-

i
ICES CM1996/Assess: 10

IR
REIAY/)

Advisory Committee on Fishery Management

*

o ; -

-@- | THUNEN
Digitalization sponsored
by Thunen-Institut

Bibllothok
YAj

NP or.

HERRING ASSESSMENT WORKING GROUP FOR THE AREA SOUTH OF 62°N

ICES Headquarters, Copenhagen, Denmark
9 - 18 April 1996

PART 1 OF2
DATA
‘ EHTRANCE DATA TelisiDe,
RID \

ALY mp....l { ri«'?_'T)e
DA "“"‘f"!'mm!%'ﬁrlﬂrff :
- TA . A vt W‘— ns

DisA [’ )\ :“_‘{-H-@E&ug&

g, YV ERATIEOART

1y

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

Palzgade 2-4 DK-1261 Copenhagen K Denmark


mueller
Thünen


TABLE OF CONTENTS

Section Page
PART 1

1 INTRODUCTION. ..ottt ssissesisssstsassessesesssessssesesessassssasessassessesesssstssassesessssessssassassesaessssasasassesns 1

1.1 PatiCIPANES cuonuniiniiitieccntiriessneni e ss et e se s eb e et b et sne s s sa st e naRe ses st S0t sas b e e AR b e R e e sen nansasaestatasans 1

1.2 TS Of REFEIBIICE oo e esesenssse s sesasss st sasesasassssese e e e sasa e asasssasestsnanananesenssane 1

1.3 Request from EU and NOIWAY ...cccccevereieneniierisastseesesserrissssssssssssestssessssesssesssessssasessnssassssssssessssssssassssssaness renees 1

1.4 Report of the Planning Group for HEITING SUIVEYS....cuiirivivieceieereinnsresisseresesesesssssmsoressseresssenstsbsssssssssssssaias 2

1.5 ASSESSIMENt MENOMAS ...c.eeeiiiiiiie ettt e se s s re e e e e e sn s asses s st st sesas e s e e e e s araabanan 2

1.5.1 Use 0f XSA for NOrth S€a HEITING. .....ccuioieieiieienriienrenereceeinsenssssssssissesessssesessessesssssssssessessssssssnses 2

1.5.2 Further evaluation of Integrated Catch at AZE analysiS...c.cererriecirerrieareserenseiererescssssessssssssssesnssssasseses 3

1.5.3 A Method for Assessment under MiSrepOrting........ceeeecrcresnsrenseans e e s se s 3

1.6 Landing statistics and biological SAMPIING....c.covveereniiieiecicieneieseresiersaessesesnesesasssesessessssssessesnesnesesnsssesssasasssesen 5

FIGUIES 1.5.1 = 1.5.5 ettt s et s b e e st aneses e e s s a e st aa s n e pa e st s hesaae e seneatananns 7

2 NORTH SEA HERRING ...counrrimenecerermmaseisssssesesssesesssssasssssssssssssssasssssessssssssesssssssesssssssessssssnsssssssasssesssssssssssnmsssseas 10

2.1 The FiSHery....occcniicnnererie it eesssenese s st sasesansssesassasesenssesesaessarasns retereretetnas et ae e aae 10

2.1.1 ACFM advice and management applicable to 1995 and 1996 .........uvvrmerccrcrnnnrienesseeseccssesessesersenns 10

2.1.2 CatChes i1 1995 .....nioieiiitinieeeestenesensest et tresssssasessesesseseesesasasassassesesasstssessssessesansesassssnsenssssasastanssansn 10

2.2 Biological Composition of the Catch ...... eetereseseteeessete ettt et a et e e et e s aaara e e e e et s an et enasne e aee 11

2.2.1 Catch in number and weights at age .......cevnenee s e e a e a b raeee 11

2.2.2 Quality of catch and biological data.......cc.ceouremnurerrecnccrenseccenanns - 11

2.2.3 Treatment of spring spawning herring in the North Sea........coccovceerinniiinmicnnccnnenssineneneseceenes 12

728 30 2T 1111 1<) 11 OO 12

2.3.1 The IBTS index of 1-TiNZEr FECTUIMENT...ciiviisiiiriirisiinirisitirinsntssssss e saesn e st sassassesassnesesacaesnsossasas 12

2.3.2 The MIK indeX Of TECTUIMENL......ccciiiiieintiiinnieseisestinsistsst i eessssnsesssesssesesesatansesssnssnsssesasess sussassnassesasnes 12

2.3.3 Relationship between the MIK 0-ringer and the IBTS 1-ringer indices .....ovuuivcrrencnrsineresnssnscsisnnesssseense 13

2.3.4 Recruitment prediction within the ICA - Program.......ciniesessees 13

2.3.5 Trends in FECTUIMENL . ......ccuiiinrirenceteenieceresetnsstestsssst s se st s e e sasestsssesmest obssbasassssanerbassasassnsonsrassnssnsasens 13

2.4 Acoustic Surveys ereiesseehessesbesseresetiatesietaaeRt sttt e RS S e R e RS R e S RS RS RS SR SR LS a R eSS e R e bR s b e e s e e e an 13

2.4.1 1995 North Sea Acoustic Survey - ettt e s s s .13

2.4.2 ACOUSHC SUTVEY TIME SETIES...cciiierermseseririsisniisisisnisiisisssiisissssssssssssisssissssssssssssssssissssssssssssesssnnssssssenes 14

2.5 LAIVAE SUIVEYS cuiererirrnisrersrseereisinsssisssessesnasisssssasssssssnisesssesasssssssnssasanse cearensetesstestessenertasarsrnasanenes 15

2.6 August Scottish Groundfish SUIVEYS....uiiiiniiniiiiiicireni et sesesassss s sserssaseas 16

2.7 Mean Weights-at-age and MatUnty-at-AgE .....cocuivninininnnniininnsiiiisesiisisisosicssissssesssestsnsasesssesseress 16

2.7.1 Mean WEIghts Qt ZE ...cvccrresrnernnmncenismmsistisisisisssiesisesseisssssssssssssssssessssssasssasssensasssssesesssnssssssssesasass 16

2.7.2 MAUUTTEY OZIVE .uuierereiaiceiaesstiisrsnessestsssesnastesssosestese sasssssssestsssass sasasese sassss e saesnsssessesssasesasesssssonssonasssnsssnens 17

2.8 SLOCK ASSESSINENL . uciirreereeeareraessesnsstanesssssssrasstssnssssssanonsssssssestsssstesest sasstsssssestssesessestestanssesssssssasnssassnsssessonsaseseses 17

2.8.1 Data Exploration and Preliminary Modelling......c.ciiiiiimmiitmmiisimes e 17

2.8.2 SLOCK ASSESSITIENE ....eevercereraeseerenesseesresncesssssasstsanesssssessusessssssessssssssssssssessisssssssasesssnsssssssssssensnesasassassassanesns 18

2.8.3 Stock in Divisions IVC and VIIdu....ceiniinnesiisiisnesissesssimsssssssssossessinsssssessssasassnssesas 20

2.9 Evaluation of MBAL for North Sea HEITINE. ....cuiccicinenicirnneinititisessssistsniistsstessssssssssssssesssssisasssssnsssessesas 20

2.10 Short-term projection by area and fle€t ...t e 21

2.11 Medium-term projections ........cevversnsniscssenssisane trereetetreren ettt e e e bbb RS e a b b as 22

2.12 Management CONSIAEIALIONS ....c.cvuecceiriininiiniiiiniissss st esesssesssssssssssssstssssssasssatatessasiasessnsassesss 23

2.13 Requests from the Multispecies Assessment Working Group....... reseteeesaasseas ettt s e s 24

2.13.1 Quarterly data base (numbers and mean Weights at aZ€)...cueerrerecesirisnininniisnsasisessesssssmssssssssssasssanss 24

2.13.2 Geographical distribution of the catches in the North Sea in 1995 .......ccoervnivciericnienccinnenns 25

2.14 Quality of the ASSESSMENL......cccoveiminieerernineriesnsastreissasensneens st bbb b enaes 25

Tables 2.1.1 = 2.14. ] ..cccccininiincnnccrnntesenneseeeiaen rteetetetreneate ettt sttt s r R st R e S s e s s r e R e SRRSO R b S s e s s s H bR R SRS 26

FIZUIES 2.2.1 = 2.14 . iiiiieiiniiiinieniiiseiiteessintais st cessassassasesssanassssssesatasssstasssssnsarassatasssntasssssassasasasssssasnssastesssannssessasenssnnes 70

EMCFMHAWGYI6\REPORT DOC  25/04/96 - i



Section Page
3 HERRING IN DIVISION HIA AND SUB-DIVISIONS 22-24......ueririnninisiisisssinsssssssinsmsssssssssssssess 149
T 0 U 1T 23T 1T 7O OO 149

3.1.1 ACFM advice and management applicable to 1995 and 1996 .......ccccoormrnnmnncnirnecnistssnesesesssssasssssssons 149

3.1.2 Introduction to landing statistics terereseeanertesteat st ettt r e ra st RS S e R SR AR s R A SRS R e RS E e sResaraeR b e ntens 149

3.1.3 TOta] LanAINgS....cccoivvirrecreenneivenienissiisestorassassneestonsesssssanssssssssssstessssssosetsssesessassassnsesssessssssssesasssssnsnsess 149

3.2 Stock COMPOSIHION «.uiiiiiicitiniiiiisnenitie i tccnesstssee et es e s st st s sa s s ae st s s ne st e s s s snasa s e s ns s snssas bR a s b b abaene 150

3.2.1 Spring spawners in the NOrth Sa....uiiimininiiiniiesinsseiisesessesssieaesasse 150

3.2.2 Stock Composition in DIVISION I@.......cvciiiciciinrnrnncreesnenniseessessissssssssesasssasesassssssassessessesesassesaases 150

3.3 Catch in numbers and mean Weight @t 88 ....ccviiierernimriniiniiiniinecsnssis st s e sneseses s senses 151

3.4 Quality of catch and biological Sampling data .......cccccermriiinicninie s seres 152

3.5 Fishery-independent stock estimates of Western Baltic spring-spawning Stock ........cceveseisercesircsinnranisessenss 152

3.5.1 Summer Acoustic Survey in DiviSion IIa .......ccccieernerenininninnersisiessorsnarsssssssssssssnsesasasssssesasasssssssssss 152

3.5.2 October Acoustic survey in Western Baltic and the Southern Part of Division Illa (Kattegat)............ 153

3.5.3 Acoustic Monitoring in Sub-Division 23 (the SoUNd).......ccccccverennnrernninrmsnseeresssssseesssesessessessssees 153

3.6 RECTUILIMENL «..ccvrireirirnriieseetiniarersenenssesssesessssssassersisasasasssssess sonssneseasesnsass e sanessssnssesssessssssesaassastessessansassasssssessas 154

3.6.1 General remarks on the 1996 IBTS February survey in Division IIa.....cininininomiinoneen 154

3.6.2 Abundance of 1-TiNZed REITING...c.cvviiiiniiiiinisiriiiiiieniassssssinenssstsnssesssesssssasasassseassssssassssssesaneas 154

3.6.3 Abundance of 2-TNZEd NEITING...ccocvieureecerrrmrerereeneasoereacsssssnseresesesssssetsesssssssasasassssesssssasssantesssessasnsssssns 154

3.6.4 Abundance of 3+ FNed REITING...co ettt srasse e e esasessasssssssssansnsansans 154

3.6.5 Abundance indices for Sub-division 22-24 ........cccccerreeirininnininisensenentenarenesssiesesssssssssssssssenssenes 154

3.7 LarVae SUTVEYS ucccierersseisrnssisiseseisssssnesssiossessesstesssesaronsssssssssessessstsstssnsassesstsnnesssesssesasssasssssersssssensssasessrasssassnnans 154

3.8 Data exploration and preliminary modelling.................. ettt st st s e et e e r e aasan e e nan 155

3.9 Stock AsSeSSMENt .....erereerererereraranns ettt b e sttt e e na et e ae e e e enans 156

3.10 Uncertainties in the ASSESSIMENL ....coiriiinrarcriiersesineasisastscsrssststsssastssssssssssessssssnssarastssssesesssssssessssnsassssensase 157

3.11 Management CONSIAEIATIONS ....cucueucecereresererensrteaeesastesesesssssssssssesessssesssessssesesensosessssnssssessessssescssesssesesesssases 158
TADIES 3.1.1 = 3.8.14 ..ottt sesessessstesststsssbesenesassssentsessasess sassastassanasetasesartessentesesarsrnssesantesasaenenensasesssanaennses 159
Figures 3.5.1 - 3.9.1.... etutrereesesstaae tr Rttt e R r st e e a e st aR e R bR n s et RS aREOes 191

PART 2

4  CELTIC SEA AND DIVISION VHJ HERRING.......ccereceterrrcrereacnenns resteateses et e e saanast b sene 221
4.1 INIIOQUCHION cviurrereneernitiissictsncseesesensasessessassssaessastatssasesstasssnesesssasessasasessasasessessssensessosessaseosnssessessmsesesnsssesene 221

4.2 The FiShery in 1995-1996.......cuiirnnrrriernrsnssssesisnsssnsssesesnessasesssarsssssesssssssasssssssssssssssssstasesesesssssesenesencssasssnn 221
4.2.1 Advice and management applicable to 1995 and 1996 ............ccoereeeeirecicnnireeeeesaeneesessessessenessssene 221

4.2.2 The fishery in 1995/1996..........coieneemrerininennnesessssessisessmsesssssssssssstsssssasssesssassasessssansssesenssessosensssesesass 221

4.2.3 The catch data.....ccoiiireinninniseiiccnenisnessesereresessessesssssssesessassesesees ettt s seaessas et be 221

4.2.4 Quality of catch and biological data.................. ettt et st s et s e e sasr et sas et aaesaa e e aranane 222

4.2.5 CatChes in NUMDETS Gt BZE ...covviircriniinisiniereresirsesisnssessesssssesesessrasssstatsssssssesssssessesssaessssessssssssssssesessessssens 222

4.3 MEan WEIZILS 8L 8ZE ..coiviiiirisirnrneeieiatoseseisissessiessessssessessatesassestessensssosessesessessesasssssessesessarsesassossessosenssassnssssans 222

4.4 SHOCK BSSESSIMENS.cuuurreeriienririiiniissisisistinesistetesescrsnsensaststsassasassasssssssstatesesensasessstasssnst seesasesssanssasasesesssassssnesesans 222
4.4.1 ACOUSLIC SUTVEYS ceivirureriivisessasisssssesssssatsisssssssesmstssssssnseesscsessssasasestassssssssasarsssssssssssesssssntassssossssssssssenesees 222

4.4.2 ReSUIS Of ASSESSIMENLS ....iviererrerssressressreronssatsseessesssssessnsesensasasesens stesessetesssssnsssssasssarssnssssessssessensassssesseas 223

4.5 RECTUIMENT ESHIMALES. ..covvsiaririisreresrereatiisrnarescarssrasesressotesessantasesseseasessasesssssassssasaasassonssarsessesessensesessessonesaensases 223

4.6 ShOrt-termN ProJECHIONS...oviiieisiiriiirerentisistinsestsssrssessrrsressssessssesessassaseressastsasssssessssensensassessssansasansssnesessesssses 223

4.7 Consideration of MBAL and stock/recruit relationships .. e cnscscssisesissiesersiesesnnessisisssesesesessssnssassasssssssens 224

4.8 Management CONSIAETAtIONS .....cccovieierrierereerirreercecsssniesesesssasasssnsssssstasssstssssssssasssesasssrssssssaserssssssssssssassrasarens 225
TADIES 4.2.1 = 4. 7.1 cvuriiicirinienniitetisesestsensneneraostsssssassssssssassssnssssssessesantssesasssseseststesssastasasassessasss shesssansesesrssessasnsesensosses 226
FIGUIES .11 = 4.7 4.ttt reeresscsesesesaesasesnasessesanssessestsssaesssasnstarssstesssnsessensasasssessessnsstessnarssassussasessessosaas 241
5 WEST OF SCOTLAND HERRING ..oucuuiitinitiiiinittitisairisttititisisissssssessssssssssssassssssssssssssasssssssasasssssssssssssassssasasss 262
5.1 Division VIa (NOTER) ..coiiiiiirioiiiieniiitescnetsisesnessesssssessesstenssesssessassessssossssrssessesssssessossessassasasssnsssesnessesssssasss 262

5.1.1 ACFM Advice applicable to 1995 and 1996 ..........ccvvnierisrernerrsisisesssssessssssssssessinsserssssssssssssssssss 262

5.1.2 THE fISNEIY et crreie e cerecisreeseseceeessetese s sntese e s s s e suaaesnsesasssasesassseaasasnrasasannsesesteasasasnsneassstnanansssessssenns 262

5.1.3 Catch in NUMDETS At AZE.......coeeeriiiiniiiinnnrreeeressssessetasee st s sras st st st e ae s e esseasseaseesosesssesssnssnassaansnsstasans 262

5.1.4 LBIVAE SUIVEYS coveruietiireisiiniisisisseiniissestsssssissssesesaessass ssastsassssssssssssssssestsassnssesassassssasssssesassassanassssssasasasens 262

5.1.5 ACOUSHIC SUTVEY ..eveiirerreraresressesssisassssessasssansssssasasssassrssssassasssassstessasssessessseessssssessesassessesssesssesssesatesasssase 262

ii

E\ACFMHAWGIGREPORT DOC  25/04/96



9

E\ACFMHAWGS6\REPORT DOC  25/04/96

Section Page
5.1.6 RECTUIIMENL vcuvureuiriinmeriisniiiietini e stass e et sees e st sessasestessssasssssssesssnesssssnsnsnsisssssasssnsasnessessasasssnes 263
5.1.7 MEaN WEIBRE BL AZE...ceveueueeeeerrenirerreriersistrestaiaeseseseesesenssssassasesssensssatatessssesssssesssessasssesssesssnesssensasessnans 263
5.1.8 Data exploration and preliminary MOdellINg ........cccceeeeerrrrirrecsearesetsrssnsssseressenssssssrsrsssssssessssssnssssssaeses 263
5.1.9 StOCK ASSESSIMENL c..vvevrniniieriririsiresisistiussrassrsssssessnesssesestsssassnsessssesasssasenssessessssasesensssasesssssasssssnsesesessene 264
5.1.10 ShOrt-termm PrOJECLIONS ....civiriueieccce e ereereessrnarsesesesesransntssssessssesesssassatasassasassssesssssssesssssasssese 265
5.1.11 MBAL and Stock-Recruit CONSIAETAtIONS ......uccruserersrereresesesersssnenrersssssssserarasesssssesesensnssensssssssssasssssese 266
5.1.12 Medium-term projections ........eccoeveceveeceseecanss eetereeteatee ettt e et e et st et eRbe st e e e e asee e s Rt et e e beraenee 266
5,113 RiSK ANAIYSIS ...cricninirierieicnrireneccsseneecssresrsssssesesasasssssessssssassssenessssssesessssessssssssssesonsnsnasosasssnsassesessnns 267
5.1.14 Long-termM YIEId . .cvviiviiiniininiitiniiccsisissinnsnisinessssessssssssssmssessessssssssescossssssssasasensssnsesesessessassssnesssens 267
5.1.15 ConsistencCy Of ASSESSINENLS .....ccueiuiririnersneninisiosesestisesisesesasssessesassisesessssessssesssasessessssssssasasantsssssssstenans 267
5.1.16 Uncertainty in the aSSESSIMENL. . ..ivcircrressnerersrerssessesesesessrsesessstssessasstntssssssssssiosssssssssssenssesessnsssessssens 267
5.1.17 Management CONSIAEIations... .. cicerrerrersnersrsessesessaseressssssesisssssssstssssnsesassssesessnsssesssassesesssseseassssnesenens 267

5.2 CLYAE HEITINE c..cociererieriitirenicennentseretesenessessssaestesssssessesssssesesssssaestenssasassessssrsssasasassarasssnnessssesaneseonsssessorsessons 267
5.2.1 Advice and management applicable to 1995 and 1996. ........ccoceererervennne. reteeretesestensre e are e e saetans 267
5.2.2 The fIShEry i 1995. .o iiniiirenrecneseincnnsstssesesssssseresssasssssessssssssssessasessssssssssasaessnsessesasessessssesssesens 268
5.2.3 Weight at age and stock COMPOSTHON wevevencucueucsentucrceeeuesetreeereseresesesasessssssansssnssssesereresasesssassrassassanens 268
5.2.4 SUIVEYS ccrverereirmerernriseeinssssssssessssesseess e eteseestesets it a et s ea e sa st s e e e s R e n e s R e e st e e se b e e e e s e seb e e b e s aa e ntann 268
5.2.5 StOCK ASSESSIMENL c..civiriirisiiistinniisisiisisssstiisssstsstsnssestsassrsasssssssssosssssssssstasssssstsssatasssssssasestansasassasssnss 268
5.2.6 Stock and catch Projections........ceeeeieseesisnsesesesiasesnsnenens RO 268
5.2.7 Management cONSIAETrations .......cuvveerieessesienseessessssessessaseessesssssessasssssasassnssassns . 268
5.2.8 Future research reqUirEmMents.........ovevveeerecnesesessnsereserens ettt et et s s e s e e n e e eRe st be e ssaaarenanere 269

TADIES 5.1.1 = 5.2.5 iiiiirieintiiiiniaiiiitiisiessessesesresesssssasssssssarssesssaesesassassssestsensassatases et antas et setansasastesessaesnnesesaneas 270

FIGUIES 5.1.1 = 5.1.22 ...t ititientesesesssasessesessesessesessentasent saesesssesessesentesantasestassatassssassassesessasaassnressasasaessasasans 288

HERRING IN DIVISIONS VIA (SOUTH) AND VIIB,C....ccovveiicinrrerineeriierssassenssssssssssssssesssssssssssssesssessssesesseses 305

6.1 TRE fISHETY.civiinininiinii it sttt ettt et bbb see e e e s e e s e e sesensas sesasassassassarasstseras 305
6.1.1 Advice and management applicable to 1995 and 1996 .......coceroceevrnrnncenenrnenireseeerresesssnseresssessnsnens 305
6.1.2 Catch data eSS eSS SRR SRS SRS b s e bR e RS bR et e e et e e e e s et e ane 305
6.1.3 CatCh N NUIMDETS At BEE.ccccciererrerrereeesierereessnesessessseesssesssesssnesssressesassssssassassesssasssasassaesssesssssessesesssessseses 305
6.1.4 Quality of the catch and biological data ........ccvcevercerrcrrrrenrrennenneceseresseneas oo 306

6.2 MEa WEIZILS At AZE .uuiiieiiicreirnietereincstssteersesntersinesessasessanssnssesmsosassesessnssnesesssestassessessessessessessesasasessssressestas 306

6.3 Ground fiSh SUIVEYS ..cciciriviinirornerniserersrssssssssessosenssesnisesasssssssesassssssssassesasssssssssessssssssssssasasssssassesesasssnsesassesseses 306

6.4 ACOUSHIC SUIVEYS.uruimiisrinimsessienisisssssssesiessssssssssessssasss s sessssssss s st e s s s SRS SR SO RO SRS S bbb s SReR e e0 es 306

6.5 StALE OF the STOCK....cvrirreerrirereermit sttt sttt st b e sessesan s s s sasaesasent besmtse s e bb s st bas RS A S bR SR b S e s 306

6.6 Stock Forecasts and Catch Predictions ... 307

6.7 Management Considerations .......cce.ereereeresesessiesnsoressssessessssessessssasesanass et ae e 307

6.8 Medium Projections and Consideration 0f MBAL...........cviniinicininiisiossssas 307

Tables 6.1.1 = 6.5.2 .cuucevccirenccirenennenen 0PSO 308

FIGUIES 6.1.1 = 6.8.L..c.eeercriiiieinisienninsssissest ettt s sasstsusst s esesasse sas et shs b sassbs R e she e sOB SRR ORI RS SR OB SRR RO RR SRS S SRS SR 00 000 320

IRISH SEA HERRING (DIVISION VIIA, NORTH) .coceiiinicinirenncenerenssenmsnssessssessessssssssisesssssssesssssssissasssassasens 323

7.1 THE FISHEIY cueucietrerenentrenencseenresansnsnssesessstsmssssastesssessststsassesestsnsssesssssst ssststssssenssassssentonssssessessseseresnssansstsesassase 323
7.1.1 Advice and management applicable to 1995 and 1996 ... s 323
7.1.2 The fIShery TN 1995, iieincrernsnnieeentensienetes st sassssessensesssssssssesssssssenessststssestesssassssanssosanastsasssssoes 323
7.1.3 Quality of catch and biological data ... e 323
7.1.4 CatCh in NUMDEE @L AZE ..ecvcrvrersrersrrrersntsnsesiesssnsnistsstsesersrassesssessessasessessessasassassssesssassssssssssssssansnnssassnsossss 323

7.2 Mean length, weight, maturity and natural mortallty AL AZE.eccriirereesressesensresessessnesesssssnesessnsasessessesseseessesassaannes 323

7.3 Research SUrveys ....ineesasacns s e b e s s s s s R a e e s 324
T.3.1 ACOUSLIC SUTVEYS c.veiruecraraniissississsessinsassessssissinsossesssasssstessasssessnsssassessasenssssessasenassnsssasess sansestesnensnsssnsensasns 324
T.3.2 LAIVAE SUIVEYS .ucirieisiminriitnistessisisessiasiistissaississisiaesanssesssnsstsssessesnsssssssisssossessesssessesssesssesasssncnsssssessassnenss 324
7.3.3 Study of spawning pattems on Dou01as Bank ... e nssnens 325

7.3.3.1 Methods emPpIOYEd ........coiiiniimiiniieiississsisssisisssssissstsssssssssssssasssisissssssass 325
7.3.3.2 SUIVEY TESUILS «..erurererrercrereerereneererersissestsasesessssesseenssensnesssnsssssstssesssssssnstssestssssesasnsassasntsusssasas 325

7.4 Data exploration and preliminary modelling.......ccciiiiiiiiimiiiiiiisraseitisteteesn s ssessessssssses 326

7.5 Stock aSSESSMENL ..cucurvverinsosmsesssnesescesensnsesssssacassasasssesensens rerrseer s bbb bt st b 326

7.6 Stock and CatCh PrOJECLION «..ovuceeiciiceireeecrererictrecnerrreraestraesesessssossssasessasssssssssssssssssssssasssssssssssssssssessssansssssseses 328

iii



Section Page

7.7 MBAL and stock-recruit CONSIAEratioNS. . e ieiseiisiesssssesisessisismismsisssisssisiessesssesssssssssnssssssssssasasssssssssasssssssans 328
7.8 Medium-term predictions of StOCK SIZE ..cuvviiiciiiininiiiiini s e 329
7.9 Management CONSIAETALIONS ...c..ccviiiiiininininiiniiiiisessssessess i rssassssatssesnsanssssanssnssasenestssassassasnsassensarasssenenn 329
7.9.1 Precision 0f the @S5ESSIMENL...uiuviiiiierieseserarereessesssesesssssasssssssssssssssssaassensasssseserssscsssttessisessesssssssssenens 329
7.9.2 Spawning and Juvenile Fishing Area ClOSUIES......cuvcvicniininmiiiiiiisesssssesssessssssssesses 330
7.10 Research and Data REQUITEMENLS ....c.ieieriirieinininetintiniteeestesssitaststsnsssr s s ssasssessssssssasasssassnassessesssssesses 330
TADIES T 1.1 = T.7. ] cerietetete e e ettt et et et e as s e st e e s et s e e s e e e n e e e e R et SR et b e RS E R SRS S RS RSSO R SRS 331
FIZUIES 7.3.1 = T.8.4 ettt s s s e s e s s sa e s a a S S e SRS a b R e b e R e b s R e R s b a b n e R e AR e SRR R ARS 352
8  SPRAT IN THE NORTH SEA......oiririnrccntnnectessrsstessseessesssesassesassessssssasssssesssssasssssssassrssssassssassnsstsassnsstoness 365
8.1 THE FiShery i iiiitinirtinnine st st nt et et st et st s st s sres e e st et e e b s e bbb s e b e b e s b e e e e R e e A e s Rt e s ab e e sab e R b e e e Rt e b 365
8.1.1 ACFM advice applicable for 1995 and 1996..........ccccorrinniiniiniiisiiiisssssssssises 365
8.1.2 CatChes N 1995 ..ttt ettt st st et st s e e sa e et s e b st s abe e e b s R e bt e sa et n e e
813 FIEOLS ... ceiieiirceiincrercticietinsnnes st ssseesssessanssssesssassesenssasessasssntsesnessnsesass srstessesnsusessnssasasssstesssnsseranesasssnasassene
8.2 CatCh COMPOSILION c.vceeireesiererrerersraseesessssssesessassnesessnesasstsssessesesassnsessessastassesssasansentaasesessnesssasssesssesnsssessasasssassen
8.2.1 Catches in NUIMDET ...ttt sseasseaene
8.2.2 Mean weight at age
8.2.3 Quality of catch and biological At .......covveeieerenenieiineceesteseseeseeressereseseesesassessesesesassnssassesessssssansns 366
8.3 Recruitment .....ccocvevereenene eereeteetieristaraeatent et asasrt e s e et e e AL S b it e R e st s et sane s resaresareressreesanssanareatan 366
8.3.1 ADUNAANCE ...coueririireceerenereesercseteseseeseseesssesenssesassaresssssesnssanassesassesasssesesas st sbesassesansnssesesssasesasssssasanasssnsan 366
8.4 ACOUSLIC SUIVEY «eeeieieiiriitiinteiesinttieneiatese e saesssaresesesssaressorsasasessensatasts shtasatnsenseasasesssaseressasenssssensasensasesesaessns 366
8.5 StAte Of the SOCK...ci ittt csreert st rere e ts s r e sesessesese s rs st s st astatesenssrnesesesasenesnansssassasessesenassransaras 366
8.5.1 Catch-Survey Data ANalySiS....ciieneiinineieeniisesesessessesesstssassassessssssessassessessesasssasasasevassssesassnssassassasss 366
8.6 Projections of Catch and Stock.......cccovvinnninnnns tereeeeereee e et e bR e e a R s be e e e 367
8.7 Management CONSIAETALIONS ......ceccierrereerersererireresnissessaessesssssesesssssnsssssassssessssssestassassestasasasevessssasassensasaassesss 367
8.8 Research ReCOMMENAAtIONS........ccrercerrerscrsseersresensiacsssesesssessssssesseessessaessressessasassessasssesasesssesssesasssnsessssssssasassens 367
TADIES 8.1.1 = 8.3.1 ceereeererrcrenrerererrsersenesesessesssssasessstsasasesssaesesasssssassssasesssaesnesssnsssessassasnssss sassesssanasesesssesesasstasansasasaoss 368
FIZUIES 8.1.1 = B.0. 2 ittt ittt s esas s sasatssta st b e s i s sebesasensrnesesessssssarasenssatasesnsasnesnans 375
9 SPRAT IN DIVISIONS VIID,E....ciiiiitiiiniricniseninennesssessssrersssnessssessesesssassasssssassassssesssssssssssassrensesssansesssessssasas 392
9.1 THE fISRETY.ciiiiiiinriiniiiie ettt e e sos st st st et s e s e s e ne e sas s me s sasa e sas b e m e nesesaasas 392
0.2 Cateh COMPOSILION «.eeueeeeeirrereceeneaeceseere et csese st st retstetsssaresesasssesesasasasas e e e n st st st e s e st st senasasasasananenersaran 392
TADLES 0.1.1 = D.2.2 1 riiiiieiiirereteenrreseeesssseserersesenestsasstsssssestasesesasasessasestssestasesssstasestsntasesssssssessesentasseseatassesesssssonesesnse 393
10 SPRAT IN DIVISION ITIA ..o iirrerrerrereiernemnsssssssssssiaessessasssssssassssssassesssssssssssessssssesssasssssssssssessesssesssessesasessssse 397
TOUT FUSHEIY cuciiiiiniiiiiinintiiiniciettissistsassesesesssesassssasssssssassesassssessesasesssesasssssesassessssassasasns sesansnasasassnssssaasas 397
10.1.1 ACFM advice applicable for 1995 and 1996.......ccvrrerinnercnsensssesiennensesssesesserssmsssnsasssssssessssssnses 397
10.1.2 Catehes I 1995 ..ot saesesssse st saesesassessssssasssesesessssasenssssassessesasssestensssasesnsntasesssssnness 397
013 FIBEL ..t e e sesasesesssnsnsnsnansssrstsssssesessessssssesasasassesssesesenesesesssssestsnssesasassssasassanssssen 397
10.2 CatCh COMPOSILION c.cerierircririiinietnieritemseceressssssssssssesesessesnrsesssssassessasesssasssassrssesssassesassssnssssasssesessesesansesetesans 397
10.2.1 Catches in number and Weight at @ZE .......cocererrereriiiisrniseseeserseseisnssesssesssssseressessessesesssesssssssesssnsees 397
10.2.2 Quality of catch and biological data ......cciviriineininiee i riererree s rtsre st ssee s s steenessesnsssnesaossesaseneseen 397
10.3 RECTUIIIMENT ... euvemereenmrrererernsresneesrsseeressesessesesssssesesastesassesesesassessssessessesasssesenssssaasssessssssessensesensensesassasasseses 398
10.3.1 Abundance of 1-group and older sprat from IBTS........cocernnenereernnnerrnreseresnereereessesesanssssesseseseens 398
10.4 State Of the SOCK.....ii ittt e st et st e st e st st e s e ses e sas s srn e s e snsbans 398
10.5 Projection 0f Catch and SOCK .....cccircrerrcrcerinenrnierinnrnitrnesisnsreresesssasssesssesesssessesesssssstrssesaserassssssssansesssssses 398
10.6 Management CONSIACTAIONS ....vvvreereriseerersecssseersresssessasessssssonssssesssasssosscesssesssseessassssasssesesesesssssssasesssasessesases 398
10.7 Research ReCOMMENAAtIONS. ... .civierrercarerrenrerersresesacssnonsssssonssesesesassasssecstessstseessosesasstsessssersesesssassesssssssseses 399
TADIES 10,11 = 1051 ceeeiereerreereneiereinesereseseasesesessseesvassesesessssestssssessssorssesesesssassssassessnssessnassesessessssssssssessaserasaresnasenes 400
FIGUIE 10.5.1 et crtrreeestrcessreretssnenessesesesassnsssonsnsaresssntesessssenssatorestoseatasensestessas satessnsentesensessosenteneresaraseresssosanses 407
11 REFERENCES ... cteiicteieirereisinnsesesareesenessesatesstesmts tesmeeasssane sessess essesesssatessssnsssessstsssesessressnasssaratansseenerassness 408
12 WORKING DOCUMENTS ... iiirrrtrtrieseineteeeesssssenteresasssssanersssesssonsesesaasssseeresssasssasmseseesesesssseesssssasesassreseessssssnnans 411

iV ENACFMHAWGS6'REPORT DOC  25/04/96



1 INTRODUCTION

1.1 Participants

Ammstrong, M. United Kingdom
Dalskov, J. Denmark

Eltink, A. Netherlands
Grohsler, T. Germany
Hammer, C. Germany
Lassen, H. Denmark
Melvin, G. Canada

Modin, J. Sweden

Molloy, J. Ireland
Mosegaard, H. Denmark

Munk, P. Denmark

Nash, R. United Kingdom
Nichols, J. United Kingdom
Patterson, K. United Kingdom
Simmonds, J. United Kingdom
Toresen, R. (Chairman) Norway
Torstensen, E. Norway

Vérin, Y. France

Winters, G. Canada
Schnack, D. (Germany) attended the meeting for 1 day for the discussion on larval surveys.
1.2 Terms of Reference

The Working Group met at ICES Headquarters from 9-18 April 1996 with the following terms of reference (C.Res.
1995/2:13:5): . v

a)

b)

1.3

assess the status of and provide catch options (by fleet where possible) for 1997 for the North Sea autumn-spawning
herring stock in Division 11la, Sub-area 1V, and Division VIId (separately, if possible, for Divisions IVc and VIId),
the herring stocks in Division VIa and Sub-area VII, and the stock of spring-spawning herring in Division 1lla and
Sub-divisions 22-24 (Western Baltic);

assess the status of and provide catch options for 1997 for the sprat stocks in Sub-area IV and Divisions I1la and
Vild,e; . : .

provide the 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 herring and sprat);

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 forecasts under different management scenarios, taking into account uncertainties in data and
assessments and possible stock-recruitment relationships, and indicate the associated probability of the stocks falling

or remaining below MBAL within a stated time period;

review the need for, and coverage of herring larvae surveys with a view to enhancing and improving both the
surveys and analysis.

Request from EU and Norway

The Working Group received a request from the Chairman of ACFM to prepare information to respond to the following
request from the European Commission and Norway:

ICES is requested to predict for the North Sea autumn spawning herring stock in 1997 to 2002 the development of:

SSB in 1997 to 2002
the catches of adult herring defined as mature herring
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— the catches of juvenile herring defined as immature herring

o
based on assumed recruitment of: 0.1; 0.5 and 1.0 of average recruitment and with stochastic recruitment around the
conventional stock-recruitment relationship for the stock; .

and levels of exploitation of:

F(juv): 0.00; 0.02; 0.05; 0.1; 0.2 and status quo
F(adult): 0.3

ICES is also requested to analyse various harvest strategies, including and excluding exploitation of juveniles, that will
bring the SSB of the stock to 1.5 and 2.0 million tonnes in 2002 with a probability equal to or greater than 50%
assuming stochastic recruitment around the conventional stock-recruitment relationship for the stock.

The response to this request was prepared as a separate paper to ACFM, for its meeting in May 1996.
1.4 Report of the Planning Group for Herring Surveys

The report of the Planning Group (Anon 1995a) was presented. The group had worked by correspondence during 1995 and
work was limited to the coordination of activities. The coordination of the acoustic surveys was carried in Aberdeen and
the coordination of larval surveys in Germany and the Netherlands. The Planning Group for Herring Surveys reported
preliminary results from the acoustic survey for use in the assessment for the autumn 1995 meeting of ACFM.

The Planning Group also noted that the full area coverage for the larval surveys is now no longer possible. With the current
level of survey effort, specific areas of the Channel and North Sea were surveyed in 1994/5 but the data are insufficient for
a larval production estimate and only just sufficient for use in a larval abundance model (Patterson and Beveridge W.D.
1996). Larval data were sent to Aberdeen for entry into the Larval Survey Data Base.

The Planning Group assessed the future projected survey effort and found that curfently the acoustic survey will be carried
out at the same level as recent years and may be able to provide some information on 1 ring fish. However, there is a need
for greater effort to enhance the coverage of the larval surveys.

The Planning Group will meet from 27-31 May 1996 in Lysekil, Sweden. It is proposed that the Planning Group will
consider the work required to clarify the accuracy and precision of the acoustic surveys with the aim of explaining the
apparent differences in estimates between the period before and after 1989. In addition to the current terms of reference the
Planning Group should examine the information needed to assess the past performance of the acoustic surveys and ensure
that there are data available in sufficient time for a review meeting in early 1997 prior to the meeting of the Herring
Assessment Working Group for the Area South of 62°N (HAWG) in 1997, The results of this planning meeting should be
made available to the HAWG meeting in 1997.

LS Assessment Methods
1.5.1  Use of XSA for North Sea Herring.

The Working Group in 1995 listed a number of a priori reasons why the ‘XSA’ algorithm for assessing pelagic stocks
should not be used. In summary, these were:

The XSA method can be numerically unstable when applied to small and noisy data sets.

The implementation available did not include an adequate test that the algorithm had found a reliable solution.

The XSA method does not provide a parameter variance-covariance matrix.

The method can be highly dependent on the level of shrinkage chosen by the user.

An assessment of this stock made in 1993 following the ‘Advice to Working Groups from ACFM and the
Secretariat’ now appears highly erroneous, with stock size in 1992 overestimated by three times.

Following ACFM comments, the relative performance of the Working Group’s assessment model (an ICA formulation,
see Section 2.8.2) and the XSA algorithm were tested in conventional retrospective analyses. The ICA model (using
data as described in Section 2.8.2.) was used to calculate a series of stock assessments by successively deleting the final
year’s data. A similar procedure was followed using the XSA method and using the same data sets, except that the XSA
cannot be used to fit to biomass-aggregated indices of abundance, nor can observations taken after the last year of the
catch-at-age matrix be included. These data were therefore not included in the XSA run. Due to the short time-series of
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information, only four years of retrospective analyses could be calculated. No shrinkage was used in either method.
Shrinkage is not appropriate as the stock has a clear trend of increasing fishing mortality in recent years. In cases where
it could not be determined that the XSA algorithm had converged, the algorithm was iterated 150 times.

Results are shown in Figure 1.5.1. Both methods consistently under-estimate fishing mortality and over-estimate stock
size in the retrospective analyses, but the tendency is much stronger in the case of the XSA algorithm. The ICA model
formulation appeared to perform with substantially less bias in retrospective analysis.

1.5.2  Further evaluation of Integrated Catch at Age analysis

Some testing of the consequences of violation of the separability assumption in ICA has been made (Patterson, W.D.
1996). This paper compared the performance of a separable model with an ADAPT 'tuned' approach similar to that of
XSA, and addressed two questions:

1. In a situation of stable selection, which method gives the best (lowest mean squared error) estimates of stock size and
fishing mortality?

2. In a situation where fishing mortality is increasing and selection on the youngest fish is also increasing, does the
conclusion from question 1 remain the same?

These concerns were addressed using 100 Monte-Carlo simulations, for three different levels of variability in the catch-
at-age observations and four levels of variability in a simulated survey index (CV= 0, 0.05 or 0.2 for the catches at age,
and CV= 0.1, 0.3, 0.5 and 0.8 for the survey). Comparative results are summarised in Figures 1.5.2 - 1.5.5. In the first
case with no deviation from separability, the ICA algorithm performed better (as measured by mean squared errors in
stock biomass and in fishing mortality) than the ADAPT 'tuned-VPA' approach, for all levels of observation error. In
the case of deviation from separability, the ICA algorithm still returned estimates with lower mean squared error, except
for the case of estimating fishing mortality when catches at age are highly-variable (CV = 20%) and the age-structured
survey index is also highly variable (CV= 80%). However, in such an extreme situation of deviation from constant
selection and very noisy data, both methods performed extremely badly in estimating fishing mortality (CV > 170%).
For both methods, fishing mortality was estimated much less accurately than stock size, which implies that it is
preferable to base catch forecasts on stock size estimates and either a target fishing mortality, or on a recent historic
mean,

In consideration of these matters, the Working Group retained the ICA model as its standard assessment model as no
other model has yet been shown to perform better for its purposes.

1.5.3 A Method for Assessment under Misreporting

The Working Group noted in 1995 that there was substantial area-misreporting of catches. Catches from around Shetland
were reported as from Division VIa(N); catches from the eastern central North Sea were reported from Division Illa,
and catches from Divisions IVc and VIId were reported from Division IVb. Furthermore, the Working Group again
noted that 'the relationship between official catches and actual catches is not known'. This misreporting effectively
invalidated the Division VIa(N) assessment. Concern was also raised that changes in catch misreporting practices may in
some measure account for the successive revision in stock size estimates made by the Working Group, and may account
for perceived inconsistencies between catch and survey data.

A model was presented which allowed calculation of stock assessments without the use of landings data (Patterson, W.D.
1996). This model (termed a missing-catch model, MCM) has been structured to reflect current perceptions of data
availability for the stocks in question. The following assumptions and simplifications have been made:

1. Catch data are assumed unreliable and are not used.

2. Knife-edge selection is assumed and partially-recruited fish are not included in the analysis.

3. Sampling of the proportions by age in the catches and in the stock are treated as independent of estimates of catches
and of abundance respectively.

4. Random sampling for ages in both catch and survey are assumed.

5. Instead of attempting to estimate annual fishing mortalities, a linear trend in fishing mortality with time is fitted.

The model combines features of three assessment methods. Firstly, the separation of proportion-at-age data from

landings, and the structure of the maximum-likelihood function follows Haist et al. (1993). As an extension to that model
structure, the proportion-at-age data from acoustic surveys are treated separately from total abundance estimates.
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Secondly, the assumption of uniform selection pattern and the exclusion of landings information which are assumed
erroneous follows Cook (1995). The treatment of fishing mortality is a simplification based on Liu and Pitcher (1995).

These authors used a bound-constrained optimisation to fit a separable model with annual estimates of fully-recruited
fishing mortality. The estimates were constrained to lie within upper and lower bounds which were simple linear trends
with time. As here the observations are few and uncertain, a very strong constraint is applied such that the upper bound
coincides with the lower bound. This allows the model to be reparameterised such that only two fishing mortality
parameters need be estimated - an intercept (fishing mortality at the start of the period when catches are no longer
known) and a slope (annual change in fishing mortality thereafter). Some alternative formulations could be tested
(including quadratic and cubic terms), but in practice these were not found to improve the model fits.

Defining the following variables,

a,y - subscripts denoting age and year

N - population abundance

W - weight of fish at age and year

PC - proportions of fish at age and year in the catches

PA - proportions of fish at age and year in the acoustic survey

UA - abundance of fish from an acoustic survey

UL - abundance of fish from a larval survey

QL,QA - 'catchabilities’ for the larval and acoustic surveys

F - fishing mortality

f}.f; - parameters of the fishing mortality trend

T, - effective sample size when sampling for proportions at age. See Haist et al. (1993) for a discussion of this
parameter

o’- survey variance

Ny, 1, - number of observations of proportions in the catches of survey variance respectively.

€ and alpha are estimates of variances of the proportions of fish by age in the catches, calculated on the assumption of
random sampling from a multinomial distribution. &, , is calculated as PC,(1-PC,,,) + 0.01. See Haist et al. (1993)
for details.

Fishing mortality and abundance estimates from historic VPA have been assumed to be known precisely up to a given
year (1981 for West of Scotland herring). Thereafter, fishing mortality is structured as

Fa,y=f1+f2‘(.y-1981)
(1.5.3.1)
The usual catch equations are assumed to hold and are used as the structural model. Natural mortality estimates are as
used in the conventional assessment. As absolute estimates of stock size cannot be calculated when catches are not

known, all abundance estimates are scaled to VPA-estimated values used at the start of the analysis,

Stock biomass in the structural model is simply calculated as:

By = Za Na_y’Va,y

(1.5.3.2)
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Parameters QL, QA, fi-f, and relative recruitments Nj ;976 1995 are found by maximising the log-likelihood term:

1

-5 e (ln(Zn £,,)+In(z?)+

(PCG-,V - ﬁCa,y)ZJ

TZE-va.y

I P Bt )
-EZa,y[ln(znaa.y)-l-ln(.tz)+( yz PA ,y)]

T Olay

- é 2y (m( 21 )+In(g?)+ (In@L B, K)z- In(uL,) )z]
c

- -;— PN (ln(ZTt )+1In(c?)+ (InQ4 B,) -2 inud,) )2)
o

(1.5.3.3)

The variances of the model components (12 and ¢°) were found by iterative recalculation using the following estimates of
variance, as appropriate:

(PCay=PCay)’/ (§,,*0.0)

Rpc

~A2
=2y

(1.5.3.4)

and

., < (In(UL,)-In(QL.B,) !
G =2,

Ry
(1.5.3.5)

The model was implemented in an 'EXCEL' spreadsheet. It has not yet been tested by simulation (although a similar
model has been tested and used by Patterson, (W.D.1996) for demersal stocks). It has been used by the Working Group
to examine the consequences for the conventional stock assessments of relaxing the assumption that landings are known,
and to investigate likely trends in misreporting.

1.6 Landing statistics and biological sampling

At the 1995 HAWG meeting (Anon. 1995d) a Sub-Group was established with the task of trying to evaluate current
landings statistics and biological sampling systems. A description of current systems in each country was presented to
the Working Group (Dalskov, W.D.1996).

For most countries the sections dealing with the national authorities’ monitoring system were written by administrators
and enforcement officers and the biclogical sections by scientists.

All countries have a national authority monitoring system. In all countries some form of licensing system has been
introduced. Vessel quotas, weekly quotas and other management measures are implemented. It is a general rule that
fishermen have to report catches in logbooks or other catch sheets. For nearly all countries, all landings sold must be
reported to the national authorities. Despite these systems there are still problems in obtaining the correct landing/catch
figures. It is known that there are numerous ways in which errors can occur such as: overweight in boxes or bins and
brailers, misreporting from one area to another and “black” or clandestine landings.
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Discards and slipping also occur in herring and sprat fisheries due to market conditions and due to high grading. The
quantity of discards is not known.

The ways in which biological sampling programmes are conducted are also numerous. All countries take samples, but
no overall evaluation of these programmes has been made. The fish are measured, aged and for some samples other
biological characters are recorded, such as sex, maturity and vertebral counts.

Over the years sampling intensity has been improved for many fisheries, but generally the sampling level is still far
below the standard accepted by the Working Group.

The Working Group asked the Sub-Group to address the following topics and report on their findings to the 1997
meeting of the Working Group.

e Suggestions for a sampling design which could be implemented in all countries.

» Comparison of age/length keys from IBTS, commercial catches and other survey data.

» Investigate the differences in mean age at length for different samples.

e Examine the accepted minimum sampling intensity.

e Address ways in which the amount of discarding, misreporting and “black” landings could be estimated.
» Investigate differences in mean weights obtained from fresh and frozen fish at different times of the year.

The Working Group recommended that all countries establish a programme for observers to sail regularly on
commercial fishing trips.
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Fishing Mortality in Retrospective Analysis
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Figure 1.5.1. North Sea Herring. Estimates of spawning stock size and fishing
mortality estimated by the 1996 Working Group (Bold Line). Square markers,
estimates of fishing mortality and stock size in the last years of retrospective
analyses made using the Working Group's assessment model. Diamond markers,
estimates of fishing mortality and stock size in the last years of retrospective
analyses made using the "XSA' method. No shrinkage used in either method.
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Figure 1.5.2. Difference in the mean squared error of spawning stock biomass estimates in the last
year of available data from ICA compared with ADAPT, for simulations in which fishing mortality is
constant over time and conforms to a separable pattemn. The height of the contour surface indicates the
reduction in mean squared error resulting from using the ICA rather than the ADAPT algorithm.
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Figure 1.5.3. Difference in the mean squared error of fishing mortality estimates in the last year of
available data from ICA compared with ADAPT, for simulations in which fishing mortality is constant
over time and conforms to a separable pattern. The height of the contour surface indicates the
reduction in mean squared error resulting from using the ICA rather than the ADAPT algorithm.
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Figure 1.5.4. Difference in the mean squared error of spawning stock biomass estimates in the last -
year of available data from ICA compared with ADAPT, for simulations in which fishing mortality is
increasing with time and selection is increasing on the youngest ages. The height of the contour
surface indicates the reduction in mean squared error resulting from using the ICA rather than the
ADAPT algorithm.
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Figure 1.5.5. Difference in the mean squared error of fishing mortality estimates in the last year of
available data from ICA compared with ADAPT, for simulations in which fishing mortality is
increasing with time and selection is increasing on the youngest ages. The height of the contour
surface indicates the reduction in mean squared error resulting from using the ICA rather than the
ADAPT algorithm.



2 NORTH SEA HERRING
2.1 The Fishery
2.1.1 ACFM advice and management applicable to 1995 and 1996

In 1994 ACFM noted that the spawning stock biomass had declined since 1989 but stated that the stock was above MBAL
and advised that an increase in long-term yield could be achieved by reducing the fishing mortality on this stock.

ACFM noted that the catches of juveniles in 1992-93 reached the highest levels since the early 1980s and that such an
exploitation pattern would endanger the future spawning stock biomass. A closure of all fisheries in Sub-area IV and
Division 1lla where herring are landed as by-catch would result in a long-term net gain in the order of 23% in total yield
and 98% in spawning stock biomass when mean recruitment is assumed.

In the 1994 ACFM report a small number of scenarios was presented of catch options for the five different fleets exploiting
North Sea herring but no formal TAC advice was given.

The forecast for 1995 for North Sea autumn spawners taken in the North Sea and in Division Illa using the same fishing
mortality in 1995 as in 1993 would give a total catch of 655,000 tonnes, of which 555,000 t would be taken in the North
Sea and 100,000 t in Division Illa.

For the southern North Sea and Channel (Downs herring) it was stated that a catch in 1995 at the same level as the TAC for
1994 (50,000 t) would allow the stock to remain at a fairly stable level.

The TACs adopted by the management bodies for 1995 were: Divisions 1Va,b: 390,000 t; Divisions IVc and V1Id: 50,000
t.

At the ACFM meeting in 1995 it was stated that the stock was considered to be outside safe biological limits. SSB had
declined since 1989 and the most recent assessment indicated that it had fallen below 800,000 t - the level which is
considered to be the minimum biologically acceptable level (MBAL) for this stock.

The forecast for 1996 for North Sea autumn spawners taken in the North Sea and in Division 1lla using the same fishing
mortality in 1996 as in 1994 will give a total catch of 572,000 t, which 494,000 t should be taken in the North Sea and
78,000 t in Division Illa.

ACFM recommended a significant reduction in exploitation in order to rebuild SSB and suggested that F in 1996 be
reduced by at least 50% of levels observed in 1994.

The TACs adopted by the management bodies for 1996 are: Divisions 1Va,b: 263,000 t; Divisions IVc and VIId: 50,000 t.
2.1.2  Catches in 1995
Total landings in 1995 are given in Table 2.1.1 for the total North Sea and for each division in Tables 2.1.2 to 2.1.5.

The total catch in 1995 of 534,000 t is higher than 1994 (467,000 t.) and at the same level as in 1993 (524,000 t.). The
increasing catch level is due to an increase in Danish landings despite more and more effort being put into reducing by-
catch of herring in the small-meshed fishery. In 1995 the by-catch level of herring in the sprat fishery was 20,000 t higher
than in 1994 when the level was very low due to a large sprat stock. The sprat fishery in 1995 was also at a high level. By-
catches of herring in the small-meshed fishery (64,000 t) are not counted against the TAC. The 1995 catch exceeded the
TAC by 94,000 t.

In all of the five last years, TACs have been exceeded by a significant amount. In the text table below, this excess of the
catches over the TACs (in ‘000 t) for Sub-area the Division 1V and Division VIId is shown for the years 1991 to 1995.

Year 1991 1992 1993 1994 1995
TAC 420 430 430 440 440
Official Landings 400 403 409 414 415
Working Group Landings 561 544 521 465 534
Excess of landings over TAC 141 114 91 25 94
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Misreporting of landings continued in 1995. Danish human consumption landings reported as having been taken in the
Skagerrak have been transferred to the North Sea. There are strong indications that catches taken in the North Sea were
reported as having been taken in Division VIa North (see Section 5). Only misreported landings from Division VIa North
have been transferred in 1995. This year, unallocated landings have increased drastically. Discards and slipping also occur
in the North Sea due to market conditions and due to high grading. This amount is not known and could in some seasons be
substantial.

As in previous years, Norwegian catches of Norwegian spring spawners (counted against another TAC) were removed.

In Divisions 1Vc and VIId, the estimated catch of close to 63,000 t is 10,000 t lower than in previous years and at the same
level as in 1991, The landings exceeded the TAC by 13,000 t for that area.

2.2 Biological Composition of the Catch
2.2.1 Catch in number and weights at age

Quarterly and annual catches in numbers and mean weights at age were compiled for each division and for the total North
Sea. Table 2.2.1 provides a breakdown of numbers caught by age group for each division on a quarterly and annual basis
for 1995. North Sea catches in numbers at age over the years 1970-1995 are given in Table 2.2.2.

The catches in numbers of Division Illa-Western Baltic spring spawners caught in the North Sea in 1987-1995 and
transferred to the Division 11la-Western Baltic stock are presented in Table 2.2.3. The estimated numbers of North Sea
autumn spawners caught in Division Illa in 1987-1995 and transferred to the North Sea assessment are given in Table
2.2.4. Table 2.2.5 summarises the total catch in numbers at age of North Sea autumn spawners used in the assessment.

The total catch in number in the North Sea in 1994 (9.6 billion) is 2.8 billion higher than in 1994 but lower than in the
years 1992 and 1993. In 1995 the catch of O-ringers (6.3 billion) has been increased compared to 1994 (3.7 billion) but less
than 1992 and 1993 when the landings of 0-ringers were 7.6 billion and 7.0 billion respectively.

In 1995 the 2-ringers were dominant in the catches in Divisions 1Va and IVb (Table 2.2.6). In previous years catches in
this area consisted predominantly of 3-ringers and older (especially year classes 1985 and 1986). In the Southern North
Sea, in 1995, 3-ringers and older were dominant in the landings and the age composition is also shown in Table 2.2.1.

Catches of juvenile North Sea autumn spawners were also taken in Division Illa. These catches (1.7 billion O-ringers and
1.1 billion 1-ringers) were higher than in 1994 but much lower than in 1993 and 1992. The total catch of 0- and 1-ringers
in 1992 and 1993 were among the highest recorded and this reduction in catch in young herring indicates a major change in
exploitation pattern in the fisheries. As in the North Sea the reduction in juvenile herring catches is probably related to high
abundance of the sprat stock. ‘

The SOP by age and division for each quarter is given in Table 2.2.7.

Table 2.2.8 gives the age compositions separately for the catch of the human consumption fishery (fleet A), the small-mesh
industrial fishery (fleet B) in the North Sea, the human consumption fishery in Division Illa (fleet C), the mixed clupeoid
fishery in Division Illa (fleet D) and other landings for industrial purposes in Division Illa (fleet E). It should be
remembered that fleet B refers only to Denmark and that it was not possible to split the small meshed catches from
Norway. Norwegian small meshed catches are included in fleet A.

2.2.2  Quality of catch and biological data

The relationship between official and actual catches is unknown. Estimates of discards were not provided by any country,
but discards occur in the fisheries of most countries and could be a considerable amount. The larger proportion of 2-ringers
in the catches in 1995 may have caused a relatively high discarding of this age group but no data were available to support
this assumption.

Sampling of commercial landings for age, length and weight was low in some fisheries and in other fisheries no samples
have been taken at all (Table 2.2.9). So, again this year uncertainties can be expected in the biological composition of the

catches.

The Working Group therefore still strongly recommends that adequate sampling be conducted of herring in all
fisheries in the North Sea in which clupeoids are caught.
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223 Treatment of spring spawning herring in the North Sea

Norwegian spring spawners are taken close to the Norwegian coast under a separate TAC. These catches are not
included in the catch tables. Coastal spring spawners in the southern North Sea are caught in small quantities in most
years. These catches are given in Tables 2.1.1 and 2.1.5. With the exception of 1990, these catches are included in the
assessment of the North Sea autumn spawners.

Western Baltic and Division Illa spring spawners are taken in the deeper parts of the eastern North Sea during the
summer feeding migration. These catches are included in Table 2.1.1. The Table specifies the estimated amount of
Division 1Ila/Western Baltic spring spawners which are transferred from the North Sea assessment to the assessment of
the Division Illa/Western Baltic. The methods of separating these fish are described in former reports from this
Working Group (Anon. 1990).

The method assumes that for autumn spawners, the mean vertebral count is 56.5 and for spring spawners 55.80. The
fractions of spring spawners (fsp) are estimated from the formula (56.50-v)/0.7, where v is the mean vertebral count of
the (mixed) sample. The method is quite sensitive to within stock variation (e.g. between year classes) in mean
vertebral counts. The same method has been applied to separate the two components in the summer acoustic survey.

To calculate the proportion of spring spawners caught in the transfer area, five samples which have been taken in May
and June 1995 were used for the second quarter (Figure 2.2.1), and six samples taken in July and August were used for
the third quarter (Figure 2.2.2).

The resulting proportion of spring spawners and the quarterly catches of these in the transfer area in 1995 are as
follows:

Quarter 2 -ring 3 -ring 4 +ring No of rectangles Catch in transfer | Catch of Spring
(%) (%) (%) sampled area (t) Spawners in the
North Sea (t)
Q.2 46 0 0 5 8 635 2054
Q3 16 44 90 6 18294 8261

The quarterly age distributions in Sub-division 1Va East were applied to the catches in the whole area. The numbers of
spring spawners by age were obtained by applying the estimated proportion by age.

23 Recruitment
2.3.1  The IBTS index of 1-ringer recruitment

The 1-ringer index is based on the IBTS over the entire survey area, using daytime-catches (GOV) within all statistical
rectangles sampled in the February survey (Ist quarter). The weighting procedures, used in the calculation of the index
values, are described in last years report (Anon 1995d).

The 1- ringer index for the period 1979-1996 (year classes 1977-1994) is given in Table 2.3.1. and illustrated in Figure
2.3.1. In Figure 2.3.2 the distribution of 1-ringers as measured in the 1996 IBTS (st quarter) is illustrated. The index
value of the 1994 year class indicates a slight increase in recruitment compared to the 1993 year class.

2.3.2 The MIK index of recruitment

The O-ringer index is based on night time catches during the IBTS in February using a fine-meshed ring-net (MIK).
Only samples of larval herring with a mean larval length of more than 20 mm is used in the mdex calculation. An index
value is determined in the following way:

mean densities per unit area are calculated within sampled rectangles,

mean densities are averaged over 8 sections covering the survey area,

densities for sections are multiplied by the area of each sector,

abundance’s within sections are summed to give a total abundance estimate,

the total abundance estimate, divided by 10°, is referred to as the O-ringer index (see Table 2.3.2.).
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The MIK-index based on the 1996 sampling (the 1995 year class) is estimated as 106.2. This estimate indicates a
decrease in recruitment relative to the 1994 year class to the level of the 1993 year class. The time series of MIK
indices is illustrated in Figure 2.3.1.

The spatial distribution of herring larvae is shown for the year classes 1993-1995 in Figure 2.3.3. Samples where larval
mean length exceeded 20 mm are not included. The distribution pattern of the 1995 year class shows a concentration of
larvae in the north-western parts of the North Sea. The observed dominance of larvae in the western parts of the North
Sea is unusual compared to observations in preceding years. This is illustrated in Figure 2.3.4 where larval abundances
estimated for areas west of 2° E are given as proportions of total estimates. During the preceding period (since year
class 1978) the proportion has never exceeded 60%, but in 1996 the westerly proportion increased to about 90%.

2.3.3  Relationship between the MIK 0-ringer and the IBTS 1-ringer indices

The relationship between the 0O-ringer and the 1-ringer indices is described by a linear relationship (Figure 2.3.5). The
present 1-ringer estimate of the 1994 year class and last years O-ringer estimate of the same year class are included in
the series; the estimates agree very well with the general relationship.

2.3.4  Recruitment prediction within the ICA - program

During earlier meetings, the assessment was based on traditional VPA, and the prediction was carried out using the
RCT3 regression program. While the ICA-based assessment includes the recruitment indices, the prediction of
recruitment is inherent within this program. Contrary to the RCT3 regression where 0-ringer and l-ringer indices were
given different weights, the same weighting of the two indices is used in the ICA procedure. The ICA is now the
standard method of the WORKING GROUP’s North Sea herring assessment and the RCT3 regression method will not
be continued.

The prediction of recruitment (in billions) of 0-ringers by the present year’s assessment is 31.8, 50.3 and 44.0 for the
year classes 1993 to 1995 respectively. For 1-ringers the estimates are 14.0, 8.8 and 13.3 for the year classes 1992 to
1994 respectively. :

2.3.5 Trendsin recruitment

The long-term trend in recruitment of 1-ringers to the stock of North Sea autumn spawners is illustrated by the
abundance estimates of year classes 1977-1994 in Figure 2.3.6. Estimates are based on the 1996 ICA assessment.
Recruitment during the period is characterised by a significant increase for the year classes 1977 to 1985 followed by a
decline to an intermediate level.

24 Acoustic Surveys

2.4.1 1995 North Sea Acoustic Survey

The ICES coordinated acoustic survey in Divisions IVa and IVb was carried out by vessels from Norway, Scotland,
Germany, Netherlands and Denmark. The following vessels participated in the survey:

GO Sars 24/6 - 21/7/95
Scotia 8-27/7/95
Tridens 3 -24/6/95
Walther Herwig 17/7 - 8/8/95
Dana 1 -12/7/95

The results of the survey were presented to the meeting in a working document (Simmonds et al W.D. 1996). The results of
four of the five surveys have been combined. The data from the survey by the Walther Herwig were not included this year
as there was uncertainty in the split of the stock by age and maturity. These data were found to be substantially different
from the proportions measured during other surveys in adjacent and overlapping parts of the area. The use of the four
surveys maintains consistency of the survey area over the time series.

The surveys adequately covered the areas where adult herring were assumed to be distributed. Results were reported in

numbers by age group for each statistical rectangle. The estimated distribution of numbers of fish and biomass are shown
in Figures 2.4.1 and 2.4.2 respectively.
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The highest concentrations of herring were found off the Moray Firth in Scotland. Smaller concentrations were
encountered both north east and west of Shetland, with concentrations of younger fish off Aberdeen and Berwick. Data
were grouped into 3 areas:

Division 1Va west of 6°E
Division IVb west of 6°E
North Sea east of 6°E and Skagerrak

Total numbers were calculated for each area. Age 2-ring and older North Sea autumn spawners were separated from Baltic
spring spawners on the basis of vertebrae counts. All 0- and 1-ring fish were allocated as North Sea autumn spawners. Age
groups 2- and 3-ring were split into mature (stage 3 and higher) and immature (stages 1 & 2) components. The percentage
mature for both 2- and 3-ring fish were comparable with earlier years (see section 2.6) with the exception of 1993 which
appears to have been anomalous with respect to maturation of herring.

Table 2.4.1 presents estimated numbers, biomass and mean weight for autumn spawners by age, maturity and area. The
acoustic survey estimate of autumn-spawning herring obtained from the North Sea was 1,407,000 t of which 1,081,000 t
mature.

The mean weights at age from the acoustic survey show a considerable reduction compared with 1994 for 4- to 7-ringers.

The last 4 years’ data show strong consistent spatial variation in mean weight at age around the North Sea in July. The

1995 acoustic survey showed an unusually high abundance of fish with the low mean weights at age just off the Moray

Firth. The precision of the estimates of relative abundance in difTerent parts of the area is poor and this combined with the

large spatial variability of mean weight at age is thought to be responsible for this difference. For a fuller discussion of this
. see Section 2.6.1,

The level of Ichthyophonus infection found on the acoustic survey this year was very low at about 0.2% compared with
acoustic survey estimates of 0.8% in 1994, 3.6% in 1993 and 5% in 1992. This confirms the reduction in prevalence of
infection from previous years.

2.42  Acoustic Survey Time Series

The series of data from acoustic surveys from 1984 is shown in Table 2.4.2. Following concerns about the consistency of
performance of the acoustic surveys since 1994, the series has been examined for consistency of survey strategy and
analysis methods. The survey reports from 1985 to 1995 and the planning group reports were examined. Some of the
discussion presented below has been presented in previous HAWORKING GROUP reports but for completeness the full
arguments are presented again.

The herring abundance estimates from surveys prior to 1987 were obtained by adding together July surveys of the western
North Sea with winter surveys of the Skagerrak and part of the eastern North Sea. In 1987 the survey was extended for the
first time to cover the whole of the North Sea (Aglen and Simmonds 1988). This was the first survey to try to estimate the
stock south of 57°N, east of 3°E along the Norwegian coast and part of the Skagerrak in the period June and July. The
techniques for estimating herring in the area south of 58°30'N and east of 5°E used in this survey were different from those
developed subsequently to deal with herring found in layers mixed with other fish in these areas. These early surveys
provided incomplete area coverage as well as considerable differences in survey design and are inconsistent in approach
with the later surveys.

The survey in 1988 (Kirkegaard et al 1989) was carried out largely on the same basis as subsequent surveys. However, the
survey by Scotia, in an area that contained over 50% of the spawning stock in 1989, was severely disrupted by the
explosion of Piper Alpha in early July. The whole operation of the survey was affected and this is reflected in a totally
different track design from previous and subsequent years. In 1988, Scotia caught only 38,000 herring compared with
catches of 347,000 and 80,000 herring in 1987 (Aglen and Simmonds 1988) and 1989 (Kirkegaard et a/ 1990). Both the
quantity and also the number of good catches were reduced in 1988 with good catches in 11 of 24 hauls compared with

good catches of herring in 16 hauls in both 1987 and 1989. Difficulties with trace identification were reported on this
survey raising some doubts about the quality of the survey. Examination of 2+/3+ mortality (Z) estimated from the surveys

1987 to 1988 and to 1989 shows Z at 0.81 and 0.11 which supports the possibility of an underestimate in 1988. This is
based on an assumption of constant fishing mortality and flat age selection in the survey.

Examination of procedures subsequent to 1988 indicates that there are no other procedural reasons to reject the subsequent
surveys. Even though the 1989-90 mortality also looks low removal of the 1989 survey is not justified by any similar
criteria.
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Currently the acoustic surveys show smoothed 2+/3+ mortalities (Simmonds 1994) of 0.76, 0.82 and 0.76 over the last 3
years (Table 2.4.2). If the 1984 to 1988 acoustic surveys are included in the Working Group’s assessment model, this leads
to estimates of recent mortality around 0.22. This is inconsistent with the mortalities of around 0.78 estimated from the
surveys alone, and is a strong indication that the early acoustic surveys are not consistent with the later ones.

For these reasons the years included in the 1996 assessment are the same as for the 1995 assessment with the addition of
the 1995 survey.

The Planning Group for Herring Surveys needs to address the issue of what can be done with these earlier surveys, but
until that review is complete it would be prudent to use only the surveys from 1989 and subsequent years.

25 Larvae Surveys

The reports of the international herring larvae surveys of the North Sea and Adjacent Waters for 1994/95 (Anon,
1995b) and for 1995/96 (Patterson & Beveridge, W.D.1996) were presented. Both reports give maps of the distribution
of herring larvae by 1/9th ICES rectangles for all the areas and periods surveyed. Effort on the larvae surveys in
1994/95 and 1995/96 has been reduced to approximately one quarter of the input in the 1980°s and now only Germany
and The Netherlands take part. Samples taken in Orkney/Shetland in early September 1994 could not be used. In 1995
the area coverage in the Central North Sea, in the only period sampled, was poor. Both the temporal and spatial survey
coverage was so low that neither the Larval Abundance Index (LAI) nor the Larval Production Estimate (LPE) could be
calculated for 1994/95 or 1995/96. The time periods required for these indices, the annual coverage and the larvae
abundance in each period, as a sum of the numbers of herring larvae <10mm per m? (<17mm. Southern North Sea),
are shown in Table 2.5.1.

In the Southern North Sea and Eastern English Channel survey coverage was adequate in both 1994/95 and in 1995/96.
In both series the larvae abundance has declined by an order of magnitude from the high values of 1989, 1990 and
1991. This suggests that there has been a considerable reduction in the SSB in this component of the North Sea stock.

As an alternative to the LAI and LPE a multiplicative model (MLAI) (Patterson & Beveridge, W.D.1996) was applied
to the limited data sets in the last two series. The model assumes that the abundance of the size categories of larvae, as
analysed for the other two indices, is proportional to stock size in each of the sampling units. In spite of the very limited
sampling effort, the MLAI estimates of yearly abundance agree well with Working Group estimates of SSB (Figure
2.5.1). The output from this model was accepted by the Working Group for use in the assessment as a replacement for
the LPE. It should be noted that the assumptions in the model, that individual period /area estimates of abundance are
proportional to SSB, have not been rigorously tested. :

The Working Group regretted the loss of the LPE as a tuning index. This proved to be a robust index of SSB for many
years until survey effort was substantially reduced in 1992. All the tuning indices used in the assessment have
problems, with high internal variances. It is, therefore, vital that more than one index is available to the Working Group
for cross validation of trends in SSB. This is particularly so at a time when SSB is rapidly declining and is already
below MBAL. Therefore it is considered to be particularly important to have a fishery independent index, based on
larvae surveys, for the North Sea. In this context the Working Group would like to see the surveys continued and the
effort, in terms of ship time, returned to a level at which a larvae index can be calculated with reasonable and
measurable precision. It is worth recalling that during the late 1970’s and early 1980’s, after the collapse of the North
Sea herring stock, the extensive annual larvae surveys were the most reliable indicator of the pace and extent of
recovery of the whole North Sea stock and in particular the Central and Southern North Sea components. Furthermore
without the larvae surveys of the Southern North Sea and Eastern English Channel it will be impossible to comment,
either qualitatively or quantitatively, on the state of this component of the North sea stock for which a separate TAC is
set.

The Working Group recognised that it was perhaps unlikely that effort on the larvae surveys would be returned to the
level of the 1980’s. In order to maximise the benefits of any increase in survey effort, the Planning Group for Herring
Surveys is asked to address the following points at their meeting in May 1996.

The level of spatial and temporal coverage required to provide a reliable LPE.

The validity of the assumptions made in the multiplicative model.

The possibility of using all larvde, up to 20mm, in the mutiplicative model.

The optimum timing and survey area required to provide adequate coverage for the application of the multiplicative
model.

usefulness of a biennial or triennial survey strategy with limited coverage of targeted areas in the intervening years.

¢ The possibility of EU funding for the North Sea herring larvae surveys. .
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The Survey Planning Group in May will not be expected to provide definitive answers to these questions until its
proposed meeting in February 1997 prior to the next HAWG meeting.

Recommendation

The Working Group strongly recommends that the larvae surveys in the North Sea and Eastern English Channel should
be continued and that the effort, in terms of ship time, should be returned to a level at which either the Larval
Abundance Index (LAI), the Larval Production Estimate (LPE), or the Multiplicative Model Abundance Index can be
calculated with reasonable precision.

2.6 August Scottish Groundfish Surveys

The Aberdeen Marine Laboratory has been conducting bottom trawl surveys in the North Sea since the early 1900s
using a variety of vessels and gears. Since 1982 however the survey has been consistent in terms of effort, vessel, area,
and time.

The survey is aimed at demersal fish and the gear deployed is a 15m Aberdeen trawl with an average headline height of
2.5 meters and a wing span of about 19m. A stratified-random survey design is used. One tow of one hour’s duration
is shot in each of up to 93 rectangular areas (Figure 2.6.1) in Divisions IVa and IVb. Fish are sampled, measured and
aged according to standard Scottish Office protocols.

Catch rates of demersal fish in this survey have been used for many years in the stock assessment of demersal species,
but until recently no programmes existed for extracting information on herring from the database.

Catch rates of herring by age (2 rings and older) from this survey are given in Table 2.6.1.
27 Mean Weights-at-age and Maturity-at-Age
2.7.1 Mean Weights at age

The mean weights at age of fish in the catches in 1995 (weighted by the numbers caught) are presented by ICES division
and by quarter in Table 2.7.1. Table 2.7.2 shows a comparison of mean weights at age for 2-ringers and older over the
years 1986 to 1995.

For Division IVa the mean weights of all ages in the catch are close to the 10 year high. For Division IVb the mean weights
of all ages with the exception of 5-ringers, which are below the mean, are between the mean and the 10 year high. The
1989 year class (5-ring in 1995) has increased in weight since 1994 and is now the same weight at 5-rings as the 1988 year
class. For Divisions IVc and VIId the mean weights at all ages are close to the 10 year mean.

Table 2.7.3 presents the mean weights at age in the catch during the 3rd quarter in Divisions IVa and 1Vb for 1988 to 1994.
In this quarter most fish are approaching their peak weights just prior to spawning. For comparison the mean weights in the
stock from the last five years of summer acoustic surveys are shown in the same table (See Table 2.4.1 for the 1995
values).

Figure 2.7.1 shows a comparison of weights at age in the north western part of the North Sea and the central North Sea by
acoustic survey and by catch. The catch data support the wide spatial variability in weights at age observed on the acoustic
surveys. Catch reports by Norway and The Netherlands have been combined to provide estimates of weights at age in
Division IVa(west). There are no reported catches in July in Division 1Vb for The Netherlands, so only Norwegian data
from Division IVb have been used to give an estimate of weights at age from the commercial catch in Division IVb.

Inspection of the mean weights at age from the acoustic survey in 1995 shows that the older ages (4- to 8-ring) show a
reduction in mean weight from earlier years. The reduction is caused by larger estimates of abundance in the south of
Division IVa where the fish are found to have lower mean weights at age (Figure 2.7.1). This distribution is also found in
all earlier years where data are available (Simmonds et al 1993, 1994, 1995 & W.D. 1996). The mean weight at age data
from the survey were examined for year and cohort effects in an analysis of variance. The year effect was significant
(Fies:p=0.0055) but the effect of cohorts on weights at age was not (F,.,; p=0.36). The cause of the year effect particularly
in 1995 was likely to be the result of variability in the estimates of abundance in different parts of the survey area. This is
most probably due to sampling variability in the acoustic survey, as the abundance is used to weight the mean weights at
age from differing parts of the area. To reduce the impact of this sampling variability in the assessment a 3 year running
mean has been used to smooth the year effect in mean weight at age.
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2,72  Maturity Ogive

The percentage of 2- and 3-ringers likely to mature in 1995 was estimated from the summer acoustic survey as those fish in
stage three and above. The results are given in the table below for 1988 to 1995.

Age (winter rings) 2 3 Older
1988 656  87.7 100
1989 787 939 100
1990 726 970 100
1991 63.8 98.0 100
1992 513 100 100
1993 416 629 100
1994 72.1 85.8 100
1995 726 954 100

The maturity of 2-ringers in 1994 and 1995 is close to the high of 78% found in 1989 and the maturity of 3-ringers has now
recovered from the 63% in 1993 and 86% in 1994 to 95% in 1995.

The maturity ogive is computed from the acoustic survey data in a similar way to the weights at age, and is dependent on
the proportions of the stock found with differing maturity in different parts of the area. The precision of the percentage of
2- and 3-ringers mature was investigated from the survey by examining the variance of the observations over the survey
area. Spatial autocorrelation (which is present) was ignored and the precision was estimated at+ 5.8% for % mature 2-
ringers and+ 2.6% for % mature 3-ringers. The presence of autocorrelation with non-random trawl locations implies that
the sample variance, for the estimate of % maturity within the survey area, is likely to be an overestimate of the error
variance and the precision is probably better than these values indicate. The year to year variability in the percentage
mature is substantially greater than 6% and 3% for 2- and 3-ringers respectively. Therefore, in contrast to the weights at
age, smoothing for maturity is not appropriate and the maturity ogives shown in the table above have been used in the
assessment.

2.8 Stock Assessment
2.8.1 Data Exploration and Preliminary Modelling

Assessment of the stock was done by fitting an integrated catch-at-age model including a separable constraint (Deriso
et. al 1985; Gudmundsson, 1986). The implementation used was the ‘ICA’ program (Patterson and Melvin, W.D.
1996). This program allows the use of age-disaggregated indices of stock size and indices of spawning biomass. The
model assumes that errors occur not only in the survey indices, but also in the catch at age matrix. This is considered a
more realistic approach than using the catches at age as precise values. A full discussion and simulation test of the
method as applied to North Sea herring stock assessment is given in Anon. (1994, Appendix I).

Information available for inclusion in the model was the catches in number at age and year (Section 2.2), the MIK
index of postlarval abundance (Section 2.3), the acoustic survey index (Section 2.4), the IBTS survey information
(Section 1.4), including the first quarter index traditionally used by the Working Group, and also a short time series of
2nd, 3rd and 4th quarter indices. In addition, larvae survey information including a new multiplicative larval abundance
index (MLAI) was available, and a newly provided time series of Scottish groundfish surveys (Section 2.6). The
Working Group attempted to evaluate the consistency of these different sources of information. Some a priori
comments about the use of the individual indices in the assessment follow.

In the previous assessment of this stock the traditional LPE index was used from 1983 - 1992. However, information
from larval surveys carried out from 1993 onwards was not used in last years assessment (Anon., 1995d) as survey
coverage had declined to such an extent that the LPE measure of abundance could no longer be calculated.
Consequently, the LPE index has now been replaced by the multiplicative larval abundance index (MLAI), which
covers the time period 1973 - 1995 and therefore uses also the information on larval abundance during the period 1993
- 1995 (see Section 2.5). This measure of stock size is more robust to the decline in larval survey coverage than the
traditional indices.

The series of acoustic survey indices have been used for the period 1989 to 1995. The reasons for using this selected
period have been discussed by the Working Group in 1995 (Anon. 1995d) and are further discussed in Section 2.4.
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Initial examination of residuals about the catch at age matrix in separable model fits indicated no substantial deviation
from a separable selection pattern from 1992 to 1995 over all ages. The model was therefore fitted over this age and
year range, and all ages and years were weighted equally in the analyses. Earlier years in the analysis were computed
using a conventional VPA model.

In a number of exploratory analyses, a population model was fitted to each survey index and to the catch at age matrix.
The fishing mortalities at reference age (4) (the fishing mortalities +/- one standard deviation) for each model fit are
plotted in Figure 2.8.1 to show the fishing mortalities indicated by the different survey indices under different
assumptions about the relationship that they bear to stock abundance. All these models include the fit to the catch at age
matrix.

The acoustic survey estimates of two-ringers were found to fit poorly to the estimated population abundance., The
sensitivity of the estimated fishing mortality to downweighting these apparently noisy observations was tested by fitting
three models with these observations assigned arbitrary weights of 1, 0.5 or 0.1. The resultant fits were robust to this
change in the weighting factor (Fits 1-3), with all three fits indicating fishing mortalities in the range +/- one s.d. 0.65 to
0.85. 1t was decided to use the 1989-1995 acoustic survey indices in the further analysis.

The IBTS survey indices for the 2- to 5+-ringers indicate the highest F compared to the other indices (Figure 2.8.1, fit
4), leading to an estimate of fishing mortality between 1.1 and 1.6. As in earlier years the age disaggregated IBTS
survey indices were split in two sets: the IBTS 1-ringer indices and the IBTS indices for 2- to 5+-ringers. The 1-ringer
index is used principally to predict recruitment and the 2-5 ringer index has been used as an index of adult stock size,
and this structure has been maintained for the present assessment. The IBTS survey has performed well and consistently
as an estimator of herring spawning stock size in previous assessments, and no strong trends were noticeable in the
residuals.

The short time series of 2nd, 3rd and 4th quarter IBTS (1 - 5+ ringers) were tested in separate model fits, but were
rejected as indicators of stock size on account of high variance and very low predictions of fishing mortality.

The two recruitment indices (MIK and IBTS age 1) have also been tested in separate fits in order to evaluate their fits to
the population models (Figure 2.8.1, Fits 5 and 12). Both appeared to fit well to the historic recruitment information,
but are apparently poor predictors of adult stock size and fishing mortality. They were both used as recruitment indices
in the final assessment.

The Scottish groundfish survey (SGFS) has also been tested in a separate model fit. It was found to have very strong
year-effects in the residuals, and in addition predicted a fishing mortality of 0.3 to 0.45 +/- one s.d. range much lower
than and inconsistent with that of the other indices (Figure 2.8.1, Fit 6). Catch rates in 1984 appeared to be outlying
values and the fit was repeated excluding these observations (Figure 2.8.1, Fit 7). This made little change to the
estimate of fishing mortality. Additional pertinent considerations are that the Scottish Groundfish survey only covers a
part of the North Sea herring summer distribution, and does so with a fishing gear that is very inefficient at catching
herring. Catch rates in the survey were exceptionally low. For the reasons given above this tuning series was excluded
from the final assessment.

The new MLAI index was tested in four separate model fits. These either assumed a power relationship of index value
to stock abundance (Fits 8 and 9) or a linear relationship (Fits 10 and 11). Either the entire time series was used (Fits 8
and 10) or only the data from 1983 to 1995 in order to remove possible anomalous effects at low stock sizes. All four
gave similar fits with +/- one s.d. range in the range of fishing mortality approximately from 0.5 to 1.2. The linear fits
were rejected on account of strong residual patterns. There did not appear to be any objective reason for excluding the
early data and so these were retained. The better fit of the power relationship for the MLAI index might be explained by
a density dependent effect on the mortality of eggs at high spawning stock biomasses. The exponential fit to the whole
data series of this index was used in the assessment.

2.8.2 Stock Assessment

In consideration of the foregoing analyses, the Working Group found few reasons to alter the stock assessment model
used last year (Anon. 1995d). The changes made were:

1. The assumption of separability was extended to a four year period, covering 1992 to 1995 rather than a three year
range (1992 to 1994) used previously. Recent catch data appear to conform well to the assumption of separability.

2. The LPE larval survey index was replaced with the new MLALI index.
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As in last year’s assessment of the stock and in the absence of statistical information on the variance of each survey, it
was not possible to give particular surveys more weight than others in an objective way. Therefore, equal weights were
applied to all surveys and all age groups.

Details on input parameters for the ICA are presented in Table 2.8.1.

In the last year’s assessment of the stock the analysis was carried out with a weighting factor of 1 for the stock-
recruitment model. Some concern was expressed by ACFM that the inclusion of this model component may result in
assessment bias. It was included in order to provide more conservative estimates of recruitment when spawning stock
sizes are low. The sensitivity of the assessment to the inclusion of this model term was investigated this year (see text
table below). It was found that there were only small differences in the estimated fishing mortality between excluding
the stock-recruitment model entirely and including it with a range of weighting factors from 0 to 0.2. A weighting
factor of 0.1 was applied to the stock-recruitment model for the present analysis. The model could not find a solution
with weighting factors greater than 0.2. Therefore, a weighting factor of 0.1 was chosen for the final assessment.

Weighting factors
for the stock- F F - one sd F + one sd SSB
recruitment model
0 0.891 0.746 1.065 498,000
0.01 0.891 0.758 1.048 498,000
0.1 0.888 0.749 1.052 496,000
0.2 0.895 0.753 1.062 492,000

At the Working Group meeting it was discussed whether the estimated fishing mortality might change if a time pattern
of the surveys is taken into account relative to the time that catches are actually taken. Test runs indicated that the mean
estimated F for ages 2-6 in 1995 varied by less than 0.01 over a range of feasible values of o and B in the tuning.

The final objective function chosen for the stock assessment model was:

Yooy imiha(InCa y-In(C,,) ) +
Ty (In(QV.$SB,) - In( MLAILL) )’ +
S (In(QI,. N.y)-1n(IBTS.,) )’ +

1o (In(QL. N;,,) - In( IBTS1,) )’ +
T (In(QA,. Ni,) - In( ACOUST.,) ) +
Yt (In(QM. Ns,) - In( MIK,) ) +

- A.SSB
0.1 y;l995 ln . _ln(—_y_) 2
251958 (In( Noy1) B+SSB, )

in which QV, QI, QR, QA and QM respectively represent the ‘catchabilities’ of the MLALI index, the age-disaggregated
2 to 5+ IBTS survey, the IBTS 1-ringer index, the acoustic survey and the MIK index. Lambda is an arbitrary
weighting factor set to 1.0 for all ages. Errors in the acoustic survey and the age-disaggregated IBTS index are assumed
to be correlated. N are population sizes calculated at the time of year corresponding to each of the surveys, and A and
B are parameters of the Beverton and Holt stock-recruitment relationship.

The ICA output is presented in Table 2.8.2 and Figures 2.8.2 - 2.8.19. The analysis indicates a mean fishing mortality
of 0.80 in 1995 (Mean from ages 2 to 6), and a spawning stock of 496,000 t. At last years ACFM November meeting a
working document was presented by Patterson (W.D. 1996) in which the spawning stock biomass for 1995 was
estimated at 523,000 tonnes, which was then regarded to be extremely low. Table 2.8.3 shows an overview of variance
and residuals obtained from ICA.

A VPA is not presented in this year’s report in order to avoid confusion between the results of ICA and VPA. Results

from last year’s VPA for the period 1958 - 1975, together with the results of this years ICA of the period 1976 - 1995,
are used to show the long-term trends in yield, fishing mortality, spawning stock biomass and recruitment, which are
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given in Figure 2.8.20. The information from the period 1947 to 1957 has been excluded on account of very large SOP
discrepancies which have been detected in the ICES database for these years.

2.8.3 Stock in Divisions IVc and VIId

The difference in age structure between the catches in Division 1Vc, VIId and in the rest of the North Sea clearly
indicates that the development of the southern North Sea population is different from that in the rest of the North Sea.
The relative abundance of older age groups in the catches in 1995 could indicate either a low mortality rate, or a low
recruitment in recent years.

Herring larvae surveys in the southern North Sea and eastern Channel provided independent information on the
development of the spawning stock in this area. Figure 2.8.21 shows the larval abundance by sampling period for this
area over the period 1980 to 1995. It indicates a sharp decline in the spawning stock biomass since 1990. The spawning
stock biomass is expected to be at a low level.

2.9 Evaluation of MBAL for North Sea Herring,

According to the terms of reference this Working Group has been asked to provide an estimate of MBAL with an
explanation of the basis on which the estimate is obtained.

The “minimum biologically acceptable level” (MBAL) is defined as the level of spawning stock below which the
probability of poor recruitment increases as spawning stock size decreases.

This level may be useful in providing managers with an indication of a lower level of spawning stock above which the
stock should, if possible, be maintained (ICES, 1991).

The MBAL of 800,000 tonnes for North Sea herring, which has been used up to now, originates from the time period
of a complete ban on directed herring fisheries and represents the spawning stock biomass level at which the fishery
would be reopened (ICES, 1977a). The following cited text explains how this level was estimated: “The relationship
between spawning stock and recruitment for the North Sea herring stock suggests that a spawning stock of 800,000 tons
is necessary to optimise recruitment. This level of spawning stock biomass is about 1/3 of that estimated at a time when
the stock was lightly exploited. Comparisons with the Atlanto-Scandian herring stock and with the Icelandic spring and
summer spawning stocks suggest that in these recruitment also declined at spawning stock biomasses of about 1/3 of
the lightly exploited level. In the light of this evidence it would appear imperative to rebuild the spawning stock to a
level of 800,000 t as quickly as possible. Any other policy must entail a very serious danger of an accelerating decline
of the stock to a level where recovery will be very much retarded or may not be possible.” This minimum leve!l of
spawning stock biomass of 800,000 tons, which has been necessary to reopen the fishery, has been regarded since 1992
to be the MBAL below which the fishery should be closed, because the probability of poor recruitment increases as
spawning stock size decreases below this level.

The Working Group has evaluated the earlier estimate of MBAL, taking into account the new estimates of SSB and
recruitment which have become available since the mid-1970’s. Figure 2.9.1 (Saville and Bailey, 1980) shows the
stock-recruit plot on which the level of 800,000 tonnes was based and Figure 2.9.2 shows the time series 1958 - 1995.
The period 1947 - 1957 is not included in this stock recruitment plot because of severe differences in SOP (up to
180%).

In theory, MBAL can be calculated from a variety of stock-recruit models as the level of SSB at which long-term
recruitment is maximized. In practice, this estimate is usually imprecise because of the considerable variability in stock-
recruit plots. The Working Group on Methods of Fish Stock Assessment has reviewed various aspects of stock-recruit
analyses (Anon., 1993b) and suggested several alternative approaches for estimating MBAL. These are:

1. the SSB at 50% of maximum recruitment on the fitted stock-recruit relationship

2. the Serebryakov SSB level using the 90th percentile of survival and the 90th percentile of recruitment and

3. 20% of the virgin biomass estimated from the intersection of the replacement line and the fitted stock-recruit
relationship.

In order to evaluate these MBAL estimates the Methods Working Group suggested the following discrimination
criteria:
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a) for each estimate tabulate the ratio of mean recruitment above and below MBAL. Estimation methods which show a
clear reduction in recruitment below MBAL are preferable.

b) graph the probability of recruitment in the upper and lower quartiles of the data over the range of observed SSB.
This will show the risks/expectations associated with each MBAL estimate.

¢) calculate the range of the SSB data as a proportion of virgin biomass. A wider range of data provides a better basis
for estimating MBAL.

d) calculate and tabulate the linear slope of the stock-recruit data above and below each MBAL estimate assuming
lognormal errors. In general, if the slope below MBAL is positive and if the slope above is less than the slope
below, the MBAL estimate is sensible.

For the North Sea herring the Methods Working Group estimated alternative MBALSs which are listed in the table
below (Anon. 1993b);

Method MBAL Ratio of mean recruitment above and below MBAL
BH50 494,000t 2.44
RKS50 416,000t 2.70
SRBY 592,000 t 2.44
20VB 2,150,000t 1.52

The Working Group evaluated each of the above estimates in relation to the current MBAL estimate (800,000 tonnes)
using the discrimination guidelines outlined previously and the diagnostic plots, reproduced below, from Anon.
(1993b). It was noted that the range of SSB estimates is quite large (min=.005 and max=0.41 of the virgin estimate of
SSB) so that the above estimates of MBAL can be considered to be well estimated. With respect to the slope of the
stock-recruit data above and below the MBAL estimate (Figure 2.9.3) all estimates appear to be sensible. However, the
slope below the MBAL shows some increase between 500,000 tonnes and 1,000,000 tonnes indicating that the
inflection point in the stock-recruit relationship is somewhat larger than 500,000 tonnes and perhaps closer to 1,000,000
tonnes. Further, the plot of the probability of recruitment in the upper and lower quartiles against the SSB (Figure 2.9.4)
shows that there is a sharp decrease in the probability of good recruitment below SSB levels of about 800,000 tonnes;
likewise there is a concomitant increase in the probability of poor recruitment when SSB levels fall below 800,000
tonnes.

The above analysis demonstrates that there is enhanced risk of recruitment overfishing at MBAL levels below the
current MBAL of 800,000 tonnes. In addition, published studies show that the schooling behaviour of pelagic fish
stocks increases their risk of over-exploitation at reduced stock sizes characteristic of North Sea herring in its present
state. For these reasons the Working Group recommends that the current MBAL level of 800,000 t be retained.

2.10 Short-term projection by area and fleet

The starting point for the projection is the stock of North Sea autumn-spawners in the North Sea and Division Illa
combined at 1 January 1996. The ICA estimate of all age groups from 0 - 9+ is used (Table 2.8.2). O-ringers at 1 January
1997 are set at 44,084 million.

The reference fishing mortalities for 2-ringers and older fish by age, fleet and area are calculated by combining the
exploitation patterns, the 1995 fishing level and the distribution of the catch in numbers by fleet (Table 2.10.1). Mean
weights at age in the stock were taken as the average over the last two years, and maturity at age, natural mortality and
proportions of F and M before spawning are taken from the ICA input for the year 1995 (Table 2.8.2). The fishing pattern
for the total stock is taken from the separable ICA for 2-ringers and older (Table 2.8.3). For 0- and 1-ringers the fishing
mortalities by fleet are calculated from catch and stock numbers in 1995. The input data for the prediction are shown in
Table 2.10.2.

Catch predictions for 1996 and 1997 were made for the same five fleets as in last year's assessment:

a) Human consumption fisheries in the North Sea. A minor part of the catches taken in this fishery may be landed for
industrial purposes;

b) Small-mesh fisheries in the North Sea. Landings used for industrial purposes;

¢) Human consumption landings in Division IIla. A part of the catches taken in this fishery may be landed for industrial
purposes;

d) Mixed clupeoid landings in Division I1Ia. Some landings taken under the "mixed clupeoid quota" may be included in
the catches taken by flect E;

¢) Other industrial landings in Division Illa.
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Mean weights at age in the 1995 catches by fleet were applied for the predictions.

To get a projection as realistic as possible, the calculations were carried out by fleet and area. The proportion of 0- and 1-
ringers that occur in Division Illa is likely to vary between years depending on the size of the year class. The procedure for
splitting and the results are shown in Section 3.2.2.

The 2-ringers, and especially the larger ones, migrate from Division Illa to the North Sea during the year and very few 3-
ringers and older age groups are found in Division I1la. Total mixing of 2-ringers in Division Illa and the North Sea was
assumed. Therefore, the stock numbers of 2-ringers given in Table 2.10.1 are the same for Division IIla and the North Sea.
3-ringers and older were assumed to be exclusively in the North Sea.

The 1996 MIK index was used to predict the proportion of 1-ringers in 1997 based on the result of the regression given in
Table 2.8.1 of Anon. (1994). The IBTS 1-ringer catches in 1996 were used to separate the 1-ringers between the North Sea
and Division llla. The proportion of O-ringers by area in 1997 is based on a hypothetical MIK index value which
corresponds to the mean 0-ringer abundance in 1947-1994,

The projections were, based on the following relationship between Fys and Fog: Fog = 0.79 F,s; which equals a mean F, ¢ of
0.633. The F of 1996 is TAC constrained and therefore the F status quo is inappropriate. The catches of the human
consumption fishery in 1996 are set equal to the TAC for fleet A. For other fleets the yield is assumed to be equal to the
actual catches in 1995. A summary of the predictions for 1996 is shown in Table 2.10.3. The predicted SSB in 1996 is
410,000t.

The predictions for 1997 are given in Table 2.10.4 with different combinations of fishing mortality by fleet under the
assumptions of catches as outlined above. As assumed for the model, the migration between areas for 0- and 1-ringers and
the proportion of 2-ringers taken in Division Illa is relatively small. For that reason the predictions are given
independently for the North Sea and the Division 1lla fleets. The prediction shows that even with complete closure of
the entire herring fishery in 1997 the MBAL of 800,000 t cannot be reached by the end of the year. If a closure is
introduced in 1997, the SSB will only reach 680,000 t by the end of 1997,

The prediction also shows that a reduction in the exploitation of herring by fleet B has little or no effect on the SSB in
the short, but a significant effect in the medium term (see Section 2.11).

The predictions made here assume that the TAC of 313,000 t for the human consumption fishery in 1995 will be a
genuine limit on the fishery. Given the known problems with misreporting and under-reporting, this assumption may
not hold, and the calculations made here may in consequence be an over-estimate of the future stock sizes.

2.11 Medium-term projections

The Working Group considered a request from the EU and Norway to provide a set of prediction options expressed in
terms of catches of mature and immature herring, and in terms of fishing mortalities on mature and immature herring
(Section 1.3). These measures of fishing mortality are not straightforward to interpret in the context of the fleet-
disaggregated model currently used by the Working Group and ACFM. In particular, some of the requested prediction
options appear infeasible given present estimates of selection patterns by different fleets. Pending clarification of this
matter, a sub-group of the Working Group undertook to respond to ACFM in a separate document before its meeting in
May.

The method used for the calculation of stochastic medium-term projections follows that described in Anon. (1996). It is
summarised here for convenience. Firstly , define the vector of parameters X, comprising the fishing mortality at
reference age, the selections at age, the fitted populations in 1995 and the expected recruitment in 1996. This is
estimated by the assessment procedure (on a logarithmic scale) with a variance-covariance matrix C. The projection
method is based in drawing Monte-Carlo pseudo-data sets to initiate the projections from a distribution with mean X
and with multivariate normal errors C. Recruitment is treated slightly differently. A Beverton-Holt stock-recruit

relationship fitted with an assumption of autocorrelated errors was assumed, as recommended by Anon. (1995d). A
non-parametric bootstrap method was used to genecrate recruitments in the pseudo-data for the projections. The

‘ICPROYJ’ version 2.0 programme (Patterson, WD 1996) was used to calculate the projections.
In order to be consistent with the deterministic projections, stock weights and catch weights at age as used by the

Working Group for 1995 were used in the projections. No attempt was made to model uncertainty in these parameters.
Following choices made for the short-term deterministic projections, the maturity ogive as measured in 1995 has been
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assumed to hold for the years 1996 and thereafter. For 1996, a catch constraint of 313,000 t for flect ‘A’ was imposed,
and fishing mortality in the other fleets was assumed equal to their estimated values in 1995.

A summary of input data (additional to that used in the assessment) for the projections is given in Table 2.11.1. In this
example, fishing mortality in all years is constrained to the estimated values for 1995, except that a catch constraint of
313,000 t has been imposed for fleet A in 1996. The fit of the stock-recruit relationship used is given in Figure 2.11.1.

Results of the simulations are presented as plots of the expected trajectories of stock size, recruitment and catches by
fleet, showing the 5, 25, 50, 75 and 95th percentiles of the Monte-Carlo simulations.

The following six scenarios were modelled in the stochastic projections:

1. A complete closure of the fishery, with all fishing mortalities constrained to zero from 1997 to 2002. This shows
(Figure 2.11.2) a rapid increase in stock size, with a probability greater than 95% of stock size recovering above the
800 000t MBAL by 1998.

2. Fishing at status quo levels from 1997 to 2002, defined as the estimated fishing mortality in 1995 (Figure 2.11.3).
This shows a continued decline in stock size, with an estimated probability that the stock will recover above MBAL
by 2002 of less than 2%.

3. Fishing at F=0.3 by the human consumption fleet in the North Sea (Fleet A), with zero fishing mortality by the other
fleets (Figure 2.11.4). This scenario indicates a 50% chance that the stock will recover above MBAL by 1998, and
an 80% probability that it will do so thereafter.

4. Fishing at F=0.3 by the human consumption fleet in the North Sea (Fleet A), with an assumption of 50% reduction
in fishing mortality by the other fleets, relative to 1995 (Figure 2.11.5.). This shows a 50% probability that stock
size will increase above MBAL by 1999.

5. Fishing at F=0.1 by the human consumption fishery in the North Sea (Fleet A), with a closure of all other fleets
catching North Sea herring. This indicates that the probability that the spawning biomass will recover above MBAL
by 1998 is over 80% (Figure 2.11.6). :

6. Fishing at F=0.3 by the human consumption fishery in the North Sea (Fleet A), with continued fishing at starus quo
F by the other fleets (Figure 2.11.7). In this scenario the stock has a 50% chance of recovering above MBAL by the
year 2000.

These scenarios indicate that at recent levels of fishing mortality the spawning stock is very likely to decline further. If
all fishing on herring were to cease in 1997, the stock is estimated to recover above MBAL in 1998 with better than
50% probability (Figure 2.11.2, panel 5). If the only management action taken was to reduce fishing mortality in fleet A
to 0.3, the stock is estimated to remain in a high risk situation (with a greater than 50% chance of being below MBAL)
until about the year 2000 (Figure 2.11.7). If , as an additional measure, the fishing mortality in the remaining fleets
were to be reduced by 50%, the projected stock development improves slightly and the stock is projected to recover
above MBAL with better than 50% probability by 1999 (Figure 2.11.5 panel 5). A reduction in the effort by fleets B-F
to zero catch would bring more rapid improvements in the stock size, with the stock projected to recover above MBAL
by 1998 with 50% probability.

Another restriction explored was the reduction in fishing mortality by fleet A to 0.1. This is the most conservative of
the catch options modelled, and leads to a prediction that SSB will return above MBAL in 1998 with over 80%
probability.

Other target levels of biomass could be considered. Table 2.11.2. shows the estimated probabilities that the stock will
recover above levels of 800 000t, 1.5 million t and 2.0 million t. The only one of the options explored which will allow
the stock to recover above 2.0 million t with better than 50% probability is the reduction of the human consumption
fishery in the North Sea to 0.1 and a closure of the fisheries B-F. However, allowing a fishery by fleet A to be
prosecuted with F=0.3 is projected to allow a recovery of the stock above 1.5 million t by 2002, with better than 50%
probability.
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2.12 Management Considerations

The 1996 assessment shows the stock to be in a serious state of decline and well below the firmly established MBAL of
800,000t. The 90% confidence limits on the 1995 SSB estimate of 496,000 t are 296,000 t and 582,000 t. The MBAL
represents approximately one third of the projected lightly exploited stock and was the target SSB level for reopening
the North Sea fishery after the closure in 1977 (ICES, 1977a). There is strong evidence from the stock and recruitment
relationship and from the collapse and recovery of other herring stocks that this is a reasonable MBAL for this stock. It
is therefore of paramount importance that the SSB is brought back above this level quickly. With recruitment currently
below the average of recent years and the MIK surveys suggesting a continued fall, any other policy will seriously
jeopardise the viability of this stock.

Various management options are considered in Section 2.11. An option to reduce F to 0.3 on the North Sea human
consumption fishery and to 0.5 F95 on all the other fisheries would return SSB to above MBAL by 1999 with a
probability of 50%. However, the Working Group considers that the management measures for these fisheries are so
ineffective that this is a high risk strategy and is of the strongly held opinion that all fisheries for North Sea autumn
spawners should be closed immediately. This would quickly rebuild the stock to above 800,000 t by 1998 with a
probability of 95%.

The by-catch of herring in the juvenile fisheries increased in 1995 compared with the low levels of 1994 which the
Working Group (Anon. 1995d) considered was related to high sprat abundance. The Working Group continues to be
concerned about the impact that the industrial fisheries, taking juvenile herring, have on herring recruitment and SSB. It
is also worth noting that the total catch of North Sea autumn spawners, taken in all areas, comprises more than 80%
immature fish. Indications of low sprat abundance suggest that a high fishing mortality will be exerted on juvenile
herring in 1996.

The Working Group continues to be aware of large scale misreporting of catches in several parts of the North Sea into
adjacent areas (Anon. 1995d). Evidence of such misreporting from Division 1Va to VIaN at the 4%5° boundary was
provided to the Working Group. This allowed those catches to be moved into the North Sea assessment for the first
time, with some confidence.

The situation in the southern North Sea and eastern English Channel area appears to be particularly serious. The larvae
surveys in 1994/95 and 1995/96 indicate a very low and declining SSB in this separately managed component of the
North Sea stock.

The Working Group considered a proposal from one sector of the herring fishing industry that, due to the poor state of
the stocks, all fisheries in which herring are caught should be closed:

¢ From 1to 31 August in Area IVa North of 58°30’N
¢ From 1 September to 1 May in Subarea 1V and Divisions I1la and VIId, South of 58°30’N

The Working Group considered that such a measure would be highly efficacious in allowing the herring stocks in this
area to recover.

2.13 Requests from the Multispecies Assessment Working Group
The Multispecies Assessment Working Group requested data on quarterly catches and mean weights at age in the catch

and stocks for 1995, by statistical rectangle of the North sea for herring. But these data, at this level of detail are not
available, and they are provided in the same form as previous years.

2.13.1 Quarterly data base (numbers and mean weights at age)

Quarterly catch-at-age data, together with quarterly weights at age in the catch and in the stock at spawning time for
North Sea herring for 1995 are provided in Table 2.13.1.

Weight-at-age data for the stock at spawning time are best provided by samples taken during the July acoustic surveys
which cover Divisions 1Va and 1Vb, and these are shown in the bottom line of Table 2.13.1.

A comparable breakdown of catches of spring spawners taken in the North Sea and transferred to Division Illa is
shown in Table 2.2.3.
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2.13.2 Geographical distribution of the catches in the North Sea in 1995

Data on the geographical distribution of catches in the North Sea (Sub-area IV and Division VIId) in 1995 were
available from Denmark, the Netherlands, Norway, Sweden , the U.K. (Scotland and England), Germany and France.
The data represent 85% of the total catch, and include both juveniles and adults. Figures 2.13.1 - 2.13,12 show the
catches by ICES rectangle for each month.

2.14 Quality of the Assessment

The assessments carried out from 1990 onwards show a systematic overestimate of the spawning stock biomass. During
the years 1990 - 1995 the spawning stock biomass has been reduced by each new assessment as is shown in Table
2.14.1.

Figure 2.14.1 shows the spawning stock biomass estimates by year (solid line) obtained from last year’s assessment
(Anon., 1995d). The annual forecasts made by the Working Groups held between 1982 - 1993 are indicated by the
broken line. Over the period 1984 - 1988 these forecasts correspond relatively well with the spawning stock biomass
estimates, but not for the later years, when the forecasts were well above the spawning stock biomass. This
overestimation may have been caused by a number of factors such as an increase in survey efficiency of the acoustic
surveys, misreporting of catches, black landings and other factors.

In order to improve the assessment, the quality of both the catch data and tuning indices needs to be improved. The
issues are addressed in various sections throughout the report. They have resulted in a number of recommendations
from the Working Group. Of these, the recommendation to obtain better direct information on the fisheries by the more
extensive use of observers, is particularly important.
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Table 2.1.1 North Sea HERRING (Sub-area IV and Division VIId). Catch in tonnes by country, 1983-1994. These
figures do not in all cases correspond to the official statistics and cannot be used for management purposes.

Country 1984 1985 1986 1987 1988 1989
Belgium 5,080 3,482 414 39 4 434
Denmark 38,777 129,305 121,631 138,596 263,006  210,315°
Faroe Islands . - 623 2,228 810 1,916
France 20,320 14,400 9,729 7,266 8,384 29,085
Germany, Fed.Rep. 11,609 8,930 3,934 5,552 13,824 38,707
Netherlands 44,308 79,335 85,998 91,478 82,267 84,178
Norway* 98,706 159,947 223,058 241,765 222,719 221,891
Sweden 886 2,442 1,872 1,725 1,819 4,774
UK (England) 1,689 5,564 1,404 873 8,097 7,980
UK (Scotland) 31,393 55,795 77,459 76,413 64,108 68,106
UK (N.Ireland) - - - - - -
Unallocated landings 64,487 74,220 21,089 58972 33,411 26,749°
Total landings 317,255 533,420 547,211 624,907 698,449 694,135
Discards’ - - - - - 4,000
Total catch 317,255 533,420 547,211 624,907 698,449 698,135
Estimates of the parts of the catches which have been allocated to spring spawning stocks
11a type - 6,958 17,386 19,654 23,306 19,869
Coastal type - 520 905 490 250 2,283
Country 1990 1991 1992 1993 1994 1995'
Belgium 180 163 242 56 144 12
Denmark 159,280°  194,358° 193,968° 164,817 121,559 153,361
Faroe Islands 633 334 - - - -
France 23,480 24,625 16,587 12,627 27,941 29,504
Germany 43,191 41,791 42,665 41,669 38,394 43,798
Netherlands 69,828 75,135 75,683 79,190 76,155 78,491
Norway* 157,850 124,991 116,863 122,815 125,522 131,026
Sweden T 3,754 5,866 4,939 5,782 5,425 5,017
UK (England) 8,333 11,548 11,314 19,853 14,216 14,676
UK (Scotland) 56,812 57,572 56,171 55,531 49,919 44,802
UK (N.Ireland) - 92 - - - -
Unallocated landings 21,081 24,435 25,867 18,410 5,749 33,594
Total landings 544,422 560,910 544,299 520,550 465,024 534,281
Discards® 8,660 4,617 4,950 3,470 2,510 -
Total catch 553,082 565,527 549,249 524,020 467,534 534,281
Estimates of the parts of the catches which have been allocated to spring spawning stocks
111 type 8,357 7,894 7,854 8,928 13,228 10,315
Coastal type 1,136 252° 202° 201° 215° 203°

IPreliminax'y.

*Working Group estimates.

3Any discards prior to 1989 were included in unallocated landings.

*Catches of Norwegian spring spawners removed (taken under a separate TAC).
5Landings from the Thames estuary area.
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Table 2.1.2 HERRING, catch in tonnes in Division IVa West. These figures do not in all cases
correspond to the official statistics and cannot be used for management purposes.

Country 1986 1987 1988 1989 1990
Denmark 48,590 50,184 25,268 29,298 9,037
Faroe Islands 275 102 810 1,916 633
France 462 285 266 A 2,581
Germany, Fed.Rep. 2,510 3,250 9,308 26,528 20,422
Netherlands 42,900 44,358 32,639 24,600 29,729
Norway 63,848 55,311 30,657 41,768 24,239
Sweden - 768 1,197 742 -
UK (N.Ireland) ! - - - -
UK (England) - 4,820 4,820 5,104 3,337
UK (Scotland) - 66,774 48,791 58,455 46,431
Unallocated landings 71,285 16,092 - 3,173 4,621
Total Landings - 221,032 153,751 191,584 141,030
. 229,870

Discards? - - - . 900 750
Total catch 229,870 237,124 153,751 192,484 141,780
Country 1991 1992 1993 1994 1995°
Denmark 5,980 10,751 10,604 20,017 17,748
Faroe Islands 334 - - - -
France 3,393 4,714% 3,362 11,658 10,427
Germany 20,608 21,836 17,3424 18,364 17,095
Netherlands 29,563 29,845 28,616 16,944 24,696
Norway 37,674 39,244 33,442 56,422 56,124
Sweden 1,130 985 1,372 2,159 1,007
UK (N.Ireland) 92 - - - -
UK (England) 4,873 4,916 4,742 3,862 3,091
UK (Scotland) 42,745 39,269 36,6284 44,687 40,159
Unallocated landings 5,492 4,855 -8,2715 2,944 26,018
Total Landings 151,884 156,415 127,837 177,327 196,365
Discards’ 883 850 825 550 -
Total catch 152,767 157,265 128,662 177,877 166,365

Nncluded in Division IVb.

2Any discards prior to 1989 were included in unallocated.

3Preliminary.

4Including 1Va East.

SNegative unallocated catches due to misreporting from other areas.
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Table 2.1.3 HERRING, catch in tonnes in Division IVa East. These figures do not in all cases correspond to the
official statistics and cannot be used for management purposes.

Country 1985 1986 1987 1988 1989

Denmark - 4,540 7,101 47,183 44,269

Faroe Islands - - 2,126 - -

France - - 159 45 -

Netherlands - - - 200 -

Norway' 109,975 118,408 145,843 153,496 168,365

Sweden - - 957 622 612

UK (Scotland) - - - - -

Germany, Fed.Rep. - - - - -

Unallocated landings - - - - -

Total landings 109,975 122,348 156,186 201,546 213,246

Discards - - - - -

Total catch 109,975 122,948 156,186 201,546 213,246

Country 1990 1991 1992° 1993 1994 1995°
Denmark 44,364 48,875 53,692 43,224 43,787 45,257
Faroe Islands - - - - - .
France 892 - A 4 14 +
Netherlands - - - - -
Norway' 121,405 77,465 61,379 56,215 40,658 62,224
Sweden 2,482 114 508 711 1,010 2,081
UK (Scotland) - 173 196 S -
Germany 5,604 A A 4 -
Unallocated landings - - - - -
Total landings 174,747 126,627 115,775 100,154 85,469 109,562
Discards’ - - - - -
Total catch 174,747 126,627 115,775 100,154 85,469 109,562

!Catches of Norwegian spring spawners herring removed (taken under a separate TAC).
2Any discards prior to 1989 would have been included in unallocated.

3Preliminary.

“Included in IVa West.
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Table 2.1.4 HERRING, catch in tonnes in Division IVb. These figures do not in all cases correspond
to the official statistics and cannot be used for management purposes.

Country 1986 1987 1988 1989 1990
Denmark 67,966 81,280 190,555 136,239 105,614
Belgium - - .- - -
France 605 387 617 14,415° 10,289
Faroe Islands 348 - - - -
Germany, Fed.Rep. 1,424 2,302 4,516 11,880 17,165
Netherlands* 21,101 31,371 37,192 47,388 28,402
Norway 40,682 40,111 38,566 11,758 12,207
Sweden 1,872° - - 3,420 1,276
UK (England) 1,101 329 2,011 957 3,200
UK (Scotland) 6,057 9,639 15,317 9,651 10,381
Unallocated landings 1,594 20,829 1,969 -23,9477 -15,61 6
Total landings 142,750 186,248 290,743 211,711 172,914
Discards* - - - 1,900 2,560
Total catch 142,750 186,248 290,743 213,611 175,474
Country 1991 1992 1993 1994° 1995°
Denmark 138,555 125,229 109,994 55,060 87,917
Belgium 3 13 - - -
France 4,120 2,313 2,086 5,492 7,639
Faroe Islands - - - - -
Germany 20,479 20,005 23,628 14,796 21,707 -
Netherlands* 26,266 26,987 31,370 39,052 30,065
Norway 9,852 16,240 33,158 28,442 12,678
Sweden 4,622 3,446 3,699 2,256 1,929
UK (England) 2,715 3,026 3,804 7,337 9,688
UK (Scotland) 14,587 16,707 18,904 5,101 4,654
Unallocated landings 3,180 -13,637’ -16,415’ 26,988’ 10,8317
Total landings 224,376 200,329 210,228 130,548 165,355
Discards” 1,072 1,900 245 460- -
Total catch 225,448 202,229 210,473 131,008 165,455

'Includes catches misreported from Division IVc.

?Includes Division IVa catches.

’Included in Division IVa.

4Any discards prior to 1989 were included in unallocated.

’Includes catch in Division IVa.

6Preliminary.

7Negative unallocated catches due to misreporting from other areas.
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Table 2.1.5 HERRING, catch in tonnes in Divisions IVc-and VIId. These figures do not in all cases
correspond to the official statistics and cannot be used for management purposes.

Country 1986 1987 1988 1989 1990
Belgium 414 39 4 434 180
Denmark 535 31 - 509 265
France 8,662 6,435 7,456 14,670 9,718
Germany, Fed.Rep. - - - 299 -
Netherlands 21,997 15,749 12,236 12,240 11,697
Norway - - - - -
UK (England) 303 544 1,266 1,919 1,796
UK (Scotland) 117 - - - -
Unallocated landings 19,495 22,051 31,442 47,523 32,076
Total landings 51,523 44,849 52,404 77,594 55,732
Discards’ - - - 1,200 5,350
Total catch 51,523 44,849 52,404 78,794 61,082
Coastal spring spawners

included above 496 250 250 2,283 1,136
Country 1991 1992 1993 1994° 1995°
Belgium 163 229 56 144 12
Denmark 948 4,296 995 2,695 2,441
France 17,112 9,560 7,171 10,777 11,433
Germany 704 824 649 4,964 4,996
Netherlands 19,306 18,851 19,204 20,159 23,730
Norway - - - - -
UK (England) 3,960 3,372 11,307 3,016 1,896
UK (Scotland) 67 - - 131 -
Unallocated landings 15,763 34,649 43,096 29,792 18,397
Total landings 58,023 71,781 82,478 71,678 62,905
Discards 2,662 2,200 2,400 2,400 -
Total catch 60,685 73,981 84,878 74,078 62,905
Coastal spring spawners

included above 252 202 201 215 203

! Any discards prior to 1989 would have been included in unallocated.

2Preliminary.
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Table 2.2.1 North Sea Herring, Millions caught by age group (winter ring), year class, division and quarter.
Catches in: 1995

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

Division Quarter 1994 1993 1992 1991 1990 1989 1988 1987 1986 1985 Total ring
| 0.0 00 119 182 1.8 0.2 0.2 0.3 03 03 334 0.0
I 0.0 01 1224 664 174 123 33 29 34 24 2306 0.1
(West of 2E) il 0.0 94 2617 1621 567 212 141 126 219 212 5810 9.4
v 43 266 1578 626 118 4.2 20 2.8 38 57 2815 309
Total 43 361 5538 3093 877 379 196 186 204 296 11264 404
| 0.0 00 610 971 102 1.1 1.1 1.5 14 22 1957 0.0
] 0.0 106 519 162 7.9 3.9 1.0 0.9 06 07 939 1086
(Eastof 2E) 1l 0.0 82 367 208 137 37 27 1.8 05 02 884 8.2
\Y) 55 323 1494 1176 298 47 45 63 116 66 3684 378
Total 55 512 2991 2518 616 134 93 105 141 298 7463 56.7
. | 0.0 496 29 129 2.2 0.3 0.1 0.1 0.1 01 684 496
1l 00 944 562 8.1 6.4 29 13 0.5 12 04 1713 944
IVb i 5070.3 106.8 199.3 1409 270 101 116 4.3 3.4 6.8 5580.8 5177.2
\Y] 11744 1306 581 226 7.5 6.8 1.0 1.1 0.5 0.5 1403.2 1305.0
Total 62447 381.5 3164 1846 431 201 14.1 6.1 52 7.9 7223.6 6626.2
l 0.0 3.5 49 204 129 118 1.7 0.4 07 04 567 3.5
i 0.0 0.2 23 3.1 1.6 21 0.3 1.0 05 00 113 0.2
iVe+Vild 1l 0.0 03 113 4.8 1.9 1.6 0.5 0.2 00 00 206 0.3
B\ 253 103 2016 897 358 321 102 3.9 12 1.0 4109 356
Total 253 143 2201 1180 522 475 126 5.5 25 14 4994 396
t 00 531 807 1486 271 133 31 24 26 23.1 3540 531
Total i 00 1054 2328 938 333 212 5.9 53 57 35 5070 105.4
North 11 5070.3 1247 5091 3287 993 366 289 19.0 259 284 6270.7 5195.1
Sea v 12094 199.9 5669 2925 850 478 176 141 17.1 13.8 2464.0 1409.3
‘ Total 6279.8 483.1 13894 863.7 2446 1188 555 408 51.3 687 9595.7 6762.9
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Table 2.2.2 Numbers {millions} of herring caugth per age group (winter rings) in the North Sea ,1970-1995.

Year Winter ring

0 1 2 3 4 5 6 7 . 8 9+ Total
1970 898.1 1196.2 2002.8 883.6 125.2 50.3 61.0 7.9 12.0 12,2 5249.3
1971 684.0 4378.5 1146.8 662.5 208.3 26.9 30.5 26.8 124 7176.7
1972 750.4 3340.6 1440.5 343.8 130.6 329 5.0 0.2 1.1 0.4 6045.5
1973 289.4 2368.0 1344.2 659.2 150.2 59.3 30.6 3.7 1.4 0.6 4906.6
1974 996.1 846.1 772.6 362.0 126.0 56.1 223 5.0 2.0 1.1 3189.3
1975 263.8 2460.5 541.7 259.6 140.5 57.2 16.1 9.1 3.4 1.4 3753.3
1976 238.2 126.6 901.5 117.3 52.0 34,5 6.1 4.4 1.0 0.4 1482.0
1977 256.8 144.3 44,7 186.4 10.8 7.0 4.1 1.5 0.7 + 656.3
1978 130.0 168.6 4.9 5.7 5.0 0.3 0.2 0.2 0.2 0.3 315.4
1979 542.0 159.2 34.1 10.0 10.1 2.1 0.2 0.8 0.6 0.1 759.2
1980 791.7 161.2 108.1 91.8 32.1 21.8 2.3 1.4 0.4 0.2 1211.0
1981 7888.7 447.0 264.3 56.9 39.5 28.5 22,7 18.7 5.5 1.1 8772.9
1982 9556.7 840.4 268.4 230.1 33.7 14.4 6.8 7.8 3.6 1.1 10963.0
1983 10029.9 1146.6 544.8 216.4 105.1 26.2 22.8 12.8 11.4 12.2 12128.2
1984 2189.4 561.1 986.5 417.1 189.9 77.8 21.7 24.2 10.6 17.8 4496.1
1985 1292.9 1620.2 1223.2 1187.6 367.6 124.1 43.5 20.0 13.2 15.9 5908.2
1986 704.0 1763.2 1155.1 827.1 458.3 127.7 61.1 20.2 13.4 14.6 5144.7
1987 1797.5 3522.4 2005.4 687.2 481.1 248.9 75.7 23.9 7.9 8.1 8858.1
1988 1292.9 1970.8 1955.5 1185.1 398.1 260.6 128.6 37.9 15.1 8.4 7253.0
1989 1955.8 1899.5 9277 1383.6 828.1 218.3 129.4 63.3 20.7 8.7 7435.1
1990 853.9 1477.4 592.8 763.3 849.1 375.9 80.1 54.4 28.4 11.8 5087.1
1991 1594.2 1244.4 771.2 5531 548,55 4935 201.4 38.8 25.0 12.6 5482.7
1992 7598.2 643.4 960.9 411.8 334.6 341.5 360.1 1447 37.7 23.2 10856.1
1993 6981.7 1283.9 760.4 597.7 306.7 216.2 223.7 185.9 85.8 41.2 10683.2
1994 3717.3 4505 1391.9 491.3 3454 114.2 95.5 75.7 69.5 44.8 6796.1
1995 6279.8 483.1 1389.7 863.7 244.6 118.8 55.5 40.8 51.3 68.7 9595.7

Table 2.2.3 Catches(numbers in millions) of llla spring spawners taken in the North Sea, and transfered
to assessement of llla spring spawning stock. (1987-1995)

Year Winter ring

0 1 2 3 4 5 6 7 8 9+ Total
1987 35.5 35.0 25.0 8.9 2.8 0.7 0.1 0.1 108.1
1988 446 108.9 19.5 8.2 2.2 0.4 183.8
1989 27.3 52.7 38.3 11.6 8.7 3.8 1.7 0.2 144.3
1990 12.4 14.7 21.8 3.6 3.0 241 0.7 0.4 58.7
1991 6.7 15.1 18.0 9.1 3.1 0.8 0.3 53.0
1992 0.3 9.9 11.1 8.4 8.6 2.5 0.7 0.6 421
1993 4.2 10.8 12.3 8.4 5.9 47 1.7 1.0 49.0
1994 8.8 282 16.3 11.0. 8.6 34 32 0.7 80.2
1995 224 11 14.9 4 29 1.9 0.5 0.2 57.8
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Table 2.2.4 Catches(numbers in millions) of North Sea autumn spawners taken in llla, and transfered
to assessement of North Sea autumn spawners.
Year Winter ring
0 1 2 3 4 5 6 7 8 9+ Total
1987 6238.0 3153.0 117.0 9508.0
1998 1830.0 5792.0 292.0 7914.0
1989 1028.2 1170.5 654.8 2853.5
1990 397.9 14243 283.7 2105.9
1991 712.3 822.7 330.2 1865.2
1992 2407.5 1587.1 283.8 26.8 26.6 16.0 12.3 5.5 1.0 4366.6
1993 2910.7 2403.8 3775 5691.9
1994 5422 1239.7 305.2 2087.1
1995 1722.84 1069.58 126.37 2918.8
Table 2.2.5 Total catch (numbers in millions) per age of North Sea autumn spawning stock used for
assessment
Year Winter ring
0 1 2 3 4 5 6 7 8 o+ Total

1987 8035.5 66754 20869 6522  456.1 240.0 729 23.2 7.8 8.0 18258.0
1988 31229 77628 22029 1076.2 3786 2524 126.4 375 151 8.4 14983.2
1989 2984.0 30700 1555.2 13309 7898 206.7 120.7 59.5 19.0 8.5 10144.3
1990 12518 2901.7 8641 748.6 827.3 3723 771 52.3 27.7 114 7134.3
1991 2306.5 2067.1 1094.8 538.0 5305 4844 198.4 38.0 247 12.6 7294.9
1992 10005.7 2230.5 12444 4287 350.1 349.1 363.8 1476 38.0 226 15180.6
1993 98924 3687.7 11336 5869 2944 2078 217.8 181.2 84.1 40.2 16326.1
1994 4259.5 1690.2 1688.3 4631 3291 103.2 86.9 723 66.3 441 8803.0
1995 8002.6 1552.7 1493.7 8527 229.7 114.8 52.6 38.9 50.8 68.5 12456.7
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Table 2.2.6 Percentage age composition of North Sea HERRING
(2-ringers and olders) in the catch.

Catchesin: 1995
age in W.Rings 2 3 Older >= Total

Division Quarter 1992 1991 1990 (millions)
| 35.7 54.6 9.7 334
IVa West 1 53.1 288 18.1 230.4
1 458 284 25.8 571.5
\Y 63.0 25.0 12.1 250.7
Total 51.0 285 20.5 1086.0
| 31.2 49.6 19.2 195.7
IV a East Il 62.4 19.5 18.1 83.3
ll 45.8 26.0 - 28.2 80.2
v 452 35.6 19.2 330.5
Total 43.4 36.5 20.1 689.6
| 16.2 68.8 16.0 18.8
Vb 1l 73.0 10.5 16.4 76.9
] 49.4 34.9 15.7 403.6
1\ 59.2 23.0 17.7 98.2
Total 53.0 30.9 16.1 597.4
l 9.1 384 525 53.1
Ve + Vild Il 211 28.3 50.6 111
|l 55.7 235 20.8 20.3
\Y% 53.7 23.9 224 375.3
Total 47.9 25.7 26.5 459.8
| 30.6 51.8 17.7 247.8
IVa + [Vb Il 59.0 232 17.8 390.6
1l : 47.2 30.7 22.1 1055.3
v 53.8 299 - 164 679.4
Total 49.3 31.4 19.3 2373.0
| 26.8 494 23.8 300.9
Total | 58.0 234 18.7 401.6
North i 47.3 30.6 221 1075.6
Sea \Y) 53.8 277 18.5 1054.7
Total 49.0 30.5 20.5 2832.9
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Table 2.2.7 Catches (SOP,tons} of North Sea Herring, by quarter and division.
Catchesin: 1995
0 1 2 3 4 5 6 7 8 9+ SOP
Quarter Division 1994 1993 1992 1991 1990 1989 1988 1987 1986 1985 Total
Va W 0 0 1332 2458 294 39 51 63 70 64 4371
] IVaE 0 0 6824 13123 1619 195 249 297 325 325 22959
Vb 0 833 103 1902 353 55 30 34 20 20 3349
Ve 0 83 404 1928 1527 1586 269 66 120 66 6049
Total 0 917 8662 19411 3793 1874 600 461 535 476 36728
Vaw 0 22 16448 11624 3262 2319 743 688 882 635 36624
1 IVaE 0O 624 6958 2620 1526 838 267 264 173 181 13449
IVb O 2380 5968 1232 1314 531 275 120 254 ° 91 12165
Ve 0 5 192 313 202 306 45 170 89 5 1326
Total 0O 3030 29566 15788 6304 3995 1330 1242 1396 912 63564
IVaWw 1 762 39445 31960 13309 5063 4074 3617 7011 6929 112170
il IVa E 0 478 6221 3806 2670 766 643 375 142 60 15153
Vb 42591 5278 29738 25816 5543 2259 3147 1189 1003 1979 118543
Ve (o] 23 1312 626 308 320 106 48 10 12 2765
Total 42592 6541 76716 62209 21830 8408 7971 5228 8167 8970 248631
IVa W 96 2297 23186 10774 2340 998 457 632 921 1410 4311
v IVa E 132 3017 20417 20394 6028 1056 998 1458 2845 1614 57959
Vb 11446 6797 6899 3196 1283 1274 228 272 138 131 31663
Ve -346 650 23264 12468 6372 6178 2135 863 243 261 52780
Total 12021 12760 73766 46832 16023 9506 3818 3225 4146 3415 185512
Total '
N. Sea 1995 54612 23247 188711 144239 47950 23783 13719 10157 14244 13773 534436
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Table 2.2.8

North Sea Autumn Spawning Herring

Landings of Herring from the North Sea and Div. llla in 1995.
Catch in numbers (mill) and mean weight (g) by fleet.

Fleet: A: HC in the North Sea B: Small meshed fishery in the North Sea C: Human consumption in Div. IlI
D: Mixed clupeoid fleet in Div llla E: Industrial fishery (for reduction) in Div llla
1. Quarter
Fleet A Fleet B Fleet C Fleet D Fleot E Total
W.rings [Numbers |Mean-W |Numbers [Mean-W |Numbers {Mean-W |Numbers [Mean-W [Numbers {Mean-W |Numbers {Mean-W
0
1 53.12 17.3 17.69 29.5] 230.76 146] 225.62 23.2] 527.19 19.0
2 76.47 110.0 4.23 52.1 39.99 136.3 2.32 31.2 20.78 50.3] 143.79 105.7
3 146.94 131.0 1.66 1349 148.60 131.0
4 26.94 139.9 0.16 160.6 27.10 140.0
5 13.28 1409 0.02 181.5 13.30 141.0
6 3.08 191.8 0.02 2295 3.10 192.0
7 2.38 190.0 0.02 1943 2.40 190.0
8+ 25.65 209.4 0.05 225.2 : 25.70 209.4
Total 294.74 59.28 23.8 57.68] 103.55] 233.08 14.7] 246.40 25.5] 891.18 63.7
SOP (t) 39.710 1,412 5,973 3.435 6,272 56,802
2. Quarter . .
Fleet A Fleet B Fleet C Fleet D Fleet E Total
W.rings {Numbers {Mean-W [Numbers |Mean-W |Numbers jMean-W |Numbers |Mean-W |Numbers [Mean-W |Numbers |Mean-W
0
1 28.92 62.3 76.48 16.4 24.27 35.1 236.36 30.8] 366.03 30.6
2 213.78 137.7 3.62 336 12.83 92.2 13.48 58.1 243.71 129.3
3 93.75 168.0 0.05 158.6 93.80 168.0
4 33.27 189.0 0.03 167.8 33.30 189.0
5 21.19 188.0 0.01 177.0 21.20 188.0
6 5.90 2240 5.90 224.0
7 5.30 236.0 5.30 236.0
8+ 9.20 250.5 . 9.20 250.5
Total 411.31 151.1 80.19 17.3 37.10 54.82 249.84 32.3] 778.44 94.6
SOP (t) 62.134 1,391 2,034 0 8,066 73,624
3. Quarter .
Fleet A Fleot B Fleet C Fleet D Fleet E Total
W.rings |Numbers |Mean-W [Numbers |[Mean-W |Numbers |Mean-W [Numbers [Mean-W [Numbers |Mean-W |[Numbers |Mean-W
0 5070.30 8.0 79.34 13.2] 1170.18 10.4] 6319.82 8.5
1 36.31 77.8 88.39 414 76.02 76.6 6.01 30.2] 183.99 411 390.72 51.3
2 507.70 151.0 1.32 144.2 7.18 1314 0.06 89.8 7.49 92.2| 523.75 149.9
3 328.15 1891 044 178.8 328.59 189.1
4 99.22 2201 0.06 162.8 99.28 220.0
5 33.58 250.6 0.02 173.8 33.60 250.5
6 26.69 298.8 0.01 211.0 26.70 298.7
7 17.50 299.7 17.50 299.7
8+ 53.70 319.5 53.70 319.5
Total 1102.85 183.3] 5160.54 8.6 83.20 85.41 14.4] 1361.66 15.0) 7793.66 35.3
SOP (1) 202,173 44,506 6,766 1,234 20,412 275,091
4. Quarter .
Fleet A Fleet B Fleet C Fleet D Fleet E Total
W.rings |Numbers |Mean-W |Numbers |Mean-W [Numbers |Mean-W [Numbers {Mean-W |[Numbers |Mean-W |Numbers |Mean-W
0 11.57 30.7| 1197.83 9.8 5.64 12.5 97.00 16.9|] 370.68 18.1| 1682.72 12.2
1 90.80 85.0] 109.10 46.5 39.38 78.0 2.09 38.5 27.39 41.8] 268.76 63.6
2 561.45 130.3 545 96.5 20.66 130.4 0.07 46.0 1.51 71.0] 589.14 129.9
3 291.07 160.1 1.43 131.8 292.50 160.0
4 85.00 189.0 85.00 189.0
5 47.80 199.0 47.80 199.0
6 17.60 217.0 17.60 217.0
7 14.10 229.0 14.10 229.0
8+ 30.90 245.2 30.90 245.2
Total 1150.29 1313.81 13.3 65.68 99.16 17.4 399.58 19.9] 3028.52 66.4
SOP (t) 168.060 17,526 5,836 1,721 7,957 201,100
Total Year .
Fleet A Fleet B Fleet C Fleet D Fleet E Total
W.rings |Numbers |[Mean-W |Numbers [Mean-W [Numbers |Mean-W |Numbers [Mean-W [Numbers |Mean-W [Numbers |Mean-W
0 11.57 30.7] 6268.13 8.3 5.64 12.5 176.34 15.2] 1540.86 12.2| 8002.54 9.3
1 156.03 79.14] 327.09 33.3] 157.36 65.2] 238.86 15.2| 673.36 31.5| 1552.70 37.6
2 1359.401 138.07 14.62 724 80.66 127.3 245 33.0 43.26 60.71 1500.39 134.5
3 859.91 167.05 3.58 139.4 863.49 166.9
4 244.43 196.20 0.25 162.0 24468 196.2
5 115.85| 205.28 0.05 177.5 116.90 205.3
6 5327 257.29 0.03 2233 53.30 257.3
7 39.28 253.06 0.02 194.3 39.30 259.0
8+ 119.45 271.33 0.05 225.2 119.50 271.3
Total 2959.19}] 159.53| 6613.82 9.8] 243.66 84.58] 417.65 16.3] 2257.48 18.9] 12491.80] . 48.6
SOP (t) 472,078 64.835 20,608 6.390 42,707 606,617
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Table 2.2.9 Landings by area and quarter in tons, number of samples, number of fish
o measured and aged from commercial landings in 1995
HERRING
Country Quarter Landings Number of Number of Number of
in '000tons samples fish measured fish aged
Belgium 1
2
3
4 +
p . Total 0.0 0 om0 ... 0
Denmark 1 29.5 12 582 574
2 6.8 9 308 251
3 61.1 16 1,364 1,195
4 53.5 34 1,949 1,522
. Total 150.9 71 . 4,203 3,542
France 1 0.6 1 321 88
2 5.8 1 191 50
3 12.1 0 - 0 0
4 11.0 3 625 243
L : _Total 29.5[... 5 1,137 381
Germany 1 0.3 0
2 3.3 . 0
3 30.0 ? 21,328 1,588
4 10.1 ? 21,438 272
e Total L A3T(.. . . DO e 42,766 . 1,860
Netherlands 1 5.3 9 1,063 225
2 4.3 3 466 .75
3 35.3 13 2,498 575
4 39.6 32 3,939 800
o Total .. 84.5 57 .7,.966],. .. ... .18675
Norway 1 0.7 1 100 100
2 36.3 23 2,300 2,300
3 43.1 16 1,600 1,600
4 51.0 17 1,700 1,700
T Total . 13141 .57.0] . . ... 5700.0 .5,700
Sweden 1 0.0 0
) 2 1.4 0
3 1.9 0
4 1.7 0
Total .5.0 0f . . 0 - 0
UK (England) 1 0.1 0
2 .0.1 0
3 12.3 0
4 241 0
T Total ..14.6 0 Lol .. 0
UK (Scotland) 1 + 0 0 0
2 5.6 20 4,608 788
3 53.2 67 12,872 3,744
4 13.7 20 4,088 898
Total - 725]. 107 e 21568.0). e . 5,430
Country Quarter Landings Number of Number of fish Number of
in'000tons | samples per | measured per | fishaged per
. : 000 tons 000 tons 000 tons
.. All countries LAl .. 5318] ....... . 06 166.7 L e 35,0

EAACFM\HAWGO6\T-2-2-9.x1s
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Table 2.3.1.

IBTS 1-ringer indices (1st quarter)

Year class Year of . 1-ringer
sampling index
1977 1979 172
1978 1980 312
1979 1981 431
1980 1982 772
1981 1983 1260
1982 1984 1443
1983 1985 2083
1984 1986 2542
1985 1987 3684
1986 1988 4530
1987 1989 2313
1988 1990 1016
1989 1991 1159
1990 1992 1162
1991 1993 2943
1992 1994 1667
1993 1995 1188
1994 1996 1729
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Table 2.3.2 Density and abundance estimates of O-ringers caught in February during the IBTS. Values given for year
classes by areas are density estimates in numbers per square metre. Total abundance is found by multiplying density by

area and summing up

Area North North Central  Central South South Division South O-ringers
west east west east west east 1lla Bight abun-
dance
Aream’x 10° 83 34 86 102 37 93 31 31  no.in
10°
Year class
1976 0.054 0.014 0.122 0.005 0.008 0.002 0.002 0.016 17.1
1977 0.024 0.024 0.050 0.015 0.056 0.013 0.006 0.034 13.1
1978 0.176 0.031 0.061 0.020 0.010 0.005 0.074 0.000 52.1
1979 0.061 0.195 0.262 0.408 0.226 0.143 0.099 0.053 101.1
1980 0.052 0.001 0.145 0.115 0.089 0.339 0.248 0.187 76.7
1981 0.197 0.000 0.289 0.199 0.215 0.645 0.109 0.036 133.9
1982 0.025 0.011 0.068 0.248 0.290 0.309 0.470 0.140 91.8
1983 0.019 0.007 0.114 0.268 0.271 0.473 0.339 0.377 115.0
1984 0.083 0.019 0.303 0.259 0.996 0.718 0.277 0.298 181.3
1985 0.116 0.057 0.421 0.344 0.464 0.777 0.085 0.084 177.4
1986 0.317 0.029 0.730 0.557 0.830 0.933 0.048 0.244 270.9
1987 0.078 0.031 0.417 0.314 - 0.159 0.618 0.483 0.495 168.9
1988 0.036 0.020 0.095 0.096 0.151 0.411 0.181 0.016 71.4
1989 0.083 0.030 0.040 0.094 0.013 0.035 0.041 0.000 259
1990 0.075 0.053 0.202 0.158 0.121 0.198 0.086 0.196 69.9
1991 0.255 0.390 0.431 0.539 0.500 0.369 0.298 0.395 200.7
1992 0.168 0.039 0.672 0.444 0.734 0.268 0.345 0.285 190.1
1993 0.358 0212 0.260 0.187 0.120 0.119 0.223 0.028 101.7
1994 0.148 0.024 0.417 0.381 0.332 0.148 0.252 0.169 126.9
1995 0.260 0.086 0.699 0.092 0.266 0.018 0.001 0.020 106.2
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Table 2.4.1 Numbers (*10®), Biomass{t*10) and Mean Weight(g) of North

Herring (Millions) by ICES area for 1995

Sea Autumn Spawning

Numbers | IVa Vb IVa&b East of Total North

(Millions) 6°E Sea
0 1.27 0.00 1.27 274.15 275.43
1 553.89 2651.91 3205.80 100.93 4201.96
2l 746.29 65.65 811.94 228.37 1040.31
2M 2372.59 1567.31 2529.90 229.04 2758.94
3l 56.48 22.14 78.63 15.98 94.61
3M 1766.97 104.45 1871.42 89.93 1961.35
4 599.10 55.19 654.29 2.00 656.29
5 165.43 106.07 271.50 0.58 272.09
6 104.29 70.55 174.84 0.42 175.26
7 107.44 14.85 122.29 12.59 134.88
8 105.17 0.84 106.01 4.17 110.18
9 83.79 0.21 84.01 0.08 84.09
Tot 6662.72 3249.18 9911.89 1307.75 11219.64
Immature 1357.93 2739.70 4097.64 968.93 5066.57
Mature 5304.78 509.47 5814.25 338.82 6153.07

Biomass Va Vb IVa&b East of North Sea

(Tonnes 6°E

*10)

0 0.01 0.00 0.01 1.12 1.13
1 35.16 160.66 195.82 50.01 247.03
2 72.10 0.00 78.45 16.79 95.24
2M 365.37 20.55 385.92 17.17 403.09
3l 7.16 2.55 9.71 1.61 11.32
3M 334.36 15.73 350.09 9.25 359.34
4 122.26 8.49 130.75 0.30 131.06
5 38.14 14.80 52.94 0.10 53.04
6 28.92 10.90 39.82 0.08 39.90
7 30.08 2.39 32.48 2.14 34.62
8 32.34 0.18 32.52 0.73 33.25
9 27.21 0.04 27.25 0.01 27.27
Tot 1093.12 236.31 1335.77 72.07 1407.84
Immature 114.43 163.21 283.99 42.28 326.27
Mature 978.68 73.09 1051.78 29.79 1081.56
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Table 2.4.1 (Continued)

Weight IVa IVb IVa&b East of North Sea
(g) 6°E
0 7.00 0.00 7.00 4.08 4.10
1 63.48 60.58 61.08 51.02 57.78
2 96.62 0.00 96.62 73.51 91.65
2M 154.00 130.61 152.54 74.95 146.10
3l 126.78 115.26 123.53 100.76 119.69
3M 189.23 150.58 187.07 102.84 183.21
4 204.07 153.91 199.84 162.20 199.69
5 230.54 139.56 195.00 176.90 194.96
6 275.37 1567.40 228.13 194.10 228.05
7 280.03 161.16 265.59 169.98 256.67
8 307.47 219.28 306.77 174.83 301.77
9 324.70 209.04 324.41 175.70 324.26
Tot 164.06 72.73 134.76 55.11 125.48
Immature 84.27 59.57 69.31 43.64 64.40
Mature 184.49 143.47 180.90 87.92 175.78

EAACFM\HAWGY96\TAB241.DOC
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Table 2.4.2  Estimates of North Sea autumn spawners (millions) at age from acoustic surveys, 1984-1995. For 1984-1986 the estimates are the sum of those from the Division IVa summer survey,
the Division IVb autumn survey, and the Divisions IVc, VIId winter survey. The 1987 to 1995 estimates are from the summer survey in Divisions IVa,b, and Ila excluding estimates of
Division Illa/Baltic spring spawners.

Age (rings) Numbers (millions)
Year
1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
1 551 726 1,639 13,736 6,431 6,333 6,249 3,182 6,351 10,399 3,646 4,202
2 3,194 2,789 3,206 4,303 4,202 3,726 2,971 2,834 4,179 3,710 3,280 3,799
3 1,005 1,433 1,637 955 1,732 3,751 3,530 1,501 1,633 1,855 957 2,056
4 394 323 833 657 528 1,612 3,370 2,102 1,397 909 429 656
5 158 113 135 368 349 488 1,349 1,984 1,510 795 363 272
6 44 41 36 77 174 281 395 748 1,311 788 321 175
7 52 17 24 38 43 120 211 262 474 546 238 135
8 39 23 6 11 23 44 134 112 155 178 220 110
9+ 41 19 8 20 14 22 43 56 163 116 132 84
Total 5,478 5,484 7,542 20,165 13,496 16,377 18,262 12,781 17,173 19,326 13,003 11,220
Z(2+/34) 0.92 0.57 1.01 0.81 0.11 0.11 0.56 0.37 0.73 1.17 0.55
Smoothed 0.79 0.78 0.76 0.60 0.34 0.26 0.35 0.56 0.76 0.82 0.76
Z2+/3+)
SSB(‘000 t) 807 697 942 817 897 1,637 2,174 1,874 1,545 1,216 1,035 1,082

SSB defined as all fish > maturity stage IIL
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Table 2.5.1 Temporal and spatial coverage of the larvae surveys in 1994/95 and 1995/96 within the
standard areas and time periods required for the calculation of LAI and LPE. The
contribution of each survey, as the sum of numbers of herring larvae per m> per survey
period, are also shown.

1994/95 1995/96

Area Period Samples Days Larvaem™ | Samples | Days | Larvaem™

Buchan 1-15 Sep. None None

16 -30 Sep. None None

Orkney/Shetland 1-15 Sep. 28 3 Not usable None
16 -30 Sep. 89 5 1,260 122 8 8,741

None

Central North 1-15 Sep. None None

Sea 16 -30 Sep. 76 5 1,465 None
1-15 Oct. 52 4 50 38 3 51

16 - 30 Oct. None None
Southern North 16 - 31 Dec. 29 3 450 62 4 73
Sea 1-15Jan. 117 10 675 131 8 232
16 - 31 Jan. None 66 3 196

ENACFM\HAWG96\T-2-5-1.DOC
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Table 2.6.1. Abundance of herring from August Scottish Groundfish Surveys. Recorded catch rates of herring
per 10 hours’ fishing.

Year Valid Hauls Age

2 3 4 5 6 7 8
1982 76 535 154 56 41 20 24 8
1983 78 1143 353 141 45 36 21 13
1984 82 399 75 28 8 2 3 3
1985 83 1798 645 161 130 11 9 7
1986 79 564 311 158 22 9 3 1
1987 73 917 261 149 105 19 6 1
1988 85 2033 1008 190 89 49 3 1
1989 86 1104 1233 458 79 66 38 1
1990 85 585 770 642 188 56 19 5
1991 90 1784 943 635 433 177 44 17
1992 87 541 246 128 117 136 21 6
1993 87 844 307 128 105 93 73 17
1994 87 2096 368 128 49 42 27 18
1995 87 1637 528 124 156 66 38 26

EAACFM\HAWGY6\T-2-6-1.DOC
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Table 2.7.1 North sea Herring,
Mean weigth (g) at age (w.r.) and year class weighted by number caught

Catchesin: 1995

o} 1 2 3 4 5 6 7 8 9+
Division Quarter 1994 1993 1992 1991 1990 1989 1988 1987 1986 1985
| 0 0O 112 135 160 180 220 191 218 224

IVa B | O 154 134 175 187 188 226 241 258 266
(W of 2E) i 60 81 151 197 235 239 289 286 320 326
v 23 86 147 172 198 236 233 224 244 249

Total 23 85 145 184 219 222 272 268 302 305

i 0 0 112 135 159 182 233 194 225 225

IVa I 0O 59 134 161 193 214 258 293 286 257
(Eof 2E) i 0O 58 169 183 195 208 240 208 266 213
\V) 24 93 137 173 202 225 223 231 246 244

Total 24 80 135 159 192 214 233 227 247 241

| 0 17 36 147 161 202 212 244 148 148

Vb I O 25 106 152 206 183 205 253 220 240
]] 8 49 149 183 205 223 270 273 298 289

v 10 52 119 141 171 188 234 246 253 253

- Total 9 40 135 174 197 205 261 266 272 282

| 0 24 83 95 118 135 161 156 164 164

Ve il 0 24 82 100 123 148 159 163 162 200
+ Hi 0 79 116 131 183 201 221 257 247 280
Vild v 14 63 115 139 178 193 210 223 205 272
Total 14 53 114 130 161 177 203 208 184 241

IVa Total 23 82 142 172 208 220 260 253 284 290|
l 0 17 109 136 160 185 229 197 219 219

IVa 1 0 29 127 171 193 193 227 253 253 261
+ 1l 8 52 151 190 221 231 277 276 316 316
IVb v 10 64 138 169 196 212 227 231 246 246
Total 9 48 140 173 205 216 260 256 283 289

| 0 17 107 131 140 141 192 190 204 210

Total | 0 29 127 168 189 188 224 236 244 261
North ] 8 52 151 189 220 230 276 276 316 316
Sea v 10 64 130 160 189 199 217 229 243 248
Total 9 48 136 167 196 200 247 249 278 287
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Table 2.7.2  Comparison between mean weights (g) at age in catch of North Sea Herring {adults) from
earlier years and 1985-1994. :
Age in winter rings

Division Year 2 3 4 5 6 7 8 9+
1987 118 157 186 214 237 260 278 304
IVa 1988 126 150 176 200 218 237 260 263
1989 129 167 175 210 233 246 268 256
1990 123 154 177 194 229 234 251 295
1991 146 164 181 198 214 231 263 275
1992 149 184 189 208 223 240 243 285
1993 133 156 193 210 234 249 268 319
1994 135 171 201 223 246 258 278 295
1995 142 172 208 220 260 253 284 290
1987 70 131 179 215 233 225 273 244
Vb 1988 98 136 175 195 208 244 228 205
1989 93 162 199 225 280 276 273 333
1990 102 145 194 219 250 272 259 277
1991 119 173 196 220 225 277 257 263
1992 81 179 198 213 232 255 272 313
1993 102 146 199 220 236 261 275 306
1994 122 150 177 205 237 251 255 245
1995 135 174 197 205 261 266 272 282
1986 122 158 184 210 223 245 253 263
IVa+I1Vb 1987 99 152 186 214 237 259 278 304
1988 112 147 176 199 217 238 257 263
1989 116 1568 179 212 237 250 269 259
1990 113 162 181 198 232 238 252 290
1991 131 167 184 203 217 239 262 272
1992 100 183 191 209 224 243 250 290
1993 116 162 195 212 234 251 269 317
1994 131 164 192 218 245 258 277 292
1995 140 173 205 216 260 256 283 289
1986 108 139 164 185 208 174 202 232
Ve +Vild 1987 105 128 148 164 198 211 197 234

1988 103 132 156 178 197 185 165
1989 110 127 151 182 198 201 198 179
1990 118 131 152 171 195 216 208 231
1991 123 165 184 200 212 196 237 161
1992 100 183 191 209 224 243 250 290
1993 113 139 152 174 182 191 211 216
1994 117 145 172 191 209 224 229 218
1995 114 130 161 177 203 208 184 241
1986 121 163 182 207 221 238 252 262
1987 99 149 180 211 234 258 278 295
Total 1988 111 145 174 197 216 237 253 263
North Sea 1989 115 1563 173 208 231 247 265 259
1990 114 149 177 193 229 236 250 287
1991 130 166 184 203 217 235 259 271
1992 103 175 189 2Q7 223 237 249 287.
1993 115 145 189 204 228 244 256 310
1994 130 159 181 214 240 255 273 281
1995 136 167 196 200 247 249 278 287
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Table 2.7.3 Herring mean weight at age in the third quarter in Divisions IVa and [Vb.
Mean weigths (g) at age in the catch
AGE Third quarter (Divisions {Va and IVb) July Acoustic Survey
{w.r.) 1987 1988 1989 1990 1991 1992 1993 1994 1995 1991 1992 1993 1994 1995
1 b4 58 42 58 73 51 53 55 52 65 78 69 60 58
2 134 124 126 128 164 127 145 131 151 168 142 115 138 132
3 182. 179 179 180 189 200 161 164 190 198 209 147 209 180
4 219 207 207 208 210 215 179 192 221 224 219 202 220 200
5 248 244 244 228 229 235 199 218 231 236 243 225 251 195
6 265 274 274 256 246 252 221 245 277 260 255 277 289 228
7 286 288 288 267 276 276 239 258 276 275 272 286 315 257
8 310 296 296 272 296 286 240 277 316 298 312 305 323 302
9+ 342 350 350 295 293 330 283 292 316 317 311 340 346 324
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Table 2.8.1 Input parameters for ICA

Reading /users/fish/ifad/ifapuork/haug/her_4T7d3/MATPROP.166

Ogive in 1996 assumed = ogive in 18995
Reading /users/fish/ifad/ifapwork/hawvg/her_47d3/FPROP, 166

Reading /users/fish/ifad/ifapwork/haug/her_47d3/MPROP, 166

Reading fusers/fish/ifad/ifapuork/havg/her_4Td3/FLEET .I66
Reading /users/fish/ifad/ifapwork/haug/her_47d3/SSB,I166
MLAI: Multiplicative Larval Abundance In

No of years for separable constraint 7 —> 4
Reference age for separable constraint 7 -—> 4
S to be fixed on last age 7 —> 1
First age for calculation of reference F ——> 2
Last age for calculation of reference F —-> 6
Use default weighting (Y/N) ?7 --> n
Enter relative weights at age

Weight for age 0 -->4
Weight for age 1 -1
Height for age 2 -1
Height for age 3 —1
Height for age 4 -1
Height for age 8 ——>1
HWeight for age 6 -—> 1
Height for age T —>1
Height for age g —>1
Height for age g -->1

Enter relative weights by year

Height for year 1892 --> 1

Weight for year 1893 --> 1

Height for year 1984 --> 1

Weight for year 1995 —> 1

Specify weights for year and age:

Enter year, age, neuw weight or -1,-1,-1 to finish

-1,-1,-1

Is the last age of index 1 a plus group 7 (Y/N)--> y
Is the last age of index 2 a plus group 7 (Y/N)--> y
Is the last age of index 3 a plus group 7 (Y/N)--> n
Is the last age of index 4 a plus group 7 (Y/N)-=> n

You nust choose a catchability model for each index.

Models @ A Absolute: Index = Abundance + e
L Linear: Index = § . Abundance + e
P  Pouwer: Index = Q . Abundance™ + e

where § and K are parameters to be estimated, and
e is a lognormally-distributed error.,

Model for SSB index 1 is to be (R/L/P) ?7——> p

Model for aged index - 1 is to be (A/L/P) 7--> 1
Model for aged index 2 is to be (R/L/P) 7—> 1
Model for aged index 3 is to be (A/AL/P) 7—> 1
Model for aged index 4 is to be (A/L/P) ™ 1

Enter the time lag in entire years betuween spawning and the stock si

ze
of fishaged 0 on 1 January --> 1



Table 2.8.1 continued

" No of years for separable analysis : 4

fige range in the analysis :

Year range in the analysis + 1976 1995
Number of indices of SSB s 1

Number of age-structured indices : 4
Stock-Recruit relationship to be fitted.

Parameters to estimate : 39

Enter lowest feasible F --> 0,05
Enter highest feasible F --> 1

ICAL1 has terminated, ‘
Do you want to continue with ICR2 (Y/N, Default: Y)Py

- Weighting options @
- Recalculate all ueights iteratively.
2 - Enter new weights by hand,

Enter your choice ——> 2

Enter weight for biomass index 1 --> 1
Enter weight for aged index 1 at age 2 -
Enter weight for aged index 1 at age 3 —>
Enter weight for aged index 1 at age 4 -
Enter weight for aged index 1 at age 5 -
Enter weight for aged index 1 at age 6 -->
Enter weight for aged index 1 at age 7 -
Enter weight for aged index 1 at age 8 -—>
Enter weight for aged index 1 at age 9 -—->
Enter weight for aged index 2 at age 2 -
Enter weight for aged index 2 at age 3 -->
Enter weight for aged index 2 at age 4 —>
Enter weight for aged index 2 at age 5 —->
Enter weight for aged index 3 at age 1 -
Enter weight for aged index 4 at age 0 —>

Enter weight for stock-recruit model —>,1

You should enter estimates of the extent to which
errors in each age of the age structured indices
are correlated, These may range from zero
(independence) to 1 (correlated errors) .

Ll el Y et ol aad sl aall ol S ol

Enter value for aged index 1 -1

Enter value for aged index 2 —> 1
Enter value for aged index 3 -——> 1
Enter value for a2ged index 4 -—> 1
Do you want to shrink the final populations 7 (Y/N) ——> n
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Table 2.8.2

Output data ICA North Sea

CATCH NUMBERS AT AGE (Millions)
1976 1977 1978 1979
0 238. 257. 130. 542,
1 127. 144, 169. 159.
2 902. 45, 5. 34.
3 117. 186. 6. 10.
4 52. 1. 5. 10.
S 35. 7. 0. 2.
) 6. 4. 0. 0.
7 4. 2. 0. 1.
8 1. 1. 0. 1.
9 0. 0. 0. 0.
INDICES OF SPAWNING STOCK BIOMASS
1976 1977 1978
1 .190E+03 ,482£+03 .831E+03
AGE - STRUCTURED INDICES
INDEX : 1 from 1989 to 1995
1989 1990 1991
2 3736407 L297E+07 .283E+07
3 .375e+407 .353E+07 .1S0€+07
4 J161E+07  .3376+407 . 210E+07
S .LBBE+06 .135E+07 .198E+07
6 .281E+06 .395E+06 .74BE+06
7 120E+06 .211E+06 .262E+06
8 LGLO0E+0S  L134E+06 . 112E+06
9 .220E+05 .430E+05 .S560£+05
INDEX : 2 from 1983 to 1996
1983 1984 1985
2 109403 .161E+03 ,716£+03
3 L420E+02 .750E+02 .256E+03
4 .140E+02 .320E+02 .260E+02
5 .340e+02 .700E+01 .360E+02
INDEX : 3 from 1979 to 1996
1979 1980 1981
1 726403 U312E+03  .431E+03
INDEX : & from 1977 to 1996
1977 1978 1979
0 A71E+02 1316402 .S21E+02
FISHING MORTALITY
1976 1977 1978 1979
0 L1440 L0966 L0451 .0839
1 L2374 2904 L1979 L1649
2 1.3236  .2117 0236  .0935
3 1.3554 1.3508 .0396 L0646

1980

1263.
245.
134.

92.
32.
22,

2

1,
0.
0.

1979

.117E+04

1992

.418E+07
163407
. 140E+07
L151E+07
L131E+07
LLTLE+Q6
. 155E+06
.163E+06

1986
.661E+03
.235E+03
.S70E+02
.170e+02

1982

.772€+03

1980

.101E+03

1980

.1263
1135
.3589
L4125

1981

9520.
8r2.
284.

57.
40.
29.
23.
19.

6.

1.

1980
.795E+03

1993

37T1E+07
.189€+07
.909E+06
795E+06
.788E+06
.S46E+06
.178E+06
. 116E+06

1987
.838E+03
-117E+03
.560E+02
L440E+02

1983

.126E+04

1981

T67E402

1981

.4855
.2870
.3251
.2705

1982 1983 1984
11957. 13297. 6662.
1116, 2449, 1737.
299. 574. 1095,
230. 216. 422,
34. 105. 193.
14. 26. 78.
7. 23, 22.
8. 13. 24,
4, 1. 11.
1. 12.. 18.
1981 1982
LA70E+06  L334E+04
1994 1995
.328E+07 .380E+07
L9ST7E+06 . 206E+07
LL29E+06  L656E+06
363E+06  .272E+06
321E+06  .175E+06
.328E+06 .135E+06
.220E+06 .110E+06
1326406  .840E+05
1988 1989
.G10E+04 . T775E+03
.783£+403 .411E+03
.550E+02 .860E+02
.260E+02 .100E+02
1984 1985
14LE+04 L 208E+04
1982 1983
J134E+03 (9186402
1982 1983 1984
3379 L4050 .2192
.2274  .2553 .1988
2625  .3064  .3039
4144

.510‘.3278

1985

4179.
3228.
1316.
173,
366.
124,
43.
20.
13.
16.

1983
4T6E+04

1990
.580E+03
.3226+03
.271E+03
.700E+02

1986

.254E+04

1984

.115€+03

1985

.0863
.3837
L4056
.6694

1986

3664.
4723,
1246.
827.
458.
128.
61.
20.
13.
15.

1984

LT41E+04

1991

.794LE+03
.283E+03
.250E+03
. 170E+03

1987

.368E+04

1985

.181E+03

1986

.0626
3172
L4561
.5192

1987

8036.
6675.
2087.
652.
456.
240.
73.
23.
8.

8.

. 112E+05

.377E403
.181E+03
.630E+02
.102€+03

.453E+04

.177€+03

1987

1617
L3741
.4053
4949

1988

3123.
7763.
2203,
1076.
379.
252.
126.
38.
15.
8.

1985

1992

1988

1986

1988

.1256
.5893
.3626
L4045

1989

2984.
3070.
1555.
1331.
790.
207.
121.
60.
19.
9.

1986

.601E+04

1993
. 762E+03
.236€£+03
.450E+02
.640E+02
1989

.231E+04

1987
.271E+03

1989

L1309
4290
.4035

1990

1252.
2902.
864.
749.
827.
372.
77.
52.
28.
1.

1987

.106E+05

1994
.109E+04
.199E+03
L640E+02
.400E+02

1990

.102E+04

1988

.169€+03

1990

.0574
L4470
.3677
.3697

1991

2307.
2067.
1095.
538.
531.
484.
198.
38.
25,
13.

1988

1916405

1995
. 129€E+04
.152E+03
.460E+02
.900E+01
1991

.116E+04

1989

-714E+02

1991

.1105
.3012
.5664
L4411

1992 1993 1994
10006. 9892. 4260.
2231. 36838. 1690.
1244. 1134. 1688.
429. 587. 463.
350. 294. 329.
349. 208. 103.
364. 218. 87.
148. 181. 72.
38. 84, 66.
23. 40. 44,
1989 1990
.22BE+05 .332E+405
1996
-195E+03
.460E+02
.140E+02
.900E+01
1992 1993
T16E+404  .294E+04
1990 1991
.259E402  .699E+02
1992 1993 1994
.2506  .3174 .2816
.2878 3646  .3234
5756 7292 L6468
5655 L7164  .6355

1995

8003.
1553.
1494.
853.
230.
115.
53.
39.
51.
69.

1991
. 165E+05

1994

- 167E+04

1992

.201E+03

1995

.3270
3756
L7512
.7380

1992

.697E+04

1995

L119€+04

1993
.190E+03

.65

17

.10
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4397

.5139
2673 .5969
3325 3273
3610 6156
4071 .5066
4071 .5066
1983 1984
61133, 52584.
16841. 15001.
2498,  4800.
850.  1362.
309. 501.
117. 180.
84. 81.
44, 55.
34. 28.
16. 30.
Ref. F
Fbar 2- 6
.3542
.7253
.0478
.0607
2725
.3335
.2602
.3347
L4313
.6306
.5543
.5331
.5239
.5308
4271
L6851
.6138
775
.6897
.8010

Table 2.8.2 (Cont’d)
4 1.6993 3770 .0956 .0870 .2872 .2967 .2414
5 1.64691 1.1027 .0142 0477 .2429 .3933 .1500
[ .9237  .5841 .0662 .0106 .0609 .3820 .1382
7 1.3972  .5345 .0439 .3594 .0859 .8233  .1947
8 1.3776 7718 1103 1610 .2734 4915  .3189
9 1.3776  .7718  .1103  .1610 .2734  .4915  .3189
NUMBERS AT AGE (Millions)
1976 1977 1978 1979 1980 1981 . 1982
0 2777. 4376.  4647. 10587. 16659. 37651. 64183,
1 930. 885. 1461. 1634. 3581, 5401. 8524.
2 1377. 270. 243. 441. 510.  1176. 1491,
3 171. 272, 162. 176. 298. 264 . 630.
4 66, 36. 58. 127, 135. 161. 165.
5 47. 11. 22. 47. 106. 92. 108.
6- 1. “10. 3. 20. 41. 75. 56.
7 6. 4. 5. 3. 18. 35. 46.
8 1. 1. 2. 4. 2. 15. 14.
9 0. 0. 1. 2. 5. 5. 1.
STOCK SUMMARY
Year Recruits Total B Spawn B Landings Yld/SSB
x10°6 tonnes tonnes tonnes
1976 2777.  364690. 80883.  174800. 2.1611 1
1977 4376. 217466, 52039. 46000. .8839
1978 4L64T.  232149. 69754 . 11000. L1577
1979 10587.  389836. 113338, 25100. .2215
1980 16659.  637699.  138352. 70764. .5115
1981 37651, 1161416, 202259,  174879. .8646
1982 64183, 1837346. 284593,  275079. 9666
1983 61133, 2454221, 431239.  387202. .8979
1984 52584. 2683918. 705297. 409489. .5806
1985 79388. 3243063. 739715. 609108. .8234
1986 95006. 3737281. 753988.  660553. .8761
1987 84045. 4118225, 870150. 773411, .8888
1988 L1444, 3760970, 1115899,  875923. . 7849
1989 38056. 3303446, 1239849,  768886. .6201
1990 35323. 3102114. 1135261, 619963. .5461
1991 34579. 2934939, 939038,  635929. 6772
1992 64759. 2983679. 698944,  694206. .9932
1993 52296. 2944492,  4ST767.  647000. 1.4134
1994 31766. 2284487. 517081. 538000. 1.0405
1995 50282. 2002690. 495946. 607,000 1.0587
PARAMETER ESTIMATES +/- SD
Separable Model: Reference F by year
1 1992 .6804 .5922 .7817
2. 1993 .8619 - .7538 .9855
3 1994 L7646 .6626 .8822°
4 1995 .8879 L7493 1.0522

Separable Model: Selection (S) by age

.7306
L6467
.7006
.5035
.7068
.7068

1985

79388..

15536.
4524.
2624.

737.
271.
90.
53.
27.
32.

5723
.5378
.6862
. 7405
6617
.6617

1986

95006.
26790.
3894.
2234.
1100.
321.
129.
40.
29.
26.

.5768
.5922
.5963
.5350
.6321
.6321

1987

84045.
32829.
nrr.
1828.
1088.
562.
170.
59.
17.
26.

.5690
.6482
.6351
.6227
7097
.7097

1988

41444,
26303.
8308.
3545.
913.
553.
281.
85.
31.
21.

.5561
.6205
.6578
.6192
.6609
.6609

1989

38056.
13447,
5368.
4283.
1937.
467.
262.
135.
41.
23.

4691
4905
4384
.5903
.5821
.5821

1990

35323.
12282.
3221.
2656.
2313.
1005.
227.
125.
66.
30.

4614
4899
4668
.3566
5449

<5449

1991

34579.
12270.
2890.
1652.
1503.
1309.
557.
133.

62.

48.

.6804
.5910
.6563
6179
.6804
.6804

1992

64759.
11391.
3340.
1215.
- 870.
857.
726.
316.

58.

.8619
7486
.8314
.7827
.8619
.8619

1993

52296.
18543.
3142,
1391.
565.
399.
430.
341.
154.
65.

7646

7375
6943
7646
7646

1994

31766.
14006.
4737.
1123.
556.
216.
171.
169.
141.
84.

.8879
7712
.8565
.8063
.8879
.8879

1995

50282.
8818.
3729.
1838.

487.
234.
101.

74.

95.

1996

44025.
13338.
2228.
1303.
719.
181.
98.
39.
30.
64.
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Table 2.8.2 (Cont’d)

5 0 .3683 .3054 L4442
6 1 .4230 .3506 .5104
7 2 .8460 WARN 1.0065
8 3 .8312 L6916 .9990
4 1.0000 Fixed : Reference age
9 S .8685 L7266 1.0381
10 6 .9646 .8164 1.1397
1 7 .9081 L7663 1.0762
8 1.0000 Fixed : last true age
Separable Model: Populations in year 1995
12 0 50281604. 42547782. 59421185.
13 1 8818064 . 7566360. 10276838.
14 2 3728780. 3249521. 4278724,
15 3 1838004 . 1605740. 2103865.
16 4 486914. 417613. 567716.
17 5 234410. 198541. 276759.
18 6 100576. 83878. 120597.
19 7 73866. 60637. 89982.
20 8 76471 62051, 94242.
Separable Model: Populations at age 8
21 1992 84080.9139 63727.7268 110934.4462
22 1993 154079.4773 123796.7835 191769.8073
23 1994 140902.8263 114562.0760 173299.9887

Recruitment in Year 1996

24 0

44025185.9437

SSB Index catchabilities

25 1
26 1

Power Model : Q
Power Model : K

32855887.2776 58991467.2217

.37182e+01 .34842E+01
- .85393E+01 -.93762e+01

Age-structured index catchabilities
Age-Structured Index

1

Linear model fitted. Slopes at age:

27 24
28 3a
29 4 0Q
30 50
31 60a
32 70
33 84q

9 Q

34

-15260€E+01
.16530€+01
.18957e+01
.21854€+01
. 24402E+01
.23876€E+01
.23828£+01
.22098e+01

Age-Structured Index

.11220€+01
.12147e+01
.13922E+01
.16034€+01
.17880€+01
. 17443€+01
.17308E+01
.15989e+01

2

Linear model fitted. Slopes at age:

35 20
36 3a
37 4
38 5a

L17322E-03
.11388€-03
. 72297€-04
.42830E-04

Age-Structured Index

. 14839€-03
.97507€-04
.61872€-04
.36615€E-04

3

Linear model fitted. Slopes at age:

39 10

.13822€-03

.12883E-03

.20754€+01
.22496E+01
.25813€+01
.29786E+01
.33302e+01
.32682E+01
.32804E+01
.30542€+01

.20220€-03
.13300€-03
.B4LTIE-04
.50100E-04

.14829€-03 .

.39679E+01

-.77024€401



- Table 2.8.2 (Cont’d) o ' o

Age-Structured Index 4

Linear model fitted. Slopes at age:
40 0Q .30114E-05 .28161€-05 .32203€-05

Parameters of the B.-H. stock-recruit relationship
41 a .6678108E+08 4679592E+08 .9530131€+08
42 b .5131011E+06 .2657074E+06 .9908369E+06

RESIDUALS ABOUT THE MODEL FIT

Separable Model Residuals
(log(Observed Catch)-log{Expected Catch))
and weights (W) used in the analysis.

Age 1992 1993 1994 1995
0 LT7364E-01 L69733£-01 - . 16863E+00 - . 12895€+00 .10000€+01
1 . 19062e+00 -.19638€-03 -.39600€+00 -.14737€+00 .10000€+01
2 -.28898t-01 - .23292E+00 <. 15975400 -. 148756400 - .10000€E+01
3 -.11321E+00 -.10621E+00 -.43420€E-01 -.31623€-01 .10000€+01
4 -.16053e+00 -.60631€-01 . 14452E+00 -.17882E+00 .10000€+01
5 -.46548E-01 .32254E-01 .28947E-01 -.49886E-01 .10000€+01
6 .85015€-01 - .64599E-01 -19190€E-01 -.52878€E-01" .10000£+01
7 -58140€-01 .22891€-01 -.11455E+00 - .68404E-02 .10000€+01
8 -.44193E-01 - 14171E-01 -.84100€-01 -16347€+00 -10000€+01

Wts . 10000E+01 .10000€£+01 .10000e+01 ~ .10000€+01

Biomass Index Residuals: log(Observed Index) - log(Expected Index)

Idx 1976 1977 1978 1979 1980 1981 1982 - 1983 1984 1985 1986 1987 1988
1 -.10543e+01  .45580E+00  .61573E+00  .31785E+00 -.32790€E+400 -.64201E-01  .15970€+00 -.31203E-01 -.23427E+00 .11717E+00 -.53192E+00 -,15014E+00 .11124E+00 .1

Aged Index Residuals: log(Observed Index) - log(Expected Index)

Age 1989 1990 199 1992 1993 1994 1995
2 -.40077E+00 -.13629E+400  .34506E-01  .28313E+00  .30946E+00 -.26954E+00  .17417€+00
3 -.29630E400  .95113E-01 -.24599E+00  .21419E+00  ,30505E+00 -.20287€+00  .12537£+00
4 - 462336400  L49956E-01  .4BLOTE-02  .26294E+00  .36493E+00 -.42427E+00 ~ .20182E+00
S - 342486400 -,16258E+00 -.41475E-01  .16453E+00  .37494E+00  .15789E+00 -.15391E+00
6 - L041BE+00 -,43855€-01 -.28509E+00  .11534E+00 .22708E+00  .20024E+00  .18787£+00
7 -.59069E+00  .51803E-01  .60811E-01 -.69597E-01  .B7042E-01  .22838E+00  .23121E+00
8 -.3B064E+00  .22047E+00  ,85798E-01  .17259E+00 -.19491€+00  .52787E-01  .38647E-01
9 -.L2068E+00 -.56143E-01 -.29090E+00  .67599E+00  .316336+00  .13816E+00 -.36852E+00

& Aged Index 2
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Table 2.8.2 (Cont’d)

Age 1983 1984 1985
2 -. 127256401  -.15360E+01  .33281E-01
3 - 742226400 -.61919E+00 -.24857E-02
4 -.37383E+00 -.16970E-01 -.57205E+00
5 .10591E401 -.71990E400  .70659€+00

Aged Index 3

Age 1979 1980 1981
1 -.68561E-01 -.26671E+00 -.32414E+00

Aged Index &
Age 1977 1978 1979
0 -40318e+00  .69873E-01 .63205€+00

PARAMETERS OF THE DISTRIBUTION OF

Separable model fitted from 1992 to 1995

variance : .0367
Skewness test statistic -3.2510
Kurtosis test statistic : 1.3135
partial chi-square : .0405
Probability of chi-square : 1.0000
Degrees of freedom : 13

1986

. 11205400

46563€-01

-.21537E+00
-.19489E+00

1982
- .20788E+00

1980
.84714E+00

Ln CATCHES AT  AGE

PARAMETERS OF THE DISTRIBUTION OF THE SSB INDICES

DISTRIBUTION STATISTICS FOR ln SSB INDEX

Power catchability relationship assumed.

Last age is a plus-group.

variance : 761
Skewness test statistic : -1.2192
Kurtosts test statistic : .5070
Partial cht-square : L6375
Probability of chi-square : 1.0000
Number of observations : 20
Degrees of freedom : 18

Weight in the analysis : 1.0000

1

1987

- .27095E+00
- .45476E+00
-.22153E+00
.33061£+00

1983
- .39413E+00

1981
.19774E+00

PARAMETERS OF THE DISTRIBUTION OF THE AGE-STRUCTURED INDICES

1988
-11629e+01
. 76823€E+00

- .64892E-01
-.33873€+00

1984
<. 15474€E+00

1982
-.19313e+00

1989
-.58963€-01
~.63333E-01
-.37267E+00
-.12516€+01

1985
.21028E+00

1983
-.51321€+00

1990
. 15554€E+00
.16223€+00
.58255€+00
.22365€+00

1986
- . 14644E+00

1984
-.16138E+00

1991
.61307€+00
.52041E+00
.93171€+00
.73383€E+00

1987
.30975E-01

1985
-.13539e+00

1992
- . 27497€+00
.40269€+00
.13791E+00
.28136E+00

1988
.49808E+00

1986
- .33981€+00

1993
.51652€+00
.55880€+00
.26510E+00
.23140€+00

1989
46746E+00

1987
.21900€+00

1994
.44958E+00
.58858E+00
.61552E+00
.32225€+00

1990
-.25618€+00

1988
.44888E+00

1995
.87185£+00
-.15578E+00
.44041E+00
-.85337€+00

1991
- .15206E+00

1989
.32616E+00

.
. . e
N

-.8
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o s e e en wae
L AUIT 4:.0.4 (LVIIL'U) .

DISTRIBUTION STATISTICS FOR In AGED INDEX 1

Linear catchability relationship assumed.

Age : 2 3 4 5 6 7 8 9
Variance : 0765 .0589 . 1066 .0603 L0645 .0789 .0455 .1628
Skewness test stat. : -.2646 - 1117 -.5594 .1696 -.7291 -1.5896 -.9192 5741
Kurtosis test stat. : -.7611 -.8880 -.6743 -.5760 -.6352 .5299 -.3132 -.5258
Partial chi-square : .0303 .0243 L0461 .0271 .0296 .0387 .0239 .0872
Prob. of chi-square : 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
Number of data : 7 7 7 7 7 7 7 7
Degrees of freedom : 6 6 6 [ 6 [ ) 6
Weight in analysis : .1250 .1250 L1250 .1250 . 1250 .1250 .1250 .1250

DISTRIBUTION STATISTICS FOR In AGED INDEX 2

Linear catchability relationship assumed.

Age : 2 3 4 5
Variance : .5673 L2996 .2980 L4448
Skewness test stat. : -.8989 -.5383 -.3340 - 4454
Kurtosis test stat. : -.1461 -.7477 -.2309 -.6387
Partial chi-square : 1.1467 L7846 .9733 1.8720
Prob. of chi-square : 1.0000 1.0000 1.0000 .9998
Number of data : 14 14 14 14
Degrees of freedom : 13 13 13 13
Weight in analysis .2500 .2500 .2500 .2500

DISTRIBUTION STATISTICS FOR Ln AGED INDEX 3

Linear catchability relationship assumed.

Age : 1
Variance : .0739
Skewness test stat. : .7968
Kurtosis test stat. : -.7978
Partial chi-square : 1731
Prob. of chi-square : 1.0000
Number of data : 18
Degrees of freedom : 17
Weight in analysis : 1.0000

DISTRIBUTION STATISTICS FOR Ln AGED INDEX &

Linear catchabitity relationship assumed.

Age : 0

Variance : .2131 Prob. of chi-square : 1.0000
Skewness test stat. : -1.,2312 Number of data : 20
Kurtosis test stat. : 1.1725 Degrees of freedom : 19
Partial chi-square : 9713 Weight in analysis : 1.0000
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Table 2.8.3 Herring in Sub-area IV and Divisions VIId and IIIa.

Overview of variance and residuals obtained from ICA.

Total weighted SSQ is 16.30736868962008

Unweighted Residuals About the Model fit

Start SSQ End SSQ df Variance v
Wt
Separable model: .3120 .5569 13 .0428 23.34213
Biomass idx 1 3.1737210 3.1330548 18 .1741 .24613
Aged index 1 5.1761153 3.9232121 48 .0817 .52415
Aged index 2 22.1325041 20.9253840 52 .4024 .10646
Aged index 3 1.3826401 1.2566817 17 .0739 .57954
Aged index 4 4.1172569 4.0486699 19 .2131 .20105
Partition of the weighted residuals
Catch at Age Matrix : .5569E+00 for 36 observations.
SSB Index 1 3.13305 20
Aged Index 1
Age: 2 3 4 5 6 7
Wted SSQ: .5741E-01 .4414E-01 .7991E-01 .4521E-01 .4835E-01 .5917E-01
No data: 7 7 7 7 7 7
Aged Index 2
Age: 2 3 4 5
Wted SSQ: .1844E+01 .9736E+00 .9685E+00 .1446E+01
No data: 14 14 14 14
Aged Index 3
Age: 1
Wted SSQ: .1257E+01
No data: 18
Aged Index 4
Age: 0
Wted SSQ: .4049E+01
No data: 20

E:\ACFM\HAWG96\T-2-8-3.DOC 23/04/96

8

.3411E-01

7

9
.1221E+00
7




CALCULATION OF REFRENCE "AREA-FISHING-MORTALITIES"” REF.-F
Revised by P. Sparre 16. May 1995

North Sea Catches Div.lit a Catches Total Total

Age Fleet A Fleet B Total N.S. Fleet C Fleet D Total llla Stock |Catch

0 . s 6279.70} : o 64 % 1722.84 8002.54

1 483.12 157.36{: 1069.58 1552.70

2 1374.02}: 0.66 126.37 1500.39 1500.39

3 B63.49 853.49

4 244.68 244.68

5 115.90 115.90

6 §3.30, 53.30,

7 39.30 39.30

8 119.50 119.50

9 0.00 0.00

a) N{1.Dec)= {N(1.Jan) *exp(-M/2) - C) *exp(-M/2)
Total Split factors Stock N 1. Jan Stock N 31, Dec. a) F b) Fb)

Age M exp(-M/2) Stock N N.S. \lla N.S. I a N.S. I} a N.S. N a

0 2 1,00 0.6065}" : : 3 022 34339.5 9685.5 8824.0 2518.1 0.3588 03N

1 0.6065 3 3 59 4134:8 9203.2 1228.1 2736.9 0.2140 0.2127

. 2 - 0.8607 2 B 1.00 2228.0 2228.0
F = In(N{1.Jan)/N{(31.Dec})-M
North Sea Catches - il a Ctaches

Age Fleet A Fleet B Total N.S. Fleet C Fleet D Fleet E Total illa

1] 0.001 0.358 0.359 0.001 0.036 0.310 0.347

1 0.069 0.145 0.214 0.031 0.048 0.134 0.213

2 0.804 0.009 0.888 0.048 0.001 0.026

3 0.735 0.003 “Age group 2 is the total F {trom ICA) distributed on ail & fleets

4 0.887 0.001

5 0.771 0.000

6 0.856 0.000

7 0.806 0.000

8 0.888 0.000

Table 2.10.1. Computation of reference Fs for catch prediction of North Sea herring
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Revised by P, Spahe and H. Sparholt 30.10.95 and further by H. Sparhott 31.10.95,

Input data revised by

NORTH SEA HERRING SHORT TERM PREDICTION PROGhAM. wG

Fleat Description -
A: IVHC North Sea Human Consumption
B: IVIND . North Sea Industrial
[ Iita HC Iita Human consumption
D: IllaMC ltia “Mixed Cluperd”
E: llta IND. Ilia Industrial
F: Fl. 22¢24 Wastern Baltic Combined fisheries

INPUT DATA (indicated with Bold Italic)

Comments with ltalic

1996

The prediction is based on the following assumptions:

Age group 0 : Some migrate lo llla, depending on year class

Age group 1 : Some migrate to Iila, depending on year class

Age group 2: All fish in il 8 migrates back to the North Sea
during the year

Age groups >3 Only in North Sea

Age group 0 : So Migration takes place 1 January
Age group 1 So (distribution from MIK)
Age group 2: All f (distribution from IBTS)

d (Total "area-mixing” assumed)

Age gr 3+: (No area-mixing assumed, only in North Sea)

Table - 1 .
NORTH SEA HERRING STOCK SIZE 1. JANUARY . 1996 .
STOCK MEAN WEIGHT AT MATURITY | NATURAL
NUMBER = JAGE IN THE STOCK OGIVE MORTALITY )
AGE SPAW. 1. JAN. B M M/2 exp({-M/2)
0 : 0.50 0.6065
1 0.50 -.0.6065 .
2 0.1% 0.8607
3 0.10 0.9048
4 0.05 0.9512
5 0.05 0.9512
6 0.05 0.9512
7 0.05 0.9512
8 0.05 0.9512
9+ 0.05 0.9512
TOTAL 62025.0 . 0.9512
Table 2 .
NORTH SEA HERRING. MEAN WEIGHT AT AGE IN THE CATCH BY FLEET 1895
iV HC IV IND Ilia HC la MC {lla IND. Fl. 22+ 24
AGE F
0 0
1 [¢]
2 Q
3 Q
4 ]
5 [/}
6 0
7 0
8 0
9+ 0
Table 3 !
FISHING MORTALITY BY FLEET RELATIVE TO AREA *) 1995
IVHC | IVIND WaHC | MiaMC IaIND. JFI. 22+24
AGE A B D E F
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o}
1
2
3
4
5
6
7
8
9

Table 2.10.2 Excel short term prediction of North Sea herring
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SHEET 2 (NSHER94)

Table 4 . . 1996
NORTH SEA HERRING STOCK SIZE 1. JANUARY
TOTAL STOCK NUMBERS
NUMBER BY AREA
. from table 1 J (Split factor) * {Total Number) split factors
et @ iz § o IRREEREN Y TN P C.. l d .e. L . f
AGE . Total IV a) fifa b} Illa b)
0 44025.0 34339.5 9685.5f i 0 B
1 13338.0 4134.8 9203.2
2 2228.0 2228.0 2228.0
3 1303.0 1303.0 0.0
4 719.0 718.0 0.0
5 181.0 181.0 0.0
6 98.0 98.0 0.0
7 39.0 39.0 0.0
8 30.0 30.0 0.0
9+ 64.0 64.0 0.0
TOTAL 62025.0 43136.3 21116.7
Table 5 . <1996 . e
1996 - NORTH SEA HERRING F-FACTORS I . ‘
. IV HC IV IND lla HC lila MC llla IND. Fl. 22+ 24 A+B C+D+E+F
- TOTAL A .- B F v llla
F-Factor 1 . 0.749 0.938 : :
(Total Factor) *(F-Factor) 0.749 0.938
Z = Ftotal + M, where Ftotal = Fleet(1)*Factor(1) +.. + Fleet(n)*Factor(n)
Table 6 . . 1996
TOTAL FISHING MORTALITY BY FLEET RELATIVE TO AREA
. Total North Sea F Total llla F
AGE .FIN.S.). - ZIN.S.) F(llla) 2{illa)
0 0.3365 1.3365 0.2676 1.2676
1 0.1877 1.1877 0.2414 1.2414
2 0.7363 1.1620 0.1257 1.1620
3 0.5533 0.7533 0.0000 0.0000
4 0.6652 0.7652 0.0000 0.0000
5 0.5777 0.6777 0.0000 0.0000
6 0.6416 0.7416 0.0000 0.0000
7 0.6040 0.7040 0.0000 0.0000
8 0.6651 0.7651 0.0000 0.0000
9 0.6651 0.7651 0.0000 0.0000
Table 7. . . .. 1996 . . EXCEL 5, File: per2x.XLS
1996 NORTH SEA HERRING CATCH AT AGE BY FLEET
N{North Sea) * Flfleet) * (1-expl-Z}}/Z(North Sea) Nillla} * F{fleet) * (1-exp(-Z{lla))}/Z(}Hla)
T e o€ e od e |- {.. g | A
AGE TOTAL o) A B c D 3 F
o 7842.2 9.4 6363.9 13.9 347.2 1107.8
1 1726.5 125.3 328.8 367.9 445.7 458.8
2 970.1 793.9 10.7 140.2 3.4 21.9
3 606.5 503.9 2.6
4 334.2 3338 0.4
[ 75.9 75.9 0.0
6 44 .4 44.4 0.0
7 16.9 16.9 0.0
8 13.9 13.9 0.0
9+ . 29.7 ... 29.7 0.0 .
TOTAL 11560.5 .1947.0 . 6706.6 ...5220 . . .. 7963 .. 1588.6

Table 2.10.2 Excel short term prediction of North Sea herring, continued
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SHEET 3

Table 8 . 1996 R
NORTH SEA HERRING. FISHING MORTALITY BY FLEET (TOTAL) *) 1996
IV HC 1V IND {la HC Ila MC Hia IND. Fl. 22+ 24
DO - SRS ETUN N [+ oot B ol FOUY - VR T f g h RS
AGE TOTAL a) A b) B C D E F
0 0.348 0.000 0.282 0.001 0.015 0.049 0.000
1 0.240 0.017 0.046 0.051 0.062 0.064 0.000
2 0.705 0.577 0.008 0.102 0.002 0.016 0.000
3 0.561 0.558 0.003
4 0.671 0.670 0.001
5 0.682 0.581 0.000
6 0.647 0.646 0.000
7 0.609 0.608 0.000
8 0.671 0.670 0.000
9+ 0.671 0.670 0.000
AVG 2-6 0.633 0.607 0.002 0.102 0.002 0.016 - 0.000

a) = In{N{o}/{N(o) *exp(-M/2)-C} *exp(-M/2) - M

b} = F(total) * C(tleet)/C(total)

Table 9 1996
1996 NORTH SEA HERRING. YIELD AT AGE BY FLEET
C * W (body weight) C * W (body weight)
......... 8. b .c | .d. N Qo
AGE TOTAL e) A a) B a) C b) D c) Ec) Fc)
[7] 72074.9 288.0 52820.5 173.9 5277.2 13515.3
7 66076.4 9913.0 10950.5 23984.9 6774.8 14453.2
2 129678.5 109608.5 7741 17852.8 112.2 1330.8
3 84536.8 84170.6 366.2
4 65564.8 65495.5 69.3
5 15588.7 16581.4 7.3
6 11422.2 11415.2 7.0
7 4380.2 4378.1 2.1
8 3876.3 3874.6 1.7
9+ 8537.0
TOTAL 461735.7} 32092
Table 10 1996

NORTH SEA HERRING STOCK SIZE and SSB

TOTAL STOCK BIOMASS
NUMBER a) b) 1996 a) = N*w(1.jan)
from table 1 1st Jan. Spaw.time Spaw.time
AGE Total Bi ss bers SSB ¢) b) = N*Maturity *exp(-2*.67)
0 440250 308175.0 0.0 0] ¢) = N*wispaw.time)*Maturity *exp{-Z*.67}
1 13338.0 813618.0 0.0 0
2 2228.0 300780.0 829.5 111980
3 1303.0 250176.0 743.2 142698
4 719.0 150271.0 429.0 89657
5 181.0 40182.0 114.6 25448
6 98.0 25382.0 59.4 15390
7 39.0 111540 24.3 6939
8 30.0 9360.0 17.9 6585
9+ 64.0 21440.0 38.2 12793
TOTAL 62025.01 1930538.0 2256.1] 445410488
Table 11 SUMMARY RESULTS FOR YEAR 1996 .
Vv HC IV IND Ila HC lila MC Illa IND. Fl. 22+ 24 A+8B C+D+E+F
TOTAL A B [ D E F. \" iila
CATCH 11560.5 1947.0 6706.6 $22.0 796.3 1588.6 0.0 8653.6 2906.9
YIELD 461735.7 313258.4 65002.1 42011.6 12164.2) 29299.2 0.0} 378260.5 83475.1
SS8 410488.5 AVGF 2-6 0.633

Table 2.10.2 Excel short term prediction of North Sea herring, continued
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SHEET 3

-Table 1 1997
NORTH SEA HERRING STOCK SIZE 1. JANUARY
TOTAL STOCK NUMBERS
NUMBER BY AREA
from table 1 {Solit factor) * (Total Number) split factors a)= N(a+i, y+1) =
AGE Total a) IV a) Ilta b) 1V ¢l ila d) (N(a.y)"exp(-M/2) - C{a.y)) exp(-M/2)
[/] 44083.9 34385.4 9698.5 0.78 0.22 for ages 1-9. N(0) Is input
1 11439.4 3546.2 7893.2 0.31 0.69 -
2 3859.6 3859.6 3859.6) 008300 RIR M c) for age groups 0 ond 1:
3 815.6 81566 0.0 1 0 spittactor = N(N.S. last year)/N(total,last year)
4 608.5 608.5 0.0 1 o] for age group 2 both split factor = 1.0
5 332.6 332.6 0.0 1 [}
6 91.5 91.6 0.0 1 0 d) for age groups O ond 1:
7 46.4 46.4 0.0 1 0 spitfactor = N(1Ma. last year)/N(total last year)
8 19.2 19.2 0.0 1 0 for age group 2: both splt tactor = 10
9+ 43.5 43.5 0.0 1 0
TOTAL 61340.2 43748.6 21451.2
Table 2 1997
0.58146 NORTH SEA HERRING. F-FACTORS - . e
IV HC IV IND llla HC lila MC Iita IND. FIl. 22+ 24 A+B. . JC+D+E+F
TOTAL A B C D E F v ila
F-Factor 0.8 1 1. : 1:
{Total Factor) *{F-Factor) 0.8 : 0.8
Z = Ftotal + M, where Ftotal = Fleet{1)*Factor(1} +.. + Fleet(n)*Factor(n)
Table 3 1997

TOTAL FISHING MORTALITY BY FLEET RELATIVE TO AREA

Total North Sea F . Total llla F
AGE F(N.S.) 2(N.S.) F{illa) Z{llta)
o] 0.2871 1.2871 0.2777 1.2277
1. 0.1712 11712 0.1702 1.1702
2. 0.7103 1.0701 0.0598 1.0701
3 0.5904 0.7904
4 0.7103 0.8103
5 0.6170 0.7170
6 0.6852 0.7852
7 0.6450 0.7450
8 0.7103 0.8103
9 0.7103 0.8103
Table 4 1997 -
1997 NORTH SEA HERRING. CATCH AT AGE BY FLEET number
N{North Sea) * F(tleet) * (1-exp{-Z})/Z(North Sea) -Niilla) * F{fleet) * {(1-exp(-Z{l!la}))/Z{ilia) at end of
AGE TOTAL A B C D E . . F year
2] 7075.2 13.1 5541.6 5.0 155.6 1359.8 no valus
7 1406.4 -372.8 242.1 118.5 176.8 498.4 11926.3
2 1683.2 1525.1 16.4 90.5 2.7 48.5 - 3355.3
3 332.8 331.4 1.4 1410.5
4 296.2 295.9 0.3 366.6
) 146.5 146.4 0.1 268.9
6 43.5 43.4 0.0 161.6
7 211 211 0.0 41.5
8 9.3 9.3 0.0 21.9
9+ 21.2 21.2 0.0 8.5
TOTAL 11035.4 2779.6 5802.0 211.9 335.2 1906.7 19.2

Table 2.8.xx.F EXCEL 5 "work book” for short term prediction of North Sea Herring

SHEET 3
Table 5 1997
NORTH SEA HERRING. FISHING MORTALITY BY FLEET (TOTAL) *) 1997
‘ IVHC | IVIND MaHC | WaMC | HaIND. | Fi.22+24
AGE TOTAL a) A b) . 8 c D E F
o 0.307 0.001 0.241 0.000 0.007 0.059 0.000
1. 0.227 0.060 0.039 0.019 . 0.028 0.080 0.000
2 0.707 0.640 0.007 0.038 0.001 0.020 0.000
3 0.600 0.597 0.002
4 0.717 0.716 0.001
5 0.622 0.621 0.000
6 0.691 0.691 0.000
7 0.650 0.650 0.000
8 0.717 0.717 0.000
9+ . - 0.717 0.717 0.000 e .
AVG 2-6 . 0.667 0.653 0.002 0.038 -0.001 0.020 0.000

a) = In(N{o)/{N{o) "exp{-M/2)-C} *exp{-M/2) - M

b) = F(total) * Cifleet)/Citotal)

Table 2.10.2 Excel short term prediction of North Sea herring, continued
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1997

Table 6 : i
0.68146 NORTH SEA HERRING. YIELD AT AGE BY FLEET
C * W (body weight) . C * W (body weight) . .
......... PR R e T I e I T T R
AGE TOTAL ¢} A B c D £ F
(o] 65415.5 402.6 45995.5 62.2 2365.4 16589.7
7 63532.3 29488.5 8063.5 7593.9 2687.3 15699.3
2 226308.2 210565.7 - - 1187.5 11519.3 - 90.7 2945.9
3 556569.7 £5367.4 1924
4 58103.8 58054.8 49.0
L) 30069.0 30057.8 11.2
6 11178.7 111733 5.5
7 5470.8 5468.7 2.1
8 2598.3 2597.4 0.9
9+ 6075.2 6073.2 2.0
. FOTAL 5243125} :::.409249.3....:.. 65509.5} :.:.19176.4.::2-:. $143.4.2:::35234.9
Table 7 1997
NORTH SEA HERRING STOCK SIZE and SSB
TOTAL STOCK BIOMASS
NUMBER - a) - b) 1 a} = N*w(1.jan)
from tabls 1 - 1st Jan. Spaw.time Spaw.time
- o €. oo d - b} = N*Maturity*exp(-Z*.67)
AGE Total - Biomass $S numbers SSB ¢) .
/] 44083.9 308587.3 0.0 0] c) = N*w(spaw.time)*Maturity *exp{-Z*.67)
1 11439.4 697800.7 0.0 0
2 3859.6 521045.1 1435.3 193772
3 815.6 156586.1 453.4 87054
4 608.5 1271793 352.0 73575
5 332.6 738443 205.1 45532
6 915 23707.6 53.9 13953
7 46.4 13282.2 28.1 8034
8 19.2 5991.3 1.1 3466
9+ 43.5 14569.8 25.2 8429
TOTAL 61340.2 1942593.6 2564.11.....433816
Table & SUMMARY RESULTS FOR YEAR 1997 . . . P
IWHC | iviIND MaHC | #flaMC [ maIND. | Fi.22+24 A+B | c+D+E+F
TOTAL A B C D E F =\ llla
CATCH 11038 2779.6 335.2 19806.7 0.0 8581.6 2453.8
YIELD 524313] 11114092493 138 5.4.:. . 6143.4°7356234.9 '0.0] ~464788.8. | b9553.7
SSB 433816 . AVG F 2-6 . o

7 . - 1998 .
NORTH SEA HERRING STOCK SIZE 1. JANUARY and SSB
NUMBER
from table 4
8 s - b. .. total
AGE Total a) biomass
1 11926.3 727502
2 3355.3 452962
3 1410.5 270812
4 366.6 76613
5 268.9 69685
6 161.6 41864
7 415 11867
8 21.9 6843
9+ 8.5 2842
TOTAL 17561.0 1650990

Table 2.10.2 Excel short term prediction of North Sea herring, continued
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NORTH SEA HERRING SHORT TERM PREDICTION PROGRAM, WG
SUMMARY OF CALCULATIONS

1996

Revised by P. Sparre 15. May 1995

-Fleet ...

Description .

This version 30.10.1995

. e Further revised by
A: IV HC  North Sea Human Consumption H. Sparholt 31.10. 1995
B: IWVIND North Sea Industrial . . Input data revised by
C: ila HC  /llla Human consumption
D: lla MC  llia "Mixed Clupeid”
E: . Ma IND. I/lla Industrial .
F: Fl. 22424 Western Baltic Combined fisheries
Table 1. 1996 - :
1996 NORTH SEA HERRING. F-FACTORS v
- . iV HC IV IND ila HC flla MC lila IND. {Fl. 22+ 24 A+B C+D+E+F
o TOTAL a) A B D E . F Iv. ila
F-Factor 7 ~0.749 . |. 0.938 - 7.78..11..0.65 0
{Total Fector) o 1 0.749 |...0.938 1,28, O, 651
; Input to sheet 3
Table 2 SUMMARY RESULTS FOR YEAR 1996
IV HC IV IND tila HC llla MC ilia IND. |Fl. 22+ 24 A+B C+D+E+F
TOTAL A B C D E F v illa
CATCH 11661 1947 6707 522 796 16589 [0} 8654 2907
YIELD 461736 313258 65002 42012 12164 29299 [0} 378261 83475
SSB*.001 410 AVG F 2-6 . 0.633
. Copied from sheet 3
Table 3 1997 .
1997 NORTH SEA HERRING. F-FACTORS
. - IV HC IV IND llla HC illa MC lila IND. [Fl. 22+ 24 A+B C+D+E+F .
. TOTAL A B [ E F iila
F-Factor . 0.8 NERN IS NI . 0
{Total Factor)® (F-Factor) 1.0.0.8 1, . .0.8 B0,8 5 s Qe
) _ input to sheet 3
Table . 4 . SUMMARY RESULTS FOR YEAR 1997
I IVHC | IVIND llla HC | NlaMC | HaiIND. [FI.22+24] A+B | CeD+E+F
. TOTAL A B Cc D E F v lila
CATCH 11035 2780 5802 212 335 1907 0 8582 2454
YIELD 624313 409249 55509 19175 5143 35235 0 464759 59554
SSB*.001 434 AVGF26 |  0.667]
. Copied from sheet: 3
[ BIOMASS AT 1st JANUARY 1998 | 1651]

Table 2.10.3 Excel short term predictions for North Sea herring
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Short-term prediction of North Sea herring for 1997

Table 2.10.4
(Total catch 1996 = 462,000 t; F in 1996 = 0.633; SSB in 1996 = 413,000 t.)
Input variable: Factor of fleets A, B, C, D and E; No fleet kept constant
F(97) multiplier rel. to F(95) by fieet ‘000t ‘000t 000t ‘000t '000t] 000t JAverage
A B c- D E |YieldA YieldB YieldC YieldD. YieldE| SSB | .. F
000 000 000 000 000 0 0 0 0 0 683 0.00
020 020 020 020 020 123 15 5 1 9 613 0.19
7035 035 035 035 035 | 217 27" 10 T2 G M7 ) 557° | 030
040 040 040 040 040 | 229 28 10 3 18 550 0.32
060 060 060 060 060 | 319 41 15 4 26 493 0.48
080 080 080 080 080 | 397 53 19 5 34 442 0.64
100 100 100 100 100 | 463 68 23 6 43 397 0.80
120 120 120 120 120 | 521 76 25 7 48 356 0.96
140 140 140 140 140 | 571 86 28 8 55 319 1.13
160 160 160 160 160 | 614 96 31 9 61 285 1.29
180 180 180 180 180 | 652 106 33 10 67 251 1.46
200 200 200 200 200 | 684 . 114 . .35 1. 73 228 | .1.63
Input variable: Factor of fleet A; Fleets B, C, D and E kept constant e
F(97) multiplier rel. to F(95) by fleet ‘000t 'O00t ‘000t 'O0Ot 000t | 000t {Average
A B = C. D E |YieldA YieldB YieldC YieldD YieldE| SSB | ..F
0.00 1 1 1 1 0 65 28 6 666 0.02
0.20 1 1 1 1 119 68 27 6 601 0.17
035774 T 4TI Ta0e T 68 267 e T T 4a | Tess | 030
0.40 1 1 1 1 223 68 26 6 543 0.33
0.60 1 1 1 1 314 68 25 6 489 0.48
0.80 1 1 1 1 393 68 24 6 441 0.64
1.00 1 1 1 1 463 68 23 6 397 0.80
1.20 1 1 1 1 524 67 22 6 356 0.96
1.40 1 1 1 1 558 67 21 6 320 112 .
1.40 1 1 1 1 625 67 21 6 286 1.29
1.60 1 1 1 1 667 67 20 6 255 1.46
1.00 1 1 1 1 705 67 20 6 .. 227 | 163
Input variable: Factor of fleet C and D; Fleets A, B and D kept constant
F(97) multiplier rel. to F(95) by fleet ‘000t ‘000t ‘000t ‘000t 000t | 000t [Average
A B c D E |YieldA YieldB YieldC YieldD YieldE| SSB.|. F. .
1 1 0.00 1 0.00 | 477 65 0 7 0 401 0.79
1 1 0.20 1 020 | 474 65 5 7 9 400 0.79
1 1 040 -1 040 | 471 65 9 6 17 399 0.80
1 1 0.60 1 060 | 469 65 14 6 26 399 0.80
1 1 0.80 1 080 | 467 65 18 6 34 398 0.80
1 1 1.00 1 1.00 | 463 65 22 6 41 397 0.80
1 1 1.20 1 120 | 461 65 26 6 49 396 0.80
1 1 1.40 1 140 | 458 65 30 6 56 395 0.80
1 1 1.60 1 160 | 456 65 34 6 63 395 0.80
1 1 1.80 1 180 | 453 65 38 6 69 394 0.81
1 1 1.90 1 190 | 451 65 42 6 76 | 393 0.81
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Table 2.10.4 Continued

Input variable: Factor of fleet B; Fleets A, C, D and E kept constant

F(97) muitiplier rel. to F(95) by fieet ‘000t '000t '000t ‘000t '000t ] 00Ot |Average

A B Cc D E Yield A YieldB YieldC YieldD YieldE] SSB F

1 0.00 1 1 1 466 0 22 6 41 398 0.797
1 0.20 1 1 1 466 13 22 6 41 398 0.797
1 0.40 1 1 1 465 28 22 6 41 397 0.798
1 0.60 1 1 1 464 41 22 6 41 397 0.798
1 0.80 1 1 1 464 53 22 6 41 397 0.799
1 1.00 1 1 1 463 65 22 6 41 397 0.799
1 1.20 1 1 1 463 76 22 6 41 397 0.800
1 1.40 1 1 1 462 87 22 6 41 396 0.801
1 1.60 1 1 1 462 97 22 6 41 396 0.801
1 1.80 1 1 1 461 107 22 6 41 396 0.802
1 2.00 1 1 1 460 116 22 6 41 396 0.802
1 2.20 1 1 1 460 125 22 6 41 395 0.803
1 2.40 1 1 1 459 133 22 6 41 395 0.803
1 2.60 1 1 1 459 141 22 6 41 395 0.804
1 2.80 1 1 1 458 149 22 6 41 395 0.804
1 3.00 1 1 1 458 156 22 6 41 394 0.805
1 3.20 1 1 1 457 163 22 6 41 394 0.805
1 3.40 1 1 1 457 170 22 6 41 394 0.806
1 3.60 1 1 1 456 176 22 6 a4 394 0.806
1 3.80 1 1 1 456 183 22 6 41 393 0.807
1 4.00 1 1 1 455 189 22 6 41 393 0.807
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Table 2.11.1. Input data for the projections.

Projection input file 'ICPROJ v. 2.0!

Number of fleets Number of Years
5 1)
Catch Ratio for each fleet at age in 1995 : Including discarded fish
Age Fleet A Fleet B Fleet D Fleet E Fleet F
0 0.001 0.783 0.001 0.022 0.193
1 0.100 0.211 0.101 0.154 0.434
2 0.906 0.01 0.054 0.002 0.029
3 0.996 0.004 0 0 0
4 0.999 0.001 0 o] 0
5 1.000 0.000 0 0 0
[ 0.999 0.001 0 0 0
7 0.999 0.001 0 0 0
8 1.000 0.000 o} 0 0
9 1.000 0.000 0 o] 0
Retention Ogive for each fleet by Age in All years
0 1. 1. 1. 1. 1.
1 1. 1. 1. 1. 1.
2 1. 1. 1. 1. 1.
3 1. 1. 1. 1. 1.
4 1 1. 1. 1. : 1.
5 1. 1. 1. 1. 1.
) 1. 1. 1. 1. 1.
7 1. 1. 1. 1. 1.
8 1. 1. 1. 1. 1.
9 1. 1. 1. 1. 1.
Exploitation Constraint by Year (-ve values: F-constraints; +ve values, Catch constraints)
1996 313000 -1.0 -1. -1. -1.
1997 -1, -1.0 -1. -1. -1.
1998 -1. -1.0 -1. -1. -1.
1999 -1, -1.0 -1. -1. -1.
2001 -1. -1.0 -1. -1. -1.
2002  -1. -1.0 -1. -1. -1.
Mean weight at age in the catches of each fleet
0 0.0307 0.0083 0.0125 0.0152 0.0122
1 0.07914 0.0383 0.0652 0.0152 0.0315
2 0.13807 0.0724 0.1273 0.033 0.0607
3 0.16705 0.1394 0.1 0.001 0.001
4 0.1962 0.162 0.1 0.001 0.001
5 0.20528 0.1775 0.1 3.001 0.001
[ 0.25729 0.2233 0.1 0.001 0.001
7 0.25906 0.1943 0.2 0.001 0.001
8 0.278 0.2252 0.2 0.001 0.001
9 0.287 0.2252 0.2 0.001 0.001
Mean weights at age in the discards by each fleet
0 0.0307 0.0083 0.0125 0.0152 0.0122
1 0.07914 0.033 0.0652 0.0152 0.0315
2 0.13807 0.0724 0.1273 0.033 0.0607
3 0.16705 0.1394 0.1 1 1
4 0.1962 0.162 0.1 1 1
'S 0.20528 0.1775 0.1 1 1
6 0.25729 0.2233 0.1 1 1
7 0.25906 0.1943 0.2 1 1
8 0.278 0.2252 0.2 1 1
9 0.287 0.2252 0.2 1 1
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Table 2.11.2. North Sea Herring. Estimates of the probability that the stock will reach levels of spawning
biomass of the traditional MBAL of 800 000t, or above levels of 1.5 Million t or 2.0 Million t, at spawning
time in the year 2002.

Strategy P(SSB>800 000t) P(SSB > 1.5.10%) P(SSB>2.10°%)
No fishing by ca. 1.0 ca. 1.0 ca. 1.0
any fleet

F=F g5, all fleets ca. 0.0 ca. 0.0 ca. 0.0
F,=0.3 097 0.63 0.35
FIND=0'O

FA=0.3 0.82 0.3 0.12
F,=0.1 ca. 1.0 0.99 0.87
FIND=0'0

67



Table 2.13.1

Herring total North Sea, 1995.
Numbers (millions) and weights {g) at age {winter rings) per year class of herring
caught in each quarter. Spring spawners transferred to Division llla, and North

Sea autumn spawners caught in Division llla are not included.

Age { rings) 0 1 2 3 4 5 6 7 8 9 Total SoP
Year class 1994 1993 1992 1991 1990 1989 1988 1987 1986 1985 (numbers) ('000t)
Quarter No 0.0 53.1 80.7 148.6 2741 13.3 3.1 2.4 2.6 2.3 354.0 36.7
1 w 17 107 131 140 141 192 190 204 210
No 0.0 1054 232.8 93.8 33.3 21.2 5.9 5.3 5.7 3.5 507.0 63.6
] w 29 127 168 189 188 224 236 244 261
n No 5070.3 124.7 509.1 328.7 99.3 36.6 28.9 19.0 25.9 28.4 6270.7 248.6
w 8 52 151 189 220 230 276 276 316 316
v 1209.4 199.9 566.9 2925 85.0 47.8 17.6 14.1 171 13.8 2464.0 185.5
w 10 64 130 160 189 199 217 229 243 248
Total No 6279.8 483.1 1389.4 863.7 2446 118.8 55.5 40.8 51.3 68.6 95956.7
W 9 48.0 136 167 196 200 247 249 278 287 534.4

The stocks weights shown below are derived from acoustic survey samples taken in July from Divisions
IVa,b and used in the SSVPA

age
Year class
Stock weights
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0] 1 2 3 4 5 6 7 8 9
1994 1993 1992 1991 1990 1989 1988 1987 1986 1985
58 132 180 200 195 228 257 302 324
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Table 2.14.1 In this quality control diagram the spawning stock biomass estimated at each Herring Assessment
Working Group meeting is shown. The spawning stock biomass in each year has been estimated at a
lower level then that estimated by the previous Working Groups since 1990.

Stock: North Sea Herring (Fishing Areas I1Ia, IV and VIId)

Assessment Quality Control Diagram 3

Spawning stock biomass ("000 t)
Date of Year
assessment

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
1989 822 ! !
1990 1102 1256 ! !
1991 1242 1549 1411 1320 1346' 1238
1992 1095 1340 1247 1277 1320 1287" | &/A
1993 1179 1456 1354 1307 1184 1055 965" | N/A
1994 1146 1391 1260 1149 986 730 974 981! | N/A
1995 1068 1286 1138 993 778 484 790 718 690 /a
1996 1116 1240 1135 939 699 458 517 496 410 434 n/a

Forecast. (Fsq).

Remarks: 1991-1994 assessments include catches of auturﬁn-spawning herring in Division Illa.
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Samples of May 1995 within the transfer area.
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Figure 2.2.1 Mean vertebral counts of 2, 3 and 4 ring herring. Quarter 2 - 1995.
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Samples of July within the transfer area.
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Figure 2.2.2 : Mean vertebral count of 2,3 and 4 ring herring. Quarter 3 - 1995.
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In(Spawning Stock Biomass)
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Figure 2.5.1
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Year

Time series of estimates of spawning stock size from a population model fitted by the Herring
Working Group (Anon.1995d; bold line) and the year effects fitted to the larval abundance in
the Multiplicative model (fine line with error bars). The larval abundance model estimates
have been rescaled to the mean of the population model estimates. Error bars indicate +/- one
s.e. of larval survey abundance estimates.
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Standard Scottish August Groundfish Survey Area
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Figure 2.6.1 The spatial coverage of the August Scottish Groundfish surveys. One haul is taken at a random
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location in each of the marked rectangular areas.
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Figure 2.7.1 Comparison of weights at age from acoustic Surveys and commercial catches ---- (I"QTUS FREELANCE for Win of Floppy)
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Figure 2.8.3
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Figure 2.8.4
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Figure 2.8.5
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Figure 2.8.6
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Figure 2.8.7

Index Prediction +/- sd

— UPR

A Index Observation

[
3 A
=
" A
&
o T v 1
13.9 14,7 1.5
3 Expected Ualue
A
A
-0.31 3 AN

Residual

Index Observation

uning Diagnostics: ARged Index 1T at age 3
Stock Hunmbers Catchability
3.2ed 3.2e€é 4
] ] A
2.4e6 3 9 2, de4 ]
[} 3 ¥
9 3 &2
Y 1.4e4 : £ 1.6es
5 Z
H A < A
0.8e& 3 & 0.8e6 - yAAY
0 v T T 1 0 1 Ll 1
1974 1984 19924 0.%eé 1.%9eé 2.%9eé 3.%eé
Year Index UValue

— Fitted Line

AN
FAY

A A
o T 1
197 & 1986 1994

Tine
A
A
-0.31 4 A

A Index Observation




Figure 2.8.8
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Figure 2.8.9
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Figure 2.8.10
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Figure 2.8.11
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Figure 2.8.12

uning Diagnostics!

Aged Index | at age 8

Nunbers

Stock Numbers

1.0eS

0.5Se5
0 P —
1974 1984
Year

Index Prediction +/- sd

™
1994

— UPA

UPA Numbers

Catchability

1.0e5
4 A [
1
] A
0.5e5
A
n
1] — g rerer——r—
0. 4deS . 1.0e5 1.4eS 2.2eS

Index Ualue

Index Observation —- Fitted

Line

A FAY
FaN A
A A FAVN
1 i T AR )
- lg.O 11.7 12.4 - l§76 1984 1994
g -o0.o08 Expected Value g -0.08 Tine
3 A S A
1] 1]
[ ¢
« -4
-0.394d/N -0.39 4 N
A Index Observation A Index Observation

93




Figure 2.8.13

uning Diagnostics! Aged Index 1 at age ¥
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Figure 2.8.14

uning Diagnostics.

Agead Index 2 at age 2
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Figure 2.8.15
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Figure 2.8.16

uning Diagnostics! Aged Index Z at age 4
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Figure 2.8.17

uning Diagnostics! Aged Index 2 at age S
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Figure 2.8.18
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Figure 2.8.19
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Figure 2.8.20
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Hering larval abundance in Division IVc and Vlid
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Figure 2.8.21 Herring larval abundance in Divisions IVc and Viid during the period 1980 - 1995
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Figure 2.9.1. Recruitment of North Sea autumn spawned herring plotted against spawning stock
biomass (2 group and older on 1 Sept. each year). Both estimated by VPA. Figure
referring to year classes 1947 to 1973 from Saville and Bailey (1978)

Stock recruitment relationship 1958-1995

120 -
100 -
80 »

60 4 u

Recruits (x 1049}

40 - L] I |

20 1 | | ] |

0 ——— : : —_—

0 0.5 1 1.5 2 2.5

Spawning stock biomass (tonnes x 10*6)
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estimates for 1977 to 1995 from this years ICA assessment. 103



Herring North Sea

Siope apove

r

—————— —_—— T T

Sinre below

Figure 2.9.3. Diagnostic sheet for estimating MBAL. The slope of the stock-recruitment data above
and below the MBAL estimate (from Anon 1993).
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104



Figure 2.11.1. North Sea Herring. Diagnostics of the stock-recruit model fit used for the medium-term
projections. Top left, the time series of recruitment estimates from the population models (Square markers), the
expected values from the stock-recruit model (broken line) and the values fitted from the time-series (full line).
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Figure 2.11.2. North Sea Herring. Medium-term projections assuming zero fishing mortality in all fleets.
Dotted lines indicate 5th and 95th percentiles, dashed lines indicate 25th and 75th percentiles, fine line
indicates the 50th. percentile. First panel, total landings, fishing mortality (Mean from ages 2 to 6), recruitment
at age 0, and spawning stock size at spawning time. Second, third and fourth panels, partial fishing mortality by
fleet relative to the partial fishing mortality estimated for that fleet in 1995. Fifth panel, trajectory of spawning
stock size, and the corresponding estimates of risk that the spawning stock may fall below 800 000t.
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Figure 2.11.2 (part 2)
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Figure 2.11.2 (part_;”)
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Figure 2.11.2 (part 4)
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Figure 2.11.2 (part 5)
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Figure 2.11.3. North Sea Herring. Medium-term projections assuming fishing at status quo levels from 1997 to
2002, defined as the estimated fishing mortality in 1995 in all fleets. Dotted lines indicate 5th and 95th
percentiles, dashed lines indicate 25th and 75th percentiles, fine line indicates the 50th. percentile. First panel,
total landings, fishing mortality (Mean from ages 2 to 6), recruitment at age 0, and spawning stock size at
spawning time. Second, third and fourth panels, partial fishing mortality bt fleet relative to the partial fishing
mortality estimated for that fleet in 1995. Fifth panel, trajectory of spawning stock size, and the corresponding
estimates of risk that the spawning stock may fall below 800 000t.
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Figure 2.11.3 (part 2)
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Figure 2.11.3 (part 3)
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Figure 2.11.3 (part 4)

Fleet 5 F Mult.
.0

F-Multiplier

T T N T 1
1996 1998 2000 2002

Year

T
-
L)
Lol
>

Fleet 5 Landings

1.0e5 4

0.8e5 .

0.6ed
0.4e5 "

0.2e3 -

o

......

o

1996




Figure 2.11.3 (part 5)
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Figure 2.11.4 North Sea Herring. Medium-term projections assuming fishing at F=0.3 by the human
consumption fleet in the North Sea (Fleet A), with zero fishing mortality by the other fleets Dotted lines indicate
5th and 95th percentiles, dashed lines indicate 25th and 75th percentiles, fine line indicates the 50th. percentile.
First panel, total landings, fishing mortality (Mean from ages 2 to 6), recruitment at age 0, and spawning stock
size at spawning time. Second, third and fourth panels, partial fishing mortality bt fleet relative to the partial
fishing mortality estimated for that fleet in 1995. Fifth panel, trajectory of spawning stock size, and the
corresponding estimates of risk that the spawning stock may fall below 800 000t.
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Figure 2.11.4 (part 2)
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Figure 2.11.4 (part 3)
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Figure 2.114 (part 4)
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Figure 2.11.4 (part 5)
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Figure 2.11.5 North Sea Herring. Medium-term projections assuming fishing at F=0.3 by the human
consumption fleet in the North Sea (Fleet A), with an assumption of 50% reduction in fishing mortality by the
other fleets, relative to 1995. Dotted lines indicate 5th and 95th percentiles, dashed lines indicate 25th and 75th
percentiles, fine line indicates the 50th. percentile. First panel, total landings, fishing mortality (Mean from ages
2 to 6), recruitment at age 0, and spawning stock size at spawning time. Second, third and fourth panels, partial
fishing mortality bt fleet relative to the partial fishing mortality estimated for that fleet in 1995. Fifth panel,
trajectory of spawning stock size, and the corresponding estimates of risk that the spawning stock may fall

below 800 000t.
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Figure 2.11.5 (part 2)
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Figure 2.11.5 (part 3)
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Figure 2.11.5 (part 4)
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Figure 2.11.5 (part 5)
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Figure 2.11.6 North Sea Herring. Medium-term projections assuming fishing at F=0.1 by the human
consumption fleet in the North Sea (Fleet A), with an assumption of 50% reduction in fishing mortality by the
other fleets, relative to 1995. Dotted lines indicate 5th and 95th percentiles, dashed lines indicate 25th and 75th
percentiles, fine line indicates the 50th. percentile. First panel, total landings, fishing mortality (Mean from ages
2 to 6), recruitment at age 0, and spawning stock size at spawning time. Second, third and fourth panels, partial
fishing mortality bt fleet relative to the partial fishing mortality estimated for that fleet in 1995. Fifth panel,

trajectory of spawning stock size, and the corresponding estimates of risk that the spawning stock may fall
below 800 000t.
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Figure 2.11.6 (part 2)

Fleet 1 F Mult. Fleet 1 Landings
1.0+ 6.2e5 - )
v 0.
Y
2 0.
:
'; 0.
t
L o.
o M 1 v H 1 ) M T I 1
1996 1998 2000 2002 1996 1998 2000 2002
Year Year
Fleet 2 F Mult. Fleet 2 Landings
1.0 1.2e5
A 0.8 D.Se5
E 0.6 T
o ¢ 0.8es
'5 0.4 >
£
. 0.2 0.3e5
0 T T ] 0 I M 1 i )
1996 1998 2000 2002 1996 1998 2000 2002

Year Year

127



Figure 2.11.6 (part 3)
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Figure 2.11.6 (part 4)
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Figure 2.11.6 (part 5)
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Figure 2.11.7 North Sea Herring. Medium-term projections assuming fishing at F=0.3 by the human
consumption fleet in the North Sea (Fleet A), with an assumption status quo fishing mortality by the other
fleets, relative to 1995. Dotted lines indicate Sth and 95th percentiles, dashed lines indicate 25th and 75th
percentiles, fine line indicates the 50th. percentile. First panel, total landings, fishing mortality (Mean from ages
2 to 6), recruitment at age 0, and spawning stock size at spawning time. Second, third and fourth panels, partial
fishing mortality bt fleet relative to the partial fishing mortality estimated for that fleet in 1995. Fifth panel,

trajectory of spawning stock size, and the corresponding estimates of risk that the spawning stock may fall
below 800 000t.
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Figure 2.11.7 (part 2)
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Figure 2.11.7 (part 3)
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Figure 2.11.7 (part 4)
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Figure 2.11.7 (part 5)

SSB (bt

o T T T T T 1
1996 1997 1998 1993 2000 2001 2002
Year
Risk to 3S3SB
1.0+
0.8 -
™
g
0 0.6
b =
P4
v 0.4+
14
d
o 0.2
o T T T T T U
19896 1997 1998 1899 2000 2001 2002

Year.

135



136

ZaoN

Figure 2.13.1 : Herring North Sea catches (tonnes). January 1995
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Figure 2.13.2 : Herring North Sea catches (tonnes). February 1995
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Figure 2.13.3 : Herring North Sea catches (tonnes). March 1995
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Figure 2.13.4 : Herring North Sea catches (tonnes). April 1995

62 ]
N i
W
N
5 91
5 1486
,aﬁg
7]
1
{
1
2
S 1

W Totel catch 1297 o
i
1 :
) -m C/ 28

: .m\ Ty 27| 2453

2 ED E4 ES ES E7 Eel EQI FOl F1 l FEI F?[ Fa I FSl FBI F7| FE| Fgl GO [ G1 l G2 ?\cj)
1 3 a0k

139



140

62

Zo

Figure 2.13.5 : Herring North Sea catches (tonnes). May 1995
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Figure 2.13.6 : Herring North Sea catches (tonnes). June 1995
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Figure 2.13.7 : Herring North Sea catches (tonnes). July 1995
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Figure 2.13.8 : Herring North Sea catches (tonnes). August 1995
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Figure 2.13.9 : Herring North Sea catches (tonnes). September 1995
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Figure 2.13.10 : Herring North Sea catches (tonnes). October 1995
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Figure 2.13.11 : Herring North Sea catches (tonnes). November 1995

8 oW
rté ez 5 | 199p70%| 233 % se
hogo| a7s5372| s09 N 51
Ly —
ga‘laa'/ao geofk40s| 395| 60 s
L8 i\ had
{4
711 2957 1024 797 4313341} S47 a9
9
q
237 177h 133| 568 130| 7a9h 215 a8
.
. e
85 hs79 2645041 M a7
i <
3 &2 f—
A 151| 91 | 183 a6
S -—
99 (// a5
{1\ H —
. {_?//\M—'> h ac0OR366 % za
l§ 250 = a3
) =9,
% ho20 267
2 . a2
]
AT
LY \
i ; A 247
w‘ﬁ ‘K/ | 287
)/ A
"&M 78h 931 3z
ozpa2 31
. .
,) —
) 18 Totel catch $5122 30
_}/"—"“\j 151) 742} 989 28
. / 28
ol L
W\ 27
E2 EJ Ea ES ES E7 EBl EG | FO] F1 ] FEI FBI Fa l FS F'Sl F7 | F8 | F9 | Go l G1 ] G2
1 34cE

48



Figure 2.13.12 : Herring North Sea catches (tonnes). December 1995
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3 HERRING IN DIVISION IITIA AND SUB-DIVISIONS 22-24

3.1 The Fishery

3.1.1 ACFM advice and management applicable to 1995 and 1996

ACFM stated in 1994 that the state of the stock was uncertain as the information available provided conflicting evidence.

In 1994 ACFM did not recommend a TAC for Division I1la in 1995, but advised that if a precautionary TAC was required,
it should not exceed recent catch levels.

The TAC for 1995 on herring agreed between the EU, Norway and Sweden for Division 1lla was 140,000 t. A TAC
including all catches of all species taken in the mixed clupeoid fishery and landed unsorted was set at 43,000 t.

As in earlier years no special TAC was set by the International Baltic Sea Fishery Commission (IBSFC) for the stock
component in the Western Baltic area in 1995. In the Baltic there is a TAC for all the Sub-divisions 22-32.

ACFM stated again in 1995 that the state of the stock was uncertain as available information was conflicting. Landings
increased and the stock size appeared large but uncertainties in data sources precluded an analytical assessment.

The management advice was that, if a precautionary TAC was required, it should be established such that the catch does
not exceed recent catch levels.

The 1996 agreed herring TAC between the EU, Norway and Sweden to be taken in Division 11la was 120,000 t. A TAC
including all catches of all species taken in the mixed clupeoid fishery and landed unsorted was set at 43,000 t.

3.1.2  Introduction to landing statistics

The landings of herring caught in Division Illa are a mixture of North Sea autumn spawners and Baltic spring spawners.
Spring-spawning herring in the eastern part of the North Sea, Skagerrak, Kattegat and Sub-Divisions 22, 23 and 24 are
considered to be one stock. This section gives the landings of both North Sea autumn spawners and Baltic spring spawners,
but the stock assessment applies only to the spring spawners.

3.1.3  Total Landings

Landings from 1985 to 1995 are given in Table 3.1.1. In 1995 the total landings decreased to around 231,000 t in Division
I11a and Sub-Divisions 22-24, of which 48,000 t were from the Kattegat, about 109,000 t from the Skagerrak and 74,000 t
from Sub-Divisions 22-24, This represents a decrease of 60,000 t compared to 1993, but is at the same level as in 1994,

In 1995 catches of juvenile herring in Division Illa increased from 1994 to 1995, but the level is still lower than in the
years prior to 1994. Also in 1995 there has been a large sprat and sandeel fishery in this Division Again this year the sprat
dominated the mixed clupeoid landings especially in the second half of the year.

Misreporting of fishing grounds still occurs. Some of the Danish landings of herring for human consumption reported in
Division Illa may have been taken in the adjacent waters of the North Sea in quarters 1, 2 and 4. These landings are
included in the figures for the North Sea.

No estimates of discards were available to the Working Group. The magnitude of discards may be at a high level,
especially in the summer period when there is a special demand for high quality herring to the Dutch market.

The herring catches in Division I1la are taken mainly in three types of fisheries (see also Anon, 1992a):

e A directed fishery for herring (fleet C) in which trawlers (with 32 mm mesh size) and purse seiners participate.

o The "Mixed clupeoid fishery" (fleet D) is carried out under a special "Sprat” TAC for all species caught in this
fishery. Danish boats are obliged to use a 32 mm mesh (since 1 Jan 1991). The Swedish fishery includes purse seiners

fishing for sprat along the coast and trawlers using small-meshed gear (less than 32 mm). The Norwegian fishery is a
purse seine sprat fishery for the canning industry.

EAMCFMHAWGS6\REPORT DOC  25/04/96 149



e Caiches of herring also occur as by-catches in other fisheries (fleet E), such as the Norway pout and sandeel fisheries.
This fleet also include some by-catches in fleet C.

The management arrangement for the herring and sprat fisheries in this area is under revision.

Attempts have been made to separate the landings in these fisheries. The category "Mixed clupeoids” only refers to
Denmark since it was not possible to separate the Norwegian and Swedish "Mixed" landings from other industrial landings.
All Swedish landings for industrial purposes are counted under "Landings for industrial purposes” and the Norwegian
landings are under "Landings for Human consumption". The landings in the different fisheries for the period 1991-1995 in
thousands of tonnes are shown in the text table below:

Human Mixed Landings for Total
Consumption| clupeoids oil and meal

1991 Kattegat 32 13 24 69
Skagerrak 62 6 54 122
Div.Illa 94 19 78 191
1992 Kattegat 24 11 24 59
Skagerrak 75 14 79 168
Div.I1la 99 25 103 227
1993 Kattegat 18 12 16 46
Skagerrak 94 15 60 169
Div.IlIa 112 27 76 215
1994 Kattegat 18 8 12 38
Skagerrak 81 5 43 129
Div, Il1a 99 13 55 167
1995 Kattegat 18 5 24 47
Skagerrak 58 3 48 109
Div.Illa 76 8 72 156

In Sub-Divisions 22-24 all the catches are taken in a directed fishery for herring which is treated in this section as one fleet.
The landings from this stock could therefore be split into four fleets:

C: Human consumption fleet in Division IIla.

D: Mixed clupeoid fleet in Division Illa.

E: Landings for industrial purposes in Division Illa.

F: Landings from Sub-Divisions 22-24.

In the text table below the 1995 landings are given in thousands of tonnes by fleet and quarter.

Quarter/ Fleet C Fleet D Fleet E Fleet F Total
1 11.3 4.6 9.2 25.1 50.2
2 10.5 0.0 10.9 322 53.6
3 33.9 1.5 40.8 7.8 84.0
4 21.1 2.1 11.1 9.1 434
Total 76.8 82 72.0 74.2 231.2

The landings from fleets C-F are SOP figures.
3.2 Stock Composition
3.2.1 Spring spawners in the North Sea
The separation of catches from the NE North Sea into spring and autumn spawners is described in Section 2.2.3. The total

amount of spring spawners of Division 1lla Baltic origin taken in the North Sea was estimated to be 9,500 t in the 1995
catches. Table 2.2.3 presents numbers and mean weights at age.
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3.2.2  Stock Composition in Division I1Ia

The mixing of spring- and autumn-spawning herring has been described in earlier reports of this Working Group (Anon.,
1990b). Landings in Division Illa were allocated to spawning stock using Danish and Swedish vertebral counts averaged
over ICES rectangles within Sub-division and raised by the relative survey area of each Sub-division (Skagerrak and
Kattegat). The combined and weighted mean vertebral count was used to split the stock into autumn and spring
spawners according to the procedure described in Section 2.2.3. Age-group 3+ refers to all age classes of 3 years and
older.

The resulting split is summarised below:

Age | Quarter | Skagerrak Kattegat
Group Spring Autumn Spring Autumn
Spawners Spawners Spawners Spawners
0 3 0% 100% 0% 100%
4 10% 90% 22% 78%
1 1 0% 100% 25% 75%
2 0% 100% 24% 76%
3 46% 54% 41% 59%
4 22% 78% 69% 31%|
2 1 27% 73% 50% 50%
2 6% 94% 50% 50%
3 89% 11% 79% 21%
4 52% 48% 81% 19%
3+ 1 46% 54% 100% 0%
2 60% 40% 100% 0%
3 100% 0% 100% 0%
4 100% 0% 100% 0%

All landings from Sub-divisions 22-24 are assumed to be Baltic spring spawners.

33 Catch in numbers and mean weight at age

The sampling intensity of the landings increased in 1995. The Swedish catches for industrial purposes from the Skagerrak
were sampled in the first three quarters (see Table 3.4.1). For the Kattegat, Danish samples were used to estimate the catch
in numbers in the Swedish industrial landings in the same quarters. The sampling of the human consumption landings was
generally acceptable in the Skagerrak and Kattegat. Since no Danish samples were taken in Sub-Division 24, samples from
Sub-Division 22 were used to estimate the catch in numbers. No Swedish or Danish commercial samples were taken from
Sub-Division 23, the Sound, in quarter 1, 2 and 3. Samples from Sub-Division 24 were used to calculate the catch in
numbers and mean weight in this area. The Polish and German landings were sampled.

Based on these data the total numbers and mean weights at age for herring landed from the Kattegat, Skagerrak and Sub-
Divisions 22, 23 and 24 by the fleets listed in Section 3.1.3 were compiled and are given in Tables 3.3.1 - 3.3.3.

Based on the above proportions, the catches in number and mean weights by age group for spring- and autumn- spawning
herring in each of the three fisheries in Division Illa are given in Tables 3.3.4 - 3.3.8. The landings of spring spawners
taken in Division I1la in 1995 were thus estimated to be about 86,000 t (Tables 3.3.8, 3.3.10, 3.3.11 and 3.3.13 - 3.3.14)
compared to about 84,000 t in 1994 and 80,000 t in 1993.

The landings of North Sea autumn spawners in Division IIla amounted to 70,000 tons in 1995 compared to 86,000 t in
1994 (Tables 3.3.9 and 3.3.12) which are very close to the projected catch based on a status quo fishing mortality option in
the 1995 forecast (Anon., 1995d). The 1995 landings represent a significant reduction compared to 1992 and 1993 when
152,000 tand 132,000t were taken.

Table 3.3.8 gives the total catch in number-at-age of Division 1lla/Baltic spring spawners in the North Sea, Division Illa
and in Sub-Divisions 22-24 by quarter for 1995. The totals for 1987-1995 are given in Tables 3.3.11 and 3.3.13.
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Table 3.3.10 gives the total landings in numbers and mean weights at age by fleet for the Division Illa/Baltic spring-
spawning herring caught in the North Sea, Division Illa and in Sub-Division 22-24 in 1995. The total landings in 1995 of
173 000 t were close to the 1994 landings of 164 000 t.

34 Quality of catch and biological sampling data

The data on landings has improved since 1993 and 1994, Danish landings were sampled in all quarters for the Skagerrak,
Kattegat and Sub-Division 22. No samples were taken from the Sound (Sub-Division 23) and Sub-Division 24. Swedish
landings from the human consumption fishery were sampled in all quarters. Landings for industrial purposes from the
Skagerrak have been sampled for the quarters 1, 2 and 3 and from the Kattegat only the second quarter was sampled. From
the Norwegian landings from the Skagerrak only 2 samples were taken.

Table 3.4.1 shows the number of fish aged by country, area, fishery and quarter. The total landings from Division Illa, I1Ib
and Illc were 231,000 t, from which 337 samples were taken, 61,000 herring measured and 15,500 aged. The figures for
1994 were 296 samples, 51,000 herring measured and 15,000 aged. The sampling intensity by quarter seen over all
landings is acceptable, with a mean of more than one sample per 1000 t landed. The distribution over seasons, areas and
fishing fleets needs to be improved.

Sampling of the Danish catches for industrial purposes was at almost the same level as in previous years. The number of
samples and number of fish investigated were considered to be at a reasonable level. Again in 1995 there have been
difficulties in getting samples from the Danish human consumption fishery in the Skagerrak.

There is uncertainty about where the Danish catches for human consumption reported from Division Illa (quarters 1,2 and
4) were actually taken. These landings were most likely to have been taken in the North Sea and were therefore transferred
to the North Sea.

In 1994 Sweden established a new sampling programme for the industrial landings from Division Illa. This sampling
programme met the requirement of the agreed level of one sample per 1000 t landed. Swedish sampling in the Kattegat was
adequate but sampling of landings by Swedish vessels in Denmark still needs to be improved.

Norway only collected 2 biological samples from the fishery in Division Il in 1995. The Norwegian and Danish fishery
for human consumption takes place in the area around the border line between the North Sea and Skagerrak and
misreporting is known to occur.

Due to market conditions, technical regulations and quotas, discarding occurs in the purse seine fleets and in some fleets
in the trawl fishery in Division Illa, especially in June, July and August. Lack of sampling of discards creates problems for
the assessment which need to be resolved.

Although the overall sampling meets the recommended leve! of one sample per 1000 t landed per quarter the coverage
of different fisheries, areas and seasons is not adequate.

For reasons discussed in Section 1.7 the Working Group recommends that adequate sampling is conducted for all
fisheries in Division I11a and Sub-divisions 22-24.

Each nation should provide information on the level of sampling to determine species composition in all fisheries in
which herring are caught. :

35 Fishery-independent stock estimates of Western Baltic spring-spawning stock

3.5.1 Summer Acoustic sdrvey in Division IlIa

This survey is part of an annual survey covering the North Sea and Division Illa in July-August. As in previous years
the survey was conducted by R/V DANA. The echo integration survey from 28 June to 12 July covered the North Sea
cast of 4°E between 57°N and 59°N, the Skagerrak and the Kattegat. Acoustic data were collected using a 38 kHz
Simrad echosounder with a towed body mounted split-beam transducer. The echointegration data were stored by the
echo analysis system ECHOANN (Degnbol et al., 1990).

Pelagic sampling was carried out mainly as pelagic trawling with a Fotd trawl (6 mm in the codend), but also an Expo

trawl (16 mm codend) was used on the bottom. The trawl hauls were performed in the time intervals 12.00-18.00 h and
23.00-5.00 h.
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The TS relationships used in this survey were:

Clupeids: TS=201logL (cm)-71.2
Gadoids: TS =20 log L (cm) - 67.5

A total of 35 trawl hauls were carried out. Further details of the survey are given in Simmonds et al. (W.D.1996).

The estimated stock sizes of spring spawning herring in 1992, 1993, 1994 and 1995 are summarized in Tables 3.5.1-
3.5.4 (the estimates for the years 1992 to 1994 were recalculated in 1996 excluding the Norwegian survey results). Due
to very high densities of jellyfish in the Kattegat area in 1995 the total estimated stock size of spring spawning herring
in Division Il]a (the Norwegian survey results were included) may represent an overestimation. The total stock estimate
for 1995 (434,000 t) is about 30 % higher than the estimate for 1994 (298,000 t).

3.52  October Acoustic survey in Western Baltic and the Southern Part of Division 111a (Kattegat)

A joint German-Danish acoustic survey was carried out with R/V “Solea” from 5 to 20 October 1995. The survey
covered the whole of Sub-divisions 22, 23 and 24. Because of bad weather conditions the planned coverage of the
southern Kattegat (Division IlIa) was incomplete and therefore the estimate of abundance is not realistic for this area.

All investigations were performed at night as in recent years.

The acoustic equipment used was an echosounder EK500 connected to the Bergen-Integrator BI5S00. The transducer
38-26 was installed in a towed body. A total of 48 trawl hauls were made with the midwater trawl “Krake™ (10 mm bar
length in the codend) for biological samples.

The Sa values for each stratum were divided into fish numbers using the TS-Length regressions:

Clupeids: TS=20logL (cm)-712
Gadoids: TS =20log L (cm) - 67.5

The total number of fish was divided into species and age groups according to the trawl results.
The survey results in 1992, 1993, 1994 and 1995 are given in Tables 3.5.1-3.5.4.
3.5.3  Acoustic Monitoring in Sub-Division 23 (the Sound)

A base-line study on the migration of herring was initiated in the autumn 1993. The aim was to monitor the distribution
of herring in the Oresund during autumn, winter and spring. For description of changes in distribution patterns the area
investigated was divided into 13 sub-areas (Figure 3.5.1). Each subarea is 2.5 NM in a north-south direction. The
survey was conducted every 4 weeks in the period September - May.

The acoustic data were obtained with R/V HAVFISKEN using a Simrad EY 200 echosounder combined with the
ECHOANN analyser system (Degnbol et al., 1990). A towed body mounted transducer was used. The operating
frequency was 38 kliz and the pulse duration 1 ms. .

The echointegration was carried out at night between 19.00 h and 06.00 h (except for the first survey which was
performed during day and night).

Biological samples were taken by gill net fishing from R/V POSEIDON on the acoustic transects. Gill net fishing was
pelagic and benthic using mesh sizes from 19.5 to 60 mm knot to knot. Fishing was done at night (20.00 h to 03.00 h).

For each subarea (Figure 3.5.1) mean target-strength (TS) was estimated for each species/category of species by the TS
- length relations:

Clupeids: TS=20logL (cm)-71.2
Gadoids: TS=20log L (cm) - 67.5

An overall mean TS for each category of fish and subarea was then estimated. The TS contribution from each species

was, however, weighted in proportion to their contribution in the gill nets. The mean area backscattering strength (Sa)
for each subarea was estimated.
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Further details of the surveys in 1993, 1994 and 1995 are given in Pedersen and Staehr (in press).

The survey results concerning the biomass in tonnes per square nautical mile divided by stratum and survey (month)
during the period September 1993 to May 1995 are given in Table 3.5.5.

The number of herring per nautical mile divided by age for the whole sound area Quring the period October 1994 to
May 1995 are summarized in Table 3.5.6

3.6 Recruitment
3.6.1  General remarks on the 1996 IBTS February survey in Division I1la

The 1996 survey was carried out over the same time period as in pievious years. Despite bad weather all standard
stations were covered. In total 48 hauls were made. The indices of 1, 2 and 3+ ringed herring since 1980 are given in
Table 3.6.1.

3.6.2 Abundance of 1-ringed herring

The index of 1-ringers in 1996 was 11,452, Swedish vertebral counts were averaged over ICES-rectangles within each
sub-division and raised by the relative survey area of each Sub-division (Skagerrak and Kattegat). The combined and
weighted mean vertebral count was used to split I-ringers into autumn and spring spawners according to the procedure
described in Section 2.2.3. The index of spring spawners using this split was thus 988.

3.6.3 Abundance of 2-ringed herring

The index of 2-ringers in 1996 was 3285 which is a re‘lativcly high number in the time series since 1977. Separation of
autumn and spring spawners was conducted as for 1-ringers giving a high index of 1870 for 2-ringers.

3.6.4 Abundance of 3+ ringed herring

No 3-ringers were caught in the 1996 survey in Division Illa. However, this survey was hot designed to estimate the
abundance of adult herring which are known to be concentrated in the Sound and in Sub-division 22-24 at this time of
the year. )

3.6.5 Abundance indices for Sub-divisions 22-24

Abundance indices for 0, 1, 2, and 3+ ringed herring from bottom-trawl surveys carried out in November/December of
each year in Sub-divisions 24 and 22 are given in Tables 3.6.2 and 3.6.3. Combined estimates for the total area are
obtained by weighting the single survey estimate by the survey areas of each Sub-division. The resulting index series is
shown in Table 3.6.4.

The results of the 1993 survey indicate a strong 1993 year class but the 1994 estimate of this year class as 1-ringers is
low. The 1993 and 1994 surveys gave very high catches of 3+ herring in both areas and these indices are the highest
recorded since 1978. It appears difficult to follow either strong or weak year classes in the time series and the predictive
value of this recruitment index is questionable. The 1995 survey showed low 1995, 1994 and 1993 year classes. In the
Sub-Division 24 survey the 3+ group seems to be rather high.

3.7 Larvae surveys

The German herring larvae monitoring started in 1977 and takes place every year from March/April to June in the main
spawning grounds of the spring spawning herring in the Western Baltic in the Greifswalder Bodden (area: 510.2 km?,
volume: 2,960 x 10° m’, mean depth: 5.8 m, greatest depth: 13.5 m) and adjacent waters. Since 1977 the same sampling
method, sampling strategy and station grid have been used. Usually 35 standard stations are sampled by R/V “Solea” in
broad daylight during 10 consecutive cruises. At each station herring larvae samples are taken with a MARMAP—Bongo
(diameter; 600 mm, mesh size of both nets: 0.315 mm) by parallel double oblique tows at a speed of 3 knots.

For the calculation of the number of larvae per station and m? the methods of Smith and Richardson (1977) and Klenz
(1993) were used and extended to length-classes. To get the number of larvae it was estimated at what time the larvae
reached the length of TL>=30 mm (larvae after metamorphosis) in dependence of growth, and how many larvae have
survived up to that date.
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Further details concerning the surveys and the treatment of the samples are given in Brielmann (1989) and Mueller &
Klenz (1994). .

The estimated numbers of larvae for the period 1977 to 1994 are summarized in Table 3.7.
3.8 Data exploration and preliminary modelling

The analysis was based on the ICA program. The choice of the ICA methodology rather than the XSA approach was
explained in a previous Working Group report (Anon., 1994).

Catch at age and survey-disaggregated data are presented in Tables 3.8.1 - 3.8.5. The input data used cover the period
1987 and onwards. This restriction to a shorter period was motivated by the fact that splitting of spring and autumn
spawners in Divisions Illa and IVa was not consistently done before 1987. The splitting has substantial effects on the
age distributions of the catch and survey estimates (Section 3.10). Although both catch and many survey series extend
further back in time, it was agreed that inclusion of these data would bias the results of the assessment.

Natural mortality, maturity ogive, proportions of F and M before spawning were all assumed to remain constant
between years. M is assumed to be 0.2 per year, F-prop. 0.1 and M-prop. 0.25 for all age groups. The maturity ogive
used was the same as that used at last years Working Group meeting:

Age 0
Maturity 0

Five surveys with disaggregated data and one larvae survey were available as indices of abundance:

Index 1: IBTS in Div Illa, Feb. 1980-1995, 2 and 3+ ringers

Index 2: German bottom trawl survey (GBTS) in SD 22, Nov. 1979-95, 0-3+ ringers
Index 3: German bottom trawl survey (GBTS) in SD 24, Nov. 1978-95, 0-3+ ringers
Index 4: Acoustic. survey in Div Illa, July 1989-95, 2-8+ ringers

Index 5: Acoustic. survey in SD 22+24, Oct. 1989-95, 0-8+ ringers

Index 6: Larvae survey in SD 24, March-June 1977-1994

Indices 2 and 3 basically cover the same stock with the same methodology during the same season. These indices were
combined by a weighting of the actual survey area. As last year, estimates from the acoustic survey in Division 1lla
(Index 4) were questioned due to possible overestimation in the southern part of Division 1lla. However, the time of the
survey coincides with a high expectation of a large proportion of the stock in Division 1lla. The old series of index 1
(IBTS, 1st quarter) could not be updated to include 1996 since the splitting procedure used at previous Working Group
meetings could not be reconstructed by new members of the Working Group. The index was supplemented with a new
IBTS index based on an alternative splitting procedure of the IBTS surveys in quarters 1, 2, 3 and 4, 1991-92 (Section
3.2.2). The quarters were summarized and combined over years to form a separate index. Thus, additional input indices
for the ICA were:

Index 1a: IBTS in Division Illa, all quarters., 1991-1995, 1-5 ringers
" Index 2a: German bottom trawl survey (GBTS) in SD 22424, Nov. 1979-95, 0-3+ ringers

In all ICA runs the following parameters were kept constant:

The weighting factor to all indices (lambda = 1).

The linear catchability model for all indices.

The range of years for separability constraint (=6)

The reference F at age 4 and the selection 1 for oldest age.

Altogether nine runs were made with single indices and one run with multiple indices. The results of the runs were

compared by using the estimates and standard deviations of the reference F in 1994 and the SSB in 1995. The estimates
of the comparative runs obtained are given below:
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an B( in1 from
Run
No. Index MeanF Lower L. Upper L. SSB (x.10001)
1995 1995
1 1 IBTSDiv.Illa 7.20 2.33 22.23 40
2 2 GBTSSD24 0.08 0.05 0.12 1,500
3 3 GBTSSD22 3.98 2.52 6.29 60
4 4 Acous. sur.llla+IVaE 0.15 0.11 0.21 740
5 5 Acous. sur.in SD 22-24 0.010 0.007 0.014 out of range
6 6 LarvaL sur.in SD 24 0.34 0.07 0.58 410"
7 1a IBTS Div. llIa all Quarters 0.27 0.18 0.39 440
8 2a GBTS SD 22+24 3.68 2.52 5.34 70
9 Indices 1a,2a,4and 5 0.21 0.15 0.30 690
! only up till 1994

As can be seen, the runs by individual indices estimate both unrealistic and plausible fishing mortalities. The estimated
SSB levels also appear very unsDivision The indices appear to give no useful information on stock size.

A closer inspection of the catch at age data indicated a dramatic change in the fishing pattern in 1995 compared with
previous years. Numbers of 0- and 1 ringers are considerable higher compared to earlier year classes. These catches
were taken in the 1st and 2nd quarter in the SW Baltic. The combination with high index values of the same age groups
in the February IBTS index (Index 1) is somewhat surprising but will push the ICA estimate of both recruitment and
SSB to extreme levels. The observed changes in fishing pattern may be due to misreporting or inappropriate sampling,.
These changes violated the selectivity assumption in the ICA program and an additional run was conducted in which
catches of 0 and 1 ringers in 1995 were down weighted (weight set to 0.01). This run resulted in a lower estimate of
reference F (0.26) and a smaller spawning biomass (540,000 t).

Run number 9 was selected to illustrate the problems in the assessment. This run performed slightly better
(minimization of the SSQ detectable) and contained many of the indices. The larval index (number 6) was excluded
from the run due to low precision. The old IBTS series (index 1) was rejected due to lack of fit and doubts about the
previous splitting procedure.

Inputs from ICA run number 9 are shown in Tables 3.8.1-3.8.5. Outputs from ICA Run number 1 are shown in Tables
3.8.6-3.8.14. The key results of the ICA analysis are also shown in Figures 3.8.1-3.8.7. Figures 3.8.4a-3.8.7d show the
tuning diagnostics for each combination of survey index and age group. The graph output labelled “stock numbers”
indicates to which degree the survey index reflects the stock numbers estimated from ICA. The vertical lines indicate
the stock number predicted from the index, plus/minus the standard deviation of the stock estimate. The graph
“Catchability” shows the relationship between index and stock numbers estimated from ICA. This relationship is
supposed to be a straight line through the origin. The two lower graphs show the corresponding residuals, which are
supposed to be randomly distributed around the X-axis. Inspecting the 25 graphs with tuning diagnostics reveals that
none of them are really convincing. 1t should be noted that age groups below 3 winter rings generally indicate
increasing stock sizes during 1995 while older age groups indicate decreasing or variable trends in stock sizes from
1994 to 1995.

39 Stock Assessment

Since 1993, the Working Group has encountered severe problems in assessing the status of the spring spawners in
Division Illa and Sub-divisions 22, 23 and 24. These problems can be ascribed to conflicting trends between survey
indices and the commercial catch data. Firstly, there are inconsistencies between the survey indices and the estimated
catch rates in year classes and yearly development. Some of the indices are internally inconsistent, even demonstrating
negative mortality. Furthermore, tuning of the catch data by individual surveys has resulted in conflicting estimates of
the SSB and fishing mortalities. These incoherent patterns in the input data and in the assessment results were also
observed during the 1995 Working Group meeting.

The overall results of the 1996 assessment indicate an increasing SSB and decreasing fishing mortality from 1987 and
onwards. However, the Working Group members feel that both the data on the commercial fishery and on the surveys
are questionable. The assessment trials cannot provide an accurate indication about the development of the stock. As a
consequence, predictions of the western Baltic herring are not considered.
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Estimates of total mortality were obtained by an analysis of the CPUE at age of individual cohorts by surveys. Numbers
by available year class estimates were regressed against age within each survey (Fxgure 3.9.1). These estimates
indicated that Z varied from 0.6 (acoustic surveys) to 0.9 (trawl surveys).

3.10 Uncertainties in the Assessment

The sum of squares of deviations between estimated and observed indices (SSQ) as a function of the reference F (in
1995) for run number 9 (index 1a, 2a, 4, 5) is shown in Figure 3.8.1. The estimated reference F should be the one with
the minimum index SSQ. As can be seen, there is not a very clear indication of the best reference F in 1995.

Figure 3.8.2 shows the stock summary from ICA. It shows an increasing trend in spawning stock biomass, from about
200 000 t in 1987 to 600 000 t in 1995. Fishing mortality shows the opposite trend, decreasing from about 0.7 in 1988
to about 0.20 in 1995. There is a slight decrease in the landings to around 170,000 t in 1995 indicating a contradiction
with the trends in F’s and stock size. Proportionally the decrease in landings is much smaller than the decrease in
fishing mortality. Recruitments in 1994 and 1995 are the highest in the short time series 1987-95. A recent decrease in
fishing mortality cannot be inferred from decreases in mean age in the catches. The dominance of older fish in the catch
(Table 3.8.1) in recent years can also be explained by a series of high recruitments in the mid-eighties. As discussed at
last years Working Group the observed change in the fishing pattern might also have been caused by an inappropriate
sampling of the human consumption and the industrial fisheries in Division I1]a.

The group found it difficult to recognise any trends in the assessment, and it should be stressed that the results from the
ICA run are presented only to illustrate the assessment problems. Consequently, no attempt was made to predict the
catches of herring in Division Illa and Sub-divisions 22-24.

Prior to 1988 annual assessments were made separately for Division Illa and the Baltic (Sub-divisions 22-24). The
present perception of a unit stock is based on the assumption that spring spawning herring in the Baltic migrate
northwards into Division Illa and the North Sea after spawning in April-May. The return migration to the Baltic
spawning grounds occurs by the end of the winter season. The theory is supported by tagging results (Biester, 1979)
and by seasonal and spatial observations of vertebrae counts (Rosenberg &‘Palmen, 1981). Results from the acoustic
estimates from the Baltic Sound (Sub-division 23) suggest that the migration is substantial and rapid (Pedersen &
Stachr, in press). Thus, the estimated relative biomass in the Sound remained at 400 t x NM? from autumn 1993 to
April 1994 when the biomass decreased to 20 t x NM™,

" Existing fishery-independent surveys have not been designed to account for the assumed migration patterns. None of
the surveys covered the entire distribution of the stock. Thus, changes in the migration rate or timing between years
may have violated the validity of the time series of these surveys. The Baltic larval survey at spawning time and the
acoustic survey during summer in Division 11la would be expected to reflect the SSB better than the other surveys. The
acoustic surveys are not consistent with the catch at age distributions and the Baltic larval surveys have a very low
precision. The Baltic trawl surveys are conducted at times when migration is assumed to occur (IBTS) or when a main
part of the stock is assumed to be at least partially absent from the surveyed area (Baltic trawl surveys). From an
assessment point of view a call for a coordination or a larger coverage of these surveys may address these problems.

Another cause for concern is the estimates of the proportion of autumn spawners in the total landings in the SW Baltic
and Division Illa. The net transfer of catches of autumn spawners from the Division Illa to the North Sea stock varies
significantly between years.

Division I11a and Sub-divisions 22-24

Year 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
Landings
(x 1000 1) 349 308 336 432 286 280 257 311 295 234 231
Fraction Spring
Spawners (%) 71 60 52 58 65 73 74 54 57 70 75

This transfer primarily affects the numbers of young (0-2 ringers) spring spawners in the Division Illa. The present
method where mean vertebrae counts are used to allocate spring and autumn spawners appears very dubious.
Observations from Division Illa samples indicate that the estimated standard deviation around the mean VS overlaps
the range used to designate stock identity. In view of the important consequences the present splitting method should be
reviewed and preferably replaced by other methods. Pilot studies indicate that measurements of otolith increment
widths are statistically robust and more cost-efficient (Mosegaard and Madsen, W.D. 1996).
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3.11 Management considerations

Compared to recent years there has been a dramatic change in the number of 1-ringers in the catch in 1995 (Table
3.8.1). The reported landings are the highest for the period from 1985 and the second highest for the total period from
1975. Landings of all other age-groups are within the normal range. The majority of 1-ringers (64%) were caught in
Sub-divisions 22-24 during the first two quarters of 1995 (Table 3.3.3). For the period from 1991 to 1995 when IBTS
surveys were carried out in the first and second quarters, only 1-ringers from the 1995 survey in Division Illa were
considered to have a proportion of spring spawners of about 10%. This is the only indication that the high numbers
landed are matched by a correspondingly abundant year-class. Acoustic surveys, IBTS and GBTS carried out later in
the year do not indicate the same high abundance of 1-ringers.

ICA runs with individual indices and a combination of indices in most cases indicate either an extremely high
recruitment in 1994 and 1995 with an overall rather low fishing mortality or a change in selectivity pattern with an
increasing fishing mortality on the early year classes especially in Sub-divisions 22-24.

The Working Group cannot make a clear judgement on how much of the change in landings is due to year class
fluctuations and how much is caused by a changing fishing pattern. A robust analysis of the population status requires a
more accurate split of the spring and autumn spawning components. A detailed analysis of fishing effort and selectivity,
as well as a sequence of year classes with the presumed change in selectivity, is also required to improve model runs.
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Table 3.1.1

HERRING in Division llla and Sub. Division 22-24, 1986 - 1995
Landings in thousands of tonnes.
{Data provided by Working Group members 1996).

Year 19851 1986 1987 1988 1989 1990 1991 1992 1993 1994 | 1995
Skagerrak

Denmark 88.2 94.0f 105.0] 144.4 47.4 62.3 58.7 64.7 87.8 44.9 43.7
Faroe Islands 0.5 0.5

Norway 4.5 '1.6 1.2 5.7 1.6 5.6 8.1 13.9 24,2 17.7 16.7
Sweden 40.3 43.0 51.2 57.2 47.9 56.5 54.7 88.0 56.4 66.4 48.5
Total 133.5} 139.1] 157.4] 207.3 96.9f 124.4] 121.5| 166.6| 168.4] 129.0] 108.9
Kattegat

Denmark 69.2 37.4 46.6 76.2 57.1 32.2 29.7 33.5 28.7 23.6 16.9
Sweden 39.8 35.9 29.8 49.7 37.9 45.2 36.7 26.4 16.7 15.4 30.8
Total 109.0 73.3 76.4| 125.9 95.0 77.4 66.4 59.9 45.4 39.0 47.7
Sub. Div. 22+ 24

Denmark 15.9 14.0 32.5 33.1 21.7 13.6 25.2 26.9 38.0 39.5 36.8
Germany 54.6 60.0 53.1 54.7 56.4 45.5 15.8 15.6 11.1 11.4 13.4
Poland 16.7 12.3 8.0 6.6 8.5 9.7 5.6 15.5 11.8 6.3 7.3
Sweden 11.4 5.9 7.8 4.6 6.3 8.1 19.3 22.3 16.2 7.4 15.8
Total 98.6 92.2|] 101.4 99.0 92.9 76.9 65.9 80.3 77.1 64.6 73.3
Sub. Div. 23

Denmark 6.8 1.5 0.8 0.1 1.5 1.7 2.9 3.3 1.5 0.9
Sweden 1.1 1.4 0.2 0.1 0.1 2.3 1.7 0.7 0.3 0.2
Total 7.9 9 1.0 0.2 1.6 4.0 4.6 4.0 1.8 1.1
Grand Total 349.0| 307.5| 336.2] 432.4| 286.4} 279.9| 257.8] 311.4| 294.9| 234.4] 231.0
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Table 3.3.1

Skagerrak 1995

Catch in numbers (millions) and mean Weight (g) at age by fleet.

Landings for Mixed clupeoide Landings for ‘ TOTAL
Human consumpt. industrial purposes
1. QUARTER ‘ , o
Winter rings Numbers [Weight [Numbers |Weight [Numbers [Weight |Numbers |Weight
0 ,
1 0.54 42.5 56.97 15.8 147.33 246] 204.84 22.2
2 56.86 84.3 0.99 32 28.51 55.7 86.36 742
3 5.72 129.3 0.06 149 1.09 129.0 6.87 129.4
4 0.58 167.1 0.36 144.0 0.94 158.2
5 0.21 183.7 0.21 183.7
6 0.12 198.2 0.12 198.2
7 0.12 203.8 0.12 203.8
8+ 0.14 233.9 0.14 233.9
TOTAL 64.29 58.02 177.29 299.60
Land. (SOP)(t) 5,771 941 5,398 12,110
{2. QUARTER . ;
Winter rings Numbers |Weight |Numbers |Weight [Numbers |Weight |Numbers |Weight
0
1 15.62 36.4 168.28 28.9f 183.90 29.6
2 23.95 96.4 27.21 60.8 51.16 775
3 14.29 154.9 3.58 73.6 17.87 138.7
4 9.08 166.4 3.15 80.2 12.23 144.2
5 2.83 180.9 0.83 94.2 3.66 161.3
6 2.40 185.3 0.08 110.0 2.48 192.6
7 1.43 202.4 0.08 142.0 1.51 199.2
8+ 1.98 205.4 1.98 205.4
TOTAL 71.58 0.00 203.21 274.79 ‘
Land. (SOP)Y) 8.280 0 7,137 15 417
3. QUARTER '
\Winter rings Numbers [Weight [Numbers |Weight |Numbers [Weight |Numbers |Weight .
0 67.35 13.2| 801.26 9.1 868.61 9.4
1 126.12 78.0 4.25 30.1] 12942 58.9] 259.79 67.7
2 53.10 138.0 0.36 107.0 61.29 96.3] 114.75 115.6
3 35.46 167.8 15.37 109.3 50.83 150.1
4 21.12 185.5 10.95 141.7 32.07 170.5
5 7.06 212.5 29.16 182.0 36.22 188.0
6 3.22 231.1 1.95 205.5 5.17 221.5
7 1.56 282.6 1.56 282.6
8+ 0.48 249.0 0.48 249.0
TOTAL 248.12 71.96 1049.40 1369.48
Land. (SOP)(t) 29,828 1,055 29,758 60,642
4. QUARTER _ )
\Winter rings Numbers |Weight [Numbers |Weight |Numbers |Weight [Numbers |Weight
0 3.88 10.6 70.36 15.7] 244.97 19.1] 319.21 18.2
1 32.82 87.0 233 38.2 13.14 53.4 48.29 75.5
2 39.03 132.4 0.15 46.0 2.64 76.2 41.82 128.6
3 22,62 163.8 0.53 127.0 23.15 163.0
4 9.16 168.1 0.53 152.0 9.69 167.2
5 1.65 180.7 1.65 180.7
6 1.30 211.2 1.30 211.2
7 2.40 235.6 1.05 208.5 3.45 227.3
8+ 0.18 212.7
TOTAL 113.04 72.84 262.85 448.55
Land. (SOP)(t) 14,488 1,201 5,948 21,598
TOTAL YEAR ' o
Winter rings Numbers |[Weight |[Numbers |Weight [Numbers [Weight [Numbers |Weight
0 3.88 10.6 137.71 14.5 | 1046.23 1141 1187.82 11.8
1 175.10 75.8 63.55 17.6 | 458.17 36.7| 696.82 448
2| 17294 113.3 1.50 514 | 119.65 78.1 294.09 98.7
3 78.09 161.5 0.06 149.0 20.57 104.6 98.72 149.6
4 39.94 176.9 14.99 129.2 54.93 163.9
5 11.76 199.9 29.99 179.6 41.74 185.3
6 7.04 2147 2.03 201.7 9.07 211.8
7 5.51 239.6 1.13 203.8 6.64 233.5
8+ 2.78 214.8 2.78 214.8
TOTAL 497.03 202.82 1692.75 2392.60 ‘
Land. (SOP)(t) 58.367 3,197 48,241 109,805
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Table 3.3.2 Kattegat 1995

Catch in numbers (millions) and mean weight (g) at age by fleet.

Landings for Mixed clupeoide Landings for TOTAL
Human consumpt. ) : industrial purposes
1. QUARTER .
\Winter rings Numbers {Weight Numbers [Weight Numbers {Weight Numbers {Weight
0
1 23.06 28.8] 25223 14.3| 157.43 21.9] 43272 17.8
2 18.53 71.2 3.58 30.9 10.75 34.8 32.86 54.9
3 9.10 110.2 9.10 110.2
4 7.30 158.8 7.30 158.8
5 3.05 192.5 3.05 192.5
6 1.88 197.0 1.88 197.0
7 0.93 240.4 0.53 240.4
8+ 0.79 269.3 0.79 269.3
TOTAL 64.64 255.81 168.18 488.63
Land. (SOP)(t) 5.539 3.718 3.822 13,078
2. QUARTER
\Winter rings Numbers |Weight |Numbers |Weight [Numbers |Weight |Numbers |Weight
0
1 12.62 3341 102.87 346] 11549 345
2 6.50 79.7 5.19 46.6 11.69 65.0
3 3.79 101.7 3.79 101.7
4 3.36 111.9 3.36 111.9
5 1.12 150.2 1.12 160.2
6 0.97 151.5 0.97 151.5
7 0.78 153.4 0.78 153.4
8+ 0.48 180.9 0.48 180.9
TOTAL 29.62 0.00 108.06 137.68
Land. (SOP)(t) 2,219 0 3,804 6,023
3. QUARTER
[Winter rings Numbers |Weight [Numbers |Weight Numbers [Weight Numbers [Weight
0 11.99 1321 368.92 13.2] 380.91 13.2
1 13.43 64.9 6.28 30.2 193.39 30.2] 213.10 324
2 6.37 102.7 0.11 55.3 3.57 65.3 10.05 85.3
3 4.46 138.8 4.46 138.8
4 6.01 165.8 0.04 87 1.19 87.0 7.24 152.4
5 2.25 204.4 225 204.4
6 1.39 209.0 1.39 209.0
7 0.62 229.8 0.62 229.8
8+ 0.45 227.8 0.45 227.8
TOTAL 34.98 18.42 567.07 620.47
Land. (SOP)(t) 4,136 357 11,011 15,504
4. QUARTER
\Winter rings Numbers |Weight Numbers jWeight Numbers [Weight Numbers [Weight
0 2.75 16.7 43.18 19.1 192.58 16.6] 238.51 17.0
1 44.45 61.2 0.88 40.5 55.29 34.9] 100.62 46.6
2 9.45 108.7 1.24 43.2 10.69 101.1
3 4.92 149.6 4.92 149.6
4 5.42 196.3 542 196.3
5 2.14 210.0 2.14 210.0
6 1.26 230.2 1.26 230.2
7 0.77 229.8 0.77 229.8
8+ 0.31 260.0 0.31 260.0
TOTAL 71.47 44.06 249.11 364.64
Land. (SOP)(t) 6,589 860 5,180 12,629
TOTAL YEAR v
\Winter rings Numbers [Weight |Numbers |Weight ~|[Numbers |Weight |Numbers [Weight
0 2.75 15.7 55.17 17.8 561.50 144 | 61942 14.7
1 93.56 50.0] 259.39 14.8 508.98 29.01 861.93 27.0
2 40.85 86.1 3.69 31.6 20.75 41.8 65.29 69.0
3 22.27 123.2 22.27 123.2
4 22.09 162.8 0.04 87.0 1.19 87.0 23.32 158.8
5 8.56 194.5 8.56 194.5
6 5.50 199.6 5.50 199.6
7 3.10 213.8 3.10 213.8
8+ 2.03 237.8 2.03 237.8
TOTAL 200.71 318.29 1092.42 1611.42
Land. (SOP)(t) 18,482 4,935 23,817 47,235
RN
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Table 333

Sub-Area 22-24 in 1995

Ca{ch in numbers (millions) and mean weight (g) at age by country.

TOTAL

Sub-Division 22* Sub-Division 23 Sub-Division 24
1. QUARTER )
Winter rings Numbers |Weight |Numbers |Weight |Numbers |Weight }Numbers JWeight
0 '
1 275.67 11.9 10.20 11.9] 381.02 11.9} 666.89 11.9
2 51.63 37.1 2.00 37.2 74.53 37.2 128.16 37.2
3 16.80 57.2 0.74 60.0 27.45 60.0 44.99 58.9
4 3.37 133.9 0.30 114.9 11.12 114.9 14.79 119.2
S 7.97 174.0 0.11 138.2 4.18 138.2 12.26 161.5
6 9.35 197.5 0.11 166.9 3.97 166.9 13.43 188.2
7 7.23 211.9 0.07 194.6 2.74 194.6 10.04 207.1
8+ 401 227.0 0.05 234.0 1.79 234.0 5.85 229.2
TOTAL 376.03 : 13.57 506.81 896.41
Land. (SOP)(t) 12,284 333 12,438 25,055
2. QUARTER )
Winter rings Numbers {Weight Numbers |Weight Numbers [Weight Numbers [Weight
0 .
1 329.79 15.9 0.75 16.8] 191.92 16.8] 52246 16.2
2 42.28 45.6 0.16 48.0 41.81 48.0 84.25 46.8
3 26.13 76.6 0.13 68.5 32.11 68.5 58.37 72.1
4 29.86 90.4 0.14 75.7 35.56 75.7 65.56 82.4
5 20.30 127.2 0.06 103.1 15.55 103.1 35.91 116.7
6 10.28 150.4 0.04 126.4 9.08 126.4 19.40 139.1
7 6.89 188.9 0.01 173.1 3.45 173.1 10.35 183.6
8+ 4.22 186.0 0.01 197.5 2.99 197.5 7.22 190.8
TOTAL 469.75 1.30 - 332.47 . 803.52
Land. (SOP)(t) 18,086 55 14,061 32,203
3. QUARTER )
Winter rings Numbers |Weight |Numbers |Weight |Numbers [Weight = |Numbers |Weight
0 70.39 9.3 1.22 9.3 161.92 9.3] 233.53 9.3
1 24.79 34.1 0.39 344 51.61 34.4 76.78 34.3
2 2.07 53.8 0.04 63.1 5.88 63.1 7.99 60.7
3 1.68 62.4 0.07 80.6 8.62 80.6 10.36 77.6
4 1.69 71.7 0.07 86.4 9.33 86.4 11.08 84.2
5 0.09 115.6 0.02 103.3 3.26 103.3 3.38 103.6
6 0.54 101.3 0.02 101.7 2.77 101.7 3.33 101.6
7 0.01 144 4 0.33 119.2 0.34 119.8
8+ 0.14 161.7 0.14 161.7
TOTAL . 101.24 1.84 243.87 . 346.94
Land. (SOP)(t) 1,903 44 5833 7,780
4. QUARTER
Winter rings Numbers |Weight |Numbers [Weight |Numbers {Weight Numbers |Weight
0 133.99 9.3 16.30 9.3 107.17 9.3] 257.46 9.3
1 47.18 34.1 5.92 34.0 38.94 34.0 92.04 34.1
2 3.96 54.0 1.27 63.2 8.32 63.2 13.55 60.5
3 3.26 63.1 1.57 78.4 10.33 78.4 15.16 75.1
4 3.28 72.4 1.23 97.5 8.07 97.5 12.58 91.0
5 0.21 115.6 0.24 95.5 1.57 95.5 2.02 97.6
6 1.05 101.5 0.21 103.3 1.40 103.3 266 102.6
7 0.02 144.4 0.02 92.7 0.10 92.7 0.14 100.1
8+ 0.01 161.7 0.01 161.7
TOTAL 192.96 26.75 175.91 395.62
Land. (SOP)(t) 3,649 722 4,748 9,118
TOTAL YEAR
Winter rings Numbers |Weight Numbers [Weight Numbers {Weight Numbers |Weight
0 204.38 9.3 17.52 9.3 | 269.09 9.3| 490.99 9.3
1 677.43 16.2 17.26 20.2 663 49 16.4 | 1358.18 16.3
2 99.94 41.7 3.47 47.5 130.54 43.5 233.95 42.8
3 47.87 68.3 2.50 72.5 78.52 68.1 128.88 68.3
4 38.20 91.9 1.73 98.3 64.08 86.8 104.01 88.9
5 28.57 140.1 0.44 108.0 24.56 108 6 53.57 125.4
6 21.22 167.5 0.38 1234 17.22 129.9 38.82 1504
7 14.15 200.6 0.10 176.1 6.62 178.0 20.87 193.3
8+ 8.24 205.9 0.06 226.9 4.92 209.7 13.22 207.4
TOTAL 1139 98 43 46 1259 06 2442 .49
Land. (SOP)(t) 35,922 1,154 37,081 74,157

* German landings from Sub-Division 22 and 24 are listed under Sub-Division 22.
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Table 3.3.4 Skagerrak 1995
Catch in numbers (millions) and mean weight

North Sea Autumn Spawners

g) at age by fleet.

Landings for Mixed clupeoide tandings for TOTAL
Human consumpt. industrial purposes
1. QUARTER
\Winter rings Numbers jWeight Numbers |Weight Numbers |Weight Numbers |Weight
0
1 0.39 58.8 41.59 15.8 107.55 24.6] 149.53 22.2
2 30.72 156.0 0.53 32 15.40 55.7 46.65 121.5
3
4
5
6
7
. 8+
TOTAL 31.11 42.12 122.95 196.18
Land. (SOP)(t) 4.815 674 3.499 8.988
2. QUARTER|
Winter rings Numbers JWeight Numbers |Weight Numbers |Weight Numbers |Weight
0
1 14.68 36.4 168.18 28.9 172.86 29.6
2 9.58 96.4 10.88 60.8 20.46 77.5
3
4
5
6
7
8+
TOTAL 24.26 0.00 169.06 193.32
Land. (SOP)(t) 1,458 0 5.237 6.695
3. QUARTER
\Winter rings Numbers |Weight Numbers |Weight Numbers |Weight Numbers {Weight
0 67.35 13.2] 801.26 9.1] 868.61 9.4
1 68.10 78.0 2.30 30.1 69.89 58.9] 140.29 67.7
2 5.84 138.0 0.04 107.0 6.74 96.3 12.62 115.6
3
4
5
6
7
8+
TOTAL 73.94 69.69 877.89 1021.52
Land. (SOP)(t) 6,114 963 12.055 19,132
4. QUARTER
Winter rings Numbers |Weight Numbers [Weight Numbers [Weight Numbers |Weight
0 3.49 10.6 63.32 15.7] 220.47 19.1] 287.28 18.2
1 25.60 87.0 1.82 38.2 10.25 53.4 37.67 75.5
2 18.86 132.4 0.07 46.0 1.27 76.2 20.20 128.6
3
4
5
6
7
8+
TOTAL 47.95 65.21 231.99 345.15
Land. (SOP)(t) 4,762 1,067 4.855 10.684
TOTAL YEAR
[Winter rings Numbers |Weight Numbers |Weight Numbers [Weight Numbers [Weight
0 3.49 10.6 130.67 144 | 1021.73 11.3 | 1155.89 11.6
1 108.77 74.4 45.71 17.4 345.87 34.4 500.35 41.5
2 65.00 138.8 0.64 38.2 34.29 66.1 99.93 113.2
3
4
5
6
7
8+
TOTAL 177.26 177.02 1401.89 1756.17
rLand. (SOP)t) 17,149 2,703 25,646 45,499
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Table 3.3.5 Kattegat 1995 North Sea Autumn Spawners
Catch in numbers (millions) and mean weight (g) at age by fleet.
Landings for Mixed clupeoide Landings for TOTAL
Human consumpt. industrial purposes
1. QUARTER
\Winter rings Numbers [Weight Numbers [Weight Numbers [Weight Numbers {Weight
0
1 17.30 28.8 189.17 14.3 118.07 21.9 324.54 17.8
2 9.27 71.2 1.79 30.9 5.38 34.8 16.44 54.9
3
4
5
6
7
8+
TOTAL 26.57 190.96 123.45 340.98
Land. (SOP)(t) 1,158 2,760 2,773 6,691
2. QUARTER
\Winter rings Numbers |Weight Numbers [Weight Numbers  [Weight Numbers [Weight
0
1 9.59 33.1 78.18 34.6 87.77 34.5
2 3.25 79.7 2.60 46.6 5.85 65.0
3
4
5
6
7
8+
TOTAL 12.84 0.00 80.78 93.62
Land. (SOP)(t) 576 0 2,829 3,405
]ls. QUARTER
inter rings Numbers [Weight Numbers  [Weight Numbers [Weight Numbers |Weight
0 11.99 13.2 368.92 13.2 380.91 13.2
1 7.92 64.9 3.7 30.2 114.10 30.2 125.73 324
2 1.34 102.7 0.02 55.3 0.75 55.3 2.11 85.4
3
4
5
6
7
8+
TOTAL 9.26 15.72 483.77 508.75
Land. (SOP)(t) 651 271 8,357 9,280
4. QUARTER
Winter rings Numbers [Weight Numbers  [Weight Numbers [Weight Numbers  |Weight
0 2.15 15.7 33.68 19.1 150.21 16.6 186.04 17.0
1 13.78 61.2 0.27 40.5 17.14 34.9 31.19 46.6
2 1.80 108.7 0.24 43.2 2.04 101.0
3
4
5
6
7
8+
TOTAL 17.73 33.95 167.59 219.27
Land. (SOP)(1) 1.073 654 3,102 4,829
TOTAL YEAR
Winter rings Numbers [Weight Numbers |Weight Numbers |Weight Numbers |Weight
0 2.15 15.7 45.67 17.6 519.13 14.2 566.95 14.5
1 48.59 44.7 193.15 14.6 327.49 28.5 569.23 25.2
2 15.66 80.0 1.81 31.2 8.97 40.2 26.44 63.1
3
4
5
6
7
8+
TOTAL 66.40 240.63 855.59 1162.62
[Land. (SOP)(1) 3.459 3.686 17.061 24,206
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Table 3.3.6 Skagerrak 1995

Baltic Spring Spawners
Catch in numbers {millions) and mean weight (g) at age by fleet.

Landings for
Human consumpt.

Mixed clupeoide

Landings for
industrial purposes

TOTAL

1. QUARTER

Winter rings Numbers |Weight Numbers |Weight Numbers |Weight Numbers [Weight
0
1 0.15 42.5 15.38 15.8 39.78 24.6 55.31 22.2
2 26.14 84.3 0.46 32 13.11 55.7 39.71 74.2
3 5.72 129.3 0.06 149 1.09 129.0 6.87 129.4
4 0.58 167.1 0.36 144.0 0.94 158.2
5 0.21 183.7 0.21 183.7
6 0.12 198.2 0.12 198.2
7 0.12 203.8 0.12 203.8
8+ 0.14 233.9 0.14 233.9

TOTAL 33.18 15.90 54.34 103.42

Land. (SOP)(t) 3.165 267 1,899 5,331

2. QUARTER

Winter rings Numbers {Weight Numbers [Weight Numbers 1Weight Numbers {Weight
0
1 0.94 36.4 10.10 28.9 11.04 29.6
2 14.37 96.4 16.33 60.8 30.70 77.5
3 14.29 154.9 3.58 73.6 17.87 138.7
4 9.08 166.4 3.15 80.2 12.23 144.2
5 2.83 180.9 0.83 94.2 3.66 161.3
6 2.40 195.3 0.08 110.0 2.48 192.6
7 1.43 202.4 0.08 142.0 1.51 199.2
8+ 1.98 205.4 1.98 205.4

TOTAL 47.32 0.00 34.15 81.47

iLand. (SOP)(1) 6,822 0 1,900 8.722

3. QUARTER , ‘

\Winter rings Numbers |Weight Numbers |Weight Numbers [Weight Numbers |Weight
0 0.00 13.2 0.00 9.1
1 58.02 78.0 1.95 30.1 59.53 58.9] 119.50 67.7
2 47.26 138.0 0.32 107.0 54.55 96.3] 102.13 115.6
3 35.46 167.8 15.37 109.3 50.83 150.1
4 21.12 185.5 10.95 141.7 32.07 170.5
5 7.06 212.5 29.16 182.0 36.22 188.0
6 3.22 2311 1.95 205.5 5.17 221.5
7 1.56 282.6 1.56 282.6
8+ 0.48 249.0 0.48 249.0

TOTAL 174.18 2.27 171.51 347.96

Land. (SOP)(1) 23,714 93 17.703 41,510

4. QUARTER

\Winter rings Numbers {Weight [Numbers {Weight |Numbers [Weight Numbers [Weight
0 0.39 10.6 7.04 15.7 24.50 19.1 31.93 18.2
1 7.22 87.0 0.51 38.2 2.89 53.4 10.62 75.5
2 20.17 132.4 0.08 46 137 (- 76.2 21.62 128.6
3 22.62 163.8 0.53 127.0 23.15 163.0
4 9.16 168.1 0.53 152.0 9.69 167.2
5 1.65 180.7 1.65 180.7
6 1.30 211.2 1.30 211.2
7 2.40 235.6 1.05 208.5 3.45 227.3
8+ 0.18 2127 0.18 212.7

TOTAL 65.09 7.63 30.86 103.58

Land. (SOP)(t) 9,725 134 1,093 10,952

TOTAL YEAR

Winter rings Numbers {Weight |Numbers |Weight |Numbers |Weight |Numbers |Weight
0 0.39 10.6 7.04 16.7 24.50 19.1 31.93 18.2
1 66.33 78.3 17.84 18.0 112.30 43.9 196.47 53.2
2 107.94 118.4 0.86 61.2 85.36 83.0 194.16 102.6
3 78.09 161.5 0.06 149.0 20.57 104.6 98.72 149.6
4 39.94 176.9 14.99 129.2 54.93 163.9
5 11.75 199.9 29.99 179.6 41.74 185.3
6 7.04 214.7 2.03 201.7 9.07 211.8
7 5.51 239.6 1.13 203.8 6.64 233.5
8+ 2.78 2148 2.78 2148

TOTAL 319.77 25.80 290.86 636.43

Land. (SOP)(t) 43427 493 22,595 66,515
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Table 3.3.7 Kattegat 1995 Baltic Spring Spawning Herring
Catch in numbers (millions) and mean weight (g) at age by fleet.
Landings for Mixed clupeoide Landings for TOTAL
Human consumpt. industrial purposes
1. QUARTER
Winter rings Numbers |Weight Numbers |Weight Numbers |Weight Numbers  |Weight
0
1 5.76 28.8 63.06 14.3 39.36 21.9 108.18 17.8
2 9.26 71.2 1.79 30.9 5.37 34.8 16.42 54.9
3 9.10 110.2 9.10 110.2
4 7.30 158.8 7.30 158.8
5 3.05 192.5 3.05 192.5
6 1.88 197.0 1.88 197.0
7 0.93 240.4 0.93 240.4
8+ 0.79 269.3 0.79 269.3
TOTAL 38.07 64.85 44,73 147.65
Land. (SOP)(t) 4,380 957 1,049 6.386
I‘z. QUARTER
inter rings Numbers [Weight Numbers  |Weight Numbers |Weight Numbers |Weight
0
1 3.03 28.8 24.69 21.9 27.72 22.7
2 3.25 71.2 2.59 34.8 5.84 55.0
3 3.79 110.2 3.79 110.2
4 3.36 158.8 3.36 158.8
5 1.12 192.5 1.12 192.5
6 0.97 197.0 0.97 197.0
7 0.78 240.4 0.78 240.4
8+ 0.48 269.3 0.48 269.3
TOTAL 16.78 0.00 27.28 44.06
Land. (SOP)(t) 1,993 0 631 2,624
||3. QUARTER :
inter rings Numbers |Weight Numbers |Weight Numbers [Weight Numbers |Weight
0
1 5.51 64.9 2.57 30.2 79.29 30.2 87.37 324
2 5.03 102.7 0.09 55.3 2.82 55.3 7.94 85.3
3 4.46 138.8 4.46 138.8
4 6.01 165.8 0.04 87 1.19 87.0 7.24 152.4
5 2.25 204.4 2.25 204.4
6 1.39 209.0 1.39 209.0
7 0.62 229.8 0.62 229.8
8+ 0.45 227.8 0.45 227.8
TOTAL 25.72 2.70 83.30 111.72
Land. (SOP)(t) 3.484 86 2,654 6.224
4. QUARTER
(Winter rings Numbers . {Weight Numbers |Weight Numbers |Weight Numbers |Weight
0 0.60 15.7 9.50 19.1 42.37 16.6 52.47 17.0
1 30.67 61.2 0.61 40.5 38.15 34.9 69.43 46.6
2 7.65 108.7 1.00 43.2 8.65 101.1
3 4.92 149.6 4.92 149.6
4 5.42 196.3 5.42 196.3
5 2.14 210.0 2.14 210.0
6 1.26 230.2 1.26 230.2
7 0.77 229.8 0.77 229.8
8+ 0.31 260.0
TOTAL 53.74 10.11 81.52 145.06
Land. (SOP)(t) 5.516 206 2,078 7.720
TOTAL YEAR
Winter rings Numbers |Weight Numbers |Weight Numbers |Weight Numbers |Weight
0 0.60 15.7 9.50 19.1 42.37 16.6 52.47 17.0
1 44.97 55.3 66.24 15.2 181.49 28.3 292.70 29.5
2 25.19 88.9 1.88 32.1 11.78 40.4 38.85 714
3 22.27 124.6 22.27 1246
4 22.09 169.9 0.04 87.0 1.19 87.0 23.32 165.5
5 8.56 200.0 8.56 200.0
6 5.50 207.6 5.50 207.6
7 3.10 235.7 3.10 235.7
8+ 2.03 258.7 2.03 258.7
TOTAL 134.31 77.66 236.83 448.80
fLand. (SOP)(t) 15,374 1,249 6.412 23,035
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Table 3.3.8

Total catch of Spring Spawners by Sub-divisions in 1995.

Numbers (millions) at age (rings) and SOP {t) by quarter.

Rings 0 1 2 3 4 5 6 7 8 sop
Quarter
North Sea o]
Skagerrak 55.31 39.71 6.87 0.94 0.21 0.12 0.12 0.14 5,331
1 Kattegat 108.18 16.42 9.10 7.30 3.05 1.88 0.93 0.79 6,386
Sub-div 22-24 666.89 | 128.16 44.99 14.79 12.26 13.43 10.04 5.85 25,055
Total 830.38 | 184.29 60.96 23.03 15.52 15.43 11.09 6.78 36,772
North Sea 15.30 2,054
Skagerrak 11.04 30.70 17.87 12.23 3.66 2.48 1.51 1.98 8,722
2 Kattegat 27.72 5.84 3.79 3.36 1.12 0.97 0.78 0.48 2,624
Sub-div 22-24 522.46 84.25 658.37 65.56 35.91 18.40 10.35 7.22 32,203
Total 561.22 | 136.09 80.03 81.15 40.69 22.85 12.64 9.68 45,603
North Sea 15.10 5.80 11.30 3.00 2.20 1.50 0.40 0.20 7.413
Skagerrak 119.50 | 102.13 50.83 32.07 36.22 5.17 1.56 0.48 41,510
3 Kattegat 87.37 7.94 4.46 7.24 2.25 1.39 0.62 0.45 6,224
Sub-div 22-24 | 233.53 76.78 7.99 10.36 11.08 3.38 3.33 0.34 0.14 7,780
Total 233.53 | 298.75| 123.86 76.95 53.39 44.05 11.39 2.92 1.27 62,927
North Sea o]
Skagerrak 31.93 10.62 21.62 23.15 9.69 1.65 1.30 3.45 0.18 10,952
4 Kattegat 52.47 69.43 8.65 4,92 5.42 2.14 1.26 0.77 7,720
Sub-div 22-24 | 257.46 92.04 13.55 15.16 12.68 2.02 2.66 0.14 0.01 9,118
Total 341.86 | 172.09 43.82 43.23 27.69 5.81 5.22 4.36 0.19 27,790
North Sea 0.00 15.10 21.10 11.30 3.00 2.20 1.50 0.40 0.20 9,467
Total Skagerrak 31.93 | 196.47 | 194.16 98.72 54.93 41.74 9.07 6.64 2.78 66,515
Year Kattegat 52,47 | 292.70 38.85 22,27 23.32| 8.56 5.50 3.10 1.72 22,954
Sub-div 22-24 | 490.99 | 1358.17 | 233.95 | 128.88 | 104.01 53.57 38.82 20.87 13.22 74,156
Total 575.39 | 1862.44 | 488.06 | 261.17 | 185.26 | 106.07 54.89 31.01 17.92 173,092
Mean weight {g) at age by quarter.
Rings (] 1 2 3 4 5 6 7 8+
Quarter
North Sea
Skagerrak 22.2 74.2 129.4 158.2 183.7 198.2 203.8 233.9
1 Kattegat 17.8 54.9 110.2 158.8 192.5 197.0 240.4 269.3
Sub-div 22-24 11.9 37.2 58.9 119.2 161.5 188.2 207.1 229.2
Total 13.4 46.7 74.5 133.3 167.9 189.3 209.9 234.0
North Sea 134
Skagerrak 29.6 77.5 138.7 144.2 161.3 192.6 199.2 205.4
2 Kattegat 22.7 55.0 110.2 158.8 192.5 197.0 240.4 269.3
Sub-div 22-24 16.2 46.8 72.1 82.4 116.7 139.1 183.6 190.8
Total 16.8 63.9 88.8 94.9 122.8 147.4 189.0 197.7
North Sea 169.0 183.0 195.0 208.0 240.0 208.0 248.3
Skagerrak 67.7 115.6 150.1 170.5 188.0 221.5 282.6 249.0
3 Kattegat 324 85.3 138.8 152.4 204.4 209.0 229.8 227.8
Sub-div 22-24 9.3 34.3 60.7 77.6 84.2 103.6 101.6 119.8 161.7
Total 9.3 45.4 112.6 144.5 151.5 183.4 187.4 242.2 231.8
North Sea .
Skagerrak 18.2 75.5 128.6 163.0 167.2 180.7 211.2 227.3 212.7
4 Kattegat 17.0 46.6 101.1 149.6 196.3 210.0 230.2 229.8
Sub-div 22-24 9.3 34.1 60.5 75.1 + 91.0 97.6 102.6 100.1 161.7
Total 11.3 41.7 102.1 130.6 138.3 162.6 160.4 223.7 210.0
North Sea 143.6 183.0 195.0 208.0 240.0 208.0 248.3
Total Skagerrak 18.2 53.2 102.6 149.6 163.9 185.3 211.8 233.5 214.8
Year Kattegat 17.0 29.5 71.4 124.6 165.5 200.0 207.6 235.6 258.4
Sub-div 22-24 9.3 16.3 42.8 68.3 88.9 125.4 150.4 193.3 207.5
Total 10.5 22.1 73.2 108.8 122.5 156.7 168.7 206.3 214.0
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Table 3.3.9 Total catch of North Sea Autumn Spawners in Division llla in1995

Numbers (millions} at age (rings) and SOP (t) by quarter.

Rings 0 1 2 3 4 5 6 7 8 SOP
Quarter
Skagerrak 149.53 46.65 8,988
1 Kattegat 324.54 16.44 6,691
Total 474.07 63.09 15,679
Skagerrak 172.86 20.46 6,695
2 Kattegat 87.77 5.85 3,405
Total 260.63 26.31 10,100
Skagerrak 868.61 140.29 12.62 19,132
3 Kattegat 380.91 125.73 2.1 9,280
Total 1249.52 | 266.02 14.73 28,412
Skagerrak 287.28 37.67 20.20 10,684
4 Kattegat 186.04 31.19 2.04 4,829
Total 473.32 68.86 22.24 15,513
Total Skagerrak | 1155.89 500.35 99.93 45,499
Year Kattegat 566.95 | 569.23 26.44 24,205
Total 1722.84 | 1069.58 126.37 69,704
Mean weight (g} at age by quarter.
Rings 0 1 2 3 4 5 6 7 8+
Quarter
Skagerrak 222 1215
1 Kattegat 17.8 54.9
Total 19.2 104.1
Skagerrak 29.6 77.5
2 Kattegat 345 65.0
Total 313 74.7
Skagerrak 94 67.7 1156
3 Kattegat 13.2 324 85.4
Total 10.6 51.0 111.3
Skagerrak 18.2 75.5 128.6
4 Kattegat 17.0 46.6 101.0
Total 17.7 62.4 126.1
Total Skagerrak 116 415 113.2
Year Kattegat 14.4 25.2 63.1
Total 12.5 32.8 102.7
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Table 3.3.10

Western Baltic Spring Spawning Herring
Landings of Herring from the North Sea, Div. llla and the Western Baltic area in 1995
Catch in numbers {mill) and mean weight (g) by fleet.

Fleet: A: HCintheNorthS C: Human consumption in Div. lila. D: Mixed clupeoid fleet in Div llla
E: Industrial fishery (for reduction) in Div llla F:  Div. 22-24 Fisheries
1. Quarter
Fleet A Fleet C Fleet D Fleet E Fleet F Total
W.rings [Numbers |Mean-W |Numbers |[Mean-W [Numbers |Mean-W |Numbers {Mean-W |Numbers |Mean-W [Numbers {Mean-W
0
1 5.91 29.16{  78.44 14.59 79.14 23.24] 666.89 11.92] 830.38 13.4
2 35.40 80.85 2.25 31.12 18.48 49.62 128.16 37.17 184.29 46.7
3 14.82 117.6 0.06 149.0 1.09 129.0 44.99 58.9 60.96 74.5
4 7.88 159.4 0.36 144.0 14.79 119.2 23.03 1334
5 3.26 191.9 12.26 161.5 15.52 167.9
6 2.00 197.0 13.43 188.2 15.43 189.3
7 1.05 236.2 10.04 207.1 11.09 209.8
8+ 0.93 264.0 5.85 229.2 6.78 234.0
Total 0.00 71.25 105.9 80.75 15.15 99.07 29.8 896.41 28.0] 1147.48 32.0
SOP (1) 0 7,546 1,224 2,948 25,055 36,773
2. Quarter
Fleet A Fleet C Fleet D Fleet E Fleet F Total
W, rings [Numbers [Mean-W |Numbers |Mean-W [Numbers [Mean-W |Numbers |Mean-W [Numbers {Mean-W __|Numbers |Mean-W
[0}
1 3.97 30.60 34.79 23.94 522.46 16.2 661.22 16.8
2 15.30 134.0 17.62 91.8 18.92 57.3 84.25 46.8 136.09 63.9
3 18.08 145.6 3.58 73.6 58.37 72.1 80.03 88.8
4 12.44 164.4 3.15 80.2 65.56 82.4 81.15 94.9
5 3.95 184.2 0.83 94.2 35.91 116.7 40.69 122.8
6 3.37 195.8 0.08 1100 19.40 139.1 22.85 147.4
7 2.21 215.8 0.08 142.0 10.35 183.6 12.64 189.0
8+ 2.46 217.9 7.22 190.8 9.68 197.7
Total 15.30 134.0 64.10 137.5 0.00 61.43 41.2 803.52 40.1 944.35 48.3
SOP {t) 2050 8.815 0 2,531 32,203 45,699
3. Quarter
Fleet A Fleet C Fleet D Fleet E Fleet F Total
W, rings |Numbers jMean-W |Numbers |[Mean-W [Numbers |Mean-W |Numbers [Mean-W [Numbers [Mean-W {Numbers |Mean-W
0 233.53 9.3] 233.63 9.3
1 63.53 76.82 4.52 30.16 138.82 42.53 76.78 34.3] 283.65 47.8
2 15.10 169.0 52.29 134.6 0.41 95.65 §7.37 94.3 7.99 60.7 133.16 116.6
3 5.80 183.0 39.92 164.5 15.37 109.3 10.36 77.6 71.45 141.6
4 11.30 195.0 27.13 181.1 0.04 87.00 12.14 136.3 11.08 84.2 61.69 157.4
5 3.00 208.0 9.31 210.6 29.16 182.0 3.38 103.6 44.85 183.8
6 2.20 240.0 4.61 224.4 1.9% 205.5 3.33 101.6 12.09 190.4
7 1.50 208.0 2.18 267.6 0.34 119.8 4.02 232.8
8+ 0.60 248.0 0.93 238.7 0.14 161.7 1.67 235.4
Total 39.50 188.1 199.90 136.1 4.97 254.81 79.9] 346.94 22.4 846.12 74.4
SOP (1) 7430 27,198 179 20,357 7,780 62,945
4. Quarter
Fleet A Fleet C Fleet D Fleet E Fleet F Total
W.rings {Numbers [Mean-W [INumbers [Mean-W |Numbers {Mean-W |Numbers [Mean-W__|Numbers [Mean-W |Numbers |Mean-W
0 0.99 13.69 16.54 17.65 66.87 17.52 257.46 9.3] 341.85 11.3
1 37.89 66.14 1.12 39.45 41.05 36.20 92.04 34.1 172.10 41.7
2 27.82 125.9 0.08 46.00 2.37 62.2 13.55 60.5 43.82 102.1
3 27.54 161.3 0.83 127.0 15.16 75.1 43.23 130.6
4 14.58 178.6 0.53 162.0 12.58 91.0 27.69 138.3
5 3.79 197.2 2.02 97.6 5.81 162.6
6 2.56 220.5 2.66 102.6 6.22 160.5
7 3.17 234.2 1.05 208.5 0.14 100.1 4.36 223.7
8+ 0.49 242.6 0.01 161.7 0.50 241.0
Total 0.00 118.83 128.3 17.74 112.39 28.2 395.62 23.0] 644.58 43.2
SOP {1) 0.0 15,241 340 3,171 9,118 27,870
Total Year
Fleet A Fleet C Fleet D Fleet E Fleet F Total
W.rings [Numbers |Mean-W |Numbers [Mean-W [Numbers |Mean-W |Numbers |Mean-W _|Numbers |Mean-W |Numbers [Mean-W
o] 0.99 13.7 16.54 17.7 66.87 17.5] 490.99 9.3] 675.39 10.5
1 111.30 69.0 84.08 15.8] 293.79 34.2] 1358.18 16.3] 1847.35 22.3
2 30.40 151.4 133.13 1128 2.74 41.2 97.14 77.8] 233.95 42.8] 497.36 75.0
3 5.80 183.0] 100.36 153.3 0.06 149.0 20.57 104.6 128.88 68.3] 255.67 107.2
4 11.30 195.0 62.03 174.4 0.04 87.0 16.18 126.1 104.01 88.9 193.56 125.6
5 3.00 208.0 20.31 200.0 29.99 179.6 53.57 125.4 106.87 157.1
6 2.20 240.0 12.54 211.6 2.03 201.7 38.82 150.4 55.59 169.6
7 1.50 208.0 8.61 238.2 1.13 203.8 20.87 193.3 32.11 206.4
8+ 0.60 248.0 4.81 233.3 13.22 207.4 18.63 215.4
Total 54.80 173.0 454.08 129.5 103.46 16.84 527.69 56.0] 2442.49 30.4] 3582.53 48.3
SOP (t) 9.480 58,800 1,743 29,007 74,157 173,187
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Table 3.3.11 Total catch in numbers (mill) and mean weight (g), SOP (tonnes)
of spring spawners in
Division llla and the North Sea in the year 1987 - 1995.

Rings 0 1 2 3 4 5 6 7 8+ Total
Year

Number 767.00 167.10 82.90 27.70 9.30 1.20 0.20| 1,055.40
1987 [Mean W. 57.0 85.0 105.6 1453 154.6 201.2 280.4

SOP 43,719 14,204 8,754 4,025 1,438 241 56 72,437

Number 2075.00 6563.00 62.00 8.00 2.00 0.50 0.50| 2,711.00
1988 |Mean W. 47.3 77.0 138.3 156.0 166.0 149.0 209.0

SOP 98,148 43,351 8,675 1,248 332 . 75 105 151,832

Number 497.69 503.66 115.23 29.96 13.68 5.35 234 | 1,167.91
1989 [Mean W. 56.5 79.9 125.5 151.6 167.3 189.2 204.8

SOP 28,119 40,242 14,461 4,542 2,289 1,012 479 91,145

Number 140.90 | 1006.23 259.90 192.21 62.07 9.99 19.09 2.20 1,692.59
1990 [Mean W. 56.6 65.0 84.6 1024 111.1 109.3 141.0 84.3

SOP 7.975 65,405 21,988 19,682 6,896 1,092 2,692 185 125,915

Number 64.80 43.00 352.05 447.07 174.71 108.85 22.35 7.62 3.09 1,223.54
1991 |Mean W. 33.7 60.5 77.4 101.7 127.5 148.6 165.4 182.5 194.9

SOP 2,184 2,602 27,249 45,467 22,276 16,175 3.697 1,391 602 121,641

Number 66.98 214.33 156.34 128.78 63.88 43.59 12.65 7.76 694.31
1992 |Mean W. 53.4 96.2 115.2 138.6 172.9 184.0 201.7 201.3

SOopP 3.577 20,619 18,010 17,849 11,045 8,021 2,552 1,662 83,234

Number 62.92 185.91 245.60 101.75 63.05 43.65 23.86 8.88 725.62
1993 [Mean W. 60.4 88.6 121.5 147.2 160.3 182.9 195.6 218.2

SOP 3,196 16,472 29,840 14,978 10,107 7,984 4,667 1,938 89,181

Number 157.34 248.54 137.01 80.20 45.92 14.75 8.40 692.16
1994 |[Mean W. 127.2 120.1 148.6 165.3 190.6 204.1 216.5 .

SOP . 20,014 29,850 20,360 13,257 8,752 3,010 1,819 97,061

Number 84.4 504.27 254.11 132.29 81.25 52.50 16.07 10.14 4.70 1139.73
1995 |Mean W. 17.56 37.8 101.2 148.3 165.5 188.7 213.0 233.1 232.2 )

SOP 1,477 19,061 25,716 19,619 13,447 9,907 3,423 2,364 1,091 96,104

There may be minor corrections in data froh 1987 and 1988.

Table 3.3.12  Herring Division Illa, 1987 - 1995
Transfers of autumn spawners from Div. llla to the North Sea
Numbers {mill) and mean weight, SOP in (tonnes).

Rings o 1 2 3 4 5 6 7 8+ Total
Year

Number 6238.00 | 3153.00 117.00 8508.00
1987 |Mean W. 8.0 33.0 63.0

SOP 49,904 | 104,049 7,371 161,324

Number 1830.00 | 5792.00 292.00 7914.00
1988 [Mean W. 12.0 28.0 57.0

SOP 21,960 | 162,176 16,644 200,780

Number 1,028.20f 1,170.50 654.80 2853.50
1989 {Mean W. 16.2 33.4 53.3

SOP 16,657 39,095 34,901 90,652

Number 397.90} 1,424.30 283.70 2105.90
18990 |Mean W. 31.0 34.1 55.4

SOP 12,335 48,569 156,717 76,621

Number 712.30 822.70 330.20 1865.20
1991 |Mean W, 25.3 40.7 77.8

SOP 18,021 33,484 25,690 77,195

Number 2407.51 | 1587.09 283.80 26.79 26.61 15.98 12.33 5.46 1.00 4366.57
1992 [Mean W. 12.3 50.6 94.8 164 171.7 184.7 197.5 202.7 219.8

SOP 29,612 80,307 26,904 4,394 4,569 2,952 2,435 1,107 220 152,499

Number 2,956.70] 2,351.10| - 350.01 5,658
1993 [Mean W, 12.7 27.5 86.6 ]

SoP 37.550 64,655 30,311 132,516

Number 542.23| 1,239.65 305.19 2,087
1994 |Mean W, 16.5 42.9 77.3

SOP 8,947 53,181 23,591 85,719

Number 1722.84 | 1069.58 126.37 2918.79
1995 {Mean W. 12,5 32.8 102.7

SOP 21,536 35,082 12,978 ' 69,596

There are minor corrections for the years previous to 1991,
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Table 3.3.13 Total catch in numbers {mill) and mean weight (g), SOP (tonnes) of spring spawners in
Division llla and the North Sea + in Sub-Divisions 22-24 in the years 1987 - 1995
Area Rings 0 1 2 3 4 5 6 7 8+ Total

Year

North Sea +Div. llla Number 767.00 167.10 82.90 27.70 9.30 1.20 0.20 1,055.40
1987 |Sub-Division 22-24 Number 771.20 1,090.00 221.00 220.00 311.00 97.00 28.00 8.00 4.00 2,750.20

North Sea +Div, llla Number . 2,075.00 563.00 62.00 8.00 2.00 0.50 0.50 2,711.00
1988 |Sub-Division 22-24 Number 789.50 861.00 364.00 363.00 142.00 119.00 34.00 10.00 6.00 2,688.50

North Sea +Div. llia Number 497.69 503.66 1156.23 29.96 13.68 6.35 2.34 1,167.91
1989 |Sub-Division 22-24 Number 129.70 682.00 285.00 386.00 244.00 59.00 34.00 11.00 4.00 1,834.70¢"

North Sea +Div, llla Number 140.90 1,006.23 259.90 192.21 62.07 9.99 19.09 2,20 1,692.59
1990 {Sub-Division 22-24 Number 160.50 286.30 162.10 215.10 263.90 105.90 27.00 12.30 4.40 1,237.50

North Sea +Div. lila Number 64.80 43.00 352.05 447.07 174.71 108.85 22.35 7.62 3.09 1,223.54
1991 |Sub-Division 22-24 Number 22.34 787.65 179.89 184.82 114.88 67.59 25.97 6.14 1.81 1,391.09

North Sea +Dw, llla Number 66.98 214.33 156.34 128.78 63.88 43.59 12.65 7.76 694.31
1992 |Sub-Division 22-24 Number 36.01 210.71 280.77 190.84 179.52 104.87 84.01 34.75 14.04 1,135.52

North Sea +Dv. llla Number 52.92 185.91 245.60 101,75 63.05 43.65 23.86 8.88 725.62
1993 |Sub-Division 22-24 Number 44.85 159.21 180.13 196.06 166.87 151.07 61.80 42.21 16.31 1,018.51

North Sea +Div. llla Number 157.34 248.54 137.01 80.20 45.92 14.75 8.40 692.16
1994 |Sub-Division 22-24 Number 202.58 96.29 103.84 161.01 136.06 90.84 74.02 35.11 24.47 924,22

North Sea +Div. llla Number 84.40 6504.27 254.11 132.29 81.25 52.50 16.07 10.14 4.70 1,139.73
1995 |Sub-Division 22-24° Number 490.99 1,358.18 233.95 128.88 104.01 63.67 38.82 20.87 13.22 2,442.49
Table 3.3.14 Mean weight (g) and SOP (tonnes) of spring spawners in

Division Illa and the North Sea + in Sub-Divisions 22-24 in the years 1987 - 1995
Area Rings ] 1 2 3 4 5 6 7 8+ SOP

Year

North Sea +Div. llla Mean weight 67.0 85.0 105.6 145.3 154.6 201.2 280.4 72,437
1987 |Sub-Division 22-24 Mean weight 11.7 15.7 34.8 76.7 98.4 121.9 141.4 1561.4 163.4 89,954

North Sea +Div. llla Mean weight 47.3 77.0 138.3 156.0 166.0 149.0 208.0 151,832
1988 |Sub-Division 22-24 Mean weight 11.0 16.9 29.1 83.8 108.5 124.8 142.2 143.7 135.8 92,908

North Sea +Div. llla Mean weight 56.5 79.9 125.5 151.6 167.3 189.2 204.8 91,145
1989 |Sub-Division 22-24 Mean weight 13.5 17.6 43.6 70.5 105.9 122.0 125.5 137.8 131.5 91,002

North Sea +Div. llla Mean weight 56.6 65.0 84.6 102.4 11141 109.3 141.0 84.3 125,915
1990 |Sub-Division 22-24 Mean weight 13.8 24,2 44.5 75.5 95.9 121.1 142.6 138.7 145.8 73,978

North Sea +Div, llla Mean weight 33.7 60.5 77.4 101.7 127.5 148.6 165.4 182.5 194.9 121,641
1991 |Sub-Division 22-24 Mean weight 11.5 31.5 58.5 78.8 98.5 120.9 138.6 152.2 179.0 82,390

North Sea +Div. llla Mean weight 63.4 96.2 1156.2 138.6 172.9 184.0 201.7 201.3 83,234
1992 |Sub-Division 22-24 Mean weight 19.1 23.3 44.8 77.4 99.2 123.3 152.9 166.2 184.2 84,874

North Sea +Div, llla Mean weight 60.4 88.6 121.5 147.2 160.3 182.9 195.6 218.2 89,181
1993 |Sub-Division 22-24 Mean weight 16.2 24.5 445 73.6 94.1 122.4 149.4 168.5 169.1 80,358

North Sea +Div. llla Mean weight 127.2 120.1 148.6 165.3 190.6 204.1 216.5 97,061
1994 {Sub-Division 22-24 Mean weight 12.9 28.2 54.2 76.4 95.0 117.7 133.6 164.3 173.9 66,425

North Sea +Div. llla Mean weight 17.5 37.8 101.2 148.3 165.5 188.7 213.0 233.1 232.2 96,102
1995 |Sub-Division 22-24 Mean weight 9.3 16.3 42.8 68.3 88.9 125.4 150.4 193.3 207.4 74,157

There may be minor corrections in data from 1987 and 1988.
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Table 3.4.1 Herring in Division llla, lllb and lllc.
Samples of commercial catches by quarter and Sub-Div.
for 1995 available to the Working Group. S o
Skagerrak Country Quarter Landings Number of Number of Number of
in '000 tons |samples fish meas. fish aged
Denmark 1 3.7 17 1584 1213
2 2.9 14 412 . 356
3 29,5 27 2,038 1,934
4 7.7 24 1,298 1149
Total 43.8 48 4,060 1,865
Norway 1
2 2.6 1 100 100
3 6.7 1 100 100
4 7.4
16.7 2 200 200
Sweden 1 8.5 17 1,697 557
2 10.4 18 2,548 1,005
3 22.6 32 2,030 567
4 7.0 13 2,461 632
Total 48.5 80 .8,736 2,761
Kattegat Country Quarter Landings Number of Number of Number of
in ‘000 tons |samples fish meas. [fish aged
Denmark 1 8.1 6 718 717
2 1.6 2 240 236
3 2.4 4 531 531
4 4.9 7 788 786
Total 17.0 32 2,504 1,655
Sweden 1 5.0 24 4,206 752
2 4.5 38 8,124 1,486
3 13.2 20 1755 368
4 8.0 8 1,167 138
; Total 30.7 . 28 15,252 . 2,744
Sub-Division 22-24 Country Quarter Landings Number of Number of Number of
in '000 tons {samples fish meas. fish aged
Denmark 1 13.0 1 153 163
2 17.1 3 621 621
3 1.9
4 5.8 2 203 203
Total 37.8 6 977 977
Germany 1 6.2 22 4,138 997
2 7.0 25 5,692 1,698
3 0.1 ' ;
4 0.1 45 8,750 889
Total 13.4 92 18,580 3,484
Poland 1 2.3 3 965 316
2 4.7 9 4,211 876
3 + 1 577 98
4 + 1 119 78
Total 7.0 14 5,872 1,368
Sweden 1 3.8
2 3.4
3 5.7
4 2.9 35 5,269 514
Total 15.8 35 5,269 514
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Table 3.5.1

Acoustic surveys on the Spring-spawning HERRING in
the North Sea/Div. llla and in Sub-Div. 22-24 in 1992,
{North Sea/Div. llla in July and Sub-Div. 22-24 in October)

Numbers in millions
North Sea/Div. llla |Sub-Div. 22-24 |Total
W-rings
0 3,412 3,412
1 1,658 1,658
2 1,789 657 2,446
3 1,758 282 2,040
4 1,690 156 1,746
5 518 37 555
6 146 25 171
7 111 4 115
8+ 15 15
Total 5,927 6,231 12,158
3+ group 5,912 504 4,642
Biomass ('000 tonnnes)
North Sea/Div. llla [Sub-Div. 22-24 |Total
W-rings
(0] 53.2 53.2
1 61.3 61.3
2 157.8 39.6 197.3
3 191.8 20.6 212.4
4 198.8 14.4 213.1
5 73.3 4.6 77.9
6 241 3.3 27.4
7 211 0.7 21.8
8+ 3.0 3.0
Total 669.8 197.7 867.5
Mean weight {g)
North Sea/Div. llla |Sub-Div. 22-24 |Total
W-rings
0 15.6 15.6
1 37.0 37.0
2 88.2 60.2 80.7
3 109.1 73.0 104.1
4 125.0 92.1 122.1
5 141.5 125.6 140.4
6 164.8 132.0 160.0
7 190.2 168.1 189.4
8+ 201.5 201.5
Mean weight 113.0 31.7 71.4
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Table 3.5.2

Acoustic surveys on the Spring-spawning HERRING in
the North Sea/Div. llla and in Sub-Div. 22-24 in 1993.
{North Sea/Div. llla in July and Sub-Div. 22-24 in October)

Numbers in m

illions

North Sea/Div llla  |Sub-Div. 22-24 |Total
W-rings
0 1,414 1,414
1 466 466
2 2,627 393 3,020
3 1,102 518 1,620
4 472 402 874
5 336 145 481
6 124 64 188
7 30 31 61
8+ 4 16 20
Total 4,695 3,449 8,144
3+ group 2,068 1,176 3,244
Biomass ('000 tonnnes}
North Sea/Div llla  |Sub-Div. 22-24 |Total
W-rings
0] 21 21
1 16 16
2 152 18 170
3 93 34 127
4 48 - 28 76
5 46 16 63
6 19 9 29
7 8 4 12
8+ 1 3 3
Total 367 150 517
Mean weight (g)
North Sea/Div llla |Sub-Div. 22-24 |Total
W-rings
0 14.9 14.9
1 35.2 35.2
2 57.9 45.6 56.3
3 84.2 65.8 78.3
4 101.8 69.7 87.0
5 138.1 111.2 130.0
6 157.1 146.2 153.4
7 255.6 125.4 189.4
8+ 145.0 171.3 166.0
Mean weight 78.2 43.4 63.4
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Table 3.5.3

Acoustic surveys on the Spring-spawning HERRING in
the North Sea/Div. llla and in Sub-Div. 22-24 in 1994,
(North Sea/Div. llla in July and Sub-Div. 22-24 in October)

Numbers in millions

Total

North Sea/Div. llla |Sub-Div. 22-24
W-rings
0 6,749 6,749
1 457 457
2 349 831 . 1,180
3 829 525 1,354
4 469 449 918
5 215 195 410
6 156 63 219
7 53 25 78
8+ 20 2 22
Total 2,091 9,295 11,386
3+ group 1,742 1,258 3,000
Biomass ({'000 tonnnes)
North Sea/Div. llla |Sub-Div. 22-24 [Total
W-rings
0] 77.0 77.0
1 0.0 16.0 16.0
2 38.4 38.1 76.5
3 103.8 38.8 142.6
4 71.9 43.2 1156.1
5 37.8 24.9 62.7
6 30.9 12.9 43.9
7 10.9 5.0 15.9
8+ 4.5 0.0 4.5
Total 298.1 255.9 554.1
Mean weight (g}
North Sea/Div. llla [Sub-Div. 22-24 |Total
W-rings
(0] 11.4 11.4
1 34.9 34.9
2 110.0 45.8 64.8
3 125.2 73.8 105.3
4 163.2 96.3 125.4
5 176.0 127.7 153.0
6 198.3 206.3 200.6
7 205.4 204.5 205.1
8+ 222.8 202.5
Mean weight 142.6 27.5 48.7
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Table 3.5.4

Acoustic surveys on the Spring-spawning HERRING in
the North Sea/Div. llla and in Sub-Div. 22-24 in 1995.
{North Sea/Div. llla in July and Sub-Div. 22-24 in October)

Numbers in millions

North Sea/Div. llla |Sub-Div. 22-24 [Total
W-rings
¢} 4,765 4,765
1 1,315 1,315
2 1,631 353 1,984
3 1,073 354 1,427
4 1,377 375 1,752
5 281 269 550
6 196 133 329
7 47 37 84
8+ 42 25 67
Total 4,647 7,626 12,273
3+ group 3,016 1,193 4,209
Biomass ('000 tonnnes)
North Sea/Div. llla |Sub-Div. 22-24 |Total
W-rings
0 51.5 51.5
1 0.0 44.4 44.4
2 97.4 22.4 119.7
3 100.6 30.6 131.3
4 152.6 41.1 193.7
5 36.8 27.1 63.9
6 30.7 13.9 44.6
7 7.8 7.6 15.4
8+ 7.8 5.4 13.2
Total 433.6 244.2 677.8
Mean weight (g)
North Sea/Div. llla [Sub-Div. 22-24 {Total
W-rings
(6] 10.8 10.8
1 33.8 33.8
2 59.7 63.4 60.3
3 93.8 86.6 92.0
4 110.8 109.7 110.6
5 130.8 100.8 116.1
6 156.6 104.4 135.6
7 165.4 206.0 183.3
8+ 184.8 217.5 197.0
Mean weight 93.3 32.0 55.2
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Table 3.5.5°

Biomass of herring in tonnes per square nautical mile divided by stratum and survey (month) during periode September 1993 to May 1995.
Grand total is the total amount of herring in tonnes in the whole Sound area. .

Biomass in tonnes per NM**2.

Survey S-09-93 | S-10-93 1S-11-12-93| S-01-94 | S-02-94 | S-03-94 | S-04-94 | S-10-94 | S-11-94 | S-12-94 | S-01-95 | S-02-95 | S-03-95 | S-04-95 | S-05-95
Strata
GOt 557.74 324.20 - - - - 16.34 312.89 49.73 480.85 142.86 25.80 219.43 32.00 31.49
G02 737.93 453.03 506.01 530.49 149.59 93.59 40.60 487.41 78.85 281.55 169.13 95.15 104.57 37.45 55.32|
G03 651.81 551.39 490.77 847.32  1,174.19 142.17 77.28 632.76 64.06 490.83 235.55 107.03 157.63 70.25 45.03|
G04 726.00 448.47 256.90 451.08] 1,339.29 101.90 40.74 591.81 244.56 371.29 174.97 32.50 229.97 50.33 4514
GO05 407.88 453.94 179.74 313.91 503.28 81.60 20.89 410.60 315.75 127.91 255.39 32.62 82.20 41.26 78.24
GO06 568.71 412.26 176.89 281.67 487.33 91.95 26.03 424.05 381.70 204.50 219.35 26.68 34.85 83.82 61.31}
GO07 541.65 265.61 266.47 218.02 96.93 114.54 12.38 292.39 286.52 195.40 136.77 30.80 60.86 143.87 55.81
GO03 398.25 398.70 62.93 211.75 - - 8.14 390.79 437.33] . 233.76 124.80 33.97 30.33 27.86 41.74]
G09 433.94 420.30 415.38 131.55 130.30 - 4.05 578.28 226.47 211.04 242.11 69.16 29.23 31.21 52.85]
G10 414.59 188.62 297.97 71.85 55.85 - 4.52 151.39 403.55 172.25 8.13 16.51 31.87 20.79 88.01
G 194.88 319.68 257.64 113.86 4.34 - 3.31 57.68 72.88 100.86 7.27 3.81 49.59 8.53 - :
G12 157.34 34.68 35.09 3.99 1.74 - 1.38 1.34 4.43 2.93 6.99 0.76 4.03 4.55 0.19
G13 - - - - - - - 1.62 2.87 3.02 - - - - 1.79
MEAN : 482.56 355.91 267.80 288.68 394.28 104.29 21.31 333.31 197.59 221.25 143.61 39.57 86.21 45.99 42.64}
MIN 157.34 34.68 35.09 3.99 1.74 81.60 1.38 1.34 2.87 2.93 6.99 0.76 4.03 4.55 -
MAX 737.93 551.39 506.01 847.32]  1.339.29 142.17 77.28 632.76 437.33 490.83 255.39 107.03 229.97 143.87 88.01
Grand Total | 130.241.01] 96.741.95] 69.504.27{ 71,711.28| 84.533.13] 15.291.28| 5.342.55| 99.723.53| 67,146.45] 60.499.38| 40.369.97| 10.738.89] 19,673.69| 14.651.66] 13.589.99].
Table 3.5.6
Number of herring per nautical mile (N/NM**2) divided by age for the Sound area by survey (Oct. 1994 to May 1995). Total area of the Sound is NM**2.
Numbers of herring ('000) per (N/NM**2)
Survey S-09-93 | S-10-93 S-11-12-93] S-01-94 | S-02-94 | S-03-94 | S-04-94 | S-10-94 | S-11-94 | S-12-94 | S-01-95 | S-02-95 | S-03-95 | S-04-95 | S-05-95
W-rings
0
1 64.1 98.3 61.4 9.6 .
2 136.1 174.0 219.5 49.8 29.1 61.3 296 65.8] "
3 460.9 347.0 396.4 159.1 33.7 94.6 53.2 106.4]
4- 375.0 260.9 211.6 176.8 69.5 1123 83.9 165.8]
5 206.3 200.0 199.4 168.8 48.8 88.5 78.1 138.1] .
6 265.6 119.5 53.4 754 21.7 45.4 46.8] 82.9
7 197.6 79.8 36.3 54.6 14.4 27.1 23.1 42.7].
8 97.9 54.4 14.8 45.3 13.6 224 17.2 322
9+ 28.6 19.7 5.2 21.2 5.0 131 10.2 18.0]:
Total 1.832.1 1,353.6]  1.198.0 760.6 235.8 464.7 342.1 651.9]
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Table 3.6.1

Recruitment indices for 1-, 2- and 3+ ringed herring from the IBTS in
Division llla. Indices are given for autumn and spring spawners based
on modal length analysis and vertebral counts.

The indicis are weighted by area of four depth strata.

. INDEX . .
Total Spring spawners Autumn spawners

Year 1-ringers |2-ringers |1-ringers |2-ringers |3+ ringers [1-ringers |[2-ringers

1980 2,311 387 1,607 307 162 . 704 80
1981 3,246 1,393 996 1,318 349 2,250 75
1982 2,560 549 1,408 445 196 1,162 104
1983 5,419 1,063 1,522 - 946 240 3,897 117
1984 6,035 1,947 2,793 1,419 445 3,242 528
1985 7,994 2,473 -* 1,867 2,037 -* 606
1986 21,489 2,738 - 1,662 1,897 -* 1,175
1987 11,733 3,671 - 2,921 1,199 -* 949
1988 67,753 10,095 -* 7,834 7,084 -* 2,161
1989 . 17,451 4,976 - 0 3,989 -* 4,976
19380 3,544 3,876 0 3,192 508 3,544 684
1991 3,588 3,749 -* 480 3,392 - 3,269
1992 5,057 1,934 0 771 1,268 5,057 1,163
1993 26,738 .3,165 0 203 264 26,738 2,962
1994 8,777 2,333 0 0 1,148 8,777 2,333
1995 7,114 . 535 0 0 344 7,114 535
19961 11,452] 3,285] . 988 1,870 0 10,464 1,415

! Separation of spring and autumn spawners as described in section 3.6.2
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Table3.6.2.

German Bottom Trawl Survey in Sub-Div. 24.
Young Fish survey
Mean catch at age in numbers per haul.

Month Year |Winter rings Total Mean
catch in kg.
. 0 1 2 3+ numbers Herring
Nov. 1978 592.72 51.04 32.06 11.81 687.63 13.58
Nov. 1979 8,665.90 240.47 103.36 10.33] 9,020.06 89.61
Nov. 1981 332,63 96.79 60.05 21.30 510.77 16.36
Dec. 1982 . 695.71 108.21 70.63 34.72 909.27 24,57
Dec. 1983 1,995.97 387.11 63.71 46.11] 2,492.90 46.68
Nov. 1984 1,681.66 377.15 88.03 24.26] 2,071.10 39.79
Nov. 1985 3,085.64 340.92 169.95 74.76] 3,671.27 45.99
Dec. 1986 2,984.47 368.35 46.41 69.30f 3,468.53 44.42
Nov. 1989 2,881.81 319.38 48.99 55.12] 3,305.30 47.76
Nov. 1990 103.92 14.79 21.69 32.90 173.30 7.09
Nov. 1991 117.38 134.20 103.14 144,63 499.35 27.16
Nov. 1992 233.85 88.05 57.15 113.68 492.63 19.86
Nov. 1993 1,744.19 37.10 63.87 544.65| 2,389.81 66.46
Nov. 1994 1,020.49 13.21 73.47 583.23] 1,690.40 79.34
Nov. 1995 635.09 33.22 47.97 324.98] 1,041.27 47.53
Table3.6.3. German Bottom Trawl Survey in Sub-Div. 22,
Young Fish survey
Mean catch at age in numbers per haul.
Month Year |Winter rings Total Mean
catch in kg.
0 1 2 3+ Numbers Herring
Nov. 1979 3,5661,79] 1,358.84 137.11 7.68| 5,065.42 86.91
Nov. 1981 1,033.40 118.85 28.35 9.101 1,189.70 17.69
Dec. 1982 354.00 239.45 44,50 26.20 664.15 19.97
Dec. 1983 7.917.00 834.70 80.10 29.50f 8,861.30 117.51
Nov, 1984 6,596.32| 1,830.32 150.47 40.47| 8,617.58 147.45
Nov. 1985 3,506.20 958.80 219.80 25.25| 4,710.05 83.38
Nov. 1986 6,863.75 175.35 16.55 5.60| 7,061.25 54.18
Nov. 1989 10,587.70| 1,444.50 117.75 76.45| 12,226.40 176.53
Nov, 1992 572.68 87.68 19.16 17.26 696.78 13.13
Nov. 1993 8,419.70{ 1,644.05| 1,293.70 898.10| 12,255.55 301.71
Nov. 1994 2,158.10 317.35| 1,688.45 326.35] 4,390.25 135.65
Nov. 1995 1,226.63 158.75 29.00 123.31 1,537.69 31.17
Table3.6.4. German Bottom Trawl Survey in Sub-Div. 22 and 24.
Young Fish survey
Mean catch at age in numbers per haul.
Sum weighted by area of sub-division :
Area of 24 is 2325 sq.nm
Area of 22is 485 sq.nm
Total 2810 sq.nm .
Month Year JWinter rings Total Mean
catch in kg.
0 1 2 3+ Numbers Herring
Nov. 1979 7784.9 433.5 109.2 9.9 8337.5 89.1
Nov. 1981 453.6 100.6 54.6 19.2 628.0 16.6
Dec. 1982 636.7 130.9 66.1 33.2 867.0 23.8
Dec. 1983 3017.9 464.4 66.5 43.2 3592.1 58.9
Nov. 1984 2447.2 628.0 98.8 2741 3201.0 58.4
Nov. 1985 31568.2 447.6 178.6 66.2 3850.6 52.4
Nov. 1986 3654.0 335.0 41.3 58.3 4088.6 46.1
Nov. 1989 4211.8 513.6 60.9 58.8 4845.1 70.0
Nov. 1992 2923 88.0 50.6 97.0 527.9 18.7
Nov. 1993 2896.4 3145 276.1 605.7 4092.6 107.1
Nov. 1994 1216.8 65.7 335.0 638.9 2156.4 89.1
Nov. 1995 737.2 54.9 44.7 290.2 1126.9 44.7
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Table 3.7
Estimation of the herring O-Group (TL>= 30 mm)

Greifswalder Bodden and adjacent waters

(March/April to June)
Year Number in Millions
1977 2000’
1978 100"
1979 2200"
1980 360"
1981 200"
1982 180"
1983 1760'
1984 290"
1985 1670"
1986 1500
1987 1370"
1988 1223
1989 63*
1990 57
1991 236°
1992 18°
1993 199°
1994 788
1995 not yet available

'Brielmann 1989

2not yet published
*Mueller & Klenz 1994
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Table. 3.8.1 WESTERN BALTIC HERRING. Input to ICA. CATCH NUMBERS AT AGE (Millions)

@~ OV N W NP O

1987

771.
1440.
988.
388.
394,
125,
37.
10.
4.

9 1990 1991

1988 198
611. 130. 16
861. 1232. 42
2443, 854. 116
928. 936. 47
205. 359. 45
152. 88. 16
41, 45. 3
11. 16. 3

6. 6.

1.
7.
8.
5.
6.
8.
7.
1.
7.

87.
831.
532.
632.
290.
176.

48.

14.

5.

1992

36.
278.
539.
360.
318.
174.
130.

48.

22,

1993

45.
212.
366.
442,
268.
214.
105.

66.

22.

199

203,
96.
261.
410,
273.
171.
120.
50.
33.

4 1995

Table. 3.8.2 WESTERN BALTIC HERRING. Input to ICA. AGE - STRUCTURED INDICES.
INDEX 1: Acoustic Survey in Div Illa+1VaE, Ages 2-8+(Catch: Number)

= JES I N V2 B R Ve I S ]

1989

.111E+04
.714E+03
.317E+03
.807E+02
.514E+02
.163E+02
.420E+01

1990

.104E+04
.343E+03
.109E+03
.453E+02
.708E+01
.731E+01
.194E+01

1991

.186E+04
.193E+04
.866E+03
.350E+03
.B80E+02
.720E+02
.100E+02

19392

.179E+04
.176E+04
.159E+04
.518E+03
-146E+03
.111E+03
.150E+02

1993

.263E+04
.110E+04
.472E+03
.336E+03
.124E+03
.300E+02
.400E+01

1994

.349E+03
.829E+03
.469E+03
.215E+03
.156E+03
.530E+02
.200E+02

.

.

1995

163E+04
107E+04
138E+04
281E+03
196E+03
470E+02
420E+02

Table. 3.8.3 WESTERN BALTIC HERRING. Input to ICA. AGE - STRUCTURED INDICES.
INDEX 2: Acoustic Survey in Sub div 22-24, Ages 0-8+ (Catch: Number)

© O W RO

1989

.383E+04
.214E+04
.213E+03
.161E+03
.102E+03
.230E+02
.400E+01
.300E+01
.100E+01

1990

.212E+05
.179E+04
.892E+03
.146E+03
.790E+02
.190E+02
.800E+01
.400E+01
.200E+01

1991

.736E+04
.322E+04
.176E+04
.143E+04
.461E+03
.174E+03
.440E+02
.240E+02
.210E+02

1992

.341E+04
.166E+04
.657E+03
.282E+03
.156E+03
.370E+02
.250E+02
-.400E+01
~-.100E+01

1993

.141E+04
.466E+03
.393E+03
.518E+03
.402E+03
.145E+03
.640E+02
.310E+02
.160E+02
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1994

.675E+04
.457E+03
.831E+03
.525E+03
.449E+03
.195E+03
.630E+02
.250E+02
.200E+01

1995

477E+04
132E+04

.353E+03
.354E+03
.375E+03
.269E+03
.133E+03
.370E+02
.250E+02

575.
1847.
497.
256.
194.
107.
56.
32.
19.

16:07
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Table. 3.8.4 WESTERN BALTIC HERRING. Input to ICA. AGE - STRUCTURED INDICES.
INDEX 3: IYFS Illa Quarter 1-4 combined, Ages 1-5 (Catch: Number)

Ul W N

1991

.705E+03
.190E+04
.118E+04
.271E+03
.254E+03

1992

.980E+02
.821E+03
.481E+03
.301E+03
.279E+03

1993

1994

.352E+03 -.110E+02
.269E+04
.332E+03
.180E+03
.223E+03

.297E+03
.100E+04
.205E+03
.244E+03

1995

.424E+04
.673E+03
.353E+03
.317E+03
.145E+03

Table. 3.8.5 WESTERN BALTIC HERRING. Input to ICA. AGE - STRUCTURED INDICES.
INDEX 4: German Bottom Trawl Survey in Sub div 22+24 combined,

[VE RN SN N ]

Table. 3.8.6 WESTERN BALTIC HERRING. Output from ICA. FISHING MORTALITY

1987

W WU WO

Ages 0-3+ (Catch: Number)

1989

.421E+04
.514E+03
.610E+02
.590E+02

1988

L1037
.1995
.3713
.4911
.6722
.7348
.7902
.5868
.5868

1

.0722
.1612
.6060
.7192
.5259
.6018
.5724
.5773
.5773

1990

.100E+01
.100E+01
.100E+01
.100E+01

989 1

1991

-.100E+01
-.100E+01
-.100E+01
-.100E+01

990

.0290
.2033
.2379
.4954
.6873
.4501
.3600
.4530
.4530

1991

.0266
.1441
.2930
.3388
.3480
.3981
.3529
.3480
.3480

1992

.292E+03
.880E+02
.510E+02
.970E+02

1992

.0192
.1041
.2116
.2447
.2513
.2875
.2549
.2513
.2513

1993

.290E+04
.315E+03
.276E+03
.606E+03

1993

.0250
.1351
.2747
L3177
.3263
L3733
.3310
.3263
.3263
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1994

.122E+04
.660E+02
.335E+03
.539E+03

1994 1

.0199
.1076
.2188
.2530
.2598
.2973
.2635
.2598
.2598

1995
.737E+03
.550E+02
.450E+02
.290E+03

995

.0150 .0161
.0812 .0868
.1652 .1765
.1911 .2042
.1962 .2097
.2245 .2399
.1990 .2127
.1962 .2097
.1962 .2097

16:07
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Table. 3.8.7 WESTERN BALTIC HERRING. Output from ICA. NUMBERS AT AGE (Millions)

1987

W3O WD PO

1988

8623.
8755.
3493,
1094.
878.
262.
74.

23

5.

1989

9665.
6364.
5872.
1973,
548.
367.
103.
. 27.
13.

1390

5004.
7362.
4435.
2622.
787.
265.
165.
47.
19.

1991

5284.
3980.
4918.
2862.
1308.
324.
138.
94.
34.

1992

7485.
4212,
2821.
3004.
1670.
756.
178.
80.
74.

1993

2939.
6012.
3108.
1869.
1926.
1063.
465.
113.
98.

1994

2995.
2347.
4300.
1933.
1114.
1138.
599.
273.
125.

1995

12415.
2404,
1725.
2829.
1229.

703.
692.
3717.
251.

Table. 3.8.8 WESTERN BALTIC HERRING. Output from ICA. STOCK SUMMARY

Year

1987
1988
1989
1990
1991
1992
1993
1994
1995

Recruits

x10"6
8623.
9665.
5004.
5284,
7485.
2939,
29895,

12415,

18937,

Total B
tonnes
519374.
636328.
613872.
668707.
773479.
833043.
816706.
818472.
982013.

Spawn B
tonnes
205974.
246198.
256142.
339259.
459117.
528751.
544444,
593983.
684985.

Landings Y1d/SSB
tonnes
174700. .8482
251000. .0195
185700. . 7250
2039%00. .6010
191500. L4171
168000. .3177
166631, .3061
163435. .2752
173187. .2528

Ref.
Fbar
.6721
.6048
.4982
.3594
.2596
L3371
.2684
.2027
.2166

1996

18937.
10013.
1815.
1198.
1913.
827.
460.
464,
423.

6584.
15257.
7516.
1245.
799.
1270.
533.
305.
589.
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Table. 3.8.9 WESTERN BALTIC HERRING. Output from ICA. PARAMETER ESTIMATES +/- SD

Parameter
estimate

Separable Model: Reference F by year

1 1990 .3480 .2546
2 1991 .2513 .1833
3 1992 .3263 .2397
4 1993 .2598 .1889
5 1994 .1962 .1416
6 1985 .2097 .1488
Separable Model: Selection (S) by age

7 0 .0766 .0524
8 1 .4140 .2904
9 2 .8419 .6008
10 3 .9737 .6988

4 1.0000 Fixed
11 5 1.1441 .8338
12 6 1.0142 .7381
7 1.0000 Fixed :

Separable Model: Populations in year 1995
13 0 18936846. 10377084.
14 1 10013033. 6824562,
15 2 1814603. 1368312,
16 3 1197581. 954575.
17 4 1913206. 1658059.
18 5 826909. 696517.
19 6 460049. 373104.
20 7 464263. 358494.
Separable Model: Populations at age 7

21 1990 94071.4451 59960.5157
22 1991 79657.4283 54371.4017
23 1992 113041.0384 82363.7319
24 1993 273150.2271 200626.1084
25 1994 377052.2370 286964.9642

Parameter+SD Parameter-SD

.4756
.3446
.4442
.3574
.2719
.2954

.1120
.5903
1.1797
1.3568
Reference age
1.5698
1.3937
last true age

34557311.
14691175.
2406459.
1502449.
2207616.
981712.
567255.
601238.

147587.7365
116703.0034
155144.4558
371891.0125
495420.7208
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Table. 3.8.10 WESTERN BALTIC HERRING. Output from ICA. Age-structured index catchabilities

Age-Structured Index

26 2 Q .54510E-03
27 3 Q .59161E-03
28 4 Q .55726E-03
29 50Q .43410E-03
30 6 Q .32740E-03
31 7 Q .31631E-03
32 8 Q .12805E-03
Age-Structured Index

33 0Q .96503E-03
34 1 Q .36337E-03
35 2 Q .27076E-03
36 3 Q .24438E-03
37 4 Q .26235E-03
38 5 Q .18947E-03
39 6 Q .13397E-03
40 7 Q .11516E-03
41 8 Q .90320E-04
Age-Structured Index

42 1 Q .13391E-03
43 2 Q .45638E-03
44 3 Q .35321E-03
45 4 Q .20336E-03
46 5 Q .15880E-03
Age-Structured Index

47 0 Q .24461E-03
48 1 Q .35406E-04
49 2 Q .54798E-04
50 3 Q .69655E-04

‘ 15:1

1 Linear model
.41388E-03
.42934E-03
.39990E-03
.34709E-03
.22929E-03
.19222E-03
.88400E-04

2 Linear model
.65353E~-03
.27622E-03
.18563E-03
.17459E-03
.19306E-03
.13203E-03
.90297E-04
.79789E-04
.50418E-04

3 Linear model
.62566E-04
.33406E-03
.28785E-03
.17407E-03
.11588E-03

4 Linear model
.11838E-03
.20817E-04
.32087E-04
.45252E-04

fitted. Slopes at age:
.71793E-03
.81523E-03
.77654E-03
.54291E-03
.46749E-03
.52049E-03
.18548E-03 -

fitted. Slopes at age:
.14250E-02
.47802E-03
.39491E-03
.34209E-03
.35651E-03
.27190E-03
.19878E-03
.16621E-03
.16180E-03

fitted. Slopes at age:
.28660E-03
.62349E-03
.43340E-03
.23757E-03
.21761E-03

fitted. Slopes at age:
.50542E-03
.74592E-04
.93584E-04
.10722E-03
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Table. 3.8.11 WESTERN BALTIC HERRING. Output from ICA.

\lO\U’l»P-le»—‘OL%’
[}

Wts

RESIDUALS ABOUT THE MODEL FIT Separable Model Residuals

(log(Observed Catch)-log(Expected Catch)) and weights (W) used in the analysis.

1990

.24218E+00
.1271%E+00
.26521E-01
.45647E+00
.26341E+00
.54845E+00
.14453E-01
.21992E+00

.10000E+01

1991
-.39563E+00
.78760E+00
.83290E-01
.62693%E-01
-.15387E+00
.24520E-01
.28049E+00
~.15487E+00

.10000E+01

1992

.59985E+00
.91028E+00
.23177E+00
.25251E+00
.43008E+00
.55305E+00
.89168E-01
.52123E+00

.10000E+01

1993
-.17644E+00
-.24213E-01
-.74178E+00

.11581E+00
.14580E+00
-.21884E+00
-.18112E+00
.14950E+00

.10000E+01

1994

.18794E+00
.56982E+00
.89581E-01
.88270E-01
.31589E+00
.28470E+00
.54774E-01
.20308E+00

.10000E+01

EAMACFM\HAWGI6\T-381-14.DOC  23/04/96

16:07

1995
.74385E+00
.89389E+00
.62233E+00
.23991E+00
.53090E+00
.40661E+00
.36603E+00
.91123E+00

.10000E+01

.10000E+01
.10000E+01
.10000E+01
.10000E+01
.10000E+01
.10000E+01
.10000E+01
.10000E+01



Table. 3.8.12 WESTERN BALTIC HERRING. Output from ICA.
Aged Index Residuals: log(Observed Index) - log(Expected Index)

Index 1

1989
.50923E+00
.34104E+00
.23077E+00
.50763E-01
.30214E+00
.48969E+00
.97494E+00

Index 2

1989
.49954E-01
.98077E-01
.13791E+01
.82514E+00
.48427E-02
.26166E+00
.12597E+01
.78177E-01
.31737E-02

Index 3

L81

1991
.37512E+00
.59377E+00
.33192E+00
.73592E-06
.62345E+00

Index 4

1989
.14521E+01
.95315E+00
.96852E+00
.84694E+00

1990
.64178E+00
.12591E+01
.15543E+01
.76026E+00
.15112E+401
.10613E+01
.47771E+00

1990
.16043E+01
.48567E+00
.63713E-02
.11357E+01
.10306E+01
.69431E+00
.39878E+00
.55796E+00
.23165E-02

1992
.19383E+01
.30936E+00
.57986E-01
.73063E-06
.28836E+00

1990
.10000E+01
.10000E+01
.10000E+01
.10000E+01

1991

.44950E+00
.35879E+00
.21010E+00
.36861E+00
.69556E+00
.13320E+01
.33222E+00

1991

.19396E+00
.98823E+00
.11661E+01
.10252E+01
.41196E+00
.58410E+00
.97556E+00
.13228E+01
.15022E+01

1993

.26718E+00
.52510E+00
.49460E+00
.50691E-06
.17852E+00

1991

.10000E+01
.10000E+01
.10000E+01
.10000E+01

1992

.35123E+00
.78700E+00
.72209E+00
.47353E+00
.29105E+00
.14617E+01
.50714E+00

1992

.36481E+00
.77037E-02
.13234E+00
.68304E-01
.75408E+00
.12361E+01
.48723E+00
.75897E+00
.10000E+01

1994

.10000E+01
.79251E+00
.19937E+00
.23747E-06
.71814E-01

1992

.68836E+00
.67362E+00
.75713E+00
.87644E+00

1993
.37573E+00
.24598E+00
.13425E-01

-.74357E-01
.16936E+00
.77039E+00
.10968E+01

1993
.53906E+00
.35827E+00
.75101E+00
.45446E+00
.68673E+00
.13391E-02
.14390E+00
.35328E+00
.71900E+00

1995
.12949E+01
-.19192E-01
.21186E-01
.24019E-06
-.65657E+00

1993
.15822E+01
.15162E+01
.55385E+00
.95830E+00

1994

.76316E+00
.45807E+00
.13096E+00
.85400E-01
.12365E+00
.56342E+00
.22749E+00

1994

.40190E+00
.42287E+00
.86807E+00
.37660E-01
.64816E+00
.72030E+00
.67011E-01
.23509E+00
.21117E+01

1994

.71122E+00
.95593E-01
.16101E+01
.61646E+00
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1995

.73543E+00
.66766E+00
.51189E+00
.30073E-01
.52127E+00
.88322E+00
.23647E-02

1995

.11714E+01
.78828E+00
.29393E-01
.51359E+00
.36210E-01
.89246E+00
.10993E+01
.40350E-01
.95695E-01

1995

.16340E+01
.16994E+01
.43705E+00
.15212E+00
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Table. 3.8.13 WESTERN BALTIC HERRING. Output from ICA.
PARAMETERS OF THE DISTRIBUTION OF In CATCHES AT AGE

Separable model fitted from 1990
Variance :

Skewness test statistic : -.
Kurtosis test statistic : -.
.6664

Partial chi-square

Probability of chi-square : 1.

Degrees of freedom

to 1995

.3549

6215
2957

0000
23
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Table. 3.8.14 WESTERN BALTIC HERRING. Output from ICA.
PARAMETERS OF THE DISTRIBUTION OF THE AGE-STRUCTURED INDICES

DISTRIBUTION STATISTICS FOR 1ln AGED INDEX
Linear catchability relationship assumed.

Age : 2 3
Variance : .3768 .5277
Skewness test stat. : -.2151 -.6523
Kurtosis test stat. : -.9217 -.4232
Partial chi-square : .3226 .4595
Prob. of chi-square : .9994 .9983
Number of data : 7 7
Degrees of freedom : 6 6
Weight in analysis .9417 .6726

DISTRIBUTION STATISTICS FOR ln AGED INDEX
Linear catchability relationship assumed.

Age : 0 1
Variance : .7619 .3585
Skewness test stat. : .6889 .4251
Kurtosis test stat. : -.0577 -.4400
Partial chi-square : .5269 .2977
Prob. of chi-square : .9975 .9995
Number of data : 7 7
Degrees of freedom : 6 6
Weight in analysis .4658 .9901

DISTRIBUTION STATISTICS FOR ln AGED INDEX
Linear catchability relationship assumed.

Age : 1 2
Variance : 1.8820 .3381
Skewness test stat. : -.6134 ~.2248
Kurtosis test stat. : -.3563 -.6157
Partial chi-square : .8491 .1986
Prob. of chi-square : .8377 .9954
Number of data : 4 5
Degrees of freedom : 3 4
Weight in analysis .1886 1.0496

1
4 5
.5523 .1591
-1.5276 -.8706
.5077 .0520
.5231 .1930
.9975 .9999
7 7
6 6
.6425 2.2310

2
2 3
.7663 .5830
-.2332 -.3145
-.4841 -.5870
L7132 .5804
.9942 .9967
7 7
6 6
.4631 .6087

3
3 4
.099%6 .0000
-.6226 -1.0206
-.3112 -.7988
.0617 .0000
.9995 1.0000
5 5
4 4

3.5635 *xkkkhkkx

.5432
-1.4219
.3514
.8954
.9893

.6533

.4489
-.5542
-.6410

.4903

.9980

.7905

.2350
-.0511
~-.4785

.1778

.9963

1.5102

.1614
.4791
.8337
2.1110
.9082

.3056

.6225
.3791
.6468
.8258
.9914

.5701

EAACFMHAWGY96\T-381-14.DOC  23/04/96

.4668
-.2112
-.4234
2.9392

.8164

.7602

6
.6947
.0274

-.5398
1.3917
.9664

7

6
.5108

7
.4708
1.0438
.0422
1.4340
.9638
7

6
.7537

.4484
.7109
.0560
3.3106
.6522

.2450
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Table. 3.8.14 WESTERN BALTIC HERRING. Output from ICA. (continued)

DISTRIBUTION STATISTICS FOR 1ln AGED INDEX
Linear catchability relationship assumed.

Age : 0
Variance : 2.0654
Skewness test stat. : .1697
Kurtosis test stat. : -.7567
Partial chi-square : 1.1611
Prob. of chi-square : .8845
Number of data : 5
Degrees of freedom : 4
Weight in analysis : .1718

1.
.1049
.5916

1
6396

1.3108

.8595

5
4

.2164

4

2 3
1.1503 .7017
.6034 -.0707
-.5006 -.7631
1.0291 .5263
.9053 .9709
5 5

4 4
.3085 .5057

EAACFM\HAWGY6\T-381-14.DOC  23/04/96
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Figure 3.5.1 Acoustic Monitoring in Sub-Division 23 (the Sound) divided into 13 subareas.

Strata Area HELSINGSR
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Figure 3.8.1 Western Baltic Herring. Output from ICA.
. Index sum of squares of deviations between model and observations
(survey index) as a function of the reference F in 1994
INDEX 1: 1989-95: Acoustic survey in IIla+IVaE, Age groups 2-8+.
INDEX 2: 1989-95: Acoustic survey in Sub.Div 22-24, Age groups 0-8+.
INDEX 3: 1991-95: IYFS Illa for all Quarters (1-4), Age groups 1-5.
INDEX 4: 1989-95: German Bottom Trawl Survey in Sub.Div. 22+24,
Age groups 0-3+.
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Figure 3.8.2 Western Baltic Herring. Output from ICA. Stock summary
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Figure 3.8.3 Western Baltic Herring. Separable model diagnostics.
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Figure 3.8.4.a Western Baltic Herring. Tuning diagnostics.
INDEX 1: 1989-95: I Acoustic survey in Illa+IVaE, Age group 2.

Tuning Diagnostics:

Aged Index 1 at age 2
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Figure 3.8.4.b Western Baltic Herring. Tuning diagnostics.
INDEX 1: 1989-95: Acoustic survey in Illa+IVaE, Age group 3.

uning Diagnostics: Aged Index 1 at age 3
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Figure 3.8.4.c Western Baltic Herring. Tuning diagnostics.

INDEX 1: 1989-95: Acoustic survey in Illa+IVaE, Age group 4.

uning Diagnostaics.
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Figure 3.8.4.d Western Baltic Herring. Tuning diagnostics.
INDEX 1: 1989-95: Acoustic survey in Illa+IVaE, Age group 5.

uning Diagnostics:. Aged ITndex 1 at age O
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Figure 3.8.4.e Western Baltic Herring. Tuning diagnostics.
INDEX 1: 1989-95: Acoustic survey in Illa+IVaE, Age group 6.

uning Diagnostics: Aged Index 1 at age ©
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Figure 3.8.4.f Western Baltic Herring. Tuning diagnostics.
INDEX 1: 1989-95: Acoustic survey in IIla+IVaE, Age group 7.

uning Diagnostics: Aged Index 1 at age 7
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Figure 3.8.4.g Western Baltic Herring. Tuning diagnostics.

INDEX 1: 1989-95: Acoustic survey in Illa+IVaE, Age group 8+.
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Figure 3.8.5.a Western Baltic Herring. Tuning diagnostics.
INDEX 2: 1989-95: Acoustic survey in Sub.Div 22-24, Age group 0.

uning Diagnostics! Aged Index 2 at age O
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Figure 3.8.5.b Western Baltic Herring. Tuning diagnostics.
INDEX 2: 1989-95: Acoustic survey in Sub.Div 22-24, Age groups 1.

uning Diagnostics.:

Aged Index 2 at age 1
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Figure 3.8.5.c Western Baltic Herring. Tuning diagnostics.
INDEX 2: 1989-95: Acoustic survey in Sub.Div 22-24, Age groups 2.
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Figure 3.8.5.d Western Baltic Herring. Tuning diagnostics.
INDEX 2: 1989-95: Acoustic survey in Sub.Div 22-24, Age groups 3

uning Diagnostics! Aged Index 2 at age 3
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Figure 3.8.5.e Western Baltic Herring. Tuning diagnostics.
INDEX 2: 1989-95: Acoustic survey in Sub.Div 22-24, Age groups 4

uning Diagnostics! Aged Index &£ at age 49
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Figure 3.8.5.f Western Baltic Hérring. Tuning diagnostics.
INDEX 2: 1989-95: Acoustic survey in Sub.Div 22-24, Age groups 5

uning Diagnostics! Aged Tndex 2 at age 5
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Figure 3.8.5.g Western Baltic Herring. Tuning diagnostics.
INDEX 2: 1989-95: Acoustic survey in Sub.Div 22-24, Age groups 6
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Figure 3.8.5.h Western Baltic Herring. Tuning diagnostics.
INDEX 2: 1989-95: Acoustic survey in Sub.Div 22-24, Age groups 7
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Figure 3.8.5.i Western Baltic Herring. Tuning diagnostics.

INDEX 2: 1989-95: Acoustic survey in Sub.Div 22-24, Age groups 8+
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Figure 3.8.6.a Western Baltic Herring. Tuning diagnostics.
INDEX 3: 1991-95: IYFS Illa for all Quarters (1-4), Age group 1.
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Figure 3.8.6.b Western Baltic Herring. Tuning diagnostics.
INDEX 3: 1991-95: IYFS Illa for all Quarters (1-4), Age group 2.

uning Dilagnostics: Aged Index 3 at age 2
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Figure 3.8.6.c Western Baltic Herring. Tuning diagnostics.
INDEX 3: 1991-95: IYFS Illa for all Quarters (1-4), Age group 3.
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Figure 3.8.6.d Western Baltic Herring. Tuning diagnostics.
INDEX 3: 1991-95: IYFS Illa for all Quarters (1-4), Age group 4.

uning Diagnostics! Aged ITndex 3 at age 4
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Figure 3.8.6.e Western Baltic Herring. Tuning diagnostics.
INDEX 3: 1991-95: IYFS Illa for all Quarters (1-4), Age group 5.
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Figure 3.8.7.a Western Baltic Herring. Tuning diagnostics

INDEX 4: 1989-95: German Bottom Trawl Survey in Sub.Div. 22+24, Age group 0.
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Figure 3.8.7.b Western Baltic Herring. Tuning diagnostics
INDEX 4: 1989-95: German Bottom Trawl Survey in Sub.Div. 22+24, Age group 1.

uning Diagnostics: Aged ITndex 4 at age 1
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Figure 3.8.7.c Western Baltic Herring. Tuning diagnostics
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INDEX 4: 1989-95: German Bottom Trawl Survey in Sub.Div. 22+24, Age group 2.

uning Diagnostics:

Aged Index 4 at age 2
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Figure 3.8.7.d Western Baltic Herring. Tuning diagnostics
INDEX 4: 1989-95: German Bottom Trawl Survey in Sub.Div. 22424,

Age group 3+.
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Figure 3.9.1. Age disaggregated indicies in In{numbers) by age and
yearclass for spring spawning herring in Div. llla and SD 22,23 and 24 .
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