estimates of spawning biomass and the egg survey
biomass estimates in the 1980s. A lower natural mortality rate would also make the assumed proportions mature at
age more realistic, since they appeared to deviate considerbly from the actual values. The maturity ogive is also
uncertain, which amplifies the uncertainty of the estimate of the strength of the apparently relatively strong 1992
and 1993 year classes, since their age in 1995 correspond to the steepest part of the maturity ogive. A possible
change to the value of M for future assessments will be examined by further sensitivity analyses, including to the
maturity ogive, and re-examinition of the biological basis for the current selection of M. Therefore, the Working
Group recommends that at its next meeting results of sensitivity analyses should be presented, which
particularlyre-examinethe biological basis for the current selection of M.

6.12 Management Considerations

This assessment calculation indicates that the western horse mackerel stock is still largely dependent on a single
cohort. Catches from that cohort have increased substantially in 1995, with a concomitant rise in fishing mortality.
Maintaining catch rates at 1995 levels seems unlikely to be a sustainable option. A continuation of the catch level of
500,000 t will result in that MBAL being reached in 1997. A reduction in catch rates to levels correspondingto a
fishing mortality below natural mortality, of the order of 220,000t in 1997, should allow the stock to remain above
MBAL for the forthcoming five years, and so improve the likelihood of another strong year-class recruiting to the
fishery in that period.

The TAC set by the EU for western horse mackerel is not divided by national quota. This stock is considered by the
EU to be purely an EU stock. The fishery managed by the EU will only be closed if the catches of all EU member
states overshoot the agreed TAC. The catches of western horse mackerel in Divisions IIa, IIla and IVa by non-EU
countries are not counted against TAC, despite all recommendationsmade by ACFM that the TACs should apply to
all areas where the stock is fished. Figure 6.7 shows that the total catches of western horse mackerel taken by EU
and non-EU countries overshoot the agreed TAC most years considerably. The agreed TACs have been increasing
over the period 1987 to 1994 despite a rapid decrease in spawning stock size during this period.
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Table 6.1  Landings (t) of HORSE MACKEREL in Sub-area II. (Data as submitted by Working Group members.)

Country

1980 1981

1982

1983

1984

Denmark

France

Germany, Fed.Rep.
Norway

USSR

412

22

Total

412

23

Country

1985 1986

1987

1988

1989

1990

Faroe Islands

Denmark

France

Germany, Fed.Rep.
Norway

USSR

UK (England + Wales)

12
4,770
27

964>

9,135
1,298
17

Total

79 214

4,809

11,414

Country

1991 1992

1993

1995

Faroe Islands
Denmark
France
Germany
Norway

Russia

UK (England + Wales)

1,115° 9,157°

3,200 4,300
172 -

1,068

200

11,300
1,633

Total

4,487 13,457

759

13,133

'Preliminary.
Included in Sub-area IV.

3Includes catches in Division Vb.

EA\ACFM\WGMHSA97\T-6-1.DOC  06/09/96

137



Table 6.2  Landings (t) of HORSE MACKEREL in Sub-area IV by country. (Data submitted by Working Group

members).
Country 1980 1981 1982 1983 1984
Belgium 8 34 7 55 20
Denmark 199 3,576 1,612 1,590 23,730
Faroe Islands 260 - - - -
France 292 421 567 366 827
Germany, Fed.Rep. + 139 30 52 +
Ireland 1,161 412 - - -
Netherlands 101 355 559 2,029* 824
Norway 119 2,292 7 322 4
Poland - - - 2 94
Sweden - - - - -
UK (Engl. + Wales) 11 15 6 4 -
UK (Scotland) - - - 3
USSR - - - - 489
Total 2,151 7,245 2,788 4,420 25,987
Country 1985 198 1987 1988 1989
Belgium 13 13 9 10 10
Denmark 22,495 18,652 7,290° 20,323% 23,329°
Estonia - - - - -
Faroe Islands - - - - -
France 298 2313 189°  784° 248
Germany, Fed.Rep. + - 3 153 506
Ireland - - - - -
Netherlands 160° 600 850 1,060 14,172
Norway* 203 776 11,728’ 34,425 84,161
Poland - - - - -
Sweden - 22 - - -
UK (Engl. + Wales) 71 3 339 373 10
UK (N. Ireland) - - - - -
UK (Scotland) 998 531 487 5749 2,093
USSR - - - - -
Unallocated + discards - - - - 12,482
Total 24,238 20,808 20,895 62,877 112,047
Country 1990 1991 19927 1993 1994  1995'
Belgium 13 - + 74 57 51
Denmark 20,605 6,982° 7,755 6,120 3,921 2,432
Estonia - - 293 - 17
Faroe Islands 942 340 - 360 275 -
France 220 174 162 302 -
Germany, Fed.Rep. 2,4696 5,995 2,801 1,570 1,014 1,600
Ireland 687 2,657 2,600 4,086 415 220
Netherlands 1,970 3,852 3,000 2470 1,329 57285
Norway® 117,903> 50,000° 96,000 126,800 94,000 84,747
Poland - - - - -
Sweden 102 953 800 697 2,087 -
UK (Engl. + Wales) 10 132 4 115 389 478
UK (N. Ireland) - 350 - - -
UK (Scotland) 458 17,309 996 1,059 7,582 3,650
USSR - - - - -
Unallocated + discards 3177 7150 278 3270 1,511 28
Total 145,062 77,994 114,133 140,383 112,580 98,505

'Preliminary. “Includes Division Illa. *Includes Division Ila. “Estimated from biological sampling. *Assumed to be
misreported. *Includes 13 t from the German Democratic Republic. "Includes a negative unallocated catch of 4,000 t.
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Table 6.3  Landings (t) of HORSE MACKEREL in Sub-area VI by country. (Data submitted by Working Group
members).

Country 1980 1981 1982 1983 1984 1985

Denmark 734 341 2,785 7 - -

Faroe Islands - - 1,248 - - 4,014

France 45 454 4 10 14 13

Germany, Fed. Rep. 5,550 10,212 2,113 4,146 130 191

Ireland - - 15,086 13,858 27,102

Netherlands 2,385 100 50 94 17,500 18,450

Norway - 5 - - -

Spain - - - - -

UK (Engl. + Wales) 9 5 + 38 + 9%

UK (N. Ireland) _

UK (Scotland) 1 17 83 - 214 1,427

USSR - - - - -

Unallocated + -19,168

discards

Total 8,724 11,134 6,283 24,881 31,716 33,025

Country 1986 1987 1988 1989 1990 1991 1992 1993 1994  1995'

Denmark - 769 1,655 973 615 - 42 - 294 106

Faroe Islands 1,992  4,450° 14,0000 3,059 628 255 - 820 80 -

France 12 20 10 2 17 4 3 + - -

Germany, Fed. Rep. 354 174 615 1,162 2,474 2,500 6,281 10,023 1,430 1,368

Ireland 28,125 29,743 27,872 19,493 15,911 24,766 32,994 44,802 65,564 120,124

Netherlands 3,450 5,750 3,340 1,907 660 3,369 2,150 590 341 2,326

Norway 83 75 41 - - - - - - -

Spain 2 2 2 2 2 1 3 } _ _

UK (Engl. + Wales) 198 404 475 44 145 1,229 577 144 109 208

UK (N.Ireland - . - - - 1,970 723 - - -

UK (Scotland) 138 1,027 7,834 1,737 267 1,640 86 4,523 1,760 789

USSR - - - - 44 - - - - -

Unallocated + -13,897  -7,255 - 6,493 143 -1,278 -1,940 -6,960° 51 41,326

discards

Total 20,455 35,157 45,842 34,870 20,904 34,456 40,469 53,942 69,527 83,595

lPreliminary.

*Included in Sub-area VII.
*Includes Divisions IIla, IVa,b and VIb.
“Includes a negative unallocated catch of -7,000 t.
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Table 6.4 Landings (t) of HORSE MACKEREL in Sub-area VII by country. Data submitted by the Working Group

members).
Country 1980 1981 1982 1983 1984
Belgium - 1 1 - -
Denmark . 5,045 3,099 877 993 732
France 1,983 2,800 2,314 1,834 2,387
Germany, Fed.Rep. 2,289 1,079 12 1,977 228
Ireland - 16 - - 65
Netherlands 23,002 25,000 27,500 34,350 38,700
Norway 394 - - - -
Spain 50 234 104 142 560
UK (Engl. + Wales) 12,933 2,520 2,670 1,230 279
UK (Scotland) 1 - - - 1
USSR - - - - -
Total 45,697 34,749 33,478 40,526 42,952
Country 1985 1986 1987 1988 1989
Faroe Islands - - - - -
Belgium + + 2 - -
Denmark 1,477° 30,408 27,368 33,202 34,474
France 1,881 3,801 2,197 1,523 4,576
Germany, Fed.Rep. - 5 374 4,705 7,743
Ireland 100 703 15 481 12,645
Netherlands 33,550 40,750 69,400 43,560 43,582
Norway - - - - -
Spain 275 137 148 150 14
UK (Engl. + Wales) 1,630 1,824 1,228 3,759 4,488
UK (N.Ireland) - - - - -
UK (Scotland) 1 + 2 2,873 +
USSR 120 - - - -
Unallocated + discards - - - - 28,368
Total 39,034 77,628 100,734 90,253 135,890
Country 1990 1991 1992 1993 1994 1995'
Faroe Islands 28 - - - - -
Belgium + - - - 1 -
Denmark 30,594 28,888 18,984 16,978 41,605 28,300
France 2,538 1,230 1,198 1,001 - -
Germany, Fed.Rep. 8,109 12,919 12,951 15,684 14,828 17,436
Ireland 17,887 19,074 15,568 16,363 15281 58,011
Netherlands 111,900 104,107 109,197 157,110 92,903 116,126
Norway - - - - - -
Spain 16 113 106 54 29 25
UK (Engl. + Wales) 13,371 6,436 7,870 6,090 12418 31,641
UK (N.Ireland) - 2,026 1,690 587 119 -
UK (Scotland) 139 1,992 5,008 3,123 9,015 10,522
USSR - - - - - -
Unallocated + discards 7,614 24,541 15,563 4,0103 14,057 68,644
Total 192,196 201,326 188,135 221,000 200,256 330,705
!Provisional.

Includes Sub-area VI.
*Includes a negative unallocated catch of 4,000 t.
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Table 6.5  Landings (t) of HORSE MACKEREL in Sub-area VIII by country. (Data

submitted by Working Group members).

Country 1980 1981 1982 1983 1984
Denmark - - - - -
France 3,361 3,711 3.073 2,643 2,489
Netherlands - - - - 2
Spain 34,134 36,362 19,610 25,580 23,119
UK (Engl. + Wales) - + 1 - 1
USSR - - - - 20
Total 37,495 40,073 22,683 28,223 25,629
Country 1985 1986 1987 1988 1989
Denmark - 446 3,283 2,793 6,729
France 4,305 3,534 3,983 4,502 4,719
Germany - - - - -
Netherlands 2 2 2 - -
Spain 23,292 40,334 30,098 26,629 27,170
UK (Engl. + Wales) 143 392 339 253 68
USSR - 656 - - -
Unallocated + discards - - - - -
Total 27,740 45,362 37,703 34,177 38,686
Country 1990 1991 1992 1993 1994 1995
Denmark 5,726 1,349 5,778 1,955 - 340
France 5,082 6,164 6,220 4,010 28 -
Germany - 80 62 - -
Netherlands 6,000 12,437 9,339 19,000 7,272 -
Spain 25,182 23,733 27,688 27,921 25,409 28,349
UK (Engl. + Wales) 6 70 88 123 753 20
USSR - - - - -
Unallocated + discards 1,500 2,563 5,011 700 2,038 -
Total 43,496 46,396 54,186 53,709 35,500 28,709

'Preliminary.
Included in Sub-area VILI.
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Table 6.6 Catch in numbers ('000) at age of WESTERN HORSE
MACKEREL by quarter and by Division(s) in 1995.
1995 lla Va Vlia Vilb,c,j,k | Vlla,e,f,g,h| Vlia,b,d,e All areas
1'st Q 1'stQ 1'st Q 1'st Q 1'st Q 1'st Q 1'st Q
Age | catch('000) | catch('000)| catch{'000}| catch{'000) | catch{'000) | catch{'000) | catch ('000)}
o] o] (o] o] 0 [¢] o] [o]
1 (¢} (o} (o} o} (o} (o} (4]
2 6] (o} 0 [0} 0 [o] (o}
3 (o] [¢] 99,413 7,751 4,016 33 111,213
4 0 (o} o] 3,613 2,061 69 6,734
5 (o] 0 0 368 159 0 627
6 0 (o} o] 3,163 1,753 o] 4,916
7 [} 0 o 3,726 2,125 43 5,893
8 o 232 0 42,633 22,269 407 65,541
9 [¢] 232 o 12,859 7,336 184 20,620
10 (o} 464 4,518 10,391 5,834 115 21,321
1 0 232 0 1,11 634 69 2,046
12 0o o] 0 1,909 634 0 2,543
13 o] 4,421 9,036 204,602 107,252 1,373 326,685
14 [} [o] (o} 798 0 23 821
16+ (o] 232 [¢] 10,434 5,260 62 15,988
Total 0 5,814 112,966 303,358 168,331 2,378 583,847
Tonnes (o] 1,658 8,857 65,437 34,448 452 110,862
fa Va Via Vllb,e,j,k | Vlla,e,f,g,h| Vllab,d,e All areas
2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'ndQ 2'ndQ
Age | catch('000) | catch({'000}{ catch{'000} | catch{'000) | catch{'000) | catch('000) i catch ('000;
0 o o] o (o} 0] [o] (o
1 [} [ (o} [o} (o} 0 0
2 0 o] 0o (o} o [o} (o]
3 o] 0o [ 4,265 0o 31 4,296
4 0o 0 o] 7,712 (o} 56 7,768
5 (o} o] (o} (o} o (o] (o]
6 o] [] o] o o] 0o (o]
7 o 0 (o} 5,636 o 40 5,677
8 [o] 0o 2,481 52,839 [ 384 55,714
9 (o} 0 [o} 25,148 0o 183 25,330
10 [¢] (o} [} 14,892 o 108 156,001
1 o] o] [¢] 8,984 o] 65 9,049
12 (o} o] 1,221 o] (o] 0o 1,221
13 0o 0 45,718 178,274 0 1,294 225,286
14 0o o] (o} 2,983 0 22 3,016
15+ 0 0 12,367 8,084 (o] 59 20,501
Total 0 0 61,787 308,728 0 2,241 372,757
Tonnes (o] (o] 17,486 58,685 a4 426 76,641
Ha IVa Vlia Vilb,c,j.k Vla,e,f,gh | Villa,b,de All areas
3'rd Q 3'rd Q 3'rd Q 3'rdQ 3'rd Q 3'rd Q 3'rdQ
Age | catch('000) | catch{’000} | catch{'000}| catch({'000)} | catch{'000) | catch{'000} | catch {'000}
[o] 0o 0 o] (o] [ o (o}
1 [o] o] o] 0 37,107 0 37,107
2 [¢] o] [} (o] 37,107 [} 37,107
3 o 0 [ (o} 18,653 8 18,562
4 0 o] (o} [ [o} 15 16
5 o] [of (o] o] [0} 0 o]
6 o [¢] [¢] o] o] [¢] (o]
7 o] [o] o] 1,654 0 11 1,665
8 107 431 31,179 13,865 (o} 104 45,686
9 194 431 10,422 9,986 0 49 21,083
10 272 862 0 9,986 0 29 11,149
11 198 431 20,800 3,882 o 18 25,329
12 67 [o] o] 13,865 0 0] 13,932
13 5,735 8,213 104,001 39,299 (o} 349 157,698
14 48 0 31,179 [o] [¢] 6 31,233
15+ 648 431 62,401 4,452 0 16 67,948
Total 7.269 10,801 259,981 96,989 92,767 605 468,412
Tonnes 2,800 3,109 56,779 18,962 5,232 116 86,997
{la IVa Via Viib,c,j,k | Vlla,e,f,g,h| Vlila,b,de All areas
4'th Q 4'th Q 4'th Q 4'th Q 4'th Q 4'th Q 4'th Q
Age | catch{'000) | catch{'000)| catch('000)| catch{'000} | catch('000) | catch({'000) | catch ('000)
(o] (o] o} ¢} o] o] [¢] o]
1 0 [o] o] o] 13,736 o] 13,736
2 0 [o] 0 0 374,305 0 374,305
3 [¢] (o} o 0 248,755 13 248,768
4 0 [ o] 0 184,640 24 184,664
Y o] o} o} [¢] 52,286 o] 52,286
6 0 o) 0 [¢] 80,649 [o] 80,649
7 o] o} 0o 4,729 8,645 17 13,291
8 396 3,287 260 39,631 19,350 164 63,088
9 718 5,965 87 28,543 5,415 78 40,805
10 1,003 8,337 (o} 28,543 10,398 46 48,328
11 730 6,064 173 11,096 3,637 28 21,628
12 246 2,042 0 39,631 2,916 o] 44,835
13 21,165 175,927 866 112,330 24,519 553 335,360
14 177 1,470 260 0 1,662 9 3,579
15+ 2,382 19,886 520 12,727 9,970 25 45,520
Total 26,826 222,979 2,166 277,229| 1,040,684 957| 1,670,841
Tonnes 10,333 86,888 473 54,200 85,031 182 236,107
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Table 6.7 Length (cm) at age of WESTERN HORSE
MACKEREL by quarter and Division in 1995

1995 la Va Via Vilb,c,j,k | Vila,e,f,g,h[ Villa,b,d,e All areas
1'stQ 1'stQ 1'stQ 1'stQ 1'stQ 1'stQ 1'stQ
Age length{cm) | length{cm) | lengthicm) | length(cm) | length{cm) | lengthlem) | length{cm)
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 0.0 0.0 21.2 21.2 21.1 22.7 21.2
4 0.0 0.0 0.0 25.3 25.3 26.1 25.3
5 0.0 0.0 0.0 24.7 23.5 0.0 24.3
6 0.0 0.0 0.0 275 27.3 0.0 27.4
7 0.0 0.0 0.0 27.9 27.9 27.9 27.9
8 0.0 275 0.0 29.0 29.0 28.4 28.0
9 0.0 30.6 0.0 29.4 29.4 29.2 29.4
10 0.0 32.56 27.5 29.5 29.5 29.8 291
1" 0.0 31.5 0.0 29.2 29.2 291 29.5
12 0.0 0.0 0.0 30.4 31.2 0.0 30.6
13 0.0 32.8 29.0 30.6 30.6 29.8 30.6
14 0.0 0.0 0.0 33.7 0.0 32.8 33.7
15+ 0.0 36.5 0.0 35.9 35.9 32.9 35.9
0-16+ 0.0 32.6 22.1 30.1 30.1 29.4 28.5
lla Va Vla Vilb,c,j,k | Vlla,e,f,g,h| Villa,b,d,e All areas
2'nd Q 2'nd Q 2'nd Q 2'ndQ 2'nd Q 2'nd Q 2'nd Q
Age | length{em) | length({cm) | lengthlcm) | lengthicm) | length{cm) | length{cm) | lengthlcm) |
o] 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 0.0 0.0 0.0 22.7 0.0 22.7 22.7
4 0.0 0.0 0.0 26.1 0.0 26.1 26.1
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7 0.0 0.0 0.0 27.9 0.0 27.9 27.9
8 0.0 0.0 32.0 28.4 0.0 28.4 28.6
9 0.0 0.0 0.0 29.2 0.0 29.2 29.2
10 0.0 0.0 0.0 29.8 0.0 29.8 29.8
iR 0.0 0.0 0.0 29.1 0.0 29.1 29.1
12 0.0 0.0 35.5 0.0 0.0 0.0 35.6
13 0.0 0.0 33.6 29.8 0.0 29.8 30.6
14 0.0 0.0 0.0 32.8 0.0 32.8 32.8
15+ 0.0 0.0 35.5 32.9 0.0 32.9 34.5
0-15+ 0.0 0.0 34.0 29.4 0.0 29.4 30.1
Ha Wa Vla Vilb,c,j,k | Vlla,e,f,g,h} Viila,b,d,e Al areas
3'rdQ 3'rd Q 3'rd Q 3'rd Q 3'rd Q 3rdQ 3'rd Q
Age | length [cm)|length {cm)| length {em)|length {cm)|length (em}| length (cm) | length{cm)
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 0.0 0.0 0.0 0.0 16.8 0.0 16.8
2 0.0 0.0 0.0 0.0 19.1 0.0 181
3 0.0 0.0 0.0 0.0 21.6 22.7 215
4 0.0 0.0 0.0 0.0 0.0 26.1 26.1
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7 0.0 0.0 0.0 27.6 0.0 27.9 27.5
8 30.9 27.8 27.5 26.6 0.0 28.4 27.2
9 31.3 30.5 27.5 28.8 0.0 29.2 28.2
10 31.6 32.5 0.0 28.2 0.0 29.8 28.6
11 32.4 31.5 28.5 28.86 0.0 29.1 28.6
12 31.3 0.0 0.0 28.9 0.0 0.0 28.0
13 34.0 32.8 29.3 28.7 0.0 29.8 29.56
14 36.6 0.0 30.2 0.0 0.0 32.8 30.2
16+ 36.8 36.5 30.7 30.0 0.0 32.9 30.7
0-15+ 34.0 32.6 29.4 28.4 18.7 29.4 27.2
la Va Vla Vlilb,c,j.k | Vila,e,f,g,h| Vlla,b,d,e All areas
4'th Q 4'th Q 4'th Q 4'th Q 4'th Q 4'th Q 4'th Q
Age | lengthlcm) | length{cm] | lengthlcm) | length{em) | length{cm) | length{cm) | length(cm)
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 0.0 0.0 0.0 0.0 16.8 0.0 16.8
2 0.0 0.0 0.0 0.0 18.3 0.0 18.3
3 0.0 0.0 0.0 0.0 20.6 22,7 20.6
4 0.0 0.0 0.0 0.0 22,0 26.1 22.0
5 0.0 0.0 0.0 0.0 24.9 0.0 24.9
6 0.0 0.0 0.0 0.0 25.1 0.0 25.1
7 0.0 0.0 0.0 27.5 27.7 27.9 27.6
8 30.9 30.9 27.6 26.6 271 28.4 27.0
9 31.3 31.3 27.5 28.8 26.6 29.2 28.9
10 31.5 31.5 0.0 28,2 271 29.8 28.6
1 32.4 32.4 28.56 28.6 28.4 29.1 29.8
12 31.3 31.3 0.0 28.9 28.5 0.0 29.0
13 34.0 34.0 29.3 28.7 27.9 29.8 31.8
14 35.5 35.5 30.2 0.0 275 32.8 31.4
15+ 36.8 36.8 30.7 30.0 27.8 32.9 32.9
0-15+ 34.0 34.0 29.4 28.4 21.1 29.4 24.5

g:\acfm\wghmsa\svein\FINAL.XLS

143



Table 6.8 Weight (g) at age of WESTERN HORSE MACKEREL
by quarter and by Division(s) in 1995,
1995 iia Va Via Viib,e,j.k |Vila,e,f,g, | Vllla,b,d,e| All areas
1'stQ 1'stQ 1'st Q 1'st Q 1'stQ 1'st Q 1'st Q
Age | weight(g) | weight(g) | weight{g) | weight(g) | weight{g) | weight{g) | weight{g)
(o] o} [o] [¢] o] o] [o] o]
1 0 o} o] o} 0 (o] [o]
2 (4] o] [o] 0o o] (o] (o]
3 0 o] 67 66 65 76 67
4 0 o] 0] 115 1156 130 1186
B 0 o] 0 119 96 0 12
6 [¢] (o] 0 166 161 o] 163
7 0 (o] ¢} 169 169 167 169
8 0 191 o] 185 186 171 1856
9 [o] 244 o] 193 193 183 193
10 [¢] 285 163 182 192 198 186
11 [o] 277 o] 185 185 188 196
12 [¢] o] o} 204 229 0 210
13 [o] 288 165 228 228 197 224
14 0 0 [o] 320 o 262 318
15+ [o] 405 [¢] 367 371 269 369
0-16+ 0 286 78 215 215 180 189
lla Va Vla Vlib,c,j,k {Vila,e,f,g, | Vlila,b,d,e| All areas
2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q
| _Age | weightlg) | weightlg) | weight{g) | weight{g) | weight{g) | weight(g) | weight{g) |
[o] 0 [¢] o] o o] o] [o]
1 (o] 0 o] 0 o o] [o]
2 (o] (o} o] [¢] [o] [¢] [o]
3 o} 0] o] 76 o] 76 76
4 0 0 o] 130 o] 130 130
5 o] o] [¢] o] [0} 0 [¢]
6 (o] o] [o] o] o] o] (o]
7 0 0 0 167 (o] 167 167
8 0 0 262 171 0 171 176
9 (o] [o] [o] 183 o] 183 183
10 0 (o] o] 198 o] 198 198
1 o] o] o] 188 0 188 188
12 o] o] 330 o [¢] 0 330
13 [o] o] 268 187 0 197 21
14 o] o] 0 262 0 262 262
156+ o] o] 340 269 0 269 312
0-156+ 0 o] 283 190 0 190 205
lls Va Via Vilb,c,j,k |Vlla,e,f,g, | Vllla,b,d,e| All areas
3'rd Q 3'rd Q 3'rd Q 3'rd Q 3'rd Q 3'rd Q 3'rd Q
|_Age |weight (g)]| weight (g)| weight (g)]| weight (g)! weight (g)| weight (g)| weight(g)
(o] o] [o] [¢] o] o] (o] [¢]
1 0 0] o} o] 38 o] 38
2 o 0 0 0 69 (o} 69
3 o] [o] o] 0 91 76 91
4 0] o] o] o] o] 130 130
5 0 o] o] o] o] 0 o]
6 [¢f 0 o] 0 o] (o] o]
7 [o] 0 o] 188 o] 167 188
8 311 191 187 168 0 171 179
9 318 244 193 202 o] 183 199
10 323 285 o] 200 0 198 209
" 344 277 218 205 o] 188 218
12 317 [o] [o] 21 o] o] 211
13 383 288 212 196 0] 197 218
14 418 [¢] 227 0 o] 262 227
16+ 482 405 245 240 [o] 269 248
[o-15+] — 38s] 286] 218] 196] 57] 190] 186
lla WVa Vla Viib,c,j,k |Vlila,e,f,g, | Villa,b,d,e| All areas
4'th Q 4'th Q 4'th Q 4'th Q 4'th Q 4'th Q 4'th Q
Age | weight(g) | weightlg) | weight{g) | weight(g) | weight(g) | weight(g) | weight|g}
0 [¢] o] o} [o] [} [o] 0
1 0 o [¢] o] 37 o] 37
2 0 0 o] 0 51 o} 51
3 o] o] o] 0 74 76 74
4 0 0 o] o] 87 130 87
5 0 o [ 0 126 0o 126
6 o] o] [o] o] 128 o] 128
7 o] o] o] 188 166 167 174
8 31 311 187 158 167 171 167
9 318 318 193 202 148 183 214
10 323 323 [¢] 200 163 198 213
1 344 344 218 205 170 188 243
12 317 317 o] 211 167 [¢] 213
13 383 383 212 196 172 197 304
14 418 418 227 o] 155 262 282
156+ 482 482 245 240 168 269 343
0-16+ 385 385 218 196 82 190 150
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Table 6.9 Catch in numbers, mean length and mean weight in catch and mean weight
in stock of western horse mackerel in 1995

Age Catch in nunmbers Mean length  Mean weight (kg)
(Millions) (cm) in catch  in stock
0 0.000
1 50.843 16.8 0.038
2 411.412 18.4 0.052 0.050
3 382.838 20.8 0.073 0.066
4 198.181 22.3 0.089 0.119
5 52.812 249 0.126 0.096
6 85.565 252 0.130 0.152
7 26.425 277 0.170 0.166
8 230.028 28.0 0.176 0.178
9 107.838 28.9 0.200 0.187
10 95.799 28.9 0.204 0.197
11 58.051 29.2 0.222 0.187
12 62.531 29.2 0.215 0.229
13 1044.929 30.8 0.246 0.218
14 38.647 30.6 0.237 0.272
15+ 149.957 324 0.298 0.348
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Table 6.10. Western Horse Mackerel. (a) Catch in number at age (Thousands)

Table 6.11

Year
Age 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
0 0 0 0 0 0 0 767 0 0 3230 12420 0 2315 0
1 2523 5668 0 1267 0 83 23975 0 19117 19570 83830 94250 15324 50843
2 14320 1627 183682 3802 0 414 5354 0 42191 47240 24040 48520 796606 411412
3 91566 23595 3378 467741 1120 0 1839 18860 130153 13980 66180 7700 104631 382838
4 7825 38374 27621 3462 489397 2476 3856 16604 57561 187410 50210 52870 49463 198181
5 8968 11005 114001 32441 6316 748405 16616 4821 31195 126310 243720 83770 40466 52812
6 7979 31942 17009 77862 47149 1730 824940 13169 9883 68330 110620 307370 26961 85565
7 6013 37775 29105 9808 79428 34886 10613 1159550 19305 19000 42840 124050 205842 26425
8 1122 12854 25890 12545 18609 76224 34963 10940 1297370 21090 14202 65790 87767 230028,
9 281 2360 11230 4809 15328 9854 59452 53909 34673 1173940 17930 25250 37045 107838
10 1122 3948 3121 7155 11052 8015 8531 75496 66058 21140 1063910 3250 40453 95799
1 4473 2428 0 263 2255 16252 14301 12629 95505 13060 12000 1177060 21847 58051
12 12560 12204 486 659 746 7484 15158 21975 14040 51200 22750 6420 909325 62531
13 19489 17142 1337 2888 619 1173 4537 12471 32496 9710 69970 16110 9861 1044929
14 13205 27505 3866 970 211 168 4285 8162 16935 9000 12110 52610 14411 38647,
15+ 5579 33335 38732 27005 37295 27613 28378 16468 53023 49400 32200 33490 37138 149957
. Western Horse Mackerel. (b) Historic weight at age in the catches (Kg)
Year
Age 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
0 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.012 0.015 0.012 0.008 0.010 0.021 0.015
1 0.054 0.039 0.034 0.029 0.029 0.068 0.031 0.050 0.032 0.031 0.014 0.033 0.037 0.038
2 0.090 0.113 0.073 0.045 0.045 0.067 0.075 0.075 0.031 0.046 0.092 0.083 0.052 0.052
3 0.142 0.124 0.089 0.087 0.110 0.110 0.114 0.149 0.090 0.113 0.117 0.120 0.106 0.073
4 0.178 0.168 0.130 0.150 0.107 0.155 0.132 0.142 0.124 0.125 0.139 0.126 0.124 0.089
5 0.227 0.229 0.176 0.156 0.171 0.143 0.147 0.142 0.126 0.148 0.143 0.142 0.158 0.126
6 0.273 0.247 0.216 0.199 0.196 0.174 0.157 0.220 0.129 0.141 0.157 0.154 0.153 0.130
7 0.276 0.282 0.245 0.243 0.223 0.198 0.240 0.166 0.202 0.144 0.163 0.163 0.167 0.170
8 0.292 0.281 0.278 0.256 0.251 0.249 0.304 0.258 0.183 0.187 0.172 0.183 0.194 0.176
9 0.305 0.254 0.262 0.294 0.296 0.264 0.335 0.327 0.227 0.185 0.235 0.199 0.199 0.200]
10 0.369 0.260 0.259 0.257 0.280 0.321 0.386 0.330 0.320 0.215 0.222 0.177 0.280 0.204
11 0.348 0.300 0.255 0.241 0.319 0.336 0.434 0.381 0.328 0.303 0.288 0.238 0.275 0.222
12 0.348 0.310 0.344 0.251 0.287 0.244 0.404 0.400 0.355 0.323 0.306 0.308 0.240 0.215
13 0.348 0.315 0.232 0.314 0.345 0.328 0.331 0.421 0.399 0.354 0.359 0.327 0.326 0.246
14 0.356 0.311 0.306 0.346 0.260 0.245 0.392 0.448 0.388 0.365 0.393 0.376 0.342 0.237
15 0.366 0.332 0.308 0.321 0.360 0.373 0.424 0.516 0.379 0.330 0.401 0.421 0.383 0.298
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Table 6.12. Western Horse Mackerel. (c) Weight at age in the catches (Kg), assumed for projections.

Year
Age 1996 1997 1998 1999 2000 2001
0 0.015 0.015 0.015 0.015 0.015 0.015
1 0.036 0.036 0.036 0.036 0.036 0.036
2 0.062 0.062 0.062 0.062 0.062 0.062
3 0.100 0.100 0.100 0.100 0.100 0.100
4 0.113 0.113 0.113 0.113 0.113 0.113
5 0.142 0.142 0.142 0.142 0.142 0.142,
6 0.145 0.145 0.145 0.145 0.145 0.145
7 0.167 0.167 0.167 0.167 0.167 0.167
8 0.184 0.184 0.184 0.184 0.184 '0.184
9 0.193 0.199 0.199 0.199 0.199 0.199
10 0.220 0.208 0.220 0.220 0.220 0.220
11 0.245 0.245 0.220 0.245 0.245 0.245
12 0.254 0.254 0.254 0.233 0.254 0.254
13 0.301 0.301 0.301 0.301 0.243 0.301
14 0.260 0318 0.318 0.318 0.318 0.252
15+ 0.366 0.266 0.271 0.274 0.278 0.280]
Table 6.13. Western Horse Mackerel. (d) Historic weight at age in the stock (Kg)
Year
Age 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.0S0 0.050 0.050 0.050 0.050 0.050
3 0.080 0.080 0.077 0.081 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.066
4 0.207 0.171 0.122 0.148 0.105 0.105 0.105 0.105 0.105 0.121 0.105 0.105 0.105 0.119)
5 0.232 0.227 0.155 0.140 0.134 0.126 0.126 0.103 0.127 0.137 0.133 0.153 0.147 0.096
6 0.269 0.257 0.201 0.193 0.169 0.150 0.141 0.131 0.135 0.143 0.151 0.166 0.185 0.152
7 0.280 0.276 0.223 0.236 0.195 0171 0.143 0.159 0.124 0.144 0.150 0.173 0.169 0.166,
8 0.292 0.270 0.253 0.242 0.242 0.218 0.217 0.127 0.154 0.150 0.158 0.172 0.191 0.178
9 0.305 0.243 0.246 0.289 0.292 0.254 0.274 0.210 0.174 0.182 0.160 0.170 0.191 0.187
10 0.369 0.390 0.338 0.247 0.262 0.281 0.305 0.252 0.282 0.189 0.182 0.206 0.120 0.197
11 0.344 0.305 0.300 0.300 0.300 0.291 0.337 0.263 0.272 0.266 0.292 0.211 0.197 0.187
12 0.348 0.309 0.300 0.300 0.300 0.297 0.352 0.302 0.404 0.295 0.211 0.258 0.231 0.229r
13 0.348 0.311 0.300 0.325 0.300 0.303 0.361 0.411 0.404 0.349 0.245 0.288 0.270 0.218
14 0.361 0312 0.305 0.325 0.300 0.303 0.352 0.383 0.404 0.361 0.361 0.338 0.270 0.272
15 0.364 0.310 0.285 0.303 0.346 0.339 0.390 0.358 0.404 0.381 0.403 0.405 0.338 0.348
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Table 6.14. Western Horse Mackerel. (e) Weight at age in the stock (Kg), assumed for projections.

Year
Age 1996 1997 1998 1999 2000 2001
0 0 0 0 0 0 0
1 0 0 0 0 0 0
2 0.050 0.050 0.050 0.050 0.050 0.050
3 0.075 0.075 0.075 0.075 0.075 0.075
4 0.108 0.108 0.108 0.108 0.108 0.108
5 0.130 0.130 0.130 0.130 0.130 0.130H
6 0.174 0.174 0.174 0.174 0.174 0.174
7 0.168 0.168 0.168 0.168 0.168 0.168
8 0.187 0.187 0.187 0.187 0.187 0.187
9 0.193 0.190 0.190 0.190 0.190 0.1901
10 0.192 0.208 0.192 0.192 0.192 0.192
11 0.194 0.194 0.220 0.194 0.194 0.194
12 0.230 0.230 0.230 0.233 0.230 0.230
13 0.253 0.253 0.253 0.253 0.243 0.253
14 0.260 0.271 0.271 0.271 0.271 0.252
15+ 0.341 0.266 0.271 0.274 0.278 0.280

Table 6.15. Western Horse Mackerel. (f) Historical proportions of fish spawning at age and year.

Year

Age 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0l
2 0.4 0.3 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
3 0.8 0.7 0.6 0.4 0.4 0.4 04 0.4 0.4 04 0.4 04 0.4 0.4
4 1.0 1.0 0.9 0.8 0.6 0.6 0.6 0.6 0.6 06 0.6 0.6 0.6 0.6
S 1.0 1.0 1.0 1.0 0.9 0.8 0.8 0.8 08 0.8 0.8 08 08 0.8
6 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
7 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
8 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
10 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
11 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
12 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
13 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
14 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
15 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
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Table 6.16. Western Horse Mackerel. (g) Assumed values of proportions of fish spawning at age and year, as used in projections.

Year
Age 1996 1997 1998 1999 2000 2001
0 0.0 0.0 0.0 0.0 0.0 0.0
1 0.0 0.0 0.0 0.0 0.0 0.0
2 0.1 0.1 0.1 0.1 01 0.1
3 0.4 0.4 0.4 0.4 0.4 0.4
4 0.6 0.6 0.6 0.6 0.6 0.6
5 08 0.8 0.8 0.8 0.8 0.8
6 1.0 1.0 1.0 1.0 1.0 1.0
7 1.0 1.0 1.0 1.0 10 1.0ﬁ
8 1.0 1.0 1.0 1.0 1.0 1.0
9 1.0 1.0 1.0 1.0 1.0 1.0
10 1.0 1.0 1.0 1.0 1.0 1.0
11 1.0 1.0 1.0 1.0 1.0 1.0
12 1.0 1.0 1.0 1.0 1.0 1.0
13 1.0 1.0 1.0 1.0 1.0 1.0
14 1.0 1.0 1.0 1.0 1.0 1.0
15 1.0 1.0 1.0 1.0 1.0 1.0
=
o Table 6.17. Western Horse Mackerel. (h). Assumed scalars used in the ADAPT analysis.
Natural Mortality 0.15 /yr
Proportion of fishing mortality before spawning 0.45
Proportion of natural mortality before spawning 0.45

g:\acfm\wgmhsa\kp\hom\TAB6_10.XLS



Table 6.18. Western Horse Mackerel. Results of ADAPT analysis (a) Estimated historical fishing mortality

Mean F (5-14)
Mean F (5-14) , W

g:\acfmwgmhsa\kic\hom\FIG6_18.XLS

Year
Age 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0011 0.0000 0.0000 0.0020 0.0026 0.0000 0.0041 0.0052
1 0.0017 0.0001 0.0000 0.0009 0.0000 0.0000 0.0053 0.0000 0.0193 0.0488 0.0636 0.0233 0.0077 0.1113
2 0.0087 0.0013 0.0040 0.0028 0.0000 0.0002 0.0025 0.0000 0.0853 0.0576 0.0740 0.0462 0.2630 0.2754
3 0.0205 0.0169 0.0032 0.0120 0.0010 0.0000 0.0012 0.0103 0.0395 0.0349 0.1014 0.0290 0.1231 0.1841
4 0.0083 0.0101 0.0234 0.0038 0.0148 0.0025 0.0045 0.0129 0.0375 0.0698 0.1601 0.1043 0.2473 0.3391
5 0.0097 0.0138 0.0358 0.0329 0.0081 0.0269 0.0196 0.0066 0.0288 0.1024 0.1156 0.4088 0.1029 0.4266
6 0.0096 0.0411 0.0252 0.0294 0.0580 0.0026 0.0355 0.0184 0.0159 0.0772 0.1162 0.1976 0.2099 0.3087
7 0.0127 0.0545 0.0454 0.0172 0.0360 0.0527 0.0186 0.0609 0.0322 0.0365 0.0602 0.1749 0.1864 0.3087
8 0.0039 0.0322 0.0456 0.0235 0.0391 0.0417 0.0651 0.0227 0.0851 0.0424 0.0328 0.1173 0.1709 0.3087
9 0.0148 0.0097 0.0337 0.0101 0.0344 0.0248 0.0393 0.1283 0.0882 0.0980 0.0437 0.0714 0.0849 0.3087
10 0.0589 0.2785 0.0150 0.0257 0.0276 0.0215 0.0256 0.0610 0.2166 0.0676 0.1148 0.0095 0.1481 0.3087
11 0.1080 0.1654 0.0000 0.0015 0.0096 0.0489 0.0461 0.0456 0.0969 0.0573 0.0472 0.1699 0.0771 0.3087
12 0.0711 0.4463 0.0428 0.0753 0.0049 0.0379 0.0558 0.0878 0.0621 0.0655 0.1269 0.0305 0.1817 0.3087
13 0.0787 0.1242 0.0746 0.3577 0.0892 0.0090 0.0276 0.0565 0.1715 0.0529 0.1137 0.1181 0.0569 0.3087
14 0.0447 0.1440 0.0353 0.0676 0.0373 0.0299 0.0392 0.0602 0.0961 0.0622 0.0819 01111 0.1395 0.3087
15 0.0447 0.1440 0.0353 0.0676 0.0373 0.0299 0.0392 0.0602 0.0961 0.0622 0.0819 0.1111 0.1395 0.3087
0.0412 0.1310 0.0353 0.0641 0.0344 0.0296 0.0372 0.0548 0.0893 0.0662 0.0853 0.1409 0.1358 0.3205
0.0230 0.0497 0.0358 0.0263 0.0330 0.0279 0.0356 0.0585 0.0819 0.0904 0.1070 0.1636 0.1663 03114
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Table 6.19. Western Horse Mackerel. Results of ADAPT analysis (b) Estimated population abundance (Thousands of fish on 1 January)

1982

1983

1984

1985

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996/
0| 66269800 1960090 1675970 2542510 3106840 65700480 750223 1249870 513968 1703090 5122020 2494840 605650 1500200 1500200
1] 1560310 57038900 1687060 1442520 2188360 2674080 4906450 645012 1075780 442376 1462870 4397050 2147330 519143 1284560
2| 1779370 1340630 49088600 1452070 1240410 1883540 2301530 4200800 555167 908215 362629 1181470 3697250 1834020 399771
3] 4854150 1518250 1152380 42080700 1246280 1067630 1620790 1975980 3615660 438773 737954 289856 971025 2446310 1198540
4] 1016400 4093150 1284900 988736 35785700 1071650 918920 1393320 1683270 2991450 364703 573900 242347 738938 1751530
5] 1002480 867569 3487450 1080330 847804 30347500 920081 787348 1183860 1395470 2401210 267458 445020 162885 453095
6| 898913 854531 736525 2896060 899793 723858 25426900 776524 673209 990052 1084170 1841170 152953 345574 91505.7
7| 514326 766307 705911 618173 2420520 730789 621427 21120900 656157 570278 788873 830772 1300520 106723 218435
8] 308363 437112 624577 580622 522978 2009770 596683 525033 17105000 546873 473240 639312 600324 929020 67459
9] 205529 264371 364317 513596 488121 432891 1659210 481189 441763 13521200 451161 394163 489371 435528 587227
10] 210922 174296 225359 303166 437599 405929 363462 1373020 364277 348127 10551000 371708 315877 386906 275294
11| 469912 171151 113552 191076 254308 366405 341959 304930 1111850 252474 280058 8096640 316920 234452 244560
12] 196875 363054 124853 9773.51 164217 216795 300313 281080 250757 868562 205210 229932 5880160 252546 148195
13| 277154 157821 199994 102959 78019 140651 179664 244442 221582 202825 700161 155573 191956 4220180 159632
14] 324980 220502 119974 159755 6196.88 6142.06 119973 150434 198842 160662 165579 537873 118993 156085 2667550
15| 137301 267240 1201970 444762 1095320 1009530 794536 303522 622570 881855 440269 342394 306651 605635 197320
Table 6.20. Western Horse Mackerel. Results of ADAPT analysis (c) Estimated spawning stock size (Tonnes at spawning time)
1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
Egg surv. 2210000 171 ooﬂ
Fitted: 1505742 1689764 1838914 2689809 3626567 4266991 4802074 4227016 3739577 3605915 2841012 2545355 1943854 1472160
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TABLE 6.21 Stock summary table for wéstem horse mackerel.

SSB Yield Recruitment at age 1

Year (‘000t) F(5-14) (‘000t) (millions)
1982 1506 041 41.6 1560
1983 1690 131 64.9 57039
1984 1839 .035 73.6 1687
1985 2690 064 80.6 1443
1986 3627 .034 105.7 2188
1987 4267 .030 157.2 2674
1988 4802 .037 188.1 4906
1989 4227 .055 268.9 645
1990 3740 .089 373.5 1076
1991 3606 .066 333.6 442
1992 2841 .085 370.6 1463
1993 2545 141 433.1 4397
1994 1944 136 388.9 2147
1995 1472 320 510.6 519
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Figure 6.1 The age composition of the western horse mackerel in the international catches from 1982-

Age 15 is a plus group.
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Western Horse Mackerel :

Stock Summary
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Figure 6.2 Vestern Horse Mackerel. Summary of landings, fishing mortality,
recruitment and spawning biomass. Full lines, ADAPT estimates obtained on fitting to
traditional annual egg production estimates. Broken lines, estimates obtained fitting to

GAM estimates of egg production.
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Figure 6.3. Western Horse Mackerel. Uncertainty in assessment and in medium-term
estimates for
four levels of annual catch constraint over the period 1997-2001. Full lines, medians. Dashed
lines, 25th and 75th percentiles. Dotted lines, 5th and 95th percentiles. Fishing mortality in
the projections constrained to be less than 5 times fishing mortality in 1995. Catch constrained
to 500 000t in 1996.
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Figure 6.6

Western Horse Mackerel : Estimated Biomass for Different Values of M
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7 SOUTHERN HORSE MACKEREL (DIVISIONS VIIIC AND IXA)
7.1 The Fishery in 1995

Total catches from Divisions VIIIc and IXa were estimated by the Working Group to be 52,681 t, in 1995 which
represents the same level reached in 1994. The catch by country and gear is shown in Table 7.1. The Portuguese
catches show a decrease of 7% compared with the 1994 catches. In this year the fall is due to the lower catches
obtained by the Portuguese purse seine and artisanal fleets. Spanish catches show a slight increase since 1991.
The proportion of the catches by gear presents the same pattern than in 1994, being the purse seiner catches the
most important ones in the Spanish area (66% of the catches) whereas in the Portuguese waters the trawler’s
catches are the majority, representing the 71% of the Portuguese total catch.

In this area the catches of horse mackerel are relatively uniform over the year (Borges et al. 1995; Villamor et
al. 1996). Although the second and third quarters show relatively higher catches than the first and fourth (see
Table 7.2).

ICES officially reported catches are requested for “horse mackerel” whose designation includes all the species of
the genus Trachurus in the area, not only Trachurus trachurus L. which is the species at present under
assessment by this Working Group. The reported catch, therefore always has to be revised by the Working
Group in order to eliminate species of horse mackerel other than Trachurus trachurus (see Section 4.4).

7.2 Effort and Catch per Unit Effort

Table 7.3 presents the commercial catch rates from the trawl fleet fishing in Sub-divisions of IXa Central North,
Central South and South (Portugal) from 1979 to 1990 and trawl fleets from Spain fishing in Sub-division VIIIc
West (La Corufia) and in Sub-division VIIIc East (Aviles) from 1983 to 1995. In 1995 the catch rate of the trawl
fleet in Sub-division VIIIc West was 9 % lower than the catch rate obtained in 1994, continuing with the
decrease observed in that year in spite of there are no major changes in the effort (in fact, it has been quite stable
since 1988). The Aviles trawl fleet operating in Sub-division VIIIc East presents a small drop in the catch rate
compared with the high level reached in 1994. Horse mackerel trawl catch rates from the Portuguese trawl fleet
fishing in Division IXa are not available since 1991, because the effort data series is under revision.

Table 7.4 indicates the catch rates from research vessel surveys in Kg per tow, for comparison with the total
biomass trend. No data are available in 1995 from the Portuguese short time series in winter time. The 1995
June-July survey indicates a biomass index much lower than the previous year (80% decrease) while in October
in the Portuguese area the biomass index was shown to be higher compared with that of 1994 . The 1993
biomass index of that series was confirmed to indicated an extremely high value as compared with the rest of the
series. The Spanish October survey showed a similar level in the biomass since 1992. The Portuguese and
Spanish area was covered at the same time of the year which was Sept./October in the Spanish northern Sub-
divisions and October/November in the Portuguese southern Sub-divisions.

Catch per unit effort at age

CPUE at age from the Galician (La Corufia) bottom trawl fleet (Sub-division VIIIc West) and from the
Cantabrian (Aviles) trawl fleet fishing in Sub-division VIIIc East are available from 1984 to 1995. The
extremely strong 1982 year class is still very prominent in the data for both fleets at age group 13 (Table 7.5). In
1995, the 1986 year class was confirmed as being strong, giving high indices of abundance in both fleets.

7.3 Fishery Independent Information
7.3.1  Trawl surveys

Table 7.6 shows the number at age from the Spanish and Portuguese bottom traw! in the October surveys and
from the Portuguese July survey. The two October surveys covered Sub-divisions VIIIc East, VIIIc West, IXa
North (Spain) from 20-500 m depth and, Sub-divisions IXa Central North, Central South and South, in Portugal,
from 20-750 m depth. The same sampling methodology was used in both surveys but there were differences in
the gear design, as described in Anon. (1991/G:13). The Portuguese October and July survey indices and the
Spanish September/October survey indices are estimated by strata for the range of distribution of horse mackerel
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in the area, which has been consistently sampled over the years. This corresponds to the 20-500 m strata
boundaries. It was demonstrated that the horse mackerel off the Portuguese shelf are stratified by length
according to the depth and spawning time (Anon. 1993/Assess:19). This explains the special characteristics of
the composition of the catches, the lower availability of fish after first maturing which creates a peculiar
selection pattern.

The Spanish September/October survey series is available from 1985 to 1995 and the Portuguese October
survey, from 1981-1995. Both are carried out during fourth quarter when the recruits have entered the area. In
these surveys the recruitment (age 0) values in 1995 are very low specially if we compare with the extremely
high level reached in 1994 in the Spanish survey and in 1993 in the Portuguese survey. In the Spanish Sept./Oct.
survey in 1995 the 1986 year class is still abundant (Table 7.6). In the Portuguese July survey there is a strong
fall in the 1995 abundance index observed in all the ages comparing with those obtained in 1994 in spite the
same vessel, sampling and gear methodology was used. The 1982 year class is conspicuous in all the survey
series but is stronger in the October Spanish bottom trawl survey.

7.3.2 Eggsurveys

This was the first series of surveys carried out in the southern area for the Annual Egg Production Method
(Anon. 1996/H:2) as explained in Section 1.4. Results of the Southern area egg Surveys are given in Section
4.2.3. The provisional estimate of 1995 SSB for the southern horse mackerel from those surveys was 261,000
tonnes.

7.4 Catch in Numbers at Age

The catch in numbers at age for 1995 are presented by quarter and area, disaggregated by Sub-division VIIIc
East, VIIIc West and IXa North (Table 7.7). In Sub-divisions IXa Central North, IXa Central South and 1Xa
South only the catch in numbers from trawl catches were available disaggregated by Sub-division. The purse
seine and artisanal catches were not sampled by Sub-division in the Portuguese area, so the catch in numbers
from all gears and quarters is only available for the total Portuguese area, as it is shown in Table 7.7. Table 7.10
and Figure 7.1 present the catch in numbers by year. The 1982 year class is well represented in the catch in
numbers at age matrix. The 1986 year class is strong but does not reach the extreme high level of the 1982 year
class. The 1991 and 1992 year classes are shown as strong in the catches as 2 and 3 age- groups.

Catch in numbers at age have been obtained by applying a quarterly ALK to each of the catch length distribution
estimated from the samples of each Sub-division. The sampling intensity is discussed in section 1.3. The data
before 1985 have not yet been revised according to the approved ageing methodology. So, they have been
considered unappropriate for a VPA and have not been included in the analytical assessment.

7.5 Mean Length at Age and Mean Weight at Age

Tables 7.8 and 7.9 show the 1995 mean lengths and mean weights at age in the catch by quarter and Sub-
division for the Spanish data and by quarter and total area for the Portuguese data. Table 7.11 presents the
weight at age in the stock and in the catch. The data before 1985 have not yet been revised according to the

approved ageing methodology and should, therefore be considered only correct for ages 0 and 1, ages in which
both methods were in agreement.

7.6 Maturity at Age

The proportions of fish mature at each age have been considered to be constant over the assessment period. The
maturity ogive has been smoothed as ACFM requested in 1992.

Age Group

0 1 2 3 4 5 6 7 8 9 10 11 12
0.00 | 0.00 0.04 0.27 0.63 0.81 0.90 095 | 097 | 098 | 099 | 1.00 | 1.00
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7.7 Fishing Mortality and Tuning of the VPA

Fishing mortality coefficients were estimated using Extended Survivors Analysis (XSA). In accordance with last
year assessment, the XSA parameters were set at catchability independent of age for ages equal or greater than 9
years old, level of shrinkage with standard error of 1.00, plus group 12. The two October survey series presented
very high residuals in the analysis. The Spanish September/October Survey and the Portuguese
October/November Surveys were therefore excluded from the analysis as in last year’s assessment. The strength
of shrinkage has a significant effect on the standard errors of the log catchability (Anon. 1995/Assess:2) .
Stronger shrinkage (lower cv’s ) increases the standard errors for all fleets.

Comparison of the 1994 and 1995 assessments (Figure 7.2) illustrates the results of the fishing mortality
estimates using XSA. It may be seen that for the reference F bar (1-11) the estimate shows close agreement with
the last year assessment. Given the pattern of exploitation this stock is subjected to high selection on the younger
and older ages and a reduced availability of 4-6 years old fish in the catches the estimates at F bar (0-3) and F
bar (7-11) were also compared with last year assessment showing good agreement.

The F of the younger ages is generally under-estimated by the assessment and F of the older ages over-
estimated. Taking a mean F over all the ages averages the biases. As described in Anon. (1996/Assess:7), strong
shrinkage in XSA assessment reduces the accuracy of the estimated parameters.

Comparison of the spawning stock biomass estimated for the present assessment and 1994 assessment is shown
in Figure 7.3. The biomass level estimated by this year and last year's analytical assessment are in close
agreement from 1994 backwards. The 1995 SSB estimate is at a higher level than 1994 and is consistent with the
egg production survey SSB estimate for 1995.

The tuning diagnostics and final results are given in Tables 7.12-7.15. Figure 7.4 indicates the fish stock
summary trends over the period 1985-1995 according to the final assessment.

7.8 Recruitment

The October survey series which was carried out at the time of recruitment does not show any detectable
relationship between the survey and cohort strength. In 1994 the Spanish October survey indicated high
recruitment at age 0 and the Portuguese October Survey estimated low recruitment for the 1994 year class (Table
7.6). In 1995 both surveys indicated a low level of 0 group abundance which is in agreement with the VPA
estimate. The recruitment of 0-group in 1996 was taken as the geometric mean of 1985-1993 VPA estimates
which corresponds to 1485 million fish.

7.9 Catch Predictions

The terminal population in 1994 from the final VPA was used as input to the catch forecast for age groups 1 and
older. Recruitment at age 0 was assumed to be the geometric mean of the period 1985-1993. The exploitation
pattern was taken as the arithmetic mean of the last three years rescaled to the level of the 1995 F bar of the final
year fishing mortality estimates (Table 7.13). Table 7.16 gives the input parameters and Tables 7.18a— and
Figure 7.4d show the results of the short term predictions of the catch and spawning stock biomass.

At Fyans quo (F95) the expected catch in weight for 1996 is 60,129 tonnes. In 1997, assuming, the same
recruitment level, the catch at Fyyq, o, is predicted to be 58,238 tonnes. The spawning stock biomass is expected
to increase from 209 thousand tonnes in 1995 to 225 thousand tonnes in 1996 at Fyyq q40 level and to 222
thousand tonnes if the agreed TAC of 73 thousand tonnes is taken in 1996. The spawning stock biomass is
expected to increase in 1997, at Fg quo to 235 thousand tonnes. The spawning stock biomass increases because
the 1993, 1992, 1991, 1987, 1986 year classes which are of good strength contribute to the spawning stock
biomass.

7.10 Short-Term and Medium-Term Risk Analysis
An attempt was made to estimate the probability (risk) of stock biomass, catches and fishing mortality passing a

certain level were to be carried out for this stock using the ICPROJ described in Patterson, (Anon.
1995/Assess:2). However problems were encountered when using the output files from the final XSA to start the

E\ACFM\WGMHSA9T\REPORT97.DOC  20/09/96 162




risk analysis. These format problems could not be solved during this meeting. As there was insufficient time to
properly evaluate other methods, it was not possible to present a medium term prediction for this stock.

7.11 Long-Term Yield

The long-term yield per recruit and spawning biomass-per-recruit curves, against F, derived using the input data
in Table 7.16 are shown in Figure 7.4. Table 7.17 presents the yield per recruit summary table. F,; at reference
age (1-11) is estimated to be 0.10, and F,,, to be 0.21, which approximately corresponds to the F_,. level
estimated last year.

The biological reference points were estimated and shown in Figure 7.5 which gives the plot of the recruitment
at age 1 versus the spawning stock biomass in the previous year, from the final VPA. The estimated F,, 4 value is
0.21 and Fyg, corresponds to 0.30. The present level of Fpyq quo 0F 0.19 is below the Fq level.

7.12 Comments on Assessment

This assessment is consistent with last year’s assessment. As explained in last year reports (Anon.
1995/Assess:2; Anon. 1996/Assess:7) the two October survey series which presented high residuals were not
included and this improved the fit of the model to the data. The spawning stock biomass estimated from the
1995 egg surveys is in agreement with the 1995 SSB level estimated using the two commercial fleets and the
July survey series.

7.13 Reference Points for Management Purpose

7.13.1 MBAL

The extremely strong 1982 year class is contributing for the SSB during the period available 1985-1995. The
lowest biomass attained during the period was in 1985, which in the same year gave rise to a medium
recruitment. The MBAL cannot be defined to this stock as the SSB - recruitment series data is too short and

there is no apparent relationship. So if an MBAL is required one possibility is the lowest recorded SSB estimated
in the time series.

7.13.2 Fishing mortality targets

In this stock the F,_ .4 and F,, level coincide. The Working Group considers that the fishing mortality target
should not exceed the F,,..

7.14 Management Measures and Considerations

The Working Group considers that the TAC should not be applied to Trachurus spp combined but only to
Trachurus trachurus, the Atlantic horse mackerel. The F reference which was constant over recent years has
shown a decrease in 1994 and 1995. Table 7.19 summarizes several management options at: Fy,ns ques F

corresponding to TAC equal to 73 thousand tonnes, F corresponding to TAC 1995 level, and to F,,.4and F,,,.

Given the indication of low recruitments in 1994 and 1995 it is advisable to manage the stock at F g, quo (0.19)
which is close to F,.4 (0.21) and F,, (0.21).
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Table 7.1

Annual catches (tonnes) of SOUTHERN HORSE MACKEREL by countries by gear in Divisions VIIIc
and IXa. Data from 1984-1995 are Working Group estimates.

Year Portugal (Division IXa) Spain (Divisions IXa + VIIIc) Total
' VIIc+IXa
Trawl Seine Artisanal Total Trawl Seine Hook Gillnet Total

1962 7,231 46,345 3,400 56,976 - - - - 53202 110,778
1963 6,593 54,267 3,900 64,760 - - - - 53,420 118,180
1964 8,983 55,693 4,100 68,776 - - - - 57,365 126,141
1965 4,033 54,327 4,745 63,105 - - - - 52282 115,387
1966 5,582 44,725 7,118 57,425 - - - - 47,000 104,425
1967 6,726 52,643 7279 66,648 - - - - 53,351 119,999
1968 11,427 61,985 7,252 80,664 - - - - 62,326 142,990
1969 19,839 36,373 6,275 62,487 - - - - 85781 148,268
1970 32,475 29,392 7,019 59,946 - - - - 98,418 158,364
1971 32,309 19,050 6,108 57,467 - - - - 715349 132,816
1972 45,452 28,515 7,066 81,033 - - - - 82,247 163,280
1973 28,354 10,737 6,406 45,497 - - - - 114,878 160,375
1974 29,916 14,962 3,227 48,105 - - - - 78,105 126,210
1975 26,786 10,149 9,486 46,421 - - - - 85,688 132,109
1976 26,850 16,833 7,805 51,488 89,197 26,291  376' - 115,864 167,352
1977 26,441 16,847 7,79 51,078 74,469 31,431 376 - 106,276 157,354
1978 23,411 4,561 4,071 32,043 80,121 14,945 376 - 95442 127,485
1979 19,331 2,906 4,680 26,917 48518 7428 376 - 56322 83,239
1980 14,646 4,575 6,003 25224 36489 8948 376 - 45813 71,037
1981 11,917 5,194 6,642 23733 28,776 19,330  376' - 48482 72,235
1982 12,676 9,906 8,304 30,886 2 2 2 - 28450 59,336
1983 16,768 6,442 7,741 30,951 8,511 34,054 797 - 43362 74,313
1984 8,603 3,732 4,972 17,307 12,772 15334 884 - 28,990 46,297
1985 3,579 2,143 3,698 9,420 16,612 16,555 949 - 34,109 43,529
1986 2 2 2 28526 9464 32878 481 143 42,967 71,493
1987 11,457 6,744 3,244 21,445 2 2 2 233193 54,648
1988 11,621 9,067 4,941 25,629 2 2 2 230,763 56,392
1989 12,517 8,203 4,511 25231 2 2 2 231,170 56,401
1990 10,060 5,985 3913 19,958 10,876 17,951 262 158 29247 49,205
1991 9,437 5,003 3,056 17,497 9,681 18,019 187 127 28,014 45511
1992 12,189 7,027 3438 22,654 11,146 16,972 81 103 28,302 50,956
1993 14,706 4,679 6,363 25747 14,506 16,897 124 154 31,681 57,428
1994 10,494 5,366 3201 19,061 10,864 22,382 145 136 33,527 52,588
1995 12,620 2,945 2,133 17,698 11,589 23,125 162 107 34,983 52,681
'Estimated value.
%Not available by gear.
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Table 7.2  Southern horse mackerel catches by quarter and area.

Country/Sub- Spain 8c-E, 8c-W, 9a-N Unit:tonnes Total
division

Quarter/ 1 2 3 4

Year

1984 - - - - 28990
1985 - - - - 34116
1986 - - - - 42967
1987 5179 8678 11067 8269 33193
1988 6445 7936 7918 8464. 30763
1989 7824 7480 8011 7855 31170
1990 6827 7871 7766 6783 29247
1991 5369 7220 8741 6686 28016
1992 4065 8750 10042 5445 28302
1993 5546 9227 9823 7085 31681
1994 6486 8966 9732 8343 33527
1995 6050 10328 10969 7636 34983
Country/ Portugal 9a-CN, 9a-CS, 9a-S Unit:tonnes Total
Sub-division

Quarter/ 1 2 3 4

Year

1984 4669 6506 3577 2358 17110
1985 1226 3055 2946 2192 9419
1986 4627 8093 7542 8264 28526
1987 3902 5474 6654 3524 19554
1988 3069 7402 7554 7100 25125
1989 4074 9096 8543 3513 25226
1990 3341 5753 5873 4992 19959
1991 3101 5630 5094 3672 17497
1992 2516 5661 7196 7281 22654
1993 5455 6401 8384 5507 25747
1994 4418 5051 6386 3206 19061
1995 3240 4618 6038 3802 17698
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Table 7.3 SOUTHERN HORSE MACKEREL. CPUE series in commercial fisheries.

Division IXa Division VIIIc (Spain)
Year (Portugal)
Trawl Trawl
Sub-div. VIIIc East  Sub-div. VIIIc West
Aviles La Coruiia
kg/h kg/Hp.day. 10 kg/Hp.day.10™

1979 87.7 - -
1980 69.3 - -
1981 59.1 - -
1982 56.2 - -
1983 98.0 123.46 90.4
1984 55.9 142.94 135.87
1985 24.4 131.22 118.00
1986 41.6 116.90 130.84
1987 71.0 109.02 176.65
1988 91.1 88.96 146.63
1989 69.5 98.24 172.84
1990 98.9 125.35 146.27
1991 n.a. 106.42 145.09
1992 n.a. 73.70 163.12
1993 n.a. 71.47 200.50
1994 n.a. 137.56 136.75
1995 n.a. 130.44 124.11
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Table 7.4 SOUTHERN HORSE MACKEREL. CPUE indices from research surveys.

Portugal IXa (20-500 m depth)
Spain (20-500m depth)
Bottom trawl (20-mm codend)
Year Kg/h kg/h Jun-Jul kg/h Oct kg/30 minutes
March Sept-Oct

1979 12.2' 5.5' -
1980 20.6' 25 -
1981 11.6 1.8 -
1982 42.1 36.9 -
1983 79.1 24.6 37.97
1984 - - 51.98
1985 9.5 3.8 20.93
1986 4.8 23.5 10.14
1987 - 6.9 -
1988 - 26.0 12.05
1989 14.9 11.7 15.48
1990 14.4 21.5 9.62
1991 11.8 16.9 4.92
1992 17.5 38.0 40.8 20.30
1993 100.24 35.6 235.3 18.11
1994 n.a. 49.3 12.4 21.61
1995 n.a. 9.8 18.9 21.99

Codend mesh size 40 mm.
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Table 7.5 CPUE at age from fleets

¢ Horse mackerel Southern Area (Fishing Areas VIIlc and IXa)
FLTO1: 8¢ West trawl fleet (La Coruna) (Catch: Millions)

Fishing Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch
Year effort age 0 age 1 age 2 age 3 age 4 age 5 age 6 age 7 age 8 age 9 age 10 age 11 age 12 age 13 age 14 age 15

1984 32E3 - 1 356 644 124 38 38 8 87 30 42 5 6 1 6 3 12
1985 3E4 3 12 134 399 19 42 39 25 27 43 22 8 3 1 3 27
1986 27E3 3 79 58 118 400 40 31 22 15 15 41 16 6 10 2 33
1987 23E3 1 33 113 92 143 672 76 61 13 22 20 16 8 2 1 13
1988 28E3 5 167 258 58 58 51 408 40 29 22 1 11 16 4 2 9
1989  3E4 23 152 48 115 56 57 38 299 40 103 78 6 2 23 2 16
1990  3E4 1 84 128 37 71 17 27 39 394 21 27 5 6 6 7 15
1991 27€3 1 1 41 2 20 39 27 65 49 376 37 17 12 2 9 5
1992 26E3 0 191 60 10 9 54 99 48 46 51 361 12 6 3 0 8
1993  3E4 0 34 467 39 51 95 87 210 56 79 16 209 1 0 1 1
1994 26E3 2 79 270 12 8 20 92 146 165 34 18 4 45 1 0 1
1995 28E3 0 7 122 84 37 25 36 64 129 102 33 12 2 47 1 1

: Horse mackerel Southern Area (Fishing Areas VIIlc and IXa)
FLT02: 8c East trawl fleet (Aviles) (Catch: Millions)

Fishing Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch,
Year effort age 0 age 1 age 2 age 3 age 4 age 5 age 6 age 7 age 8 age 9 age 10 age 11 age 12 age 13 age 14 age 15

1984  1E4 4 882 759 141 42 39 1 65 18 31 3 4 1 6 3 "
1985 9856 1 167 613 574 13 18 16 13 17 21 14 4 4 1 4 19
1986 11€3 36 223 271 174 527 42 19 14 10 8 9 2 1 1 0 2
1987 8309 1 244 350 166 48 396 40 19 7 9 () 5 3 1 1 4
1988 9047 181 264 53 23 18 19 148 14 17 22 15 12 22 6 5 27
1989 8063 65 275 62 105 50 42 18 100 13 38 35 1 1 18 2 15
1990 8492 1 726 373 257 £ 19 21 24 192 10 13 3 4 4 4 9
1991 7677 39 495 882 41 85 51 10 12 9 67 3 2 1 1 1 1
1992 13€3 2 35 21 65 34 60 63 20 16 19 114 3 1 1 0 7
1993 7635 0 215 462 77 44 23 18 42 [ 14 2 35 1 0 0 1
1994 9620 1 47 632 12 6 17 69 118 135 25 14 3 38 1 0 0
1995 6146 1 182 441 141 70 32 25 39 89 7 31 12 4 37 1 1
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{Table 7.6.

Year

1985
1986
1987
1988
1989
19%0
1991
1992
1993
1994
1995

Year

1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995

CPUE at age from surveys

: Horse mackerel Southern Area (Fishing Areas VIlic and IXa)

FLTO3: Oct Pt Survey (Catch: Number)

Fishing Catch, Catch, Catch, Catch, Catch, Catch,
effort age O age 1 age 2 age 3 age & age 5
1 0.000 0.000 0.000 0.000 0.000 0.000
1 706.196 123.479 82.500 70.046 12.621 2.445
1 95.243 24.377 29.541 12.419 9.802 5.673
1 29.416 704,066 54.984 20.207 13.920 6.472
1 377.665 93.538 40,406 20.064 6.196 3.956
1 508.494 269.582 28.907 16.472 17.014 9.822
1 336.245 97.414 16.704 13.411 14.272 6.571
1 677.806 500.049 184.896 34.300 15.932 8.153
1 1733.340 214.230 328.440 111.630 37.010 2.160
1 4.217 9.499 75.879 44,908 19.693 5.142
1 6.972 9.386 148.650 56.402 26.310 8.156
Catch, Catch, Catch, Catch, Catch, Catch, Catch,
age 8 age 9 age 10 age 11 age 12 age 13 age 14
0.000 0.000 0.000 0.000 0.000 0.000 0.006
0.370 0.238 0.189 0.286 0.181 0.126 0.051
0.487 0.368 0.225 0.165 0.248 0.047 0.022
1.834 0.878 0.298 0.030 0.001 0.001 0.001
0.662 0.320 0.430 0.398 0.162 0.139 0.012
3.577 2.600 1.532 0.624 0.770 0.266 0.239
2.331 1.951 1.006 0.405 0.350 0.238 0.220
4,196 3.251 3.805 0.497 0.702 0.178 0.082
0.670 0.860 0.570 1.340 0.370 0.220 0.070
0.850 0.534 0.234 0.189 0.126 0.089 0.053
0.527 0.383 0.260 0.219 0.227 0.228 0.221
: Horse mackerel Southern Area (Fishing Areas VIlIlc and IXa)
FLTO4: Oct Sp. Survey,bottom trawl survey (Catch: Number)
Fishing Catch, Catch, Catch, Catch, Catch, Catch,
Year effort age 0 age 1 age 2 age 3 age 4 age 5
1985 1 182.630 84.360 322.510 467.600 7.090 6.500
1986 1 289.420 44,600 12.640 7.000 41.810 4.920
1987 1 217.665 64.153 20.035 8.053 18.482 16.448
1988 1 145.910 14.650 16.220 9.000 5.130 8.170
1989 1 115.000 6.540 1.900 21.300 4.680 17.500
1990 1 26.620 17.790 2.730 2.680 15.920 5.680
1991 1 48.470 15.370 5.100 0.150 1.440 1.820
1992 1 85.470 44,810 0.740 1.050 0.350 2.080
1993 1 138.619 31.848 3.447 0.630 2.199 4,546
1994 1 937.761 64.849 20.936 1.332 1.510 2.535
1995 1 38.308 172.564 12.492 6.941 5.806 3.845
Catch, Catch, Catch, Catch, Catch, Catch, Catch,
Year age 8 age 9 age 10 age 11 age 12 age 13 age 14
1985 4.840 5.390 3.580 0.880 0.840 0.260 0.770
1986 4,680 7.200 8.540 3.050 1.310 0.800 0.980
1987 5.662 5.879 4.712 4,630 1.470 1.389 4.147
1988 5.730 6.850 4,800 2.600 7.030 1.650 2.410
1989 7.680 10.470 26.160 0.570 0.410 4,770 0.400
1990 73.350 3.050 4.730 0.860 0.810 0.600 0.770
1991 2.170 28.900 6.420 6.520 2.220 1.070 2.780
1992 5.730 5.090 47.600 5.060 1.620 0.600 0.180
1993 4,513 4,422 3.881 22.057 0.235 0.041 0.228
1994 11.578 2.473 1.530 0.911 4.512 0.361 0.194
1995 14.481 11.868 3.503 1.930 0.340 8.609 0.101

169

xS

Catch,
age 6

4.710
5.150
5.100
54.990
15.620
7.630
0.710
4.470
13.762
4.887
6.311

Catch,
age 15

5.010
3.840
0.001
17.550
5.440
1.670
0.640
3.550
0.256
0.433
0.049

Catch,
age 7

0.000
0.552
0.519
8.294
2.395
1.187
2.275
6.745
0.950
1.022
0.709

Catch,
age 7

4.050
11.110
7.979
5.050
65.040
6.090
0.640
4.360
17.072
9.632
9.659



Table 7.6 (cont.)

Year

1989
1990
1991
1992
1993
1994
1995

Year

1989

1990
1991
1992
1993
1994
1995

Fishing
effort

[ T P Y

Catch,
age 8

3.042
7.745
3.566
3.879
22.690
5.725
0.540

CPUE at age from surveys

: Horse mackerel Southern Area (Fishing Areas VIIlc and IXa)

Catch,
age 0

81.913
82.175
17.429
109.178
1.810
54.981
5.410

Catch,
age 9

3.716
3.001
7.637
5.616
9.530
3.905
0.270

pJs: Jul Pt. Survey, bottom trawl survey (Catch: Number)

Catch,
age 1

38.356
51.605
53.094
1822.950
263.390
408.262
38.571

Catch,
age 10

1.440
1.363
3.537
9.998
0.520
3.550
0.223

Catch,
age 2

45.522
69.397
19.479
39.701
263.800
232.995
16.132

Catch,
age 11

0.793
0.695
3.574
3.988
0.640
3.193
0.158
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Catch,
age 3

60.648
26.157
3.507
21.081
150.040
110.935
23.07

Catch,
age 4

26.998
12.393

3.906

7.980
20.840
49.988
26.699

Catch,
age 12

0.613
0.758
2.288
5.772
0.050
5.485
0.263

Catch,
age 5

5.846
5.588
3.978
5.013
39.560
34.724
12.233

Catch,
age 13

0.214
0.445
2.491
3.205
0.020
1.883
0.115

Catch,
age 6

3.164
3.670
2.495
3.427
89.150
38.438
5.577

Catch,
age 14

0.157
0.356
0.508
1.038
0.000
1.057
0.091

Catch,
age 7

6.634
3.515
3.128
3.348
31.340
20.985
2.0M

Catch,
age 15

0.244
0.470
0.413
0.481
0.000
0.867
0.103




Table 7.7

Catch in numbers (‘000) at age by quarter and by sub-division of SOUTHERN MACKEREL in 1995.

1995 | Viiic East | Vllic West| 1Xa North |1Xa C. Nor{iXa C. Sou} IXa South| All areas
1'st Q 1'st Q 1'st Q 1'st Q 1'st Q 1'st Q 1'st Q
Age atch({'000| atch({'000]| atch({'000]| atch{'000] atch('000{ atch('000] atch {"000
[} 9] (0] (o] (o] o)
1 647 (0] 4,808 1,620 7.075
2 3,415 5,177 5,056 6,717 20,365
3 1,036 4,032 4,307 13,420 22,795
4 543 2,133 1,507 7,999 12,182
5 295 896 454 1,311 2,956
6 247 679 128 506 1,560
7 326 848 70 271 1,615
8 1,141 2,590 429 444 4,604
9 1,009 1,944 5156 581 4,049
10 592 803 362 544 2,301
11 146 257 80 558 1,041
12 65 45 65 287 462
13 676 762 566 227 2,231
14 16 5 3 221 245
15+ 33 15 10 235 293
Total 10,187| 20,186| 18,360 34,941 83,674
Tonnes 1,482 2,904 1,664 3,240 9,290
Villc East | Vllic West| IXa North [{Xa C. Nor|IXa C. Sou| IXa South| All areas
2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q
Age | atch{’000] atch{'000| atch{’000]| atch{'000] atch{'000| atch{'000] atch {"000]
[o] o [} 0 0 (0]
1 8,191] 25,382 15,538 6,602 55,713
2 2,720 24,912 16,711 5,619 49,862
3 365 10,628 750 8,899 20,642
4 610 6,663 132 8,094 15,499
5 478 2,697 55 3,232 6,462
6 641 1,424 59 2,039 4,163
7 1,282 2,507 47 1,629 5,465
8 2,576 3,174 387 1,134 7,271}
9 1,941 2,440 561 1,407 6,349/
10 656 363 440 837 2,296
11 224 154 149 627 1,154
12 56 4 170 475 705
13 672 383 942 362 2,359
14 13 2 17 371 403
15+ 23 4 37 655 719
Total 20,448| 80,737| 35,995 41,882 179,062
Tonnes 2,243 6,085 2,000 4,618 14,946
Viilc East | Vlllc West| IXa North |IXa C. Nor[IXa C. Souj IXa South| All areas
3'rd Q 3'rd Q 3'rd Q 3'rd Q 3d Q 3'rd Q 3'rd Q
Age | atch{'000] atch{’000] atch{'000| atch('000] atch('000] atch{'000| atch ('000,
0 1,455 727 437 0 2,619
1 13,357 33,400 7.196 6,614 60,567
2 275 12,098 2,647 10,698 25,718
3 131| 16,097 2,222 10,251 28,701
4 574 4,121 352 7,584 12,631
5 467 811 163 2,970 4,411
6 669 849 192 2,139 3,849
7 1,004 1,845 351 1,247 4,447
8 1,543 2,279 619 782 5,223
9 1,265 1,339 575 922 4,101
10 369 452 360 1,441 2,622
11 173 236 309 1,611 2,229
12 22 40 92 2,614 2,768
13 883 1,680 747 1,213 4,423
14 4 15 22 872 913
15+ 1 6 19 996 1,022
Total 22,192| 75,895| 16,303 51,854 166,244
Tonnes 2,130 7,014 1,825 6,038 17,007
Vlilc East | Vilic West| IXa North |IXa C. Nor|iXa C. Sou| IXa South| All areas
4'th Q 4'th Q 4'th Q 4'th Q 4'th Q 4'th Q 4'th Q
Age | atch({'000| atch{'000| atch{'000] atch({'000| atch{'Q00] atch{'000| atch {"000]
0 387 133 3 370 893
1 6,209| 27,353 1,853 2,372 37,787
2 272| 10,217 7,886 10,411 28,786
3 541 8,895 3,655 8,220 21,21
4 508 2,135 222 4,330 7,195
5 249 330 67 1,522 2,168
6 345 413 75 830 1,663
7 559 858 180 584 2,181
8 789 1,110 326 608 2,833
9 615 726 332 591 2,264
10 193 268 265 605 1,331
11 130 152 390 568 1,240
12 28 38 161 684 911
13 496 844 654 710 2,704
14 8 10 40 748 806
15+ 1 5 37 732 775
Total 11,330] 53,487| 16,046 33,885 114,748
Tonnes 1,190 4,486 1,960 3,802 11,438
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Table 7.8

Length (cm) at age by quarter and by sub-division of SOUTHERN MACKEREL in 1995.

1995 | Viiic East | Villc West]| IXa North [IXa C. Nor|IXa C. Sou| IXa South| All areas
1'st Q 1'st Q 1'st Q 1'st Q 1'st Q 1'st Q 1'st Q
Age |length(cm)]length{cm)length(cm)|length{cm)length(cm)]length{cm)}length{cm)
(o] 0.0 0.0 0.0 0.0 0.0
1 13.8 0.0 13.8 14.5 14.0
2 18.5 19.7 18.7 19.1 19.1
3 21.2 22.1 22.2 20.6 21.2
4 25.0 24.7 24.0 21.8 22.7
5 26.9 26.0 24.9 24.2 25.1
6 29.5 29.0 28.6 25.8 28.0
7 28.9 29.0 28.0 28.0 28.8
8 31.0 30.3 32.2 30.9 30.7
9 31.5 30.6 32.9 31.8 31.3
10 325 31.9 334 32.1 32.3
1 32.8 31.4 34.3 33.3 32.8
12 36.6 36.2 36.1 34.9 35.4
13 33.9 32.8 34.5 35.6 33.8
14 40.0 39.3 38.9 36.3 36.6
15+ 40.0 38.7 38.8 36.9 37.4
0-16+ 24.6 25.3 20.6 21.7 22.7
Vlillc East | Vilic West| IXa North |IXa C. NorfiXa C. Sou| IXa South| All areas
2'ndQ 2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q
Age |length{cm)|length{cm)|length{cm)]length{cm){length{cm)]length(cm)]length{cm)
(o] 0.0 0.0 0.0 0.0 0.0
1 13.7 14.2 14.1 15.6 14.3
2 15.8 17.6 16.2 17.9 171
3 24.4 22.3 20.3 21.0 21.7
4 26.7 24.8 24.2 23.1 240
5 27.9 25.4 26.2 25.6 25.7
6 28.8 27.7 31.6 27.2 27.7
7 28.6 28.4 28.6 28.7 285
8 29.8 294 '32.9 30.3 29.9
9 30.0 29.3 34.0 31.1 30.3
10 321 31.2 34.6 32.0 32.4
1 31.6 30.1 35.4 33.0 32.7
12 36.7 37.2 36.4 34.5 35.1
13 32.8 30.7 35.4 35.0 33.8
14 39.9 39.8 39.7 35.5 35.8
15+ 39.1 39.9 38.9 37.3 37.5
0-15+ 21.4 19.6 16.9 22.8 19.9
Vllic East | Villc West| IXa North {{Xa C. Nor]iXa C. Souf IXa South| All areas
3'rd Q 3'rd Q 3'rdQ 3'rd Q 3'rd Q 3'rd Q 3'rd Q
Age llength {cm flength (cm flength (cm flength (cm Jlength {cm jlength {cm [length({cm)}
o 14.9 16.1 15.3 0.0 15.0
1 16.2 17.2 16.7 16.9 16.9
2 19.7 21.6 21.0 19.4 20.6
3 25.3 24.2 23.8 20.8 23.0
4 28.2 26.4 26.8 22.4 24.1
5 29.9 29.2 31.2 24.4 26.1
6 29.9 29.6 31.2 26.0 27.7
7 29.7 28.6 31.6 27.3 28.7
8 30.3 29.5 32.2 29.3 30.0
9 30.9 31.1 33.0 30.6 31.2
10 32.4 32.7 34.0 32.0 325
11 32.5 33.2 36.0 32.1 32.8
12 36.1 36.3 37.1 32.3 325
13 31.3 30.2 34.0 34.0 321
14 36.7 37.2 37.2 35.1 35.2
15 + 39.0 39.3 40.2 36.0 36.1
0-15+ 20.7 21.4 221 23.2 21.9
Vlilc East | Vlllc West| IXa North |IXa C. Nor|IXa C. Sou| IXa South} All areas
4'th Q 4'th Q 4'th Q 4'th Q 4'th Q 4'th Q 4'th Q
Age |length{cm]]length{cm)}length{cm)|length{cm)jlength{cm)|length{cm)length{cm)
o] 15.1 14.7 15.2 141 14.6
1 16.4 17.6 18.8 16.4 17.4
2 20.6 20.8 20.8 19.6 20.4
3 25.1 241 22.9 215 22.9
4 27.2 26.3 26.5 23.0 24.4
5 29.3 29.9 30.1 24.6 26.1
6 29.6 30.0 30.9 25.9 27.9
7 29.3 28.9 31.5 29.0 29.2
8 30.1 29.9 33.3 28.8 30.1
9 30.9 31.6 34.3 30.5 315
10 32.8 33.1 36.0 32.7 33.5
11 33.56 34.3 37.4 33.2 34.7
12 36.3 36.9 37.8 34.5 35.2
13 31.4 30.7 36.3 356.1 33.3
14 36.7 371 37.3 35.8 35.9
15+ 38.5 39.9 40.3 36.0 36.2
0-15+ 21.6 20.8 23.4 22.9 21.9
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Table 7.9

Weight (g) at age by quarter and by sub-division of SOUTHERN MACKEREL in 1995.

1995 | Viilc East [Villc West| IXa North |1Xa C. Nor|IXa C. Sou} IXa South| All areas
1'st Q 1'st Q 1'st Q 1'st Q 1'st Q 1'st Q 1'st Q
Age | weightlg) | weight(g) | weight(g) | weight(g) | weight{g) | weight{g) | weight{g) |
0o 0 (o] (0] (0] (o]
1 23 (0] 24 24 24
2 55 65 59 57 59
3 82 90 91 70 78
4 127 123 113 83 96
5 160 144 127 113 129
6 206 195 191 138 178
7 192 194 175 177 190
8 235 220 263 236 229
9 247 226 280 257 243
10 270 255 291 265 267
11 279 246 314 297 283
12 377 365 361 340 351
13 306 277 319 360 305
14 484 461 446 379 388
15+ 485] 440 443 399 412
0-15+ 146} 144 91 92 111
Vlllc East [VIlic West| IXa North }iXa C. Nor{IXa C. Sou| IXa South{ All areas
2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'nd Q 2'ndQ
Age | weight(g) | weight(g) | weight(g) | weight{g) | weight(q) weight(g) | weight(q) |
0 0 (0] 0 (o] [0}
1 23 25 25 30 25
2 35 49 37 47 44
3 123 93 72 74 85
4 153 125 116 99 12
5 175 134 149 133 137
6 191 171 251 160 170
7 186 182 187 187 184
8 210 200 279 219 211
9 216 199 306 237 222
10 259 237 323 259 268
11 250 216 342 282 275
12 380 395 371 325 341
13 282 229 343 339 307
14 480 477 472 355 365
15+ 453 483 445 415 418
0-15+ 111 75 55 111 84
Vlilc East |Vilic West| IXa North [IXa C. Nor|IXa C. Sou| IXa South| All areas
3'rd Q 3rd Q 3'rd Q 3'rd Q 3'rd Q 3'rd Q 3'rd Q
Age |weight {g)| weight {g)] weight (g)| weight {g)| weight (g}] weight {g)} weight|g) |
(o] 29 30 31 (0] 30
1 37 44 41 39 42
2 64 83 78 59 72
3 132 116 111 73 100
4 179 149 156 90 115
5 213 200 239 116 146
6 212 206 240 141 173
7 209 189 251 162 191
8 222 206 265 200 217
9 234 239 282 228 241
10 267 275 307 261 271
11 272 290 363 262 280
12 360 367 390 267 273
13 243 224 312 312 267
14 379 392 394 345 347
15 + 449 460 490 372 375
0-15+ 96 93 112 117 103
Vllle East {Vlilc West| 1Xa North {IXa C. Nor|IXa C. Sou} IXa South| All areas
4'th Q 4'th Q 4'th Q 4'th Q 4'th Q 4'th Q 4'th Q
Age | weight(g) | weight(g) | weight(g) | weight(g) | weight{g) | weight{g) ] weight(g)
(o] 30 28 31 26 28
1 38 47 57 37 45
2 74 76 75 61 70
3 128 115 100 80 99
4 162 147 151 97 118
5 200 213 217 118 145
6 206 214 235 139 176
7 201 196 250 174 196
8 217 215 292 190 219
9 235 250 314 226 249
10 276 285 362 278 296
1 296 319 403 294 332
12 368 384 412 330 348
13 247 236 373 346 300
14 379 389 397 367 369
15+ 433 482 496 375 382
0-15 + 106 84 122 112 100
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Table 7.10

Catch in numbers by year

Year

1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995

Year

1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995

Age 0

53.
104,
182.

12.
393.
615.

53.
121.
242,

48.

31.

45.

10.

9.
3.

700

700

300
200
697
298
320
951
537
100
786
629
719
435
512

Age 8

24.
27.
20.
18.

3.
12.
.062
.669
.308
76.
.948
.384
.881
26.
19.

5
11
11

1"
1"
1

100
600
200
000
981
080

713

587
931

Age 1

315.
122.

700
600

1109.10

71.
297.
425.
618.

271

285
101

100
486
659
570

.052
158.
164.

69.

646
206
544

97
.326
113.
161.

345
142

Age 9

Woooooo

15

.000
.000
.000
.000
.270
.694
795
10.
.892
463
64,
12.

279

501
496

.09
.207
16.

763

CANUM: Catch in Numbers (Millions)

Age 2

136.
.000
74.
459.
84.
96.
170.
94.
70.
100.
451
107.
262.
264.
124,

115

4

200

800
700
887
999
015
945
438
833

761
637
744
731

Age 10

—

w
VMUV -ANNNBSH:ODOO0OO
o

.000
.000

000

.000
614
.198
337
042
.182
.562
641
.251
.813
.142
.550

Age 3

58.800
77.700
24.400
40.700
79.849
64.701
66.303
39.364
93.590
60.289
24,222
51.971
95.182
93.214
93.349

Age 11

.000
.000
.000
.000
214
349
.999
.523
.728
.481
.671
.989
.062
.546
664

W
VMNP UVIWNS 20 WO OO0 O

174

Age 4

20.400
27.000
22.600
3.800
26.197
122.560
28.789
22.598
37.363
35.931
33.833
21.596
t 35.647
23.624
47.507

Age 12

0.000
.000
.000
.000
.702
.838
.666
.050
.243
.568
.933
.043
.653
.266
.846

-
fFOPUWUNNO AUVINO OO

Age 5

47.800
22.200
31.500

8.900
14.665
27.584
81.020
20.507
25.474
14.307
28.678
23.308
23.159
11.374
15.997

Age 13

0.000
0.000
0.000
0.000
1.699
3.244
0.951
2.514
4.266
2.017
1.970
2.480
0.879
1.291
1.717

¢ Horse mackerel Southern Area (Fishing Areas VIIlc and IXa)

Age 6

34.800
28.000
34.900
21.600

7.075
13.610
21.825
92.897
22.839
11.786
13.952
26.973
22.31
18.612
11.235

Age 14

0.000
0.000
0.000
0.000
0.864
2.023
1.029
1.379
1.456
2.430
2.113
1.815
0.823
1.001
2.367

Age 7

23.000
28.300
20.600
20.000

7.363
24.346
10.485
17.212
52.657
12.913
14.578
14.167
35.258
22.740
13.608

Age 15

0.000
0.000
0.000
0.000
4.334
.963
.906
77
.791
.409
164
.045
.304
.210
.809

NSNS AaN




Table 7.11

Year

1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995

Year

1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995

COOO0OO0COOLOOODOLOOOOOO
e & & a4 & s 2 4 % s+ e ® s s @

[~ NeNoNoReNololoNoNeloloNoNoNoe)
» &+ a4 & e 8 & a2 e & s s & »

Southern horse mackerel mean weight at age

Age 1

0.032
0.032
0.032
0.032
0.032
0.032
0.032
0.032
0.032
0.032
0.032
0.032
0.032
0.032
0.032

Age 1

0.040
0.033
0.028
0.025
0.027
0.029
0.031
0.036
0.041
0.035
0.033
0.029
0.034
0.036
0.036

Age 2

0.055
0.055
0.055
0.055
0.055
0.055
0.055
0.055
0.055
0.055
0.055
0.055
0.055
0.055
0.0s5

[=NeN=NoNeleNoNoNo oo NeNo el
5 s e e & e ® 2 = s s s a2
(o]

[*N
n

A

COO00DO0O0O0DO0DOLODOLOOOOOO

: Horse mackerel Southern Area (Fishing Areas VIIlc and IXa)

ge 3

.075
.075
.075
.075
075
.075
.075
.075
.075
.075
.075
075
.075
.075
.075

A

OO0 O0OQOO0OO0ODOO0OODOOOO

WEST: Mean Weight in Stock (Kilograms)

ge &

105
.105
.105
.105
.105
.105
.105
.105
.105
.105
.105
.105
.105
.105
.105

Age 5

.,
N
~

.

127
.127
27
127
127
127
127
127
127
127
27
127
127
27

[=NeRolNeNolleNoNoNeoNoNe oo NoNo)

Age 6

OO0 O0OOO0ODO0OO0ODO0OO0CDOOOOO

154
154
.154
.154
154
.154
154
.154
154
154
.154
154
154
154
154

Age 7

76
176
176
176
176
A76
76
176

[oNoNeNeNeNeNoNoNe)
.

0.176
0.176
0.176
0.176
0.176
0.176

Age 8

0.213
0.213
0.213
0.213
0.213
0.213
0.213
0.213
0.213
0.213
0.213
0.21

0.21

0.213
0.213

Age 9 Age 10 Age 11

0.240
0.240
0.240
0.240
0.240
0.240
0.240
0.240
0.240
0.240
0.240
0.240
0.240
0.240
0.240

0.269
0.269
0.269
0.269
0.269
0.269
0.269
0.269
0.269
0.269
0.269
0.269
0.269
0.269
0.269

0.304
0.304
0.304
0.304
0.304
0.304
0.304
0.304
0.304
0.304
0.304
0.304
0.304
0.304
0.304

: Horse mackerel Southern Area (Fishing Areas VIIIc and IXa)

Age 3

0.097
0.115
0.125
0.080
0.091
0.076
0.058
0.082
0.089
0.076
0.102
0.078
0.064
0.069
0.091

Age &4

0.174
0.152
0.159
0.124
0.117
0.104
0.096
0.111
0.109
0.124
0.133
0.105
0.109
0.097
0.110

WECA: Mean Weight in Catch (Kilograms)

Age 5

0.254
0.226
0.225
0.178
0.132
0.137
0.106
0.126
0.132
0.130
0.151
0.141
0.155
0.142
0.139

Age 6

0.292
0.261
0.267
0.246
0.152
0.185
0.131
0.156
0.152
0.155
0.168
0.162
0.171
0.182
0.173

Age 7

0.341
0.296
0.294
0.275
0.182
0.194
0.161
0.156
0.189
0.170
0.173
0.173
0.202
0.205
0.189
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Age 8 Age 9 Age 10 Age 11

0.407 -1.000 -1.000

0.363
0.361
0.331
0.249
0.209
0.198
0.202
0.200
0.182
0.193
0.182
0.225
0.226
0.218

-1.000
-1.000
-1.000
0.264
0.290
0.211
0.239
0.203
0.214
0.196
0.191
0.225
0.250
0.235

-1.000
-1.000
-1.000
0.284
0.301
0.246
0.249
0.248
0.260
0.233
0.214
0.255
0.276
0.273

-1.000
-1.000
-1.000
-1.000
0.312
0.319
0.302
0.275
0.320
0.272
0.236
0.240
0.250
0.299
0.291

0.318
0.318
0.318
0.318
0.318
0.318
0.318
0.318
0.318
0.318
0.318
0.318
0.318
0.318
0.318

Age 12

-1.000
-1.000
-1.000
-1.000
0.320
0.329
0.288
0.314
0.345
0.316
0.280
0.278
0.321
0.295
0.305

Age 12 Age 13

0.348
0.348
0.348
0.348
0.348
0.348
0.348
0.348
0.348
0.348
0.348
0.348
0.348
0.348
0.348

Age 13

-1.000
~-1.000
-1.000
-1.000
0.344
0.339
0.352
0.333
0.359
0.345
0.304
0.313
0.364
0.343
0.290

Age 14

0.355
0.355
0.355
0.355
0.355
0.355
0.355
0.355
0.355
0.355
0.355
0.355
0.355
0.355
0.355

Age 14

-1.000
-1.000
-1.000
-1.000
0.357
0.349
0.361
0.327
0.375
0.348
0.323
0.341
0.397
0.363
0.362

Age 15

0.381
0.381
0.381
0.381
0.381
0.381
0.381
0.381
0.381
0.381
0.381
0.381
0.381
0.381
0.381

Age 15

-1.000
-1.000
-1.000
-1.000
0.378
-0.349
0.358
0.355
0.389
0.388
0.372
0.387
0.461
0.391
0.392



Table 7.12. XSA diagnostics

Extended Survivors Analysis

Horse mackerel South (run: XSAMFB03/X03)

CPUE data from file /users/fish/ifad/ifapwork/wgmhsa/hom_soth/FLEET.X03

Catch data for 11 years. 1985 to 1995. Ages 0 to 12.

Fleet,
FLTO1: 8c West trawl,

FLT02: 8c East trawl,
PJS: Jul Pt. Survey,,

Time series weights :

First, Last, First, Last, Alpha, Beta
year, year,
1985, 1995,

1985,
1989,

1995,
1995,

Tapered time weighting applied

Power = 3 over

Catchability analysis :

20 years

age , age

0, 11, .000, 1.000
o, 11, .000, 1.000
0, 11, .540, .630

Catchability dependent on stock size for ages < 2

Regression type = C
.5 points used for regression
survivor estimates shrunk to the population mean for ages < 2

Minimum of

Catchability independent of age for ages >= 9

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 = 1.000

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

Prior weighting not applied

Tuning had not converged after

30 iterations

Total absolute residual between iterations
29 and 30 = .00240

Final year F values

Age . 0,
Iteration 29, .0036,
Iteration 30, .0036,

Age , 10,
Iteration 29, .4286,
Iteration 30, .4279,

1,
.2329,
.2328,

1"
L4434
4428

2,
1291,
.1289,

3, 4, 5, 6, 7,
.1867, .0695, .1128, .1034, .1005,
L1864, .0694, .1126, .1034, .1004,
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8,
1352,
.1350,

9
L1437
L1436




Table 7.12 XSA diagnostics

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

Fishing mortalities
Age, 1986, 1987, 1988, 1989, 1990, 1991, 1992,

0, .287, .041, .127, .284, .063, .015, .034,
1, .569, .491, .288, .229, .299, .116, .170,
2, .245, .439, .120, .106, .211, .193, .251,
3, .263, .249, .161, .158, .118, .068, .199,
4, .102, .169, .19, .213, .079, .085, .075,
5, .189, .086, .166, .181, .112, .079, .074,
6, .128, .212, .127, .266, .113, .144, .087,
7, .397, .130, .243, .093, .223, .188, .202,
8, .419, .125, .198, .236, .181, .312, .208,
9, .313, .211, .378, .391, .300, .216, .590,
10, .372, .161, .705, .867, .281, .463, .257,
11, .520, .137, .501, .617, .691, .395, .503,

XSA population numbers (Thousands)

AGE
YEAR , o, 1, 2,

1986 , 2.66E+06, 1.06E+06, 4.81E+05, 3.01E+05, 1.37E+06,
1987 , 1.41E+06, 1.72E+06, 5.15E+05, 3.24E+05, 1.99E+05,
1988 , 1.10E+06, 1.17E+06, 9.06E+05, 2.86E+05, 2.17E+05,
1989 , 1.06E+06, 8.35E+05, 7.54E+05, 6.92E+05, 2.10E+05,
1990 , 8.46E+05, 6.B6E+05, 5.71E+05, 5.84E+05, 5.09E+05,
1991 , 2.32E+06, 6.83E+05, 4.38E+05, 3.98E+05, 4.46E+05,
1992 , 1.49E+06, 1.97E+06, 5.24E+05, 3.11E+05, 3.20E+05,
1993 , 1.65E+06, 1.24E+06, 1.43E+06, 3.51E+05, 2.19E+05,
1994 , 9.82E+05, 1.41E+06, 9.73E+05, 9.88E+05, 2.14E+0S,
1995 , 1.04E+06, 8.36E+05, 1.11E+06, 5.92E+05, 7.64E+05,

Estimated population abundance at 1st Jan 1996

'

Taper weighted geometric mean of the VPA populations:

’

Standard error of the weighted Log(VPA populations) :

, 3631,  .3642, L6172, 5399,  .6233,
AGE
YEAR , 10, 11,
1986 ,  2.84E+04, 1.69E+04,
1987 ,  1.69E+04, 1.69E+04,
1988 ,  1.50E+04, 1.24E+04,
1989 ,  2.08E+04, 6.38E+03,
1990 ,  2.88E+04, 7.52E+03,
1991 ,  2.51€+04, 1.87E+04,
1992 ,  2.49E+05, 1.36E+04,
1993 ,  1.44E+04, 1.66E+05,
1994 ,  2.54E+04, 7.02E+03,
1995 ,  2.65E+04, 1.71E+04,

Estimated population abundance at 1st Jan 1996
' 1.01E+05, 1.49E+04,

Taper weighted geometric mean of the VPA populations:
, 2.79E+04, 1.53E+04,

Standard error of the weighted Log(VPA populations) :

, .8069,  .9276,

.997, 1.000, 1.000
1993, 1994, 1995
.007, .010, .004
.092, .090, .233
.220, .347, .129
346, .107, .186
193, .127,  .069
.103, .082, .113
.089, .107, .103
.62, 117, .100
.246, .168, .135
440, .253, 144
.570, .247, .428
.268, 496, 443
3, 4,
1.73E+05, 1.23E+05,
1.06E+06, 1.23E+05,
1.45E+05, 8.40E+05,
1.66E+05, 1.06E+05,
1.46E+05, 1.19€+05,
4.05E+05, 1.12E+05,
3.53E+05, 3.22€+05,
2.56E+05, 2.82E+05,
1.56E+05, 1.98E+05,
1.62E+05, 1.23E+05,

.6108,

177

.6566,

5,

.01E+04,
.28E+04,
.59E+04,
.37E+05,
L9TE+04,
L17E+04,
.36E+04,
.54E+05,
.22E+05,
.S4E+05,

L7279,

.80E+04,
.6LE+04,
.02E+04,
.80E+04,
L99E+05,
.80E+04,
.SLE+04,
.88E+04,
.86E+05,
.70E+05,

.8228,

2
2
3
4
3.
3
3
4
3
1

6,

.68E+04,
.15E+04,
.52E+04,
.96E+04,
94E+04,
.59E+05,
L02E+04,
STE+04,
.96E+04,
.35E+05,

.00E+00, 8.95E+05, 5.71E+05, 8.42E+05, 4.236+05, 6.15E+05, 1.256+05, 9.58E+04, 1.20£+05, 1.28E+05,

1.36E+06, 1.07E+06, 7.01E+05, 4.92E+05, 3.40E+05, 2.30E+05, 1.76E+05, 1.28E+05, 8.31E+04, 5.12E+04,

.8289,



Table 7.12 XSA diagnostics

Log catchability residuals.

Fleet : FLTO1: 8c West trawl
Age , 1985
0o, -.53
1, -.28
2, .50
3, .98
4, -.62
5, .12
6, .02
7, -.22
8, .00
9, -.07
10, -.26
1M, -.23
Age , 1986, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995
0, -1.30, 1.87, -1.31, -4.93, 2.95, 1.77, 99.99, 99.99, .95, 99.99
1, .39, -.41, .53, v, .76, -1.07, .06, -.25, .01, ~-.46
2, -.28, .54, .46, -1.10, .21, ~-.58, ~-.32, .59, .60, ~-.48
3, 1.71, 1.52, .94, .69, -.29, -2.76, -.81, .37, -1.84, .60
4, .95, 2.02, .81, .81, .09, ~-.95, -1.39, .66, -1.08, -.91
5, .15, 1.25, .51, .43, -.68, -.79, -.30, .48, ~-.48, -.34
6, -.25, .81, .34, .05, -.48, -.31, ~-.06, -.19, .35, -.18
7, -.54, .35, -.14, -.26, ~-.02, .30, .12, .34, .21, -.31
8, -.39, -.73, -.50, ~-.02, .08, .50, .10, .30, .31, .08
9, -.54, .15, -.46, .70, -.70, 03, .70, .53, -.13, -.37
10, .43, .28, -.15, 1.50, ~-.15, .48, .40, .15, -.33, .26
1, .08, .04, -.05, .01, ~-.31, -.03, .02, .14, ~-.43, -.30
Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time
Age , 2, 3, 4, 5, 6, 7
Mean Log q, -18.7364, -19.5373, -19.1545, -18.5467, -18.0794, ~-17.
S.E(Log q), .5957, 1.4160, 1.0860, .6168, .3663, .2964,
Regression statistics :
Ages with q dependent on year class strength
Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Log q
o, -2.36, ~-1.215, -7.49, .03, 8, 2.85, -23.27,
1, W41, 1.030, 16.53, .28, 11, .62, -20.28,

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,

2, .75, .685, 17.41, .48, 1,
3, 1.60, -.409, 23.41, .05, 11,
4, 1.47, -.527, 22.17, 4, 1,
5, .73, 1.131, 16.85, .68, 1,
6, .87, .760, 17.32, .82, 11,
7, .99, .084, 17.52, .86, 11,
8, .89, 771, 16.72, .87, 1,
9, 1.04, - 74, 17.15, .72, 1,
10, .95, . 249, 16.33, .76, 1,
11, .89, 1.971, 16.23, .98, 11,

Mean Q

.46, -18.74,
2.38, -19.54,
1.67, -19.15,
.44, -18.55,
.33, -18.08,
.31, -17.59,
.34, -17.36,
.55, -16.91,
.51, -16.67,
.15, -17.01,
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8
.3700,

9

5857, -17.3631, -16.9136,

.5041,

10,
-16.9136,
.5724,

1
-16.9136,
.2199,




Table 7.12 XSA diagnostics

Fleet : FLT02: 8c East trawl

Age 1985
-1.19
.27
1.29
.51
-.92
-.46
-.21
-.01
.39
.02
.12
-1

P N Y

SOV NOWVNHSHWN-—2O

Age 1986, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995

0. .29, -1.00, 2.14, 1.71, -.49, .59, -.90, 99.99, -.73, -.54
1., -.02, -.65, -.22, .06, -.16, .00, .33, -.22, .42, .12
2. .29, .84, -1.85, -1.40, .67, 1.89, -2.50, .08, .60, .46
3. 1.04, 1.18, -.80, -.05, .9, -.4k, -.17, .46, -2.78, .68
4. .89, .71, ~-.46, .76, .12, .52, -.57, .63, -1.60, .00
5. .24, .89, -.20, .58, -.17, -.12, -.33, -.44, -.49, .57
6, -.30, .74, .01, .15, .06, -.50, -.25, -.86, .62, .52
7. -.35, -.05, -.31, -.30, .49, -.39, -.28, -.16, .75, .45
g, -.17, -.59, -.17, -.11, .35, -.21, -.50, -.84, .85, .9
9. -.58, -.03, .37, .69, -.51, -.75, .13, -.15, .26, .47
10 . -.50, -.21, .98, 1.69, .06, -1.09, -.34, -.88, .12, 1.40
11, -1.41, -.41, .86, -.80, .12, -1.23, -.96, -.60, -.02, .90

Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age , 2 3 4 5 6, 7

8

9

Mean Log q, -16.8761, -17.5847, -17.9150, -17.6929, -17.6254, -17.3332, -17.0961, -16.6021,

S.E(Log q), 1.3876, 1.1643, .8078, .4812, .5028, L4117,

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

0, .56, .378, 18.17, .10, 10,  1.24, -21.35,
1, -4k,  -4.923, 12.29, .59, 11, .32, -17.51,

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

2, 2.87,  -.564, 23.28, .01, 11,  4.15, -16.88,
3, 2.712, -.865, 25.28, .03, 1,  3.21, -17.58,
4, .71, .912, 16.44, .56, 11, .58, -17.91,
5, .79, 1.029, 16.56, .75, 11, .38, -17.69,
6, 1.18, -.569, 18.62, .56, ", .62, -17.63,
7, 97, -136, 17.16, .77, ", .42, -17.33,
8, .69, 2.193, 15.32, .86, 1, .35, -17.10,
9, 1.15,  -.673, 17.46, .72, 11, .55, -16.60,
10, 1.22,  -.448, 17.84, .35, 11, 117, -16.48,
1,  1.18,  -.512, 18.21, .52, 11, .95, -16.92,
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.5980,

L4654,

10,
-16.6021,
.9288,

1
-16.6021,
.8483,



Table 7.12

Fleet : PJS: Jul Pt. Survey,

1986, 1987,
99.99, 99.99,
99.99, 99.99,
99.99, 99.99,
99.99, 99.99,
99.99, 99.99,
99.99, 99.99,
99.99, 99.99,
99.99, 99.99,
99.99, 99.99,
99.99, 99.99,
99.99, 99.99,
99.99, 99.99,

>
«
[

D T S Y

L OV NOVIRWN-—=2O

-— 2

1988,

99.
99.
99.
99.
99.
99.
99.
99.
99.
99.
99.
99.

99,
99,
99,
99,
99,
99,
99,
99,
99,
99,
99,
99,

1989,
-.59,
-.15,
- .30,

.30,
1.06,
-.25,
- .41,
1.34,
.31,
.42,
.62,

XSA diagnostics

1990,
-.30,
4,
.46,
-.39,
- .69,
-.21,
- .47,
.31,
- .94,
.38,
-.10,
.81,

1991,

-1
-1

.38,
12,
.56,
-2.
71,
.59,
.78,
.10,
71,
.94,
.09,
.36,

05,

1992,
-1.02,

.01,
.07,
-.67,
-1.22,
-1.55,
.07,
.42,
1.45,
-.28,
1.85,

1993,
1.29,

.88,
2.00,

.74,
1.18,
1.84,
1.17,
2.31,
1.47,
-.21,
-2.62,

1994,

Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age , 2,
Mean Log q, -9.2621,
S.E(Log q), .9950,

Regression statistics :

3

-9.4650,
1.2292,

4

-9.8012,

1.1702,

Ages with g dependent on year class strength

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

0, -.59, -1.418,
1, .29,  5.239,

16.
12.

01,
38,

4,
.92,

5

-9.8087,

1.

7,
7,

1719,

6

-9.7647,

1.2126,

97, -10.
13, -8.

72,
73,

1995
1.1
-.15
-1.72
- .49
-.33

W47
-.09
-1.08
-2.55
-3.35
-1.74
-1.64

7

-9.9885,

.9317,

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

Age, Slope , t-value , Intercept, RSquare, No Pts,

2, .75, .331,
3, .98, .015,
4, -1.54, -2.257,
5, -1.29, -1.848,
6, .60, .584,
7, 1.45,  -.583,
8, -6.55, ~-1.904,
9, -2.93, -2.162,
10, 1.18,  -.331,
11, -3.49, -2.756,

10.

9.
17.
15.
10.

9.
22.
15.

9.
.45,

"

35,
54,
29,
49,
66,
09,
36,
45,
41,

.26,
1,
4,
2,
.31,
.26,
.01,
.06,
.40,
.07,

-~ = 0~

~

P

NNNNNNNNNSN

~

Reg s.e, Mean Q
.81, -9.26,
1.32, -9.46,
1.39, -9.80,
1.27, -9.81,
77, -9.76,
1.43, -9.99,
8.27, -9.94,
3.91, -9.60,
1.26, -9.56,
4.47, -9.17,
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8,
-9.9432,
1.5207,

9,
-9.6031,
1.7055,

10,
-9.6031,
.9807,

1
-9.6031
1.9224,




Table 7.12

XSA diagnostics

Terminal year survivor and F summaries :

181

Age 0 Catchability dependent on age and year class strength
Year class = 1995
.Fleet, Estimated, Int, Ext, var, N, Scaled, Estimated
, survivors, s.e, s.e, Ratio, , Weights, F
FLTO01: 8c West trawl, 1., .000, .000, .00, 0, .000, .000
FLT02: 8c East trawl,  522210., 1.339, .000, .00, 1, .056, .000
pJS: Jul Pt. Survey,, 2716393., 1.103, .000, .00, 1, .083, .000
P shrinkage mean , 1071929., .36,,,, .760, .003
F shrinkage mean , 124383., 1.00,,,, .101, .026
Weighted prediction :
survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,
894731., .32, .49, 4, 1.557, .004
Age 1 Catchability dependent on age and year class strength
Year class = 1994
Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, sSurvivors, s.e, s.e, Ratio, , Weights, F
FLTO1: 8¢ West trawl, 384544.,  .669, .299, 45, 2, 069, .328
FLT02: 8c East trawl, 613732.,  .326, .197, .60, 2, .292, .218
PJS: Jul Pt. Survey,, 488497.,  .288, .010, .04, 2, .374, .267
P shrinkage mean , 701296., 42,,,, .226, .193
F shrinkage mean , 899142., 1.00,,,, .039, .154
Weighted prediction :
survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,
570720., .18, .10, 8, .526, .233
Age 2 Catchability constant w.r.t. time and dependent on age
Year class = 1993
Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
. survivors, s.e, s.e, Ratio, , Weights, F
FLTO1: 8c West trawl, 648821., .453, .248, .55, 2, .190, . 164
FLT02: 8c East trawl,  1285389., .359, .009, .02, 2, .290, .086
PJS: Jul Pt. Survey,, 772409.,  .281, .389, 1.38, 3, .473, .140
F shrinkage mean , 415956., 1.00,,,, .046, . 245
Weighted prediction :
sSurvivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,
841849., .20, .19, 8, 963,  .129
Age 3 Catchability constant w.r.t. time and dependent on age
Year class = 1992
Fleet, Estimated, Int, Ext, var, N, Scaled, Estimated
A survivors, s.e, s.e, Ratio, , Weights, F
FLTO1: 8c West trawl, 548724.,  .436, .296, .68, 3, .181, L147
FLT02: 8c East trawl, 371527.,  .310, .203, .65, 4, .338, .210
PJS: Jul Pt. Survey,, 413839.,  .275, 245, .89, 4, .424, .190
F shrinkage mean |, 473162., 1.00,,,, .058, .168
Weighted prediction :
survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, . Ratio,
423132., .18, A2, 12, .670,  .186



Table 7.12 XSA diagnostics
Age 4 Catchability constant w.r.t. time and dependent on age
Year class = 1991
Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
. Survivors, s.e, s.e, Ratio, , Weights, F
FLTO1: 8c West trawl, 588710.,  .415, .403, .97, 5, .208, .072
FLT02: 8c East trawl, 594127.,  .334, 446, 1.33, 5, .310, .072
PJS: Jul Pt. Survey,, 683361., .270, 141, .52, 5, 431, .063
F shrinkage mean |, 371274, 1.00,,,, .051, 112
Weighted prediction :
survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,
614857., .19, A7,16, .919,  .069
Age 5 Catchability constant w.r.t. time and dependent on age
Year class = 1990
Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e, s.e, Ratio, , Weights, F
FLT01: 8c West trawl, 78460., .382, .212, .56, 6, .231, 73
FLT02: 8c East trawl, 121944 ., .279, .355, 1.27, 6, .414, 115
PJS: Jul Pt. Survey,, 175247.,  .276, .256, .93, 6, .306, .081
F shrinkage mean |, 157244., 1.00,,,, .049, .090
Weighted prediction :
Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, . Ratio,
124603., A7, A7, 019, .955,  .113
Age 6 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
FLTO1: 8c West trawl, 79130.,  .269, .169, .63, 7, .379, 1264
FLT02: 8¢ East trawl,  103620., .257, 222, .86, 7, .374, .096
PJS: Jul Pt. Survey,, 118195.,  .280, .202, 72, 7, .212, .085
F shrinkage mean , 91246., 1.00,,,, .035, .108
Weighted prediction :
survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,
95785., .16, a1, 22, .703,  .103
Age 7 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
FLT01: Bc West trawl, 114688, , .203, .205, 1.01, 8, .449, .104
FLT02: 8¢ East trawl, 141858., .214, 75, .82, 8, .361, .085
PJS: Jul Pt. Survey,, 100900., .276, .313, 1.14, 7, 167, .118
F shrinkage mean , 64459, , 1.00,,,, .023, 179
Weighted prediction :
survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,
119610., .13, 12, 24, .923,  .100
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Table 7.12 XSA diagnostics
Age B 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
FLTO1: 8c West trawl, 124720., .181, .123, .68, 9, .534, .138
FLT02: 8c East trawl, 1644357, , .205, 244, 119, 9, 372, 121
PJS: Jul Pt. Survey,, 99166., 475, .566, 1.19, 7, .07, AN
F shrinkage mean , 73774., 1.00,,,, .023, .224
Weighted prediction :
Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,
127988., .13, 13, 26, .969, .135
Age 9 Catchability constant w.r.t. time and dependent on age
Year class = 1986
Fleet, Estimated, Int, Ext, Var,, N, Scaled, Estimated
s Survivers, s.e, s.e, Ratig, , Weights, F
FLT01: 8c West trawl, 109053., 74, .18, .68, 10, .528, .133
FLT02: 8c East trawl, 105789., .199, 160, .80, 10, .389, 137
PJS: Jul Pt. Survey,, 55768., 509, .582, 1.14, 7, .058, .246
F shrinkage mean , 35750., t.00,,,, .025,, .361
Weighted prediction :
survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,
100814., .13, .11, 28, .869, 144
Age 10  Catchability constant w.r.t. time and age (fixed at the value for age) 9
Year class = 1985
Fleet, Estimated, Int, Ext, var, N, Scaled, Estimated
, Survivors, s.e, s.e, Ratio, , Weights, F
FLTO1: 8c West trawl, 15831., .177, .092, .52, 11, .534, .406
FLT02: 8¢ East trawl, 14231., .212, .186, .88, 11, .353, 443
PJS: Jul Pt. Survey,, 10300., .520, .520, 1.00, 7, .070, .571
F shrinkage mean |, 17991., 1t.00,,,, .043, .365
Weighted prediction :
survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,
14874., .13, .10, 30, .758, .428
Age 11 Catchability constant w.r.t. time and age (fixed at the value for age) 9
Year class = 1984
Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e, s.e, Ratio, , Weights, F
FLTO1: 8¢ West trawl, 8536., .169, .105, .62, 11, .646, .480
FLT02: 8c East trawl, 9874.,  .218, L1147, .67, 11, .263, 427
PJS: Jul Pt. Survey,, 11816., .560, 374, .67, 7, .050, .368
F shrinkage mean , 26230., 1.00,,,, .041, .183
Weighted prediction :
survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,
Qbbb ., .13, .09, 30, 663, .443
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Table 7.13 -

Run title : Horse mackerel South (run: XSAMFB03/X03)
At 17-Aug-96 13:29:49

Terminal Fs derived using XSA (With F shrinkage)

Table 8

Fishing mortality (F) at age
YEAR, 1985,
AGE
0, .2966,
1, L4536,
2, .2323,
3, .0528,
4, .1315,
5, .1053,
6, .0787,
7, .1652,
8, .1289,
9, .1861,
10, .2260,
11, .4385,
+9p, L4385,
FBAR 1-11, .1999,
FBAR 0- 3, .2588,
FBAR 7-11, .2289,
Table 8 Fishing mortality (F) at age
YEAR, 1986, 1987, 1988, 1989, 1990, 1992, 1993, 1994, 1995, FBAR 93-95
AGE
0, .2866,  .0415,  .1271, .2838, .0633, 0336, .0070, .0104,  .0036, .0070,
1, .5688,  .4905,  .2878, .2293, .2985, L1696,  .0923,  .0904,  .2328, .1385,
2, L2452,  .4393,  .1198,  .1061, .2111, .2508, .2204, .3472,  .1289, .2322,
3, .2634,  .2493,  .1606, .1576, .1180, .1989,  .3461, .1072,  .1864, L2132,
4, L1016,  .1693,  .1189, .2134, .0792, .0755,  .1928, .1270,  .0694, 1297,
5, .1886,  .0857,  .1657, .1808, .1118, .0739, .1028, .0821, .1126, .0992,
6, L1275, 2117, 1269, L2655, L1126, 0874, .0891,  .1066,  .1034, .0997,
7, 3969,  .1298, (2434,  .0934, .2229, .2017,  .1623,  .1169,  .1004, 1266,
8, 4191, 1267, 1975, L2361,  .1811, 2077,  .2456,  .1677,  .1350, .1828,
9, 3131, .2108,  .3776, .3913, .2997, .5901,  .4396, .2528, .1436, .2787,
10, .3720, .1615, .7048, .8671, .2813, 2567, L5702, (2465,  .4279, L4149,
1, .5200,  .1366, .5010, .6173,  .6914, 5029,  .2675,  .4961,  .4428, .4022,
+gp, .5200, .1366, .5010, .6173, .6914, 5029,  .2675,  .4961, 4428,
FBAR 1-11, .3196,  .21%0, .2731, .3053, .2371, .2377, .2481,  .1946,  .1894,
FBAR 0- 3, .3410,  .3051, 1738, .1942, .1727, (1632,  .1664, .1388,  .1379,
FBAR 7-11, L4042, L1527, L4049, L4611,  .3353, .3518, .3370, .2560,  .2500,
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Table 7.14

Run title : Horse mackerel South (run: XSAMFBO03/X03)
At 17-Aug-96 13:29:49
Terminal Fs derived using XSA (With F shrinkage)

Table 10 Stock number at age (start of year) N raws.
YEAR, 1985, ~ Y umbers*10%*-3

AGE
0 1653269,
1 879310,
2 441436,
3 1674736,
4 229228,
5, 158154,
6, 100703,
7
8
9
0
1

!
1
'
v

'

52122,
35477,
39807,

!
’

‘

10, 24583,
1, 9759,
+9p, 28960,
TOTAL, 5327547,

Table 10 Stock number at age (start of year) Numbers*10**-3
YEAR, 1986, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, GMST
AGE
0, 2661286, 1414796, 1101196, 1058169, 845687, 2323585, 1489128, 1653783, 981934, 1042985, o, 14849
;, 1233;32, 1719751, 1168258, 834669, 685762, 683265, 1970441, 1239373, 1413479, 836405, 894731, 10664
3, “ 194, 515495, 906329, 754063, 571224, 437900, 523572, 1431384, 972734, 1111437, 570720, 6224
4, 136;381' 323871, 285961, 692000, 583679, 398110, 310616, 350668, 988343, 591625, 841849, 4539
. , 199214, 217246, 209609, 508782, 446445, 320184, 219134, 213519, 764197, 423132, 3291
5, 172994, 1063211, 144757, 166020, 145749, 404578, 352870, 255550, 155539, 161860, 614857, 2492
?, 153?19, 123306, 839948, 105568, 119262, 112174, 321618, 282094, 198468, 123321, 124603, 1762
8' 3803$' 22827, 85883, 636766, 69674, 91715, 83605, 253650, 222102, 153556, 95785, 1124
9, 26842’ 6366, 70169, 57952, 499217, 47989, 65415, 58816, 185609, 170068, 119610, 659
10, 28445' ?;gZ;, 35230, 49569, 39389, 358510, 30220, 45742, 39601, 135089, 127988, 451
' pped ' 93, 15007, 20786, 28849, 25123, 248732, 14418, 25367, 26471, 100814, 276
11, 16878, 16878, 12372, 6384, 7517, 18743, 13607, 165610, 7016, 17063, 14874, 160
+gp, 37123, 46752, 37098, 27275, 24437, 33448, 33531, 25877, 37674, 65070, 45412,

TOTAL, 6391374, 5600884, 4919457, 4618829, 4129226, 5381584, 5763540, 5996100, 5441386, 5199149, 3974372,
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Table 7.15

LANDINGS,

43535,
71258,
52747,
55888,
56396,
49207,
45511,
50956,
57428,
52588,
52681,

53472,

YIELD/SSB,

L3734,
L4204,
.2775,
.2883,
.2949,
L2422,
.2159,

t.2455,
.2867,
.3061,
.2519,

.2912,

Run title : Horse mackerel South (run: XSAMFB03/X03)
At 17-Aug-96 13:29:49
Table 16 summary (without SOP correction)
Terminal Fs derived using XSA (With F shrinkage)
RECRUITS, TOTALBIO, ToTspBlO,
. Age 0
19853, 1653268, 283829, 116591,
1986, 2661285, 321492, 169502,
1987, 1414795, 340120, 190106,
1988, 1101196, 338303, 193886,
1989, 1058169, 332932, 191207,
1990, 845687, 334206, 203126,
1991, 2323586, 327742, 210773,
1992, 1489128, 361792, 207544,
1993, 1653782, 375125, 200289,
1994, 981934, 355075, 171793,
1995, 1042985, 382548, 209133,
Arith.
Mean 1475074, 341197, 187632,
Units, (Thousands), (Tonnes), (Tonnes),

(Tonnes),
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FBAR

1-11, FBAR 0- 3,
1999, .2588,
L3196, .3410,
.2190, .3051,
.2731, .1738,
.3053, L1942,
L2371, 727,
.2055, .0981,
.2377, .1632,
.2481, . 1664,
.1946, .1388,
.1894, 1379,
.2390, .0000,

FBAR

7-11,

.2289,
L4042,
.1527,
L4049,
4411,
.3353,
.3148,
.3518,
.3370,
.2560,
.2500,

3161,



Table 7.16

Horse mackerel Southern Area (Fishing Areas VIIIc and 1Xa)

Input data for the predictions

Prediction with management option table: Input data

Year: 1996
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
0 1484.920 0.1500 0.0000 0.2500 0.2500 0.000 0.0063 0.029
1 894.731 0.1500 0.0000 0.2500 0.2500 0.032 0.1243 0.036
2 570.720 0.1500 0.0400 0.2500 0.2500 0.055 0.2084 0.058
3 B41.849 0.1500 0.2700 0.2500 0.2500 0.075 0.1914 0.091
4 423.132 0.1500 0.6300 0.2500 0.2500 0.105 0.1164 0.110
5 614.857 0.1500 0.8100 0.2500 0.2500 0.127 0.0890 0.139
6 124.603 0.1500 0.9000 0.2500 0.2500 0.154 0.0895 0.173
7 95.785 0.1500 0.9500 0.2500 0.2500 0.17% 0.1136 ~ 0.189
8 119.610 0.1500 0.9700 0.2500 0.2500 0.213 0.1641 0.218
9 127.988 0.1500 0.9800 0.2500 0.2500 0.240 0.2502 0.235
10 100.814 0.1500 0.9%900 0.2500 0.2500 0.269 0.3724 0.273
1 14.874 0.1500 1.0000 0.2500 0.2500 0.304 0.3610 0.291
12+ 45.412 0.1500 1.0000 0.2500 0.2500 0.329 0.3610 0.314
Unit | Millions - - - - Kilograms - Kilograms
Year: 1997
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
0 1484.920 0.1500 0.0000 0.2500 0.2500 0.000 0.0063 0.029
1 . 0.1500 0.0000 0.2500 0.2500 0.032 0.1243 0.036
2 0.1500 0.0400 0.2500 0.2500 0.055 0.2084 0.058
3 0.1500 0.2700 0.2500 0.2500 0.075 0.1914 0.091
4 0.1500 0.6300 0.2500 0.2500 0.105 0.1164 0.110
5 0.1500 0.8100 0.2500 0.2500 0.127 0.0890 0.139
6 0.1500 0.9000 0.2500 0.2500 0.154 0.0895 0.173
7 0.1500 0.9500 0.2500 0.2500 0.176 0.1136 0.189
8 0.1500 0.9700 0.2500 0.2500 0.213| . 0.1641 0.218
9 0.1500 0.9800 0.2500 0.2500 0.240 0.2502 0.235
10 0.1500 0.9900 0.2500 0.2500 0.269 0.3724 0.273
1 0.1500 1.0000 0.2500 0.2500 0.304 0.3610 0.291
12+ 0.1500 1.0000 0.2500 0.2500 0.329 0.3610 0.314
Unit | Millions - - - - Kilograms - Kilograms
Year: 1998
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
0 1484.920 0.1500 0.0000 0.2500 0.2500 0.000 0.0063 0.029
1 . 0.1500 0.0000 0.2500 0.2500 0.032 0.1243 0.036
2 . 0.1500 0.0400 0.2500 0.2500 0.055 0.2084 0.058
3 . 0.1500 0.2700 0.2500 0.2500 0.075 0.1914 0.091
4 0.1500 0.6300 0.2500 0.2500 0.105 0.1164 0.110
5 0.1500 0.8100 0.2500 0.2500 0.127 0.0890 0.139
6 0.1500 0.9000 0.2500 0.2500 0.154 0.0895 0.173
7 0.1500 0.9500 0.2500 0.2500 0.176 0.1136 0.189
8 0.1500 0.9700 0.2500 0.2500 0.213 0.1641 0.218
9 0.1500 0.9800 0.2500 0.2500 0.240 0.2502 0.235
10 0.1500 0.9900 0.2500 0.2500 0.269 0.3724 0.273
1 0.1500 1.0000 0.2500 0.2500 0.304 0.3610 0.291
12+ 0.1500 1.0000 0.2500 0.2500 0.329 0.3610 0.314
Unit | Millions - - - - Kilograms - Kilograms
Notes: Run name : FB2

Date and time: 19AUG96:12:23
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Table 7.17

Yield per recruit summary table

Horse mackerel Southern Area (Fishing Areas VIIIc and IXa)

Yield per recruit: Summary table

1 January Spawning time

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
0.0000 0.0000 0 0| 10660481| 1474789| 5604659| 1255916| 5398376 1209691
0.1000 0.0189 146266 269631 9687493 1210789| 4701906 998702 4504291 955695
0.2000 0.0378 253516 43237 8974498| 1028657] 4056162 823005 3866874 782944
0.3000 0.0567 337355 53555( B&417497 894463{ 3563588 6949181 3382290 457560
0.4000 0.0756 405798 60291| 7963052 790891 3170898 597144 2997259 562270
0.5000 0.0946 463417 64753| 7580718 708165| 2847789 519926| 2681484 487339
0.6000 0.1135 513024 67713| 7251750 640336| 2575650 457334| 2416363 426854
0.7000 0.1324 556460 69652 6963889 583571 2342346 405551 2189770 377017
0.8000 0.1513 594988 70880| 6708712 535283 2139572 362005 1993411 335269
0.9000 0.1702 629515 71604 6480198 493657 1961415 324895 1821381 299823
1.0000 0.1891 660708 71968| 6273888 457381 1803523 292921 1669338 269392
1.1000 0.2080 689079 72070| 6086387 425476) 1662596 265121 1533994 243021
1.2000 0.2269 715024 71982 5915044 397201] 1536076 240760 1412801 219988
1.3000 0.2459 738862 71755| 5757746 371977 1421936 219274 1303741 199736
1.4000 0.2648 760850 71427 5612774 349349 1318537 200216| 1205188 181826
1.5000 0.2837 781202 71025| 5478711 328950( 1224540 183229 1115811 165907
1.6000 0.3026 800095 70571 5354369 310482] 1138829 168023| 1034504 151697
1.7000 0.3215 817681 70080| 5238743 293699 1060466 154360 960340 138963
1.8000 0.3404 834089 69565 5130971 278395 988655 142044 892532 127514
1.9000 0.359% 849430 69033| 5030309 264399 922711 130910 830404 117188
2.0000 0.3782 863802 684931 4936109 251564 862044 120816 773374 107851

- - Thousands| Tonnes |Thousands| Tonnes |Thousands| Tonnes |Thousands| Tonnes

Notes: Run name : YIELDREC

pate and time :
Computation of ref. F:

F-0.1 factor
F-max factor

F-0.1 reference F
F-max reference F

Recruitment

19AUG96:12:06
Simple mean, age 1 - 11

: 0.5074

: 1.0984

: 0.0960
: 0.2077

: 1485 (Millions)
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Table 7.18

Prediction with management option table

Horse mackerel Southern Area (Fishing Areas VIlIc and IXa)

Table 7.18a Prediction With management option table
Year: 1996 Year: 1997 Year: 1998 |
F Reference| Stock | Sp.stock| Catch in F Reference| Stock | Sp.stock| Catch inf Stock | Sp.stock
Factor F biomass | biomass | weight Factor F biomass | biomass | weight biomass | biomass
1.0000 0.1891 384499 224603 60129|  0.0000 0.0000 393568 245301 0| 465708 289219
. . . . . 0.1000 0.0189 . 264237 6366 458826 283148
0.2000 0.0378 2463180 12604 452085 277248
0.3000 0.0567 262129 18716 445482 271512
0.4000 0.0756 261085 24705 439013 265934
0.5000 0.0946 240047 30575 432676 260509
0.6000 0.1135 239014 36329 426466 255233
0.7000 0.1?24 © 237988 41969 420380 250099
. 0.8000 0.1513 . 236969 67499 414416 245103
. 0.9000 0.1702 . 235955 52921 408571 240240
. 1.0000 0.1891 . 234947 58238 402841 235506
. . 1.1000 0.2080 . 233945 63453 397223 230896
. . 1.2000 0.2269 . 232949 68567 391715 226407
g . 1.3000 0.2459 . 231960 73584 386314 222033
. 1.4000 0.2648 . 230975 78506 381017 217773
. 1.5000 0.2837 . 229997 83335 375823 213621
. 1.6000 0.3026 . 229024 88074| 370727 209574
. . 1.7000 0.3215 . 228058 92724 365729 205629
. 1.8000 0.3404 . 227096 97288 360826 201783
. 1.9000 0.3593 . 226141 101768 356015 198032
2.0000 0.3782 . 225191 106166 351294 194374
- - Tonnes Tonnes Tonnes - - Tonnes Tonnes Tonnes Tonnes Tonnes
Notes: Run name : FB2
Date and time : 19AUGP6:12:57
Computation of ref. F: Simple mean, age 1 - 11
Basis for 1996 + F factors
Horse mackerel Southern Area (Fishing Areas VIIIc and IXa)
Table 7.18b Prediction with management option table
Year: 1996 Year: 1997 Year: 1998
F Reference §tock Sp.stock| Catch in F Reference| Stock Sp.stock| Catch in| Stock Sp.stock
Factor F biomass | biomass | weight Factor F biomass | biomass | weight biomass | biomass
1.2429 0.2351 384499 222175 73000 0.0000 0.0000 379771 235579 0 451555 277985
. - . - . 0.1000 0.0189 . 234569 6097 444955 272203
. 0.2000 0.0378 233565 12072 438489 266582
. 0.3000 0.0567 232568 17928 432154 261115
. 0.4000 0.0756 231576 23668 425947 255799
. 0.5000 0.0946 230590 29294 419864 250626
. 0.6000 0.1135 229610 34810 413903 245594
. 0.7000 0.1324 228635 40219 408060 2460696
0.8000 0.1513 227667 45522 402332 235929
0.9000 0.1702 226704 50723 396717 231287
1.0000 0.1891 225746 55825 391211 226767
1.1000  0.2080 224795 60829 385813| 222365
. 1.2000 0.2269 223849 65738 380519 218077
1.3000 0.2459 222908 70554 375327 213899
1.4000 0.2648 221973 75280 370235 209827
1.5000{ 0.2837 221044 79918| 365239 205858
1.6000 0.3026 220119 84470 360338 201989
1.7000 0.3215 219201 88938 355530 198216
1.8000 0.3404 218287 93323 350811 194536
1.9000 0.3593 217379 97629 346181 190947
2.0000 0.3782 216476 101856 341637 187445
- - Tonnes Tonnes Tonnes - - Tonnes Tonnes Tonnes Tonnes Tonnes
Notes: Run name : FB2

Date and time

Computation of ref. F:

Basis for 1996

¢ 19AUG96:12:57

Simple mean, age 1 - 11

: TAC constraints
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Table 7.18c

Horse mackerel Southern Area (Fishing Areas VIIIc and IXa)

Single option prediction: Detailed tables

Year: 1996 F-factor: 1.0000 Reference F: 0.1891 1 January Spawning time
Absolute| Catch in| Catch in| Stock Stock Sp.stock| Sp.stock| Sp.stock| Sp.stock
Age F numbers |- weight size biomass size biomass size biomass
0 0.0063 8661 251 1484920 0 0 0 0 0
1 0.1243 97266 3502 894731 28631 0 0 0 0
2 0.2084 99958 5798 570720 31390 22829 1256 20872 1148
3 0.1914 136505 12422 841849 63139 227299 17047 208704 15653
4 0.1164 43238 4756 423132 44429 266573 27990 249398 26187
5 0.0890 48674 6766 614857 78087 498034 63250 469148 59582
6 0.0895 9917 1716 124603 19189 112143 17270 105625 16266
7 0.1136 9565 1808 95785 16858 90996 16015 85192 14994
8 0.1641 16844 3672 119610 25477 116022 24713 107260 22846
9 0.2502 26391 6202 127988 30717 125428 30103 113486 27237
10 0.3724 29243 7983 100814 27119 99806 26848 87587 23561
1" 0.3610 4204 1223 14874 4522 14874 4522 13090 3979
12+ 0.3610 12836 4031 45412 14942 45412 14942 39966 13150
Total 543302 601291 5459295 384499 1619416 243956| 1500329 224603
Unit - Thousands| Tonnes |[Thousands|{ Tonnes |Thousands| Tonnes [Thousands| Tonnes
Year: 1997 F-factor: 1.0000 Reference F: 0.1891 1 January Spawning time
Absolute| Catch in| Catch in| Stock Stock Sp.stock Sp.stock' Sp.stock| Sp.stock
Age F numbers | weight size biomass size biomass size biomass
0 0.0063 8661 251] 1484920 0 0 0 0 0
1 0.1243 138067 4970 1270056 40642 0 0 0 0
2 0.2084 119113 6909 680089 37405 27204 1496 24872 1368
3 0.1914 64668 5885 398815 29911 107680 8076 98871 7415
4 0.1164 61144 6726 598365 62828 376970 39582 352681 37032
5 0.08%90 25663 3567 324175 41170 262582 33348 247352 31414
6 0.0895 38533 6666 484148 74559 435733 67103 410409 63203
7 0.1136 9793 1851 98065 17259 93162 16397 87220 15351
8 0.1641 10363 2259 73590 15675 71382 15204 65991 14056
9 0.2502 18015 4234 87369 20968 85621 20549 77469 18593
10 0.3724 24881 6792 85776 23074 84918 22843 74521 20046
1 0.3610 16901 4918 59792 18177 59792 18177 52622 15997
12+ 0.3610 10222 3210 36165 11900 36165 11900 31828 10473
Total 546024 58238 5681325 393568| 1641209 254674| 1523838 234947
Unit - Thousands| Tonnes |Thousands| Tonnes [Thousands| Tonnes |Thousands| Tonnes
Year: 1998 F-factor: 1.0000  Reference F: 0.1891 1 January Spawning time
Absolute| Catch in| Catch in| Stock Stock Sp.stock| Sp.stock| Sp.stock| Sp.stock
Age F numbers | weight size biomass size biomass size biomass
0 0.0063 8661 251 1484920 0 0 0 0 0
1 0.1243 138067 49701 1270056 40642 0 0 0 0
2 0.2084 169079 9807 965375 53096 38615 2124 35306 1942
3. 0.1914 77060 7012 475242 35643 128315 9624 117818 8836
4 0.1164 28966 3186 283468 29764 178585 18751 167078 17543
5 0.0890 36291 5044 458427 58220 371326 47158 349789 44423
6 0.0895 20316 3515 255260 39310 229734 35379 216383 33323
7 0.1136 38050 7192 381034 67062 361983 63709 338897 59646
8 0.1641 10610 2313 75342 16048 73081 15566 67562 14391
9 0.2502 11084 2605 53753 12901 52678 12643 47663 11439
10 0.3724 16984 4637 58553 15751 57968 15593 50871 13684
11 0.3610 14380 4184 50873 15465 50873 15465 44772 13611
12+ 0.3610 16271 5109 57565 18941 57565 18941 50661 16669
Total 585819 59826| 5869867 402843 1600723 254954| 1486799 235508
unit - Thousands| Tonnes |Thousands| Tonnes [Thousands| Tonnes |Thousands| Tonnes
(cont.)
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Table 7.19

Horse mackerel Southern Area (Fishing Areas VIllc and [Xa)

Single option prediction: Summary table

F status quo 1 January Spawning time
—
Year F Reference| Catch in| Catch in| Stock Stock Sp.stock Sp.stock Sp.stock| Sp.stack
Factor F numbers | Weight size biomass size biomass size biomass
1996 1.0000{ 0.1891] 543302 60129| 5459295| 384499| 1619416|  243956| 1500329 224603
1997 1.0000 0.1891 546024 58238| 5681325 393568 1641209 2546741 1523838 234947
1998 1.0000{ 0.1891| 585819 50826| 5869867| 402843| 1600723|  254954| 1486799 235508
Unit - - Thousands| Tomnes |Thousands| Tonnmes |Thousands| Tonnes |Thousands| Tonnes
Notes: Run name T MF2
Date and time : 19AUG96:11:39
Computation of ref. F: Simple mean, age 1 - 11
Prediction basis : F factors 4
F corresponding to constant TAC 1 January Spawning time
Year F Reference| Catch in| Catch in| Stock stock | Sp.stock| Sp.stock Sp.stock zl?-StOCk
Factor F numbers | weight size biomass size biomass size 1omass
1996 | 1.2629| 0.2351| 661754|  73000| S5459295| 384499| 1619616| 243956 1486327) 222175
1997 1.3515 0.2556 696308 73000f 5572102 379771 1580813 264581 1649699 224:'2426
1998 1.3815 0.2613 739413 73000] 5637319 372694 1667766 232326 1345723 211534
Unit - - Thousands| Tonnes |Thousands| Tonnes |Thousands| Tonnes |Thousands| Tonnes
Notes: Run name : MF2
Date and time : 19AUG96:11:39
Computation of ref. F: Simple mean, age 1 - 11
prediction basis , : TAC constraints
F corres onding to Frac 1905 Januar Spawning time
1 Y P
Year F Reference| Catch in| Catch in| Stock Stock Sp.stock Sg.stock Sp:stock Sp.stock
Factor F numbers | weight size biomass size biomass size biomass
1996 1.2629 0.2351 661749 72999 5459295 384499 1619416 243956 1486327 222176
1997 1.2629 0.2351 645858 67816 5572106 379772| 1580815 244581 1455386 223445
1998 1.2429] 0.2351| 681236 67691 5683817| 378282 1490752| 236272 1373299] 216273
Unit - - Thousands| Tonnes |Thousands| Tonnes |Thousands| Tonnes |Thousands Tonn‘es‘
Notes: Run name : MF2
Date and time . 19AUG96:14:05
Computation of ref. F: Simple mean, age 1 - 11
Prediction basis : F factors ’
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Table 7.19 (Cont’d)

Fmed : R
1 January Spawning.time
Year 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
1996 1.0950 0.2071 590210 65236 5459295 384499 1619416 2439561 1494832 223649
1997 1.0950 0.2071 586352 62155{ 5638056 388092| 1617259 250664 1496606 230360
1998 1.0950|  0.2071| 624820 63121| 5795430] 392974| 1556593 247432 1441128} 227737
Unit - - Thousands| Tonnes |Thousands| Tonnes |Thousands| Tonnes |Thousands| Tonnes
Notes: Run name T MF2
Date and time : 19AUG96:17:12
Computation of ref. F: Simple mean, age 1 - 11
Prediction basis : F factors
A
Fmax 1 January Spawning time
Year F Reference| Catch in| Catch in| Stock Stock Sp.stock| Sp.stock| Sp.stock| Sp.stock
Eactor F numbers | weight size biomass size biomass size biomass
1996 1.0980 0.2077 591679 65396 5459295 384499 1619416 243956| 1494659 223619
1997 1.0980 0.2077| © 587598 62275| 5636701 387921 1616509 250539 1495756 230217
1998 1.0980 0.2077 626015 63220{ 5793115 392668| 1555223 247199 1439713 227497
Unit - - Thousands| Tonnes |Thousands| Tonnes |Thousands| Tonnes |Thousands] Tonnes
Notes: Run name : MF2
Date and time : 20AUG96:21:42

Computation of ref. F:

Prediction basis

: F factors

Simple mean, age 1 - 11
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Figure 7.1 The age composition of southern horse mackerel
in the international catches from 1985-1995.
Age 15 is a plus group.
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Figure 7.3 . Comparison of the SSB estimates from the 1994 and 1995 analytical assessments
and the 1995 egg surveys.
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Figure 7.4 Horse mackerel Southern Area (Fishing Areas VIIIc and IXa)
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Figure 7.4c-d
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Southern horse mackerel. R1 versus SSB in previous year.
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Figure 7.5 Recruits (age 1) versus Spawning Stock Biomass in previous year.
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