Advisory Committee on Fishery Management ICESCM 2001/ACFM:17

REPORT OF THE

NORTHERN PELAGIC AND BLUE WHITING FISHERIES
WORKING GROUP

Reykjavik, Iceland
18 April—-27 April 2001

Thisreport isnot to be quoted without prior consultation with the
General Secretary. The document is a report of an expert group
under the auspices of the International Council for the Exploration of
the Sea and does not necessarily represent the views of the Council.

International Council for the Exploration of the Sea

Conseil International pour I’ Exploration de laMer

Palaggade 2—4 DK-1261 Copenhagen K Denmark



TABLE OF CONTENTS

Section Page
[[L INTRODUCTION ......oivtiiitieciteeiseeetecet ettt ettt ettt ettt ss e ssenees 1
| S o= 1
2 PATICIPAINIS . ... e ie s et eeseeteeneeteeneeeeseneesesseneesesseneesesneneesesseneeseseeneesesneneesesaeneesesaeneesesseneeseseeeeneseeneesesaenes 2
1.3 Non-standard aSSESSMENt MELNOUS. .........eetieteeeeeee ettt ettt et e eseesseeseesseesseesseesreereesresneeseeas 2
T3 SEASIAN .o oovcoooosoecoooeosoesoesmeosresereoseeseresresseeseeessee e eeeeeeeeeesereesireesseeereereeseeeereeereerreerreeee 3
L3 L1 TUNING oo 3
1312 ASSESSMENT OF YOUNG NEITING ....e.veveoeeeeeeeeeeeeeereeeeeermeeeeesmeeeeeseeeeeesneseeesmeeeeneeneeeeserseseenes )
| L.3.1.3 MediUm-TErM PrOJECHIONS .........eeeeeieieeeeeeieeeteeeteiesieeesteeesieeeseeeesteeesteeesieeenseeesseeesreeesseeenreeas 4
(13,2 AT T oo eeseeeeereeeeeeeeeeeeeemeeeeeereeeesrereeeeeeseseeseeeeseeseeeeseeeeeeeeeneeeeseeseeeeseesereeseereeereeeeeereens 5
[I3.8 ST PR i 6
[ L.3.4 Tceland summer SpawniNg NETING @SSESSMENT ..........vvevevereeeerereeeeeereeeeeereeeeeresmeeeererneeeereseneeresenes 6
| 1.3.5 Capelininthe lceland—East Greenland—Jan Mayen @r€a............c.ooeevueeneeeieeiieeieaieeseeeeeeeeeaeieeeenns 6
[T 38 TV P o eooeceeeseeeeeeseeeseeseseeseeseseeseeeeseeseseeneeneseeseeseeeseeseseeseeseseeseeeeeeseeeeeeseeeeseeeeseeneeeseeseen 7
[[LA " QUAIITY CONIO ... . oottt 9
P ECOLOGICAL CONSIDERATIONS .......cooorviirieinisnnesrssisnssesssessssessssessesssensssnssssnss s essssssssnssssssssssssnsssnsees 11
Bl BalNlS SEa. oottt 11
P.T.T Hydrography and 108 CONTITIONS. ...... ... veoweereeeeeereeeeeeeseaeeeesenreeesenrenesesreseeneereneeoeerenseoeeresseneereneens 11
P.1.2  Predicting Barents Seatemperalure. .. ....oooveveeeeieiisccsc s 11
D L 3 Z 00D BINKION ..o sveveweweesewsesnseemeeeseeeneseeneneneeneseseeneneeseeereeeseeneseneeneesesneeseeeseseenesenseeseresseeneeeens 12
P.1.4  Consumption of capelin and herring by cod, harp seals and minke WhaleS.........cccoovivivevcvcnneen.. 12
E.Z N S PP 13
2.1 Hydrography and ClIMaIE ... ..ottt 13
D 2.2 PRYIOPIANKION. .. ... cvcovevcsesseesesseenesssessssseensssessssssenssesesesesesensnseessnsnsessesesessnsesssseeseseeesessesesesnens 17
R Te o) ) o T I, 15
P.2.4 Herring growth and T00d aVaITADITITY .........ccoovoeoeieeeecieeeeeeeeeeeeseeeeeseeeeeenreneeeesreneeeeerenneenreneens 15
P.2.5  Predictions for zooplankton biomass and herring feeding ConditionS........coovviviieicccvereiiiiee 15
R-3  TCEIANAIC WAIETS. ... oovooveeeresroseorossereseeseereseeeesseresresseesseress e seeseeesee e eresereesee oo seee e 16
P.3.1  Hydrography and CliMale.........coeueieiiiie ittt 16
D 3.2 PYIOPIANKION. ... e o veveeeseseieeseessseneesssnssesssessessnseesessesneesseseseeeseesessesseseesesseseesesseneeseneseesessessens 17
IR AT o T e T T, 1/
.34 HEITING MIQTBITONS ... ..o eeeeeeeieeeeeieeeeeneseeeeseeseeeseneneeeseneeneseneseesseseesesseseeseseseesesseneeseseneeseeseneens 17
RIS = e (RS STV o T 18
D36 GENETA SUMIMAIY vovvvevesereesssesessssesessssesesessesessssesessssesessssesesessesessssesesessesessssesesessesessssssesessesessssesens 19
B NORWEGIAN SPRING-SPAWNING HERRING........c..ccituiiiirisesiriensicssecisesssesss e 35
E.l L O e I S == PO 35
BTT TATagreementS T0r 2000 aN0 2001 ... o o ooioeeieeeoiseeseseenmnneseseseenenseseseneeenmesenesseeneeseeneesenens 35
L2 TN FISNEITES ..ot 39
B.LZ7T  Description Of tNETISNENMES TN 2000, ... oweeevevsssssisesnnensnsnsmssssnnsrerensssssesesneensnens 35
S e N T o 36
B3 SUIVEYS....uoceeereresotesesesesesssessssssssssssssessssesesesesssesssssssnsesessssssssnsesesnsssssesssnensesnsesssssssssnsesetesesssesssssssensnsessseses 37
RS A I 3/
B2 WVITHETITIO @TEBS .. vevevvveerweeerermrmennmesenerenseeeneesenesenseenmeseneressestnmesenesesseatseeseerenseetnneseereeseeenseseneseesens 37
I = T T 3/
B 3.8 NUTSETY GIC@...omoomorosssoooososssssssssssmssssssssnsnsssssssssssssssessnnnnnsnsssssssssssesennnsnsssrsssssssssennnenoenees 37
3.5 Herrng larval survey 2001..........ooovoiece s 3/
B4 TOOING EXPETTIMIENIES ....veewereemerewrmeseesmeserermeeeeeesesesmeseeeeseeserseseeeesesesesneeneeseenesseseseeeeresaesenenesenereseneeses 38
1D OLOCK BSSESSIMIENT ...ttt st se et se et sreseeeesreseeresre e sresreeereereseerearesrereerenrerearenreererenens 38
B5. T IVIOUET TOT STOCK GSSESSITIENIL. 1. .. v vsveeweeeeeneentssenmenesseneenteseneeneesenseneesessenessessentesesseeenensentenenseeesesseneens 38
A L ST 1 = T 38
B0 2T SUIVEY GBLA . oveverweuesremeeessemeseseenmeseseeneesesseneeseseeeeseseeseeseseeeeseseesessesmeseseseeseseneesesseneees 38
N A T e s T 39
. N I R LT P 39
[3.5.3 mplementation of acoustic surveys and tagging datan the assessment model .................cc.......... 39
B53T Survey
0.3.2  ProbabIlITy OF T80 FECOVEIY ........eviiieeeieiieieeesiieeeeseeeeesieeeessnreeeseneeee s e e e srreeesnnneeesnnneeens 39
|§.5.4 STOCK @SSESSITIENIE .. .. v evveeeeeerereesenmeneneemsneeneeseseresseteeesereresseeaeeseneresseeneesenereeseeneeseenenseseeserenereenens 39
D41 RErOSPECHIVE ANAIYSIS ... 40
B 5 4.7 DIAONOSIICS ... eewereerermeeeereesermeeeesmeentnmeeseseeeeemesesenesetaeeeesesseseneeeerereeeeeeesereesens 20
D43 SIOCK aSSeSSMENt DY TSVPA ... 41

E.5.5 ASSESSMENt OF Te 1994 aNT YOUNGET YEAT CTASSES - -vexvererrsereeseessessernssmesemseassessesesseesemssesseseesesseees T




Section Page

B.5.6  TRETINGI VPA ...ttt ettt et st e et sbeneene 41

B5.7 Y IEIO-PET-TECTUIT BNAIY SIS v veveeereeeereeeeeseeneeeseneeeseneesesseneesesseneeesseneesesseseesesseseeseseneesesseneeseseseens 1T

B-6  SNOM-LEM PrOOICHIONS .1ttt 41
6.1 Tnput dafato The SNOrT-TENM PreaICIION .........oieeoreeoreeeereeseeereeeeeeeneesernnesnneseesreenneennesneeseenreenreens 41

0.2 Results of the SNOM-terM PrediCIION ...........c.eoiuieiiieriie et se e eneeas 42

3.7  ASSESSMENT OF UNCEITAINTY ... eveeeiiiieieeesteiesieeeseeeseeesseeeseessseeeseeesseseseeesseseneesaseeenseesssesesseesssessneesnessnseesnses 47
.8 Long-Term Management Plan and Precautionary ReFerence POINIS.............ccoovveiiiiiniiienieinicesee e 42
S I = PRV 7= et Ty L) NV 43
9.1 Evaluation of adaptive recovering strategies in the event SSB fallsbelow Bpa. ... 43

302 Adopiion of F a SoB below Bpa implemented 1n the medium-term SIMulalions. ............coocooeevne. 14

(T8 S =] = T = 97
3.1 Larval and O-group estimateS 1N 2000 .........coveeveeveeieieeieeeeeeteestee et s e esneesreeeeereeeesneens 9/
3. COUSHIC STOCK SIZ€ €SMEIES TN 2000 ... .o iveceeeeeeeeeeeeeeeeeeneaeennsenseseneeeeemeseeneeseeenseeneeseeseeseeseees 97
13,3 OTNEI SUNVEYS.....ceieeeeeeee ettt ettt et et e eseeeteaebeebeeresneesneesneesneenseaneeeneasneesseans 98
A4 HISIONCal SIOCK TBVETOPIMENT ... vieiveerereerieeesreesseeesseesseeesseesseeessseesseeessseessseesseesseeessseesseeesseesnseessesenseesnses 98
4.5 StocK asseSSMENt QULUMIN 2000 .........ieeeieeeeeeeee ettt ees s s e s e e s e e sreesneenreaneeereesreenreens 98
ANBAOEMENT CONSIOEIBETONS ... ..o eexeeereoeeeesesseseseeeeoeeomeameasesssseteseeteoseaeeasessesetaseseteeeaseasessessessesteesetensessesessesrees 99
SIS 7 T T 1T 2T T 99
| 'S CAPELIN IN THE ICELAND-EAST GREENLAND-JAN MAYEN AREA.........ccoootiiiiiit et 109
[ Pl Te SOyttt 109
b.1.1  RegUIAIION OF TNE TISNEIY ......eeiiiiiiiiieieeiie et e e et e e e e e e e e e e s e e e e s e s eeaeeeaennnnneeeas 109
b.1.2  Thefisnery in the 200072001 SEBSON.........veueeeereitereietisieeiieeetestesr st esseeseeeeresresressesresseeseesresreares 109
b.2 O T RS =TS T 109
3 SUVEYS OF SIOCK ADUNCANCE. ... ceeeeiieieieeeeee ettt s st a s e e st e e sneeesnbeeenreeans 110
D. 3.1 U-0T0UD SUNVEYS. ... e eveieeeeeeseenueseessenereeeeensensesseeseseeneeneensessesseesesteeeneensessesseseseeseeseensesensessessesses 110
b.3.2  Stock abundance 1n autumn 1999 and WINTEr 2000..........cveveeereeriineiiieieeeeses e 110
b.4  HISIOrCal SIOCK ADUNTANCE......... e ieiieeieiereieeeieeeeeeaseeseeeseeeasseesseesseeasesaseseesaeesseeaseensesseesseeaseesseessesasesases 11T
1O SIOCK PIOGNOSES ..ttt 111
65,1 Stock prognosisand TACT 1N the 200072001 SE8S0N ........vceveveweireeereenseesesesinsensesseseseesessnseesessenes 111

b.5.2  Stock prognosis and assessment for the 2001/2002 season
5.3~ Management of capelin in the Tceland-East Greenland-Jan Mayen area. ..............ccococeeeeeeeeeeeenenes 117
b.6 recautionary Approach to FISheres Management........c e i 113
A SPECIAI COMIMEINTS.....eeieiiieeeeeeeeeee et e e e e s s e e e e e s s e e e e e e s aanneeeeaeeesaannnnnreeesesaannnnnreaenesaannnnnreeeeesaannnrnneees 115
TS TS L T O 113
| b BLUE WHITING ..ottt h et e e e bbb e et e e e beeeeebeeaeebeeaeensebeae et e abeebeeneensensansessens 124
E.l Stock Identlt% T B S = e e Lo T P 124
b. TSNEMES TN 2000 ...\ o eceveccsesesesessenensnnssssenessseesssseessssesesssseseassseeseesesessnsesesensesesensesessesesessnesesenesenseses 124]
.3 Blological CNaraClerTSIICS. ... ittt ettt 124
5.3. 1 L ength COMPOSITION OF CAICNES. ... ... cveoveereeeruieereeeeeseenseneseniesenenneensennessensesenesseeneennensensessenses 174
b.3.2  Age COMPOSITION OF CALCNES ...vovviieeet ettt 124
SR e T A 125
B.3.4  MalUNTY AL A08 ...ovoviriiieit ettt 125
[ B4 “SIOCK ESIMAIES ... oovoorveoreeooreseossrooeresseresmrseeresesmes e seresseeseeeseee s seeesseeseeeseresseres e e seee oo 125
[ P41 ACOUSHC SUMNVEYS ...ttt 125
B.ATT  SUrVeyS 1N TNE SPAWNING SEBSON .....vevevereereeeseeaeeseeseeseseseeeneeaeeneesnseesnsaseeeseeseeseeseesees 125
b.4.1.2  SUrveyS 1N the TeEAING SEASON. ......eiviieiieetietieieeteest et eeeeeeeseeseeseeeseeeseeseeeseesreesreens 126
5.4.2 — Bottom trawl SUrVEYS TN ThE SOUTNEIN @A ..........c.ccoocvereereirerrersinenseesineessesinsessesnsessesnsersennsessennes 176
D.4.3  CalCN PEI UNIT EITON ....eevvieceee ettt ee et e et e et eestee et eeeseaenteeesessntesesessteeeseessseesnseesns 126
.44 Daia exploraiion and PrelimiNary MOTETTING oo oo, 126]
D.4.5  SIOCK GSSESSIMIENE ... ettt ettt et ettt e et e et et e eseeescasteesseessesseesseesseesseenseeseesneesseesseesseens 128
SIS e I e = L 179
B.6  MeEdIUM-TEIM PIrOJECIION .......vee ettt ee et e steesteeneeeeesneeeneesseenseeneeeneesseesseenseessesneesnees 130
.7 Precaulionary RETEIENCE POINTS. .........cooviiiiiieieeeeiesesesiesteeseeeeeeessensesseasessesneeseeneeneensensensessesneensensessesses 137]
b.8  Spatial, temporal and zONal AISIITDULTON ..........c.vevveeeiee e seeeseeeeeeeeeseeeneeeneeeneeeeeenes 131
.9 MaNagemMeNT CONSITEIAIIONS ........ce.eeuveeerresrerueerereeeessessesseseeseseeneensessessesseesessteseensensensesseeseseesesneensensessesses 137]
ST 0TS Yo T3 131




Section Page

[ P11 RECOMMENGAIIONS ......veoieiiiiiist et 131]

[ ICELANDIC SUMMER-SPAWNING HERRING...........cootrrieeitenieenieee et 214
[ 17D TNETISNENY oo oooeooooeeoooseeeoooeeeeoseeemoeeecesoeeeeeoreeeeeeeeee oo eeeereeeeeereemrereeeereeeeereeeeereeeeereeeeerrreeeereeee 217

[ 7.2~ Caich IN NUMDETS, WEIQNT & AgE ANU IMBLUITTY ©..vevvvevereeeseeeseseeeseseeeseseesesseseeseseseesesenseeseseesesseseeseseseens 217

I X N o V= 214

R S T S == A 215

5 CatCh and SIOCK PrOJECIIONS. ........cueeteeeeeeeeee ettt ettt e e e e e e eneeeneasteesreebeenresreereenreeeeaneas 215

B MaNAgEMENT CONSIACTAIION. .. .. eeveeeerereesiaseseeesseeseeseeseeseseesesseeseeseessessessesesseeseeseessessesessesseeseeseeseessesensen 216]

A oo L= o VY= 216

SRS =1 T2 T 216|

[ B REFERENCES AND WORKING DOCUMENTS. .....itce sttt 237
[ BT RETEIONCES ..o oo oo 237

[P WORKING DOCUMENTS.......oiiiiiitiiieetiteetsssaes ettt sttt 239|




1

11

INTRODUCTION

Termsof reference

The Northern Pelagic and Blue Whiting Fisheries Working Group [WGNPBW] (Chair: A.
Gudmundsdottir, Iceland) will meet in Reykjavik, Iceland from 18-27 April 2001 to:

a)
b)

0)

d)

e

f)

)

h)

assess the status of and provide catch options for 2002 for the Norwegian spring-spawning herring stock;

assess the status of and provide catch options for the 2001-2002 season for the |celandic summer-spawning
herring stocks;

assess the status of capelin in Sub-areas VV and X1V and provide catch options for the summer/autumn 2001
and winter 2002 seasons;

assess the status of and provide catch options for capelin in Sub-areas | and Il (excluding Division l1a west
of 5°W) in 2002;

assess the status of and provide catch options for 2002 and 2003 for the blue whiting stock;
identify major deficienciesin the assessments;

review the layout of a Quality Handbook and prepare a workplan for writing such a document. A draft of
the Quality Handbook shall be reviewed by the Working Group in 2002;

Norway letter 14.12.2000: At their annual meeting in October 2000, Iceland, the Faroe Islands, Russia, the
European Community and Norway re-emphasised their commitment to the long-term management
arrangement for the Norwegian spring-spawning herring stock in the North-East Atlantic, which was agreed
upon in 1999. The long-term management plan is consistent with a precautionary approach, intended to
constrain harvesting within safe biological limits and designed to provide for sustainable fisheries.
Following the conclusions from the five-party agreement on the management of the Norwegian spring-
spawning herring stock for 2001, Norway would request ICES to provide information about the stock
development in accordance with the Annex of the Memorandum of Understanding wit NEAFC.
Furthermore, ICES is requested to provide catch options for 2001 based on fishing mortalities in the range
F=0.8 to 0.15 including F=0.125. Norway would aso regquest ICES to evalutate the probability that the
SSB will fall below Bpa of 5,000,000 tonnes and Blim of 2,500,000 tonnes in a 5 and 10-year period at
various levels of constant fishing mortalities while the SSB is above Bpa, including values in the range of
F=0.05, 0.08, 0.10, 0.125, 0.15, 0.2. From each of these combinations, | CES should evaluate the expected
average percentage change in catches from year to year and the expected average catches over the same ten-
year period. ICES should particularly continue to evaluate adaptive recovery strategies, including an
options with linear reduction in F, in the event SSB falls below Bpa of 5,000,000 tonnes. The strategies
should aim at preventing the SSB falls below Bpa of 5,000,000 tonnes. The strategies should aim at
preventing the SSB from falling below Blim with a high probability and ensure the safe recovery of the
stock to above Bpa at various time horizons;

NEAFC letter 28.11.2000: Regarding blue whiting stocks. provide medium-term projections using
scenarios as considered appropriate.  Such scenarios should illustrate the consequences of forthcoming
recruitment levels returning to historic averages.

WGNPBW will report to ACFM at its May 2001 meeting.

O:\ACFM\WGREPS\WGNPBW\REPORT S\2001\wgnpbw2001.doc 1
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13 Non-standard assessment methods

This WG has traditionally developed assessment specific software for severa of its stocks, instead of using software
that has become standard in ICES. The main motive for thisis to be able to take stock-specific biological featuresinto
account, as well as the types of data that are available. Thus, for Norwegian spring spawning herring, the stock is
dominated by a few very large year classes, which are estimated by tuning to the survey data, while the data for the
other year classes generally are of poorer quality and should not be allowed to influence the assessment too strongly. In
addition, there are tag recapture data that carry valuable information about the stock abundance. For blue whiting, ICA
has been the standard software for some years, but the assessment has always been problematic due to noisy and to
some extent conflicting data. This year AMCI was attempted in order to solve some of these problems, or at least get a
better understanding of the impact of the various data sources.

Another motive for developing alternative software is to apply insight and solutions made by others to approach
problems also for our stocks. Thus, the WG has in some cases preferred to use bootstrap to estimate uncertainty in the
assessment rather than deriving the variance from the Hessian matrix (delta method), to take more direct account of the
noise in the data. The Sea Star model uses bootstrap, and the AMCI can do both methods. The gradually changing
selection pattern in AMCI has some similarity to the time series models (Gudmundson, 1994; lanelli and Fournier,
1998). The separate handling of outstanding year classes has recently been used for Western horse mackerel (ICES
2001)

For medium projections, no standard has been firmly adopted by ICES, and the choice of method has been mostly
dependent on traditions in the group, and on the software used for historic assessment. Thus, assessment by ICA
naturally leads to using ICP for medium term predictions. For some of the stocks analysed by this WG, a spreadsheet
programme has been used for some years, with the @Risk add-in in EXCEL as atool for making stochastic predictions.
Recent work has shown that the outcome of medium term projections to quite some extent is dependent on the method
used, as well as the assumptions made within the method framework, which to some extent carry over from the
assessment. (Patterson & al, 2000). The methods also vary with respect to which kind of scenarios they may simulate.
This year, the STPR software was used, partly because it allows a range of simulation scenarios, partly because it is
independent of ICA, and finally to avoid the use of spreadsheets that are generally error-prone.

This section gives a brief description of the various non-standard methods used by this WG.
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131 SeaStar

The assessment program SeaStar is essentially the same model as used during the 2000 meeting for tuning Norwegian
spring spawning herring. Since the 2000 meeting the model program has undergone an internal reviewing process at
IMR and the documentation and reporting has been substantially improved. The model is documented on the web site
www.assessment.imr.no, where the user guide and the Mathematica code can be found, as well as supplementary
documentation material. A provisional user guide and model description is a Working Document to this meeting (WD
by Tjelmeland).

1311 Tuning

SeaStar is a traditional back-calculating tuning model using a VPA based on Pope's approximation. The stock is
assessed by running the VPA, which is dependent on the F-values in the last year and the F-values for the oldest true
age group. Taking the historic stock as the expectation value in underlying distributions for the observed survey datathe
joint probability of observing the survey data is calculated. This probability is referred to as the likelihood function.
There is provision for selecting different functions to describe the survey distribution. In the present tuning the gamma
distribution with a constant CV is chosen, in accordance with recent practice. Similarly, the probability of observing the
tag return data is calculated and included in the likelihood function. It is assumed that the probability of tag returns,
which are rare events, follows a Poisson distribution. At the 2000 meeting also a larval observation series was added,
where the probability of observation is based on the spawning stock.

The stock is assessed by varying the unknown parameters until the maximum of the likelihood function is reached. The
parameters that are varied (free parameters, tuning parameters) are:

Catchabilities for the surveys

CVs of the surveys and of the larval data
Tagging surviva

Terminal F-values.

One important modification to the software was made prior to the present meeting. It is observed that the 1985 year-
classis much weaker than the 1983 year-class before age 13, after which it increases markedly relative to the 1983 year-
class (Figure 1.3.1.1). The most likely reason for thisis problems of distinguishing age rings as the fish gets older (WD
by Tjelmeland). Therefore, last year fish older than 13 years were pooled both in the survey and in the VPA before the
calculation of terms in the likelihood function was carried out. When the 1983 year-class was 13 years old, the ratio
between the catch of the 1983 year-class and the catch of the 1985 year-class was calculated and applied to older agesin
the same cohorts to redistribute the catch. The tagging data for the 1984 and 1985 year-classes were added to the 1983
year-class for consistency. This year the mean of the ratio of the 1983 year class to the 1985 year class in the catches
from age 7 to 13 years (1983 year class) was used in the program to reconstruct both the catch and the survey indices.

SeaStar provides for basing the likelihood only on the strongest year classes. Also, only the terminal F values for the
strongest year classes may be used as tuning variables. The rationale for thisis to stabilise the tuning by avoiding bias
from large relative errors in the catch of weak year classes, which mediated by the catchabilities would propagate also
to the stronger year classes. The terminal F values of the weak year classes are linearly interpolated between the
terminal F values that are tuning parameters. The terminal F values of the fish younger than the youngest tuned year
classislinearly interpolated to zero at age —1.

The uncertainty in the tuning is analysed by bootstrapping. The survey indices and the number of tag returns are
resampled from their assumed distributions using the observation values as expectation values. The catch in numbersis
resampled by assuming that the errors stem from accidentally transferring catch between neighbouring age groups. The
maximum probability of transfer of catch is related to the abundance as

transferred = poaxT ransferCoefficient (1.0 - M}

stack] + stock2
where transferred is the maximum catch transfer, stock<i> is the number caught in the two neighbouring age groups,
and maxTransfer Coefficient is a parameter. The actual catch transferred during resampling has a uniform distribution
between 0 and transferred.
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The bootstrapped replicates are stored on file for later use.

1312 Assessment of young herring

At the 2000 meeting the program RCT3 was used to assess the 1994 yearclass and younger herring, i.e. the herring
mﬂﬁﬂ yearclass for which the terminal F is a tuning parameter. This year, SeaStar was adopted to

assess also the younger yearclasses by regressing the recruitment numbers at age 0 as perceived by the VPA to the
logarithmic O-group index in the Barents Sea and to herring measured as one and two year old fish at acoustic surveys
in the Barents Sea. Previoudly, acoustic cruises at the Norwegian coast were used as additional information in RCT3.
However, the WG feels that as the younger fish is not considered representatively sampled by these cruises these data
should not be used and they were consequently excluded from the assessment of younger herring this year. For
consistency with the uncertainty analysis of the older (tuned) ages it is needed that the analysis of younger ages is
performed once for each bootstrap replicate since the recruitment in the VPA is different in each replicate.

Three separate regressions are performed: the recruits as 0 years in the VPA s regressed to the logarithmic O-group
index and the herring as one year old and as two year old in the Barents Sea acoustic survey. With the exception of the
logarithmic O-group index all entities are log-transformed before the regression is carried out. In al regressions a time
trend was added. The time trend was negligible for the acoustic indices but noticeable for the 0-group index.

The number by age of younger fish as O-group is calculated by first drawing with equal probability one of those
regressions followed by exponentiating the |og-based regression added to a draw from the estimated residuals.

1313 M edium-ter m projections

Medium-term projections are performed by first making a draw from the replicates of tuned assessments of older fish.
Next, the regressions of younger fish are performed and one draw for each year class as O-group is made and cal culated
to the assessment year (2001). Thereafter the parameters in a Beverton-Holt recruitment model (log-scale) are estimated
and the stock is projected forward 10 years using the current harvest control rule.

Recruitment model

The recruitment model is a traditional Beverton-Holt model where the parameters are estimated on log-scale. However,
the recruitment is highly dynamic with a few outstanding year classes. To better adapt the model to this stock the 10%
highest recruitments are excluded from the regression. When a draw from the recruitment model is made these year
classes are selected with 10% probability and a draw with equal probability is made. If the highest recruitments are not
selected the recruitment is given as the exponentiation of the logarithm of the Beverton-Holt model with a random draw
from the residual s added.

Weight at age model

The weight at age is not random in the model, but explicitly given by year.
Maturation at age model

The maturation at age is constant.

Harvest control rule

The harvest control rule is based on a fixed F-value (target F) combined with a catch ceiling. Two reference points are
defined, Bjim and Bp.. When the spawning stock falls below B, the F-value is linearly interpolated between the target F-
value at By, and a specified lower value at Bjim.

Sampling

During simulation the spawning stock and the yield are sampled. Stability of catches is calculated by first calculating
the relative change in catches from one year to the next, then averaging over one trgjectory and finaly taking the
median over trajectories.
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132 AMCI

The AMCI (Assessment Model Combining Information from various sources) is similar to ICA in many respects, but is
more flexible with respect to separability of fishing mortality, to which data it can use and how the information from
various data is combined, which parameters to estimate and with respect to how uncertainty can be estimated. It also has
additional diagnostics, compared to some standard assessment models.

The underlying population model is age-disaggregated, describing stock numbers at age in each time step. The stock
numbers are related within the year classes through mortalities given by a parametric mortality model. The initial
abundance in numbers of each year class is also specified as parameters. Thus, the population is in principle self-
contained, being defined uniquely by parameters. Additional models describe the relation between the modelled
population and the observed data or data derived from the observations. An objective function measures the deviance of
the model from the observations. The parameters are estimated so that the objective function (i.e. the deviance) is at its
minimum. Uncertainty in the estimates and in the modelled population can be derived from the derivatives of the
objective function with respect to the parameters, or by bootstrapping. This design places the program in the category
'statistical catch at age models.

Within this framework, AMCI has some specia features:

— The observation types that can be related to the model include measures of spawning stock biomass and tag-
recapture data, in addition to age-structured catch and survey data.

— Catch data are treated fleet-wise, with individually defined fishing mortality models for each fleet.
— Several selection models are available.
— Recruitmentsin some years can be substituted by expected val ues according to a stock-recruitment function.

— The user can choose which parameters one will regard as known and which are to be estimated by attaching ‘active
flags to the parameters. To some extent, this can be done interactively during a model run, which alows for
stepwise estimation of parameters.

— There is a range of different objective functions, which can be combined, and the objective functions can be
changed interactively during a model run. Even though including new objective functions requires writing
additional code, the structure of the program makesit relatively simple to do so.

— Basically, the fishing mortalities are modelled as separable. It is possible to recursively update the selection at age,
allowing for a slow change in the selection, according to the yearly catches. In the extreme, this leadsto a VPA-like
algorithm.

— The diagnostics include computation of the first and second derivative of each term in the objective function with
respect to the parameters (Jacobian matrix).

— The uncertainty in the assessment is primarily estimated by bootstrapping (parametric or non-parametric) of the
data. In addition, variances of the parameters and correlations between parameters can be obtained from the
Hessian matrix.

— The model runs forwards in time. It is therefore straightforward to extend the time range beyond the present, as a
short time prediction, provided that the necessary parameters are specified. If the model is run in bootstrap mode,
stochastic recruitments are used for the future years, giving a stochastic prediction with uncertainty at the present
stock numbers and future recruitments.

The present version (Version 1.2) is documented in a manual, which was presented to the Working Group.

An earlier version of the model was used by the MHSAWG (ICES CM2001/ACFM:06) as an alternative assessment
model for mackerel, in order to make use of the tagging data, and on sardine in order to clarify possible shifts in the
selection pattern.
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133 STPR

The STPR is a program for making stochastic medium-term projections (Skagen, 1997, Patterson, & a 2000) and was
originally developed for evaluating harvest control rules for North Sea herring (ICES 1997a, Patterson, Skagen,
Pastoors, & Lassen, 1997).

It isin most respects rather similar to ICP in that it projects the stock forwards with stochastic parameters, and presents
statistics of a large number (normally 1000) of replicas. The stochastic elements are recruitments, weights, maturities
and initial stock numbers, while STPR, unlike I CP, takes fishing mortality as fixed inputs. The recruitment is assumed
to be log-normally distributed with expectation values according to a stock-recruitment function. For weights and
maturities, historical data are used, by drawing a random year each time such data are needed, and using all the data
from that year. Initial stock numbers are input. If a covariance matrix can be provided, the initial numbers are regarded
as multinormally distributed on the log scale. The model allows two fleets and allows simulating simple harvest control
rules, where fishing mortalities or catch ceilings are stated for each of 3 levels of current SSB. For the first
(intermediate year), a TAC constraint is always assumed, for the subsequent years, F-constraints can be specified which
would overrule the harvest control rule. The harvest control rule can either be applied to the current stock abundance, or
to a stock abundance that is altered by a random term to simulate bias in the assessments or overfishing or TAC's. The
output includes the distribution of catches, recruitments, SSB's and fishing mortalities for each year. In addition, the
probability of exceeding reference levels of SSB each year and at least once in the projection period is tabulated. There
is also included a measure of stability, which is the range of catches over the last 5 years, divided by the mean catch
over that period.

134 Iceland summer spawning herring assessment

An ADAPT-type of assessment has been used by the stock assessment of the Icelandic summer spawners for several
years. It assumes a one-to-one relationship between the acoustic estimate in numbers and the stock numbers derived
from a classical VPA. The objective is to find an F which minimizes ¥( log(acs.) - log(vpas.))? over al years in the
assessment, where ac;. is the sum of the numbers of 4 ringers and older in the acoustic survey and corresponding for the
VPA.

When the abundance of juvenile 2—4 ringed herring has been assessed by acoustic surveys, the resulting abundance
estimates have been used in the tuning process. In cases where no such information is available for the youngest age
group (2 ringers) the size of this age group is set at 400 millions, which is close to the lower quartile of the recruitment
observed since 1980.

135 Capelin in the I celand—East Greenland—Jan Mayen area

The preliminary TAC should be set at a level to open the fishery, when appropriate, before the October/November
survey, and to keep the residual spawning stock at or above 400,000 tonnes. Thus the prognosis procedure needs to
predict the fishable stock in the beginning of the season in order to predict the effects of fishing. To account for the
highly variable year class strength and maturing ratio, the procedure needs to predict separately the two major
components of the mature stock (age groups 2 and 3). These predictions need to be done in spring.

Available data include acoustic survey estimates of the different age groups in August, October and January. It has been
found that, when available, autumn (October/November) acoustic estimates of the abundance of age groups 1 and 2 can
be used as predictors of fishable stock abundance about 8 months prior to the fishery.

The maturing part of age group 2 in summer (N,ng) IS a part of the survivors of the 1-group of the previous autumn
(N,), which is measured in October/November in the year before. A prediction model based on a linear relationship
between the historic back-calculated numerical abundance of maturing capelin at age 2 (Noyg) and the autumn acoustic
estimates of the same year classes at age 1 (N1a0us) 1S USed to predict the adult 2-group abundance at the beginning of
the fishing season some 8 months later.

The maturing part of the 3-group in summer corresponds to that part of the year class, which did not mature and spawn
in the year before. Because autumn surveys of immature capelin of age 2 (Naimm) have usually produced underestimates
of varying magnitude such data have little predictive value. Similarly, January/February surveys of this year class only
estimate the part that will spawn and thus are no indicators of what will appear in summer of next year.

However, maturity at age 2 isinversely related to year class size (Nyq), i.€. the maturing ratio is a function of year class
abundance. Therefore, the total abundance of age group 2 in summer should be an indication of what will appear as 3-
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group in the following season. A regression relating the back-calculated total abundance of year classes at age 2 (Ny)
on 1 August to their abundance at age 3 (Nsmna) IS therefore used to predict the numerical abundance of age 3 capelin.

During the last ten years the weight at age of adult capelin has been inversely related to the total adult stock abundance
in numbers. Linear regressions of total adult stock in numbers on the mean weight at age in autumn are used for
predicting the mean weights of age groups 2 and 3.

The data sets comprising al comparisons of numbers by age and maturity, as well as total numbers and weight at age
relevant to these prediction models are given in Tables5.4.1, 5.5.1.1 and 5.5.1.2.

The above regressions have been updated as new data became available. A comparison of the predicted TAC updated
with data from the autumn surveysisgivenin Table 5.5.1.3.

136 ISVPA

This assessment model is designed specifically to assess stocks where only catch at age data are available, or other data
are considered to be too noisy.

Instead of assuming the fishing mortality to be separable, it considers the instantaneous mortality

g(ay) = C(ay)/(N(a.y)* exp(-M(ay)/2)

and regards ¢ as separable:

In addition, it puts constraints on the matrix of ¢ residuals. The objective function which is minimised is the median of
the squared log catch residuals. Using the median instead of the sum renders the estimate more robust to outliers in the
data.

The separability assumption is widely used in various cohort models (Pope, 1974; Doubleday, 1976; Pope and
Shepherd, 1982; Fournier and Archibald, 1982; Deriso et al., 1985; Kimura, 1986; Gudmundsson, 1986; Patterson,
1995; etc.). A simple version of separable cohort model, named ISVPA, was also proposed by Kizner and Vasilyev
(Kizner and Vasilyev, 1997; Vasilyev, 1998, 1998a, 2000). The model ISVPA is similar in many aspects to other
separable models. But its parameter-estimating procedure is based on some principles of robust statistics which helps to
diminish the influence of error (noise) in catch-at-age data on the results if the assessment. Besides, special
parameterization of the model makes it unnecessary to use any preliminary assumptions about the age of unit selectivity
and about the shape of selectivity pattern. This helps to get unique solution in cases when catch-at-age data are noisy
and auxiliary information is too controversial or is not available. Otherwise ISVPA may be used in order to outline
stock tendencies from catch-at-age data taken aone.

Basic equations of the model are the consequence of traditional separable VPA and cohort analysis by Pope, which
implies the assumption that catch is taken within a short time interval. One of the main differences of ISVPA liesin
representation of fishing mortality (it is expressed in terms of fractions).

Following are the main equations of the catch-controlled version of ISVPA:
— M/2 M/2
Nay = (Nagya€ = +C, e, )
Cay=Pay Naye ™2, @)
¢a,y = s.f, (a=1,..., m1; y=1,..,n-1), where

a: age index, m: total number of age groups, y: year index, n: total number of years, N,,: abundance of the age group a
inyear y, Cy,y: catch from age group ain year y, M: natural mortality coefficient, ¢(a,y): fraction of the abundance of
age group a, taken as a catch in the middle of the year y (plays the role similar to that of F,y in traditional VPA), f,:
year factor (or effort factor), s,: age factor (or selectivity factor).

O:\ACFM\WGREPS\WGNPBW\REPORT S\2001\wgnpbw2001.doc 7



m
Selectivity factors are normalized: Z S = 1 3
a=1

It is not needed to use in calculations any additional assumption about s,, except that s, for the two oldest ages are equal
to each other (if the oldest age group is a “+ group”, then the three oldest s, should be equal to each other). This seems
to be arather weak restriction if a sufficient number of ages are included into analysis.

Estimated values of ¢,, may be recalculated into instantaneous fishing mortality coefficients F,, by the formula: F,y =
- In[1- @4,] , which is obvious if you rewrite expression (1) as. IN[Ngy/Nas1y+1] =M - In[1-¢,,] and compare it with the
traditional VPA equation: IN[Nay/Nas1y+1] =M + Fyy,.

The catch-controlled version is more appropriate if there is much more confidence in the precision of catch-at-age data
than in the validity of the separability assumption.

The effort-controlled version of ISVPA is obtained by substitution of the estimated catch, éa’y = sanya,ye"W2 for
Ca,y in (1), that is, by replacing equation (1) with

-1
Na’y:L_ (4)
1-s,f,

This version of the ISVPA is more appropriate when catch-at-age data include a very high level of noise, that is rather
often, except when fishery is known to be extremely nonseparable.

In practice in most cases both assumptions (that catch-at-age data are precise or fishery is well separable) are rather far
from reality. If there are some ideas about their relative validity it is possible to use mixed version of ISVPA in which
the equation of stock dynamics is a mixture (with the coefficient given by user) of equations (1) and (4). In this version
of the ISVPA the same weight (or “level of relative confidence”) of the two assumptionsis used for all points.

Since often the user has no preliminary ideas about relative validity of the above-mentioned assumptions and since the
relative weight of these assumptions may be strongly different for different points (ay), the 4th version of ISVPA
named mixed with weighting by points (or mixed WBP in menu) is also available. In this version for every point (a,y)
the equations (1) and (4) are weighted by reciprocal squared residuals between the given catch(a,y) value and its

respective “theoretical” value: Ca,y = Sanya, ye—M/Z where N, is calculated by equation (1) or (4). These weights are
recalculated in every iteration within the iterative procedure of the model parameters estimation (see below).

For each version of the ISVPA the algorithm consists of a 'core’, in which all the model parameters are evaluated from
the iterative procedure at a given natural mortality coefficient, M, and terminal fishing effort, f,,, and an outward 'shell’,

aloop in which the best M and f, are fitted. The ‘core’ is represented in the program by 4 iterative procedures. The
first, “basic”, iterative procedure ensures unbiased separabilisation:

n
€4y =0, and z €qy=0 ,where ¢4\~ safjtey y.
1 y=1

NgE

Q
1

The second “Logarithmic” (geometrical mean) procedure ensures unbiased model estimates of |og-transformed
catches:

m n
> [InC,, ~InC,,]=0and Zl[InCa’y -InC,,1=0, where C,, = s3fyN, e M/2
a=1 y=.

It can be simply shown that this procedure provides unbiased estimates of logarithms of all parameters.
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The third “Weighted arithmetical mean” procedure may be more appropriate when errors corresponding to different
age groups hardly can be regarded as equally distributed. In this version inverse selectivities serve as weights. This
version ensures unbiased separabilization, but weighted by selectivities.

The 4-th procedure is intended to produce the best fit to catch-at-age data, but the solution will be free from any
restriction on bias.

M edian minimization. Minimization of the median, MDN, of squared residuals (that is, the use of the least median or
LMSQ principle) instead of their sum (the classical LSQ-principle) is sometimes thought to be more resistant with
respect to outliers, those elements of the data set which overstep considerably reasonable confidence limits and, hence,
are suspected of containing extremely high errors (Hampel et al., 1986).

According to this concept, an aternative I1SVPA solution may be looked for as providing estimates of M and fj,, which
secure a minimum of the median of the distribution of the squared logarithmic residuals,

S, =(InC,, =InC, ,)?
(a=1,...,m; y=1,...,n). The corresponding loss function will be denoted as MDN* (M, f).

In practice, the median of a random series is estimated by rearranging its elements in a descending or increasing order
and taking the central element of the new series or the mean of two central elements (depending on whether the total
number of the elements is odd or even). However, when used within the framework of ISVPA, this estimate may
sometimes cause a certain roughness of the surface MDN(M, fj,). In order to make the loss function smoother, the

median is estimated here as the mean of a number (for example, 10) central elements of the ordered series of SEa,y.

Dealing with zeros in catch-at-age matrix. Existence of zeros in catch-at-age matrix is known to be a rather
complicated problem (and may be logically controversia in dealing with logarithmic residuals), and it is solved in
different waysin different methods. In ISV PA the following algorithm is applied:

1. 1f C5y=0, thenthe value of ¢y istaken equal to its “theoretical” value, that is¢ g y= Safy .

2. Residuals for points of zero catches are taken equal zero.

3. Stock abundance is estimated as follows: if Na.1,+1>0 and C,,=0, then N, is calculated by equation (1); if Na+1y+1>0
and C,,>0, then N, is calculated by equation (1) or (4) or their mixture according to the version chosen; if Nasqy.1=0,

then N, is calculated by formula (2) — the same way as for terminal points.

14 Quality control

The Working Group was asked to comment on the draft ICES Quality Control (QC) Handbook and stock template.
Several general points were raised. The Working Group considered that the stock Annexes should form part of the
relevant Working Group’s report to facilitate the work of the Working Group (consulting the previous year's work
during the meeting) and of ACFM (reviewing the work of the Working Group). The Annexes can, of course, also exist
as part of the overall QC Handbook.

It was recognised that some ‘stability’ in the methods and assessment details over several years would be advantageous.
However, the Working Group does not run assessments without scrutinising the diagnostics for problems. The WG
arranges different trial runs with different options and it will improve transparencies if the outcome of such an exercise
were documented in the report but not in the annex templates for each stock. The existence of a defined assessment
procedure should not lead to blindly applying that procedure, and the Working Group assumes that this is not the
intention of a QC Handbook. The current method of writing the Working Group report is, in principle, similar to the
proposed process, since the previous year’s report is updated and amended rather than rewritten from scratch every
year.

The Wg aso notes that common procedures should be implemented for the collection, collation & storage of Fisheries
disaggregated data. These are essential to maintain the integrity of archives, which document the origin of assessment
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input data. Some of this is implemented already on an ad hoc basis with the exchange Execl spreadsheet & sallocl.exe.
But there has been no provision to date of a standard input & storage platform as has been recommended by other
WG's.

Figure 1.3.1.1. The ratio of the catch of the 1983 year class (blue bars, right) and the 1985 year class (red bars, left) in
the catch from 1987 (1983 year classis 4 year old) to 1999 (1983 year classis 16 years old).
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2 ECOLOGICAL CONSIDERATIONS
21 Barents Sea
211 Hydrography and ice conditions

The Barents Sea is characterised by large year-to-year fluctuations in heat content and ice coverage caused by variations
in heat influx with Atlantic water from the Norwegian Sea (Fig. 2.1.1.1). There was a period of warming up in the
western Barents Sea from 1989 to 1995 followed by cooling in 1996-1997 (Figure 2.1.1.3). In winter and spring 1998
the temperature in the Fuglgya-Bear Island section (Fig. 2.1.1.2) increased to the long-term mean and in January 1999
the temperature was 1°C above the long-term mean. This value represents the highest temperature measured in January
since 1983. Thereafter the temperature decreased to 0.87°C above the long-term mean in March, 0.36°C above the long-
term mean in April and 0.3°C above the long-term mean in summer 1999. During autumn 1999 there was a significant
increase in temperature and in January 2000 the temperature was 1.1°C above the long-term mean.

The reason for the warm periods during the winters of 1999 and 2000 was a late onset of winter cooling due to the
warm autumns both in 1998 and 1999. Throughout 2000 the temperature in the western parts of the Barents Sea
decreased, and in October the temperature was only 0.1°C above the long-term mean. In January 2001 the temperature
was 0.4°C above the long term-mean.

In the central parts of the Barents Sea the temperature was 0.5°C above the long-term mean in the first half of 2000 like
it had been in the whole 1999. Later in 2000 the temperature was reduced to the same level asin the western parts of the
sea, 0.1°C above the long-term mean. In March 2001 unexpectedly high temperatures were measured on the Vardg-N
section.

In the eastern parts of the sea a significant temperature increase was observed during 2000 with temperatures 0.5-1.0°C
above the long-term mean.

Fig. 2.1.1.4 shows the Barents Sea ice index. The variability in ice coverage is closely linked to the temperature of the
inflowing Atlantic water. The ice has a relatively short response time to temperature change (about one year), but
usually the sea ice distribution in the eastern Barents Sea responds more slowly than in the western part. There was less
ice than average in 2000. The somewhat lower index than in 1999 was due to dightly less ice coverage in most of the
Barents Sea during winter.

212 Predicting Barents Sea temperature

Prediction of Barents Sea temperature is complicated by the variation which is governed by processes of both external
and local origin operating on different time scales (WD by Ottersen & Loeng). The volume flux and temperature of
inflowing Atlantic water masses as well as heat exchange with the atmosphere is important in determining the
temperature of the Barents Sea. Thus, both slowly-moving advective propagation and rapid barotropic responses due to
large-scale changesin air pressure must be considered.

The major changes in Barents Sea climate take place during the winter months. The variability in the amount of heat
flowing in with Atlantic water masses from the south is particularly high during this season. Furthermore, variability in
low-pressure passages and cloud cover has a strong influence on the winter atmosphere-ocean heat exchange. The
difference in temperature between ocean and atmosphere is highest, but highly variable, at this time of year. The air
temperature may at times be 30 degrees lower than the SST. Thus, this season is decisive with regard to the degree of
loss of energy to the atmosphere.

This seasonal difference is reflected in the merit of simple six months forecasts of Kola-section temperature based on
linear regression models. Table 2.1.2.1, shows that the predictive value for a specific month based on values from six
months earlier, varies considerably throughout the year. The tendency found was that of persistence across the spring
and summer months being higher than for other seasons, allowing for reasonably reliable forecasts from spring until
autumn.
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Data available until February 2001 allow for a six-month forecast for August 2001. The value for February 2001 of
4.2°C isinserted into the equation

Taugust = 2.37 + 0.67* Traruary,

statistically derived from data for the years 1921-1997 (Table 2.1.2.1).

This gives an objective temperature forecast for August 2001 of 5.2°C.

This will be above the 1921-1999 mean of 4.67°C by one standard deviation of the mean (Table 2.1.2.1). However, for
the last three years there has been a tendency to a late onset of winter cooling leading to high positive temperature
anomalies in January through March while the temperature has approached the mean value during spring and summer.
This may be linked to changes in the large-scale climate pattern. The role of the NAO (North Atlantic Oscillation) may
have changed since the sharp drop in 1996. Such a high positive anomaly is present also in February 2001 (4.4°C as
compared to the 1921-1999 mean of 3.44). If a development similar to that of the last three years continues one would
expect the positive temperature anomaly in August to be less than that arrived at above. We conclude that summer sea
temperatures in the southern Barents Sea are expected to lie in the range from average to moderately warm.

Conclusions:

*  Thewinters of 1999 and 2000 were unusually warm due to a late onset of winter cooling.

* In western and central parts of the Barents Sea the temperatures decreased during 2000, and in late 2000 the
temperatures were only 0.1°C above the long-term mean.

InJanuary 2001 the temperature was 0.4°C above the long-term mean.

» Inthe eastern parts the sea temperature increased during 2000 and measured temperatures ranged between 0.5 and
1.0°C above the long-term mean.

e Summer sea temperatures in the southern Barents Sea in 2001 are predicted to lie in the range from average to
moderately warm.

213 Zooplankton

The standing stock of zooplankton has been monitored in the Barents Sea from the early eighties in connection with the
joint Norwegian/Russian O-group and capelin surveys in August-October. At this time of the year most of the
production has taken place and the zooplankton biomass can be seen as an expression of the size of the overwintering
population of zooplankton. The samples are taken with dip nets and MOCNESS oblique hauls and are subdivided into
three different size categories 180-1000um, 1000-2000um and above 2000 um. The mean values for zooplankton for
the whole Barents Sea and in 7 different areas, from 1988 to present, are shown in Figures 2.1.2.1 and 2.1.2.2. There
was a marked increase in zooplankton biomass during the period 1991-94. After this period the biomass of zooplankton
decreased to a level between the maximum values in 1994 and the low values during the period 1988-1992. This has
taken place in all parts of the sea, except for the eastern part where the biomass of zooplankton has been constant. In
1999 and 2000 a dight increase was observed in all parts of the sea, except for the northeastern part where the
zooplankton biomass was slightly reduced. Expected temperatures close to the long-term mean in 2001 together with
overwintering zooplankton biomass close to the average will create the basis for average zooplankton production and
feeding conditions for capelin, herring and juvenile fish in the Barents Sea in 2001.

Conclusions:

« Anaverage abundance of zooplankton biomass and thus feeding conditions for capelin, Norwegian spring-
spawning herring and other juvenile fish in the Barents Sea is predicted for 2001.

214 Consumption of capelin and herring by cod, harp seals and minke whales

Bogstad et al. (2000) reviewed the consumption of fish in the Barents Sea by various predators. The three most
important predator species are cod, harp seal and minke whale. The consumption by cod of various prey species for the
period 1984-1999 is given in Table 2.1.3.1, using the same method as described by Bogstad and Mehl (1997). The
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consumption by minke whale (Folkow et al. 2000) and by harp seal (Nilssen et al. 2000) is given in Table 2.1.3.2.
These consumption estimates are based on stock size estimates of 85000 minke whales in the Barents Sea and
Norwegian coastal waters (Schweder et al., 1997) and of 2 223 000 harp seals in the Barents Sea (ICES 1999/ACFM:7).
The consumption by harp seal is calculated both for situations with high and low capelin stock, while the consumption
by minke whaleis calculated for a situation with a high herring stock and alow capelin stock. It is worth noting that the
abundance estimate of harp seals was revised considerably upwards in 1998 (ICES 1999/ACFM:7), which aso
increased estimates of the consumption by harp seals correspondingly. Food consumption by harp seals and minke
whales combined is at about the same level as the food consumption by cod, and the predation by these two species
needs to be considered when cal culating the mortality of capelin and young herring in the Barents Sea.

According to Bogstad et al. (2000), the total consumption of capelin by these three predators is higher than both the
acoustic abundance estimates of capelin and the calculated MOB (M-output-biomass, i.e. the biomass output through
natural mortality, see (Gjassder 1997)) in severa of the years with low capelin abundance. However, the total
consumption of herring by the three main predators is much lower than the MOB (based on M=0.9 on ages 1 and 2) in
those years. These discrepancies merit consideration in the assessment of the capelin and herring stocks in the Barents
Sea

The consumption estimates in Table 2.1.3.1 do not include the consumption by mature cod in the period when it is
outside the Barents Sea (assumed to be 3 months during the first half of the year). During this period it may consume
significant amounts of adult herring (Bogstad and Mehl 1997).

22 Norwegian Sea
221 Hydrography and climate

WD by Mélle et al. gives the status of selected aspects of the Norwegian Sea ecosystem. The Nordic Seas during the
last decades have been characterized by increased input of Arctic waters. The Arctic waters to the Norwegian Sea are
mainly carried by the East Icelandic Current and also to some extent by the Jan Mayen Current (Fig. 2.1.1.1). During
periods of increased Arctic water input, the western extension of Atlantic water is moved eastward. As aresult, over the
last 25 years the southern and western Norwegian Sea has become colder and fresher while the eastern Norwegian Sea
is warmed. Atmospheric forcing drives this trend. Since the mid-1960’s the North Atlantic Oscillation index (NAO) has
increased (Fig. 2.2.1.1). NAO as it is used here is the normalised air pressure difference at sea level between Lisbon,
Portugal and Reykjavik, Iceland and is an indicator of the strength of the westerly winds into the Norwegian Sea. A
high NAO index (i.e. stronger westerly winds) will force Atlantic and Arctic waters more eastward.

The Institute of Marine Research, Norway, has measured temperature and salinity in three standard sections in the
Norwegian Sea almost regularly since 1978 (Fig. 2.1.1.2). The sections are: 1) the Svingy section which runs NW from
62.37° N at the Norwegian coast, 2) the Gimsgy section which also runs NW from the Lofoten Islands and 3) the
Sarkapp section which is a zonal section at 76.33° N just south of Svalbard.

Fig. 2.2.1.2 shows the time series of summer (July-August) temperature and salinity from 1978 to 2000 in the three
sections; Svingy, Gimsgy and Sarkapp. The values are averaged vertically between 50 and 200 m and horizontally over
3 stations in the core of Atlantic water. The trends for all three sections are similar. The temperatures are increasing
while the salinities are decreasing. The largest temperature increase is in the Sgrkapp section. In 2000 the temperature
and salinity increased in the southernmost section while they decreased in the Gimsgy and Serkapp sections.

Fig. 2.2.1.3 shows time series of temperature and salinity during the spring in the Svingy and Gimsgy sections from
1978 to 2001. The values are calculated using the same procedure as mentioned above. The low salinities in 1978 and
1979 are aresult of the Great Salinity Anomaly during the 1970’s. In 1994 alarge salinity anomaly comparable with the
anomaly in 1978 and 1979 was seen in the Svingy section. The temperature was also a minimum that year. The 1994
anomaly was a result of the increased influence of Arctic water from the East Icelandic Current. In 2001 the salinity
increased in both sections while the temperature increased in the Svingy section and remained approximately constant
in the Gimsgy section.

O:\ACFM\WGREPS\WGNPBW\REPORT S\2001\wgnpbw2001.doc 13



Conclusions:

The trend in temperature and salinity in the standard sections since 1970 has been towards higher temperatures and
lower salinities.

e Compared with 1999, temperature and salinity in July-August 2000 increased in the Svingy section while they
decreased in the Gimsgy and Sgrkapp sections.

e Temperature and salinity in the Svingy section increased in March-April 2001 compared with 2000.

* The high winter NAO in 2000 coincided with a further eastward movement of the Arctic front and increased
dominance of cold and low salinity water massesin the western and central Norwegian Sea.

* A lower winter NAO in 2001 (preliminary data for December and January) suggests a more western extension of
Atlantic water compared with 2000.

222 Phytoplankton

The development of phytoplankton in the Atlantic water is closely related to the increase of incoming solar irradiance
during March and to the development of stratification in the upper mixed layer due to warming. In 1990 the Institute of
Marine Research, Norway, started a long-term study of the mechanisms controlling the development of phytoplankton
at Ocean Weather Station Mike situated at 66°N, 2°E. Due to problems replacing lost water bottles, no samples were
collected during the first eight months of 2000. Therefore, the conditions in the Norwegian Sea in 2000 in terms of
primary productivity were not updated.

Fig. 2.2.2.1 shows the development of the phytoplankton bloom for 1997, 1998 and 1999, three years with a marked
difference in the time when the spring bloom reached its maximum. In 1997 the spring bloom reached its maximum 20
May (day of the year 140), in 1998 about one month earlier 18 April (day of the year 108). The timing of the bloomin
1999 was similar to that in 1998, but did not show the same high maximum in chlorophyll. This may be related to the
weekly measurements in 1999, as opposed to daily measurements in 1997 and 1998. On the other hand, weekly
measurements prior to 1997 have revealed pronounced maxima in chlorophyll. The reason for the low algal biomassin
1999 may have been early and strong grazing from a large over-wintered zooplankton stock. Development of the
phytoplankton prior to the spring bloom may be separated into two phases. The first phase, from day 1 to about day 50,
is characterised by extremely low phytoplankton biomass expressed as chlorophyll a. This is the winter season during
which phytoplankton growth is mainly limited by the low incoming irradiance typical of this period. The second phase,
from about day 50 to day 100, is characterised by a gradual increase of phytoplankton biomass but without reaching
bloom conditions. This is the pre-bloom phase during which the increase in biomass is related to the increase in
incoming irradiance and the lack of a bloom is due to the deep upper mixed layer still present at thistime.

Fig. 2.2.2.2 shows the extension in time for these two phases and the timing of the spring bloom for the period 1991-
1999. In a"normal" year the winter season extends to about 2 March. The pre-bloom phase extends on average from the
2 Marchto 16 April. The spring bloom starts normally on 16 April and reaches its maximum on 21 May, but the year-
to-year variations are much larger than those of the previous phases. From 1991 to 1995 the trend was towards earlier
spring blooms. This trend was broken in 1996, and thereafter year-to-year variability in the timing of the bloom has
been greater.

Conclusions:
e The phytoplankton bloom in 1999 developed similar to that in 1998 and earlier than in 1997.
»  Chlorophyll concentrations did not peak in May 1999 as we have observed in previous years.

e Chlorophyll datafor 2000 are missing.

14 O:\ACFM\WGREPS\WGNPBW\REPORT S\2001\wgnpbw2001.doc



223 Zooplankton

Zooplankton biomass distribution in the Norwegian and Icelandic Seas has been mapped annually in May (since 1995)
and in July (since 1994). Zooplankton samples for biomass estimation were collected by vertical net hauls (WP2) or
oblique net hauls (MOCNESS). In the present report results based on samples from the upper 200 m are analysed. Total
zooplankton biomass (g dry weight m?) in May was averaged over sampling stations within three water masses,
Atlantic water (salinity >35 at 20 m depths), Arctic water (salinity <35, west of 1.4°E) and Coastal water (salinity <35,
east of 1.4°E) (Fig. 2.2.3.1). In Atlantic and Arctic water masses zooplankton biomass decreased to a minimum in 1997.
Thereafter zooplankton biomass has increased. In the Coastal water masses, which includes the Norwegian continental
shelf and slope waters influenced by Norwegian coastal water, the trend was different with generally low biomass from
1995 to 1997 and a marked increase in 1998 followed by a decrease in 1999 and 2000.

In July the total zooplankton biomass (g dry weight m?) in the upper 200 m was calculated by integrating biomass at
sampling stations over a selected area in the central and eastern Norwegian Sea. There is no obvious trend in the July
zooplankton biomass since 1994 (Fig. 2.2.3.2).

Conclusions:

e Average zooplankton biomass in Atlantic water masses of the Norwegian Sea in May 2000 was the highest since
1995.

»  Zooplankton biomass in July 2000 was somewhat lower than in 1999.
224 Herring growth and food availability

Individual growth of the Norwegian spring spawning herring, as measured by condition or length specific weight after
the summer feeding period in the Norwegian Sea, has been characterised by large fluctuations during the 1990's (Fig.
2.2.4.1). During 1991 and 1993 individual condition was good, but from 1994 on the condition of the herring started to
decline and by 1997 it reached the lowest level during the 1990's. The level observed in 1997 corresponds with the
absolute long-term minimum level observed during the period 1935 — 1994 (Holst 1996). After 1997 the condition of
the herring in the Norwegian Sea improved, but is still well below the maximum observed during the first four years of
the decade.

Since 1994, when the large-scale migration pattern of the herring has been mapped during two annual cruises, May and
July-August, the herring have been feeding most heavily in Atlantic water of the central Norwegian Sea. It has been
found that the herring condition index obtained after the feeding period in the Norwegian Sea is related to average
zooplankton biomass of Atlantic water (Fig. 2.2.4.2). This indicates that variation in the production of zooplankton in
Atlantic water is a major reason for the observed variability in herring growth. It was noticed in 1999, however, that the
herring was feeding to a large extent in Arctic water where zooplankton biomass is much higher than in Atlantic water.
This year herring condition index was especially high while zooplankton biomassin Atlantic water was moderate.

Conclusions:
»  Herring condition decreased from 1999 to 2000.

* Thereisadirect relationship between zooplankton biomass in May and herring condition in the autumn during the
years 1995-2000.

225 Predictionsfor zooplankton biomass and herring feeding conditions

A factor possibly governing zooplankton biomass is the size of the zooplankton spawning stock, or the size of the over-
wintering population. Zooplankton biomass in July may represent the over-wintering population, and a linear regression
of the biomass in July on the biomass in May the following year explains 61% of the total variation (Fig. 2.2.5.1). The
moderate biomass in July 2000 suggests that zooplankton biomass in May 2001 will be moderate (Fig. 2.2.5.1).
However, the time series is short, the variability islarge and thereis no trend in the July zooplankton biomass that could
be related to the trend observed in the May data. Thus, this time series should be expanded before it is used for
prediction.
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The North Atlantic Oscillation index (NAO), is a proxy for the strength and duration of southwesterly winds, and is
correlated with the inflow of Atlantic water to the Norwegian Sea. In the Norwegian Sea the winter NAO (December to
March) was correlated with zooplankton biomass in May, not within the same year but the following year (Fig. 2.2.5.2).
This may be related to the influence of Atlantic inflow on the production of recruits to become the spawning stock next
year. The relationship suggests that high zooplankton biomass in May follows a winter with high NAO the previous
year. Knowing that the NAO during the winter 1999-2000 was high, a high zooplankton biomass may be expected in
May 2001, i.e. 16 g m? (Fig. 2.2.5.2). The winter NAO for the winter 2000-2001 was not available at the time when this
report was finished but preliminary data indicate that the index will be low. Thus, we expect zooplankton biomass for
May 2002 to be lower than in 2001. Further, due to the low NAO winter-index for 2000-2001 the biomass in May 2001
may be lower than predicted, similar to the situation in 1996 when alow NAO followed a high index in 1995 (see Fig.
2.25.2).

The linear relationship between herring condition in the autumn and zooplankton biomass in Atlantic water in May (Fig.
2.2.4.2) has been used to predict herring condition in December 2001 based on the predicted zooplankton biomass for
May 2001 (Fig. 2.2.5.2). The predicted herring condition index for the autumn 2001 is ~0.85.

The time series for the herring condition index was recalculated for the period from 1991 to 2000. A regression of the
herring condition index on the NAO winter-index the previous year explained more than 70% of the variation in the
data, if the year 1996 was excluded from the data set (Fig. 2.2.5.3). The reason why herring condition in 1996 appeared
to be lower than predicted from the NAO is not clear, but as commented on above the zooplankton production this year
was lower than what could be predicted from the NAO. The NAO winter-index is known after March, and offers the
opportunity to predict the herring condition in the autumn of the following year (18 months time period). Thus, the
herring condition index for 2001 is predicted to be 0.88, which is somewhat higher than the prediction from
zooplankton biomass. However, both relationships predict that the condition in 2001 will be higher than 0.83, which
was the condition index after the 2000 feeding season. Assuming that the NAO winter index for 2001 will be low
(preliminary data), the herring condition index for 2002 will be low.

Conclusions:

e A direct, but weak, relationship between zooplankton biomass in July and the zooplankton biomass in May the
following year is suggested by the time series from 1994 to 2000.

» The relationship between zooplankton biomass in May and the herring condition in the autumn suggests that
herring condition in 2001 will be high (0.85).

e The winter NAO is directly related to zooplankton biomass in May and herring condition in the autumn the
following year.

«  The NAO winter-index for the winter 1999-2000 predicts zooplankton biomass to be ~15 g m*? in May 2001 and
the herring condition index to be 0.88 in the autumn 2001.

» Following a considerable reduction in the NAO index for the winter 2000-2001, as suggested by preliminary
atmospheric data, reductions in zooplankton biomass and herring condition in 2002 are expected.

23 Icelandic Waters
231 Hydrography and climate

Due to the proximity of the oceanic Polar Front in the northern North Atlantic, hydrographic conditions in the sea north
of Iceland are highly variable. Changes in intensity of the influx of Atlantic water and/or the variable admixture of polar
water to the surface layers north of Iceland may lead to marked fluctuations in temperatures and salinities, both in space
and time. Off the south and west coasts, where Atlantic water predominates, fluctuations are much smaller.

Climatic conditions in the North Atlantic improved greatly around 1920 and remained good until the mid-1960s when
they deteriorated suddenly. In the area north and east of Iceland temperature and salinity declined sharply in 1965 and
these severely cold conditions lasted until 1971. After that, climatic conditions of the area north and east of Iceland
improved again, but were variable and warm years have aternated with cold years.
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During the last few years, there has been a pronounced increase in the intensity of the Irminger Current south and west
of Iceland, resulting in temperatures and salinities similar to those recorded in these waters in the 1950s and the early
1960s. There were no signs of a reduction of this flow of warm water off South and West Iceland throughout 2000. As
in 1999, the inflow of Atlantic water to the north Icelandic area was quite pronounced and the cold East Icelandic
Current was weak and relatively far offshore. This situation prevailed during the quarterly surveys for monitoring
environmental conditions of Icelandic waters in August and November 2000 as well as in February 2001. The February
2000 and 2001 surveys also recorded considerable amounts of Atlantic water north of Iceland, which is unusual for that
time of the year. The present situation will probably persist throughout during the latter half of 2001 since this large
current system is quite stable with changes normally taking months or years.

Nevertheless, there can be large variations of temperature and salinity in the area north and east of Iceland, due mainly
to variability in cloud cover and the prevailing wind direction. Such variations mainly affect the uppermost 50-100 m of
the water column and sometimes mask the beneficial effects of the warm water inflow from the south and west.

Average values for temperature and salinity in May/June from a standard section (Siglunes) off the central north coast
of Iceland are shown for the period 1952-2000 in Figure 2.3.1aand b respectively.

232 Phytoplankton

The fresh surface layer reduced the positive effects of the warm Atlantic water north of Iceland considerably in 1997
and to alesser extent in 1998. This layer was, however, pushed northward by the larger warm water influx in 1999 and
in February 2000 and 2001 there was still mixed water of high salinity in the area north of Iceland. Experience shows
that such mixed water makes for a quicker renewal of nutrients and increases primary production during the growth
season. Therefore, a high nutrient content and phytoplankton production is expected in the area north of Iceland in
spring and summer of 2001.

233 Zooplankton

In the area north of Iceland, zooplankton biomass is significantly higher during years with a strong inflow of Atlantic
water than in years when Atlantic inflow is weak and salinity lowered in the surface layer. The continued strong inflow
of Atlantic water to the north Icelandic area therefore indicates that zooplankton biomass will be above average in
spring and summer 2001.

Long-term changes of zooplankton biomass north of Iceland are shown in Figure 2.3.1c. The values represent averages
of all stations on the Siglunes section. In north Icelandic waters, the high values of zooplankton in the beginning of the
series dropped drastically with the onset of the ‘ Great Salinity Anomaly’ of the 1960s. Since then zooplankton biomass
was variable throughout the 1970s and 1980s, but has increased in the 1990s as compared to the period 1965-1990.

234 Herring migrations

Prior to the cold period which began in the mid-1960s, the shelf waters north and east of Iceland as well as the oceanic
area between Iceland and Jan Mayen constituted a major part of the feeding grounds of adult Norwegian spring
spawning herring. In the late 1960s, the low temperature of Icelandic waters, the Iceland Sea and adjacent areas made
them inaccessible to these herring and displaced their feeding grounds eastwards into the Northwestern Norwegian Sea
and, finally, northeast to the area west of Bear Iland and Spitzbergen. Concurrently, the exploitation rate of the herring
stock increased greatly and the stock collapsed (Dragesund et al. 1980).

During the 1970s and most of the 1980s, stock abundance was low and the Norwegian Spring spawning herring had no
need for extensive feeding migrations to satisfy their food requirements. However, with the maturation of the large
1983 yearclass and its descendants from 1991-1993, stock abundance increased rapidly in the late 1980s and the 1990s
(cf. Figure 3.5.6.1b). Although the Norwegian spring spawning herring resumed their feeding migrations westward into
the Norwegian Sea around 1990, these migrations did not reach as far to the west as during the warm period prior to the
mid-1960s. During the early 1990s, on approaching the eastern boundary of the cold East Icelandic Current in May, the
herring generally turned north and northeast and arrived in the area northwest of Lofoten in August-September.

However, with the improvement of the marine climate north and northeast of Iceland since the very cold year of 1995,
Norwegian spring spawning herring have begun to reappear in the waters east, northeast and even north of Iceland.
Thus, some herring schools were located north of Melrakkadl étta (NE-Iceland) where a catch of 130 t was taken in July
1997 (ICES CM 1997/Y:4), and in 1998 a fishery was conducted off NE-Iceland as well as the eastern north coast in
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June and early July (ICES C.M. 1998/D:3). In June 1999 part of the stock, consisting of old and large herring, migrated
west at approximately 68°N. In early July these herring were located by an acoustic survey between 14°30'W and 16°W
and were subsequently fished upon by Faroese vessels for a short period. Furthermore, some Norwegian spring
spawning herring were taken as by-catch in the capelin fishery near 68°N, 18°W around mid-July (ICES C.M.
1999/D:3).

Although a few catches were taken by Faroese vessels northeast and north of Iceland in connection with the capelin
fishery in July, very few Norwegian spring spawning herring seem to have migrated to the north Icelandic area in the
summer of 2000 in spite of the mild ocean climate. The reasons for this are not clear, but are probably i.a. connected to
good feeding conditions in the central and northern Norwegian Sea in May and June. Indeed, most of the herring only
migrated west to about 5-6°W at latitude 70-72°N before turning and heading to the east and north again.

It seems therefore that, due to the improvement of the marine climate in the last 3-4 years, the herring have been able to
migrate considerably farther west and enter the area to the northeast and north of Iceland. However, it is equally clear
that the herring only stayed in these waters for a short period and then migrated northeast just south of the Polar Front
(ICES C.M. 2000/D:3).

Furthermore, there is little doubt that the warmer climate of Icelandic waters has resulted in a wider distribution of the
| celandic summer-spawning herring in autumn and winter. This is supported by the observation that summer spawning
herring were caught at almost all trawl stations off the west, northwest and western north coast of Iceland during
groundfish surveysin October 1997 - 20000. In addition, some herring catches were taken in November 2000 about 50
n.m. off the NV-peninsula (Vestfirdir) where a purse seine fishery has not taken place previously.

235 Capelin distribution

Adult capelin of the stock that spawns at the south and west coasts of Iceland migrate north in spring to feed during
summer in the Iceland Sea, i.e. the oceanic area between the north Icelandic shelf, Jan Mayen and Greenland. A
southward return migration begins in September and by November the maturing stock has, as arule, assembled near the
shelf edge north and northwest of 1celand. From there a clockwise migration to the spawning grounds south and west of
Iceland usually starts in late December. The feeding and spawning migrations of capelin in the Iceland-Greenland-Jan
Mayen area have been shown to be quite variable and generally coupled to the hydrography of these waters
(Vilhjdmsson 1994).

In November 1998, the acoustic assessment survey failed to locate a large part of the adult stock component, which was
subsequently located and assessed east of Iceland in January/February 1999. A similar situation prevailed in autumn
1999 and the January/February 2000 stock assessment survey showed that the underestimation in November 1999 was
even larger that in November of the previous year. In addition, in November 2000 only insignificant numbers of adult
capelin were found north and east of Iceland and in the Denmark Strait where ice prevented surveying of the EEZ of
Greenland.

In late January and early February 2001 it was found that about 3/4 of the capelin spawning stock were located at the
shelf edge west of the NW-peninsula of Iceland (Vestfirdir) from where they later migrated directly south to spawning
grounds at the west coast and the western south coasts of Iceland. The remainder of the stock was located east of
Iceland and migrated ‘as usua’ to the southwest and west from there to spawn south of Iceland.

The developments described above coincide with observations of a milder ocean climate in Icelandic waters in recent
years as well as the observation that hydrographic variability on the Siglunes section is aso reflected farther north in
the Iceland Sea (Vilhjaimsson 1994). It thus seems that in 1998 and 1999 the return migration from the northern
feeding areas must have been delayed and the capelin were distributed outside the survey area north of Iceland, which
only reached to 68°30’N. In 2000, however, the capelin were most likely distributed even further west at the end of the
feeding period and then probably followed the Greenland shelf to the south and west. In so doing they would be located
north of the Dohrn Bank in November and were missed by the autumn 2000 survey due to the ice cover. This scenario
would explain the location of most of the spawning stock west of Vestfirdir in January/February 2001 and the similar
situation that was encountered in winter 1979. Needless to say, these conclusions are highly speculative due to
inadequate data for the oceanic area north of 68°N. Coherent research over several years in the Iceland Sea in spring
and summer is necessary in order to resolve such questions.
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2.3.6 General summary

The increased intensity, heat content and salinity of the Irminger Current have resulted in an improvement of the ocean
climate north and east of Iceland. The simultaneous increase in the intensity of the very cold, south flowing East
Greenland Current in 1997 and 1998 apparently hindered to some extent the eastward flow of Atlantic water off the
north coast of Iceland, thereby augmenting the branch flowing west across the northern Irminger Sea towards
Greenland. Furthermore, this situation caused periodic fluxes of cold, low salinity water into the near-surface layer over
the shelf north and east of Iceland. However, in 1997 and 1998 the temperatures of the East Icelandic Current were
higher, its southern and western boundary east of Iceland located farther offshore and to the north as compared to most
recent years. On the other hand, Atlantic water predominated in the shelf area north of Iceland during spring, summer
and autumn of 1999 and 2000. This situation prevailed in February 2001.

Although the zooplankton biomass north of Iceland in the spring of recent years has not reached the pre-1965 levels,
the increase is substantial when compared to most years in the period 1965-1990.

Improvements of the marine climate to the east, northeast and north of Iceland in 1997-2000 have enabled Norwegian
spring spawning herring to migrate farther west than they had for more than three decades. It is also the most likely
cause of anomalous capelin distribution and migrations in 1998/99-2000/01.
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Table 2.1.2.1. Linear regression models for monthly 0-200m temperature values in the Kola section based on
corresponding temperatures from six months earlier. The eguations are derived from data from January 1921 to
February 1997. All coefficients of determination (R?) are significant at the 5% level. The evaluated predictions and
corresponding errors for March 1997 (based on September 1996) to February 1998 (based on August 1997) illustrate
the seasonal differences in predictive ability. Forecasts depend only on values not used for deriving the equations.
Errors are simply given as the difference between the predicted and measured values. From Ottersen et al. (2000).

Prediction Predicted Equation R? Predicted Measured Error
for month (y) on month (x) 1997/98 1997/98

March September y=0.95 + 0.44x 0.21 31 25 +0.6
April October y=0.53 + 0.49x 0.25 30 25 +0.5
May November y=0.74 + 0.50x 0.22 31 2.6 +0.5
June December y=0.98 + 0.60x 0.25 35 31 +0.4
July January y=1.60 + 0.67x 0.36 3.9 3.6 +0.3
August February y=2.37 + 0.67x 0.41 43 4.2 +0.1
September March y=2.67 + 0.72x 0.49 45 4.6 -0.1
October April y=2.71 + 0.75x 0.55 4.6 4.7 -0.1
November May y=2.91 + 0.57x 0.38 4.4 45 -0.1
December June y=2.71 + 0.45x 0.29 41 4.1 0.0
January July y=1.77 + 0.50x 0.31 3.6 3.6 0.0
February August y=1.05 + 0.51x 0.27 32 29 +0.3
Mean absolute error 0.3

Table2.1.3.1

The Northeast Arctic cod stock’ s consumption in 1000 tonnes of main prey species in 1984—2000.

Prey species

Year Other Amphipod Krill Shrimp Capelin Herring Polarcod Cod Haddock Redfish G. halibut Total
1984 502 27 112 431 713 77 15 21 50 359 0 2307
1985 1150 169 58 154 1602 181 3 31 47 222 0 3616
1986 658 1212 107 141 828 132 140 81 109 310 0 3718
1987 675 1075 67 189 227 32 203 25 4 319 0 2816
1988 409 1226 314 128 336 8 91 9 3 221 0 2744
1989 719 794 239 131 575 3 32 8 10 230 0 2742
1990 1556 135 82 192 1578 7 6 19 15 240 0 3830
1991 1081 65 75 186 2870 8 12 26 20 309 7 4658
1992 1006 101 155 369 2428 328 9% 54 105 187 19 4847
1993 776 249 696 311 3007 162 275 282 71 99 2 5929
1994 661 554 695 509 1072 145 575 223 48 78 0 4561
1995 843 968 509 357 619 114 250 388 115 191 1 4355
1996 649 622 1141 335 533 46 103 530 68 95 0 4123
1997 499 382 515 313 906 5 113 340 41 36 1 3152
1998 493 380 504 347 766 94 153 175 35 11 0 2958
1999 479 153 303 269 1832 145 231 75 28 20 1 3536
2000 583 164 343 401 1643 70 158 90 83 11 0 3545
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Table2.1.32 Annua consumption (1000 tonnes) by minke whales and harp seals in the Barents Sea. The minke whale
calculations are based on data from 1992-1995, while those for harp seals are from 1990-1996. For harp sedls, the
most conservative estimates in Nilssen et al. (2000) are used.

Prey Minke whale Harp seal consumption Harp seal consumption
consumption (low capelin stock) (high capelin stock)

Capelin 142 23 812
Herring 633 394 213
Cod 256 298 101
Haddock 128 47 *
Krill 602 550 605
Amphipods 0 304 313**
Shrimp 0 * *
Polar cod * 880 608
Other fish 55 622 406
Other crustaceans 0 356 312
Total 1817 3491 3371

* indicates that the prey speciesisincluded in the ‘other’ group for this predator.
** only Themisto.
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Figure 2.1.1.1. Main surface currents of the Nordic and Barents Seas.
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Figure 2.1.1.2. Standard sections and fixed oceanographic stations worked by Institute of Marine Research, Bergen.
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2001).
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show more severe ice conditions (Anon. 2001).

O:\ACFM\WGREPS\WGNPBW\REPORT S\2001\wgnpbw2001.doc 23



78°Nf &

/| Omrade 7 Omréde 8
76°Nf- -
Omrade 6
At}
74°N
[ Omrade 4
TNf
Omréde 2 0g 3 Omrade 5
70°N [ Q
) 1 Y 1 | III\\IIIII\III -\IIIIII\IIIIm\IIIIII\“\
100 20°0 0y 40 50°% 80°%
Omride 2 og 3, bon-0m
1 180-1000pm
20, H1000-2000um PR
s [>20008m
l}l
£ 15
=
Z 10 Nt mmt0 ettt g
E N o1a e Netg N7 o i
|§ 5 {n=5
i}
1988 1990 1992 1994  IS96 1998 2000 1988 1990 1992 1994 196 1998 2000
Ortide 5, a0 Omxide 6, bum-Om
20
&
E 15
=
% 10 N=21 N=27N-£
" = = EEEHHH
LU {
1998 2000

Omxéide 8, bum-0m.

N=zz =12
Ne=gD N=55N=42

| Aol

1998 2000 1988 1990 1592 1994 1996 1908 2000

Tamvekt (g mr2)

Figure 2.1.2.1. Size separated zooplankton biomass, dry weight gm, from bottom-0 m and from 100-0, mean values
for the whole Barents Sea, from 1988-2000.
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Figure2.2.1.1. Winter (December-March) North Atlantic Oscillation index (NAO).
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Figure 2.2.1.2. Temperature (°C) and salinity observed during July/August, in the core of Atlantic Water beyond the
shelf edge in the sections Svingy - NW, Gimsgy - NW and Sarkapp - W, averaged between 50 and 200 m depth and
horizontally over three stations across the core.
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Figure 2.2.2.1. Distribution of chlorophyll a at 10 m depth during the year at Weather Station Mike in 1997, 1998 and
1999.
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Figure 2.2.2.2. Year to year variation in the different phases of the development of phytoplankton at Weather Station
Mike in the period 1991 to 1999. Circles: winter phase; squares: pre-bloom phase; diamonds: spring bloom. Continuous
lines represent the average for each period. Broken lines represent one standard deviation for each period.
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Figure 2.2.3.1. Zooplankton biomass (dry weight) in the upper 200 min May. A: Arctic influenced water (salinity <35,
west of 1.4°E). B: Atlantic water (salinity >35). B: Norwegian Coastal water (salinity <35, west of 1.4°E). Error bars.
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Figure 2.2.3.2. Zooplankton biomass in July-August in the eastern Norwegian Sea (0-200 m). Integrated biomass
within afixed geographical region divided by its area.
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Figure 2.2.4.1. Individual weight to length ratio (herring condition index) for Norwegian spring spawning herring. Data
from September, October, and November, for herring 30-35 cm body length. Error bars: 95% confidence limits.
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Figure 2.2.4.2. Zooplankton biomass (dry weight) in Atlantic water in the Norwegian Sea in May (0-200 m) and
herring condition index (individual weight to length ratio, September-November, 30-35 cm). Error bars. 95%
confidence limits. Prognoses for zooplankton biomass in Atlantic water in May and herring condition in December
2001.
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Herring condition index vs. the North Atlantic Oscillation index,
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Figure 2.2.5.3. Herring condition index (year n+1) vs. winter NAO (year n). The 1996 was considered an outlier and
excluded from the data set prior to estimation of the linear relationship. Prediction of herring condition in the autumn
2000 and 2001 from NAO during winter 2000 (square).
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3 NORWEGIAN SPRING-SPAWNING HERRING
31 TAC and Fisheries
311 TAC agreementsfor 2000 and 2001

At the annual meeting in Torshavn, Faroe Islands in October 1999 the coastal states (European Union, Faroe Islands,
Iceland, Norway and Russia) agreed to limit their catchesto 1 250 000 t in 2000.

At the corresponding annual meeting in Skagen, Denmark in October 2000 the Parties agreed to limit their catches to
850 000t in 2001.

312 TheFisheries
3121 Description of the fisheriesin 2000
Denmark: No information was received on the Danish fishery

The Faroes. The Faroese fishery started in late February in the Norwegian zone (outside the Mgre area from 62°N to
63°N). It continued in thisareain March. In May the catches were taken in the central part of the Norwegian Sea (in the
international zone) and later during the summer the fishery moved northwards into the Jan Mayen area and further north
in the international zone towards the Svalbard border. In early August the fishery took place in the southern tip of the
Svalbard zone and continued southwards into the Norwegian zone in the area west of Lofoten, northern Norway. The
Faroese fishery terminated in early September southwest of the Lofoten peninsula. All catches were taken with purse
seine.

A new element in the 1999 fishery was the occurrence of herring in the northern part of the Icelandic zone in July as far
west as 18°W, where approximately 6 000 t were caught. In 2000, the second year in a row, herring was taken north off
Iceland during the summer fishery for capelin in June and July. Approximately 1000 t were caught on seven different
locations (see second and third quarter in Figure 3.1.2.1.1). About two thirds of the catches were confirmed as being
"clean" herring catches while the others probably were by-catchesin the capelin fishery.

France: There was no information of a French fishery in 2000.
Germany: No information was received of the German fishery in 2000.

Iceland: The fishery started on 21 May and continued during the rest of the month in international waters from about
69°N to 70°N, between 5°E and the zero meridian. The herring were generally scattered and below purse seining depth.
Catch rates were therefore low and only 14 000 t was caught in May. Catch rates improved in June and about 100 000 t
were fished during the first three weeks of the month, while the Icelandic fleet followed that part of the stock which
migrated to the northwest into the Jan Mayen EEZ and then north between about 3°W and 5°W to 72°N. During the last
10 days of June, the herring migrated rapidly to the northeast and back into international waters. Following the
migration, the Icelandic fleet took its last summer catches on 1 July near 74°30°'N, 6°E. The catch during 21 June — 1
July was about 64 000 t. Since no catches were taken in the Icelandic or Faroese EEZs in 2000, the total Icelandic
summer fishery yielded about 178 000 t, al of which taken in international waters and the Jan Mayen EEZ. Additional
8000 t of herring were fished by Icelandic vessels to the northwest of Lofoten in the Norwegian EEZ, mainly in
September. The positions of the Icelandic herring catch in 2000 are shown in Figure 3.1.2.1.4.

Ireland: The Irish fishery was carried out in the Norwegian Sea. One vessel using midwater trawls took part in the
fishery. The catches were taken in May-September, and the total catch was 8 939t.

Netherlands: There were no reports of a Dutch fishery for Norwegian spring-spawning herring in 2000.

Norway: By far the larger part of the Norwegian fishery takes place in northern Norwegian coastal waters (Vestfjorden
area) where the herring wintersin the period from September until March. The herring occurs in concentrations that are
easily available to the fishery. This fishery is carried out by many size categories of vessels. In 2000 approximately 146
000 t were caught in the wintering area in Northern Norway, and 102 000 t in the spawning season. Approximately 8

O:\ACFM\WGREPS\WGNPBW\REPORT S\2001\wgnpbw2001.doc 35



500 t were caught in the spring/summer fishery in the Norwegian Sea, and the remaining part of the Norwegian quota
(approximately 457 000 t) were taken in the period September-December on the herring migrating to, and wintering in,
the wintering areas in Northern Norway. Approximately 80% of the Norwegian catches were utilized for human
consumption. The positions of the Norwegian herring catches are givenin Fig. 3.1.2.1.2.

Russia: In 2000 the Russian vessels started fishing herring within the shelf region of the Norwegian EEZ, near Sklinna
and Halten Bank (approximately 65° N) and Buagrunnen Bank (approximately 63° N) in the beginning of February. In
March the fishing occurred in the same regions. In February and March the catch was 69 059 t. In May-June the same
vessels conducted fishing in the northern part of the international areain the Norwegian Seain region of the Polar Front
and in the Jan Mayen area. In May-June the catch was 17 394 t. In July two vessels caught herring in the international
area in the Norwegian Sea in the region of the Polar Front. In mid-August the fishery started in the eastern part of the
international area in the Norwegian Sea, near the boundary of the zone of Spitsbergen. At the beginning of September
Russian vessels followed the southward migrating fish and continued their fishery in the Norwegian EEZ. In September
the fishery of the herring was prolonged in the EEZ of Norway. The herring migrated southwestwards, along the depths
of the continental slope. The majority of vessels conducted fishery to the west of Lofoten islands. The herring now
migrated rapidly to the region southwest of Vestfjorden. In August and September the catch was 76 785 t. The entire
Russian catch was utilized for human consumption. The positions of the Russian herring catches are given in Fig.
31213

Sweden: No information was received on the Swedish fishery.
UK (Scotland): The UK fishery decreased from 19 207 t in 1999, to 14 096 t in 2000.

Summary: Catches by ICES rectangles and quarters for the Russian, Norwegian, Faroese and Icelandic, and EU
fisheries are shown in Figures 3.1.2.1.1 - 3.1.2.1.5. In general the development of the international fishery shown by
these figures follows the known migration pattern for Norwegian spring spawning herring. The migration pattern,
together with environmental factors, was mapped during the ICES PGSPFN (Planning Group on Surveys on Pelagic
Fish in the Norwegian Sea) investigations (ICES 2000/D:03). However, there may be two categories of catches that do
not exactly confirm to this general migration pattern.

Firstly, the westernmost Faroes catches of herring in the North Iceland-Greenland area in the third quarter of 2000 (Fig
3.1.2.1.1.) are reported from positions where herring catches very seldom have been recorded previoudly. It should be
noted that this was not a directed fishery towards herring but the vessels aimed at capelin schools and caught herring
instead (personal report from all the skippers participating in the fishery). The by-catches in the capelin fishery
extended into the Greenlandic zone. Unfortunately, there were no biological samples from these by-catches. The
Icelandic purse seine fleet, which fished capelin in the same area, did not report herring by-catches.

Secondly, catches reported by EU from the area north of Shetland in the third and fourth quarter (Fig 3.1.2.1.5) are from
an area which is considerably south of the main distribution of the stock of Norwegian spring spawning herring at that
time of the year. There were no biological samples from these catches.

3.2 Catch Statistics

The total annual catches of Norwegian spring-spawning herring for the period 1973-2000 (2000 preliminary) are
presented in Tables 3.2.1 (by fishery) and 3.2.2 (by country). In previous years, when the stock and the gquotas were
much smaller, an estimated amount of fish was added to the catches. This has not been done since 1994 (Table 3.2.1).

The combination of national catch-at-age and weight-at-age data for 2000 to obtain the total international catch-at-age
and weight-at-age was done using the computer programme VPA95. The official catch, sampled catch and catch as used
by the Working Group, together with number of samples, catch-at-age and weight-at-age for each fishery are given in
Tables3.2.3and 3.2.4.

The working group noted that not all nations participating in the international fishery for Norwegian spring-spawning
herring in 2000 had carried out an adequate sampling of their fishery. Denmark had sampled their fishery with two
samples (Table 3.2.5). However, Denmark had arranged for further samples taken from Danish catches landed in
Norway. Unfortunately, these samples were lost. The allocation of catches for which no samples were taken and the
final catch-at-age and weight-at-age by ICES areais given in Table 3.2.5. In genera it was decided to use the Icelandic
age distribution and weights for unsampled fisheries in the Norwegian Sea in period 2 and 3, and to use the Norwegian
age distributions and weight keys for un-sampled fisheriesin period 1 and 4.
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In addition to the sampling described in Table 3.2.3, size category information was used to calculate the Norwegian
catch in number (WD by A. Slotte). In 2000 a major part of the Norwegian catches were sampled for size group
composition: 4 033 samples representing 582 939 t or 82 % of the total Norwegian catch. In general the catches used for
consumption, are divided into 5 size groups as follows:

Category Weight ()
> 333
200-333
125200
83-125
<83

abhwNPEF

The percentage of the total catch in kg is calculated for each size group, by taking out sub-samples of the catch during
the production process. These percentages are registered by the Norwegian sales organisation for pelagic fish. The age
composition within each size group is then estimated from age-sampled catches, and the total catch in number
calculated (WD by A. Slotte).

33 Surveys

331 Spawning ar eas

There was no acoustic survey to determine the abundance of herring in the spawning areasin 2001 (Table 3.3.1.1).
332 Wintering areas

The wintering area was surveyed acoustically in December 2000 (WD by |. Rettingen). The abundance estimate
obtained during this survey is given in Table 3.3.2.1. There was no acoustic survey of the wintering area in January
2001 (Table 3.3.2.2).

333 Feeding areas

The feeding areain the Norwegian Sea was surveyed acoustically during the |CES coordinated herring survey in 23.04 -
02.06 2000 (ICES 2000/D:03). The abundance estimateis givenin Table 3.3.3.1.

3.34 Nursery area

The nursery area of the Norwegian spring-spawning herring is Norwegian fjord and coastal areas, and in the Barents
Sea. Since 1988, when the 1983 yearclass spawned for the first time, the latter area has increased in importance as a
nursery areafor the herring.

Results from the Russian acoustic survey in the Barents Sea in June 2000 (WD by A. Krysov) are given in Table
3.34.1.

The results from the O-group herring survey in Norwegian Fjords and Coastal areas are given in Table 3.3.4.2 and the
results from the joint Norwegian-Russian 0-group survey in the Barents Sea are given in Table 3.3.4.3.

335 Herring larval survey 2001

The larval survey in 2001 started south of Stavanger (58° 20'N) the 4th of April (Figure 3.3.5.1). Very few herring
larvae were found south of 62 °N. A maximum value of above 10000 larvae m? surface was recorded between 64°N
and 65°N and more than 1000 larvae m™ surface were found in a large part of the area between 63-64°N. Most of the
larvae north of 62°N were in the first post yolksac stages, when the yolksac is resorbed and the dorsal fin starts to
develop. At this stage they have started to grow and are beyond the most critical stage for starvation. Another patch of
larvae was recorded further north between 68°N and 70°N. More than 100 larvae m™ surface were found in this area.
These larvae were in the later yolksac stages, and in the first post yolksac stage.
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Theindex estimated is shown in Table 3.3.5.1 and is the third highest since the recovery of this stock started.
34 Tagging Experiments

In 2000 (March-April) 29 350 herring were tagged. An effort to carry on the annual tagging experiments was made in
March-April 2001. However, this year the herring left the coast immediately after spawning and consequently no
herring were available for tagging. For this reason it will be considered whether future tagging experiments should be
carried out in the wintering areas, where the herring are available for tagging from October to January. This would
imply tagging on maturing herring instead of spent herring. Preliminary results from ongoing tagging experiments on
captive herring indicate that neither tagging mortality nor tag loss is significantly influenced by a shift of tagging
season. The working group recommends that these investigations be continued.

Recovery from supervised detector plants has continued, as well as recovery from the standard magnets in the
production line of fish processing plants and from individuals (WD by A. Slotte).

During the tagging process, the total length of the herring is measured. For each purse seine catch that is used for
tagging, a sample of 100 fish is taken to determine the age distribution within each length group. The age composition
in this batch of tagged herring is then estimated from the age distribution in the sample. If it is later found, from the age
composition or other criteria, that a batch of tagged herring may have contained herring from one of the local stocksin
the fjords, this batch is not used for stock assessment.

Recoveries are made from commercial catches and from tag detectors installed at fish processing factories. For stock
assessment purposes, tags are used only from supervised factories where detector efficiency has been tested, and where
it is known that the detectors have been working as intended. Two factories fulfilled these criteriain 2000, and atotal of
79.458 million herring (24 919 t) were screened at these factories. Altogether more than 100 catches were screened for
tags. With the exception of 5 catches, magnet efficiency in 2000 was 100%. In the catches with less than 100%
efficiency the number of herring screened was reduced corresponding to the efficiency before being included in the
total. The numbers of fish screened given in Table 3.4.1 are thus corrected for efficiency. All tagged herring that were
recovered were measured, weighed, and aged.

In 2000, 89 tags that fulfilled the criteria above, were recovered from the year classes 1983+, 1985, 1989, 1990, 1991,
1992, 1993 and 1994 (Table 3.4.1).

35 Stock assessment
351 M odél for stock assessment

The model SeaStar described in section 1.3.1 was this year used to conduct the assessment of the Norwegian spring
spawning herring stock on awider basis: tuning of fish that are considered representatively sampled in acoustic surveys,
regressing the perceived recruitment of younger fish to observations and for conduction of medium-term simulations.
The analysis of uncertainty in SeaStar is based on resampling from the input data and the present integrated analysis
provides a consistency in each replicate simulation that is difficult to achieve by using separate tools.

35.2 Input data

The year and age range, natural mortality and handling of missing data in the catch at age matrix were unchanged from
last year.

The analysis was run for ages 0 to 15 with a 16+ group. M is set equal to 0.15 for ages 3 and older and 0.9 for ages 0 to
2 in all years. The proportion of F and M before spawning is set to 0.1.

The catch at age, weight at age in the stock and in the catch and maturity ogive for the period 1950-2000 are given in
Table 3.5.2.1-3.5.2.4. The maturity at age data for the 1991 yearclass was revised on basis of a re-analysis of data
obtained in the wintering and spawning areain 1994/1995 (WD by A. Slotte and |. Rettingen).

3521 Survey data

The same surveys as used at previous WG meetings were used also this year, i.e. the Barents Sea surveys in May-June
were not included (Tables 3.3.1.1, 3.3.2.1, 3.3.2.2, 3.3.3.1 and 3.3.4.1). The age groups included in the tuning are age 4
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and older in the December survey and age 5 and older in the other surveys. During the 1998 meeting of this WG some
points were perceived as outliers because of the noise they generated in the assessment and were consequently excluded
from the analysis. These points have been excluded also in later meetings. Also, acoustic data earlier than 1991 were
excluded in 1998 because the WG then felt that the different acoustic equipment before 1991 made the earlier points
incomparable to those from 1991 and later years.

35.22 Tagging data

The same tagging data series as used last year were included in the likelihood function this year (datain Table 3.4.1).
The first recoveries used were those obtained two years after release.

35.23 Larval index series

Thelarval index (Table 3.3.5.1) used in the tuning last year was used also this year.

353 Implementation of acoustic surveys and tagging data in the assessment model
3531 Survey structural relationship and inclusion of data in the likelihood function

The distribution of the acoustic surveys were assumed to follow the gamma distribution with a constant CV, as used last
year, see section 1.3.1. The included age groups are considered fully recruited to the surveys and consequently the
catchabilities are assumed equal for all ages and years for each survey. Also this year only termina F-values for the
most abundant year classes were included among the free parameters to be estimated, and only these year classes (1983,
1990, 1991, 1992 and 1993) were included in the likelihood function.

35.3.2 Probability of tag recovery
The number of tag returns were assumed to follow the Poisson distribution.
354 Stock assessment

The parameters estimated in the final run were;

. Catchability of the survey on the spawning grounds

. Catchability of the December survey in Ofoten

. Catchability of the January survey in Ofoten

. Catchability of the international survey in the Norwegian Sea
. CV of the survey probability distributions

. Catchability of the larval survey index

. F in the last year of catch data for the 1983 year-class
. F in the last year of catch data for the 1990 year-class
. F in the last year of catch data for the 1991 year-class
. F in the last year of catch data for the 1992 year-class
. F in the last year of catch data for the 1993 year-class
. Survival of tagged fish in the tagging year

Altogether 12 parameters were estimated.
The following exploratory runs were made:

Run 1. Settings corresponding to the assessment made in 2000. The year-classes 1983, 1990, 1991, 1992 and 1993 were
included in the tuning and in the likelihood.

Run 2. AsRun 1, but the outliers were included.

Run 3. AsRun 1, but the Barents Sea survey was included.
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Run 4. As Run 1, but the tags from the 1986-1989 year classes were not included in the likelihood.

Run 5. As Run 1, but the plus group was lowered to 13 years. The plus group was included in the likelihood for the
surveys, but not for the tag returns for technical reasons. This may be amended at a later stage.

Run 6. As Run 5, but the plus group was not included in the likelihood.

Run 7. AsRun 1, but the first recovery was delayed one year. Thus the first recoveries used were those obtained 3 years
after release. This option was used last year, but an error in the software led to it not being implemented.

Run 8. As Run, but 1 the 1994 yearclass was included in the tuning.

These runs are summarized in Table 3.5.4.1. Run 1 is in good agreement with the assessment made last year. The
differences in estimates of the spawning stock size in 2001 among runs are quite small, which gives some confidence
regarding the robustness of the model.

To give afeel for the uncertainty connected to the various data sources the log-likelihood from each of the input sources
divided by the number of terms is tabulated, together with the number of terms in the respective types of input. The
variance would not be as informative because it does not have a direct bearing on how the data affect the likelihood
since gamma and Poisson distributions are used, not the normal distribution. The log-likelihood per term is comparable
to the assessment made last year. The catchabilities are on the same level as last year, except for the Lofoten December
survey, for which the catchability is higher this year and closer to the catchabilities for the other surveys.

Nothing in the exploratory runs suggested strong needs to change assumptions from last year and the WG therefore
adopted Run 1.

3541 Retrospective analysis

A retrospective analysis was performed by setting the assessment year to 2001, 2000, 1999, 1998 and 1997 using the
same settings asin Run 1. However, year classes younger than 5 years were deleted from the tuning. Figure 3.5.1 shows
the retrospective plot. It should be born in mind that the year classes not included in the tuning are not included in the
spawning stock time series shown in the figure. There is good agreement with the assessment made last year. The stock
as perceived in an assessment in 1999 is much higher. In that year the last values for the three surveys along the
Norwegian coast were all exceptionally high and not in accordance with the general trend of the stock. The reason for
this remains unclear.

3542 Diagnostics

Figure 3.5.2 shows a quantile-quantile plot of the cumulative density function values for all terms in the likelihood
function. Even if the terms in the likelihood function correspond to widely different probability distributions (gamma
and Poisson) each term can be characterized by a value between 0 and 1 that is the probability of obtaining an
observation below this value. This probability is called the cumulative density value. If the probability distribution
assumed is correct, these cumulative density function values should have a uniform distribution between 0 and 1. If the
value on the x-axisis, say 0.3, the total number of cumulative density function values smaller than 0.3 is plotted on the
y-axis. If the distribution of the data comply with the distributional assumption made in the assessment the points
should fall on the straight line. Also, the terms from the different sources of input data (surveys, tags, larval index)
should mix well along the line. Thisis reasonably well achieved. The chosen distributional assumptions seem therefore
to work reasonably well, although there seems to be some room for improvement. The choice of distributional function
was addressed by this WG in 1999 (ICES 1999/ACFM:18) where it was concluded that the gamma distribution with
constant CV was preferable to the gamma distribution with constant variance or the lognormal function. However, this
guestion might be considered further as more data points are obtained.

Figure 3.5.3 shows the likelihood function as function of the tuning parameters, with one parameter varied 50% to each
side of the maximum likelihood estimate at a time. The likelihood is highly skewed, discouraging making inference of
the parameter covariances from the Hessian, i.e assuming the likelihood is a multinormal function of parameters. Thisis
the main reason why SeaStar relies on bootstrapping for analyzing uncertainty in the assessment.

Figure 3.5.4 shows a histogram of the likelihood by removing one survey term in the likelihood function at atime, each
time making a new tuning of the stock. The most extreme points have an influence of about 0.25 million t. Most of the
terms have an influence less than 0.1 million t.
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3543 Stock assessment by | SVPA

Last year an assessment of the Norwegian spring spawning herring stock since 1981 was made by the use of the ISVPA
method. (ICES 2000/ACFM:16). The method is described in section 1.3.6.

Use of the ISVPA was attempted, to explore which signals were contained in the catch-at-age data. A run with the
ISVPA was provided by Vasiliev (pers.com.). Previous attempts by the WG using several dlightly different constraints
and options failed to give a significant minimum of the objective function and sometimes gave quite unrealistic results.
The WG considers that the present data set is outside the quality range where a robust solution with respect to fishing
mortality and stock numbers can be found from catch data only.

355 Assessment of the 1994 and younger year classes

This year the 1993 year class was used as the oldest tuned year class, the 1994 year class being weak and therefore
excluded from the tuning. At the WG meeting last year the assessment of younger year classes was done by RCT3. This
year the assessment of younger year classes was done by SeaStar with a somewhat different approach as described in
section 1.3.1. The reason for thisis to obtain adequate correlation properties between tuned and non-tuned fish. Figure
3.5.5 shows the resulting percentiles of number at age of the younger year classes. Table 3.6.2.1 gives the median of the
youngest year classes that are used as input data for the short-term prognosis.

356 Thefinal VPA

The final VPA was run using the values of the terminal F in 2000 from the Working Group’s best estimate (Run 1)
described in section 3.5.4 for the 1997 and older year classes. The results from the VPA are given as such:

Fishing mortality: Table 3.5.6.1.
Stock numbers: Table3.5.6.2
Stock biomass at age: Table3.5.6.3

Spawning stock biomass: Table3.5.6.4
Summary: Table 3.5.6.5 and Fig 3.5.6.
Summary of fish. mortality:  Table 3.5.6.6

Following the advice given by ACFM at its November 1995 meeting, it was decided to use Fsy4 weighted by the
population number (Fs.14w) as the reference F for this stock. The F 514w is given in the summary table of fishing
mortalities (Table 3.5.6.6).

357 Yield-per-recruit analysis

Theyield pr recruit vs. Fisplotted in Figure 3.5.7.

3.6 Short-term predictions
3.6.1 Input data to the short-term prediction

The number at age at January 1, 2001, was taken from the final VPA for the year classes 1997 and older. The number at
age for the 1998 and 1999 year classes where taken from the results from the SeaStar tuning model (Fig 3.5.5). The
weight at age in the stock in 2001 was set equal to the weight at age obtained from biological samples taken during
December 2000 and January 2001. The weight at age in the stock in 2002 was set equal to the 2001 value, while the
weight at age for 2003 was set equal to the 1998 value. This is in accordance with the prognosis of the development of
the condition factor of herring, as given in Section 2.2.5. The weight at age in the catch for this fishery is more
dependant on fleet strategies and international agreement for fishing in various economic zones, and to a lesser degree
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in environmental factors. The weight in catch for the period 2001-2003 is set equal to the average for the years 1997-
2000. The maturity at age in all years was set equal to that estimated for 2000. The natural mortality was set to the same
values as used in the assessment, i.e. 0.15 on ages 3 and older.

3.6.2 Results of the short-term prediction

The short-term prediction was made with the use of the MFDP-program, and in the following discussions unweighted
fishing mortalities are considered. The results of the short term prediction is given in Table 3.6.2.1 which also includes
the input data on stock numbers and weight at age in 2001.

Theinternational agreed TAC of 850 000 t will generate a fishing mortality of approximately 0.16 in 2001.The resulting
spawning stock in 2002 will be approximately the same size asin 2001, i.e. dightly in excess of 6 million t.

The international agreed maximum fishing mortality of 0.125 will in 2002 generate a catch of 750 thousand t. This
catch will result in an increased spawning stock in 2003.

37 Assessment of uncertainty

The assessment of uncertainty was based on bootstrapping where the input data are resampled from the assumed
distributions as explained in section 1.3.1. The resulting file of assessment replicates is the basis for the medium-term
projections. Figure 3.7.1 shows the histogram of the spawning stock biomassin 2001 from 539 bootstrap replicates. The
distribution is somewhat skewed and 0.3 million t negatively biased with respect to the assessment without resampling.
The standard deviation is 1.0 million t giving a CV of 0.16, considerably lower than the value of 0.3 used in the
medium-term projections last year.

38 Long-Term Management Plan and Precautionary Reference Points

At the meeting in Torshavn in October 1999 (section 3.1.1), the coastal states (European Union, Faroe Islands, Iceland,
Norway and Russia) for Norwegian spring-spawning herring agreed to implement a long-term management plan
consisting of the following elements:

1. Every effort shall be made to maintain alevel of Spawning Stock Biomass (SSB) greater than the critical level
(Blim) of 2,500,000 tonnes.

2. For the year 2001 and subsequent years, the Parties agreed to restrict their fishing on the basis of a TAC
consistent with a fishing mortality rate of less than 0.125 for appropriate age groups as defined by ICES, unless
future scientific advice requires modification of this fishing mortality rate.

3. Should the SSB fall below a reference point of 5,000,000 tonnes (Bpa), the fishing mortality rate, referred
under paragraph 2, shall be adapted in the light of scientific estimates of the conditions then prevailing. Such
adoptions shall ensure a safe and rapid recovery of the SSB to alevel in excess of 5,000,000 tonnes.

4. The Parties shall, as appropriate, review and revise these management measures and strategies on the basis of
any new advice provided by ICES.

The WGNPBW has in accordance with the agreed long-term management plan used the following values in the
reference run in the medium-term simulations.

Bpa = 5.0 million tones
Blim = 2.5 million tones

Fishing mortality (F) above Bpa = 0.125
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39 Harvest control rule
391 Evaluation of adaptive recovering strategiesin the event SSB falls below Bpa.

Item 3) in the agreement on long time management (section 3.8) considers management action in case the SSB falls
below the agreed B, of 5 000 000 tonnes. It is stated thet if the SSB falls below a reference point of 5 000 000 tonnes
(Bpa), the fishing mortality rate of 0.125 shall be adapted in the light of scientific estimates of the conditions then
prevailing. Such adoptions shall ensure a safe and rapid recovery of the SSB to alevel in excess of 5 000 000 tonnes.

Further, according the request (section 1.1) from the management agency “ICES should particularly continue to
evaluate adaptive recovery strategies, including an option with linear reduction in F, in the event SSB falls below Bpa
of 5,000,000 tonnes. The strategies should aim at preventing the SSB from falling below Blim with a high probability
and ensure the safe recovery of the stock to above Bpa at various time horizons.”

The WGNPBW and ACFM have previously on several occasions evaluated conseguences of adapting of F in case of
SSB falling below Bpa. Two types of adaptive recovery strategies have been investigated:

a) Restoring SSB to above Bpawithin atime constraint

A harvest control rule aiming at restoring the SSB to above Bpa within a time constraint (strategies that would ensure a
probability of 50 to 80% of restoring the SSB to above Bpa within 2 to 5 years) was evaluated in 2000. ACFM and
WGNPBW made the following comment: “ICES regarded this as a request within the process of evolving management
strategies to rebuild SSB within a time constraint to levels above Bpa after it has fallen below that level. The request
was regarded as relevant but it was pointed out that this type of general rebuilding approach may not be useful asarule
for stocks that show a highly variable recruitment, including the stock of Norwegian spring-spawning herring. There
may be situations when the SSB is fairly low but strong year classes are expected to recruit to the spawning stock in the
near future. On the other hand there may be situations when SSB is expected to decline in the short and medium term
levels below Bpa since no strong year class has been observed among the recruiting year classes. In the latter case it
may not be possible to restore the SSB to levels above Bpa within 2 to 5 years even if the fishery is stopped” (ACFM
2001).

b) Linear reductioninF

This type of harvest control rule has been evaluated several times by WGNPBW. Different reduction rates in F have
been considered, and the general conclusions from WGNPBW and ACFM based on these evaluations can be summed
up as follows: “Medium-term simulation indicates that the probability of SSB falling below Blim is almost halved when
areduction in F at SSB levels below Bpa = 5.0 million t is applied. An example of such a reduction would be to reduce
F linearly to 0.05 as the SSB falls from 5.0 million t to 2.5 million t.” (ACFM 1999).

The ICES Study Group on the Precautionary Approach to Fisheries Management (SGPAF) has listed other advantages
in applying alinear reduction in F in a harvest control rule in case SSB is falling below Bpa: “ The fishery continues at a
reduced level after the threshold is crossed, resulting in a continuity of yield; rather than open or close fisheries
depending on the stock’s position relative to SSBlim. At the same time, more stringent conservation measures are
applied as the stock worsens; errors in the estimation of SSB become less critical; additional time and flexibility is
obtained to evaluate whether the stock isin atransition phase from one stationary state to another; short-term changesin
biomass levels imply only small changes in F rather than permanent or large-scale changes in fishing operations; and
small changes in F may be less contentious and more easily accepted than large ones’ (ICES 1997/Assess:7). Further,
NAFO has in many cases illustrated a linear reduction in fishing mortality in its precautionary framework (ICES
2000/ACFM:17).

The stock of Norwegian spring spawning herring has a highly dynamic recruitment, the development depending on the
occurrence of strong year classes, and the action taken if the SSB approaches Bpa will depend on the prospects of the
recruitment of such year classes. This element should be regarded as important when considering a suitable harvest
control rule. A linear reduction adapts the exploitation rate to the abundance of the spawning stock, and is by the
WGNPBW regarded as an appropriate strategy which significantly lowers the risk for the spawning stock to come
below Blim, and in this type of harvest control rule will in addition have some practical elements such as the
continuation of fisheries even if the Bpais crossed.
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3.9.2 Adoption of F at SSB below Bpa implemented in the medium-term simulations

The default medium-term simulations were run with the same type of continuous reduction in F below Bpa as last year
(ICES 2000/ACFM:16). That is alinear reduction in F from F=0.125 (or other relevant levels) at Bpato F=0.05 at Blim
and lower. In accordance with the evaluation made in 3.9.1 this type of adaption will reduce the probability of falling
below Blim in the medium term to amost half the probability when not adapting the F at levels below Bpa.

3.10 M edium-ter m projections

The framework for the range of value for the biological parameters in the medium-term projections is the request from
the coastal states of the Norwegian spring-spawning herring (Section 1.1). This request and the projections that have
been carried out in order to fulfil it is described in the table below:

below Bga

strategies, including an option
with linear reduction in F, in the
event SSB falls below Bpa. The
strategies should am at
preventing the SSB from falling
below Blim with a high
probability and ensure recovery
to above Bpa at various time
horizons.

Parameter Reguest from coastal states Technical performance values

Fishing mortality for | 0.05, 0.08, 0.10, 0.125, 0.15, 0.2 | Asrequested, in addition a

SSB above By, medium term including no
fishing (F=0) was run for
illustrative purposes

Catch ceiling None 1.5 million t. One run with catch
ceiling of 850 000 t,
the level of the TAC for 2001.

Value of By, 5.0 milliont As requested

Vaue of By, 2.5 milliont As reguested

Time range 5 and 10 years As regquested

Fishing mortality for F | Evaluate adaptive recovery | Linear decrease in F from 0.125

a Bpa to 0.05 at By (Section
3.9) (similar decreases were also
made with other requested F's
(0.05, 0.08, 0.10, 0.15, 0.2)).

Measure of stability of
catches

average percentage change in
catches from year to year

Asreguested

below By, and Blim in a 5 and
10 year period

Yield average catches over the same | Average annual yield (tonnes)
ten year period of the time range for the

simulation run (5 or 10 years).
Risk Probability that SSB will fall | As requested, risk to fall below

Bpa and Bjim within the time
range for the simulation run (5
or 10 years).

The medium-term projections were done with the SeaStar model as described in Section 1.3.1. It should be noted that
the uncertainty in the initial stock is smaller than the uncertainty for the initial stock applied last year. A constraint of
1000 hillion 0-group fish was enforced, as was done last year. The Beverton-Holt recruitment model was used also this
year with the modification that the largest year classes were treated separately, as described in section1.3.1. Figure
3.10.1 shows the spawning-stock recruitment points used together with the Beverton-Holt function fitted on these points
with the largest year classes excluded. Russian data show (Section 3.11) that good recruitment is associated with good
egg production. Including egg production into the recruitment function this gives some promise for explaining more of
the observed variation.
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The projections started at January 1 2001 and the allocated catch for 2001 of 850 000 t was enforced for all simulations.
The F-value by age applied during the simulation was obtained from the F-value in the harvest control rule and the
exploitation pattern used last year

500 simulations were performed for each harvest control rule. For various harvest control rule parameters, the average
yields and probabilities for the SSB to fall below By, and By, for the 5-year period 2001-2005 and 10-year period 2002-
2011 are given in Table 3.10.1. The average percentage change in annual catch over the 10-year period is also given.
The medium-term simulations give a more positive picture of the stock in medium term compared to the medium-term
simulation given in last report. The main reason for thisis the high estimate (more than 100 billion individuals) of the
1999 yearclass obtained in the acoustic surveys in the Barents Sea in May 2000 (Table 3.3.4.1). However, as the
estimates of this year class from different surveys is conflicting, the uncertainty associated with the abundance of this
year class may be grater than expressed by the formal statistical estimate. Therefore the results should be interpreted
with caution.

According to the table the following conclusions can be drawn:

1. Continued fishing at F=0.125 (international agreed maximum fishing mortality) and a reduction in F below By,
as described in section 3.9, and with a catch ceiling of 1.5 million t, gives a low probability (7%) of the stock
faling below Bpa in the medium term (10 years). This harvesting strategy results in a 9% average annual
changeinthe TAC.

2. There are no signals in the medium-term simulations, which indicate that the present agreed long time strategy
for this stock is not in accordance with the precautionary approach in fisheries.

Figures 3.10.2 and 3.10.3 show the development of SSB and yield for F=0.125 above By, =5.0 million t with a linear
reduction to F=0.05 at Bj;,= 2.5 million t and a catch ceiling of 1.5 million t. 5, 25, 50, 75 and 95 percentiles are given
to illustrate the uncertainty in the prognosis. The spawning stock rises to above 10 million t when the 1998 and 1999
year classes mature followed by a dow decline. The impression is that the harvesting control rule applied corresponds
to rational harvesting and stabilization of the stock above B..

311 Management consider ations

The immatures and adults of this stock form a central part of the ecosystem in the Barents Sea and Norwegian Seas,
respectively. The herring has an important role as a transformer of the production of zooplankton biomass and energy to
aformthat is available to organisms at a higher level of the food chain.

The Coastal states European Union, Faroe Islands, Iceland, Norway and Russia have agreed on a long-term
management plan and on precautionary reference point (Bpa = 5.0 million t) and limit reference point (Blim = 2.5
million t) for this stock. The limit reference point (2.5 million t) is seen as a spawning stock threshold that, if crossed,
can result in a high probability of impaired recruitment, and the Bpa as a safeguard measure (Rgttingen 2000).

InaWD by A. Krysov a study on the population fecundity of the Norwegian spring-spawning stock is compared with
corresponding year classes and environmental factors, was presented to the WGNPBW. The conclusions were the
following:

1. When the spawning stock level is at or above 6.9 million t the probability of resulting weak year classesislow.

2. When the spawning stock is above 3.4 million t, its reproductive success seems to be in tune with
environmental variability. In other words, strong year classes will likely be produced under favorable survival
conditions, medium year classes under average conditions and only poor year classes when survival conditions
are unfavorable. In the 7-year period (1990-1996), when the SSB has been above the level of 3.4 million t, 2
strong, 3 medium and only 2 low abundance year classes of herring at age 3 appeared.

3. As the spawning stock level drops below of 3.4 million t the probability of producing poor year classes
increases. For a 27-year period (1963-1989), when the SSB were below 3.4 million t, 23 poor, 2 medium and
only 1 abundant year class appeared.

4. If the SSB dropsto or below 0,3 million t the probability appearance of a strong year classis extremely low.
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The current stock assessment indicates a spawning stock of approximately 6 million t in 2001, stock abundance having
declined from 9 million t in 1997. The future prospects indicate an increasing spawning stock if exploited at the agreed
level (F=0.125). However, this positive view is based on data on young herring of the 1999 yearclass from the Barents
Sea. The survey series from this area give different indications of the size of this year class and thus the present estimate
should be regarded as uncertain. The strength of the year class 1999 should be determined in future investigations.
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Table3.21  Catches of Norwegian spring spawning herring (tonnes) since 1972.

Year A B C D Total Total catch
used in WG

1972 - 9.895 3,266 - 13,161 13,161
1973 139 6,602 276 - 7,017 7,017
1974 906 6,093 620 - 7,619 7,619
1975 53 3,372 288 - 3,713 13,713
1976 - 247 189 - 436 10,436
1977 374 11,834 498 - 12,706 22,706
1978 484 9,151 189 - 9,824 19,824
1979 691 1,866 307 - 2,864 12,864
1980 878 7,634 65 - 8,577 18,577
1981 844 7,814 78 - 8,736 13,736
1982 983 10,447 225 - 11,655 16,655
1983 3,857 13,290 907 - 18,054 23,054
1984 18,730 29,463 339 - 48,532 53,532
1985 29,363 37,187 197 4,300 71,047 169,872
1986 71,1223 55,507 156 - 126,785 225,256
1987 62,910 49,798 181 - 112,899 127,306
1988 78,592 46,582 127 - 125,301 135,301
1989 52,003 41,770 57 - 93,830 103,830
1990 48,633 29,770 8 - 78,411 86,411
1991 48,353 31,280 50 - 79,683 84,683
1992 43,688 55,737 23 - 99,448 104,448
1993 117,195 110,212 50 - 227,457 232,457
1994 288,581 190,643 4 - 479,228 479,228
1995 320,731 581,495 0 - 902,226 902,226
1996 462,248 758,035 0 - 1,220,283 1,220,283
1997° 0 - 1,426,507 1,426,507
1998° 0 - 1,223,131 1,223,131
1999° 0 - 1,235,433 1,235,433
2000’ 0 - 1,207,201 1,207,201

A = catches of adult herring in winter

B = mixed herring fishery in remaining part of the year

C = by-catches of 0- and 1-group herring in the sprat fishery

D = USSR-Norway by-catch in the capelin fishery (2-group)

1 Includes also by-catches of adult herring in other fisheries

2 |n 1972, there was also a directed herring 0-group fishery

% Includes 26,000 t of immature herring (1983 year class) fished by USSR in the Barents Sea

*  Preliminary, as provided by Working Group members

® Details of catches by fishery and ICES area given in ICES 1999

j Details of catches by fishery and ICES area given in ICES 2000

Details of catches by fishery and ICES area given in Tables 3.2.3-3.2.5
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Table3.2.2

Data provided by Working Group members.

Total catch of Norwegian spring spawning herring (tonnes) since 1972,

USSR/
Year Norway Russa Denmark Faroes  Iceland Ireland  Nether- Greenland UK Germany France Sweden Total
lands
1972 13,161 - - - - - - - - - - - 13,161
1973 7,017 - - - - - - - - - - - 7,017
1974 7,619 - - - - - - - - - - - 7,619
1975 13,713 - - - - - - - - - - - 13,713
1976 10,436 - - - - - - - - - - - 10,436
1977 22,706 - - - - - - - - - - - 22,706
1978 19,824 - - - - - - - - - - - 19,824
1979 12,864 - - - - - - - - - - - 12,864
1980 18,577 - - - - - - - - - - - 18,577
1981 13,736 - - - - - - - - - - - 13,736
1982 16,655 - - - - - - - - - - - 16,655
1983 23,054 - - - - - - - - - - - 23,054
1984 53,5632 - - - - - - - - - - - 53,5632
1985 167,272 2,600 - - - - - - - - - - 169,872
1986 199,256 26,000 - - - - - - - - - - 225,256
1987 108,417 18,889 - - - - - - - - - - 127,306
1988 115,076 20,225 - - - - - - - - - - 135301
1989 88,707 15,123 - - - - - - - - - - 103,830
1990 74,604 11,807 - - - - - - - - - - 86,411
1991 73,683 11,000 - - - - - - - - - - 84,683
1992 91,111 13,337 - - - - - - - - - - 104,448
1993 199,771 32,645 - - - - - - - - - - 232457
1994 380,771 74,400 - 2911 21,146 - - - - - - - 479,228
1995 529,838 101,987 30,577 57,084 174,109 - 7,969 2,500 881 556 - - 905,501
1996 699,161 119290 60,681 52,788 164,957 19,541 19,664 - 46,131 11,978 - 22424 1,220,283
1997 860,963 168,900 44,292 59,987 220,154 11,179 8,694 - 25,149 6,190 1,500 19,499 1,426,507
1998 743,925 124,049 35519 68,136 197,789 2437 12,827 - 15971 7,003 605 14,863 1,223,131
1999 740,640 157,328 37,010 55527 203,381 2,412 5,871 - 19,207 - - 14,057 1,235433
2000" 713,500 163,261 34,968 68,625 186,035 8,939 - - 14,096 3,298 - 14749 1,207,201

! Preliminary, as provided by Working Group members.
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Table 3.2.3. Catch at age by country.
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Table 3.2.4. Weight (kg) at age by country.
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Table3.25

Summary of Sanpling by Country

AREA : Ila
Country Sanpl ed
Cat ch
Denmar k 9242. 00
Far oes 0. 00
Ger many 0.00
I cel and 166442. 00
I rel and 4980. 00
Net her | ands 0. 00
Nor way 713500. 00
Russi a 144011. 00
Sweden 0. 00
UK( Scot) 0. 00
Total Ila 1038175. 00
Sum of Offical Catches :
Unal | ocat ed Catch
Worki ng Group Catch :
AREA : Ilb
Country Sanpl ed
Catch
Far oes 0. 00
I cel and 10569. 00
Russi a 0. 00
Total Ilb 10569. 00
Sum of OfFfical Catches :
Unal | ocat ed Catch
Working Group Catch :
AREA : | Va
Country Sanpl ed
Cat ch
Nor way 0.00
Total IVa 0. 00
Sum of OfFfical Catches :
Unal | ocat ed Catch
Worki ng Group Catch :
AREA : Va
Country Sanpl ed
Cat ch
Far oes 0. 00
Total Va 0. 00
Sum of OfFfical Catches :
Unal | ocat ed Catch
Worki ng Group Catch :
AREA : Xl Va
Country Sanpl ed
Catch
Far oes 0. 00
Total Xl Va 0. 00
Sum of Offical Catches :

Unal | ocat ed Catch
Worki ng Group Catch :
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Oficia
Catch
34698. 00
65579. 00
6043. 00
174140. 00
8939. 00
13124. 00
692095. 00
161243. 00
14749. 00
14096. 00
1184706. 00

1184706. 00
- 15869. 00
1168837. 00

Oficia

Catch
1946. 00
11895. 00
2018. 00
15859. 00

15859. 00

0
15859. 00

Oficia

Cat ch
21405. 00
21405. 00

21405. 00
0.00
21405. 00

Oficia

Cat ch
530. 00
530. 00

530. 00
0. 00
530. 00

Oficia

Catch
570. 00
570. 00

570. 00
0. 00
570. 00

No. of
sanpl es

WO wo

No. of
sanpl es

No. of
sanpl es

No. of
sanpl es

No
measur ed

208

0

0

2057

145

0

8566

44868

0

0

55844

No
measur ed
0
112
0
112

No
nmeasur ed
0
0

No
nmeasur ed
0
0

No
measur ed
0
0

No
aged

208
0
0
2057
145
0
7577
802
0
0
10789

aged
0
112

112

SCP
%

SOoP
%

99. 99

99. 99
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PERI CD : 1

Country Sanpl ed
Catch

Denmar k 9242. 00
Far oes 0. 00
Cer many 0.00
Nor way 247606. 00
Russi a 69058. 00
Sweden 0. 00
UK( Scot) 0. 00

Period Total  325906. 00

Sum of OfFfical Catches :
Unal | ocat ed Catch
Working Group Catch :

PERI CD : 2

Country Sanpl ed

Cat ch

Denmar k 0. 00
Far oes 0. 00
Cer many 0.00
I cel and 177011. 00
Irel and 4980. 00
Net her | ands 0. 00
Nor way 8382. 00
Russi a 0. 00
Sweden 0. 00
UK( Scot ) 0. 00

Period Total  190373.00

Sum of Offical Catches :
Unal | ocat ed Catch
Worki ng Group Catch :

PERI CD : 3

Country Sanpl ed

Cat ch

Denmar k 0. 00
Far oes 0.00
Cer many 0. 00
I cel and 0. 00
Irel and 0.00
Net her | ands 0. 00
Nor way 119669. 00
Russi a 74953. 00
Sweden 0. 00
UK( Scot ) 0. 00

Period Tot al 194622. 00

Sum of OfFfical Catches :
Unal | ocat ed Catch
Worki ng Group Catch :

PERI OD : 4

Country Sanpl ed

Cat ch

Cer many 0.00
I cel and 0. 00
Nor way 337843. 00
Russi a 0. 00
UK( Scot ) 0. 00

Peri od Tot al 337843. 00

Sum of Offical Catches :
Unal | ocat ed Catch
Worki ng Group Catch :
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Oficia
Catch
9242. 00
6273. 00
1975. 00
247606. 00
69058. 00
4373. 00
4810. 00
343337. 00

343337. 00
0.00
343337. 00

Oficia
Cat ch
22720. 00
40121. 00
1323. 00
177011. 00
4980. 00
3514. 00
8382. 00
17394. 00
8973. 00
506. 00
284924. 00

284924. 00
-3514.00
281410. 00

Oficia
Cat ch
2736. 00
22231.00
2392. 00
8886. 00
3959. 00
9610. 00
119669. 00
76785. 00
1403. 00
8529. 00
256200. 00

256200. 00
-12002. 00
244198. 00

Oficia
Catch
353. 00
138. 00
337843. 00
24. 00
251. 00
338609. 00

338609. 00
- 353. 00
338256. 00

No. of
sanpl es

)]

-
POOO~NONNOOO

o]

No. of
sanpl es

(o]
APOONNOOOOOO

©

No. of

sanpl es
0
0
21
0
0
21

No
measur ed

208
0
0
5032
27541
0
0
32781

No
nmeasur ed
0
0
0
2169
145

922

3236

No
nmeasur ed

No
measur ed
0
0
2011

0
0
2011

No
aged

208
0
0
4518
350
0
0
5076

100.

99.
99.

99.

100.
99.

100.

100.

-
© o
CRPLOooCLeOLOo

©
©

eee

SOoP
%

SOoP

SOoP
%

SOoP
%



Total over a
Country

Denmar k

Far oes

Cer many

I cel and

Irel and

Net her | ands

Nor way

Russi a

Sweden

UK( Scot)
Total f

Sum of
Unal | oc

| Areas and Peri ods

or Stock

177011.
4980
0
713500.
144011.
0
0

1048744.

O fical Catches :
ated Catch
Worki ng Group Catch :

DETAI LS OF DATA FILLINGIN

Filling-in
Using Only
>> (1)

Filling-in
Using Only
>> (2

Filling-in
Using Only
>> (3

Filling-in
Using Only
> (2

Filling-in
Using Only
>> (4

Filling-in
Using Only
>> (1 21)

Filling-in
Using Only
>> (1 21)

Filling-in
Using Only
>> (1 21)

Filling-in
Using Only
>> (1 18)

Filling-in
Using Only
>> (1 3)

Filling-in
Using Only
>> (1 3)

Filling-in
Using Only
> ( 4)

Filling-in
Using Only
>> (1 21)

Filling-in
Using Only
>> (1)

for record

Nor way

for record

Nor way

for record

Nor way

for record

Nor way

for record

Nor way

for record

I cel and

for record

I cel and

for record

I cel and

for record

I cel and

for record

Nor way

for record

Nor way

for record

Nor way

for record

I cel and

for record

Nor way

(11

(12

(13

( 14)

( 16)

(17

(19

( 20

( 22)

( 23)
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Oficia
Catch
34698. 00
68625. 00
6043. 00
186035. 00
8939. 00
13124. 00
713500. 00
163261. 00
14749. 00
14096. 00
1223070. 00
1223070. 00
-15869. 00
1207201. 00
Nor way
llla
Nor way
21la
Nor way
31lla
Russi a
21lla
Russi a
4 1la
Russi a
2 11b
Russi a
2 11b
Russi a
2 11b
Denmar k
21lla
Denmar k
3lla
I cel and
3lla
I cel and
4 1la
I cel and
2 11b
Sweden
llla

I Va

I Va

I Va

Ila

Ila

I'lb

I'lb

I'lb

I'lb

No
measur ed

208

0

0

2169

145

0

8566

44868

0

0

55956

No

a@ed

208
0

0
2169
145
0
7577
802
0

0
10901

100.

100.
99.
99.
99.

99.

SOoP
%

53



Filling-in for record : ( 24) Sweden 21lla

Using Only

>> ( 18) Iceland 21la

Filling-in for record : ( 25) Sweden 31lla
Using Only

>> ( 3) Norway 31lla

Filling-in for record : ( 26) Ger many llla
Using Only

>> (1) Norway llla

Filling-in for record : ( 27) Ger many 21lla
Using Only

>> ( 18) Iceland 21la

Filling-in for record : ( 30) UK( Scot) llla
Using Only

>> (1) Norway llla

Filling-in for record : ( 31) UK( Scot) 21la
Using Only

>> ( 18) Iceland 21lla

Filling-in for record : ( 32) UK( Scot) 3lla
Using Only

>> ( 3) Norway 31lla

Filling-in for record : ( 33) UK( Scot) 4 1la
Using Only

>> ( 4) Norway 4 1la

Filling-in for record : ( 34) Irel and 31lla
Using Only

>> (1) Norway llla

Filling-in for record : ( 36) Far oes llla
Using Only

>> (1) Norway llla

Filling-in for record : ( 37) Far oes 21la
Using Only

>> ( 18) Iceland 21lla

Filling-in for record : ( 38) Far oes 3lla
Using Only

>> ( 3) Norway 31lla

Filling-in for record : ( 39) Far oes 2 11b
Using Only

>> ( 21) Iceland 2 11b

Filling-in for record : ( 40) Far oes 311lb
Using Only

>> ( 21) Iceland 2 11b

Filling-in for record : ( 41) Far oes 2 XlVa
Using Only

>> ( 18) Iceland 21la

Filling-in for record : ( 42) Far oes 3 Xl Va
Using Only

>> ( 18) Iceland 21la

Filling-in for record : ( 43) Far oes 3 Va
Using Only

>> ( 18) Iceland 21lla
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Cat ch Nunbers at

0

14395
83557.

550072
33851.
107372.
393204.
1255895.
1009165.

209360
66358.

15775

22173
21305.
69531.

Age by Area
I'l'b

00 0.00
00 0.00
07 0.00
55 0.00
94 0.00
09 0. 00
86 769. 77
78 1923. 67
00 12307. 27
19 16922. 87
06 3845. 83
27 4615. 60
32 384.13
63 384.13
70 1923. 67
66 0.00

Mean Wi ght at Age by Area (Kg)

cooooo00000000000

. 0000
0000
1235
1750
2224
2428
2888
3030
3098
3275
3486
3813
4118
4099
4171
. 4096

©cooooo00000000000

0000
0000
0000
0000
0000
0000
3450
3360
3490
3650
3780
4060
3800
4050

. 4390
. 0000
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cooooo00000000000

0000
0000
1490
1341
1747
2111
2624
2752
2850
2986
3246
3534
3710
3880

. 3902
. 3865

Va

©cooooo00000000000

0000
0000
0000
0000
0000
2850
3140
3220
3300
3440
3570
3870
4100
4080
. 4290
. 4380

Xl Va

Xl Va

©cooooo00000000000

. 0000
0000
0000
0000
0000
2850
3140
3220
3300
3440
3570
3870
4100
4080
. 4290
. 4380

coooooo0000000000

Tot al
0000
0000
1235
1748
2215
2419
2886
3026
3096
3277
3487
3827
4109
4097
. 4189
. 4089
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Table 3.3.1.1 Norwegian Spring Spawning herring. Estimates obtained on the acoustic surveys on the spawning stock
in February-March. Numbersin millions. No survey carried out in 2001.
Year 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

Age

2 101 183 44 16 407 106 1516
3 255 5 187 59 128 1792 231 1366 690
4 146 373 0 54 676 7621 7638 381 337 1996
5 6805 103 345 12 1375 3807 11243 1905 1286 164
6 202 5402 112 354 476 2151 2586 10640 2979 592
7 182 4489 122 63 322 957 6708 11791 1997
8 146 4148 13 20 471 1280 7534 7714
9 102 140 1 0 434 1912 4240
10 35 124 0 130 568 553
11 1820 63 165 39 132 71
12 2573 0 0 0 3
13 2024 175 0 0
14 0 392 6
15+ 804 437 361
Total 7408 6166 5462 4895 - - 4742 18474 25756 - 22496 28840 19903

In 1992, 1993 and 1997 there was no estimate due to poor weather conditions.

Table 3.3.2.1 Norwegian Spring Spawning herring. Estimates obtained on the acoustic surveysin the wintering
areasin December. Numbersin millions.

Y ear 1992 1993 1994 1995 199 1997 1998 1999 2000

1 72 380 9 65 74 56
2 36 1518 16 183 1465 73 1207 159 322
3 1247 2389 3708 5133 3008 661 441 2425 1522
4 1317 3287 4124 5274 13180 1480 1833 296 5260
5 173 1267 2593 1839 5637 6110 3869 837 165
6 16 13 1096 1040 994 4458 12052 2066 497
7 208 13 34 308 552 1843 8242 6601 1869
8 139 158 25 19 92 743 2068 4168 4785

9 3742 26 196 13 0 66 629 755 3635
10 69 4435 29 111 7 0 111 212 668
11 3239 39 41 0 14 0 205
12 907 15 126 0 15 0
13 393 0 392 0 0
14+ 842 221 146 168

Tota 6947 13178 15209 15246 25384 16411 31144 17754 19152

Table 3.3.2.2 Norwegian Spring Spawning herring. Estimates obtained on the acoustic surveys |
in the wintering areas in January. Numbersin millions. No surveys carried out in 2000 and 2001.
Y ear 1991 1992 1993 1994 1995 1996 1997 1998 1999

Age

2 90 73 214 0
3 220 410 61 642 47 315 267 1358
4 70 820 1905 3431 3781 10442 1938 199
5 20 260 2048 4847 4013 13557 4162 1455
6 180 60 256 1503 2445 4312 9647 4452
7 150 510 27 102 1215 1271 6974 12971
8 5500 120 269 29 42 290 1518 7226
9 440 4690 182 161 24 22 743 1876
10 30 5691 131 267 25 16 499
11 128 3679 29 200 4 16
12 4326 58 0 16
13 1146 181 0
14 7 156
15+ 314 220
Total 6670 6900 10567 14598 16189 31638 - 25985 30444

In 1997 there was no estimate due to poor weather conditions. In 2000 there was no estimate due to technical problems.
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Table 3.3.3.1 Norwegian spring spawning herring. Estimates obtained in the international acoustic surveys on the
feeding areas in the Norwegian Seain May. Numbersin millions.

Y ear 1996 1997 1998 1999 2000
Age
3 4114 1169 367 2191 1353
4 22461 3599 1099 322 2783
5 13244 18867 4410 965 92
6 4916 13546 16378 3067 384
7 2045 2473 10160 11763 1302
8 424 1771 2059 6077 7194
9 14 178 804 853 5344
10 7 77 183 258 1689
11 155 288 0 5 271
12 0 415 0 14 0
13 3134 60 112 0 114
14 2472 0 158 1135
15+ 415 128 1135
Total 50504 44915 35987 25801 21661

Table 3.3.4.1 Norwegian spring-spawning herring. Acoustic estimates (billion individuals) of immature herring in the
Barents Sea in May/June. 1990-2000, Norwegian estimates, for later years, see footnotes.

Year 1990 1991 1992 1993 1994 1995 1996' 1997° 1998° 1999° 2000°
Age

1 44 243 326 102.7 6.6 05 0.1 2.6 9.5 49.5 105.4
2 52 140 258 59.2 77 025 004 4.7 4.9 27.9
3 57 15 180 8.0 18 04 001 0.00 0.00
4 17 11 06 035 001 0.00 0.00
5 003 005 0.00 0.00 0.00

! Average of Norwegian and Russian estimates
2 Combination of Norwegian and Russian estimates as described in 1998 WG report.
% Russian estimate
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Table3.3.4.2 Norwegian spring spawners. Acoustic abundance (TS = 20 logL - 71.9) of O-group herring in
Norwegian coastal watersin 1975-2000 (numbersin millions).

Y ear Area Total
South of 62°N 62°N-65°N 65°N-68°N North of 68°30'
1975 164 346 28 538
1976 208 1305 375 1888
1977 35 153 19 207
1978 151 256 196 603
1979 455 1130 144 1729
1980 6 2 109 117
1981 132 1 1 134
1982 32 286 1151 1469
1983 162 2276 4432 6 866
1984 2 234 465 701
1985 221 177 104 502
1986 5 72 127 204
1987 327 26 57 410
1988 14 552 708 1274
1989 575 263 2052 2890
1990 75 146 788 1009
1991 80 299 2428 2807
1992 73 1993 621 2891
1993 290 109 140 288 827
1994 157 452 323 6 168 7101
1995 0 27 2 0 29
1996 0 20 114 8800 8934
1997 208 69 544 5244 6 065
1998 424 273 442 11 640 12779
1999 121 658 271 6 329 7379
2000 570 127 996 7237 8930
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Table3.3.4.3 Norwegian spring-spawning herring. Abundance indices for O-group herring in the Barents Sea,

1973-2000.
Y ear L og index Y ear L og index
1973 0.05 1987 0.00
1974 0.01 1988 0.30
1975 0.00 1989 0.58
1976 0.00 1990 0.31
1977 0.01 1991 1.19
1978 0.02 1992 1.05
1979 0.09 1993 0.75
1980 0.00 1994 0.28
1981 0.00 1995 0.16
1982 0.00 1996 0.65
1983 177 1997 0.39
1984 0.34 1998 0.59
1985 0.23 1999 0.41
1986 0.00 2000 0.30

Table3.3.5.1 Theindices for herring larvae for the period 1981-2001 (N*10™%)

Year Index1 Index2 Year Index 1  Index 2
1981 0.3 1991 8.6 235
1982 0.7 1992 6.3 27.8
1983 25 1993 247 78.0
1984 14 1994 195 48.6
1985 2.3 1995 18.2 36.3
1986 1.0 1996 27.7 817
1987 1.3 4.0 1997 66.6 147.5
1988 9.2 25.5 1998 424 138.6
1989 134 28.7 1999 19.9 73.0
1990 18.3 29.2 2000 19.8 127.5
2001 407
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Table 3.4.1. Tagging data for various year classes

Tagging data for the 1983+ year class
Recaptured

Screened] Number 87 88| 89 90| 91 92 93] 94 95| 96 97 98|
Year billion] tagged] release] release] release] release] release] release] release| release] release] release] release] release
1987 33067
1988 38152
1989 0.010695 20620 12
1990 0.005489 24585 4 10
1991 0.005545 12558 1 7 5
1992 0.001737 15262 4 0 2 2
1993 0.009372 15839 6 13 6 12 9
1994 0.009474 5364 2 10 7 8 4 11
1995 0.011554 859 6 10 5 15 6 9 7
1996 0.004038 2879 3 2 6 10 2 1 4 3
1997 0.003867 2266 0 3 1 3 2 3 0 0 0
1998  0.000509 648 1 3 1 1 2 2 0 0 0 1
1999  0.000379 0 0 1 1 0 0 1 0 0 0 1
2000 0.000413 0 1 0 3 0 1 0 0 0 0 0 0
Tagging data for the 1984 year class

Recaptured

Screened] Number 88| 89 90| 91 92 93] 94 95| 96 97 98|
Yeal] billion] tagged] release] release] release| release] release] release] release] release] release] release] release
1988 1342
1989 1175
1990 0.000157 1097 0
1991 0.000138 257 0 0
1992 0.00003 767 0 0 0
1993  0.000287 479 2 1 1 0
1994  0.000267 160 0 0 0 2 1
1995 0.000264 56 0 0 0 0 0 0
1996  0.000281 113 0 0 0 0 0 0 0
1997 0 0 0 0 0 0 0 0 0 0
1998  0.000001 0 0 0 0 0 0 0 0 0 0
1999 0 0 0 0 0 0 0 0 0 0 0
2000 0 0 0 0 0 0 0 0 0 0 0 0
Tagging data for the 1985 vear class

Recaptured

Screened] Number| 89 90| 91 92 93 94 95] 96 97| 98]
Yeal] billion] tagged] release] release] release] release] release] release] release] release] release] release
1989 2982
1990 1081
1991  0.000355 1154 0
1992 0.000114 851 0 0
1993  0.000573 1465 1 1 1
1994  0.000345 368 2 0 0 1
1995 0.000735 167 0 0 0 2 1
1996  0.000427 564 1 0 0 0 0 0
1997  0.000888 555 0 2 0 3 1 1 1
1998  0.000497 778 0 1 0 0 1 0 0 0
1999  0.000623 1 0 0 0 0 0 0 0 1
2000 0.000703 0 0 0 0 1 0 0 0 0 2|
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Tagging data for the 1986 vear class
Recaptured
Screened] Number| 90| 91 92 93] 94 95] 96 97| 98]
Year billion] tagged] release] release] release] release] release] release] release] release] release
1990 381
1991 165
1992  0.000017 210 0
1993  0.000019 52 0 0
1994  0.000065 256 0 0 0
1995 0.000104 0 1 0 0 0
1996  0.000092 213 0 0 1 0 0
1997 0.000166 15 0 0 0 0 0 0
1998 0 84 0 0 0 0 0 0 0
1999 0 0 0 0 0 0 0 0 0
2000 0.000003 0 0 0 0 0 0 0 0 0
Tagging data for the 1987 year class
Recaptured
Screened] Number 91 92 93] 94 95| 96| 97 98]
Year] billion] tagged] release] release] release] release] release] release] release] releasel
1991 634
1992 1146
1993  0.000329 1569 0
1994  0.000259 315 0 0
1995  0.000090 27 1 0 1
1996  0.000043 0 0 0 1 0
1997  0.000224 135 0 0 0 0 0
1998  0.000008 0 0 1 0 0 0 0
1999  0.000081 0 0 0 0 0 0 0
2000 0.000000 0 0 0 0 0 0 0 0
Tagging data for the 1988 vear class
Recaptured
Screened] Number| 92 93] 94 95] 96 97| 98]
Year billion] tagged] release] release] release| release] release] release] release]
1992 5827
1993 5267
1994 0.003506 4473 3
1995 0.003729 1041 4 0
1996 0.001176 2109 3 3 2
1997 0.000811 1940 0 0 0 0
1998  0.000148 215 1 0 1 0 0
1999  0.000012 0 0 0 0 0 0
2000 0.000075 0 0 0 0 0 0 0
Tagging data for the 1989 vear class
Recaptured
Screened] Number| 93] 94 95] 96 97| 98]
Yeal] billion] tagged] release] release] release| release] release] release]
1993 7584
1994 11873
1995 0.009463 2348 4
1996 0.004636 5170 1 5
1997 0.003346 4103 2 7 0
1998 0.001183 1176 0 0 0 1
1999 0.001179 1 0 0 1 1
2000 0.00079 0 2 0 0 0 1
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Tagging data for the 1990 vear class
Recaptured

Screened] Number| 94 95] 96 97| 98]
Year billion] tagged] release] release] release] release] release
1994 10784
1995 3868
1996 0.009009 6171 9
1997 0.009830 4057 7 3
1998 0.002828 2381 1 1 1
1999  0.003402 1 2 2 1
2000 0.003146 0 2 2 0 1]
Tagging data for the 1991 year class

Recaptured

Screened] Number 95| 96| 97 98]
Year] billion] tagged] release] release] release] release
1995 21528
1996 25683
1997 0.030952 7129 21
1998 0.012459 6002 8 6
1999  0.014968 7 14 4
2000 0.018461 7 10 1 9
Tagging data for the 1992 year class

Recaptured

Screened] Number 96| 97 98]
Year] billion] tagged] release] release] release]
1996 8417
1997 8353
1998 0.020695 22320 7
1999  0.023790 4 9
2000 0.031430 15 7 20|
Tagging data for the 1993 year class

Recapt.

Screened] Number 97 98]
Year] billion] tagged] release] release]
1997 976
1998 2015
1999  0.008046 0
2000 0.009049 0 3
Tagqging data for the 1994 vear class

Recapt.

Screened] Number 98]
Yeal] billion] tagged] release
1998 3752
1999
2000 0.002450 1
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Tagging data for the 1986 vear class
Recaptured
Screened] Number| 90| 91 92 93] 94 95] 96 97| 98]
Year billion] tagged] release] release] release] release] release] release] release] release] release
1990 381
1991 165
1992  0.000017 210 0
1993  0.000019 52 0 0
1994  0.000065 256 0 0 0
1995 0.000104 0 1 0 0 0
1996  0.000092 213 0 0 1 0 0
1997 0.000166 15 0 0 0 0 0 0
1998 0 84 0 0 0 0 0 0 0
1999 0 0 0 0 0 0 0 0 0
2000 0.000003 0 0 0 0 0 0 0 0 0
Tagging data for the 1987 year class
Recaptured
Screened] Number 91 92 93] 94 95| 96| 97 98]
Year] billion] tagged] release] release] release] release] release] release] release] releasel
1991 634
1992 1146
1993  0.000329 1569 0
1994  0.000259 315 0 0
1995  0.000090 27 1 0 1
1996  0.000043 0 0 0 1 0
1997  0.000224 135 0 0 0 0 0
1998  0.000008 0 0 1 0 0 0 0
1999  0.000081 0 0 0 0 0 0 0
2000 0.000000 0 0 0 0 0 0 0 0
Tagging data for the 1988 vear class
Recaptured
Screened] Number| 92 93] 94 95] 96 97| 98]
Year billion] tagged] release] release] release| release] release] release] release]
1992 5827
1993 5267
1994 0.003506 4473 3
1995 0.003729 1041 4 0
1996 0.001176 2109 3 3 2
1997 0.000811 1940 0 0 0 0
1998  0.000148 215 1 0 1 0 0
1999  0.000012 0 0 0 0 0 0
2000 0.000075 0 0 0 0 0 0 0
Tagging data for the 1989 vear class
Recaptured
Screened] Number| 93] 94 95] 96 97| 98]
Yeal] billion] tagged] release] release] release| release] release] release]
1993 7584
1994 11873
1995 0.009463 2348 4
1996 0.004636 5170 1 5
1997 0.003346 4103 2 7 0
1998 0.001183 1176 0 0 0 1
1999 0.001179 1 0 0 1 1
2000 0.00079 0 2 0 0 0 1
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Tagging data for the 1990 vear class
Recaptured

Screened] Number| 94 95] 96 97| 98]
Year billion] tagged] release] release] release] release] release
1994 10784
1995 3868
1996 0.009009 6171 9
1997 0.009830 4057 7 3
1998 0.002828 2381 1 1 1
1999  0.003402 1 2 2 1
2000 0.003146 0 2 2 0 1]
Tagging data for the 1991 year class

Recaptured

Screened] Number 95| 96| 97 98]
Year] billion] tagged] release] release] release] release
1995 21528
1996 25683
1997 0.030952 7129 21
1998 0.012459 6002 8 6
1999  0.014968 7 14 4
2000 0.018461 7 10 1 9
Tagging data for the 1992 year class

Recaptured

Screened] Number 96| 97 98]
Year] billion] tagged] release] release] release]
1996 8417
1997 8353
1998 0.020695 22320 7
1999  0.023790 4 9
2000 0.031430 15 7 20|
Tagging data for the 1993 year class

Recapt.

Screened] Number 97 98]
Year] billion] tagged] release] release]
1997 976
1998 2015
1999  0.008046 0
2000 0.009049 0 3
Tagqging data for the 1994 vear class

Recapt.

Screened] Number 98]
Yeal] billion] tagged] release
1998 3752
1999
2000 0.002450 1
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Table3.5.2.1 Runtitle: Herring spring-spawn (run: SVPBJA12/V12)
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0
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YEAR,

ACGE

wnNPEo

©CONOTHWN

+ap,
TOTALNUM
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SOPCOF %

11:43

Catch nunbers at age

1950,

511260,
200000,
60000,
27620,
18480,
18550,
54700,
62860,
7950,
8860,
10950,
8690,
19450,
36830,
6640,
10700,
23730,
1087270,
933000,
100,

Cat ch
1951,

163550,
760770,
40000,
660,
38380,
17240,
16440,
51560,
60200,
7710,
8270,
10310,
10760,
25350,
34800,
4740,
30510,
1281250,
1278400,
100,

Cat ch
1961,

620750,
1607560,
288480,
3120,
810,
410,
1500,
1940,
6160,
4920,
13610,
72810,
4970,
4500,
6300,
2170,
3840,
2643850,
830100,
100,

nunbers at age

1952,

1372160,
914970,
123290,

3930,
6050,
60230,
13630,
20450,
38020,
37790,
7920,
8570,
10770,
10680,
18650,
25630,
30810,
2703550,
1254800,
100,

1953,

569720,
505500,
58130,
74010,
4660,
10090,
35560,
8190,
11090,
31410,
39490,
6170,
9120,
9410,
9880,
21550,
51490,
1455470,
1090600,
100,

nunbers at age

1962,

369320,
408110,
104130,
184380,
800,
310,
720,
2020,
1190,
5910,
5260,
11700,
81350,
4420,
5470,
6560,
8670,
1200320,
848600,
100,

1963,

480700,
211920,
204530,
76040,
83580,
530,
180,
360,
1830,
930,
10770,
9250,
17410,
92370,
7960,
6040,
12490,
1216890,
984500,
100,

1954,

1067600,
707110,
85540,
26630,
143550,
14290,
23600,
49030,
12810,
19980,
44040,
46070,
8840,
10060,
13300,
12680,
67640,
2352770,
1644500,
100,

1964,

361300,
272830,
22030,
11460,
39900,
204580,
1370,
150,
300,
2490,
2930,
9560,
8240,
15300,
77280,
4580,
29100,
1063400,
1281800,
100,

1955,

517560,
287110,
51010,
9300,
27640,
204510,
11430,
18960,
27470,
8530,
19340,
29560,
20320,
5870,
8460,
10360,
47700,
1305130,
1359800,
100,

1965,

230300,
378090,
285360,
8990,
25620,
57110,
219970,
1950,
1490,
740,
1910,
4000,
10050,
10780,
13870,
70400,
17910,
1338540,
1547700,
100,

Nurber s*10**- 4

Nunber s*10**- 4

1956,

536390,
202370,
62710,
11650,
25160,
31420,
255510,
11000,
20390,
26420,
13070,
19830,
27280,
16330,
6300,
8890,
47620,
1322340,
1659400,
100,

1957,

500190,
329080,
21950,
2330,
37330,
15380,
22850,
198530,
7200,
12730,
18250,
8840,
12120,
14930,
13160,
3370,
24770,
1243010,
1319500,
100,

1958,

966700,
279810,
66640,
1750,
1790,
11090,
8930,
19440,
97350,
7070,
12300,
20090,
9870,
7740,
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1966,

392650,
66280,
167800,
204870,
2690,
46660,
130600,
288450,
3790,
1430,
1740,
2620,
1100,
6910,
7210,
9670,
46000,
1380470,
1955000,
100,

1967,

42680,
987710,
7040,
139230,
325400,
2660,
42130,
113200,
172080,
890,
570,
350,
850,
890,
1750,
1430,
9010,
1847870,
1677200,
100,

1968,

178360,
43700,
38830,

9910,
188050,
138740,

1420,

9400,

13410,
34510,
200,
110,
80,
250,
260,
180,

1520,
658930,
712200,

100,
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1789630,
198530,
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1510,
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110380,
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18820,
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1860,
60,
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1 Catch nunbers at age

1971,
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8510,
182,
102,

1 Cat ch
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417,
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220,
451,
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0,
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100,

1 Cat ch
1991,

10,
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46,

9,
69,
10,
26,
53,

1,
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100,

1972,

34710,
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2040,
3538,
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69,
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20,

0,

49,
59,
59,

0,

0,

0,
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13161,
99,

1973,

2930,
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2520,

65,
151,
28,
18,

Loee

N
coxmooo

6489,
7017,
100,

nunbers at age

1982,

2260,

0,
6978,
16655,
100,

1983,

12700,

19466,
23054,
100,

nunbers at age

1992,

163,
15,
134,
1259,
3310,
498,
119,
1198,
575,
22568,
248,
64,
25,
124,
0,

0,

0,
30300,
104448,
100,

1993,

657,
13,
724,
2841,
10687,
8727,
863,
365,
2960,
1863,
41011,
0,

0
0,
0
0

o

70711,
232457,
100,

1974,

6590,
780,
390,

10,
24,
2451,
26,
20,
0,

ocoocooooo

10291,
7619,
101,

1984,

3386,
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43,

810,
3250,
11009,
36392,
16480,
1558,
814,
3733,
3566,
64541,
283,
46,

142742,
479228,
102,

1975,

3060,
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91,
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1,
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100,
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100,
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8000,
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107260,
225256,
100,

1987,

1385,
633,
3577,
1978,
50139,
1867,
350,
706,
2800,
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950,
450,
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650,
700,
45,
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68213,
127306,
100,
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1549,
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0,

0,

3014,
3437,
71363,
157100,
94058,
40628,
10341,
568,
737,
6609,
1757,
83655,
0,
0,
0,
473266,
1220283,
101,

1997,

0,

0,

2182,
13045,
27095,
179578,
199362,
76121,
32649,
6087,
2002,
3241,
9052,
1912,
37033,
30,

0,
589388,
1426507,
100,

1998,

0,

0,

8289,
7032,
24237,
36831,
176032,
126375,
38148,
12997,
4250,
2534,
348,
11260,
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10852,

0,
459749,
1223131,
100,
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1979,

0,
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3582,
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160496,
116426,
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4004,
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100,

1980,
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18,
59,
17,
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100,
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1440,
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104500,
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Table3.5.2.2. Runtitle

0

0

=

0

At 23/04/2001 11:43

Tabl e
YEAR,

ACGE
0,

©CONOURWNPE

+gp,
SOPCOFAC,

Tabl e
YEAR,

ACGE
0,

©CENOTRWNP

SOPCOFAC,

Tabl e
YEAR,

ACGE
0,

©CENOURWNPE

+ap,
SOPCOFAC,

2 Catch
1950,

. 0070,
. 0250,
. 0580,
. 1100,
. 1880,
. 2110,
. 2340,
. 2530,
. 2660,
. 2800,
. 2940,
. 3030,
. 3120,
. 3200,
. 3230,
. 3310,
. 3350,
1. 0019,

2 Cat ch
1951,

. 0090,
. 0290,
. 0680,
. 1300,
. 2220,
. 2490,
. 2760,
. 2980,
. 3140,
. 3300,
. 3460,
. 3570,
. 3680,
. 3770,
. 3810,
. 3900,
. 3950,
1. 0009,

2 Cat ch
1961,

. 0060,
. 0100,
. 0450,
. 0870,
. 1590,
. 2760,
. 3220,
. 3720,
. 3630,
. 3930,
. 4070,
. 3970,
. 4220,
. 4470,
. 4650,
. 4520,
. 4520,
1.0017,

Herring spring-spawn (run: SVPBJA12/V12)

wei ghts at age (kg)

wei ghts at age (kg)

1952, 1953, 1954, 1955, 1956, 1957,

. 0080, . 0080, . 0080, . 0080, . 0080, . 0080,
. 0260, . 0270, . 0260, . 0270, . 0280, . 0280,
. 0610, . 0630, . 0620, . 0630, . 0660, . 0660,
. 1150, . 1200, . 1170, . 1190, . 1260, . 1270,
. 1970, . 2050, . 2010, . 2040, . 2150, . 2160,
. 2210, . 2300, . 2250, . 2290, . 2410, . 2430,
. 2450, . 2550, . 2500, . 2540, . 2680, . 2690,
. 2650, . 2750, . 2690, . 2740, . 2890, . 2900,
. 2790, . 2900, . 2840, . 2890, . 3040, . 3060,
. 2930, . 3050, . 2990, . 3040, . 3200, . 3220,
. 3080, . 3200, . 3130, . 3180, . 3360, . 3380,
. 3170, . 3300, . 3230, . 3280, . 3460, . 3480,
. 3270, . 3400, . 3330, . 3380, . 3570, . 3590,
. 3350, . 3470, . 3410, . 3460, . 3650, . 3670,
. 3390, . 3510, . 3450, . 3500, . 3690, . 3710,
. 3460, . 3590, . 3520, . 3580, . 3780, . 3800,
. 3510, . 3640, . 3570, . 3630, . 3830, . 3850,
. 9963, . 9994, 1.0006, . 9995, 1.0013, 1.0030,

wei ghts at age (kg)

1962, 1963, 1964, 1965, 1966, 1967,

. 0090, . 0080, . 0090, . 0090, . 0080, . 0090,
. 0230, . 0260, . 0240, . 0160, . 0170, . 0150,
. 0550, . 0470, . 0590, . 0480, . 0400, . 0360,
. 0850, . 0980, . 1390, . 0890, . 0630, . 0660,
. 1480, . 1710, . 2190, . 2170, . 2460, . 0930,
. 2880, . 2750, . 2390, . 2340, . 2600, . 3050,
. 3330, . 2680, . 2980, . 2620, . 2650, . 3050,
. 3600, . 3230, . 2950, . 3310, . 3010, . 3100,
. 3520, . 3290, . 3390, . 3600, . 4100, . 3330,
. 3500, . 3360, . 3500, . 3670, . 4250, . 3590,
. 3740, . 3410, . 3580, . 3860, . 4560, . 4130,
. 3840, . 3580, . 3510, . 3950, . 4600, . 4460,
. 3740, . 3850, . 3670, . 3930, . 4670, . 4010,
. 3940, . 3530, . 3750, . 4040, . 4460, . 4080,
. 3990, . 3810, . 3720, . 4010, . 4590, . 4390,
. 4110, . 3860, . 4270, . 4290, . 4650, . 4270,
. 4160, . 3860, . 4340, . 4370, . 4740, . 4310,
. 9997, 1.0003, . 9995, . 9995, 1.0001, 1.0005,

1958,

. 0090,
. 0300,
. 0700,
. 1330,
. 2270,
. 2550,
. 2830,
. 3050,
. 3210,
. 3380,
. 3550,
. 3660,
. 3770,
. 3860,
. 3900,
. 3990,
. 4040,
. 9985,

1968,

. 0100,
. 0270,
. 0490,
. 0750,
. 1080,
. 1580,
. 3750,
. 3830,
. 3640,
. 3820,
. 4410,
. 4100,
. 4420,
. 5170,
. 4910,
. 4640,
. 4870,
. 9991,
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1959,

. 0090,
. 0300,
. 0710,
. 1350,
. 2310,
. 2590,
. 2870,
. 3100,
. 3270,
. 3440,
. 3600,
. 3720,
. 3830,
. 3920,
. 3970,
. 4060,
. 4110,
1. 0004,

1969,

. 0090,
. 0210,
. 0470,
. 0720,
. 1050,
. 1520,
. 2960,
. 3760,
. 3290,
. 3290,
. 3410,
. 3630,
. 3850,
. 3770,
. 4510,
. 4230,
. 4290,
1. 0036,

1960,

. 0060,
. 0110,
. 0740,
. 1190,
. 1880,
. 2770,
. 3370,
. 3180,
. 3630,
. 3790,
. 3600,
. 4200,
. 4110,
. 4390,
. 4500,
. 4440,
. 4480,
1. 0014,

1970,

. 0080,
. 0580,
. 0850,
. 1050,
.1710,
. 2560,
. 2160,
. 2770,
. 2980,
. 3040,
. 3050,
. 3090,
. 3570,
. 3480,
. 3570,
. 3670,
. 3760,
1. 0030,
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Table 2 Catch weights at age (kg)

YEAR, 1971, 1972, 1973, 1974, 1975, 1976, 1977, 1978, 1979, 1980,
AGE

0, . 0110, . 0110, . 0060, . 0060, . 0090, . 0070, . 0110, . 0120, . 0100, . 0120,
1, . 0530, . 0290, . 0530, . 0550, . 0790, . 0620, . 0910, . 1000, . 0880, . 1010,
2, . 1210, . 0620, . 1060, . 1170, . 1690, . 1320, . 1930, . 2100, . 1810, . 2020,
3, . 1770, . 1030, . 1610, . 1680, . 2410, . 1890, . 3160, . 2740, . 2930, . 2660,
4, . 2160, . 1540, . 2130, . 2220, . 3180, . 2500, . 3500, . 4240, . 3590, . 3990,
5, . 2500, . 2150, . 2390, . 2490, . 3580, . 2800, . 3980, . 4540, . 4160, . 4490,
6, . 2770, . 2580, . 2550, . 2650, . 3810, . 2980, . 4390, . 4950, . 4360, . 4600,
7, . 3050, . 2950, . 2770, . 2880, . 4130, . 3230, . 4950, . 5240, . 4820, . 4850,
8, . 3330, . 3220, . 2870, . 2990, . 4290, . 3360, . 5110, . 5960, . 4820, . 4720,
9, . 3530, . 3410, . 3240, . 3370, . 4840, . 3790, . 5580, . 6130, . 5390, . 6180,
10, . 3660, . 3540, . 3380, . 3520, . 5060, . 3960, . 5830, . 6500, . 5530, . 6450,
11, . 3770, . 3650, . 2570, . 2670, . 3840, . 3000, . 5370, . 5900, . 5180, . 6080,
12, . 3880, . 3760, . 2570, . 3240, . 4660, . 3640, . 5370, . 5900, . 5180, . 5940,
13, . 3990, . 3870, . 2570, . 3240, . 4660, . 3640, . 5370, . 5900, . 5180, . 5940,
14, . 4190, . 4060, . 2570, . 3240, . 4660, . 3640, . 5370, . 5900, . 5180, . 5940,
15, . 4440, . 4300, . 2570, . 3240, . 4660, . 3640, . 5370, . 5900, . 5180, . 5940,
+gp, . 4440, . 4300, . 2570, . 3240, . 4660, . 3640, . 5370, . 5900, . 5180, . 5940,
0 SOPCOFAC, 1. 0001, .9935, 1.0011, 1.0051, 1.0002, 1.0004, . 9991, . 9998, 1.0016, . 9999,

Table 2 Catch weights at age (kg)

YEAR, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 1988, 1989, 1990,
ACGE

0, . 0100, . 0100, . 0110, . 0090, . 0090, . 0070, . 0100, . 0080, . 0100, . 0070,
1, . 0820, . 0870, . 0900, . 0470, . 0220, . 0770, . 0750, . 0620, . 0600, . 0780,
2, . 1630, . 1590, . 1650, . 1450, . 0220, . 0970, . 0910, . 0750, . 2040, . 1020,
3, . 1960, . 2560, . 2170, . 2180, . 2140, . 0550, . 1240, . 1240, . 1880, . 2300,
4, . 2910, . 3120, . 2650, . 2620, . 2770, . 2490, . 1730, . 1540, . 2640, . 2390,
5, . 3410, . 3780, . 3370, . 3250, . 2950, . 2940, . 2530, . 1940, . 2600, . 2660,
6, . 3680, . 4150, . 3780, . 3460, . 3380, . 3120, . 2320, . 2410, . 2820, . 3050,
7, . 3800, . 4350, . 4100, . 3810, . 3600, . 3520, . 3120, . 2650, . 3060, . 3080,
8, . 3970, . 4490, . 4260, . 4000, . 3810, . 3740, . 3280, . 3040, . 3090, . 3760,
9, . 4360, . 4480, . 4350, . 4130, . 3970, . 3980, . 3490, . 3050, . 3910, . 4070,
10, . 4500, . 5060, . 4440, . 4050, . 4090, . 4020, . 3530, . 3170, . 4220, . 4120,
11, . 4920, . 4930, . 4680, . 4260, . 4170, . 4010, . 3700, . 3080, . 3640, . 4240,
12, . 4810, . 4990, . 4610, . 4150, . 4350, . 4100, . 3850, . 3340, . 4290, . 4280,
13, . 4810, . 4990, . 4610, . 4150, . 4350, . 4100, . 3850, . 3340, . 4290, . 4280,
14, . 4810, . 4990, . 4610, . 4150, . 4350, . 4100, . 3850, . 3340, . 4290, . 4280,
15, . 4810, . 4990, . 4610, . 4150, . 4350, . 4100, . 3850, . 3340, . 4290, . 4280,
+ap, . 4810, . 4990, . 4610, . 4150, . 4350, . 4100, . 3850, . 3340, . 4290, . 4280,
0 SOPCOFAC, 1.0007, 1.0001, . 9981, . 9999, . 9997, 1.0010, . 9979, . 9998, 1.0007, . 9992,

Table 2 Catch wei ghts at age (kg)

YEAR, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998, 1999, 2000,
AGE

0, . 0070, . 0070, . 0070, . 0070, . 0070, . 0070, . 0070, . 0070, . 0070, . 0070,
1, . 0150, . 0750, . 0300, . 0630, . 0630, . 0630, . 0630, . 0630, . 0630, . 0630,
2, . 1040, . 1030, . 1060, . 1020, . 1020, . 1360, . 0890, . 1110, . 0960, . 1240,
3, . 2080, . 1910, . 1530, . 1940, . 1530, . 1360, . 1670, . 1500, . 1730, . 1750,
4, . 2500, . 2330, . 2430, . 2390, . 1920, . 1680, . 1840, . 2160, . 2280, . 2220,
5, . 2880, . 3040, . 2820, . 2800, . 2340, . 2060, . 2070, . 2210, . 2620, . 2420,
6, . 3120, . 3370, . 3200, . 3170, . 2830, . 2620, . 2320, . 2490, . 2740, . 2890,
7, . 3160, . 3650, . 3300, . 3280, . 3280, . 3090, . 2770, . 2770, . 2920, . 3030,
8, . 3300, . 3610, . 3650, . 3560, . 3490, . 3370, . 3050, . 3160, . 3070, . 3100,
9, . 3440, . 3710, . 3730, . 3720, . 3560, . 3660, . 3310, . 3380, . 3350, . 3280,
10, . 3720, . 4030, . 3790, . 3900, . 3740, . 3600, . 3280, . 3740, . 3620, . 3490,
11, . 3540, . 3650, . 3800, . 3790, . 3660, . 3610, . 3440, . 3720, . 3710, . 3830,
12, . 3980, . 3940, . 3850, . 3990, . 3930, . 3670, . 3430, . 3660, . 3990, . 4110,
13, . 3980, . 4040, . 3900, . 4030, . 3870, . 3790, . 3970, . 3960, . 3960, . 4100,
14, . 3980, . 4060, . 3950, . 4050, . 4000, . 3790, . 3570, . 3770, . 4000, . 4190,
15, . 3980, . 4080, . 4000, . 4070, . 4000, . 3790, . 5100, . 4060, . 4000, . 4090,
+gp, . 3980, . 4100, . 4050, . 4050, . 4000, . 3790, . 5100, . 4060, . 4040, . 4090,
0 SOPCOFAC, 1.0015, 1.0024, .9981, 1.0192, 1.0000, 1.0075, . 9996, . 9995, 1.0020, . 9996,
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Table3.5.2.3. Runtitle

At 23/04/2001 11:43
Table 3 St ock
YEAR, 1950,
AGE

0, . 0010,
1, . 0080,
2, . 0470,
3, . 1000,
4, . 2040,
5, . 2300,
6, . 2550,
7, . 2750,
8, . 2900,
9, . 3050,
10, . 3150,
11, . 3250,
12, . 3300,
13, . 3400,
14, . 3450,
15, . 3620,
+gp, . 3650,
Table 3 St ock
YEAR, 1951,
AGE
0, . 0010,
1, . 0080,
2, . 0470,
3, . 1000,
4, . 2040,
5, . 2300,
6, . 2550,
7, . 2750,
8, . 2900,
9, . 3050,
10, . 3150,
11, . 3250,
12, . 3300,
13, . 3400,
14, . 3450,
15, . 3620,
+gp, . 3650,
Table 3 St ock
YEAR, 1961,
AGE
0, . 0010,
1, . 0080,
2, . 0470,
3, . 1000,
4, . 2320,
5, . 2500,
6, . 2920,
7, . 3020,
8, . 3040,
9, . 3230,
10, . 3220,
11, . 3210,
12, . 3440,
13, . 3570,
14, . 3630,
15, . 3650,
+gp, . 3700,

wei ghts at age (kg)

wei ghts at age (kg)

1952,

. 0010,
. 0080,
. 0470,
. 1000,
. 2040,
. 2300,
. 2550,
. 2750,
. 2900,
. 3050,
. 3150,
. 3250,
. 3300,
. 3400,
. 3450,
. 3620,
. 3650,

wei ghts at age (kg)

1962,

. 0010,
. 0080,
. 0470,
. 1000,
. 2190,
. 2910,
. 3000,
. 3160,
. 3240,
. 3260,
. 3350,
. 3380,
. 3340,
. 3470,
. 3540,
. 3580,
. 3580,

1953,

. 0010,
. 0080,
. 0470,
. 1000,
. 2040,
. 2300,
. 2550,
. 2750,
. 2900,
. 3050,
. 3150,
. 3250,
. 3300,
. 3400,
. 3450,
. 3620,
. 3650,

1963,

. 0010,
. 0080,
. 0470,
. 1000,
. 1850,
. 2530,
. 2940,
. 3120,
. 3290,
. 3270,
. 3340,
. 3410,
. 3490,
. 3410,
. 3580,
. 3750,
. 3750,

1954,

. 0010,
. 0080,
. 0470,
. 1000,
. 2040,
. 2300,
. 2550,
. 2750,
. 2900,
. 3050,
. 3150,
. 3250,
. 3300,
. 3400,
. 3450,
. 3620,
. 3650,

1964,

. 0010,
. 0080,
. 0470,
. 1000,
. 1940,
. 2130,
. 2640,
. 3170,
. 3630,
. 3530,
. 3490,
. 3540,
. 3570,
. 3590,
. 3650,
. 4020,
. 4020,

1955,

. 0010,
. 0080,
. 0470,
. 1000,
. 1950,
. 2130,
. 2600,
. 2750,
. 2900,
. 3050,
. 3150,
. 3250,
. 3300,
. 3400,
. 3450,
. 3620,
. 3650,

1965,

. 0010,
. 0080,
. 0470,
. 1000,
. 1860,
. 1990,
. 2360,
. 2600,
. 3630,
. 3500,
. 3700,
. 3600,
. 3780,
. 3870,
. 3900,
. 3940,
. 3940,

: Herring spring-spawn (run: SVPBJA12/V12)

1956,

. 0010,
. 0080,
. 0470,
. 1000,
. 2050,
. 2300,
. 2490,
. 2750,
. 2900,
. 3050,
. 3150,
. 3250,
. 3300,
. 3400,
. 3450,
. 3620,
. 3650,

1966,

. 0010,
. 0080,
. 0470,
. 1000,
. 1850,
. 2190,
. 2220,
. 2490,
. 3060,
. 3540,
. 3770,
. 3910,
. 3790,
. 3780,
. 3610,
. 3830,
. 3830,

1957,

. 0010,
. 0080,
. 0470,
. 1000,
. 1360,
. 2280,
. 2550,
. 2620,
. 2900,
. 3050,
. 3150,
. 3250,
. 3300,
. 3400,
. 3450,
. 3620,
. 3650,

1967,

. 0010,
. 0080,
. 0470,
. 1000,
. 1800,
. 2280,
. 2690,
. 2700,
. 2940,
. 3240,
. 4200,
. 4300,
. 3660,
. 3680,
. 4330,
. 4140,
. 4140,

1958,

. 0010,
. 0080,
. 0470,
. 1000,
. 2040,
. 2420,
. 2920,
. 2950,
. 2930,
. 3050,
. 3150,
. 3300,
. 3400,
. 3450,
. 3520,
. 3600,
. 3650,

1968,

. 0010,
. 0080,
. 0470,
. 1000,
. 1150,
. 2060,
. 2660,
. 2750,
. 2740,
. 2850,
. 3500,
. 3250,
. 3630,
. 4080,
. 3880,
. 3780,
. 3780,
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1959,

. 0010,
. 0080,
. 0470,
. 1000,
. 2040,
. 2520,
. 2600,
. 2900,
. 3000,
. 3050,
. 3150,
. 3250,
. 3300,
. 3400,
. 3450,
. 3550,
. 3600,

1969,

. 0010,
. 0080,
. 0470,
. 1000,
. 1150,
. 1450,
. 2700,
. 3000,
. 3060,
. 3080,
. 3180,
. 3400,
. 3680,
. 3600,
. 3930,
. 3970,
. 3970,

1960,

. 0010,
. 0080,
. 0470,
. 1000,
. 2040,
. 2700,
. 2910,
. 2930,
. 3210,
. 3180,
. 3200,
. 3440,
. 3490,
. 3700,
. 3790,
. 3750,
. 3800,

1970,

. 0010,
. 0080,
. 0470,
. 1000,
. 2090,
. 2720,
. 2300,
. 2950,
. 3170,
. 3230,
. 3250,
. 3290,
. 3800,
. 3700,
. 3800,
. 3910,
. 3910,
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Table 3 Stock weights at age (kg)

YEAR, 1971, 1972, 1973, 1974, 1975, 1976, 1977, 1978, 1979, 1980,
AGE
0, . 0010, . 0010, . 0010, . 0010, . 0010, . 0010, . 0010, . 0010, . 0010, . 0010,
1, . 0150, . 0100, . 0100, . 0100, . 0100, . 0100, . 0100, . 0100, . 0100, . 0100,
2, . 0800, . 0700, . 0850, . 0850, . 0850, . 0850, . 0850, . 0850, . 0850, . 0850,
3, . 1000, . 1500, . 1700, . 1700, . 1810, . 1810, . 1810, . 1800, . 1780, . 1750,
4, . 1900, . 1500, . 2590, . 2590, . 2590, . 2590, . 2590, . 2940, . 2320, . 2830,
5, . 2250, . 1400, . 3420, . 3420, . 3420, . 3420, . 3430, . 3260, . 3590, . 3470,
6, . 2500, . 2100, . 3840, . 3840, . 3840, . 3840, . 3840, . 3710, . 3850, . 4020,
7, . 2750, . 2400, . 4090, . 4090, . 4090, . 4090, . 4090, . 4090, . 4200, . 4210,
8, . 2900, . 2700, . 4040, . 4440, . 4440, . 4440, . 4440, . 4610, . 4440, . 4650,
9, . 3100, . 3000, . 4610, . 4610, . 4610, . 4610, . 4610, . 4760, . 5050, . 4650,
10, . 3250, . 3250, . 5200, . 5200, . 5200, . 5200, . 5200, . 5200, . 5200, . 5200,
11, . 3350, . 3350, . 5340, . 5430, . 5430, . 5430, . 5430, . 5430, . 5510, . 5340,
12, . 3450, . 3450, . 5000, . 4820, . 4820, . 4820, . 4820, . 5000, . 5000, . 5000,
13, . 3550, . 3550, . 5000, . 4820, . 4820, . 4820, . 4820, . 5000, . 5000, . 5000,
14, . 3650, . 3650, . 5000, . 4820, . 4820, . 4820, . 4820, . 5000, . 5000, . 5000,
15, . 3900, . 3900, . 5000, . 4820, . 4820, . 4820, . 4820, . 5000, . 5000, . 5000,
+gp, . 3900, . 3900, . 5000, . 4820, . 4820, . 4820, . 4820, . 5000, . 5000, . 5000,

Table 3 Stock weights at age (kg)

YEAR, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 1988, 1989, 1990,
AGE
0, . 0010, . 0010, . 0010, . 0010, . 0010, . 0010, . 0010, . 0010, . 0010, . 0010,
1, . 0100, . 0100, . 0100, . 0100, . 0100, . 0100, . 0100, . 0150, . 0150, . 0080,
2, . 0850, . 0850, . 0850, . 0850, . 0230, . 0850, . 0550, . 0500, . 1000, . 0480,
3, . 1700, . 1700, . 1550, . 1400, . 1480, . 0540, . 0900, . 0980, . 1540, . 2190,
4, . 2240, . 2040, . 2490, . 2040, . 2340, . 2060, . 1430, . 1350, . 1750, . 1980,
5, . 3360, . 3030, . 3040, . 2950, . 2650, . 2650, . 2410, . 1970, . 2090, . 2580,
6, . 3780, . 3550, . 3680, . 3380, . 3120, . 2890, . 2790, . 2770, . 2520, . 2880,
7, . 3870, . 3830, . 4040, . 3760, . 3460, . 3390, . 2990, . 3150, . 3050, . 3090,
8, . 4080, . 3950, . 4240, . 3950, . 3700, . 3680, . 3160, . 3390, . 3670, . 4280,
9, . 3970, . 4130, . 4370, . 4070, . 3950, . 3910, . 3420, . 3430, . 3770, . 3700,
10, . 5200, . 4530, . 4360, . 4130, . 3970, . 3820, . 3430, . 3590, . 3590, . 4030,
11, . 5430, . 4680, . 4930, . 4220, . 4280, . 3880, . 3620, . 3650, . 3950, . 3870,
12, . 5120, . 5060, . 4950, . 4370, . 4280, . 3950, . 3760, . 3760, . 3960, . 4400,
13, . 5120, . 5060, . 4950, . 4370, . 4280, . 3950, . 3760, . 3760, . 3960, . 4400,
14, . 5120, . 5060, . 4950, . 4370, . 4280, . 3950, . 3760, . 3760, . 3960, . 4400,
15, . 5120, . 5060, . 4950, . 4370, . 4280, . 3950, . 3760, . 3760, . 3960, . 4400,
+gp, . 5120, . 5060, . 4950, . 4370, . 4280, . 3950, . 3760, . 3760, . 3960, . 4400,

Table 3 Stock weights at age (kg)

YEAR, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998, 1999, 2000,
AGE
0, . 0010, . 0010, . 0010, . 0010, . 0010, . 0010, . 0010, . 0010, . 0010, . 0010,
1, . 0110, . 0070, . 0080, . 0100, . 0180, . 0180, . 0180, . 0180, . 0180, . 0180,
2, . 0370, . 0300, . 0250, . 0250, . 0250, . 0250, . 0250, . 0250, . 0250, . 0250,
3, . 1470, . 1280, . 0810, . 0750, . 0660, . 0760, . 0960, . 0740, . 1020, . 1190,
4, . 2100, . 2240, . 2010, . 1510, . 1380, . 1180, . 1180, . 1470, . 1500, . 1780,
5, . 2440, . 2960, . 2650, . 2540, . 2300, . 1880, . 1740, . 1740, . 2230, . 2250,
6, . 3000, . 3270, . 3230, . 3180, . 2960, . 2610, . 2290, . 2170, . 2400, . 2710,
7, . 3240, . 3550, . 3540, . 3710, . 3460, . 3160, . 2860, . 2420, . 2640, . 2850,
8, . 3360, . 3450, . 3580, . 3470, . 3880, . 3460, . 3230, . 2780, . 2830, . 2980,
9, . 3430, . 3670, . 3810, . 4120, . 3630, . 3740, . 3700, . 3040, . 3150, . 3110,
10, . 3820, . 3410, . 3690, . 3820, . 4090, . 3900, . 3780, . 3100, . 3450, . 3390,
11, . 3660, . 3610, . 3960, . 4070, . 4140, . 3900, . 3860, . 3590, . 3860, . 3900,
12, . 4250, . 4300, . 3930, . 4100, . 4220, . 3840, . 3600, . 3400, . 3860, . 3980,
13, . 4250, . 4700, . 3740, . 4100, . 4100, . 3980, . 3930, . 3440, . 3860, . 4060,
14, . 4250, . 4700, . 4030, . 4100, . 4100, . 3980, . 3910, . 3850, . 3820, . 4140,
15, . 4250, . 4700, . 4000, . 4100, . 4050, . 3980, . 3910, . 3630, . 3820, . 4220,
+gp, . 4250, . 4500, . 4000, . 4100, . 4470, . 3980, . 3910, . 3750, . 4070, . 4310,
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Table3.5.2.4. Runtitle: Herring spring-spawn (run: SVPBJA12/V12)

At 23/ 04/ 2001
Table 5
YEAR,

ACGE
0,

©CONOURWNPE

+gp,

Table 5
YEAR,

ACGE
0,

©CONOIRWNPE

©CONDUAWN

>
coooxlmwh_wv\:v—\om

PREPPRERPPRERE PREPPRERPPRERE

PREPPRERPPRRRER

PREPPREPRPRPR

11:43

Proportion mature at age

1950,
. 0000,
. 0000,
. 0000,
. 0000,
. 1000,
. 3000,
. 6000,
. 9000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
Proportion mature at age
1951, 1952, 1953, 1954, 1955, 1956, 1957, 1958,
. 0000, . 0000, . 0000, . 0000, . 0000, . 0000, . 0000, . 0000,
. 0000, . 0000, . 0000, . 0000, . 0000, . 0000, . 0000, . 0000,
. 0000, . 0000, . 0000, . 0000, . 0000, . 0000, . 0000, . 0000,
. 0000, . 0000, . 0000, . 0000, . 0800, . 0800, . 0000, . 0800,
. 1000, . 1000, . 1000, . 1000, . 2200, . 2200, . 0000, . 2200,
. 3000, .3000, . 3000, .3000, . 3700, . 3700, . 5000, . 3700,
. 6000, . 6000, . 6000, . 6000, . 8500, . 8500, . 6000, . 8500,
. 9000, . 9000, . 9000, . 9000, 1.0000, 1.0000, 1.0000, 1.0000,
0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
Proportion mature at age
1961, 1962, 1963, 1964, 1965, 1966, 1967, 1968,
. 0000, . 0000, . 0000, . 0000, . 0000, . 0000, . 0000, . 0000,
. 0000, . 0000, . 0000, . 0000, . 0000, . 0000, . 0000, . 0000,
. 0000, . 0000, . 0000, . 0000, . 0000, . 0000, . 0000, . 0000,
. 0400, . 0000, . 0400, . 0200, . 0000, . 0100, . 0000, . 0000,
. 3500, . 1100, . 0300, . 0600, . 3400, . 1500, . 0100, . 0000,
. 6800, . 6700, . 3200, . 2800, . 3500, 1.0000, . 2300, . 0100,
. 9400, 1.0000, . 9000, . 3200, . 7600, . 9600, 1.0000, . 7600,
0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
Proportion mature at age
1971, 1972, 1973, 1974, 1975, 1976, 1977, 1978,
. 0000, . 0000, . 0000, . 0000, . 0000, . 0000, . 0000, . 0000,
. 0000, . 0000, . 0000, . 0000, . 0000, . 0000, . 0000, . 0000,
. 0000, . 0000, . 1000, . 1000, . 1000, . 1000, . 0000, . 0000,
. 1000, . 0000, . 5000, . 5000, . 5000, . 5000, . 7300, . 1300,
. 2500, . 1000, . 9000, . 9000, 1.0000, . 9000, . 8900, . 9000,
. 6000, . 2500, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
. 9000, . 6000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
0000, .9000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
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PREPPRERPPRRREPR PREPPRERPRPRRER

PREPPRERPPERE

1959,

. 0000,
. 0000,
. 0000,
. 0800,
. 2200,
. 3700,
. 8500,

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

1969,

. 0000,
. 0000,
. 0000,
. 6200,
. 8900,
. 9500,
. 0000,
. 0000,

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

1979,

. 0000,
. 0000,
. 0000,
. 1000,
. 6200,
. 9500,

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

RPRREPRPRRRRRERR

RPRREPRPRRRRRERRE

RPRRPRPRRRRERR

1960,

. 0000,
. 0000,
. 0000,
. 0800,
. 2200,
. 3700,
. 8500,
. 0000,
. 0000,

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

. 0000,
. 0000,

1970,

. 0000,
. 0000,
. 0000,
. 0600,
. 1300,
. 3100,
. 1700,
. 0000,

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

. 0000,

1980,

. 0000,
. 0000,
. 0000,
. 2500,
. 5000,
. 9700,
. 0000,
. 0000,

0000,
0000,
0000,
0000,
0000,

. 0000,
. 0000,
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72

15, 1.0000, 1.0000, 1.0000, 1.0000,
+gp, 1.0000, 1.0000, 1.0000, 1.0000,
Table 5 Proportion mature at age
YEAR, 1981, 1982, 1983, 1984,
AGE

0, . 0000, . 0000, . 0000, . 0000,
1, . 0000, . 0000, . 0000, . 0000,
2, . 0000, . 0000, . 0000, . 0000,
3, . 3000, . 1000, . 1000, . 1000,
4, . 5000, . 4800, . 5000, . 5000,
5, . 9000, . 7000, . 6900, . 9000,
6, 1. 0000, 1.0000, . 7100, . 9500,
7, 1.0000, 1.0000, 1.0000, 1.0000,
8, 1.0000, 1.0000, 1.0000, 1.0000,
9, 1.0000, 1.0000, 1.0000, 1.0000,

10, 1.0000, 1.0000, 1.0000, 1.0000,

11, 1.0000, 1.0000, 1.0000, 1.0000,

12, 1.0000, 1.0000, 1.0000, 1.0000,

13, 1.0000, 1.0000, 1.0000, 1.0000,

14, 1.0000, 1.0000, 1.0000, 1.0000,

15, 1.0000, 1.0000, 1.0000, 1.0000,
+gp, 1.0000, 1.0000, 1.0000, 1.0000,
Table 5 Proportion mature at age
YEAR, 1991, 1992, 1993, 1994,
AGE

0, . 0000, . 0000, . 0000, . 0000,
1, . 0000, . 0000, . 0000, . 0000,
2, . 0000, . 0000, . 0000, . 0000,
3, . 1000, . 1000, . 0100, . 0100,
4, . 7000, . 2000, . 3000, .3000,
5, 1. 0000, . 8000, . 8000, . 8000,
6, 1.0000, 1.0000, 1.0000, 1.0000,
7, 1.0000, 1.0000, 1.0000, 1.0000,
8, 1.0000, 1.0000, 1.0000, 1.0000,
9, 1.0000, 1.0000, 1.0000, 1.0000,

10, 1.0000, 1.0000, 1.0000, 1.0000,

11, 1.0000, 1.0000, 1.0000, 1.0000,

12, 1.0000, 1.0000, 1.0000, 1.0000,

13, 1.0000, 1.0000, 1.0000, 1.0000,

14, 1.0000, 1.0000, 1.0000, 1.0000,

15, 1.0000, 1.0000, 1.0000, 1.0000,
+gp, 1.0000, 1.0000, 1.0000, 1.0000,

1
1

PREPPRERPPRRPEPR

PREPPRERPPRREPRPR

. 0000,
. 0000,

1985,

. 0000,
. 0000,
. 0000,
. 1000,
. 5000,
. 9000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,

1995,

. 0000,
. 0000,
. 0000,
. 0000,
. 3000,
. 8000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,

1
1

RPRRPRPRRRRRRRER

RPRREPRPRRRRRERRRER

. 0000,
. 0000,

1986,

. 0000,
. 0000,
. 0000,
. 1000,
. 2000,
. 9000,
. 0000,
. 0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
. 0000,
. 0000,

1996,

. 0000,
. 0000,
. 0000,
. 0000,
. 3000,
. 9000,
. 0000,
. 0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
. 0000,

1
1

PREPPRERPPRRRPEPR

PREPPRERPPRRERREPR

. 0000,
. 0000,

1987,

. 0000,
. 0000,
. 0000,
. 1000,
. 3000,
. 9000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,

1997,

. 0000,
. 0000,
. 0000,
. 0000,
. 3000,
. 9000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,

1
1

RPRREPRRPRRRRRRRER

RPRRPRPRRRPRRRERRRER

. 0000,
. 0000,

1988,

. 0000,
. 0000,
. 0000,
. 1000,
. 3000,
. 9000,
. 0000,
. 0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
. 0000,
. 0000,

1998,

. 0000,
. 0000,
. 0000,
. 0000,
. 3000,
. 9000,
. 0000,
. 0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
. 0000,
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1
1

PREPPRERPPRRPEPR

PREPPRERPPRERPEPR

. 0000,
. 0000,

1989,

. 0000,
. 0000,
. 0000,
. 1000,
. 3000,
. 9000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,

1999,

. 0000,
. 0000,
. 0000,
. 0000,
. 3000,
. 9000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,

1
1

RPRRPRRRRRRP

RPRRPRPRRRRRERRRER

. 0000,
. 0000,

1990,

. 0000,
. 0000,
. 0000,
. 4000,
. 8000,
. 9000,
. 9000,
. 9000,
. 0000,
. 0000,
0000,
0000,
0000,
0000,
0000,
. 0000,
. 0000,

2000,

. 0000,
. 0000,
. 0000,
. 0000,
. 3000,
. 9000,
. 0000,
. 0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
. 0000,



Table 3.5.4.1. Summary of exploratory runs for Norwegian spring spawning herring.

For expl anations of each run, see the text

Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 Run 7 Run 8
SSB 2001 6.24 6.71 6.52 6.32 6.78 7.99 7.62 5.85
6
7

SSB 2000 .73 7.25 7.10 6. 97 7.61 8. 60 8.12 6. 48
SSB 1999 .97 8.52 8.38 8.28 9.01 9.95 9.41 7.76
SSB 1998 8. 39 8.94 8.82 8.75 9.63 10.43 9.77 8.21
Total |og-1ikelihood -420.10 -441.56 -531.00 -454.63 -780.13 -406.46 -374.81 -419.79
Log-1i kel ihood surveys per term -1.54 -1.60 -2.11 -2.31 -5.72 -1.65 -1.59 -1.44
Nunber survey terms 87.00 97.00 117.00 87.00 89.00 89.00 97.00 93.00
Log-1ikelihood tag returns per term -2.03 -2.04 -2.03 -2.15 -2.20 -2.20 -2.00 -2.03
Nunber tag return terns 110.00 110.00 110.00 89.00 85.00 85.00 80.00 110.00

.95 -2.93 -2.93 -2.94 -3.98 -3.45 -2.91 -2.96
. . 21.00 21.00 21.00
.63 0.63 0.53 0.59 0.76
57 0.70 0.55 0.53 0. 65

Log-1ikelihood |arval index per term -2

Nunber larval index termns 21

Cat chability Spawni ng grounds 0.73 0.63
0
0

o
S
N
[
o
S
N
[
o
S
N

or
o
S
N
[
o
S

Catchability Decenber in Ofoten

0.

0.
Catchability January in Ofoten 73 0. 69 0. 69 0.70 0.41 0.68 0. 66 0.73
Catchability Young herring in the Barents Sea 0. 40 0.41
Catchability Herring in the Norwegi an Sea 0. 95 0. 87 0. 87 0. 87 0. 87 0.75 0. 80 0. 95
Terminal F 1983 0.35 0. 30 0.28 0.24 0.24 0.35 0.28 0.37
Terminal F 1990 0.19 0.16 0.15 0.16 0.16 0.15 0.15 0.19
Terminal F 1991 0.22 0.20 0.20 0.20 0.20 0.17 0.17 0.22
Terminal F 1992 0.17 0.16 0.16 0.17 0.17 0.13 0.13 0.18
Terminal F 1993 0.15 0.15 0.15 0.16 0.16 0.13 0.13 0.15
Terminal F 1994 0.15
Di stribution paraneter 0. 39 0. 38 0. 56 0. 60 0. 60 0. 33 0. 38 0. 38
Catchability larval index 3.63 3.49 3. 47 3.44 3.44 2.48 3.35 3.64
Larval distribution paraneter 0. 58 0. 57 0. 57 0. 57 0. 57 0. 89 0. 56 0. 58
Taggi ng survi val 0. 46 0. 47 0.48 0.51 0.51 0. 52 0. 45 0. 45
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Table3.5.6.1.

Run title : Herring spring-spawn (run: SVPBJA12/V12)
At 23/04/2001 11:44
Tradi tional vpa using screen input for termnal F

Table 8 Fishing nortality (F) at age

YEAR, 1950,
AGE

0, . 0104,
1, . 1217,
2, . 0658,
3, . 0278,
4, . 0508,
5, . 0410,
6, . 0709,
7, . 0884,
8, . 0446,
9, . 0346,
10, . 0375,
11, . 0369,
12, . 0379,
13, . 0666,
14, . 0780,
15, . 0459,
+gp, . 0459,
0 FBAR 2-13, . 0502,

Table 8 Fishing nortality (F) at age

YEAR, 1951, 1952, 1953, 1954, 1955, 1956, 1957, 1958, 1959, 1960,
AGE
0, . 0174, . 2455, . 1082, . 4996, . 3874, . 3408, . 3741, . 6958, . 0689, . 1068,
1, . 0390, . 2699, . 2894, . 4172, . 5567, . 5949, . 8901, . 9181, . 7079, . 1421,
2, 0661, . 0160, . 0505, . 1521, . 0987, . 5132, . 2514, 1.2040, . 5811, . 6955,
3, 0013, . 0118, . 0171, . 0424, . 0320, . 0426, . 0462, . 0414, . 1058, . 7587,
4, . 0465, . 0141, . 0165, . 0396, . 0537, . 1079, . 1763, . 0431, . 0781, . 1698,
5, 0581, . 0908, . 0279, . 0612, . 0692, . 0756, . 0844, . 0689, . 0769, . 1041,
6, . 0440, . 0565, . 0674, . 0799, . 0605, . 1097, . 0687, . 0612, . 1160, . 0916,
7, 0839, . 0673, . 0415, . 1184, . 0808, . 0723, . 1105, . 0728, . 0990, . 0985,
8, 1085, . 0779, . 0448, . 0800, . 0854, 1111, . 0587, . 0689, . 1150, . 0804,
9, . 0527, . 0873, . 0810, . 1009, . 0666, . 1049, . 0891, . 0714, . 0987, . 1278,
10, . 0390, . 0668, . 1173, . 1476, . 1270, . 1307, . 0930, . 1105, . 1140, . 1357,
11, . 0427, . 0490, . 0645, . 1846, . 1325, . 1759, . 1163, . 1330, . 1475, . 1449,
12, . 0556, . 0544, . 0641, . 1175, . 1098, . 1647, . 1469, . 1741, L1777, . 2138,
13, . 0602, . 0682, . 0584, . 0886, . 1012, . 1147, . 1209, . 1249, . 2207, . 1925,
14, . 0787, . 0545, . 0789, . 1039, . 0949, . 1424, . 1208, . 0736, . 1678, . 2032,
15, . 0697, . 0726, . 0782, . 1304, . 1044, . 1295, . 1000, . 0820, . 1127, . 1387,
+gp, . 0697, . 0726, . 0782, . 1304, . 1044, . 1295, . 1000, . 0820, . 1127, . 1387,
0 FBAR 2-13, . 0549, . 0550, . 0543, . 1011, . 0848, . 1436, . 1135, . 1812, . 1609, . 2344,
1
Table 8 Fishing nortality (F) at age
YEAR, 1961, 1962, 1963, 1964, 1965, 1966, 1967, 1968, 1969, 1970,
AGE
0, . 1360, . 3679, . 0451, . 0621, . 5500, . 1392, . 1961, . 7997, . 0921, . 3347,
1, . 4130, . 2658, . 9250, . 0665, . 1786, . 7192, 1.7622, . 7439, 1.6597, . 2501,
2, . 0835, . 0871, . 4621, . 5117, . 1927, . 2389, . 3323, . 6937, 1.7485, 1.2205,
3, . 1583, . 1028, . 1240, . 0612, . 6737, . 3137, .5034, 3.2066, 2.0406, . 5307,
4, . 0927, . 0525, . 0588, . 0840, . 1789, . 4085, 1.1192, 4.5599, . 2604, 1.4843,
5, . 0497, . 0442, . 0424, . 1886, . 1573, . 5321, . 8593, 4.7169, . 7590, . 2998,
6, . 0705, . 1097, . 0310, . 1391, . 2997, .5982, 1.3102, 1.8048, . 6023, . 6842,
7, . 0928, . 1213, . 0698, . 0309, . 2829, . 7536, 1.6834, 1.2122, . 3507, 1.1086,
8, . 0802, . 0718, . 1458, . 0725, . 4469, 1.3073, 1.4826, . 9377, . 4226, 1.1726,
9, . 0675, . 0976, . 0700, . 2847, . 2423, . 9790, 1.3296, 1.5726, . 6056, 1.1825,
10, . 1117, . 0907, . 2443, . 3074, . 3472, 1.3436, 1.4501, 1.2945, . 6310, 1.3751,
11, . 1118, . 12586, . 2153, . 3356, . 8375, 1.0666, 1.0905, 1.3198, . 6261, 1.5563,
12, . 1117, . 1666, . 2626, . 2856, . 6639, . 5451, 1.2609, . 7483, . 8732, 3.9033,
13, . 1012, . 1302, . 2729, . 3657, . 6932, 1.3723, 1.1286, 1.9490, .3927, 1.6255,
14, . 1069, . 1628, . 3429, . 3634, . 6227, 1.4701, 1.9718, 1.2342, . 8364, . 8120,
15, . 1057, . 1466, . 2569, . 3195, . 6204, 1.1880, 1.4777, 1.3620, .5776, 1.4061,
+gp, . 1057, . 1466, . 2569, . 3195, . 6204, 1.1880, 1.4777, 1.3620, .5776, 1.4061,
0 FBAR 2-13, . 0943, . 1000, . 1666, . 2223, . 4180, . 7882, 1.1292, 2.0013, L7761, 1.3453,
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Table 8 Fishing nortality (F) at age

YEAR, 1971, 1972, 1973, 1974, 1975, 1976, 1977, 1978, 1979, 1980,
AGE
0, . 2441, . 7939, . 0035, . 0118, 0159, . 0030, . 0130, . 0050, . 0040, . 0068,
1, . 4295, 1.7489, . 0323, . 0023, 0016, . 0031, . 0023, . 0018, . 0023, . 0002,
2, . 1204, . 9309, . 7288, . 0937, 0013, . 0013, . 0099, . 0011, . 0035, . 0006,
3, . 2855, . 0983, . 4069, . 1233, 1561, . 0300, . 0432, . 0171, 0103, . 0210,
4, . 1419, 1.2887, . 0893, . 0609, 2243, . 3938, . 0365, . 0286, 0124, . 0110,
5, . 3119, . 9578, . 8552, . 1115, 3212, . 0022, . 0354, . 0379, 0192, . 0179,
6, L2794, 1.8090, 1.5110, . 9654, 1880, . 0005, . 0026, . 1147, 0251, . 0272,
7, . 4857, 1.2502, 1.1078, . 7734, 0379, . 1083, . 2687, . 0030, 0544, . 0426,
8, 1.6241, 2.9486, 1.3527, . 0086, 0141, . 0090, . 1158, . 7485, 0035, . 0920,
9, 2.5238, 1.7610, . 0147, . 0192, 0101, . 0083, . 0106, . 0690, 0021, . 0333,
10, 1. 9510, . 0388, . 0293, . 0174, 0228, . 0119, . 0097, . 0124, 0427, . 0025,
11, 2.2737, 1.5553, . 0471, . 0351, 0206, . 0271, . 0140, . 0114, 0146, . 0553,
12, 1.8357, 2.0473, . 0090, . 0576, 0424, . 0244, . 0325, . 0165, 0134, . 0173,
13, . 2170, 1.1132, . 0136, . 0105, 0714, . 0517, . 0291, . 0391, 0195, . 0158,
14, 2.7742, . 3301, 1.2442, . 0161, 0124, . 0899, . 0636, . 0350, 0474, . 0232,
15, 2.0280, 2.1062, . 6032, . 0165, 0190, . 0146, . 1157, . 0793, . 0422, . 0581,
+gp, 2.0280, 2.1062, . 6032, . 0165, 0190, . 0146, . 1157, . 0793, . 0422, . 0581,
0 FBAR 2-13, 1.0042, 1.3166, . 5138, . 1897, 0925, . 0557, . 0507, . 0916, 0184, . 0280,
Table 8 Fishing nortality (F) at age
YEAR, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 1988, 1989, 1990,
AGE
0, . 0116, . 0148, . 0005, . 0045, . 0010, . 0017, . 0015, . 0009, . 0001, . 0000,
1, . 0027, . 0038, . 0076, . 0000, . 0043, . 0001, . 0020, . 0007, . 0003, . 0000,
2, . 0089, . 0012, . 0144, . 0101, . 0052, . 0025, . 0073, . 0070, . 0166, . 0053,
3, . 0110, . 0182, . 0340, . 0701, . 1654, . 0238, . 0285, . 0226, . 0039, . 0218,
4, . 0178, . 0247, . 0333, . 0705, . 3436, . 1875, . 0264, . 0435, . 0015, . 0042,
5, . 0193, . 0207, . 0357, . 1211, . 3000, . 5875, . 2929, . 0347, . 0117, . 0059,
6, . 0205, . 0166, . 0339, . 0841, . 3781, . 4797, . 2553, . 2236, . 0245, . 0266,
7, . 0179, . 0216, . 0214, . 0853, .3991, . 5624, . 3946, . 4372, . 1131, . 0203,
8, . 0268, . 0238, . 0169, . 0592, . 5933, 1.2624, . 2676, . 6414, . 1497, . 0531,
9, . 0916, . 0233, . 0257, . 1171, . 3356, 1.2486, . 6434, . 2055, . 1275, . 4384,
10, . 6964, . 0399, . 0338, . 1136, . 2228, . 8276, 1.0630, 1.4616, . 0619, . 6363,
11, . 3917, . 5462, . 0575, . 0359, . 3073, . 8219, . 0924, 1.0588, . 9170, . 0559,
12, . 0240, .1999, 2.2586, . 0005, . 3953, 2.0562, . 9048, . 0876, . 7529, 1.6749,
13, . 0205, . 0035, 3.2773, . 2937, .0006, 2.1502, 1.5336, . 8806, . 0102, . 4237,
14, . 0186, . 0243, . 0298, . 2407, . 5035, . 0007, 1.4985, 4.7159, . 1734, . 0220,
15, . 0276, . 0221, . 0290, . 0698, .3792, 1.3962, . 4168, . 3809, . 0897, . 1527,
+gp, . 0276, . 0221, . 0290, . 0698, .3792, 1.3962, . 4168, . 3809, . 0897, . 1527,
0 FBAR 2-13, L1122, . 0783, . 4869, . 0884, . 2872, . 8509, . 4591, . 4253, . 1825, . 2805,
Table 8 Fishing nortality (F) at age
YEAR, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998, 1999, 2000, FBAR 98- **
AGE
0, . 0000, . 0000, . 0001, . 0000, . 0000, . 0000, . 0000, . 0000, . 0000, . 0000, . 0000,
1, . 0001, . 0000, . 0000, . 0000, . 0000, . 0000, . 0000, . 0000, . 0000, . 0000, . 0000,
2, . 0004, . 0001, . 0002, . 0002, . 0001, . 0084, . 0217, . 0062, . 0024, . 0540, . 0209,
3, . 0050, . 0026, . 0031, . 0014, . 0022, . 0049, . 0658, . 1320, . 0182, . 0720, . 0741,
4, . 0038, . 0233, . 0256, . 0143, . 0172, . 0319, . 0464, . 1586, . 0872, . 0910, . 1123,
5, . 0026, . 0080, . 0748, . 1080, . 0994, . 0958, . 0995, . 0780, . 1178, . 1090, . 1016,
6, . 0085, . 0025, . 0163, . 1865, . 2637, . 2022, . 1602, . 1268, . 1164, . 1270, . 1234,
7, . 0260, . 0081, . 0091, . 0352, . 4052, . 2527, . 2365, . 1370, . 1546, . 1450, . 1455,
8, . 0233, . 0200, . 0236, . 0239, . 0423, . 3013, . 3123, . 1690, . 1709, . 1710, . 17083,
9, . 1310, . 0286, . 0791, . 0357, . 0563, . 0185, . 2751, . 1861, . 1783, . 2160, . 1935,
10, . 2163, . 1762, . 0632, . 2018, . 0821, . 0318, . 0797, . 2968, . 2154, . 1850, . 2324,
11, . 0455, . 4904, . 0001, . 1270, . 9284, . 0989, . 1800, . 1301, . 1479, . 2090, . 1623,
12, . 0193, . 1664, . 0012, . 3500, . 2510, . 4705, . 1806, . 0250, . 2938, . 2320, . 1836,
13, 1. 6296, . 0413, . 0009, . 9446, 1.1850, . 3619, 1.3907, . 3361, . 0627, . 2550, . 2179,
14, 1. 9531, . 0483, . 0000, . 1000, 4.0282, . 0007, . 2543, 6.3344, . 4536, . 2780, . 3553,
15, . 0238, . 0286, . 0592, . 1000, . 0000, . 3033, . 2616, . 1040, . 1300, . 3010, . 1783,
+gp, . 0238, . 0286, . 0592, . 1000, . 0000, . 3033, . 2616, . 1040, . 1300, . 3010,
0 FBAR 2-13,. 1759, . 0806, . 0248, . 1690, L2777, . 1566, . 2541, . 1485, . 1305, . 1555,
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Table3.5.6.2

= O

76

Run title :
At 23/ 04/ 2001
Tradi tional

Tabl e 10
YEAR,

ACGE
0,

©CENOTRWNPE

Tabl e 10
YEAR,

ACGE
0,

©CENOURWNPE

Tabl e 10
YEAR,

ACGE
0,

©CENOUTRWNPE

11: 44

Herring spring-spawn (run:

SVPBJA12/ V12)

vpa using screen input for termnal

F

St ock nunber at age (start of year)

1950,

7473747,
262358,
142205,
108558,

40165,
49706,
85994,
79923,
19630,
28024,
32020,
25817,
56309,
61467,
9515,
25669,
56929,
8558036,

St ock
1951,

1439079,
3007097,
94445,
54134,
90878,
32858,
41064,
68950,
62971,
161509,
23300,
26545,
21416,
46664,
49494,
7575,
48758,
5131387,

St ock
1961,

732827,
699104,
542521,
2291,
984,
910,
2370,
2355,
8601,
8109,
13846,
74015,
5056,
5030,
6686,
2327,
4117,
2111147,

nunber
1952,

938988,
575014,
1175817,
35944,
46533,
74664,
26685,
33821,
54572,
48627,
13194,
19288,
21893,
17436,
37816,
39378,
47336,
3207006,

nunber
1962,

177124,
260052,
188063,
202893,
1683,
772,
745,
1901,
1847,
6833,
6524,
10658,
56966,
3892,
3913,
5171,
6834,
935871,

at

at

age (start of year)

1953,

835771,
298670,
178474,
470458,
30573,
39490,
58688,
21705,
27216,
43450,
38355,
10623,
15808,
17846,
14018,
30821,
73642,
2205608,

1954,

397029,
304949,
90917,
68991,
398069,
25883,
33055,
47220,
17923,
22398,
34489,
29358,
8572,
12761,
14488,
11151,
59483,
1576735,

1955,

237538,
97946,
81693,
31748,
56914,

329322,
20954,
26265,
36105,
14241,
17428,
25611,
21008,

6559,
10052,
11239,
51748,

1076372,

age (start of year)

1963,

1646402,
49847,
81052,
70081,
157564,
1374,
636,
575,
1450,
1480,
5334,
5128,
8091,
41507,
2940,
2862,
5918,

2082239,

1964,

905560,
639834,
8036,
20760,
53282,
127875,
1134,
531,
461,
1078,
1188,
3596,
3559,
5355,
27193,
1796,
11413,
1812651,

1965,

79326,
345996,
243395,

1959,

16807,

42166,

91146,

849,
443,
369,
698,
752,
2213,
2302,
3198,
16274,
4140,
852033,

Nunber s*10**- 5

Nunber s*10**- 5

1956,

274748,
65556,
22821,
30092,
26464,
46426,
264511,
16977,
20851,
28532,
11467,
13211,
19308,
16201,
5102,
7869,
42150,

912286,

1957,

236506,
79447,
14702,
5554,
24821,
20449,
37050,
204017,
13593,
16060,
22112,
8660,
9537,
14095,
12433,
3809,
27995,

750839,

1958,

278105,
66148,
13263,
4649,
4564,
17911,
16177,
29773,
157223,
11033,
12644,
17343,
6636,
7087,
10750,
9483,
25443,

688233,

Nunber s*10**- 5

1966,

453493,
18608,
117663,
81610,
859,
12097,
31010,
58137,
551,
244,
249,
425,
280,
980,
991,
1476,
7024,
785697,

1967,

35822,
160413,
3686,
37672,
51327,
492,
6115,
14675,
23551,
128,

79,

56,
126,
140,
214,
196,
1235,
335927,

1968,

46386,
11970,
11196,
1075,
19600,
14426,
179,
1420,
2346,
4602,
29,

16,

16,

31,

39,

26,
216,
113573,
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1959,

4053427,
56387,
10738,

1618,
3839,
3763,
14389,
13096,
23826,
126308,
8841,
9744,
13068,
4799,
5384,
8596,
15205,
4373027,

4,

10,

49,
111544,

1960,

1913386,
1538204,
11294,
2442,
1253,
3056,
2999,
11028,
10209,
18279,
98496,
6790,
7237,
9416,
3312,
3918,
10102,
3651422,

1970,

6207,
35624,
655,
164,
254,



Tabl e 10
YEAR,

[y B
NRSoo~onrwnrof

=
w

Tabl e 10
YEAR,

ACGE
0,

©CINOTRWNE

Tabl e 10
YEAR, 1991,
AGE

3786555,
588643,
130598,

18090,
7825,
5898,
18722,
3724,

, 102383,
s 219,
25,
21,
389,
13, 1,
3,
244,
+ap, 5,
4663345,

©CONONAWNR O

Stock nunber at age (start of year)

Nunber s*10**- 5

1971, 1972, 1973, 1974, 1975, 1976, 1977, 1978, 1979, 1980,
2098, 9074, 127017, 85007, 29426, 100187, 50393, 61332, 124347, 15393,
1806, 668, 1668, 51461, 34155, 11775, 40609, 20224, 24812, 50355,

11279, 478, 47, 657, 20874, 13864, 4773, 16472, 8207, 10064,

79, 4065, 77, 9, 243, 8476, 5629, 1921, 6690, 3325,
83, 51, 3172, 44, 7, 179, 7080, 4641, 1626, 5699,
50, 62, 12, 2497, 36, 5, 104, 5875, 3881, 1382,
16, 31, 20, 4, 1922, 22, 4, 86, 4868, 3277,
31, 10, 4, s 1, 1371, 19, 4, 66, 4086,
15, 16, 3, 1, 2, 1, 1059, 13, 3, 54,
4, 3, 1, 1, 1, s 1, 812, 5, 3,
54, 0, 0, 1, 0, 1, 1, 1, 652, 4,
81, 7, 0, 0, 1, 0, 1, 1, 1, 538,
68, 7, 1, 0, o, 0, 0, 1, 1, 1,
0, 9, 1, 1, 0, 0, 0, 0, 1, 1,
0, 0, 3, 1, 1, 0, 0, 0, 0, 0,
1, 0, 0, 1, 1, 1, 0, 0, 0, 0,
0, 0, 0, 1, 1, 1, 0, 0, 0, 0,

15664, 14482, 132026, 139688, 86671, 135886, 109675, 111382, 175161, 94183,

Stock nunber at age (start of year) Nurmber s*10**-5

1981, 1982, 1983, 1984, 1985, 1986, 1987, 1988, 1989, 1990,

10919, 23297, 3692372, 114045, 453975, 120696, 140887, 270905, 790196, 1447845,
6216, 4388, 9333, 1500424, 46159, 184397, 48987, 57195, 110046, 321226,

20468, 2520, 1777, 3766, 610017, 18686, 74962, 19877, 23237, 44730,
4089, 8248, 1024, 712, 1516, 246737, 7578, 30257, 8025, 9292,
2803, 3481, 6971, 851, 572, 1106, 207367, 6339, 25459, 6881,
4851, 2370, 2923, 5804, 683, 349, 789, 173837, 5224, 21879,
1168, 4096, 1998, 2428, 4426, 435, 167, 507, 144524, 4444,
2745, 985, 3467, 1662, 1921, 2610, 232, 111, 349, 121388,
3370, 2321, 830, 2921, 1314, 1109, 1280, 135, 62, 268,

42, 2824, 1951, 702, 2370, 625, 270, 843, 61, 46,
2, 33, 2375, 1636, 538, 1458, 154, 122, 591, 46,
4, 1, 28, 1976, 1257, 370, 549, 46, 24, 478,

438, 2, 0, 22, 1641, 796, 140, 431, 14, 8,
1, 368, 2, 0, 19, 951, 88, 49, 339, 6,
1, 0, 316, 0, 0, 17, 95, 16, 17, 289,
0, 0, 0, 264, 0, 0, 14, 18, 0, 13,
0, 0, 0, 0, 90, 35, 0, 0, 0, 24,

57118, 54937, 3725366, 1637215, 1126496, 580377, 483558, 560688, 1108169, 1978862,

Stock nunber at age (start of year) Nurmber s*10**-5

1992, 1993, 1994, 1995, 1996, 1997, 1998, 1999, 2000, 2001, GWVBT, AMST,

4238149, 1116771, 330724, 92977,1227663, 194076, 25024, 0, 0, 0, 215776, 835488,
1539498, 1723093, 454005, 134460, 37801, 499131, 78906, 10174, 0, 0, 81737, 329860,
239304, 625912, 700556, 184584, 54667, 15369, 202931, 32081, 4136, 0, 25651, 124401,
53077, 97285, 254432, 284775, 75039, 22040, 6114, 81995, 13012, 1593, 8333, 48853,
15492, 45567, 83471, 218691, 244574, 64269, 17762, 4612, 69298, 10422, 6032, 40990,
6709, 13027, 38230, 70824, 185018, 203895, 52807, 13046, 3638, 54457, 4138, 33732,
5063, 5729, 10405, 29536, 55193, 144703, 158870, 42041, 9981, 2808, 2767, 27301,
15978, 4347, 4851, 7431, 19529, 38809, 106105, 120451, 32210, 7566, 1778, 19901,
3124, 13641, 3708, 4031, 4265, 13055, 26369, 79632, 88826, 23981, 1119, 13655,
86094, 2635, 11467, 3116, 3326, 2716, 8222, 19167, 57772, 64436, 673, 10721,
165, 72010, 2096, 9524, 2535, 2810, 1776, 5875, 13803, 40065, 434, 8982,

18, 119, 58182, 1474, 7551, 2113, 2233, 1136, 4077, 9874, 283, 7451,

17, 9, 103, 44105, 501, 5888, 1519, 1687, 843, 2847, 178, 6800,

329, 13, 8, 62, 29536, 270, 4230, 1276, 1083, 575, 101, 6324,

0, 271, 11, 3, 16, 17703, 58, 2602, 1031, 722, 53, 4824,

0, 0, 233, 8, 0, 14, 11815, 0, 1423, 672, 30, 4128,

0 0 0 0 0 0 0, 5643, 1541, 1888,

6203015, 3720431, 1952480, 1085600, 1947217, 1226861, 704743, 421418

302674, 221908,
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Table3.5.6.3

Run title :
23/ 04/ 2001
Tradi tional

YEAR,

>
cooo\lmwh_meom

+
0 TOTALBI O,

Table 12

YEAR,
ACGE

wNhNPo

©CONDU A WN

10,
11,
12,
13,
14,
15,
+gp,
0 TOTALBI O,

=

Table 12

YEAR,

+ap,
0 TOTALBI O

78

Herring spring-spawn (run:

11: 44

SVPBJA12/ V12)

vpa using screen input for termnal

1950,

74737,
20989,
66837,
108558,
81936,
114323,
219285,
219789,
56926,
85474,
100863,
83905,
185821,
208988,
32827,
92923,
207790,
1961972,

St ock
1951,

14391,
240568,
44389,
54134,
185391,
75574,
104712,
189613,
182615,
49285,
73395,
86272,
70672,
158658,
170756,
27421,
177966,
1905812,

St ock
1961,

7328,
55928,
254985,
2291,
2283,
2275,
6922,
7112,
26148,
26191,
44585,
237588,
17392,
17957,
24268,
8492,
15234,
756978,

F

bi omass at age (start of year)
1952, 1953, 1954, 1955,
9390, 8358, 3970, 2375,
46001, 23894, 24396, 7836,
552634, 83883, 42731, 38396,
35944, 470458, 68991, 31748,
94927, 62369, 812060, 110983,
171727, 90828, 59530, 701456,
68046, 149653, 84290, 54480,
93007, 59690, 129854, 72230,
158259, 78927, 51977, 104703,
148313, 132523, 68313, 43434,
41561, 120818, 108642, 54899,
62687, 34524, 95412, 83235,
72246, 52166, 28286, 69326,
59283, 60675, 43388, 22302,
130466, 48363, 49985, 34680,
142548, 111573, 40366, 40685,
172778, 268794, 217113, 188878,
2059817, 1857495, 1929304, 1661649,

bi omass at age (start of year)
1962, 1963, 1964, 1965,
1771, 16464, 9056, 793,
20804, 3988, 51187, 27680,
88390, 38094, 3777, 114396,
202893, 70081, 20760, 1959,
3685, 291492, 103368, 31261,
2247, 3477, 272374, 83911,
2235, 1869, 2993, 215104,
6008, 1793, 1682, 2208,
5986, 4769, 1675, 1607,
22275, 4839, 3807, 1292,
21854, 17816, 4145, 2583,
36024, 17486, 12729, 2706,
190266, 28236, 12704, 8363,
13504, 141538, 19225, 8908,
13851, 10527, 99253, 12471,
18513, 10732, 7221, 64121,
24467, 22192, 45879, 16313,
674773, 685393, 671834, 595675,

30092,
54252,
106781,
658633,
46685,
60469,
87023,
36121,
42936,
63717,
55083,
17603,
28485,
153848,
1460445,

430668,

Tonnes*10**-1

1957,

2365,

94478,
534524,
39420,
48982,
69653,
28146,
31472,
47924,
42893,
13788,
102182,
1155027,

1958,

2781,
5292,
6234,
4649,
9311,
43345,
47236,
87831,
460663,
33650,
39829,
57231,
22562,
24451,
37841,
34139,
92867,
1009911,

Tonnes*10**-1

1967,

358,
12833,
1732,
37672,
92389,
1121,
16450,
39622,
69240,
416,
331,
241,
460,
514,
926,
811,
5113,
280231,

1968,

464,
958,
5262,
1075,
22540,
29718,
4717,
3905,
6428,
13116,
102,
52,
59,
125,
151,
97,
818,
85347,
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1969,

961,

1087,
2275,
43,
256,
300,
76,
1113,
2435,
2614,
23,
13,
24,
15,

193,
12145,

1960,

19134,
123056,
5308,
2442,
2555,
8252,
8726,
32312,
32772,
58128,
315187,
23357,
25257,
34841,
12553,
14692,
38387,
756960,

1970,

62,
2850,
308,
164,
532,
68,
164,
154,
49,
662,
1207,
1238,

7599,



Table 12
YEAR,

~ >
O@OO\I@W#OJNHO%

11,
12,
13,
14,
15,
+gp,
0 TOTALBI O,

Table 12
YEAR,

ACGE
0

©CINOTRWNPE

15,

+gp,
0 TOTALBI O,

Table 12
YEAR,

- >

+gp,
TOTALBI O,

[ =]

Stock bionmass at age (start of year)

1971,

21,
271,
9023,

0,
10532,

St ock
1981,

109,
622,
17398,
6952,
6278,
16301,
4416,
10623,
13752,
168,
11,
20,
2242,

2,
78902,

St ock
1991,

37866,
64751,
48321,
26592,
16433,
14390,
56165,
12067,
344005,
750,
97,

77,
1654,
6,

13,
1035,
19,
624242,

1972, 1973, 1974,
91, 1270, 850,
67, 167, 5146,

334, 40, 558,
6098, 130, 16,
76, 8215, 114,
87, 41, 8538,
66, 78, 17,
25, 18, 16,
44, 10, 6,
8, 3, ,

1, 2, 3,
22, 1, 2,
25, 6, 1,
33, 4, 5,
0, 13, 3,

0, 0, 3,

0, 0, 3,
6977, 10000, 15283

1975,

294,
3416,
17743,
440,
18,
122,
7381,
6,

7
5
2
3
1
1
4
3
3
8

2944

bi omass at age (start of year)

1982, 1983, 1984,
233, 36924, 1140,
439, 933, 150042,

2142, 1511, 3201,
14022, 1586, 997,
7102, 17359, 1737,
7180, 8886, 17122,
14541, 7352, 8206,
3773, 14008, 6250,
9167, 3519, 11539,

11664, 8524, 2858,

151, 10354, 6758,

4, 136, 8339,
11, 2, 98,
1862, 8, 0,
2, 1562, 0,

2, 2, 1152,

2 2 1,

72299, 112668, 219441

1985,

4540,
4616,
140304,
2243,
1337,
1810,
13809,
6647,
4861,
9361,
2135,
5380,
7023,
82,

0,

0,

383,
204531,

bi omass at age (start of year)

1992, 1993, 1994,

42381, 11168, 3307,
107765, 137847, 45400,
71791, 156478, 175139,
67938, 78801, 190824,
34702, 91590, 126041,
19860, 34522, 97103,
16556, 18504, 33087,
56721, 15388, 17996,
10776, 48835, 12865,
315964, 10040, 47243,

563, 265719, 8005,
64, 472, 236800,
74, 37, 421,

1544, 47, 33,
1, 1093, 44,
2, 1, 957,
2 1 0

746704: 870541: 995267:

1995,

930,
24203,
46146,

187952,
301793,
162895,
87427,
25713,
15639,
11310,
38951,
6102,
186123,
255,
11,

34,

0,
1095484,

1976,

1002,
1178,
11785,
15341,
463,

mbbl—‘!—‘l\)l\)()‘lcﬁu‘l

3550

1986,

1207,
18440,
15883,

133238,

2278,

925,

1258,

8848,

4082,

2443,

5570,

1437,

3143,

3757,

65,

0,

137,
202712,

1996,

12277,
6804,
13667,
57030,
288598,
347834,
144055,
61713,
14757,
12438,
9886,
29450,
1925,
117553,
65,

0,

0,
1118051,

Tonnes*10**- 1

1977,

504,
4061,
4057,

WOOFRNNAD

4231

1978,

613,
2022,
14002,
3458,
13643,
19153,
320,
15,
58,
3863,

bHH!\)HWU‘IU‘I

Tonnes*10**-1

1987,

0,
362705,

1988,

2709,

0,
409535,

Tonnes*10**- 1

1997,

1941,
89844,
3842,
21159,
75837,
354778,
331370,
110995,
42168,
10050,
10621,
8158,
21195,
1059,
69218,
55,

0,
1152289,

1998,

250,
14203,
50733,

4525,
26110,
91883,

344749,
256775,
73305,
24996,

5504,

8017,

5166,
14552,

222,
42890,

0,
963881,
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1989,

7902,
16507,
23237,
12359,
44553,
10918,

364199,
1064,
227,
230,
2121,
96,

54,
1344,
69,

0,

0,
484882,

1999,

1831,
8020,
83635,
6918,
29093,
100897,
317991,
225360,
60377,
20269,
4384,
6514,
4924,
9939,

22967:
903118,

7403

1990,

14478,
25698,
21470,
20350,
13624,
56448,
12799,
375088,
1147,
170,
186,
1850,
37,

24,
1273,
55,
105,
544803,

2000,

0,

0,

1034,
15484,
123351,
8185,
27049,
91799,
264701,
179671,
46791,
15900,
3356,
4396,
4269,
6004,
6643,
798633,

79



Table3.5.6.4.

0

0

=

0

80

Run title :

Tradi tional
Table 13
YEAR,

ACGE
0,

©CENOTRWNPE

+gp,
TOTSPBI O,

Table 13
YEAR,

ACGE
0,

©CENOURWNPE

+ap,
TOTSPBI O,

Table 13
YEAR,

ACGE
0,

©CENOUTRWNPE

+ap,
TOTSPBI O

Herring spring-spawn (run:
At 23/04/2001 11:44
vpa using screen input for termnal

SVPBJA12/ V12)

F

Spawni ng stock bi omass at age (spawning tine)

1950,

[cleoNoNa)

8031,
33648,
128696,
193150,
55829,
83911,
98989,
82351,
182362,
204510,
32087,
91121,
203759,
1398444,

Spawni
1951,

[eleoNoNa)

18178,
22205,
61620,
166707,
177955,
48296,
72021,
84626,
69234,
155357,
166896,
26825,
174098,
1244019,

Spawni
1961,

0,

0,

0,

89,
780,
1516,
6364,
6942,
25553,
25627,
43433,
231448,
16943,
17512,
23653,
8278,
14849,
422987,

ng stock bionass at age (spawning tine)

1952,

0,
0,
0,
0,

9338,
50293,
39993,
81908,
154693,
144835,
40670,
61452,
70784,
58003,
127825,
139410,
168975,
1148177,

1953,

[eleoNoNa)

6134,
26768,
87861,
52702,
77404,

129497,
117631,
33791,
51061,
59424,
47269,
109056,
262730,
1061326,

1954,

0,
0,
0,
0,
79681,
17486,
49424,
113774,
50795,
66621,
105456,
92272,
27539,
42365,
48731,
39250,
211109,
944504,

1955,

0,

0,

0,

2494,
23924,
253913,
45343,
70581,
102268,
42503,
53399,
80917,
67548,
21749,
33841,
39664,
184134,
1022278,

ng stock bionass at age (spawning ti

1962,

0,
0,
0,
0,

397,
1476,
2178,
5847,
5854,
21730,
21334,
35044,
184337,
13130,
13425,
17972,
23752,
346478,

1963,

2727,
8564,
1091,
1652,
1754,
4630,
4734,
17127,
16859,
27095,
135677,
10021,
10304,
21307,
263541,

1964,

0,

0,

0,
407,
6059,
73726,
931,
1652,
1638,
3645,
3959,
12126,
12162,
18259,
94286,
6890,
43775,
279513,

1965,

oooo

10285,
28480,
156291,
2114,
1514,
1243,
2458,
2452,
7710,
8188,
11543,
59367,
15103,
306746,

1956,

0,

0,

0,

2361,
11632,
38627,
545487,
45659,
58910,
84833,
35121,
41559,
61743,
53644,
17096,
27700,
149608,
1173981,

me)
1966,

0,

0,

0,

779,
226,
24745,
61324,
132254,
1457,
771,
810,
1470,
990,
3183,
3041,
4947,
23531,
259527,

Tonnes*10**-1

Tonnes*10**-1

1957,

coooo

22772,
55460,
520777,
38606,
47824,
67982,
27406,
30551,
46643,
41747,
13447,
99659,
1012876,

1958,

0,

0,

0,

365,
2009,
15690,
39312,
85895,

450687,

32913,
38804,
55634,
21842,
23788,
37004,
33356,
90738,
928037,

Tonnes*10**-1

1967,

453,
749,
690,
4345,
114547,

1968,

131,

21901,
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0,

126,
1684,
3429,
30965,
37046,
69608,
375776,
27125,
30741,
41734,
15722,
17993,
29726,
53319,
734992,

1969,

7754,

0,

178,
544,
2977,
7240,
31519,
32026,
56536,
306308,
22678,
24355,
33668,
12118,
14274,
37294,
581715,

1970,



Table 13
YEAR, 1971,
AGE
0, 0,
1, 0,
2, 0,
3, 8,
4, 38,
5, 64,
6, 34,
7, 80,
8, 36,
9, 10,
10, 143,
11, 212,
12, 193,
13, 0,
14, 1,
15, 5,
+gp, 0,
0 TOTSPBI O, 823,
Table 13 Spawni
YEAR, 1981,
AGE
0, 0,
1, 0,
2, 0,
3, 2052,
4, 3087,
5, 14424,
6, 4342,
7, 10446,
8, 13511,
9, 164,
10, 10,
11, 19,
12, 2203,
13, 3,
14, 3,
15, 2,
+gp, 2,
0 TOTSPBI O, 50269,
Tabl e 13 Spawni
YEAR, 1991,
AGE
0, 0,
1, 0,
2, 0,
3, 2618,
4, 11327,
5, 14172,
6, 55282,
7, 11857,
8, 338096,
9, 729,
10, 94,
11, 76,
12, 1626,
13, 5,
14, 11,
15, 1017,
+gp 19,

0 TOTSPBIO, 436929,

ng

ng

1972,

0,
185,

stock
1982,

2,
50156,

stock
1992,

1973,

=

7440,

1974,

1975,

bi omass at age (spawning ti

1983,

0,

0,

0,

156,
8522,
6019,
5125,
13770,
3460,
8375,
10166,
133,
2,

5,
1534,
2,

2,
57271,

1984,

96,

0,
1127,
1,
59740,

1985,

364,
49523,

bi omass at age (spawning ti

1993,

0,

0,

0,

776,
26999,
27004,
18198,
15145,
47994,
9813,
260112,
465,
36,

46,
1077,

1,

1,
407667,

1994,

0,

0,

0,

1880,
37196,
75704,
31992,
17666,
12643,
46373,
7728,
230331,
400,
29,

43,
934,

0,
462920,

1995,

cocoo

89037,
127107,
83884,
24324,
15342,
11079,
38058,
5479,
178808,
223,

34,

573379:

Spawni ng stock biomass at age (spawning tine)

1976,

0,

0,
1077,
7534,
395,
16,
84,
5463,

mbbl—‘!—‘l\)l\)()‘lcﬁu‘l

1459

440,
773,
1182,
8240,
3545,
2124,
5051,
1304,
2521,
2985,
64,

0,
118,
41441,

me)
1996,

cocoo

85019,
305451,
139069,

59277,

14106,

12230,

9708,
28726,
1809,
111687,
64,

767146:

Tonnes*10**- 1

1977,

2835

1978,

U'II—‘I—‘!\)I—‘L\)U'I&

Tonnes*10**- 1

1987,

0,

0,

0,

670,
87405,
1637,
447,
657,
3880,
854,
469,
1938,
474,
278,
304,
51,

0,
99064,

1988,

0,
315271,

Tonnes*10**-1

1997,

cocoo

22309,
311432,
321247,
106787,

40263,

9632,
10380,
7893,
20506,
908,
66475,
53,

917884:

1998,

0,
0,
0,
0,
7595,
80831,
335336,
249510,
71004,
24170,
5264,
7795,
5076,
13862,
116,
41814,
0,
842373,
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0,
387035,

1999,

cocoo

2027,
25492,
98245,

308452,
218242,
58427,
19542,

4256,

6231,

4820,

9357,

22333:
777423,

4686

0,

8001,
10732,
50018,
11317,
331880,
1124,
160,
172,
1812,
31,

23,
1251,
54,

102,
416677,

2000,

0,
0,
0,
0,
36124,
7178,
26310,
89130,
256339,
173214,
45250,
15339,
3230,
4221,
4090,
5739,
6350,
672515,

81



Table 3.5.6.5 VPA Summary table

Run title :
At 23/ 04/ 2001
Tradi tional

Tabl e 16 Sunmmary
RECRUI TS,

Age 0
1950, 747374656,
1951, 143907888,
1952, 93898752,
1953, 83577056,
1954, 39702936,
1955, 23753764,
1956, 27474770,
1957, 23650588,
1958, 27810502,
1959, 405342656,
1960, 191338608,
1961, 73282680,
1962, 17712448,
1963, 164640160,
1964, 90556040,
1965, 7932618,
1966, 45349292,
1967, 3582245,
1968, 4638550,
1969, 9607348,
1970, 620670,
1971, 209800,
1972, 907351,
1973, 12701698,
1974, 8500675,
1975, 2942588,
1976, 10018746,
1977, 5039343,
1978, 6133163,
1979, 12434718,
1980, 1539331,
1981, 1091881,
1982, 2329740,
1983, 369237184,
1984, 11404527,
1985, 45397528,
1986, 12069644,
1987, 14088709,
1988, 27090502,
1989, 79019632,
1990, 144784448,
1991, 378655488,
1992, 423814880,
1993, 111677088,
1994, 33072388,
1995, 9297654,
1996, 122766304,
1997, 19407624,
1998, 2502430,
1999, 0,
2000, 0,

Arith.

Mean , 80272339,
0 Units, (Thousands),

1

82

Herring spring-spawn (run: SVPBJA12/V12)
11: 44
vpa using screen input for termnal F

(w thout SOP correction)

TOTALBI O, TOTSPBI O, LANDI NGS, Yl ELD/ SSB, FBAR 2-13,
19619720, 13984440, 933000, . 0667, . 0502,
19058122, 12440190, 1278400, . 1028, . 0549,
20598168, 11481773, 1254800, . 1093, . 0550,
18574948, 10613262, 1090600, . 1028, . 0543,
19293042, 9445040, 1644500, L1741, . 1011,
16616486, 10222784, 1359800, . 1330, . 0848,
14604452, 11739808, 1659400, . 1413, . 1436,
11550268, 10128764, 1319500, . 1303, . 1135,
10099109, 9280374, 986600, . 1063, . 1812,
8239182, 7349922, 1111100, . 1512, . 1609,
7569599, 5817149, 1101800, . 1894, . 2344,
7569780, 4229869, 830100, . 1962, . 0943,
6747726, 3464778, 848600, . 2449, . 1000,
6853931, 2635414, 984500, . 3736, . 1666,
6718337, 2795131, 1281800, . 4586, . 2223,
5956750, 3067464, 1547700, . 5046, . 4180,
4306677, 2595274, 1955000, . 7533, . 7882,
2802309, 1145466, 1677200, 1.4642, 1.1292,
853466, 219013, 712200, 3. 2519, 2.0013,
121451, 77541, 67800, . 8744, . 7761,
75989, 30718, 62300, 2.0281, 1. 3453,
105320, 8231, 21100, 2.5633, 1.0042,
69767, 1854, 13161, 7.0991, 1. 3166,
100002, 74400, 7017, . 0943, . 5138,
152834, 85341, 7619, . 0893, . 1897,
294481, 91377, 13713, . 1501, . 0925,
355060, 145980, 10436, . 0715, . 0557,
423184, 283511, 22706, . 0801, . 0507,
571644, 354752, 19824, . 0559, . 0916,
627810, 385577, 12864, . 0334, . 0184,
740332, 468611, 18577, . 0396, . 0280,
789022, 502691, 13736, . 0273, L1122,
722993, 501560, 16655, . 0332, . 0783,
1126681, 572712, 23054, . 0403, . 4869,
2194407, 597396, 53532, . 0896, . 0884,
2045312, 495227, 169872, . 3430, . 2872,
2027118, 414411, 225256, . 5436, . 8509,
3627047, 990639, 127306, . 1285, . 4591,
4095353, 3152713, 135301, . 0429, . 4253,
4848824, 3870353, 103830, . 0268, . 1825,
5448030, 4166772, 86411, . 0207, . 2805,
6242422, 4369287, 84683, . 0194, . 1759,
7467039, 4244479, 104448, . 0246, . 0806,
8705414, 4076670, 232457, . 0570, . 0248,
9952670, 4629204, 479228, . 1035, . 1690,
10954838, 5733795, 905501, . 1579, L2777,
11180512, 7671458, 1220283, . 1591, . 1566,
11522893, 9178836, 1426507, . 1554, . 2541,
9638809, 8423728, 1223131, . 1452, . 1485,
9031180, 7774226, 1235433, . 1589, . 1305,
7986328, 6725150, 1207201, . 1795, . 1555,
6487781, 4171669, 645638, . 4763, . 3228,
(Tonnes), (Tonnes), (Tonnes),
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Table 3.5.6.6 Summary of unweighted and weighted fishing mortalities.

Year FBARS5-14 FWEI5-14

1950 0.0536 0.0584
1951 0.0623 0.0696
1952 0.0673 0.0728
1953 0.0646 0.0663
1954 0.1083 0.1124
1955 0.0928 0.0783
1956 0.1202 0.1099
1957 0.1009 0.1026
1958 0.0959 0.0787
1959 0.1333 0.1129
1960 0.1393 0.1359
1961 0.0904 0.1046
1962 0.1121 0.1458
1963 0.1697 0.2525
1964 0.2374 0.2271
1965 0.4594 0.2803
1966 0.9968 0.7002
1967 1.3567 1.5170
1968 1.6790 3.4499
1969 0.6100 0.5949
1970 1.3720 1.3229
1971 1.4277 1.5170
1972 1.3811 1.4873
1973 0.6185 1.1720
1974 0.2015 0.1137
1975 0.0741 0.1899
1976 0.0333 0.1060
1977 0.0582 0.1106
1978 0.1088 0.0439
1979 0.0242 0.0241
1980 0.0327 0.0345
1981 0.1327 0.0217
1982 0.0920 0.0202
1983 0.5791 0.0294
1984 0.1151 0.0910
1985 0.3436 0.3793
1986 0.9997 1.0613
1987 0.6946 0.3985
1988 0.9747 0.0388
1989 0.2342 0.0247
1990 0.3357 0.0190
1991 0.4055 0.0206
1992 0.0990 0.0236
1993 0.0268 0.0554
1994 0.2113 0.1131
1995 0.7342 0.1851
1996 0.1834 0.1526
1997 0.3169 0.1482
1998 0.7819 0.1310
1999 0.1911 0.1578
2000 0.1927 0.1790

Range of ages 5-14.
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Table3.6.2.1 Norwegian spring-spawning herring. Short term prediction.

Table includes number (million) at age 1 Jan 2001 and weight at age used for 2001 and 2002.

MFDP version 1

Run: final

Herring spring-spawn

Time and date: 10:52 25.04.01

Fbar age range: 0-16

Input units are millions and kg - output in kilotonnes

Input 2001 2001 2002 2003

age N W Biomass SSB FMult FBar Landings Biomass SSB FMult  FBar Landings Biomass SSB
0 0 0.001 9045 6106 0.06 0.158 850 9853 6420 0.00 0.0000 0 10875 8523
1 6071 0.018 6409 0.03 0.0079 49 10830 8479
2 51442 0.025 6397 0.06 0.0157 98 10784 8435
3 15801 0.075 6386 0.09 0.0236 146 10739 8392
4 1042 0.178 6375 0.12 0.0314 195 10694 8348
5 5446 0.238 6363 0.15 0.0393 242 10650 8305
6 281 0.247 6352 0.18 0.0471 290 10605 8262
7 757 0.296 6341 0.21 0.0550 337 10561 8220
8 2398 0.307 6329 0.24 0.0628 385 10517 8178
9 6444 0.314 6318 0.27 0.0707 431 10474 8136
10 4007 0.328 6307 0.30 0.0785 478 10431 8094
11 987 0.351 6295 0.33 0.0864 524 10387 8053
12 285 0.376 6284 0.36 0.0942 570 10345 8012
13 58 0.406 6273 0.39 0.1021 616 10302 7971
14 72 0.414 6262 0.42 0.1099 662 10260 7931
15 67 0.425 6251 0.45 0.1178 707 10218 7890
16 189 0.425 6240 0.48 0.1256 752 10176 7850
6229 0.51 0.1335 797 10134 7811

6218 0.54 0.1413 842 10093 7771

6207 0.57 0.1492 886 10051 7732

6196 0.60 0.1571 930 10010 7693

Table 3.10.1. Average yield, probability of falling below Bpa/Blim and average annual percentage change in catch for
Norwegian spring spawning herring, 5 and 10 year periods.

5 Years 10 years

Catch Yield RiskBlimRiskBpa Stability Yield R skBlimR skBpa Stability

limt
F =0. 1.50 0. 17 0.00 0.00 0. 25 0. 08 0.00 0. 00 0.11
F =0.05 1.50 0.70 0. 00 0. 00 0.18 0.74 0.00 0. 00 0.11
F =10.08 1.50 0.95 0.00 0.00 0.14 1.01 0.00 0.02 0.09
F=01 1.50 1.07 0.00 0.00 0.15 1.12 0.00 0.03 0. 09
F =0.125 1.50 1.18 0.00 0. 00 0. 17 1.21 0.00 0. 07 0. 09
F=0.15 1.50 1.24 0. 00 0.00 0.19 1.26 0.00 0.10 0. 09
F=0.2 1.50 1.32 0.00 0.02 0.19 1.34 0.00 0.13 0.08
F = 0.125 0.85 0. 84 0. 00 0.00 0.00 0.84 0.00 0.04 0. 00
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Q3 Q4 —no catches

Figure 3.1.2.1.1. Faroese catches of Norwegian spring spawning herring in 2000 by quarter and ICES rectangle.
Grading of the symbols: white 0-300 t, grey 300-3 000 t, and black >3 000 t.
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Q3 Q4

Figure 3.1.2.1.2. Norwegian catches of Norwegian spring spawning herring in 2000 by quarter and ICES rectangle.
Grading of the symbols: white 0-300 t, grey 300-3 000 t, and black >3 000 t.
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Q3 Q4

Figure 3.1.2.1.3. Russian catches of Norwegian spring spawning herring in 2000 by quarter and ICES rectangle.
Grading of the symbols: white 0-300 t, grey 300-3 000 t, and black >3 000 t.
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Q1 —no catches Q2

§
"

:

Q3 Q4

Figure 3.1.2.1.4. Icelandic catches of Norwegian spring spawning herring in 2000 by quarter and ICES rectangle.
Grading of the symbols: white 0-300 t, grey 300-3 000 t, and black >3 000 t.
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Q3 Q4

Figure 3.1.2.1.5. EU catches of Norwegian spring spawning herring in 2000 by quarter and | CES rectangle. Grading of
the symbols: white 0-300 t, grey 300-3 000 t, and black >3 000 t.
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Figure 3.3.5.1 Herring larvae distribution in April 2001.
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Ret rospect i ve anal ysi s
nor wegi anSpri ngSpawni ngHer ri ng

10

1985 1990 1995 2000

Figure 3.5.1. Retrospective analysis of Norwegian spring spawning herring, spawning stock biomass (million t).

87 survey points
110 tagging points '

0.8

0.6

0 0.2 0.4 0.6 0.8 1

Figure 3.5.2. Quantile-quantile plot for terms in the likelihood for Norwegian spring spawning herring. Explanation is
giveninthetext.
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=450

-450 |

-470

Figure 3.5.3. The likelihood for Norwegian spring spawning herring, parameters varied 50% to each side of their
maximum likelihood estimate. Arbitrary values on the x-axis. Parameter ordering asin section 3.5.4.

Hstogram of spawing stocks by renoving
likelihood terns one by one

-0.2 0.2

Figure 3.5.4. Histogram of the likelihood of Norwegian spring spawning herring when tuning is performed repeatedly
by removing one survey point at atime.
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Young herring , boot strapped

175 | - Man

125 -
100 |
75

Figure 3.5.5. Mean value, 25, 50 and 75% percentiles (billion) for 1000 bootstrap replicates of young Norwegian spring
spawning herring (year classes not in the likelihood).
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Figure3.5.6 Stock summary
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Figure3.5.7 Results of yield per recruit analysis
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Figure 3.7.1. Histogram of the spawning stock (million t) of Norwegian spring spawning herring from 539 tuning
replicates.
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Figure 3.10.1. Spawning stock - recruitment points (million tonnes — billion) for Norwegian spring spawning herring
based on Run 1 and the SeaStar VPA (F at oldest true age is calculated as a population weighted average of F for ages
8-13). Theline shows a fitted Beverton-Holt relation based on the 90% smallest recruitment values (shown in black).
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Figure 3.10.2. 10-year stochastic projections of spawning stock biomass (million tonnes) of Norwegian spring
spawning herring for F = 0.125 above By, = 5.0 million t with a linear reduction to F=0.05 at Bji,= 2.5 million t and a
catch ceiling of 1.5 milliont. 5, 25, 50, 75 and 95 percentiles are given to illustrate the uncertainty in the prognosis.
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Figure 3.10.3. 10-year stochastic projections of catch (million tonnes) of Norwegian spring spawning herring for F =
0.125 above By, = 5.0 million t with alinear reduction to F=0.05 at Bi= 2.5 million t and a catch ceiling of 1.5 million
t. 5, 25, 50, 75 and 95 percentiles are given to illustrate the uncertainty in the prognosis.

96 O\ACFM\WGREPS\WGNPBW\REPORTS\2001\wgnpbw2001.doc



4 BARENTS SEA CAPELIN
4.1 Regulation of the Barents Sea Capelin Fishery

Since 1979, the Barents Sea capelin fishery has been regulated by a bilateral fishery management agreement between
Russia (former USSR) and Norway. A TAC has been set separately for the winter fishery and for the autumn fishery. In
recent years no autumn fishery has taken place, except for a small Russian experimental fishery. The fishery was closed
from 1 May to 15 August until 1984. During the period 1984 to 1986, the fishery was closed from 1 May to 1
September. A minimum landing size of 11 cm has been in force for several years. From the autumn of 1986 to the
Winter of 1991, and from the Autumn 1993 to the Winter 1999 no fishery took place. The fishery was re-opened in the
winter season 1991 and again in the winter season 1999, on a recovered stock.

In its autumn meeting of 2000, ACFM considered a harvest control rule which was consistent with the precautionary
approach. This rule defined the harvest level based on a maximum probability of 5% that SSB would fall below By,
(corresponding to a catch of 630 000 t of pre-spawning capelin in 2001). ACFM also recommended that this harvest
control rule be applied in 2001 (see also section 4.5). During its Autumn 2000 meeting the Mixed Russian Norwegian
Fishery Commission decided to set a quota of 630,000 t on Barents Sea capelin for the winter season 2001, divided by
60% (378 000 t) to Norway and 40% (252 000 t) to Russia.

4.2 Catch Statistics

The international catch by country and season in the years 1965-2000 is given in Table 4.2.1. The catch by age and
length groups during the spring season 2000 in Table 4.2.2. The total catch in spring 2000 was 378 000 t. Thisis 57 000
tonnes below the quota and the maximum TAC recommended by ACFM. The catches taken in the Russian
experimental fishery during autumn 2000 are shown in Table 4.2.3.

The catch statistics for the winter-spring season 2001 are not available yet. By April 1 Norway had landed its quota of
378 000 t. During January, February and March, Russialanded 168 000 t.

4.3 Stock Size Estimates
431 Larval and 0-group estimatesin 2000

Norwegian larval surveys based on Gulf 111 plankton samples have been carried out in June each year since 1981. The
estimated total number of larvae is shown in Table 4.3.1.1. These larval abundance estimates do not show a high
correlation with year class strength at age one, but should reflect the amount of larvae produced each year (Gundersen
& Gjgsader 1998). The year 1986 was exceptional, in that no larvae were found. This may have been due to late
spawning that year, and eggs may have hatched after the survey was carried out. Also in other years some spawning is
known to have taken place during the summer, and offspring from such late spawning is not reflected in the larval
abundance estimatesin Table 4.3.1.1. Since 1997, permission has not been granted to enter the Russian EEZ during the
larval survey, and consequently the total larval distribution area has not been covered. The estimate of 19.1*10™ |arvae
in 2000 is the second highest estimate obtained for the period 1981-2000 and about three times the average index.
During the international O-group surveys in August an area-based index for the abundance of O-group capelin is
calculated (Table 4.3.1.1). Gundersen & Gjasater (1998) found these indices to be well correlated (r* = 0.75) with the
1-group acoustic estimates obtained by the annual capelin acoustic surveys in autumn. Data points up to 1994 were
included in this analysis. When this regression is updated with the survey results from 1995-1999 the parameters in the
regression were slightly changed but the r? remained at 0.75. Based on this regression, (In 1-group estimate = -2.86 +
1.395 - In O-group index), the 0-group index obtained in 2000 of 303 would correspond to a year class strength of 157
billion one-year-oldsin autumn 2001.

4.3.2 Acoustic stock size estimatesin 2000

Two Russian and two Norwegian vessels jointly carried out the 2000 acoustic survey in the period 8 September to 3
October (WD by Bogstad et al.). As previously the Norwegian vessels had restricted access to the Russian EEZ, but
since four vessels were available to the survey, two of which (partly three) could work in the Russian EEZ, the coverage
of the total stock was considered complete. The results from the survey are given in Table 4.3.2.1, and are compared to
previous years' results in Table 4.3.2.2. The stock size was estimated at 4.3 million tonnes. The 1999 yearclass (one-
year-olds) constituted about 75% by numbers and 40% by weight of the total stock and was the most abundant year
class since the 1989 yearclass at the same age. About 50% (2.1 mill t) of the stock biomass consisted of maturing fish (>
14 cm).
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433 Other surveys

During the Norwegian demersal fish survey in February 2001 observations of capelin by acoustics and by pelagic and
demersal trawls were made (WD by Gjgssder). However no stock size estimate was attempted. Samples of cod
stomachs during this period give valuable information for the modelling of maturing capelin as prey item for cod
(Bogstad and Gjgsader, 2001). Russian observations of capelin were made during the capelin fishery in 2001 (WD by
Ushakov and Prozorkevitch).

4.4 Historical stock development

An overview of the development of the Barents Sea capelin stock in the period 1991-2000 is given in Tables 4.4.1-
4.4.7. The methods and assumptions used for constructing the tables are explained in Appendix A to |CES 1995/Assess:
9. In that report, the complete time series back to 1973 can aso be found. It should be noted that several of the
assumptions and parameter values used in constructing these tables are provisional and future research may alter some
of the tables considerably. For instance, M-values for immature capelin will be calculated using new estimates of the
length at maturity and M-values for mature capelin will be calculated taking the predation by cod into account. This will
also affect the spawning stock biomass estimates given in the stock summary table (Table 4.4.7). Also, it should be
noted that these values, coming from a deterministic model cannot directly be compared to those coming from the
probabilistic assessment model used for this stock. However, as a crude overview of the development of the Barents Sea
capelin stock the tables may be adequate.

Estimates of stock in number by age group and total biomass for the period are shown in Table 4.4.1. Catch in number
at age and total landings are shown for the spring and autumn seasons in Tables 4.4.2 and 4.4.3. Natural mortality
coefficients by age group for immature and mature capelin are shown in Table 4.4.4. Stock size at 1 January in numbers
at age and total biomass is shown in Table 4.4.5. Spawning stock biomass per age group is shown in Table 4.4.6. Table
4.4.7 gives an aggregated summary for the entire period 1973-2000.

4.5 Stock assessment autumn 2000

As decided by the Northern Pelagic and Blue Whiting Fisheries Working Group at its 2000 meeting (ICES
2000/ACFM:16), the assessment of Barents Sea capelin was left to the parties responsible for the autumn survey, i.e.
IMR in Bergen and PINRO in Murmansk, who reported directly to ACFM before its autumn 2000 meeting (Bogstad et
al., WD).

A probabilistic projection of the spawning stock to the time of spawning at 1 April 2001 was presented, using the
spreadsheet model CapTool, implemented using the @RISK add-on for EXCEL. The projection was based on a
probabilistic maturation model with parameters estimated by the model CapSex, (with uncertainty taken into account);
data on size and composition of the cod stock (from the Arctic Fisheries Working Group, ICES 2001/ACFM: 2, but
made probabilistic in CapTool in accordance with the risk analysis made by the Arctic Fisheries Working Group); and
an estimate of the ambient temperature for the cod (with the long-term mean of the Kola section as the mean value and
a standard deviation of 1°C).

There is clearly a need for a target biomass reference point for capelin. Calculations of Bige Were not made, but are
planned for the future. A By, (SSB)i) management approach was suggested for this stock. As last year, the meeting
suggested the spawning stock size in 1989 as a By, The rational e behind this was that this biomass produced one of the
strongest year classes observed during the period 1972-2000. It should also be noted that this year is within the time
range for which quantitative stomach content data are available. It can be argued that the SSB in 1989 was sufficiently
large to produce a good year class under favourable recruitment conditions in a “non-herring situation” (Gjgsader and
Bogstad, 1998).

Probabilistic prognoses for the maturing stock from October 1, 2000 until April 1, 2001 were made, with a CV of 0.15
on the abundance estimate. The meeting also concluded that capelin recruitment in 2001 could, to some extent, be
influenced by the stock of young herring now found in the Barents Sea.

ACFM at its autumn 2000 meeting (ICES CRR 242, 2001) took most of the points in the report into account but took a
different view on some topics. ACFM agreed to the view that fishing mortality reference points and a By, are not
relevant for this stock, and that a target escapement management strategy is the most useful way of ensuring a minimum
amount of spawners. Further ACFM agreed to the strategy adopted of directing the fishery at the spawning stock just
prior to spawning, to alow the capelin to be available to predators as long as possible. However, the idea of a stochastic
Biim Set equal to the modelled density distribution of the spawning stock in 1989 was not adopted. Rather, ACFM set a

o8 O\ACFM\WGREPS\WGNPBW\REPORTS\2001\wgnpbw2001.doc



Biim Of 200,000t. ACFM advised that a TAC should not exceed 630,000t. This was based on adopting the forecast of the
SSB using the limit reference points referred above, and following the harvest control rule that the SSB should fall
below B;,,, with maximum 5% probability. ACFM also considered that adjustments of the harvest control rule should be
further investigated for the purpose of taking better account of the uncertainty in the predicted amount of; abundance of
spawners, the likely interactions with herring, and the role of capelin as prey item.

M anagement consider ations

Since the assessment of the stock is directly based on the acoustic survey conducted annually in September-October,
and the main fishing season does not begin until January, advice for this stock must be given during the autumn ACFM
meeting and the TAC must be set by the Mixed Norwegian-Russian Fishery Commission during its meeting in
November-December. As previously decided by the Northern Pelagic and Blue Whiting Fisheries Working Group, the
assessment of Barents Sea capelin is left to the parties responsible for the autumn survey, i.e. IMR in Bergen and
PINRO in Murmansk, who will report directly to the 2001 ACFM autumn meeting.

4.6 Sampling

The sampling from scientific surveys and from commercial fishing on capelin is summarised below:

Investigation No. of samples Length measurements Aged individuals
Acoustic survey 2000 199 13997 7271
(Norway)

Acoustic survey 2000 97 12476 5744
(Russia)

Norwegian bottom trawl 210 7282 2420
survey winter 2001

Norwegian fishery 119 13284 2258
winter 2001*

Russian fishery winter 14 2432 443
2001

! Preliminary by 15.04.01, samples in course of preparation
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Table4.2.1 Barents Sea CAPELIN. International catch (‘000 t) as used by the Working Group.

Year Winter Summer-Autumn Total
Norway Russia Others Tota Norway Russia Total
1965 217 7 0 224 0 0 0 224
1966 380 9 0 389 0 0 0 389
1967 403 6 0 409 0 0 0 409
1968 460 15 0 475 62 0 62 537
1969 436 1 0 437 243 0 243 680
1970 955 8 0 963 346 5 351 1314
1971 1300 14 0 1314 71 7 78 1392
1972 1208 24 0 1232 347 11 358 1591
1973 1078 35 0 1112 213 10 223 1336
1974 749 80 0 829 237 82 319 1149
1975 559 301 43 903 407 129 536 1439
1976 1252 231 0 1482 739 366 1105 2587
1977 1441 345 2 1788 722 477 1199 2987
1978 784 436 25 1245 360 311 671 1916
1979 539 343 5 887 570 326 896 1783
1980 539 253 9 801 459 388 847 1648
1981 784 428 28 1240 454 292 746 1986
1982 568 260 5 833 591 336 927 1760
1983 751 374 36 1161 758 439 1197 2358
1984 330 257 42 628 481 367 849 1477
1985 340 234 17 590 113 164 278 868
1986 72 51 0 123 0 0 0 123
1987 0 0 0 0 0 0 0 0
1988 0 0 0 0 0 0 0 0
1989 0 0 0 0 0 0 0 0
1990 0 0 0 0 0 0 0 0
1991 528 156 20 704 31 195 226 929
1992 620 247 24 891 73 159 232 1123
1993 402 170 14 586 0 0 0 586
1994 0 0 0 0 0 0 0 0
1995 0 0 0 0 0 0 0 0
1996 0 0 0 0 0 0 0 0
1997 0 0 0 0 0 1 1 1
1998 0 0 0 0 0 1 1 1
1999 50 33 0 83 0 23 23 106
2000 283 95 0 378 0 28 28 406
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Table4.2.2 Barents Sea CAPELIN. International catch in number (10°) and biomass (t) during the spring season 2000, as used by the Working Group

Length Agel Age?2 Age3 Age4 Age 5+ Sum
cm N B N B N B N B N B N % B %
5.0-55 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5.5-6.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6.0-6.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6.5-7.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7.0-75 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7.5-8.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8.0-85 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8.5-9.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
9.0-9.5 3 7 6 14 0 0 0 0 0 0 9 0 21 0
9.5-10.0 0 0 10 33 0 0 0 0 0 0 10 0 33 0
10.0-10.5 0 0 7 21 0 0 0 0 0 0 7 0 21 0
10.5-11.0 0 0 4 17 0 0 0 0 0 0 4 0 17 0
11.0-11.5 0 0 8 37 0 0 0 0 0 0 8 0 37 0
11.5-12.0 0 0 5 28 14 80 0 0 0 0 19 0 108 0
12.0-12.5 0 0 2 12 5 41 0 0 0 0 7 0 53 0
12.5-13.0 0 0 28 277 11 87 0 0 0 0 39 0 364 0
13.0-135 0 0 63 632 50 556 2 16 0 0 115 1 1203 0
13.5-14.0 0 0 0 0 187 2524 17 190 0 0 204 1 2714 1
14.0-14.5 0 0 12 134 415 5869 9 110 0 0 436 3 6113 2
14.5-15.0 0 0 11 127 586 9200 128 1959 4 61 729 5 11348 3
15.0-155 0 0 3 45 869 15447 358 6228 19 295 1250 9 22016 6
15.5-16.0 0 0 7 102 781 15164 576 11187 60 1081 1425 10 27534 7
16.0-16.5 0 0 7 128 593 13296 1000 22166 95 1910 1695 12 37500 10
16.5-17.0 0 0 0 0 351 8767 998 24899 242 5668 1591 11 39333 10
17.0-175 0 0 0 0 269 7238 1269 34965 481 11983 2020 14 54186 14
17.5-18.0 0 0 0 0 176 5352 965 29675 333 9648 1474 10 44675 12
18.0-185 0 0 0 0 127 4390 939 32142 422 13891 1489 10 50423 13
18.5-19.0 0 0 0 0 38 1467 527 19593 391 13834 955 7 34894 9
19.0-195 0 0 0 0 21 880 364 14751 313 12250 698 5 27881 7
19.5-20.0 0 0 0 0 0 0 187 8295 110 4761 296 2 13056 3
20.0-20.5 0 0 0 0 0 0 55 2754 21 1004 76 1 3758 1
20.5-21.0 0 0 0 0 0 0 8 417 3 160 11 0 577 0
21.0-21.5 0 0 0 0 0 0 1 28 0 0 1 0 28 0
21.5-22.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Table4.2.3 Barents Sea CAPELIN. Russian catch in number (10°%) and biomass (t) during the autumn season 2000, as used by the Working Group

Length 1 2 3 4 5 Sum
Cm N B N B N B N B N % B %

8.0-85 1 2 0 0 0 0 0 0 0 0 1 0 2 0
8.5-9.0 2 6 0 0 0 0 0 0 0 0 2 0 6 0
9.0-9.5 4 12 0 0 0 0 0 0 0 0 4 0 12 0
9.5-10.0 10 32 0 0 0 0 0 0 0 0 10 1 32 0
10.0-10.5 14 49 0 0 0 0 0 0 0 0 14 1 49 0
10.5-11.0 22 97 0 0 0 0 0 0 0 0 22 1 97 0
11.0-115 25 129 0 0 0 0 0 0 0 0 25 2 129 0
11.5-12.0 18 107 3 19 0 0 0 0 0 0 21 1 126 0
12.0-12.5 15 105 11 78 0 0 0 0 0 0 26 2 183 1
12.5-13.0 14 120 33 280 0 3 0 0 0 0 48 3 404 1
13.0-135 10 96 68 675 0 4 0 0 0 0 78 5 774 3
13.5-14.0 4 49 122 1396 0 4 0 0 0 0 127 8 1448 5
14.0-145 3 39 155 2034 1 19 0 0 0 0 160 10 2091 7
14.5-15.0 1 14 138 2029 6 93 0 0 0 0 145 10 2136 8
15.0-15.5 1 13 133 2236 23 384 0 0 0 0 157 10 2633 9
15.5-16.0 0 0 94 1775 36 671 1 17 0 0 130 9 2462 9
16.0-16.5 0 0 73 1570 63 1350 0 10 0 0 137 9 2931 10
16.5-17.0 0 0 41 992 67 1623 2 45 0 0 110 7 2659 10
17.0-17.5 0 0 20 552 83 2272 3 90 0 0 106 7 2914 10
17.5-18.0 0 0 9 280 50 1513 3 100 0 0 62 4 1893 7
18.0-185 0 0 1 39 61 2094 4 118 0 8 66 4 2259 8
18.5-19.0 0 0 1 31 35 1283 5 203 1 26 42 3 1544 6
19.0-19.5 0 0 0 0 16 663 2 88 0 10 18 1 761 3
19.5-20.0 0 0 0 0 3 139 3 128 0 0 6 0 267 1
20.0-20.5 0 0 0 0 2 84 1 54 0 0 3 0 137 0
20.5-21.0 0 0 0 0 0 21 0 0 0 0 0 0 21 0
Sum 146 868 904 13986 447 12219 25 852 1 44 1523 100 27970 100
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Table 4.3.1.1 Barents Sea CAPELIN. Larval abundance estimate (10™) in June, and O-group index in August.

Larval 0O-group

Year abundance index
1981 9.7 570
1982 9.9 393
1983 9.9 589
1984 8.2 320
1985 8.6 110
1986 0.0 125
1987 0.3 55
1988 0.3 187
1989 7.3 1300
1990 13.0 324
1991 3.0 241
1992 7.3 26
1993 3.3 43
1994 0.1 58
1995 0.0 43
1996 24 291
1997 6.9 522
1998 14.1 428
1999 36.5 722
2000 19.1 303
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Table 4.3.2.1 Barents Sea CAPELIN. Estimated stock size from the acoustic survey in September-October 2000. Based
on TSvalue 19.1 log L —74.0 dB, corresponding to ¢ = 5.0 (1107 (L™,

Agel/Yearclass 1 2 3 4 5+ Sum Biomass Mean
Length (cm) 1999 1998 1997 1996 1995 (109) (1031t weight (g)
6.5- 7.0 2.198 2.198 2.2 1.0
7.0- 7.5 9.506 9.506 11.7 1.2
7.5- 8.0 16.249 16.249 24.2 15
8.0- 8.5 31942 31.942 59.0 1.8
8.5- 9.0 56.835 56.835 128.9 2.3
9.0- 9.5 60.610 60.610 168.6 2.8
9.5- 10.0 58.577 58.577 192.1 3.3
10.0- 10.5 66.512 0.073 66.585 273.3 4.1
10.5- 11.0 57.780 0.555 58.335 274.7 4.7
11.0- 11.5  40.027 1.024 41.051 225.9 5.5
11.5- 12.0 26.161 4.315 30.476 193.5 6.3
12.0- 125 14.416 5.943 20.359 150.3 7.4
12.5- 13.0 4880  11.347 16.227 142.6 8.8
13.0- 13.5 2250 12.448 14.698 152.2 10.4
13.5- 14.0 0.808 13.714 0.198 14.720 176.0 12.0
14.0- 14.5 0.238  14.856 0.119 15.213 208.3 13.7
14.5- 15.0 0.177  13.677 0.460 14.314 225.3 15.7
15.0- 15.5 11.224 1.302 0.089 12.615 228.7 18.1
15.5- 16.0 8.956 3.147 0.056  12.159 2443 20.1
16.0- 16.5 5.482 4.241 9.723 219.2 22.5
16.5- 17.0 3.756 5.850 0.079 9.685 246.9 25.5
17.0- 17.5 2.140 5.617 7.757 212.1 27.3
17.5- 18.0 0.825 5.415 6.240 198.3 31.8
18.0- 18.5 0.217 4.397 0.107 4.721 161.9 34.3
18.5- 19.0 2.561 2.561 101.2 39.5
19.0- 19.5 0.739 0.333 1.072 41.2 38.5
19.5- 20.0 0.055 0.052 0.107 4.7 44.1
20.0- 20.5 0.122 0.122 5.8 47.7
20.5- 21.0
TSN (109) 449.166 110.552  34.101 0.782 0.056 594.657
TSB (103 1) 1699.7  1591.8 951.0 29.5 1.2 4273.1
Mean length (cm) 9.9 14.2 17.1 18.6 15.8 111
Mean weight (g) 3.8 14.4 27.9 37.7 21.0 7.2
SSN (109) 0.415 61.133  33.903 0.782 0.056  96.289
SSB (103 t) 6.0 11126 948.7 28.2 1.1 2096.7
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Table 4.3.2.2 Barents Sea CAPELIN. Stock size in numbers by age, total stock biomass and biomass of the maturing
component. Stock in numbers (unit:10%) and stock and maturing stock biomass (unit:10® tonnes) are given

at 1. October.
Year Stock in numbers (10°) Stock in weight
('000 t)

Agel Age?2 Age3 Age4 Age5 Tota Tota  Maturing
1973 528 375 40 17 0 961 5144 1350
1974 305 547 173 3 0 1029 5733 907
1975 190 348 296 86 0 921 7806 2916
1976 211 233 163 77 12 696 6417 3200
1977 360 175 99 40 7 681 4796 2676
1978 84 392 76 9 1 561 4247 1402
1979 12 333 114 5 0 464 4162 1227
1980 270 196 155 33 0 654 6715 3913
1981 403 195 48 14 0 660 3895 1551
1982 528 148 57 2 0 735 3779 1591
1983 515 200 38 0 0 754 4230 1329
1984 155 187 48 3 0 393 2964 1208
1985 39 48 21 1 0 109 860 285
1986 6 5 3 0 0 14 120 65
1987 38 2 0 0 0 39 101 17
1988 21 29 0 0 0 50 428 200
1989 189 18 3 0 0 209 864 175
1990 700 178 16 0 0 894 5831 2617
1991 402 580 33 1 0 1016 7287 2248
1992 351 196 129 1 0 678 5150 2228
1993 2 53 17 2 2 75 796 330
1994 20 3 4 0 0 28 200 94
1995 7 8 2 0 0 17 193 118
1996 82 12 2 0 0 9% 503 248
1997 99 39 2 0 0 140 911 312
1998 179 73 11 1 0 263 2056 931
1999 156 101 27 1 0 285 2776 1718
2000 449 111 34 1 0 595 4273 2099
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Table4.4.1 Barents Sea CAPELIN. Estimated stock size in numbers (unit:10°) by age group and total, and biomass
(‘000 t) of total stock, by 1. August, back-calculated from the survey in September-October.

Age 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
1 415.0 396.2 31 295 8.3 88.9 111.8 188.4 171.4 472.8
2 600.9 223.9 73.0 51 9.4 125 44.2 76.5 1115 116.4
3 36.7 162.8 253 6.4 1.6 22 22 121 27.9 39.3
4 14 16 3.7 0.3 0.4 0.1 0.1 0.7 0.9 0.9
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.1
Sum 1054.0 784.4 105.0 41.4 19.7 103.7 158.3 277.8 311.7 629.4
Biomass 6647 5371 991 259 189 467 866 1860 2580 3914

Table4.4.2 Barents Sea CAPELIN. Catch in numbers (unit:10%) by age group and total landings (‘000 t) in the spring

Season.
Age 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 04 0.3 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.2
3 240 23.8 4.8 0.0 0.0 0.0 0.0 0.0 0.8 4.5
4 8.2 17.3 26.8 0.0 0.0 0.0 0.0 0.0 15 7.4
5 2.7 2.1 14 0.0 0.0 0.0 0.0 0.0 0.8 25
Sum 353 434 335 0.0 0.0 0.0 0.0 0.0 31 14.6
Landings 704 891 586 0 0 0 0 0 83 378

Table4.4.3 Barents Sea CAPELIN. Catch in numbers (unit:10°%) by age group and total landings (‘000 t) in the
autumn season.

Age 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
1 2.2 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.1
2 9.3 5.8 0.0 0.0 0.0 0.0 0.0 0.0 0.9 0.9
3 31 7.9 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.4
4 0.9 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sum 155 153 0.0 0.0 0.0 0.0 0.0 01 1.6 15
Landings 226 232 0 0 0 0 1 1 23 28

Table4.4.4 Barents Sea CAPELIN. Natural mortality coefficients (per month) for immature fish (M), used for the
whole year, and for mature fish (per season) (M) used January to March, by age group and average for
age groups 1-5.

1991 1992 1993 1994 1995
Age Mimm Mima Mimm Mima Mimm M ma Mimm Mmat Mimm Muma
1 0.015 0.046 0.059 0.178 0157 0471 0201 0.602 0.073 0.219
2 0.015 0.045 0.058 0.174 0157 0470 0201 0.602 0.073 0.219
3 0.051 0.153 0.107 0322 0190 0571 0201 0602 0019 0.058
4 0.051 0.154 0.074 0221 0214 0642 0282 0847 0.044 0.133
5 0.051 0.154 0.071 0212 0214 0642 0282 0847 0.044 0.133
Avr 0.037 0.111 0.074 0222 0186 0559 0221 0700 0.052 0.152
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Table4.4.4 (Continued)

1996 1997 1998 1999 2000
Age Mimm Mima Mimm Mima Mimm M Mimm Mumat Mimm Muma
1 0.041 0.122 0.062 0.185 0.026 0.077 0047 0142 0.026 0.077
2 0.041 0.122 0.062 0.185 0.026 0.077 0047 0142 0.026 0.077
3 0.041 0.122 0.062 0185 0.071 0212 0025 0074 0071 0.212
4 0.050 0.149 0.014 0.041 0071 0212 0025 0074 0071 0.212
5 0.050 0.149 0.014 0.041 0071 0212 0025 0074 0071 0.212
Avr 0.043 0.133 0.042 0.127 0053 0158 0034 0101 0.053 0.158

Table4.4.5 Barents Sea CAPELIN. Estimated stock size in numbers (unit:10°) by age group and total, and biomass
(‘000 t) of total stock, by 1. January.

Age 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
1 462.4 600.1 9.2 120.3 13.8 118.2 172.0 2255 238.5 565.8
2 689.5 382.0 293.7 14 10.8 57 725 82.2 165.8 135.3
3 174.8 548.6 162.6 333 1.9 6.5 10.2 325 67.3 88.1
4 16.0 25.7 89.2 9.8 24 14 18 16 8.5 24.7
5 0.1 0.3 05 1.3 0.1 0.3 0.1 0.1 0.5 0.8
Sum 13428  1556.8 555.2 166.1 28.9 132.2 256.6 341.9 480.6 814.6
Biomass 7011 8299 4372 737 156 313 779 1240 2456 3556

Table4.4.6 Barents Sea CAPELIN. Estimated spawning stock biomass (‘000 t) by 1. April.

Age 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
1 0 0 0 0 0 0 0 0 0 0
2 19 0 0 0 1 3 1 1 2 24
3 1424 919 129 34 15 71 175 217 666 729
4 142 79 331 60 38 24 49 34 185 428
5 0 0 0 11 1 7 2 2 0 0
Sum 1584 998 460 105 55 105 228 254 853 1181
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Table4.4.7 Barents Sea CAPELIN. Stock summary table. Recruitment (number of 1 year old fish (unit:10% and stock
biomass (‘000 t) given at 1. August, spawning stock (‘000 t) at time of spawning (1. April). Landings
(‘000 t) are the sum of the total landings in the two fishing seasons within the year indicated. The SSB is
obtained by projecting the stock forward assuming a natural mortality that does not take the current
predation mortality fully into account.

Spawning
Stock Recruit- stock
Year biomass ment Agel biomass Landings
1965 224
1966 389
1967 409
1968 537
1969 680
1970 1314
1971 1392
1972 5831 1592
1973 6630 1140 1242 1336
1974 7121 737 343 1149
1975 8841 494 90 1439
1976 7584 433 1147 2587
1977 6254 830 890 2987
1978 6119 855 460 1916
1979 6576 551 193 1783
1980 8219 592 87 1648
1981 4489 466 1731 1986
1982 4205 611 546 1760
1983 4772 612 47 2358
1984 3303 183 171 1477
1985 1087 47 106 868
1986 157 9 13 123
1987 107 46 16 0
1988 361 22 11 0
1989 771 195 141 0
1990 4901 708 179 0
1991 6647 415 1584 929
1992 5371 396 998 1123
1993 991 3 460 586
1994 259 30 105 0
1995 189 8 55 0
1996 467 89 105 0
1997 866 112 228 1
1998 1860 188 254 1
1999 2580 171 853 106
2000 3914 473 1181 406
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5 CAPELIN IN THE ICELAND-EAST GREENLAND-JAN MAYEN AREA
51 TheFishery
51.1 Regulation of the fishery

The fishery depends upon maturing capelin, i.e. that part of each year class which spawns at age 3 as well as those fish
at age 4, which did not reach maturity to spawn at age 3. The abundance of the immature components is difficult to
assess before their recruitment to the adult stock at ages 2 and 3. Thisis especially true of the age 3 immatures.

The fishery of the Iceland-East Greenland-Jan Mayen capelin has, therefore, been regulated by preliminary catch quotas
set prior to each fishing season (July—March). Predictions of TACs have been computed based on data from surveys of
the abundance of 1 and 2 year old capelin, carried out in the autumn of the year before. The process includes historical
relationships between such data and the back-cal culated abundance of the same year classes, an average growth rate and
natural mortality and the provision of a remaining spawning stock of 400,000 t. Final catch quotas for each season have
then been set in accordance with the results of acoustic surveys of the maturing, fishable stock abundance, carried out in
autumn (October—November) and/or winter (January/February) in that fishing season. A more detailed description of
the method is given in Section 1.3.5. A summary of the results of this catch regulation procedureis givenin Table 5.1.1.

Over the years, fishing has not been permitted during April-June and the season opened in July/August or later,
depending on the state of the stock. Due to very low stock abundance there was a fishing ban lasting from December
1981 to November 1983. In addition, areas with high abundance of juvenile 1- and 2-group capelin (in the shelf region
off NW-, N- and NE-Iceland) have usually been closed to the summer and autumn fishery.

51.2 Thefishery in the 2000/2001 season

In accordance with a previously determined procedure, ACFM recommended that the preliminary TAC should not
exceed 650 000 t. Thisis 2/3 of the total TAC predicted for the season, i.e. 975 000 t. This advice was accepted by all
parties concerned.

The season opened on 20 June and the fishery began in deep waters north of the shelf edge off the eastern north coast of
Iceland. Asusual the fishing grounds gradually shifted to the northwest in July. Initially, catch rates were higher than in
1999 and by the end of July the total catch amounted to 245 000 t. After that the capelin had become so scattered that
the fishery was abandoned. About 20 000 t were caught off NW-Iceland in November. At that time, fishable
concentrations were heavily mixed with juveniles and the fishery stopped.

Thetotal catch in the 2000 summer and autumn season thus amounted to about 265 000 t.

In January 2001, fishable concentrations of adult capelin were located in deep waters off the shelf east of Iceland and a
total catch of about 135 000 t of capelin was taken off the southern east coast in January and early February.

On 1 February 2001, a large scale fishery started some 50-60 miles to the west of the Vestfirdir peninsula (NW-
Iceland). During February and the first week of March, the fishery followed the migration of these capelin
southeastward to the Snadfell snes peninsula (W-Iceland), then south across Faxafloi and finally eastward along the south
coast to the area east of Vestmannaeyjar. Very few catches were taken from the eastern migration until late in this
period, which is very unusual for thistime of year.

Catch rates were extremely high throughout February and in the first 10 days of March and the total catch was about
540 000 t, aimost al taken from the western migration. Due to a week of storms following a short fishers' strike
practically no catches were taken by Iceland for about 10 days around mid-March. After that and until the end of
March, some 130 000 t were taken by Icelandic and Greenland vessels from both the western and eastern migrations.

Thetotal catch during the 2001 winter season was 806 000 t.
52 Catch Statistics

The total annual catch of capelin in the Iceland-East Greenland-Jan Mayen area since 1964 is given by weight, season
and fleetin Table 5.2.1.
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The total catch in numbers during the summer/autumn 1979-2000 and winter 1980-2001 seasons is given by age and
yearsin Tables5.2.2 and 5.2.3.

The distribution of the catch during the summer-autumn 2000 and winter 2001 seasons is given by length groups at age
in Tables5.2.4 and 5.2.5.

53 Surveys of Stock Abundance
531 O-group surveys

The distribution and abundance of 0-group capelin in the Iceland-East Greenland-Jan Mayen area has been recorded
during surveys carried out in August since 1970. The survey methods and computations of abundance indices were
described by Vilhjdmsson and Fridgeirsson (1976). The abundance indices of 0-group capelin, divided according to
areas, aregivenin Table 5.3.1.1.

An acoustic estimate of the abundance of 1-group capelin has also been obtained during the August O-group surveys
(e.g. Vilhjdimsson 1994). Their abundance by number, mean length and weight for the period 1983-2000 is given in
Table5.3.1.2.

53.2 Stock abundance in autumn 1999 and winter 2000

An acoustic survey was carried out by two research vessels in the period 10 November-2 December 2000 (Working
Document by Hjalmar Vilhjalmsson and Sigurdur Thor Jonsson). The distribution of the stock was fairly wide and more
or less continuous, reaching from 28°W, west of the NW-peninsula of Iceland (Vestfirdir), across the outer part of the
shelf northwest and north of Iceland to 11°W off the northern and central east coast. The most extensive and dense
capelin concentrations were recorded near the shelf edge off the western and central north coast as well as north of
Vestfirdir.

Due to drift ice drift it was not possible to carry out an adequate survey of the Denmark Strait and a storm prevented a
complete coverage of the more offshore waters off the eastern north coast of Iceland. The capelin were amost
exclusively recorded as scattering layers of varying densities, at depths of 50-150 m in darkness but somewhat deeper
in the daytime. Most of the densest concentrations, recorded off the western and central north coast as well as north of
the NW-peninsula of Iceland, consisted of a mixture of adults and juveniles (both 1- and 2-group) with a predominance
of the juvenile component. East and northeast of Iceland there were almost exclusively juveniles.

According to the autumn 2000 survey, the immature stock component amounted to 102.7 and 10.9 * 10° fish, belonging
to age groups 1 and 2 respectively (year classes 1999 and 1998). The estimated total fishable/spawning stock abundance
was only 13.2 * 10° fish in early December 2000. The observed mean weight in the fishable stock was 13.4 g and the
fishable/spawning stock biomass estimate, therefore, only 176 000 t.

Both total adult stock biomass and the contribution of the older age group were much below expectations and the
average weight far below that in the catch taken in June/July. For these reasons it was concluded that the autumn 2000
survey must have failed to locate and assess most of the adult fishable stock. On the other hand the survey appeared to
have adequately caught the immature part of the population. Details of the autumn 2000 acoustic estimate of adult
capelin are given in Table 5.3.2.1 and those of the immature stock in Table 5.3.2.2.

During 22-31 January 2001, the abundance of mature capelin was assessed near the shelf edge off the Vestfirdir
peninsula.. The survey was repeatedly interrupted by storms during the first few days. Following that an assessment was
carried out under good weather conditions during 27-31 January. The adult capelin were distributed in large dense
schools and scattering layers over arelatively narrow area that reached for 80-90 nautical miles along and just west of
the shelf edge. The southern half of this area contained only adult fish, while adult concentrations in the northern half
were mixed with 1- and 2-group juveniles. Farther to the northeast the survey recorded only juveniles. The total
biomass of adult capelin in this area was estimated to be about 720 000 t. This survey did not cover but part of the
immature stock, but it was noted that the weight at age among the immature capelin was much higher than could be
expected from the November 2000 assessment.

Surveying of capelin spawning migrations was continued east and southeast of Iceland during 2-15 February 2001.
Dense schools were located just east of the shelf edge off the southern east coast and more scattered capelin recordings
to the north and east of there. At the time of this survey there were no signs of capelin in the process of migrating into
the warmer waters off the eastern south coast. In the second week of February the total abundance of adult capelin in
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this area was assessed to be about 290 000 t. The February 2001 survey east of Iceland was conducted south of 65°N
and therefore recorded only insignificant numbers of immature capelin.

Although the occurrence of mature capelin off NW-Iceland in winter is not uncommon, the scenario where most of the
mature, fishable stock is located west of the Vestfirdir peninsula is highly unusua but not unique. A situation closely
resembling that at present occurred in the winter of 1979. Approximately one half of the spawning stock was then
located off the Vestfirdir peninsula in January/February and, like in 2001, migrated directly to the spawning grounds
west of Iceland. The anomalous distribution of the adult stock in 2000/2001 is most likely due to changes in the
oceanographic regime of Icelandic waters and the Iceland Sea (see Section 2.3.4.5)

Details of the winter 2001 acoustic estimate of adult capelin are given in Table 5.3.2.3 and those of the immature stock
in Table5.3.2.4.

54 Historical Stock Abundance

The historical estimates of stock abundance are based on the “best” acoustic estimates of the abundance of maturing
capelin in autumn and/or winter surveys, the “best” in each case being defined as that estimate on which the final
decision of TAC was based. Taking account of the catch in number and a monthly natural mortality rate of M = 0.035
(ICES 1991/Assess: 17) the abundance estimates of each age group are then projected to the appropriate point in time.
Since natural mortality rates of juvenile capelin are not known, their abundance by number has been projected using the
same natural mortality rate.

The annual abundance by number and weight at age for mature and immature capelin in the Iceland-East Greenland-Jan
Mayen area has been calculated with reference to 1 August and 1 January of the following year for the 1978/79—
2000/01 seasons. Theresults are given in Tables 5.4.1 and 5.4.2 (1 August and 1 January, respectively). Table 5.4.2 also
gives the remaining spawning stock by number and biomass in March/April 1979-2001.

The observed annual mean weight at age was used to calculate the stock biomass on 1 January. With the exception of
juvenile capelin, which are surveyed in summer, the average weight at age of adult capelin in autumn (Table 5.5.1.2) is
used to calculate stock biomass of the maturing components in summer. Because there is a small weight increase among
mature capelin in February and March, the remaining spawning stock biomass is dightly underestimated.

55 Stock Prognoses
55.1 Stock prognosisand TAC in the 2000/2001 season

The models (ICES 1993/Assess:6; Section 3.1.5) for predicting the numbers of maturing capelin of ages 2 and 3 from
the November 1999 acoustic assessment of the 1998 and 1997 year classes gave estimates of 70.9 and 19.2 billion
maturing 2- and 3-group capelin on 1 August 2000.

During the last ten years the weight at age of adult capelin has been inversely related to adult stock abundance in
numbers. Plotting these pairs of data as simple linear regressions results in r> = 0.66 and 0.76 for age groups 2 and 3
respectively. Applying the appropriate regression equations, y = -0.034x + 19.3 for the younger component and

y = -0.069x + 28.8 for the older one and using the predicted abundance of age groups 2 and 3 on 1 August 1999
combined, i.e. 90.1 * 10° fish, resulted in estimated mean weights of 16.2 and 22.7 g for age groups 2 and 3
respectively.

The fishable stock biomass, obtained by multiplying the stock in numbers by the predicted mean weight of maturing
capelin in autumn, was projected forward to spawning time in March 2001 assuming a monthly M = 0.035 and a
remaining spawning stock of 400 000 t. This gave a predicted TAC of 975 000 t spread evenly over August 2000-March
2001 (Table 5.5.1.3). Using the same approach as in previous years, i.e. that the preliminary TAC be set at 2/3 of the
predicted total for the season, the Working Group recommended that a preliminary TAC for the 2000/01 capelin fishery
be set at 650 000 t.

According to the January/February 2001 survey results described in section 5.3.2, the estimated fishable/spawning stock
was 49.5 * 10°fish in early February 2001. At that time the observed mean weight in the fishable stock was 20.5 g and
the stock biomass therefore about 1 010 000 t. With the usual prerequisite of a monthly natural mortality rate of 0.035, a
remaining spawning stock of 400 000 t the above abundance estimate indicated a TAC of 610 000 t in the time
remaining of the 2001 winter fishery. Counting the catch taken in June 2000-10 February 2001 (400 000 t), this
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corresponded to atotal TAC of some 1 010 000t for all of the 2000/2001 season.

Routine sampling of the catch taken during 1 February-10 March 2001 revealed a much higher weight at age than could
be expected from the winter survey. There was also a corresponding increase in weight at length. The difference
between the TAC calculated using survey weights on the one hand and catch weights on the other was 100 000 t. TAC
for the winter fishery in February-March 2001 was subsequently raised to 710 000 t, bringing the total TAC for the
2000/2001 season to 1 110 000 t. The difference between predicted TAC and the TAC finally calculated for the 2000/01
season is due to a higher mean weight than expected. About 40 000 t of the calculated TAC remained at the end of the
winter fishery. It is estimated that 440 000 t of capelin remained to spawn in 2001.

55.2 Stock prognosis and assessment for the 2001/2002 season

Calculations of expected TAC for the 2001/2002 season, based on the method described in section 3.1.5 and data from
Table5.5.1.1, were used for predicting the abundance by number of maturing capelin of ages 2 and 3 on 1 August 2001.

An updated linear regression of the measured abundance of 1-group capelin (N;) on the backcalculated abundance of
mature 2-group fish (Noma) givesy = 0.570x + 19.4; R* = 0.83, p <0.05. Similarly for the older stock component, where
Nt iS regressed on Namg, gives y = 0.285x - 7.1; R? = 0.51; p <0.05. The two regression plots are shown in Figure
5.5.3.1.

The Working Group decided that the November 2000 estimate of the abundance of 1-group capelin (year class 1999)
was realistic and could be used for predicting the abundance of maturing capelin of the 1998 year class on 1 August
2000.

The predictive figures for the 1999 and 1998 year classes are given in Table 5.5.1.1 These gave an estimate of 78.1 and
16.9 hillion mature fish, belonging to the 1999 and 1998 year classes respectively.

During the last ten years the weight at age of adult capelin has been inversely related to adult stock abundance in
numbers. Plotting these pairs of data as simple linear regressions results in R? = 0.66 and 0.76 for age groups 2 and 3
respectively. These two regression plots are shown in Figure 5.5.3.2. Applying the appropriate regression equations,

y =-0.035x + 19.4; r? = 0.66; p<0.05 for the younger component, and y = -0.070x + 29.0; r? = 0.76; p<0.05 for the
older one and using the predicted abundance of age groups 2 and 3 on 1 August 2001 combined, i.e. 95.0 * 10° fish,
results in estimated mean weights of 16.1 and 22.4 g for age groups 2 and 3 respectively.

Using the predicted mean weight, results in a predicted TAC of 1 050 000 t if spread evenly over the period August
2001-March 2002. This corresponds to a preliminary TAC of 700 000 t. As in previous years, decisions on the final
TAC for the 2001/2002 season should be based on surveys carried out in October/November 2001 and/or
January/February 2002.

55.3 M anagement of capelin in the | celand-East Greenland-Jan Mayen area

The fishable stock consists of only 2 age groups (2 and 3 year olds, spawning at ages 3 and 4). The fishing season has
usually begun in June/July and ends in March of the following year when the remainder of the fishable stock spawns
and dies. The fishable stock, which is aso the maturing stock, is thus renewed annually and its exploitation must of
necessity be cautious. Due to the short life span and high spawning mortality, stock abundance can only be assessed by
acoustics.

Since 1992, the key elements in the management of capelin in the Iceland-East Greenland-Jan Mayen area have been as
follows:

Acoustic survey estimates of age 1 juvenile capelin abundance and the estimated total abundance (mature and
immature) at age 2 have been used to predict fishable stock abundance by number in the following year (fishing
season). Historical average mean weight at age (in later years a relationship between numerical stock abundance and
growth), growth rates and natural mortality have been used for calculations and projections of maturing and fishable
stock biomass.

Based on the data described above, a prediction of TAC is made in spring of the year in which the season begins,
allowing for 400 000 t remaining to spawn at the end of the season. For precautionary purposes, a preliminary TAC,
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corresponding to 2/3 of the predicted total TAC for the season, has then been allocated to the period July—December.
With regard to a precautionary approach, the Working Group stresses the importance of the continued setting of a
preliminary TAC for the first half of the season.

Thefinal decisions on TACs for each fishing season have been based on the results of acoustic stock abundance surveys
in late autumn or in January/February of the following year during that season.

The procedure just described has worked well in the past for ‘normal’ ranges of stock abundance. However, it is clear
that extra care should be taken when dealing with stock abundance below or above the norm, corresponding to TACs
lower than 500 000 or greater than 1 600 000 t.

5.6 Precautionary Approach to Fisheries M anagement

Due to the short life span of capelin and their high spawning mortality, the main management objective is to maintain
enough spawners for the propagation of the stock. Since 1979 the targeted remaining spawning stock for capelin in the
Iceland-East Greenland-Jan Mayen area has been 400 000 t. Although there have been large fluctuations in stock
abundance during this period, these appear to be environmentally induced and not due to excessive fishing. Therefore,
the criterion of maintaining a remaining spawning stock may be defined as By, i.€. stock abundance below which no
fishery should be permitted.

The definition of other precautionary reference points is more problematic. However, due to uncertainties inherent in
predicting the abundance of short-lived species and the importance of capelin as forage fish for predators such as cod,
saithe, Greenland halibut, baleen whales and sea birds, extra caution should be taken when stock predictions indicate
TACs lower than 500 000 t and greater than 1 600 000 t. In the former case, the fishery should not be opened until after
the completion of a stock assessment survey in autumn/winter in that season. The latter simply represents a scenario
where predicted stock abundance is beyond the highest historic abundance on record. In such cases the preliminary
TAC should not exceed 1 100 000 t.

5.7 Special Comments

In most years, by far the largest capelin can be caught in late June, July and the first half of August. After that, the
average size in the catches has usually declined drastically and not increased again until late autumn. There are two
main reasons for this. First, the oldest and largest fish migrate ahead of other stock components to feed in the plankton
rich oceanic area between Iceland, Greenland and Jan Mayen. Later on, these larger capelin are joined by younger,
slower growing adults and even juvenilesin parts of the fishing area, the location of which is variable from year to year.
Second, as the food supply diminishes in the southern part of the feeding area in August, the fishable stock becomes
more scattered and sometimes mixed with juveniles.

The Working Group recommends that the 2001 summer/autumn season be opened around 20 June. In order to prevent
catches of juvenile 1- and 2-group capelin it is recommended that the authorities responsible for the management of this
stock (Greenland, Iceland and Norway) should monitor the fishery and be prepared for quick intervention on short
notice, through area closures, to prevent eventual fishing on concentrations of capelin consisting of a mixture of
juveniles and adults.

An overview of stock development during 1978-2000 isgivenin Table 5.7.1.

5.8 Sampling

Investigation No. of samples | Length meas. individuals Aged individuals
Fishery 2000 26 6827 2600
Survey 2000 50 4415 4415
Fishery 2001 74 7400 7400
Survey 2001 41 3999 3999
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Table5.1.1

and remaining spawning stock (000 tonnes) in the 1988/99—-2000/01 seasons.

Preliminary TACs for the summer/autumn fishery, recommended TACs for the whole season, landings

Season 88/89 89/90 90/91 91/92 92/93 93/94 94/95 95/96 96/97 97/98 98/99 99/00 00/01
Prelim. TAC 900 900 600 O 500 900 950 800 1100 850 950 650 700
Rec. TAC 1065 - 250 740 900 1250 850 1390 1600 1265 1200 1000 1110
Landings 1036 808 314 677 788 1179 842 930 1571 1245 1100 934 1071
Spawn. stock 445 115 330 475 460 460 420 830 430 490 500 650 440
Table5.2.1  Theinternational capelin catch 1964—2001 (thousand tonnes).
Winter season Summer and autumn season
Year Nor- Green- Season Nor- Green- Season Total
Iceland way Faroes land total Iceland way Faroes land EU total
1964 8.6 - - 8.6 - - - - - 8.6
1965 49.7 - - 49.7 - - - - - 49.7
1966 1245 - - 124.5 - - - - - 124.5
1967 97.2 - - 97.2 - - - - - 97.2
1968 78.1 - - 78.1 - - - - - 78.1
1969 170.6 - - 170.6 - - - - - 170.6
1970 190.8 - - 190.8 - - - - - 190.8
1971 182.9 - - 182.9 - - - - - 182.9
1972 276.5 - - 276.5 - - - - 276.5
1973 440.9 - - 440.9 - - - - - 440.9
1974 461.9 - - 461.9 - - - - - 461.9
1975 457.1 - - 457.1 31 - - - 31 460.2
1976 338.7 - - 3387 1144 - - - 1144 453.1
1977 549.2 - 24.3 5735 259.7 - - - 259.7 833.2
1978 468.4 - 36.2 504.6 4975 154.1 34 - 655.0 1,159.6
1979 521.7 - 18.2 5399 4420 1240 22.0 - 588.0 1,1279
1980 392.1 - - 3921 3674 1187 24.2 17.3 527.6 919.7
1981 156.0 - - 156.0 4846 914 16.2 20.8 613.0 769.0
1982 13.2 - - 13.2 - - - - - 13.2
1983 - - - - 1334 - - - 1334 133.4
1984 439.6 - - 439.6 425.2 104.6 10.2 85 5485 988.1
1985 348.5 - - 3485 644.8 193.0 65.9 16.0 919.7 1,268.2
1986 341.8 50.0 - 391.8 5525 149.7 65.4 53 7729 1,164.7
1987 500.6 59.9 - 560.5 311.3 821 65.2 - 458.6 1,019.1
1988 600.6 56.6 - 6572 3114 115 48.5 - 3714 1,028.6
1989 609.1 56.0 - 665.1 539 527 14.4 - 1210 786,1
1990 612.0 625 12.3 686,8 83.7 219 5.6 - 1112 798.0
1991 202.4 - - 202.4 56.0 - - - 56.0 258.4
1992 5735 476 - 621.1 2134 65.3 18.9 0.5 298.1 919.2
1993 489.1 - - 0.5 489.6 450.0 1275 23.9 10.2 611.6 1,101.2
1994 550.3 15.0 - 1.8 567.1 210.7 99.0 12.3 2.1 324.1 891.2
1995 539.4 - - 0.4 539.8 1755 28.0 - 2.2 205.7 745.5
1996 707.9 - 10.0 5.7 723.6 4743 206.0 17.6 15.0 60.9 773.8 1,4974
1997 774.9 - 16.1 6.1 797.1 536.0 153.6 205 6.5 47.1 763.6 15615
1998 457.0 - 14.7 9.6 481.3 290.8 729 26.9 8.0 41.9 4405 921.8
1999 607.8 14.8 13.8 225 658.9 830 114 6.0 2.0 102.4 761.3
2000 761.4 149 32.0 22.0 830.3 1265 80.1 30.0 7.5 21.0 2651 10954
2001 767.2 - 10.0 28.6 805.8
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Table5.2.2  The total international catch of capelin in the Iceland-East Greenland-Jan Mayen area by age groups
in numbers (billions) and the total catch by numbers and weight (thousand tonnes) the autumn season
(August-December) 1979-2000.

Y ear
Age 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
1 0.6 49 0.6 - 0.6 0.5 0.8 + + 0.3 17
2 29.4 17.2 27.9 - 7.2 9.8 25.6 100 277 13.6 6.0
3 6.1 5.4 2.0 - 0.8 7.8 154 23.3 6.7 54 15
4 - - + - - 0.1 0.2 0.5 + + +
Total number 36.1 275 305 - 8.6 18.2 420 338 344 19.3 9.2
Total weight 588.0 5276 613.0 - 1334 5485 9197 7729 4586 3714 1210
Y ear
Age 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
1 0.8 0.3 1.7 0.2 0.6 15 0.2 1.8 0.9 0.3 0.2
2 59 2.7 140 249 15.0 9.7 25.2 334 251 4.7 12.9
3 1.0 0.4 2.1 5.4 2.8 11 12.7 10.2 2.9 0.7 3.3
4 + + + 0.2 + + 0.2 0.4 + + 0.1
Total number 7.7 3.4 178 307 18.4 12.3 384 458 289 5.7 16.5

Total weight 1112 560 2981 6116 3241 205.7 7737 763.6 4405 1024 265.1

Table5.2.3 The total international catch of capelin in the Iceland-East Greenland-Jan Mayen area by age groups
in numbers (billions) and the total catch by numbers and weight (thousand tonnes) the winter season
(January-March) 1980—2001.

Y ear
Age 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
2 1.3 1.7 - - 2.1 0.4 0.1 + + 0.1 14
3 17.6 7.1 0.8 - 18.1 9.1 9.8 6.9 234 229 24.8
4 35 1.9 0.1 - 34 5.4 6.9 155 7.2 7.8 9.6
5 - - - - - - 0.2 - 0.3 + 0.1
Total number 22.4 10.7 0.9 - 23.6 14.5 17.0 2.4 309 308 35.9
Total weight 392.1 156.0 13.2 - 439.6 3485 391.8 5605 6572 665.1 686.8
Y ear
Age 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
2 0.5 2.7 0.2 0.6 13 0.6 0.9 0.3 0.5 0.3 0.4
3 74 294 201 22.7 17.6 274 291 20.4 312 36.3 28.9
4 15 2.8 25 39 5.9 7.7 11.0 5.4 7.5 54 7.0
5 + + + + + + + + + + +
Total number 94 349 228 27.2 24.8 357 410 26.1 39.2 420 36.3

Total weight 202:4 621:1 489.6 567.1 539.8 7236 797.6 4813 6589 830.3 8058
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Table5.2.4 Thetota international catch in numbers (millions) of capelin in the Iceland-East Greenland-
Jan Mayen area in the summer/autumn season of 2000 by age and length, and the catch in
weight (thousand tonnes) by age groups.

Total length (cm) Agel Age?2 Age3 Age4 Total  Percentage

11 6 22 - - 32 0.2

115 12 132 - - 162 1.0

12 36 1022 - - 1177 7.2

12.5 36 2235 28 - 2532 15.4

13 36 2603 41 - 2945 17.9

135 24 2559 152 - 2945 17.9

14 24 1779 275 - 2158 13.1

14.5 6 1044 510 - 1461 8.9

15 - 728 592 - 1152 7.0

15.5 - 404 523 - 755 4.6

16 - 206 551 30 560 34

16.5 - 125 344 - 341 2.1

17 - 22 207 - 146 0.9

17.5 - - 55 - 32 0.2

18 - - - - - 0.0

18.5 - - - 30 8 0.0

19 - - - - - 0.0

19.5 - - 14 - 8 0.0
Total number 182 12882 3292 59 16415

Percentage 11 785 20.1 0.4 100.0 100.0
Total weight 2.1 188.5 72.4 2.1 265.1

Table5.2.5 Thetotal international catch in numbers (millions) of capelin in the Iceland-East Greenland-Jan
Mayen area in the winter season of 2001 by age and length, and the catch in weight (thousand
tonnes) by age groups.

Total length (cm) Age?2 Age3 Age4 Age5 Total Percentage

10 29 - - - 29 0.1

10.5 34 - - - 34 0.1

11 19 5 - - 24 0.1

115 24 - - - 24 0.1

12 48 39 - - 87 0.2

12.5 67 173 5 - 246 0.7

13 48 520 - - 568 1.6

135 77 1344 - - 1421 41

14 48 2611 53 - 2712 7.7

14.5 19 3622 125 - 3767 10.8

15 - 4508 491 - 4999 12.8

15.5 - 4537 771 - 5307 13.7

16 - 3584 1112 5 4700 13.1

16.5 - 2905 1189 - 4093 11.4

17 - 2649 1145 5 3799 10.6

175 - 1460 978 5 2442 7.0

18 5 665 747 5 1421 41

18.5 - 212 284 - 496 14

19 - 39 82 5 125 0.4

19.5 - 10 19 - 29 0.1
Total number 434 28881 7000 24 38339

Percentage 12 79.5 19.2 0.1 100.0 100.0
Total weight 3.9 607.9 193.6 0.8 805.8
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Table5.3.1.1

Abundance indices of 0-group capelin 1970-2000 and their division by areas.

Y ear
Area 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982
NW-Irminger Sea 1 + + 14 26 3 2 2 + 4 3 10 +
W-Iceland 8 7 30 39 4 37 5 19 2 19 18 13 8
N-Iceland 2 12 52 46 57 46 10 19 29 25 19 6 5
East Iceland - + 7 17 7 3 15 3 + 1 + - +
Total 11 19 89 116 134 8 32 43 31 49 40 29 13
Y ear
Area 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
NW-Irminger Sea + + 1 + 1 3 1 + 8 3 2 3 +
W-Iceland 3 2 8 16 6 22 13 7 2 11 21 12 6
N-Iceland 18 17 19 17 6 26 24 12 43 20 13 69 10
East Iceland 1 9 3 4 1 1 2 2 1 + 15 10 8
Total 2 28 31 3r 14 52 40 21 54 34 51 94 24
Y ear
1996 1997 1998 1999 2000
NW-Irminger Sea 2 5 + + +
W-Iceland 17 14 7 25 1
N-Iceland 57 30 34 51 7
East Iceland 6 12 5 7 4
Total 82 61 46 83 12

Table 5.3.1.2 Estimated numbers, mean length and weight of age 1 capelin in the August surveys of 1983-2000.

Y ear
1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
Number (10°) 155 286 31 71 101 147 111 36 50 87 33 8 189 138
Menlength(cm) 104 97 102 95 91 88 101 104 107 97 94 90 98 93
Meanweight(g) 42 36 38 33 30 26 34 40 51 34 30 28 34 29
Y ear
1997 1998 1999 2000
Number (10°) 143 87 55 94
Menlengh(cm) 93 90 95 95
Meanweight(g) 28 29 32 31
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Table5.3.2.1 Acoustic abundance estimate of maturing capelin, 10/11-02/12 2000

NUMBERS (10°%)

BIOMASS (10>

(Age) Year class Avgwt (Age) Year class

Le(r:g:lr)\ (1)1999 (2) 1998 (3) 1997 Total (@] (1)1999 (2) 1998 (3) 1997 Total
12 0.019 0.011 - 0.03 6.6 0.1 0.1 0 0.2
125 0.302 0.566 - 0.868 7.7 2.3 4.3 0 6.7
13 0.470 1.845 - 2.315 9.1 4.3 16.7 0 21
135 0.141 1.780 0.018 1.938 10.5 15 18.7 0.2 20.4
14 0.027 2.045 0.053 2124 12.1 0.3 24.8 0.6 25.7
14.5 0.031 2.188 0.031 2.249 14.1 04 30.8 04 316
15 - 1.843 0.174 2.018 16.0 0 29.6 2.8 324
155 - 0.629 0.067 0.696 194 0 12.2 1.3 135
16 - 0.257 0.012 0.27 22.6 0 5.8 0.3 6.1
16.5 - 0.228 0.036 0.264 24.8 0 5.7 0.9 6.6
17 - 0.056 0.042 0.098 28.0 0 16 12 2.7
17.5 - 0.068 0.102 0.17 29.7 0 2 3 5
18 - 0.093 0.031 0.124 34.9 0 3.2 1.1 4.3
Total 0.989 11.608 0.565| 13.163 134 8.9 155.5 11.8 176.2
Average length (cm) 13.0 14.2 15.8 14.2
Average weight (g) 9.0 13.4 20.8 13.4

Table5.3.2.2 Acoustic abundance estimate of immature capelin, 10/11-02/12 2000

NUMBERS (10°%) BIOMASS (10>
(Age) Year class Avgwt (Age) Year class
Le('l?:]r)‘ (1) 1999 (2) 1998 (3)1997 | Total (9 | (1)1999 (2)1998 (3)1997 | Total
8 0.207 - - 0.207 1.2 0.3 - - 0.3
8.5 1.812 - - 1.812 19 35 - - 35
9 8.065 - - 8.065 24 19.0 - - 19.0
95 16.093 - -l 16.093 2.9 46.0 - - 46.0
10 26.038 0.037 -l 26.076 34 87.3 0.1 - 87.4
105 19.266 0.137 -l 19.403 4.0 77.3 0.5 - 77.9
11 15.16 0.26 -| 15421 4.8 72.1 12 - 73.3
115 10.005 0.722 -| 10.727 5.6 55.6 4.0 - 59.6
12 3.972 2317 - 6.289 6.5 259 15.1 - 411
125 1.364 2.533 - 3.897 7.6 104 19.3 - 29.7
13 0.557 2.161 - 2.718 9.0 5.0 19.5 - 24.5
135 0.106 1.328 0.013 1.448 10.5 11 14.0 0.1 15.2
14 0.012 0.935 0.023 0.97 12.1 0.1 11.3 0.3 11.7
145 0.004 0.264 0.004 0.272 14.1 0.1 3.7 0.1 3.8
15 - 0.149 0.012 0.162 16.1 - 24 0.2 2.6
155 - 0.015 0.002 0.017 19.5 - 0.3 0.0 0.3
Total 113.575

102.661 10.86 0.055 4.4 403.7 91.6 0.7 496.0
Average length (cm) 10.3 12.7 14.2 10.6
Average weight (g) 3.9 8.5 13.0 4.4

118

O:\ACFM\WGREPS\WGNPBW\REPORT S\2001\wgnpbw2001.doc




Table5.3.2.3 Acoustic estimate of mature capelin, 22/01-15/02 2001

NUMBERS (10°°) BIOMASS (10>
(Age) Year class Avgwt (Age) Year class

Length (cm) | (2) 1999 | (3) 1998 | (4) 1997 Total (@) |(2) 1999 | (3) 1998 | (4) 1997 Total
125 0.416 0.063 - 0.479 7.0 29 0.4 - 33

13 0.552 0.253 - 0.805 8.3 4.5 21 - 6.6

135 0.543 0.563 - 1.106 9.9 5.2 5.7 - 10.9
14 0.963 2.743 - 3.705 115 10.9 317 - 42.6
145 0.367 3.840 0.066 4.273 133 48 51.2 0.9 56.9

15 0.483 5.969 0.451 6.903 154 7.3 91.9 7.0 106.2
155 0.076 4.561 0.727 5.364 17.9 13 81.3 133 95.9
16 - 6.389 1.173 7.562 20.4 - 129.9 245 154.4
16.5 - 4.564 0.985 5.565 22.9 - 104.3 22.6 126.9
17 - 3.558 1.443 5.002 25.8 - 92.0 37.3 129.3
175 - 2.209 1.315 3.542 28.6 - 63.2 375 100.7
18 - 1.338 2.094 3.432 324 - 43.7 67.3 111.0
185 - 0.835 0.404 1.239 36.7 - 30.7 14.8 45.5
19 - 0.018 0.420 0.437 39.7 - 0.8 16.6 17.4
19.5 - 0.040 0.053 0.094 41.1 - 1.7 2.2 3.9
Total 3401 36.945 9.132| 49.508 20.5 36.9 730.6 24400 10115
Average length (cm) 13.8 15.8 17.1 15.9
Average weight (g) 10.9 19.8 26.7 20.5
Table5.3.2.4 Acoustic estimate of immature capelin, 22/01-15/02 2001
NUMBERS (10°%) BIOMASS (10™>)
(Age) Year class Avgwt (Age) Year class

Length (cm) | (2) 1999 | (3) 1998 | (4) 1997 Total (@) |(2) 1999 | (3) 1998 | (4) 1997 Total
9 0.064 - - 0.064 2.0 0.1 - - 0.1

9.5 1.399 - - 1.399 2.8 39 - - 3.9

10 3.248 - - 3.248 31 10.0 - - 10.0

105 4.961 - - 4.961 3.6 17.8 - - 17.8

11 5.545 - - 5.545 4.2 23.3 - - 23.3

115 4.481 - - 4.481 5.0 22.3 - - 22.3

12 4.052 0.066 - 4117 5.9 24.1 0.4 - 24.5

125 4.003 0.472 - 4.476 7.1 284 33 - 317

13 3.051 0.901 - 3.952 8.1 24.8 74 - 322

135 2.638 1.085 - 3.724 9.5 251 10.3 - 35.4

14 0.987 2.082 - 3.069 11.2 111 23.4 - 34.6

145 0.338 2.253 0.004 2.505 12.9 4.3 29.1 0.1 335

15 0.164 1.579 0.113 1.855 14.9 25 235 16 27.6

155 0.018 0.759 0.018 0.796 17.3 0.3 131 0.4 13.8

16 - 0.233 0.025 0.258 19.5 - 4.6 0.5 51

16.5 - 0.082 0.015 0.097 22.3 - 1.8 0.3 2.1

Total 34.95 9.512 0.174] 44.636 7.1 197.9 116.8 2.9 317.5
Average length (cm) 11.6 14.2 15.3 12.2
Average weight (g) 5.7 12.3 16.4 7.1
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Table5.4.1 The calculated number (billions) of capelin on 1 August 1978-2001 by age and maturity groups.
The total number (billions) and weight (thousand tonnes) of the immature and maturing (fishable)
stock components are also given.

Y ear
Age/maturity 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
1juvenile 163.8 60.3 66.1 489 1464 1242 2505 98.9 156.2 144.0
2 immature 15.3 16.4 4.2 3.7 15.0 425 409 100.0 29.4 37.2
2 mature 819 91.3 354 39.7 17.1 53.7 40.7 64.6 35.6 65.4
3 mature 29.1 10.1 10.8 2.8 2.3 9.8 27.9 27.0 65.8 20.1
4 mature 0.4 0.3 + + + 0.1 0.4 0.4 0.7 0.1

Number immat.  179.2 76.7 70.3 526 1614 1667 2914 1989 1856 181.2
Number mature  111.4  101.7 46.2 42.5 194 63.6 69.0 920 1021 85.6
Weight immat 751 366 283 209 683 985 1067 1168 876 950
Weight mature 2081 1769 847 829 355 1085 1340 1643 2260 1689

Y ear
Age/maturity 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
1juvenile 80.8 639 1175 1329 1629 1443 2241 1973 1912 1654
2 immature 24.0 10.3 10.1 9.7 16.6 20.1 35.2 451 28.7 35.2
2 mature 70.3 42.8 319 67.7 70.7 86.9 59.8 1022  100.7 90.3
3 mature 24.5 15.8 6.8 6.7 6.4 10.9 13.2 230 29.6 19.0
4 mature 0.4 + + + + 0.2 + + +

Number immat.  104.8 742 1276 1426 1795 1647 259.2 2424 2199  200.6
Number mature 95.2 58.6 38.7 74.4 77.1 98.0 730 1251 1303 109.3
Weight immat 438 309 542 702 747 702 1019 1188 985 758
Weight mature 1663 1173 751 1273 1311 1585 1268 1819 1900 1590

Y ear
Age/maturity 1998 1999 2000 2001
1juvenile 1679 +*138.0 *166.2
2 immature 19.2 244 =250
2 mature 89.5 85.9 65.7 **78.1
3 mature 23.2 12.6 16.0 **16.9
4 mature + +

Number immat. 187.1 =*162.4 *191.2
Number mature  112.7 98.5 817 =**95.0
Weight immat 621 *612  *715
Weight mature 1576 1702 1519 *+1638

* Preliminary
** Predicted
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Table5.4.2 The calculated number (billions) of capelin on 1 January 19792001 by age and maturity groups.
The total number (billions) and weight (thousand tonnes) of the immature and maturing (fishable)
stock components and the remaining spawning stock by number and weight are also given.

Y ear
Age/maturity 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988
2 juvenile 137.6 50.6 55.3 412 1237 1050 2116 832 1319 1205
3 immature 12.8 13.8 35 3.0 12.6 35.7 34.3 83.9 25.6 312
3 mature 51.8 53.4 16.3 8.0 14.3 39.8 25.2 34.5 22.1 34.1
4 mature 14.8 3.6 49 0.5 2.0 7.6 15.6 105 37.0 11.7
5 mature 0.3 0.2 + + + 0.1 0.3 0.2 0.2 +
Number immat. 150.4 64.4 58.8 442 1363 1407 2459 167.1 1575 1513
Number mature 66.9 57.2 21.2 8.5 16.3 475 411 452 59.1 45.8
Weight immat. 1028 502 527 292 685 984 1467 1414 1003 1083
Weight mature 1358 980 471 171 315 966 913 1059 1355 993
Number sp.st. 29.0 175 7.7 6.8 135 21.6 20.7 19.6 18.3 185
Weight sp. st 600 300 170 140 260 440 460 460 420 400
Y ear
Age/maturity 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
2 juvenile 67.8 53.9 989 1116 1246 121.3 1831 1652 160.0 138.8
3 immature 20.1 8.6 8.6 8.1 13.9 16.9 29.5 379 241 295
3 mature 48.8 31.2 22.3 54.8 46.5 50.5 351 755 724 501
4 mature 16.0 12.1 45 5.3 35 4.6 8.7 20.1 2438 7.9
5 mature 0.3 + + + + + + + + +
Number immat. 87.9 625 1075 1197 1385 1382 2176 203.1 1841 168.3
Number mature 64.8 43.3 26.8 60.1 50.0 55.1 43.8 956 972 580
Weight immat. 434 291 501 487 622 573 696 800 672 621
Weight mature 1298 904 544 1106 1017 1063 914 1820 1881 1106
Number sp.st. 22.0 55 16.3 25.8 23.6 24.8 19.2 428 218 276
Weight sp. st. 440 115 330 475 499 460 420 830 430 492
Year
Age/maturity 1999 2000 2001
2juvenile 1409 1158 1395
3immature 161 *205 *21.7
3 mature 53.2 68.2 46.3
4 mature 16.0 10.0 10.5
5 mature + + +
Number immat. 1570 *1363 1612
Number mature 69.3 78.2 56.8
Weight immat. 585  "535  *621
Weight mature 1171 1485 1197
Number sp.st. 295 34.2 21.3
Weight sp. st. 500 650 450

*Preliminary/Predicted
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Table 55.1.1 The data used in the comparisons between abundance of age groups (numbers) when
predicting fishable stock abundance for calculations of preliminary TACs.

Agel Age?2 Age?2 Age?2 Age3
Acoustics Back-calc. Acoustics Back-calc. Back-calc.
Mature Immature Total Mature

Y ear
CIaS Nl N2mat N2i mm N2tot N3tot
1980 23.7 17.1 17 321 9.8
1981 68.0 53.7 8.2 96.2 27.9
1982 4.1 40.7 4.6 81.6 27.0
1983 73.8 64.6 12.6 164.6 65.8
1984 33.8 35.6 14 65.0 20.1
1985 58.0 65.4 54 102.6 24.5
1986 70.2 70.3 6.7 94.6 15.8
1987 439 42.8 1.8 53.1 6.8
1988 29.2 319 13 42.0 6.7
1989 "39.2 67.7 5.2 77.2 6.4
1990 60.0 70.7 2.3 87.3 10.9
1991 104.6 86.9 10.8 107.0 13.2
1992 100.4 59.8 6.9 95.0 24.0
1993 119.0 102.2 46.3 147.2 29.6
1994 165.0 100.7 16.4 129.4 19.0
1995 111.9 90.3 30.8 125.5 23.2
1996 128.5 89.5 6.3 108.0 12.6
1997 121.0 85.9 5.0 98.5 15.6
1998 89.8 64.3 11.0 841
1999 103.0

Invalid due to ice conditions.
Preliminary

Table5.5.1.2 Mean weight (g) in autumn of maturing capelin.

Years
1981 1982 1983 1984 1985 1986 1987 1988
Age?2 19.2 16.5 16.1 15.8 15.5 18.1 17.9 15.5
Age3 24.0 24.1 225 25.7 23.8 24.1 25.8 234
Years
1989 1990 1991 1992 1993 1994 1995 1996
Age 2 18.0 18.1 16.3 16.5 16.2 16.0 15.3 15.8
Age3 255 255 254 22.6 23.3 23.6 205 20.6
Years
1997 1998 1999 2000
Age 2 14.3 14.1 16.8 17.1
Age3 20.3 18.1 20.6 24.7
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Table 5.5.1.3 Predictions of fishable stock abundance and TACs for the 1983/84—2000/2001 seasons.
The last row gives contemporary advice on TACs for comparison.
Age 2 and age 3 = Numbersin billions in age groups at the beginning of season.
Fish.st. = calculated weight of maturing capelin in thousand tonnes (ref. 1 August).
TAC calc = predicted in thousand tonnes.

Season 83/84 84/85 85/86 86/87 87/88 88/89 89/90 90/91 91/92
Y ear classes 81-80 8281 8382 8483 8584 868 8786 88-87 89-88
Age?2 63.0 43.4 67.8 34.9 55.5 64.8 43.2 311 39.4
Age3 0.0 26.3 20.2 55.0 13.7 29.0 255 8.2 3.7
Fishable stock 1065 1373 1637 1926 1268 1800 1350 724 755
Calculated TAC 465 733 963 1215 642 1105 713 170 197
Advised TAC 573 897 1311 1333 1115 1036 550 265 740
Season 92/93  93/94  94/95 95/96 96/97 97/98  98/99  99/00  00/01
Y ear classes 90-89 91-90 92-91 9392 94-93 9594 96-95 97/96 98/97
Age?2 56.4 93.1 89.6 92.5 90.0 83.8 94.4 89.2 65.7
Age3 18.3 22.6 27.0 14.9 35.0 30.9 30.8 233 16.0
Fishable stock 1398 2123 2170 1916 2352 2019 2088 1885 1416
Calculated TAC 755 1385 1427 1200 1635 1265 1420 1285 975
Advised TAC *900 1250 850 1390 1600 1265 1200 1000 *+1110

*In January 1993, 80 000 t were added to the 820 000 t recommended after the October 1992 survey due
to an unexpectedly large increase in mean weights.

** |n March 2001, 100 000t were added to the 1 010 000 t recommended after the January/February
2001 survey due to due to much higher mean weights in the catch during 1 February-10 March than
measured during the survey.

Table5.7.1 Capelinin the Iceland-East Greenland-Jan Mayen area. Recruitment of 1 year old fish
(unit 10%) and stock biomass (‘000 t) given at 1 August, spawning stock (‘000 t) at the
time of spawning (March next year). Landings (‘000 t) are the sum of the total
landings in the season starting in the summer/autumn of the year indicated ending in
March of the following year.

Year Total Spawning

Recruitment stock biomass Landings stock biomass
1978 164 2832 1195 600
1979 60 2135 980 300
1980 66 1130 684 170
1981 49 1038 626 140
1982 146 1020 0 260
1983 124 2070 573 440
1984 251 2427 897 460
1985 99 2811 1312 460
1986 156 3106 1333 420
1987 144 2639 1116 400
1988 81 2101 1037 440
1989 64 1482 808 115
1990 118 1293 314 330
1991 133 1975 677 475
1992 163 2058 788 499
1993 144 2363 1179 460
1994 224 2287 864 420
1995 197 3174 929 830
1996 191 3310 1571 430
1997 165 3014 1245 492
1998 168 2197 1100 500
1999 =138 *2314 934 650
2000 *166 *2234 1071 440
*Preliminary
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6 BLUE WHITING
6.1 Stock Identity and Stock Separation

Blue whiting stock is treated as a single stock for assessment purposes although morphological, physiological and
genetic research has indicated that the southern and northern components of the stock may mix in the spawning area
west of the British Isles (ICES C.M. 2000/ACFM:16)

6.2 Fisheriesin 2000

Estimates of the total landings of blue whiting in 2000 from the fisheries are given by country in Tables 6.2.1 - 6.2.4
and summarised in Table 6.2.5. In Figure 6.8.1 the distribution of the catches are shown by quarters of the year. The
total landings from all blue whiting fisheries in 2000 were 1 412 253 t, which is the highest catch on record, and 156
thousand t greater than in 1999. This exceeded the recommended TAC of 800 000t by 77 %.

The majority of blue whiting catches were taken, as usual, in the spawning area. The catch there was 997 000 tonnesin
2000, representing an increase of 6% from 1999 when the catch was 941 000 t. In the beginning of the spawning fishery
i.e. February — March, the fishery mainly took place from the Porcupine Bank to Rockall. The fishery continued in the
area west of Rockall and in the shelf area off the Hebrides. In May the fishery was mainly conducted in the Faroese
zone and southeast Icelandic waters (Table 6.2.2. and Figure 6.8.1).

During summer and autumn a significant fishery also took place in the southern part of the Norwegian Sea (Figure
6.8.1). The landings in 2000 from the Norwegian Sea increased by 52% from 1999 and constituted 277 000 t (Table
6.2.1).

The total landings from international waters were 276 857 t of which 31 499 t were landed from international zone in
the Norwegian Sea and 245 358 t were landed from the international zone to the west of the British Isles. About 22 %
were thus landed from international waters (Table 6.8.1). In autumn 2000 some small catches were taken in the western
part of the Barents Sea (Figure 6.8.1).

Denmark and Norway took the bulk of the catch in the mixed industrial fisheries, or 111 000 t of a total catch of 114
000 t. The total catch in this fishery increased from 107 000 t in 1999 to 114 000 t in 2000 (Table 6.2.3.) The fishery in
the southern area, mainly conducted by Spain and Portugal, was at an average level in 2000, with a total of 25 000 t
(Table 6.2.4.). Data on discards from the Spanish fleets are available for 1994, 1997 and 1999, and has also be
estimated for 2000. Discards were not included in the assessment because the time series istoo short.

6.3 Biological Characteristics
6.3.1 Length composition of catches

Data on the combined length composition of the 2000 commercial catches from the directed fisheries in the Norwegian
Sea and the spawning area of the blue whiting stock by quarter of the year were provided by The Faroes, Iceland,
Ireland, The Netherlands, Norway and Russia. Length composition of blue whiting varied from 11 to 48 cm, with most
fish ranging from 25 — 28 cm in length (Table 6.3.1.1). Length compositions from the mixed industrial fisheries were
presented by Norway and Denmark. The catches of blue whiting from the mixed industrial fisheries consisted of fishes
with lengths of 13 - 37 cm with a mode of 22 cm. A peak at 14 cm fish in the 4™ quarter indicates the recruiting O -
group to the fishery (Table 6.3.1.2). Spain and Portugal caught blue whiting in the Southern area. The Spanish data
were used for length distribution of catches, showing a length range from 14 - 40 cm with modal length of 22 cm (Table
6.3.1.3).

6.3.2 Age composition of catches

For the directed fisheries in the northern area in 2000, age compositions were provided by The Faroe Idands, Iceland,
Ireland, Norway and Russia, which together accounted for 89 % of the catches. For other nations the catch at age was
raised accordingly. The age compositionsin the directed fisheriesare givenin Table 6.3.2.1.

Age compositions for the mixed industrial fisheries in 2000 were provided by Norway, which accounted for 64% of
catches. For all other nations Norwegian data were used for allocation. The age compositions are givenin Table 6.3.2.2.
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For the fisheries in the Southern area, Spain presented age compositions and accounted for 92% of catches. The Spanish
data were used for allocation. The age compositions in the southern fishery are given in Table 6.3.2.3.

The combined age composition for the directed fisheries in the Northern area, i.e. the spawning area and the Norwegian
Sea, as well as for the landings of blue whiting in the mixed industrial fisheries and for landings in the Southern area,
were assumed to give the overall age composition of total landings for the blue whiting stock. The catch numbers at age
used in the stock assessment are given in Table 6.3.2.4. The 1995-1997 year classes were the most numerous in the
catches followed by the 1999 yearclass, which was the most numerous one in the mixed industrial fishery.

To calculate the total international catch at age, and to document how it was done, the program SALLOC was used
(ICES 1998/ACFM:18). The allocation processis illustrated in Tables 6.3.2.5 - 6.3.2.7, which show the disaggregated
fisheries assessment data (DISFAD files) presented for directed fisheries, mixed industrial fisheries and southern
fisheries. The allocations are shown in Table 6.3.2.8 (ALLOC files).

6.3.3 Weight at age

Mean weight at age data were available from Norway, Russia, The Faroes, Iceland, Ireland, and Spain. Mean weight at
age for other countries was based on the alocations shown in Table 6.3.2.8 (ALLOC files) and for the total
international catch was estimated by the SALLOC program. Table 6.3.3.1 shows the mean weight-at-age for the total
catch during 1981 - 2000 as used in the stock assessment. The weight in the stock was assumed to be the same as the
weight in the catch.

6.34 Maturity at age

Maturity at age used in the assessment was obtained by combining maturity ogives from the southern and northern
areas, weighted by catch in numbers at age (ICES 1995/Assess.7). These are the same as those used since 1994 (Table
6.5.1). However, during the spring survey to the spawning area in 2001, more then 80 % of the 2 year-olds were mature
(Figure 6.3.4.1.) comprising more than 50 % of the spawning stock.

6.4 Stock Estimates
6.4.1 Acoustic surveys
6.4.1.1 Surveysin the spawning season

In March - April 2001 the Norwegian R.V. “Johan Hjort” surveyed the blue whiting stock in the shelf edge and bank
areas west of The British Isles and in Faroese waters (WD Monstad et a., 2001).

Good recordings of blue whiting were observed from the northwestern part of the Porcupine Bank and northwards along
the shelf edge. The highest values were recorded off The Hebrides and the concentrations extended well into the
Faroese zone (Figure 6.4.1.1).

Theimmature part of the stock was estimated at 1 million t (24.4 x 10” individuals) while the spawning stock, estimated
at 5.6 million t (72.1 x 10° individuals), was 2.2 million t lower than the estimate of 2000. The age-stratified estimate is
givenin Table 6.4.1.1.

There is a decreasing tendency in the observed stock sizes since 1999 and a striking difference from previous years is
the dominance of the very young fish. The 1999 year-class dominated the whole area surveyed, and alone made up 2.8
million t, or 46 % in numbers. The 3 and 4 year olds together made up only 28 % in numbers. The 1999 year-class, of
which more than 80 % were found to be mature (Figure 6.3.4.1), dominated the spawning stock and constituted more
than 50 % of it (Figure 6.4.1.3). The 1996 and 1997 year-classes, which in 2000 jointly represented 71 % of the
recorded stock, made up 2.2 milliont in 2001 and jointly only 23 % in numbers.

A consequence of thisis that significantly smaller fish will be caught in the spawning area and hence a higher number
of specimens are needed to fill the quotas than if older year-classes had been more prominent, as in previous years.
However, samples from commercia catches taken in the Rockall area, showed that significantly larger fish occurred in
that area during March, than was observed in April. In the Faroese zone more westerly than the area surveyed by “ Johan
Hjort”, also commercial vessels reported such large fish, i.e. more than 30 % in numbers were larger than 27 cm.
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Although the spawning stock size in 2001 is at the same level as for the period 1990 — 2000 average, the significantly
decreasing tendency, together with the dominance of very young fish in the spawning stock should be observed with
attention.

Estimates of total and spawning biomass of blue whiting in the spawning area made by Russian, Norwegian and
Faroese surveys since 1983 are given in Table 6.4.1.2. Usually, the acoustic estimates have been well above the
assessments, and these estimates have been used as relative indices only.

6.4.1.2 Surveysin the feeding season

Since 1995, Norway, Russia, Iceland and Faroes, and since 1997 also the EU, have co-ordinated their survey effort on
pelagic fish stocks in the Norwegian Sea. Holst et al. (2000) reported on distributions and migrations of blue whiting in
2000. For both the Icelandic EEZ and Norwegian Sea age stratified estimates of blue whiting were reported, these are
givenin Tables 6.4.1.3 and 6.4.1.4 respectively.

The Norwegian and Icelandic surveys conducted in July — August in 1998 — 2000, covered approximately the same area
from year to year. There is a steady downward trend in the biomass estimate in the surveys and the biomass estimated in
2000 was 57 % lower than in 1998 as shown in the text table below.

Year | Norwegian survey | Icelandic survey Total
(milliont) (million t) (milliont)
1998 6,6 1,6 8,2
1999 4,2 18 6,0
2000 25 1,0 3,5

In 1999 the very strong year classes of 1995 and 1996 constituted about 66 % of the total number of fish, but in 2000
those same year classes only comprised about 9 % of the total, while the 1999 yearclass constituted 60 %. In 1999 the
0-group appeared quite numerous in the Icelandic area, which was the first sign of that year class being a strong one.
Only 2 years later it became the dominant part of the spawning stock, as mentioned above. The 2000 yearclass was aso
found to be quite numerous as O-group in Icelandic waters, although not as strong as the 1999 yearclass. Also these
survey results are used as relative indices in the assessment.

6.4.2 Bottom trawl surveysin the southern area

Bottom trawl surveys have been conducted off the Galician (NW Spain) and Portuguese coasts since 1980 and 1979
respectively, following a stratified random sampling design and covering depths down to 500 m. Since 1983, the area
covered in the Spanish survey was extended to completely cover Spanish watersin Division Vllic. The area covered in
the Portuguese survey was also extended in 1989 to the 750 m contour. Stratified mean catches and standard errors from
the Spanish and Portuguese surveys are shown in Tables 6.4.2.1 and 6.4.2.2. In both areas the larger mean catch rates
are observed in the 100 - 500 m depth range. Since 1988 the highest catch rates in the Spanish survey were observed in
1999 (108 kg/haul), being also relatively high the 2000 values (74 kg/haul). The Portuguese summer surveys generally
give higher values than in the autumn surveys, and a better correlation with the Spanish surveys (Figure 6.4.2.1).

6.4.3 Catch per unit effort

CPUE data for Spanish commercial Pair Trawlers in Divisions Vlllic and 1Xa have been submitted to the Working
Group since 1984 and they are used as tuning data (see below).

Also CPUE data from the commercial fleet (pelagic trawl) in the spawning area in 2000 were submitted from Norway.
These data were combined by vessel tonnage, class, and month, and added to the time series (since 1982) of overall
aggregated CPUE val ues across areas in the Norwegian blue whiting fisheries (Figure 6.4.3.1). The Figure indicates an
overall increasing trend from 1992 to 1998, decreasing to alower level in 1999 and 2000. Asin previous years, the data
are not used in the assessment.

6.4.4 Data exploration and preliminary modelling

Based on previous experience, inspection of the data and trial runs prior to the meeting, a number of problems were
identified:
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1. Index observations with value 0.

2. The surveys cover the distribution area of the stock to a variable extent, and the indices may not be
representative for the state of the stock.

3. Therapid increase in the catches to a very high level may render the assessment unstable, if thereis conflicting
evidence in the data as to how much isleft of the various year classes.

4. The choice of length of the separable period in ICA has varied over the years, and it is uncertain which period
is the most appropriate.

To address these problems, a series of preliminary runs were made. Three methods, ICA v 1.4 (Patterson 1999), AMCI
(section 1.3.2) and ISVPA (section 1.3.6), were used. The options used as standard AMCI v. 1.2 run are described in
section 6.4.5. Unless othervice stated, these runs were done without the spawning area acoustic survey for 2001, since
these data only became available late in the meeting.

The key ICA run had the same settings as last year except that the number of years with a separability constraint was
increased from 4 to 5 years. The options are given in Table 6.4.4.1 and the results in Table 6.4.4.2. Some diagnostic
plots are given in Figure 6.4.4.1. While the results from the Norwegian 2001 survey on the spawning grounds are
included in this run, they are not included in the other ICA runs mentioned in the text. The inclusion of these data
produced no mgjor difference in the results, just a dightly lower reference F and a somewhat higher biomass of the
younger age groups. Except for what is mentioned in the text, the other ICA runs had the same settings as the key run.

The results for all models indicated a substantial increase in fishing mortality in the most recent years, but the actual
values were very sensitive to the data used. One ‘key’ run with all data was made with ICA and AMCI and various
options were compared to these runs.

Sensitivity to observations with zero value in the tuning filesin ICA was explored in two ways. Zero-val ue observations
are ignored by ICA and are treated in the same way as missing data (-1). In the view of the WG this represents
information that ‘very few’ fish are left, which can be expressed by substituting the zero-value with a small number.
However, the lognormal likelihood of such a number is highly dependent on the actual value used. The resulting time
series of F'sfrom four ICA runs where the zero-values were replaced by 0.1, 0.01, 0.001 and —1 respectively, are shown
in Figure 6.4.4.2.1ower panel. The reference F in year 2000 varies from 0.7 (zero-values ignored), to 2.4 (zero-values =
0.1) and to about 3.4 (zero-values set to 0.01 or 0.001). Thus, ICA is highly sensitive to whether zero-values are ignored
or replaced by small values, as well as to the actual value where this value is greater than 0.01. Zero-value observations
occurred in the age groups 8, 9 and 10 in the various tuning series.

Figure 6.4.4.2 upper panel shows down weighting (weight equal 0.1) of different combinations of these age groups
compared to no down weighting. During these runs zero-values were substituted with 0.1. F in the case of no down
weighting is 2.4, as compared to 1.7 where age 10 is down weighted, 1.4 where ages 9 and 10 are down weighted and
1.0 where ages 8, 9 and 10 are down weighted. The sensitivity of ICA to small values in the tuning fleets can thus be
counteracted by down weighting of the affected age groups.

It was decided to leave out those age groups that contained zero-values, from the tuning indices. These were ages 9 and
10 in the acoustic surveys on the spawning grounds, ages 9 and 10 in the Russian acoustic survey and ages 8, 9 and 10
in the Norwegian Sea acoustic survey. The rationale for this was that although the index values for these ages may
indicate low abundance, the occurrence of zeroes which are not confirmed elsewhere, indicates that these age groups
may not be sampled properly; in the sense that the actual amount remaining in the seais not well measured. The use of
small or zero values in the indices for these ages has an impact on the assessment, which is out of proportion with the
quality of the data. Alternatively, it would be preferable to assemble these agesin a plus group. It was not possible to do
this during the meeting due to the unavailability of data for the older age groups, but this should be looked into for the
next meeting.

The effect of the various tuning fleets on the assessment was explored by comparing assessments with only one tuning
series to the basic run (all fleets included). ICA assessments are compared in Fig. 6.4.4.3 and AMCI assessmentsin Fig
6.4.4.4. The ICA and AMCI basic runs are similar although small differences are seen, for instance in the recruitment
towards the end of the period. The ICA assessment is seen to be more sensitive to the choice of tuning indices than
AMCI. The Spanish CPUE series causes a decrease in SSB in both models, evidently because this index indicates lower
recruitment during the last 6 years.
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None of the tuning series completely cover the distribution area of the stock. The survey at the spawning grounds is
probably the best in this respect. The Spanish CPUE index represents a fleet exploiting blue whiting over a small part of
the distribution of this species, and the strong 1995 and 1996 yearclasses were not picked up by this series. The
relevance of this index has been questioned by ACFM and the WG was requested in the technical minutes to address
this. The Norwegian Sea acoustic survey also covers only part of the area and is based on a cruise track with very wide
transect spacing. The sampling on this survey is sparse, and the coverage area does not include Icelandic waters where
considerable amounts of blue whiting have been observed in the same period. The Norwegian Sea acoustic survey
seriesindicated a very high F in year 2000 (about 1.0 in the ICA assessment), while the Spanish CPUE index indicated
more moderate rise in F (to approximately 0.85). The results with AMCI showed a similar trend, but somewhat smaller
differences between the runs using different indices.

The omission of certain indices was considered. Some of the indices, where data are missing in recent years, have little
impact. Both the Norwegian Sea acoustic and the Spanish CPUE were considered to cover only part of the area, and not
to consistently pick up strong and weak year classes. However, since these indices had little difference to the final
results (when the oldest age groups were removed), it was decided to retain the indices in the assessment for the time
being. The WG should, however, revisit thisissue in the future.

The rapid increase in the catches is expected to give rise to a considerable increase in the fishing mortality, but the
various sources of data give conflicting signals asto how great thisrise is. The Norwegian Sea acoustic survey indicates
that most of the old fish have disappeared, but it is uncertain how well these ages have been sampled.

The period of separable constraint in ICA has been changed from year to year, and a period of 4 years was used by the
WG in 2000. To explore the effects on the assessment two ICA runs were made that differed only in the length of the
period of separable constraint; 5 and 10 years respectively. The results (Fig 6.4.4.5) show that the F's (upper panel)
were higher and the recruitment (middle panel) and the SSB’s (lower panel) were lower when a 10-year period is used.
Thus ICA is sensitive to the period of separable constraint.

Use of the ISVPA was attempted, to explore which signals were contained in the catch-at-age data. A run with the
ISVPA was provided by Vasiliev (pers.com.). Previous attempts by the WG using several slightly different constraints
and options failed to give a significant minimum of the objective function and sometimes gave quite unrealistic results.
The WG considers that the present data set is outside the quality range where a robust solution with respect to fishing
mortality and stock numbers can be found from catch data only.

The WG decided to use the AMCI model in the Blue whiting assessment. The ISVPA model could not be used for
reasons mentioned above. The AMCI model seemed to be more stable and less sensitive to which data were included
than ICA. The ICA model was found to be sensitive to the period of separable constraint, a problem not relevant in the
AMCI model. Another advantage with AMCI is that the bootstrap method for estimating uncertainty isin line with the
method used for the assessment of other stocks by thisWG.

6.4.5 Stock assessment

There are six tuning fleets available for the blue whiting stock; The Norwegian Sea acoustic survey which covers the
feeding area of the northern stock component, the Norwegian and the Russian acoustic surveys on the spawning
grounds, the Spanish bottom trawl survey, the Portuguese bottom trawl survey and the CPUE from Spanish pair
trawlers, where the last three fleets cover the southern component of the stock. The indices are shownin Table 6.4.5.1.

In 1998 it was decided to leave out the Spanish bottom trawl survey indices and the Portuguese bottom trawl indices,
due to large contributions from these fleets in the variance. In 1999, it was decided to split three of the tuning series, the
Norwegian Sea acoustic survey, the Norwegian survey and the Russian survey on the spawning grounds. The reason for
splitting these index series was the change to a Simrad EK-500 echo sounder in 1991 in the first two series and in the
1992 in the Russian tuning series.

The final assessment was done with the AMCI model v. 1.2 (see section 1.3.2) with the following data and settings:

e Catchesat age 0-10, with age 10 treated as a plus group

e Surveyindices:

1) Norwegian acoustic survey on the spawning grounds, ages 2-8, 1981-1990
2)  Norwegian acoustic survey on the spawning grounds, ages 2-8, 1991-2001
3) Russian acoustic survey on the spawning grounds, ages 3-8, 1982-1991
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4) Russian acoustic survey on the spawning grounds, ages 3-8, 1992-1996
5)  Spanish pair trawlers CPUE, ages 1-6, 1983-2000

6) Norwegian sea acoustic survey, ages 1-7, 1981-1990

7)  Norwegian sea acoustic survey, ages 1-7, 1999-2000

The Norwegian acoustic survey data from the spawning grounds in 2001 became available during the meeting, and
were included in the final run, but not in the preliminary runs described above.

The objective functions was a sum of the following partial objective functions:

. Log sum of squares of catches at age, weight 1

. Log sum of squares of yearly yields, weight 100. This acts as a weak penalty on the yearly yields
. Log sum of squares for survey indices at age, weight 1 for each fleet

Catch at age data were down weighted by a factor of 0.1 for age 0 and with a factor of 0.5 for age 1.

Fishing mortality was modelled as separable, but with a gradual change in the selection. The gain factor for change in
selection was 0.5 for age 0, 0.2 for age 1 and 0.1 for the older ages. This implies that the selection at ages 0 and 1 is
allowed to vary more according to the year-to-year variation in the catches than the selection at the older ages. The
selection in 1981 was fixed at values approximately the average of 1981-1989, obtained after one iteration. This was
done because the fishing mortality and stock numbers in the initial year tend to be highly correlated. Fishing mortality
in 2001 was assumed to be equal to that in 2000, and the recruitment in 2000 was estimated according to the stock-
recruitment function. The stock-recruitment function was the 'Ockham’s razor', with a constant recruitment at SSB >
1500 000 t alinear decrease towards O below that SSB value. This function was fitted to the data by minimising the
sum of the squared log residuals independent of the overall objective function. Survey indices were assumed to be
related to the stock numbers by simple proportionality. Catchabilities were estimated at each age and assumed constant
over the years.

The model accepts yearly catch at age data, but operates internally on a quarterly basis. The spawning stock is derived
from the mean stock numbers in the first quarter, and the survey indices are related to the mean values in the survey
season. The yearly fishing mortality was split on quarters assuming 0.35 in the first and in the second quarter, 0.2 in the
third quarter and 0.1 in the fourth quarter.

Natural mortality was assumed constant at 0.2 for all ages.

The model was run until 2002. The results for 2001 and 2002 are predicted values assuming a fishing mortality as in
2000. Theresults are presented in Tables 6.4.5.2 t0 6.4.5.6.

A bootstrap run was made where catches at age and survey indices at age, as well as recruitments in the years 2000 -
2002 were drawn randomly. This was done by non-parametric bootstrap, i.e. catch-at-age and survey indices were
drawn by using the modelled values and their residuals, and drawing residuals randomly to each data point, which were
added to the modelled values. Recruitments were drawn assuming alognormal distribution. A new parameter estimation
was done for each replicate set of data. One hundred replicates were run. The results are summarised in Figure 6.4.5.1.
Figure 6.4.5.2 shows cumulative probability distributions for SSB in 2001.

The results show a strong increase in fishing mortality over the last years. The selection pattern seems to be quite stable
over the whole period. The strong 1995 and 1996 and older year classes are now considerably reduced, and the stock is
now dominated by young fish. The 1999 yearclass looks strong, but may not be as large as the previous large year
classes, although the strength of this yearclass is till poorly estimated. This age structure implies that the stock will
decline rapidly if the fishing mortality is maintained at the 2000 level in 2001.A crude estimation of the 2001catch data
(to date) by the WG, indicates that this may already be the case. The bootstrap run gives an indication of the uncertainty
in the assessment. The trend in fishing mortality is consistent irrespective of the actual level, while the strength of the
1999 yearclass till is highly uncertain. The probability that SSB is below the Bj;,,, of 1500 000 t already in 2001 is
estimated to be approximately 35%.

6.5 Short-Term Projection

Based on the final AMCI run, a deterministic short-term projection was made using the MFDP program and the yield
per recruit estimations were made by means of the MFY PR program, with the input stated in Table 6.5.1. The weight in
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the stock and catch were taken from the average of the last three years values. The selection pattern and the reference F
in 2000 from the final AMCI run were used as input values in 2001. The recruitment in 2001-2003 was set as the
geometric mean of the recruitment values in the period 1981-1999 in the AMCI run. For all ages the output values in
2001 from the AMCI run were used as the initial stock size. The proportion of F and M before spawning was set to
0.25, taking into account the proportion of the catches that take place before the spawning period.

The results are given in Table 6.5.2a and the standard plots are given in Figure 6.5.1. Continuing fishing at the 2000
level predictsa catch of 1.2 million t in 2001 and 0.9 million t in 2002. This exploitation rate implies a decreasing trend
of SSB with 1.5 million t in 2001 and, 1.2 and 1.0 million t in 2002 and 2003 respectively. The predicted total stock
biomass will also decrease from 3.6 million t in 2001 to 2.9 and 2.5 million t in the following years.

Additionally a second short-term prediction using the same MFDP program was run with the only difference of
introducing as input value a TAC constraint in 2001 of 628 000 t.

The results of this second projection are given in Table 6.5.2b. Continuing fishing at the catch level recommended by
ACFM for 2001 (628 000 t) in 2002 would maintain the SSB value at around 1.7 million t in the short term.

6.6 Medium-Term Projection

Medium term projections this year were done using the STPR software (See Section 1.3.3), which appeared to be the
most convenient way to use the outputs produced by AMCI.

An 'Ockham’s razor' stock recruitment function was assumed, with a constant expected recruitment at SSB above 1.5
million t, a linear decline towards the origin at lower SSB and a constant coefficient of variation. This function was
chosen because there is no clear dependence on the SSB within the range for which there is data. The function is shown
in Figure 6.6.1.

Initial numbers were taken from the final AMCI run. The program uses the numbers at the start of the last assessment
year, and a catch constraint for that year. Accordingly, the stock numbers at the start of 2000 and the total catch in 2000
were used. Variance-covariances of the initial numbers were derived from the numbers at age in 2000 in the bootstrap
runs.

The selection pattern used was that for 2000. This pattern has been relatively stable over the whole time period, as
shown in Figure 6.4.5.3. Weights at age were taken from the historical values, and the maturity ogive was the standard
ogive used in the assessment.

Preliminary runs of the model indicated a bias problem, with SSB estimates for 2001 far above the assessed value.
Using the distribution of the stock numbers at age in 2000 from the bootstrap run as a guideline, it appeared that the log-
normal distribution assumed for the initial numbers was far from adequate, and that these numbers had a quite
symmetric distribution. Therefore, the program was modified so that initial numbers were drawn from a normally
distributed population with variances taken from the bootstrap values. For practical reasons, no attempt was made to
include the covariances, but these were not prominent. With this modification, the median predicted SSB for 2001 at F
status quo was 1 435 000 t compared to 1 568 000 t estimated by AMCI.

Last year a large number of medium term runs were made to simulate various harvest control rules. Even though the
bias problem was not recognised last year, the general inferences made from these runs are still valid, and the Working
Group found no need to repeat this. This year, the stock is in a different situation, and medium term projections were
made to evaluate which action needs to be taken in the near future. Accordingly, runs were made with two options for F
in 2001, one being equal to the F in 2000, the other an F of 0.4, which may be approximately the F that is already
realised this year. For the future years, various levels of constant fishing mortality were simulated, in order to outline
therisk of bringing the SSB below the limit and pa-levels, and the prospect of bringing it above these levels. The results
are summarised in Table 6.6.1.

The results indicate that with Fygg; = Fogoo, there is a considerable risk that the SSB in 2002 will be below By, and that
this risk is quite sensitive to the fishing mortality applied in 2001. At low fishing mortality from 2002 onwards, the
probability of SSB falling below By, becomes small within a few years, but this risk persists at fishing mortalities
above 0.25. With alower F of 0.4 in 2001, the risk that SSB shall be below By, is considerably smaller, and there is a
high probability of reaching even the B, if the future fishing mortality is moderate (below 0.25). Thus, according to the
medium term predictions, the rebuilding of the stock will benefit considerably by a rapid reduction of the fishing
mortality to low levels, with corresponding low catches in the near future.
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6.7 Precautionary Reference Points

The precautionary approach software package was run, which produced only dightly different values for reference
points than the ones obtained two years ago. It was decided not to revise the PA reference points. The WG is aware that
there may be an inconsistency between the chosen By, and Fp.. Analysis done last year (ICES 2000) suggested that
fishing mortality of Fy, will not keep the SSB above the B, level. A more thorough analysis should be carried out later.

6.8 Spatial, temporal and zonal distribution

The available international catch of blue whiting in 1978-2000, divided by areas within and beyond national fisheries
jurisdiction as defined by NEAFC, is givenin Table 6.8.1 and by quarter and I CES rectanglesin Figure 6.8.1.

6.9 Management consider ations

The fishery for blue whiting has expanded rapidly in recent years, while no agreement on TAC has been reached. The
reported catches in 1998, 1999, and 2000 were all well above 1 million t reaching 1.4 million t in 2000. The catchesin
2001 up till April were estimated at 500 000 t. In spite of this very high exploitation rate, the SSB has been at a fairly
high level until 1999, due to exceptionally good recruitment during recent years. The year classes of 1995, 1996 and
1997 were all strong, which may also be the case for the 1999 yearclass.

Without these strong year classes the extensive fishery would have led to a severe depletion of the stock before now.
The short term prediction indicates that the spawning stock level in 2001 may not only be below the precautionary level
(Bpa =2.25 million t), but may be approaching the Bjin, level (1.5 million t) which is the lowest SSB in the time series so
far. Last year, the working group warned that such a decline might happen if the catch level of the previous years was
maintained. This year’s assessment shows a decrease in the SSB in 2000, after the increase in the SSB observed in 1999
and a sharp increase in fishing mortality in recent years. The fishing mortality in 2000 is estimated at 0.86, which is
amost three times Fg, (0.32). The results from the Norwegian 2001 survey on the spawning grounds show that 50% of
the sampled spawners were of the 1999 year class, which is a shift towards younger age groups.

Both this age composition and the assessment indicate that the stock is currently dependent on good recruitment.
Without continuous exceptionally strong recruitment the current level of exploitation is unsustainable. The stock may
decline very rapidly and there is a strong need for immediate reduction of the exploitation rate. The WG is concerned
that a large proportion of the catches continue to be taken in unregulated fisheries. The WG strongly recommends that
the exploitation level be acutely reduced.

6.10 Sampling

Eight countries reported length samples of blue whiting in 2000, and seven of these also had age readings. The coverage
of biological sampling for the directed and the southern fishery is considered adequate, while the sampling of the mixed
industrial fishery should be improved.

6.11 Recommendations

For the last 4 years only one nation (Norway) has monitored the blue whiting spawning stock. Due to the relative long
spawning period (February-May) and the large spawning area with continuous migration to and from the spawning
fields, the WG therefore recommends that more nations take part in the surveying of the blue whiting spawning stock in
the area to the west of the British Isles and in Faroese waters. This would lead to a synoptic coverage of the stock and
the possibility to minimize some of the inherent uncertainties in the estimates.

The coordination for this should be included in the work of the ICES PGSPFN WG.
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Table6.2.1 Landings (tonnes) of BLUE WHITING from the directed fisheries (Sub-areas | and 1l, Division Va,
X1Vaand X1Vb) 1987—2000, as estimated by the Working Group.

Country 1987 1988 1989% 1990 1991 1992 1993 1994%) 1995% 1996 1997 1998 1999 2000
Faroes 9,290 - 1,047 - - - - - - 345 - 44,594 11,507 17,980
Germany 1,010 3 134 - - - - 2 3 32 - 78 - -
Greenland - - - - - - - - - - - - - -
Iceland - - 4977 - - - - - 360 302 10464 64,863' 99,092 146,903
Netherlands - - - - - - - - 72 25 - 63 435 -
Norway - - - 566 100 912 240 - - 58 1,386 12,132 5455 -
Poland 56 10 - - - - - - - - - - - -
UK (Eng.& Wales) - - - - - - - - - - - - - -
USSR/Russia’) |112,686 55816 35250 1,540 78,603 61,400 43,000 22,250 23289 22,308 50,559 51,042 65,932 103,941
Estonia - - - - - - - - - 377 161 904 - -
Latvia - - - - - - - 422 - - - - - -
Denmark 15 7,721
Total 123042 55829 42615 2,106 78,703 62,312 43240 22,674 23733 23447 62,570 173,676 182,436 276,545

%) From 1992 only Russia
3 Includes Vb for Russia
%) Icelandic mixed fishery in Va.
4 include mixed in Vaand directed in Vb.

Table6.2.2 Landings (tonnes) of BLUE WHITING from directed fisheries (Division Vb,VIab, Vlib,c. Vlig-k and
Sub-area X11) 1987-2000, as estimated by the Working Group.
Country 1087 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998" 1999 2000
Denmark 2,655 797 25 - - 3167 - 770 - 269 - 5051 19,625 11,856
Faroes 70,625 79,339 70,711 43,405 10208 12731 14984 22548 26,009 18258 22,480 26,328 93,234 129,969
France - - 2190 - - - 1195 - 720 6442 12,446 7984 6662 13481
Germany 3850 5263 4,073 1,699 349 1,307 91 - 6310 6844 4724 17,891 3170 12655
Iceland - - - - - - - - - - - - 61,438 113,280
Ireland 3706 4,646 2,014 - - 781 - 3 222 1709 25785 45635 35240 25200
Netherlands?) 5,627 800 2078 7280 17,359 11,034 18436 21,076 26,703 17,644 23676 27,884 35408 46,128
Norway 191,012 208,416 258,386 281,036 114,866 148,733 198916 226,235 261,272 337,434 318531 519,622 475,004 460,274
UK (Scotland) 3315 5071 8020 6006 3541 6849 2032 4465 10583 14,325 33398 92,383 98853 42,478
USSR/Russia® | 165497 121,705 127,682 124,069 72,623 115600 96,000 94,531 83931 64547 68,097 79,000 112,247 141257
Japan - - - - - 918 1,742 2574 - - - - - -
Estonia - - - - - 6156 1,033 4342 7754 10605 5517 5416 - -
Latvia - - - - - 10,742 10,626 2,160 - - - - - -
Lithauen - - - - - - 2,046 - - - - - - -
Total 446,287 426,037 475179 463,495 218,946 318,081 347,101 378,704 423,504 478,077 514,654 827,194 940,881 996,577

%) Including some directed fishery also in Division IVa.

Revised for the years 1987, 1988, 1989, 1992,

1995,1996,1997

%) From 1992 only Russia
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Table6.2.3 Landings (tonnes) of BLUE WHITING from the mixed industrial fisheries and caught as by-catch in
ordinary fisheriesin Divisions I11a, 1Va 1987-2000, as estimated by the WG.

Country 1987 1988 1989 1990 1991 1992 1993°) 1994 1995 1996 1997 1998° 1999 2000
Denmark 28,541 18,144 26,605 27,052 15,538 31,189 41,053 19,686 12,439 51,832 26,270 56,472 45,013 38,109
Faroes 7,051 492 3,325 5,281 355 705 1522 1,794 - 6,068 6,066 296 265 42
Germany 1Y) 115 280 3 - - 25 9 - - - - -
Netherlands - - - 20 - 2 46 - - - 793 -
Norway 24,969 24,898 42,956 29,336 22,644 31,977 12,333 3,408 78,565 57,458 27,394 28,814 48,338 73,006
Sweden 2013 1229 3,062 1503 1,000 2058 2867 3,675 13,000 4,000 4568 9299 12,993 3,319
UK - 100 7 - 335 18 252 - - 1 - -
Total 62,689 45143 75,958 63,192 39,872 65,974 58,082 28,563 104,004 119,359 65,091 94,881 106,609 114,477

%) Including directed fishery also in Division IVa.
?) Including mixed industrial fishery in the Norwegian Sea
%) Imprecise estimates for Sweden: reported catch of 34265t in 1993 is replaced by the mean of 1992 and 1994, i.e. 2,867 t, and used in the assessment.

Table6.2.4 Landings (tonnes) of BLUE WHITING from the Southern areas (Sub-areas V11l and IX and Divisions
Vllg-k and Vlld,e) 1987—2000, as estimated by the Working Group.
Country 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
Netherlands - - - 450 10 - - - - - - 10 i i
Norway 4 - - - - - - - - - - -
Portugal 9,148 5979 3557 2864 2813 4928 1236 1350 2285 3561 2439 1900 2,625 2,032
Spain 23,644 24,847 30,108 29,490 29,180 23,794 31,020 28,118 25,379 21,538 27,683 27,490 23,777 22,622
UK 23 12 29 13 - - - 5 - - - - - -
France - - 1 - - - - - - - - - - -
Total 32,819 30,838 33,695 32,817 32,003 28,722 32,256 29,473 27,664 25,099 30,122 29,400 26,402 24,654

') Directed fisheriesin Vllla
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Table6.25 Landings (tonnes) of BLUE WHITING from the main fisheries, 1987-2000, as estimated by the
Working Group.

Area 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

Norwegian Sea
Fishery

(Subareas 1+1
and Divisions
VaXIVab) 123,042 55829 42615 2,106 78,703 62,312 43240 22,674 23,733 23447 62570 173,676 182,436 276,545

Fishery in the
spawning area
(Divisions Vb,
Vla, VIb and
Vlib-c) 446,287 426,037 475,179 463,495 218,946 318,081 347,101 378,704 423,504 478,077 514,654 827,194 940,881 996,577

Industrial mixed
Fishery

(Divisions lva-c,
Vband I11a) 62,680 45143 75958 63,192 39,872 65974 58,082 28563 104,004 119,359 65091 94,881 106,609 114,477

Subtotal northern
Fishery 632,018 527,009 593,752 528,793 337,521 446,367 448,423 429,941 551,241 620,883 642,315 1,095,751 1,229,926 1,387,599

Southern fishery
(Subareas VII1+1X,
Divisions Vlld,e,g-k) 32,819 30,838 33,695 32,817 32,003 28,722 32256 29,473 27,664 25099 30,122 29,400 26,402 24,654

Grand total 664,837 557,847 627,447 561,610 369,524 475,089 480,679 459,414 578,905 645,982 672,437 1,125,151 1,256,328 1,412,253
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Table 6.3.1.1.
LENGTH DISTRIBUTIONS BY QUARTER

Length (cm) 1.Quarter 2.Quarter 3.Quarter 4.Quarter Total ALL COUNTRIES
11 11 11{DIRECTED FISHERY
12 243 243
13 177 698 681 51 1607
14 527 305 1222 193 2247
15 5584 3401 1750 281 11016
16 30511 17913 2240 1772 52436
17 46552 26601 1836 5303 80292
18 20711 38146 2718 15293 76868
19 9716 38581 1841 14419 64557
20 11822 46388 14918 13183 86311
21 17120 50271 72437 16641 156469
22 36128 64707 159080 38020 297935
23 94168 156143 175112 55994 481417
24 275064 468635 128932 53760 926391
25| 545897 936961 130971 71012 1684841
26| 665138 1073929 190194 82135 2011396
27] 540823 790965 226649 103600 1662037

28] 380264 516035 189961 109045 1195305
29| 246310 330249 134505 102874 813938

30| 180491 201836 97599 84770 564696
31 137761 126450 47802 87046 399059
32| 102287 95856 30378 76342 304863
33 77187 77281 16651 50624 221743
34 46222 48191 10429 30263 135105
35 27867 40159 5988 11609 85623
36 19107 26780 4518 6796 57201
37 10395 12442 3829 3186 29852
38 5564 9167 4659 3010 22400
39 6901 4311 1077 1807 14096
40 2431 2532 1842 1511 8316
41 1267 706 9 798 2780
42 747 851 609 480 2687
43 305 374 679
44 61 606 44 711
45 80 80
46 202 202
47 15 15
48 15 15

Total numbers 3544800 5206795 1661499 1042346 11455440
Official catch (t) 182472 464202 184257 102303 933234
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Table 6.3.1.2.

LENGTH DISTRIBUTIONS BY QUARTER

Length (cm) 1.Q 2.0 3.0 4.Q Total
11
12
13 27 462 27462
14] 2598 207 83271 86076
15] 6807 553 1645 3900 12905
16] 30074 1498 5346 32743 69661
17] 48459 1952 2348 38798 91557
18] 55132 2038 3635 8988 69793
19] 43737 7458 11977 7298 70470
20| 22012 24382 32026 6745 85165
21| 3743 45873 112737 24518 186871
22| 12562 90647 126543 49061 278813
23| 19256 65753 78643 36226 199878
24| 18738 39108 63897 29082 150825
25| 7827 46761 66386 18391 139365
26| 7520 35015 63987 14579 121101
27| 3743 31214 52261 15396 102614
28| 2444 13782 21956 9147 47329
29| 1145 1887 14292 4726 22050
30 649 4115 10890 2800 18454
31] 1145 3527 1406 540 6618
32 2088 1219 3307
33 1981 1981
34 206 471 677
35 1100 1100
36 206 138 344
37 411 411

Total numbers 284 993 415770 675967 388037 1767365

Official catch 11702 37233 44184 17994 111113
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Table 6.3.1.3.

LENGTH DISTRIBUTIONS BY QUARTER

Length (cm) 1.Q 2.Q 3.0 4.Q Total
14 37 6 38 69 150
15 656 2485 1427 4 568
16| 2832 59 3599 5042 11 532
17| 4887 220 2015 9 597 16 719
18| 7143 2 265 1983 5788 17 179
19| 6767 6 003 5178 5812 23 760
20] 5961 13 842 10 743 11 217 41763
21] 10851 16 632 14 691 11 732 53 906
22] 18411 18 846 17 092 9 960 64 309
23] 15757 16 375 14 161 7259 53 552
24] 9439 9851 8 148 4341 31779
25| 5202 4 839 4419 2 562 17 022
26] 2726 2213 1904 1264 8 108
271 1582 1453 437 830 4 301
28 772 557 275 263 1867
29 263 459 149 106 978
30 48 110 13 34 204
31 37 110 11 13 170
32 15 31 8 3 58
33 14 29 3 3 50
34 5 18 1 24
35 2 15 1 2 19
36 1 6 1 2 9
37 6 1 7
38 2 1 4
39 5 5
40 1 1

Total numbers 93412 93951 87 357 77 325 352044

Official catch 6092 6321 5656 4553 22622
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Table 6.3.2.1 BLUE WHITING. Catch in number (millions) by age group in the directed fisheries (Sub-areas | and Il, Divisions Va,
and XIVa+b, Vb, Via+b, Vllbc and Vllig-k) in 1990-2000.

Age 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
0 8 64 - - - 1 4 167 15 61 41

1 538 33 82 37 44 99 497 1352 984 544 912

2 353 533 52 130 31 143 327 1079 3535 1180 752

3 566 384 1509 335 190 338 451 751 3211 5257 3119

4 709 244 510 1348 362 416 425 526 929 3235 4834

5 489 330 200 376 1242 566 248 268 346 362 1517

6 562 235 139 196 294 769 430 238 311 186 500

7 292 150 92 108 201 246 619 270 298 143 210

8 76 40 87 60 103 154 214 391 257 146 144

9 27 4 85 38 88 58 88 101 209 66 57

10+ 92 14 15 14 32 40 70 164 85 138 139

Total 3,711.0 2,031.8 2,770.2 2,640.6 25875 28289 33728 53068 10,180.0 11,318.0 12,224.9
Tonnes 465,601 297,649 379,549 389,010 401,378 447,015 493,373 545,058 1,000,870 1,123,317 1,273,123

Table 6.3.2.2 BLUE WHITING. Catch in number (million) by age group in the mixed industrial fisheries (Sub-area IV, Divisions llla, IVb
and Va, 1990-2000.

Age 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
0 1 25 - 132 95 3303 812 29 11 60 56

1 875 8 160 167 33 101 1334 621 576 188 822

2 168 398 64 39 21 88 71 269 524 286 317

3 50 42 167 91 18 29 58 50 259 434 253

4 12 11 75 97 37 11 71 14 47 168 143]

5 7 11 25 15 6 6 39 14 6 16 22

6 4 11 17 7 3 11 45 5 4 5 3

7 5 6 7 8 1 2 33 4 3 5 0

8 1 3 3 - 1 2 14 6 4 6 7

9 0 1 1 - 0 1 9 1 4 1 1

10+ - 0 1 - - 1 11 2 -12 3 1]

Total 1,120.9 517.9 518.7 556.0 213.8  3,554.9  2,498.6 1,014.7 1,426.2 1,172.0 1,627.1
Tonnes 63,195 39,872 66,174 55,215 28,563 104,004 119,359 65,091 94,881 106,609 114,477

Table 6.3.2.3 BLUE WHITING. Catch in number (millions) by age group in the Southern area, 1990-2000.

Age 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
0 74 70 19 25 13 3 9 11 18 18 32
1 198 181 139 41 12 96 43 118 97 57 80
2 182 182 205 146 56 123 131 143 122 82 123
3 57 70 95 181 149 55 117 86 71 130 93
4 25 39 43 62 72 38 36 26 69 57 35
5 24 17 12 12 27 44 33 8 32 35 9
6 11 8 6 7 9 20 17 4 7 15 10,
7 2 3 2 2 5 6 5 3 2 3 3]
8+ 2 3 1 1 4 5 3 3 4 2 0
Total 575 573 522 477 347 390 394 402 422 399 384
Tonnes 32,817 32,003 28,722 32,256 29,468 27,664 25,099 30,122 29,400 26,402 24,654
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Table 6.3.2.4 Blue Whiting. Total catch in numbers at age (millions) in 1981-2000

Age 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
0 48 3512 437 584 1174 84 341 46 1955 83
1 258 148 2283 2291 1305 650 839 428 868 1611
2 348 274 567 2331 2044 816 578 727 720 703
3 681 326 270 455 1933 1862 728 619 1344 672
4 334 548 286 260 303 1717 1898 688 794 753
5 548 264 299 285 188 393 726 1313 840 520
6 559 276 304 445 321 187 137 623 710 577
7 466 266 287 262 257 201 105 85 139 299
8 634 272 286 193 174 198 123 53 50 78
9 578 284 225 154 93 174 103 33 25 27

10+ 1460 673 334 255 259 398 195 50 38 95

Total 5914 6843 5578 7515 8051 6680 5775 4667 7484 5418

Tonnes 909556 576419 570072 641776 695596 826986 664837 557847 627447 561610

Age 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
0 161 19 198 42 3308 835 220 43 139 129
1 267 408 263 307 296 1898 2216 1657 788 1814
2 1024 655 305 108 354 536 1580 4181 1549 1192
3 514 1644 621 368 422 634 940 3541 5821 3465
4 302 570 1571 389 466 539 601 1045 3461 5012
5 363 218 411 1222 616 324 307 384 413 1548
6 258 154 191 281 801 499 262 323 207 513
7 159 110 107 174 254 665 293 303 151 213
8 49 80 65 90 160 233 423 264 153 151
9 5 32 38 79 60 99 108 212 69 58

10+ 10 12 17 31 42 83 176 86 141 140

Total 3112 3902 3788 3091 6777 6344 7127 12039 12891 14236

Tonnes 369524 475026 480679 459414 578905 645982 672437 1125151 1256328 1412254
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Table 6.3.2.6 BLUE WHITING Disaggregated Fisheries Assessment Data from Mixed Industrial fisheries. (DISFAD file)

Record No

Blue whiting 0

i

1 Denmark
2 Denmark
3 Denmark
4 Denmark
5 Denmark
6 Denmark
7 Denmark
8 Norway
9 Norway
10 Norway
11 Norway
12 Norway
13 Norway
14 Norway
15 Norway
16 Norway
17 Norway
18 Norway
19 Sweden
20 Sweden
21 Sweden
22 Sweden
23 Sweden
24 Sweden
25 Sweden
26 Faroe Islar
27 Faroe Islar

Country  Quarter

15

2 llla
3 llla
4 lla
1 IVa
2 Iva
3 Iva
4 |Va
1 lla
2 lla
3 lla
4 lla
2 llla
1 IVa
2 IvVa
3 Iva
4 |Va
2 Vb
4 IVb
1 llla
2 llla
3 llla
4 llla
3 Iva
3 Vb
4 Vb
2 lla
1 IVa

Area Sampled

Catch
2000

[eNeoNeoNoNeNo)

o

322
1469
4035
2647

6455
17142
29600
10931

175
228

o

[eNeoNeoNoNeoNoNeNe)

Official
Catch

355
2981
880
6693
14368
9647
3185
322
1469
4035
2647
2
6022
26776
35920
14734
263
263

5

269
2819
116
55

50

5

35

7

WG
Catch

355
2981
880
6693
14368
9647
3185
322
1469
4035
2647
2
6456
17142
29600
10932
175
228

5

269
2819
116
55

50

5

35

7

No. of
samples

=
COO0OUWR WOhEFRLON

[eNeoNeoNoNoNoNoNe)

No. fish
aged

[eNeoNelNoNeNo)

o

200
239
536
151

200
386
300
152
386
152

o

[eNeoNeoNoNeoNoNeNe)

No. fish
measured

105
98
17

290

0

196

6

184

429

634

329

0
334
650

2413

842

650

842

o

[eNeoNeoNoNoNoNoNe)

CN
0
0
0
0
0
0
0
0
0
0
1384
16713
0
0
0
11014
15326
0
319
0
0
0
0
0
0
0
0
0

[eNeoNeolNoNoNo)

0
4703
20401
45279
20580
13
39823
110341
216701
79129
1124
1648

0

[eNeoNeoNoNoNoNoNe)
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o
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2564
6465
3697

34902
45846
73849
23271
467
485

o

[eNeoNeoNoNeoNoNoNe)

[eNeoNeoNoNeNo)

0

540
2216
4502
2187
5
16044
45813
66449
16733
467
349

o

[eNeoNeoNoNeoNoNeNe)

[eNeoNelNoNoNo)

0

137
1108
3728
1713
4
4500
33321
33699
9506
339
198

o

[eNeoNeoNoNeoNoNoNe)

=
N
ONOOOOOOO

=
N
~

138

3991
3737
4457

w
[eNeoNeoNoNeoNoNeoNoNoNolNd Ne)

[eNeoNeNoNoNoNoNe)

N =
~N ©O©N
o N w

o

[eNeoNeoNoNoNoNoNe)
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[A4!

Record No Country Quarter Area Sampled Official WG No. of No. fish  No. fish CW CW CW CW CW CW CW CW
Catch Catch Catch  samples aged measured 0 1 2 3 4 5 6 7
Blue whiting 0 15 2000
1 Denmark 2 llla 0 355 355 2 0 105 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2 Denmark 3 llla 0 2981 2981 5 0 98 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
3 Denmark 4 llla 0 880 880 1 0 17 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
4 Denmark 11vVa 0 6693 6693 4 0 290 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
5 Denmark 2 IVa 0 14368 14368 0 0 0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
6 Denmark 3 Iva 0 9647 9647 3 0 196 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
7 Denmark 4 IVa 0 3185 3185 1 0 6 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
8 Norway 1lla 322 322 322 3 200 184 0.000 0.032 0.075 0.090 0.111 0.150 0.000 0.000
9 Norway 2 lla 1469 1469 1469 5 239 429 0.000 0.046 0.082 0.087 0.100 0.000 0.126 0.000
10 Norway 3lla 4035 4035 4035 10 536 634 0.031 0.054 0.090 0.101 0.122 0.182 0.182 0.209
11 Norway 4 lla 2647 2647 2647 6 151 329 0.027 0.060 0.102 0.104 0.134 0.178 0.186 0.000
12 Norway 2 llla 2 2 2 0 0 0 0.000 0.055 0.071 0.083 0.096 0.106 0.123 0.000
13 Norway 1 IVa 6455 6022 6456 4 200 334 0.000 0.033 0.075 0.091 0.111 0.150 0.000 0.000
14 Norway 2 IVa 17142 26776 17142 11 386 650 0.000 0.055 0.071 0.083 0.096 0.106 0.123 0.000
15 Norway 3 IVa 29600 35920 29600 25 300 2413 0.028 0.056 0.081 0.090 0.117 0.124 0.000 0.190
16 Norway 4 IVa 10931 14734 10932 16 152 842 0.030 0.064 0.101 0.095 0.134 0.000 0.189 0.000
17 Norway 2 IVb 175 263 175 11 386 650 0.000 0.055 0.071 0.083 0.096 0.106 0.123 0.000
18 Norway 4 1Vb 228 263 228 16 152 842 0.030 0.064 0.101 0.095 0.134 0.000 0.189 0.000
19 Sweden 1 llla 0 5 5 0 0 0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
20 Sweden 2 llla 0 269 269 0 0 0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
21 Sweden 3 llla 0 2819 2819 0 0 0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
22 Sweden 4 llla 0 116 116 0 0 0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
23 Sweden 3 IVa 0 55 55 0 0 0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
24 Sweden 3 Vb 0 50 50 0 0 0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
25 Sweden 4 Vb 0 5 5 0 0 0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
26 Faroe Islar 2 lla 0 35 35 0 0 0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
27 Faroe Islar 1 IVa 0 7 7 0 0 0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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Table 6.3.2.7 BLUE WHITING Disaggregated Fisheries Assessment Data from Southern Fisheries. (DISFAD file)

Record No Country Quarter Area

Blue whiting

1 Spain
2 Spain
3 Spain
4 Spain
5 Portugal
6 Portugal
7 Portugal
8 Portugal

Record No Country Quarter Area

Blue whiting

et

1 Spain
2 Spain
3 Spain
4 Spain
5 Portugal
6 Portugal
7 Portugal
8 Portugal

0 15 2000
1 Vllic+IXa
2 Vllic+IXa
3 Vllic+IXa
4 Vllic+IXa
1 IXa
2 IXa
3 IXa
4 1Xa

0 15 2000
1 Vllic+IXa
2 Vllic+IXa
3 Vllic+IXa
4 Vllic+IXa
1 IXa
2 IXa
3 IXa
4 1Xa

Sampled
Catch

6095
6318
5648
4561

0

0
0
0

Sampled
Catch

6095
6318
5648
4561

0

0
0
0

Official
Catch

6095
6318
5648
4561
832
187
735
278

Official
Catch

6095
6318
5648
4561
832
187
735
278

WG
Catch

6095
6318
5648
4561
832
187
735
278

WG
Catch

6095
6318
5648
4561
832
187
735
278

No. of
samples

No. of
samples

85
82
75
75

0

0
0
0

No. fish  No. fish
aged measured

280 8380
280 7756
158 6349
448 6363
0 0
0 0
0 0
0 0

No. fish  No. fish
aged measured

280 8380
280 7756
158 6349
448 6363
0 0
0 0
0 0
0 0

8703
20437

o

o oo

cw

0.000
0.000
0.026
0.030
0.000
0.000
0.000
0.000

CN

20616
11638
16676
23808

o oo

cw

0.034
0.045
0.049
0.053
0.000
0.000
0.000
0.000

28056
37212
27010
21144

o oo

cw

0.056
0.056
0.065
0.072
0.000
0.000
0.000
0.000
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25480
26147
23469

9698

o oo

cw

0.074
0.073
0.076
0.086
0.000
0.000
0.000
0.000

11476
11603
6899
1872

o oo

cw

0.084
0.081
0.095
0.102
0.000
0.000
0.000
0.000

3153
2948
2042

193

o oo

cw

0.107
0.102
0.091
0.144
0.000
0.000
0.000
0.000

3335
3092
2436

157

o oo

CwW

0.112
0.108
0.096
0.154
0.000
0.000
0.000
0.000

Cw

0.122
0.118
0.149
0.196
0.000
0.000
0.000
0.000



Table 6.3.2.8 BLUE WHITING. Allocations files in the blue whiting fisheries.

DIRECTED FISHERIES

Record no. samples Type
2 c

NO~NOOTS, WNPE

N
N

NMNNNMNADNMNOONNNUONMNANNDAONNRERERNMNANDANNNONEFNMNNMNNNWOWDNRW

OO0 0O00000O00000000000000000000000000O00O0O0O0

alloc

9,60
10,33,61

62
14,38,52,70
15,39,71
18,54

21,78

21,78

21,78

21,78

76

21,78
15,39,71
17,53

18,54
20,57,49,77
21,78
20,57,49,77
9,60

67

68

17,53

18,54
42,56,74
20,57,49,77
21,78

21,78
14,38,52,70
17,53

18,54

19,41,46,55,73

21,78
9,60
18,54

19,41,46,55,73

20,57,49,77
20,57,49,77
21,78
21,78
21,78
21,78

MIXED INDUSTRIAL FISHERIES

Record no. samples Type
c

[N

RPRRPRPRRPRPRREPRPRRREPRRERERRE
OO0 0D0DO0OO0O0O000O0O0O0O0

SOUTHERN FISHERIES

Record no. samples Type
5 1 c

6 1 c
7 1 c
8 1 c
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alloc
14
15
16
13
14
15
16
13
14
15
16
15
15
16

13

alloc

[

A OWN
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Table 6.3.3.1 Blue Whiting. Mean weights at age for the total catch in 1981-2000

Age 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
0 0.038 0.018 0.020 0.026 0.016 0.030 0.023 0.031 0.014 0.034
1 0.052 0.045 0.046 0.035 0.038 0.040 0.048 0.053 0.059 0.045
2 0.065 0.072 0.074 0.078 0.074 0.073 0.086 0.076 0.079 0.070
3 0.103 0.111 0.118 0.089 0.097 0.108 0.106 0.097 0.103 0.106
4 0.125 0.143 0.140 0.132 0.114 0.130 0.124 0.128 0.126 0.123
5 0.141 0.156 0.153 0.153 0.157 0.165 0.147 0.142 0.148 0.147
6 0.155 0.177 0.176 0.161 0.177 0.199 0.177 0.157 0.158 0.168
7 0.170 0.195 0.195 0.175 0.199 0.209 0.208 0.179 0.171 0.175
8 0.178 0.200 0.200 0.189 0.208 0.243 0.221 0.199 0.203 0.214
9 0.187 0.204 0.204 0.186 0.218 0.246 0.222 0.222 0.224 0.217

10+ 0.213 0.231 0.228 0.206 0.237 0.257 0.254 0.260 0.253 0.256

Age 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
0 0.036 0.024 0.028 0.033 0.022 0.018 0.031 0.033 0.035 0.031
1 0.055 0.057 0.066 0.061 0.064 0.041 0.047 0.048 0.063 0.057
2 0.091 0.083 0.082 0.087 0.091 0.080 0.072 0.072 0.078 0.075
3 0.107 0.119 0.109 0.108 0.118 0.102 0.102 0.094 0.088 0.086
4 0.136 0.140 0.137 0.137 0.143 0.116 0.121 0.125 0.109 0.104
5 0.174 0.167 0.163 0.164 0.154 0.147 0.140 0.149 0.142 0.133
6 0.190 0.193 0.177 0.189 0.167 0.170 0.166 0.178 0.170 0.156
7 0.206 0.226 0.200 0.207 0.203 0.214 0.177 0.183 0.199 0.179
8 0.230 0.235 0.217 0.217 0.206 0.230 0.183 0.188 0.193 0.187
9 0.232 0.284 0.225 0.247 0.236 0.238 0.203 0.221 0.192 0.232

10+ 0.266 0.294 0.281 0.254 0.256 0.279 0.232 0.248 0.245 0.241
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Table 6.4.1.1. Age stratified estimates of blue whiting in the spawning area west of The British Isles,
R.V."J.Hjort" March/April 2001. Numbers in millions, weight in thousand t, mean length in cm, mean weight in grams.

Age 1 2 3 4 5 6 7 8 Total
Numbers 16 479 44 162 12 843 13 805 8 292 781 175 51 96 588
Percentage 17 46 13 14 9 1 0 0 100
Mean length 18 24 26 27 28 30 31 32 24
Mean weight 31 64 81 93 107 133 152 189 69
Weight 504 2811 1044 1282 889 95 27 10 6 660,8
Table 6.4.1.3 Age stratified estimates of blue whiting in the Icelandic EEZ in July 2000
Numbers in millions, weight in thousand t, length in cm, mean weight in grams.

Age 0 1 2 3 4 5 6 7 8 10 Total
Numbers 10683 5559 729 455 1150 434 106 25 1 1 19143
Mean length 135 22.3 24.1 26.1 27.6 29.4 323 32.0 36.0 28.0 18.9
Mean weight 18 72 89 117 137 164 211 188 245 320 50.2
Percentage 55.8 29.1 3.8 2.4 6.0 2.3 0.6 0.1 0.0 0.0 100
Weight 187 403 65 55 158 71 22 5 0 966
Table 6.4.1.4 Age stratified estimates of blue whiting in the Norwegian Sea, R.V. G.O. Sars,July 2000.

Numbers in millions, weight in thousand t, length in cm, mean weight in grams.

Age 0 1 2 3 4 5 6 7 8 10 Total
Numbers 0 25813 3298 2721 3078 23 46 6 0 0 34985
Mean length 0.0 21.8 25.2 26.4 27.6 30.9 33.7 32.8 0.0 0.0 23.0
Mean weight 0 57 92 106 125 178 182 222 0 0 70.4
Percentage 0.0 73.8 9.4 7.8 8.8 0.1 0.1 0.0 0.0 0.0 100.0
Weight 0 1472 303 290 385 4 8 1 0 o 2463.2]
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Table 6.4.1.2. BLUE WHITING Biomass estimate (million tonnes) in the spawning area.

Russia Russia Norway  Norway Faroes Faroes

Year total spawning total spawning total spawning

1983 3.6 3.6 4.7 4.4

1984 3.4 2.7 2.8 2.1 24 2.2

1985 2.8 2.7 6.4 1.7

1986 6.4 5.6 2.6 2.0

1987 5.4 51 4.3 4.1

1988 3.7 3.1 7.1 6.8

1989 6.3 5.7 7.0 6.1

1990 5.4 5.1 6.3 5.7

1991 4.6 4.2 5.1 4.8

1992 3.6 3.3 4.3 4.2

1993 3.8 3.7 5.2 5.0

1994 4.1 4.1

1995 6.8 6.0 6.7 6.1

1996 7.1 5.8 5.1 45

1997

1998 55 4.7

1999 8.9 8.5

2000 8.3 7.8

2001 6.7 5.6
Mean 4.8 4.4 5.6 5.1 4.4 2.0
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Table6.4.2.1 Stratified mean catch (Kg/haul and Number/haul) and standard error of BLUE WHITING in bottom
trawl surveysin Spanish waters (Divisions VIlIc and | Xa north). All surveys in September-October.

Kg/haul 30-100 m 101-200 m 201-500 m TOTAL 30-500 m
Mean SD Mean SD Mean SD Mean SD
1985 9.50 5.87 119.75 45.99 68.18 13.79 92.83 28.24
1986 9.74 7.13 45.41 12.37 29.54 8.70 36.93 7.95
1987 - - - - - - - -
1988 2.90 2.59 154.12 38.69 183.07 141.94 143.30 45.84
1989 14.17 12.03 76.92 17.08 18.79 6.23 59.00 11.68
1990 6.25 3.29 52.54 9.00 18.80 4.99 43.60 6.60
1991 64.59 34.65 126.41 26.06 46.07 18.99 97.10 17.16
1992 6.37 2.59 44,12 6.64 29.50 6.16 34.60 4.23
1993 1.06 0.63 14.07 3.73 51.08 22.02 22.59 6.44
1994 8.04 5.28 37.18 8.45 25.42 5.27 29.70 5.19
1995 19.97 13.87 36.43 4.82 15.97 4.10 28.52 3.66
1996 7.27 3.95 49.23 7.19 92.54 17.76 54.52 6.36
1997 7.60 4.44 44.21 10.61 60.18 17.54 44.01 8.00
1998 5.29 1.92 41.09 7.64 73.80 24.06 44.48 7.82
1999 3141 7.28 108.46 17.24 150.24 39.53 108.12 14.62
2000 39.52 9.73 88.89 14.32 62.23 27.65 74.42 11.25
Number/haul 30-100 m 101-200 m 201-500 m TOTAL 30-500 m
Mean SD Mean SD Mean SD Mean SD

1985 267 181.71 3669 1578.86 1377 262.98 2644 963.20
1986 368 237.56 2486 1006.67 752 238.87 1763 616.40
1987 - - - - - - - -
1988 83 7174 6112 1847.36 7276 6339.88 5694 2086.00
1989 629 537.29 3197 876.75 566 21311 2412 599.00
1990 220 115.48 2219 426.46 578 185.43 1722 276.00
1991 2922 1645.73 5563 1184.69 1789 847.33 4214 780.88
1992 124 50.81 1412 233.99 845 199.12 1069 146.87
1993 14 8.61 257 69.61 894 427.77 401 12453
1994 346 234.12 2002 456.50 997 245,91 1487 689.00
1995 1291 864.97 2004 341.48 485 137.81 1493 240.37
1996 147 82.71 1167 167.20 2097 385.23 1263 142.30
1997 224 121.69 1425 359.12 1254 330.37 1228 234.50
1998 123 44,12 1442 334.24 1823 592.92 1347 251.37
1999 795 218.58 3996 697.66 5279 1521.62 3861 576.10
2000 1574 360.78 3701 568.17 2036 857.01 2940 406.62
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Table6.4.2.2 BLUE WHITING. Stratified mean catch (Kg/haul ) and standard error of in bottom
trawl surveysin Portuguese waters (Division IXa).

20-100 m 100-200 m 200-500 m 500-750 m TOTAL: 20-500 m TOTAL: 20-750 m
Year Month y Sy y Y y Sy y Sy y Sy y Sy
1979 June 0 0 33 23 86 35 - - 31 12 - -
Oct./Nov. 5 5 17 8 103 48 - - 28 9 - -
1980 March 0 0 178 173 5 1 - - 72 69 - -
May/June 1 3 4 2 45 18 - - 11 4 - -
October 4 3 10 4 587 306 - - 117 58 - -
1981 March 0 0 24 17 186 113 - - 42 22 - -
June 0 0 2 178 25 - - 34 - -
1982 April/May 0 0 3 136 39 - - 26 - -
September 1 1 85 42 271 123 - - 86 29 - -
1983 March 1 1 14 10 259 96 - - 54 18 - -
June 0 0 23 8 177 47 - - 42 9 - -
1985 June 0 0 194 146 405 162 - - 159 68 - -
October 4 3 133 84 341 39 - - 120 35 - -
1986 June 4 1 59 19 196 31 - - 65 10 - -
October 2 1 357 144 650 111 - - 276 63 - -
1987 October 3 0 297 64 747 229 - - 263 50 - -
1988 October 4 2 165 47 457 106 - - 155 28 - -
1989 July 0 0 42 21 323 143 79 36 - - 78 24
October 7 4 70 26 306 84 24 2 - - 79 16
1990 July 2 2 153 103 242 12 50 5 - - 96 35
October 11 5 90 28 762 234 42 10 - - 153 35
1991 July 1 1 140 40 268 38 64 18 - - 98 15
October 8 5 83 18 259 53 121 27 - - 91 11
1992 February 7 7 43 35 249 21 73 3 68 12
July 1 1 29 18 216 43 27 5 - - 47 9
October 1 1 22 7 208 44 80 3 - - 54 7
1993 February 0 0 19 14 105 31 36 0 - - 42 10
July 0 0 3 3 151 28 55 5 - - 34 4
November 0 0 90 0 189 43 6 1 - - 86 9
1994 October 0 0 374 30 283 32 49 7 - - 174 11
1995 July 0 0 18 14 130 20 52 3 - - 35 5
October 18 15 103 21 328 91 31 12 - - 94 16
1996 October 25 24 12 2 36 6 25 7 22 8
1997 June 0 0 3 3 116 12 45 12 - - 27 7
October 2 1 54 20 77 13 7 2 - - 32 8
1998 July 0 0 8 5 105 17 38 3 - - 25
October 1 1 384 87 427 101 20 2 - - 212 36
1999 July 1 60 66 25 - - 37 n/a
October 0 70 78 18 - - 41 na
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Table 6.4.4.1 The ICA log

Enter the name of the index file -->Combbw.ndx
CombbwCN.DAT

CombbwCW.DAT

Stock weights in 2001 used for the year 2000
CombbwSW.DAT

Natural mortality in 2001 used for the year 2000
CombbwNM.DAT

Maturity ogive in 2001 used for the year 2000
CombbwMO.DAT

Name of age-structured index file (Enter if none) : -->Combbw.tun
Name of the SSB index file (Enter if none) -->
No indices of spawning biomass to be used.

No of years for separable constraint ?--> 5
Reference age for separable constraint ?--> 5
Constant selection pattern model (Y/N) ?-->y

S to be fixed on last age ?--> 1.500000000000000
First age for calculation of reference F ?--> 3

Last age for calculation of reference F ?--> 7

Use default weighting (Y/N) ?-->n
Enter relative weights at age

Weight for age 0-->
Weight for age 1-->
Weight for age 2-->
Weight for age 3-->
Weight for age 4-->
Weight for age 5-->
Weight for age 6-->
Weight for age 7-->
Weight for age 8-->
Weight for age 9-->

0.100000000000000
0.500000000000000
1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000

Weight for age 10--> 1.000000000000000

Enter relative weights by year

Weight for year 1996--> 1.000000000000000

Weight for year 1997--> 1.000000000000000

Weight for year 1998--> 1.000000000000000

Weight for year 1999--> 1.000000000000000

Weight for year 2000--> 1.000000000000000

Enter new weights for specified years and ages if needed

Enter year, age, new weight or -1,-1,-1 to end. -1-1 -1.000000000000000

Is the last age of Norway Spawning Area/Acoustic 1981-90 a plus-group (Y/N)-->n
Is the last age of Norway Spawning Area/Acoustic 1991-2001 a plus-group (Y/-->n
Is the last age of Russian Spawning Area/Acoustic 1982-91 a plus-group (Y/N-->n
Is the last age of Russian Spawning Area/Acoustic 1992-1996 a plus-group (Y-->n
Is the last age of CPUE Spanish Pair Trawlers a plus-group (Y/N) ?-->n

Is the last age of Norwegian Sea acoustic - Blue Wh. 1981-9 a plus-group (Y-->n
Is the last age of Norwegian Sea acoustic - Blue Wh. 1991 a plus-group (Y-->n
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Model for Norway Spawning Area/Acoustic 1981-90 is to be A/L/P ?-->L
Model for Norway Spawning Area/Acoustic 1991-2001 is to be A/L/P ?-->L
Model for Russian Spawning Area/Acoustic 1982-91 is to be A/L/P ?-->L
Model for Russian Spawning Area/Acoustic 1992-1996 is to be A/L/P ?-->L
Model for CPUE Spanish Pair Trawlers is to be A/L/P ?-->L

Model for Norwegian Sea acoustic - Blue Wh. 1981-9 is to be A/L/P ?-->L
Model for Norwegian Sea acoustic - Blue Wh. 1991 is to be A/L/P ?-->L
Fit a stock-recruit relationship (Y/N) ?-->n

Enter lowest feasible F--> 5.0000000000000003E-02

Enter highest feasible F--> 1.000000000000000

Mapping the F-dimension of the SSQ surface

0.05 62.2317842742
0.10 54.9639443704
0.15 50.8058346288
0.20 48.1095760734
0.25 46.3012953709
0.30 45.0638627356
0.35 44.2052132793
0.40 43.6053129965
0.45 43.1873364210
0.50 42.9009597770
0.55 42.7124525300
0.60 42.5986961433
0.65 42.5434980580
0.70 42.5353069784
0.75 42.5657396607
0.80 42.6286346279
0.85 42.7194313365
0.90 42.8347602961
0.95 42.9721799602
1.00 43.1300207669
Lowest SSQisfor F= 0.688

No of years for separable analysis : 5

Age range in the analysis: 0 ... 10

Year range in the analysis : 1981 ... 2000

Number of indices of SSB : 0

Number of age-structured indices : 7

Parameters to estimate : 73

Number of observations : 487

Conventional single selection vector model to be fitted.

Survey weighting to be Manual (recommended) or Iterative (M/1) ?-->M

Enter weight for Norway Spawning Area/Acoustic 1981-90 at age 2--> 1.000000000000000
Enter weight for Norway Spawning Area/Acoustic 1981-90 at age 3--> 1.000000000000000
Enter weight for Norway Spawning Area/Acoustic 1981-90 at age 4--> 1.000000000000000
Enter weight for Norway Spawning Area/Acoustic 1981-90 at age 5--> 1.000000000000000
Enter weight for Norway Spawning Area/Acoustic 1981-90 at age 6--> 1.000000000000000
Enter weight for Norway Spawning Area/Acoustic 1981-90 at age 7--> 1.000000000000000
Enter weight for Norway Spawning Area/Acoustic 1981-90 at age 8--> 1.000000000000000
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Enter weight for Norway Spawning Area/Acoustic 1991-2001
Enter weight for Norway Spawning Area/Acoustic 1991-2001
Enter weight for Norway Spawning Area/Acoustic 1991-2001
Enter weight for Norway Spawning Area/Acoustic 1991-2001
Enter weight for Norway Spawning Area/Acoustic 1991-2001
Enter weight for Norway Spawning Area/Acoustic 1991-2001
Enter weight for Norway Spawning Area/Acoustic 1991-2001

at age 2-->
at age 3-->
at age 4-->
at age 5-->
at age 6-->
at age 7-->
at age 8-->

Enter weight for Russian Spawning Area/Acoustic 1982-91
Enter weight for Russian Spawning Area/Acoustic 1982-91
Enter weight for Russian Spawning Area/Acoustic 1982-91
Enter weight for Russian Spawning Area/Acoustic 1982-91
Enter weight for Russian Spawning Area/Acoustic 1982-91
Enter weight for Russian Spawning Area/Acoustic 1982-91

at age 3-->
at age 4-->
at age 5-->
at age 6-->
at age 7-->

at age 8-->

Enter weight for Russian Spawning Area/Acoustic 1992-1996
Enter weight for Russian Spawning Area/Acoustic 1992-1996
Enter weight for Russian Spawning Area/Acoustic 1992-1996
Enter weight for Russian Spawning Area/Acoustic 1992-1996
Enter weight for Russian Spawning Area/Acoustic 1992-1996
Enter weight for Russian Spawning Area/Acoustic 1992-1996

at age 3-->
at age 4-->
at age 5-->
at age 6-->
at age 7-->
at age 8-->

1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000

Enter weight for CPUE Spanish Pair Trawlers at age 1--> 1.000000000000000
Enter weight for CPUE Spanish Pair Trawlers at age 2--> 1.000000000000000
Enter weight for CPUE Spanish Pair Trawlers at age 3--> 1.000000000000000
Enter weight for CPUE Spanish Pair Trawlers at age 4--> 1.000000000000000
Enter weight for CPUE Spanish Pair Trawlers at age 5--> 1.000000000000000
Enter weight for CPUE Spanish Pair Trawlers at age 6--> 1.000000000000000

Enter weight for Norwegian Sea acoustic - Blue Wh.
Enter weight for Norwegian Sea acoustic - Blue Wh.
Enter weight for Norwegian Sea acoustic - Blue Wh.
Enter weight for Norwegian Sea acoustic - Blue Wh.
Enter weight for Norwegian Sea acoustic - Blue Wh.
Enter weight for Norwegian Sea acoustic - Blue Wh.
Enter weight for Norwegian Sea acoustic - Blue Wh.
Enter weight for Norwegian Sea acoustic - Blue Wh.
Enter weight for Norwegian Sea acoustic - Blue Wh.
Enter weight for Norwegian Sea acoustic - Blue Wh.
Enter weight for Norwegian Sea acoustic - Blue Wh.
Enter weight for Norwegian Sea acoustic - Blue Wh.
Enter weight for Norwegian Sea acoustic - Blue Wh.

1981-9 at age 1-->
1981-9 at age 2-->
1981-9 at age 3-->
1981-9 at age 4-->
1981-9 at age 5-->
1981-9 at age 6-->
1981-9 at age 7-->
1991 atage 1-->
1991 at age 2-->
1991 at age 3-->
1991 at age 4-->
1991 at age 5-->
1991 at age 6-->

1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000

Enter weight for Norwegian Sea acoustic - Blue Wh. 1991 at age 7-->

Enter estimates of the extent to which errors

in the age-structured indices are correlated

across ages. This can be in the range 0 (independence)
to 1 (correlated errors).

Enter value for Norway Spawning Area/Acoustic 1981-90-->

Enter value for Norway Spawning Area/Acoustic 1991-2001-->

Enter value for Russian Spawning Area/Acoustic 1982-91-->

Enter value for Russian Spawning Area/Acoustic 1992-1996-->

1.000000000000000

1.000000000000000

1.000000000000000

Enter value for CPUE Spanish Pair Trawlers--> 1.000000000000000
Enter value for Norwegian Sea acoustic - Blue Wh. 1981-9--> 1.000000000000000
Enter value for Norwegian Sea acoustic - Blue Wh. 1991-> 1.000000000000000

Do you want to shrink the final fishing mortality (Y/N) ?-->N
Aged index weights
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Norway Spawning Area/Acoustic 1981-90

Age : 2 3 4 5 6 7 8

Wits: 0.1430.143 0.143 0.143 0.143 0.143 0.143
Norway Spawning Area/Acoustic 1991-2001

Age : 2 3 4 5 6 7 8

Wits: 0.1430.143 0.143 0.143 0.143 0.143 0.143
Russian Spawning Area/Acoustic 1982-91

Age : 3 4 5 6 7 8

Wts: 0.167 0.167 0.167 0.167 0.167 0.167
Russian Spawning Area/Acoustic 1992-1996

Age : 3 4 5 6 7 8

Wts: 0.167 0.167 0.167 0.167 0.167 0.167
CPUE Spanish Pair Trawlers

Age : 1 2 3 4 5 6

Wts: 0.167 0.167 0.167 0.167 0.167 0.167
Norwegian Sea acoustic - Blue Wh. 1981-9

Age : 1 2 3 4 5 6 7

Wits: 0.1430.143 0.143 0.143 0.143 0.143 0.143
Norwegian Sea acoustic - Blue Wh. 1991

Age : 1 2 3 4 5 6 7

Wits: 0.1430.143 0.143 0.143 0.143 0.143 0.143
Fin 2000 atage 5 is 0.754581 in iteration 1
Detailed, Normal or Summary output (D/N/S)-->D
Output page width in characters (e.g. 80..132) ?--> 80
Estimate historical assessment uncertainty ?-->n

Succesful exit from ICA
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Table 6.4.4.2 Output Generated by ICA Version 1.4

Bl ue whiting conbi ned stock, 2001 WG

Catch i n Nunber x 10 ~ 6
______ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e mmmm o m o — - =
AGE | 1981 1982 1983 1984 1985 1986 1987 1988
______ e e e e e e e e e e e e e e e e e e e e e e e e mm e mmmmmmmmmm e e e mmmmm e mmmmm— =
0 | 48.0 3512.0 437.0 584.0 1174.0 84.0 341.0 46.0
1 | 258.0 148.0 2283.0 2291.0 1305.0 650. 0 838.0 425.0
2 | 348.0 274.0 567.0 2331.0 2044.0 816. 0 578.0 721.0
3 | 681.0 326.0 270.0 455.0 1933.0 1862.0 728.0 614.0
4 | 334.0 548.0 286.0 260.0 303.0 1717.0 1897.0 683.0
5 | 548. 0 264.0 299.0 285.0 188.0 393.0 726.0 1303.0
6 | 559.0 276.0 304.0 445. 0 321.0 187.0 137.0 618. 0
7 | 466.0 266.0 287.0 262.0 257.0 201.0 105.0 84.0
8 | 634.0 272.0 286.0 193.0 174.0 198.0 123.0 53.0
9 | 578.0 284.0 225.0 154.0 93.0 174.0 103.0 33.0
10 | 1460. 0 673.0 334.0 255.0 259.0 398.0 195.0 50.0
______ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e mmmm o m o — - =
Catch i n Nunber x 10 ~ 6
______ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e mmmm o m o — - =
ACGE | 1989 1990 1991 1992 1993 1994 1995 1996
______ e e e e e e e e e e e e e e e e e e e e e e e e mm e mmmmmmmmmm e e e mmmmm e mmmmm— =
0 | 1949.0 83.0 161. 1 19.0 197.7 42.0 3306.6 832.6
1 | 865.0 1611.0 266. 7 407.7 263. 2 307.0 296.1 1893.5
2 | 718.0 703.0 1024.5 653. 8 305.2 107.9 353.9 534.2
3 | 1340.0 672.0 514.0 1641.7 621.1 368.0 421.6 632. 4
4 | 791.0 753.0 301.6 569.1 1571.2 389. 3 465. 4 537.3
5 | 837.0 520.0 363. 2 217. 4 411.4 1221.9 616. 0 323.3
6 | 708.0 577.0 258.0 154.0 191. 2 281.1 800. 2 497.5
7 | 139.0 299.0 159.2 109. 6 107.0 174.3 253.8 663. 1
8 | 50.0 78.0 49. 4 79.7 64. 8 90. 4 159.8 232. 4
9 | 25.0 27.0 51 32.0 38.1 79.0 59.7 98.4
10 | 38.0 95.0 9.6 11. 7 17.5 30.6 41.8 82.5
______ e e e e e e e e e e e e e e e e e e e e e e e e mm e mmmmmmmmmm e e e mmmmm e mmmmm— =
Catch i n Nunber x 10 ~ 6
______ Fe e e e e e e e e e e e e, —— ==
AGE | 1997 1998 1999 2000
______ e e e e e e e e e e e e e e m e m—— -
0 | 211.7 43.0 139.0 129.1
1 | 2131.5 1656.9 788.2 1814.9
2 | 1519.3 4181.2 1549.1 1192.7
3 | 904.1 3541.2 5820.8 3465.7
4 | 577.7 1044.9 3460.6 5014.9
5 | 295.7 383.7 412.8 1550.1
6 | 251.6 322.8 207. 2 513. 7
7 | 282. 1 303.1 151. 2 213.1
8 | 406. 9 264.1 153.1 151. 4
9 | 104. 3 212.5 68. 8 58. 3
10 | 169. 2 85.5 140.5 139.8
______ Fe e e e e e e e e e e e e, —— ==
Predi cted Catch in Nunber x 10 ~ 6
______ Fo e e e e e e e e e e e e e e e m e —— -
ACGE | 1996 1997 1998 1999 2000
______ e e e e e e e e e e e e e e mm e e e m e mm -
0 | 302. 8 145.9 111.0 214. 1 129.1
1 | 1309.0 2144.9 1576.6 746.4 2698.8
2 | 556.6 1419.2 3520.3 1583.9 1383.4
3 | 657. 8 935.6 3491.2 5272.0 4054.3
4 | 586. 5 592.8 1203.3 2628.6 6447.8
5 | 362.7 275.0 403. 7 462.7 1710.6
6 | 485. 4 286. 1 309.1 262.9 488. 1
7 | 687. 8 336. 3 277.0 169.2 224.5
8 | 273. 2 443. 6 295.1 133.8 121.2
9 | 98.4 96. 6 220.9 77.2 55.9
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Wi ght s

at age i

the catches (Kg)

02000 0. 02600 0.01600 0.03000 0.02300 0.03100
04600 0. 03500 0.03800 0.04000 0.04800 0.05300
07400 0.07800 0.07400 0.07300 0.08600 0.07600
11800 0.08900 0.09700 0.10800 0.10600 0.09700
14000 0.13200 0.11400 0.13000 0.12400 0.12800
15300 0. 15300 0.15700 0.16500 0.14700 0.14200
17600 0.16100 0.17700 0.19900 0.17700 0. 15700
19500 0.17500 0.19900 0.20900 0.20800 0.17900
20000 0.18900 0.20800 0.24300 0.22100 0.19900

0 0 0. 0 0

0 0 0. 0 0

03600 0. 02400 0.02800 0.03300 0.02200 0.01800
05500 0.05700 0.06600 0.06100 0.06400 0.04100
09100 0. 08300 0.08200 0.08700 0.09100 0.08000
10700 0.11900 0.10900 0.10800 0.11800 0.10200
13600 0.14000 0.13700 0.13700 0.14300 0.11600
17400 0.16700 0.16300 0.16400 0.15400 0. 14700
19000 0.19300 0.17700 0.18900 0.16700 0.17000
20600 0.22600 0.20000 0.20700 0.20300 0.21400
23000 0.23500 0.21700 0.21700 0.20600 0.23000

0 0 0. 0 0

0 0 0. 0 0

1999 2000
03500 0. 03100
06300 0.05700
07800 0.07500
08800 0. 08600
10900 0. 10400
14200 0. 13300
17000 0. 15600
19900 0. 17900
19300 0. 18700
19200 0. 23200
24500 0. 24100

02000 0. 02600 0.01600 0.03000 0.02300 0.03100
04600 0. 03500 0. 03800 0.04000 0.04800 0.05300
07400 0.07800 0.07400 0.07300 0.08600 0.07600
11800 0.08900 0.09700 0.10800 0.10600 0.09700
14000 0.13200 0.11400 0.13000 0.12400 0.12800
15300 0. 15300 0.15700 0.16500 0.14700 0.14200
17600 0.16100 0.17700 0.19900 0.17700 0.15700
19500 0.17500 0.19900 0.20900 0.20800 0.17900
20000 0.18900 0.20800 0.24300 0.22100 0.19900

0 0 0. 0 0

0 0 0. 0 0

Wi ght s

at age i

n

the stock (Kg)
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| 0.01400 0.03400 0.03600 0.02400 0.02800 0.03300 0.02200 0.01800
| 0.05900 0.04500 0.05500 0.05700 0.06600 0.06100 0.06400 0.04100
| 0.07900 0.07000 0.09100 0.08300 0.08200 0.08700 0.09100 0.08000
| 0.10300 0.10600 0.10700 0.11900 0.10900 0.10800 0.11800 0.10200
| 0.12600 0.12300 0. 13600 0.14000 0.13700 0.13700 0.14300 0.11600
| 0.14800 0.14700 0.17400 0.16700 0.16300 0.16400 0.15400 0.14700
| 0.15800 0.16800 0.19000 0.19300 0.17700 0.18900 0.16700 0.17000
| 0.17100 0.17500 0.20600 0.22600 0.20000 0.20700 0.20300 0.21400
| 0.20300 0.21400 0.23000 0.23500 0.21700 0.21700 0.20600 0.23000
| 0.22400 0.21700 0.23200 0.28400 0.22500 0.24700 0.23600 0.23800
| 0.25300 0.25600 0.26600 0.29400 0.28100 0.25400 0.25600 0.27900

| 0.03100 0.03300 0.03500 0.03100
| 0.04700 0.04800 0.06300 0.05700
| 0.07200 0.07200 0.07800 0.07500
| 0.10200 0.09400 0.08800 0.08600
| 0.12100 0.12500 0.10900 0.10400
| 0.14000 0.14900 0.14200 0.13300
| 0.16600 0.17800 0.17000 0.15600
| 0.17700 0.18300 0.19900 0.17900
| 0.18300 0.18800 0.19300 0.18700
| 0.20300 0.22100 0.19200 0.23200
| 0.23200 0.24800 0.24500 0.24100

| 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
| 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
| 0.20000 0.20000 0.20000 0.20000 0.20000 O.20000 0.20000 0.20000
| 0.20000 0.20000 0.20000 0.20000 0.20000 O.20000 0.20000 0.20000
| 0.20000 0.20000 0.20000 0.20000 0.20000 O.20000 0.20000 0.20000
| 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
| 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
| 0.20000 0.20000 0.20000 0.20000 0.20000 O.20000 0.20000 0.20000
| 0.20000 0.20000 0.20000 0.20000 0.20000 O.20000 0.20000 0.20000
| 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
| 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000

| 0.20000 0.20000 0.20000 0.20000 0.20000 O.20000 0.20000 0.20000
| 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
| 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
| 0.20000 0.20000 0.20000 0.20000 0.20000 O.20000 0.20000 0.20000
| 0.20000 0.20000 0.20000 0.20000 0.20000 O.20000 0.20000 0.20000
| 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
| 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
| 0.20000 0.20000 0.20000 0.20000 0.20000 O.20000 0.20000 0.20000
| 0.20000 0.20000 0.20000 0.20000 0.20000 O.20000 0.20000 0.20000
| 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
| 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
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Nat ur al

Mortality

(per year)

1999 2000
20000 0. 20000
20000 0. 20000
20000 0. 20000
20000 0. 20000
20000 0. 20000
20000 0. 20000
20000 0. 20000
20000 0. 20000
20000 0. 20000
20000 0. 20000
20000 0. 20000

spawni ng

1983 1984 1985 1986 1987 1988

0000 0.0000 0.0000 0.0000 0.0000 O0.0000
1100 0.1100 0.1100 0.1100 0.1100 0.1100
4000 0.4000 0.4000 0.4000 0.4000 O0.4000
8200 0.8200 0.8200 0.8200 0.8200 0.8200
8600 0.8600 0.8600 0.8600 0.8600 0.8600
9100 0.9100 0.9100 0.9100 0.9100 0.9100
9400 0.9400 0.9400 0.9400 0.9400 0.9400
0000 1.0000 1.0000 1.0000 1.0000 1.0000
0000 1.0000 1.0000 1.0000 1.0000 1.0000

1 1 1. 1 1

1 1 1. 1 1

0000 0.0000 0.0000 0.0000 0.0000 O0.0000
1100 0.1100 0.1100 0.1100 0.1100 0.1100
4000 0.4000 0.4000 0.4000 0.4000 O0.4000
8200 0.8200 0.8200 0.8200 0.8200 0.8200
8600 0.8600 0.8600 0.8600 0.8600 0.8600
9100 0.9100 0.9100 0.9100 0.9100 0.9100
9400 0.9400 0.9400 0.9400 0.9400 0.9400
0000 1.0000 1.0000 1.0000 1.0000 1.0000
0000 1.0000 1.0000 1.0000 1.0000 1.0000

1 1 1. 1 1

1 1 1. 1 1

spawni ng

1999 2000
0000 0.0000
1100 0.1100
4000 0.4000
8200 0.8200
8600 0.8600
9100 0.9100
9400 0.9400
0000 1.0000
0000 1.0000
0000 1.0000
0000 1.0000
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AGE- STRUCTURED | NDI CES

______ e e e e e e e e e e e e e e e e e e e e e e e e mm e mmmmmm e e mm e e e e mmm e mmmmm— - =
ACGE | 1981 1982 1983 1984 1985 1986 1987 1988
______ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e e mmmm o m o — - -
2 | 2372. 999990. 297. 15767. 999990. 1003. 4960. 9712
3 | 7583. 999990. 2108. 1721. 999990. 5829. 8417. 9090
4 | 3253. 999990. 2723. 1616. 999990. 4122. 22589. 12367
5 | 3647. 999990. 6511. 1719. 999990. 624. 4735. 20392
6 | 4611. 999990. 3735. 1858. 999990. 228. 282. 7355
7 | 4638. 999990. 3650. 1128. 999990. 203. 417. 723
8 | 3654. 999990. 3153. 567. 999990. 250. 385. 599
______ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e e mmmm o m o — - -
Nor way Spawni ng Area/ Acoustic 1981-90
______ e e e e e e - -
AGE | 1989 1990
______ e e e e e -
2 | 6787. 14169
3 | 22270. 12670
4 | 9973 11228
5 | 10504. 5587
6 | 7803. 6556
7 | 933. 3273
8 | 293. 516
______ e e e e e -
Norway Spawni ng Area/ Acoustic 1991-2001
______ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e e mmmm o m o — - -
AGE | 1991 1992 1993 1994 1995 1996 1997 1998
______ e e e e e e e e e e e e e e e e e e e e e e e e mm e mmmmmm e e mm e e e e mmm e mmmmm— - =
2 | 11147. 1232. 4489. 1603. 8538. 8781. 999990. 18218
3 | 6340. 26123. 3321. 2950. 9874. 7433. 999990. 34991
4 | 8497. 4719. 26771. 4476. 7906. 8371. 999990. 4697
5 | 7407. 1574. 2643. 11354. 6861. 2399. 999990. 1674
6 | 4558. 1386. 1270. 1742. 9467. 4455. 999990. 279
7 | 2019. 810. 557. 1687. 1795. 4111. 999990. 407
8 | 545. 616. 426. 908. 1083. 1202. 999990. 381
______ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e e mmmm o m o — - -
Norway Spawni ng Area/ Acoustic 1991-2001
______ e e e e e e e e e m i — -
AGE | 1999 2000 2001
______ e e m e e e e e e e e - -
2 | 19034 8613. 44162
3 | 60309. 31011 12843
4 | 26103. 41382 13805
5 | 1481 6843 8292
6 | 316 898 718
7 | 72 427. 175
8 | 153 228 51
______ e e m e e e e e e e e - -
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Russi an Spawni ng Area/ Acoustic 1982-91

______ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e mmmm o m o — - =
AGE | 1982 1983 1984 1985 1986 1987 1988 1989
______ e e e e e e e e e e e e e e e e e e e e e e e e mm e mmmmmmmmmm e e e mmmmm e mmmmm— =
3 | 540. 2330. 2900. 13220. 18750. 4480. 3710. 11910
4 | 2750. 2930. 800. 930. 23180. 19170. 4550. 7120
5 | 1340. 9390. 1100. 580. 2540. 5860. 8610. 6670
6 | 1380. 3880. 4200. 1780. 610. 1070. 4130. 6970
7 | 1570. 1970. 2200. 860. 620. 500. 1270. 4580
8 | 2350. 1370. 1200. 610. 750. 810. 480. 2750
______ e e e e e e e e e e e e e e e e e e e e e e e e mm e mmmmmmmmmm e e e mmmmm e mmmmm— =
Russi an Spawni ng Area/ Acoustic 1982-91
______ e e e e e e e m
AGE | 1990 1991
______ e m e e e e - -
3 | 9740. 10300
4 | 12140. 5350
5 | 5740. 5130
6 | 2580. 2630
7 | 1470. 1770
8 | 220. 870
______ e m e e e e - -
Russi an Spawni ng Area/ Acoustic 1992-1996
______ e e e e e e e e e e e e e e mm e e e m e mm -
AGE | 1992 1993 1994 1995 1996
______ Fo e e e e e e e e e e e e e e e m e —— -

3 | 20010. 4728. 999990. 12657. 15285
4 | 6700. 12337. 999990. 10028. 10629
5 | 1350. 5304. 999990. 8942. 4897
6 | 440. 2249. 999990. 2651. 6940
7 | 390. 1316. 999990. 1093. 1482
8 |

170. 621. 999990. 408. 653
______ e e e e e e e e e e e e e e mm e e e m e mm -
CPUE Spani sh Pair Traw ers

______ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e mmmm o m o — - =

AGE | 1983 1984 1985 1986 1987 1988 1989 1990

______ e e e e e e e e e e e e e e e e e e e e e e e e mm e mmmmmmmmmm e e e mmmmm e mmmmm— =
1 | 7196. 13710. 14573. 3721. 25328. 7778. 15272. 21444
2 | 16392. 27286. 23823. 14131. 13153. 21473. 18486. 19407
3 | 9311. 14845. 14126. 14745. 6664. 18436. 17160. 5194
4 | 7476. 4836. 6256. 7113. 2938. 6391. 8374. 1803
5 | 6326. 1755. 1232. 1278. 1029. 1300. 3760. 1357
6 | 1718. 1750. 217. 505. 166. 781. 1003. 451

______ e e e e e e e e e e e e e e e e e e e e e e e e mm e mmmmmmmmmm e e e mmmmm e mmmmm— =

CPUE Spani sh Pair Traw ers

______ e e e e e e e e e e e e e e e e e e e e e e e e mm e mmmmmmmmmm e e e mmmmm e mmmmm— =

AGE | 1991 1992 1993 1994 1995 1996 1997 1998

______ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e mmmm o m o — - =
1 | 15924. 10007 4036 543. 9090 3905 8742 5884
2 | 15370. 24235 13991 6066 14409 14557 15875 13236
3 | 4989 9671. 22493 15917 6833 14449 11134 9803
4 | 2329 4316 7979 7474. 4551 3931 3698 10844
5 | 1045 1194 1354 2990. 1990 3639 1046 5229
6 | 440 462 658 1055 623 1834 450 1153

______ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e mmmm o m o — - =
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CPUE Spani sh Pair Traw ers

______ e e e e e e e m
ACGE | 1999 2000
______ e m e e e e - -
1 | 2048. 6207
2 | 10268. 15518
3 | 20242. 13987
4 | 9833 5375
5 | 6287. 1264
6 | 3047. 1414
______ e m e e e e - -
Nor wegi an Sea acoustic - Blue Wh. 1981-9
______ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e mmmm o m o — - =
AGE | 1981 1982 1983 1984 1985 1986 1987 1988
______ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e mmmm o m o — - =
1 | 182. 184. 22356. 30380. 5969. 2324. 8204. 4992
2 | 728. 460. 396. 13916. 23876. 2380. 4032. 2880
3 | 4542, 1242. 468. 833. 12502. 7224. 5180. 2640
4 | 3874. 4715. 756. 392. 658. 6944. 5572. 3480
5 | 2678. 3611. 1404. 539. 423. 1876. 1204. 912
6 | 2834. 3128. 576. 539. 188. 952. 224. 120
7 | 2964. 2323. 468. 343. 235. 336. 168. 96
______ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e mmmm o m o — - =
Nor wegi an Sea acoustic - Blue Wh. 1981-9
______ e e e e e e e m
AGE | 1989 1990
______ e m e e e e - -
1 | 1172. 999990
2 | 1125. 999990
3 | 812. 999990
4 | 379. 999990
5 | 410. 999990
6 | 212. 999990
7 | 22. 999990
______ e m e e e e - -
Nor wegi an Sea acoustic - Blue Wi. 1991++
______ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e mmmm o m o — - =
AGE | 1991 1992 1993 1994 1995 1996 1997 1998
______ e e e e e e e e e e e e e e e e e e e e e e e e mm e mmmmmmmmmm e e e mmmmm e mmmmm— =
1 | 999990. 792. 830. 999990. 6974. 23464. 30227. 24244
2 | 999990. 1134. 125. 999990. 2811. 1057. 25638. 47815
3 | 999990. 6939. 1070. 999990. 1999. 899. 1524. 16282
4 | 999990. 766. 6392. 999990. 1209. 649. 779. 556
5 | 999990. 247. 1222. 999990. 1622. 436. 300. 212
6 | 999990. 172. 489. 999990. 775. 505. 407. 100
7 | 999990. 90. 248. 999990. 173. 755. 260. 64.
______ e e e e e e e e e e e e e e e e e e e e e e e e mm e mmmmmmmmmm e e e mmmmm e mmmmm— =
Nor wegi an Sea acoustic - Blue Wi. 1991++
______ e m e e e e - -
AGE | 1999 2000
______ e e e e e e e m
1 | 14367. 25813
2 | 9750. 3298
3 | 23701. 2721
4 | 9754. 3078
5 | 1733. 23
6 | 466. 46
7 | 79. 6
______ e e e e e e e m
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Fishing Mortality (per year)

AGE | 1981 1982 1983 1984 1985 1986 1987 1988
______ o m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e =
0 | 0.0096 0.1727 0.0201 0.0479 0.1127 0.0084 0.0418 0.0044
1 | 0.0835 0.0369 0.1622 0.1392 0.1434 0.0842 0.1083 0.0672
2 | 0.0998 0.1197 0.1931 0.2476 0.1775 0.1254 0.1002 0.1281
3 | 0.1617 0.1278 0.1660 0.2340 0.3342 0.2431 0.1572 0.1469
4 | 0.1143 0.1892 0.1578 0.2384 0.2413 0.5603 0.4178 0.2167
5 | 0.2866 0.1242 0.1495 0.2330 0.2714 0.5622 0.4916 0.5693
6 | 0.3208 0.2286 0.2055 0.3456 0.4458 0.4740 0.3889 1.0618
7 | 0.3055 0.2485 0.3935 0.2744 0.3443 0.5601 0.5369 0.4395
8 | 0.3442 0.2941 0.4608 0.5030 0.2957 0.4874 0.8184 0.5761
9 | 0.3302 0.2550 0.4226 0.4859 0.4859 0.5422 0.5091 0.5396
10 | 0.3302 0.2550 0.4226 0.4859 0.4859 0.5422 0.5091 0.5396

AGE | 1989 1990 1991 1992 1993 1994 1995 1996
______ o m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e =
0 | 0.0789 0.0080 0.0233 0.0033 0.0294 0.0045 0.1263 0.0075
1 | 0.1062 0.0865 0.0319 0.0756 0.0578 0.0582 0.0395 0.0674
2 | 0.1546 0.1179 0.0728 0.1018 0.0745 0.0303 0.0882 0.0969
3 | 0.3695 0.2118 0.1185 0.1596 0.1327 0.1208 0.1581 0.2342
4 | 0.2857 0.3665 0.1387 0.1863 0.2258 0.1151 0.2206 0.3428
5 | 0.4476 0.3084 0.3025 0.1404 0.1993 0.2750 0.2681 0.2676
6 | 0.7090 0.6422 0.2474 0.2025 0.1765 0.2035 0.2918 0.3503
7 | 0.7388 0.7589 0.3636 0.1576 0.2112 0.2416 0.2857 0.4382
8 | 0.5122 1.3556 0.2630 0.3124 0.1316 0.2777 0.3645 0.5670
9 | 0.5954 0.5811 0.2641 0.2714 0.2415 0.2347 0.2982 0.4014
10 | 0.5954 0.5811 0.2641 0.2714 0.2415 0.2347 0.2982 0.4014

AGE | 1997 1998 1999 2000
______ e e e e e e e e e e e m e —— -
0O | 0.0075 0.0116 0.0112 0.0212
1 | 0.0673 0.1044 0.1007 0.1901
2 | 0.0968 0.1501 0.1449 0.2734
3 | 0.2339 0.3626 0.3499 0.6603
4 | 0.3424 0.5308 0.5123 0.9668
5 | 0.2672 0.4143 0.3999 0.7546
6 | 0.3498 0.5423 0.5235 0.9877
7 | 0.4377 0.6785 0.6549 1.2358
8 | 0.5662 0.8778 0.8473 1.5988
9 | 0.4009 0.6215 0.5998 1.1319
10 | 0.4009 0.6215 0.5998 1.1319
______ e e e e e e e e e e e m e —— -
Popul ati on Abundance (1 January) x 10 ~ 6
______ e e e e e e e e e e e e e e e e e e e e e e e e mm e mmm e e mmmm e e e e mmm e mmmmm— - =
ACGE | 1981 1982 1983 1984 1985 1986 1987 1988
______ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mmmmm o ——— - =
0o | 5550. 24356. 24190. 13774. 12129. 11072. 9179. 11598
1 | 3550. 4501. 16778. 19410. 10750. 8872. 8989. 7208
2 | 4037. 2674. 3551. 11680. 13827. 7626. 6677. 6604
3 | 5020. 2991. 1942. 2397. 7466. 9480. 5508. 4945
4 | 3407. 3497. 2155. 1347. 1553. 4376. 6086. 3854
5 | 2415. 2488. 2369. 1507. 869. 999. 2046. 3281
6 | 2236. 1485. 1799. 1670. 977. 542. 466. 1024
7 | 1943. 1328. 967. 1199. 968. 512. 276. 259
8 | 2388. 1172. 848. 534. 746. 562. 240. 132
9 | 2255. 1386. 715. 438. 264. 455, 282. 87
10 | 5696. 3285. 1062. 725. 737. 1040. 535. 131
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Popul at i on Abundance (1 January)

| 28310.
| 9454.
|  5518.
| 4757
| 3496.
| 2540.
| 1520.
[ 290.
[ 136.
| 61.
| 93.

11547.
21420.
6960.
3870.
2691.
2151.
1329.
613.
113.
67.
236.

1991 1992 1993 1994
7717 6332. 7522 10344.
9379 6173 5167 5980.
6084 7438 4686 3993.
5065 12244 5500 3561.
2564 3683. 8546 3943.
1527 1827. 2503 5583.
1294 924, 1300 1679.

573 827 618 892.

235 326 578 410.

24 148. 195 415.
45 54, 90 161.

1999 2000 2001
1182 6802. 13848
8581 17149 5453
2925 6352 11610
9585 9155. 3957
7173 11300 3873
1539 3518. 3519

706 844. 1355

384 342 257

255 163 81

187 89 27

340 223 83

n nunber

1000 0.1000 0.1000
5000 0.5000 0.5000
0000 1.0000 1.0000
0000 1.0000 1.0000
0000 1.0000 1.0000
0000 1.0000 1.0000
0000 1.0000 1.0000
0000 1.0000 1.0000
0000 1.0000 1.0000
0000 1.0000 1.0000

999990.
999990.
999990.
999990.
999990.
999990.
999990.

2204. 7167. 999990.
3014. 3667. 999990.
4283. 2632. 999990.
5348. 3342. 999990.
3770. 3399. 999990.
1966. 2499. 999990.
1695. 1058. 999990.
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8431.
4619.
3171.
2584.
2878.
3472.
1122.

574.
254.
178.
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164

Nor way Spawni ng Area/ Acoustic 1981-90 Predicted

1989 1990
3453 4389
7072. 5948
6762. 5119
5386 4696
2867 2542

548. 1153

270. 188

15299. 7032
10306. 24701

6968. 9911.
2595. 3212
1514. 1092
636. 959
318. 437.

12110. 5793
37963. 16626
18024. 25810

2561. 5436
779. 846
401. 316.
305. 167

1982 1983
3707. 2388
5858. 3635
4820. 4566
3295. 4012
3254. 2298
3220. 2249

1990 1991
4712. 6288
4344, 4341
40009. 2850
2704. 2860
1348. 1369

249 649

4456. 3832. 4380. 6280. 999990. 26013
11159. 7243. 6400. 6877. 999990. 24339
22805. 10771. 6903. 5772. 999990. 7998

4346. 9539. 4924, 2904. 999990. 2164

1545. 1983. 4026. 2064. 999990. 888
708. 1016. 1266. 2320. 999990. 637
805. 553. 760. 877. 999990. 654
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Russi an Spawni ng Area/ Acoustic 1992-199 Predicted

12365.
22676.
4864.
1649.
569.
474,

999990. 7092. 7620.
999990. 6864. 5739.
999990. 5512. 3250.
999990. 4297. 2203.
999990. 1017. 1864.
999990. 447, 516.

10153.
6729.
4257.
36109.
2615.
1340.

11883.
21537.
5079.
2172.
1595.
1160.

Nor wegi an Sea acoustic - Blue Wi. 1981- Predicted

1983 1984 1985 1986 1987 1988
5363.1 6301.9 3480.3 2989.2 2979.7 2456.5
1263.7 4006.2 4972.5 2840.5 2529.8 2455.4
1069.3 1260.5 3669.0 4954.4 3050.5 2758.0
1383. 8 819.0 942.5 2141.0 3278.5 2377.6
1589. 7 955.7 536.9 507.3 1089.6 1658.2

960. 5 811.3 443.7 241.5 219.9 306.9
459. 4 617.3 475. 3 217.5 119.2 119.1
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Nor wegi an Sea acoustic - Blue Wi. 1981- Predicted

ACE | 1989 1990

Nor wegi an Sea acoustic - Blue Wi. 1991+ Predicted

______ e e e e e e e e e e e e e e e e e e e e e e e e mm e mmmmmmmmmm e e e mmmmm e mmmmm— =
AGE | 1991 1992 1993 1994 1995 1996 1997 1998
______ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e mmmm o m o — - =
1 | 999990. 4305. 3647. 999990. 6025. 15523. 25469. 11987
| 999990. 2849. 1828. 999990. 1786. 2550. 6511. 10305
3 | 999990. 6336. 2898. 999990. 1643. 1704. 2427. 5681
4 | 999990. 1653. 3735. 999990. 1133. 895. 906. 1137
5 | 999990. 420. 553. 999990. 607. 358. 272. 249
6 | 999990. 246. 352. 999990. 870. 434. 256. 171
7 | 999990. 155. 112. 999990. 193. 329. 161. 81.
______ e e e e e e e e e e e e e e e e e e e e e e e e mm e mmmmmmmmmm e e e mmmmm e mmmmm— =
Nor wegi an Sea acoustic - Blue Wi. 1991+ Predicted
______ e e e e e e e m
AGE | 1999 2000
______ e m e e e e - -
1 | 5884. 11071
2 | 4809. 2167
3 | 8913 3379
4 | 2584 2995
5 | 297 534
6 | 151 132
7 | 52 31
______ e m e e e e - -
Fitted Selection Pattern
______ e e e e e e e e e e e e e e e e e e e e e e e e mm e mmmmmmmmmm e e e mmmmm e mmmmm— =
AGE | 1981 1982 1983 1984 1985 1986 1987 1988
______ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e mmmm o m o — - =
0 | 0.0335 1.3904 0.1346 0.2054 0.4154 0.0150 0.0851 0.0077
1 | 0.2912 0.2973 1.0848 0.5973 0.5285 0.1497 0.2204 0.1180
2 | 0.3481 0.9637 1.2913 1.0624 0.6540 0.2230 0.2038 0.2250
3 | 0.5641 1.0288 1.1102 1.0041 1.2316 0.4325 0.3197 0.2581
4 | 0.3987 1.5228 1.0556 1.0232 0.8892 0.9966 0.8499 0.3807
5 | 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
6 | 1.1193 1.8399 1.3746 1.4834 1.6429 0.8431 0.7910 1.8652
7 | 1.0661 2.0006 2.6315 1.1775 1.2687 0.9963 1.0921 0.7721
8 | 1.2010 2.3671 3.0819 2.1587 1.0896 0.8670 1.6648 1.0120
9 | 1.1523 2.0529 2.8266 2.0852 1.7904 0.9644 1.0356 0.9480
10 | 1.1523 2.0529 2.8266 2.0852 1.7904 0.9644 1.0356 0.9480
______ e e e e e e e e e e e e e e e e e e e e e e e e mm e mmmmmmmmmm e e e mmmmm e mmmmm— =
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Fitted Selection Pattern

AGE | 1989 1990 1991 1992
0 | 0.1762 0.0258 0.0770 0.0236
1 | 0.2373 0.2805 0.1053 0.5384
2 | 0.3453 0.3823 0.2406 0.7256
3 | 0.8254 0.6868 0.3917 1.1373
4 | 0.6381 1.1883 0.4585 1.3271
5 | 1.0000 1.0000 1.0000 1.0000
6 | 1.5838 2.0825 0.8178 1.4426
7 | 1.6504 2.4608 1.2020 1.1229
8 | 1.1442 4.3956 0.8693 2.2259
9 | 1.3302 1.8842 0.8731 1.9339
10 | 1.3302 1.8842 0.8731 1.9339
Fitted Selection Pattern
______ e e e e e e e e e e e e e e m e m—— -
AGE | 1997 1998 1999 2000
______ Fe e e e e e e e e e e e e, —— ==
0 | 0.0280 0.0280 0.0280 0.0280
1 | 0.2519 0.2519 0.2519 0.2519
2 | 0.3623 0.3623 0.3623 0.3623
3 | 0.8751 0.8751 0.8751 0.8751
4 | 1.2812 1.2812 1.2812 1.2812
5 | 1.0000 1.0000 1.0000 1.0000
6 | 1.3090 1.3090 1.3090 1.3090
7 | 1.6377 1.6377 1.6377 1.6377
8 | 2.1188 2.1188 2.1188 2.1188
9 | 1.5000 1.5000 1.5000 1.5000
10 | 1.5000 1.5000 1.5000 1.5000

STOCK SUMVARY

3 Year 3 Recruits 3 Total 3 Spawning?

3 3 Age 0 3 Bionass 3 Bionass
3 3 thousands 3 tonnes 3 tonnes
1981 5550240 4678474 3496846
1982 24356160 3851389 2648940
1983 24189990 3474630 1791259
1984 13774480 3380880 1562920
1985 12128640 3416501 1819209
1986 11071540 3731749 2125704
1987 9179300 3247543 1803309
1988 11597640 2969068 1532708
1989 28310490 3050941 1463991
1990 11547080 3330862 1415128
1991 7717350 3849107 1872460
1992 6331630 3898821 2456247
1993 7522430 3662506 2358046
1994 10344360 3628270 2271753
1995 30675990 3852941 2017171
1996 44687970 4175934 1847190
1997 21564440 5310772 1987498
1998 10602820 5494010 2515858
1999 21181860 5378850 2682051
2000 6802300 4393463 2085705

3
3 tonnes

909556
576419
570072
641776
695596
826986
664431
553446
625433
561610
369524
474245
480679
459414
578683
644273
646652
1125151
1256328
1413145

Landings 3 Yield 3

1994 1995 1996
0163 0.4713 0.0280
2118 0.1473 0.2519
1101 0.3290 0.3623
4393 0.5900 0.8751
4185 0.8230 1.2812
0000 1.0000 1.0000
7400 1.0885 1.3090
8786 1.0658 1.6377
0099 1.3597 2.1188
8535 1.1126 1.5000
8535 1.1126 1.5000
Mean F 3 SoP 3
3 /SSB 3 Ages 3 3
3 ratio3® 3-7 3 (% 3
0. 2601 0. 2377 98
0.2176 0. 1837 93
0. 3183 0.2145 101
0. 4106 0. 2651 101
0. 3824 0. 3274 99
0. 3890 0.4799 97
0. 3685 0. 3985 100
0.3611 0. 4868 99
0.4272 0.5101 95
0. 3969 0. 4576 100
0. 1973 0.2341 99
0. 1931 0. 1693 99
0. 2038 0. 1891 99
0. 2022 0.1912 100
0. 2869 0. 2449 100
0. 3488 0. 3266 101
0. 3254 0. 3262 100
0. 4472 0. 5057 99
0. 4684 0. 4881 99
0. 6775 0.9210 99

No of years for separable analysis : 5
Age range in the analysis : 0 . . . 10
Year range in the analysis : 1981
Nurmber of indices of SSB: 0

Number of age-structured indices : 7

Paranmeters to estimate : 73

2000
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Nunber of observations : 487

Conventional single selection vector nodel to be fitted

PARAMETER ESTI MATES

3Parm 3 3 Maxi mum 3 3 3 3 3 3 Mean of 3
3 No. 3 3 Likelh. 3 Cv 3 Lower 3 Upper 3 -s.e. 3 +s.e. 3 Param 3
3 3 3 Estimated (%3 95% CL 3 95% CL 3 3 3 Distrib.3

Separ abl e nodel : F by year

1 1996 0.2676 18 0. 1865 0. 3840 0.2226 0. 3217 0.2722
2 1997 0.2672 17 0.1886 0. 3786 0. 2237 0. 3192 0. 2715
3 1998 0.4143 17 0. 2961 0.5798 0. 3490 0. 4918 0.4204
4 1999 0.3999 17 0. 2825 0. 5661 0. 3349 0. 4775 0. 4062
5 2000 0.7546 21 0. 4990 1.1410 0. 6111 0.9318 0.7716
Separ abl e Mbdel : Sel ection (S) by age
6 0 0.0280 53 0. 0098 0. 0803 0. 0164 0. 0480 0. 0324
7 1 0.2519 26 0. 1497 0. 4237 0.1932 0. 3284 0. 2609
8 2 0.3623 21 0. 2369 0. 5540 0.2917 0. 4500 0. 3709
9 3 0.8751 20 0.5829 1.3139 0.7112 1.0767 0. 8941
10 4 1.2812 19 0.8673 1.8925 1. 0499 1.5633 1. 3068
5 1. 0000 Fi xed : Reference Age
11 6 1.3090 19 0. 8853 1. 9355 1.0722 1.5981 1. 3353
12 7 1.6377 18 1.1331 2.3671 1.3571 1.9763 1.6669
13 8 2.1188 17 1.5118 2.9695 1.7836 2.5170 2.1504
9 1. 5000 Fi xed : Last true age

Separ abl e nodel : Popul ations in year 2000

14 0 6802301 114 727902 63567972 2175007 21274090 13030880
15 1 17148887 34 8754001 33594276 12168621 24167432 18188376
16 2 6352067 23 4025403 10023531 5033160 8016585 6526445
17 3 9155126 18 6355105 13188820 7599338 11029426 9315307
18 4 11300372 16 8113418 15739163 9542893 13381520 11462981
19 5 3518459 16 2537949 4877780 2978311 4156569 3567668
20 6 844461 16 616596 1156533 719278 991431 855401
21 7 342229 16 246211 475694 289303 404839 347094
22 8 163444 19 112335 237807 134984 197906 166463
23 9 89413 24 55025 145291 69796 114544 92198
Separ abl e nodel : Popul ations at age
24 1996 326263 35 164100 648672 229770 463278 346947
25 1997 320474 26 191544 536189 246462 416713 331716
26 1998 521253 23 331613 819341 413843 656539 535316
27 1999 186952 23 118137 295852 147919 236286 192150

Age-structured i ndex catchabilities
Norway Spawni ng Area/ Acoustic 1981-90

Li near nodel fitted. Slopes at age

28 2 Q .6741E-03 29 .5074E-03 .1619E-02 .6741E-03 .1219E-02 .9470E-03
29 3 Q .1676E-02 29 .1261E-02 .4025E-02 .1676E-02 . 3029E-02 . 2354E-02
30 4 Q .2142E-02 29 .1612E-02 .5145E-02 .2142E-02 .3873E-02 . 3009E-02
31 5 Q .2429E-02 29 .1828E-02 .5834E-02 .2429E-02 .4391E-02 . 3412E-02
32 6 Q .2282E-02 29 .1718E-02 .5481E-02 .2282E-02 .4125E-02 . 3206E-02
33 7 Q .2302E-02 29 .1733E-02 .5530E-02 .2302E-02 .4162E-02 . 3234E-02
34 8 Q .2296E-02 29 .1728E-02 .5514E-02 .2296E-02 .4150E-02 .3225E-02

Norway Spawni ng Area/ Acoustic 1991-2001

Li near nodel fitted. Sl opes at age
35 2 Q .1007E-02 27 .7756E-03 .2255E-02 .1007E-02 .1736E-02 .1372E-02
36 3 Q .2176E-02 27 .1679E-02 .4838E-02 .2176E-02 .3734E-02 .2956E-02
37 4 Q .2918E-02 27 .2251E-02 .6494E-02 .2918E-02 .5010E-02 . 3966E-02
38 5 Q .1888E-02 27 .1456E-02 .4208E-02 .1888E-02 .3245E-02 . 2568E-02
39 6 Q .1286E-02 27 .9915E-03 .2866E-02 .1286E-02 .2210E-02 . 1749E-02
40 7 Q .1250E-02 27 .9619E-03 .2799E-02 .1250E-02 .2155E-02 .1703E-02
41 8 Q .1492E-02 27 .1144E-02 .3390E-02 .1492E-02 .2598E-02 . 2046E-02
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L

L

L

L

near

nodel

o~NO O W

Q
Q
Q
Q
Q
Q

Q
1l

o wWNBE @~No o s w3
Q00000

Nooswn e 3
Q
ey ererereoreoreon:l

Nouswne3
Q
oy oreoreorororon s

Russi an Spawni ng Area/ Acoustic 1982-91

fitted. Slopes at age :

. 1327E-02
. 1818E- 02
. 2074E- 02
. 2428E- 02
. 2692E- 02
. 3047E- 02

24
24
24
24
24
24

. 1049E- 02
. 1437E- 02
. 1639E- 02
. 1919E- 02
. 2127E-02
. 2408E- 02

fitted. Slopes at age :

. 2411E-02
. 2902E-02
. 2113E-02
. 1372E-02
. 1004E-02
. 8781E-03

38
38
38
38
39
39

. 1660E- 02
. 1998E-02
. 1455E- 02
. 9443E- 03
. 6902E-03
. 6029E-03

fitted. Slopes at age :

. 7253E-03
. 2306E- 02
. 2632E- 02
. 2008E- 02
. 1314E- 02
. 9125E-03

18
18
18
18
18
18

. 6069E- 03
. 1932E- 02
. 2205E- 02
. 1683E- 02
. 1101E- 02
. 7T644E- 03

fitted. Slopes at age :

. 4082E- 03
. 4640E- 03
. 7048E- 03
. 8174E- 03
. 8494E- 03
. 7020E- 03
. 7090E- 03

27
27
27
27
27
27
27

. 3122E-03
. 3549E- 03
. 5392E- 03
. 6253E- 03
. 6498E- 03
. 5370E- 03
. 5424E- 03

fitted. Slopes at age :

. 8400E- 03
. 4696E- 03
. 6596E-03
. 5825E- 03
. 2892E- 03
. 3493E-03
. 2387E-03

30
30
30
30
30
30
30

. 6265E- 03
. 3513E-03
. 4938E-03
. 4361E- 03
. 2164E-03
. 2612E-03
. 1780E- 03

. 2743E-02
. 3756E- 02
. 4284E- 02
.5017E- 02
. 5561E- 02
. 6295E- 02

Russi an

. 7619E- 02
. 9173E-02
. 6683E-02
. 4345E- 02
. 3186E-02
. 2800E-02

. 1327E- 02
. 1818E- 02
. 2074E- 02
. 2428E- 02
. 2692E- 02
. 3047E- 02

Spawni ng Areal/ Acousti

. 2411E-02
. 2902E-02
. 2113E-02
. 1372E-02
. 1004E-02
. 8781E-03

CPUE Spani sh Pair

. 1257E- 02
. 3984E- 02
. 4541E- 02
. 3464E- 02
. 2268E- 02
. 1576E- 02

Nor wegi an Sea acoustic -

. 9325E- 03
. 1060E- 02
. 1610E-02
. 1867E-02
. 1941E- 02
. 1604E- 02
. 1620E- 02

Nor wegi an Sea acoustic -

. 2075E-02
. 1149E-02
. 1610E-02
. 1422E- 02
. 7064E- 03
. 8560E-03
. 5897E-03

. 7253E-03
. 2306E- 02
. 2632E- 02
. 2008E- 02
. 1314E- 02
. 9125E-03

. 4082E- 03
. 4640E- 03
. 7048E- 03
. 8174E-03
. 8494E- 03
. 7020E- 03
. 7090E- 03

. 8400E- 03
. 4696E- 03
. 6596E-03
. 5825E- 03
. 2892E- 03
. 3493E-03
. 2387E-03

. 2167E-02
. 2968E- 02
. 3386E- 02
. 3965E- 02
. 4395E- 02
. 4975E- 02

. 5246E-02
. 6315E-02
. 4600E- 02
. 2990E- 02
. 2190E-02
. 1922E-02

Trawl ers

. 1051E- 02
. 3337E-02
. 3805E- 02
. 2903E- 02
. 1900E- 02
. 1320E- 02

. 7133E-03
. 8108E- 03
. 1232E-02
. 1428E- 02
. 1484E- 02
. 1227E-02
. 1239E-02

. 1548E- 02
. 8596E-03
. 1205E-02
. 1065E- 02
. 5287E- 03
. 6401E-03
. 4398E-03

. 1748E- 02
. 2394E- 02
. 2731E-02
. 3197E- 02
. 3545E- 02
. 4012E- 02

c 1992-199

. 3835E-02
.4617E-02
. 3363E-02
. 2185E-02
. 1600E-02
. 1403E-02

. 8885E-03
. 2822E- 02
. 3219E- 02
. 2456E- 02
. 1608E- 02
. 1116E- 02

Bl ue Wh. 1981-

. 5610E- 03
. 6377E-03
. 9688E- 03
. 1123E-02
. 1168E- 02
. 9648E- 03
. 9745E- 03

Bl ue Wh. 1991+

. 1195E-02
. 6650E-03
. 9332E-03
. 8242E-03
. 4092E- 03
. 4950E- 03
. 3395E-03
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RESI DUALS ABOUT THE MODEL FIT

Res

i dual s

Separ abl e Mbde
| 1996 1997
| 1.012 0.372
| 0.369 -0.006
| -0.041 0.068
| -0.039 -0.034
| -0.088 -0.026
| -0.115 0.072
| 0.024 -0.128
| -0.037 -0.176
| -0.162 -0.086
| 0.000 0.077

.
CeLLooeLoo

170

Nor way Spawni ng Area/ Acoustic 1981-90

Are

.004 0.788 *xxxxxx
.357 -0.756 ****xxxx
.453 -0.488 ****xxxx
. 197 -0.665 *xxxxxx
.009 -0.604 *xxxxxx
.619 -0.796 ****xxxx
.621  -0.624 *FFFxxx

a/ Acoustic 1981-90

Are

a/ Acoustic 1991-2001

| 1981 1982
| _0. 074 * %k k k k ok k
| _0028 *kkkkkk
| _0. 742 *kkkkkk
| _0. 373 * Kk k ok k ok k
| 0 008 * Kk k ok k kk
| 0 142 * kkkkkk
| _0. 292 *kkkkkk

Norway Spawni ng
e e e e e e - -
| 1989 1990
e e e e e -
| 0.676 1.172
| 1. 147 0. 756
| 0.388 0.785
| 0.668 0.174
| 1.001 0. 948
| 0. 532 1.043
| 0. 083 1.010
e e e e e -

Norway Spawni ng
| 1991 1992
| -0.317 -1.742
| -0.486 0. 056
| 0.198 -0.742
| 1.049 -0.713
| 1.102 0. 238
| 1.156 -0.168
| 0. 539 0. 344

007 -0.871 0. 668
212 -0.898 0.434
160 -0.878 0. 136
497 0.174  0.332
196 -0.130 0.855
240  0.507 0. 350
636 0. 496 0. 354

O:\ACFM\WGREPS\WGNPBW\REPORT S\2001\wgnpbw2001.doc

* ok ok ok ok ok ok

kkkkkkk

*kkkkkk

*kkkkkk

kkkkkkk

kkkkkkk

kkkKkkkk



Nor way Spawni ng Area/ Acoustic 1991-2001

1999 2000 2001
0. 452 0. 397 1.428
0. 463 0.623 0. 581
0.370 0.472 0. 445

-0. 548 0.230 0.422
-0.903 0.060 -0.637
-1.718 0.300 -0.307
-0.690 0.310 -0.490

1982 1983 1984 1985 1986 1987 1988 1989
-1.926 -0.024 -0.002 0.400 0.492 -0.415 -0.498 0.754
-0.756 -0.216 -1.027 -1.018 1.229 0.679 -0.344 0.216
-1.280 0.721 -0.953 -1.035 0.364 0.468 0. 397 0.372
-0.870 -0.033 0.149 -0.152 -0.628 0. 067 0.772 0. 826
-0.729 -0.154 -0.284 -0.994 -0.640 -0.243 0.735 1. 966
-0.315 -0.496 -0.157 -1.212 -0.681 0. 318 0. 338 2.039

1992 1993 1994 1995 1996
-0.313 -0.961 *x****x* 0. 579 0. 696
-0.386 -0.609 ****x**x* 0. 379 0.616
-0.979 0. 087 **xxxx* 0.484 0.410
-0.974  0.311 ******* -(,.483 1. 147
-0.680  0.838 *xxx*xx* 0.072 -0.229
-0.413 0.271 ******* -0,.092 0. 236

1983 1984 1985 1986 1987 1988 1989 1990
-0.344 0.143 0.797 -0.406 1.511 0.531 0.954 0.466
0.890 0.237 -0.103 -0.056 -0.008 0.507 0.551 0.349
0.783 1.073 -0.063 -0.304 -0.599 0.521 0.600 -0.468
0.725 0.800 0.917 0.169 -1.117 0.017 0.419 -0.815
0.883 0.095 0.311 0.354 -0.615 -0.815 0.443 -0.480
0.248 0.411 -1.091 0.357 -0.647 0.451 0.130 -0.568
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CPUE Spani sh Pair Traw ers

1993 1994
203 -1.949
395 -0.302
607  0.690
553  0.100
688 -0.660
401 -0.171

Nor wegi an Sea acoustic - Blue W.

1983 1984
428 1.573
160 1. 245
826 -0.414
605 -0.737
124 -0.573
511 -0.409
019 -0.588

Nor wegi an Sea acoustic - Blue W.

kkkkkkk

*kkkkkk

kkkkkkk

I

I

I

| *kkkkkk
I

| kkkkkkk
I

*kkkkkk

L4480 *xkAEkx
BG83 K H KAk Ak k%
.996 *kkkkkk
.537 *kkkkkk
793 *xkAkEkkx
. 328 *xkAkEkkx
.797 *kkkkkk
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Nor wegi an Sea acoustic - Blue Wi. 1991+

Age | 1999 2000
______ Y
1 | 0.893 0.847
2 | 0.707 0.420
3 | 0.978 -0.216
4 | 1.328 0.027
5 | 1.765 -3.145
6 | 1.125 -1.057
7 | 0.428 -1.642

PARAMETERS OF THE DI STRI BUTI ON OF | n( CATCHES AT AGE)

Separabl e nodel fitted from 1996 to 2000

Vari ance 0. 0413
Skewness test stat. -0. 3999
Kurtosis test statistic -0. 2396
Partial chi-square 0. 0720
Significance in fit 0. 0000
Degrees of freedom 23

PARAMETERS OF THE DI STRI BUTI ON OF THE AGE- STRUCTURED | NDI CES

DI STRI BUTI ON STATI STI CS FOR Norway Spawni ng Area/ Acoustic 1981-90

Li near catchability relationship assumed

Age 2 3 4 5 6 7 8
Vari ance 0. 1974 0. 0703 0. 0592 0. 0766 0. 1655 0. 1050 0. 0991
Skewness test stat. -0.9627 0. 3659 0. 0450 -0.1881 -0. 1450 -0. 8554 -0.5347
Kurtosis test statisti -0.4904 -0.5293 -1.0367 -0.4384 -0.7639 -0.2702 -0.3873
Partial chi-square 0.1702 0. 0556 0. 0474 0. 0653 0. 1582 0. 1046 0. 1091
Significance in fit 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000
Nunber of observations 8 8 8 8 8 8 8
Degrees of freedom 7 7 7 7 7 7 7

Wei ght in the anal ysis 0. 1429 0. 1429 0. 1429 0. 1429 0. 1429 0. 1429 0. 1429
DI STRI BUTI ON STATI STI CS FOR Norway Spawni ng Area/ Acoustic 1991-2001

Li near catchability relationship assumed

Age 2 3 4 5 6 7 8
Vari ance 0.1108 0. 0600 0. 0379 0. 0417 0. 0828 0. 0868 0. 0379
Skewness test stat. - 0. 5800 -1.0842 -1.0270 0. 5831 -0.0424 -1.0471 -0. 4833
Kurtosis test statisti -0.0491 -0.4790 -0.6796 -0.3748 -0.7515 0. 3855 -1.1137
Partial chi-square 0.1119 0. 0582 0. 0367 0. 0467 0. 1034 0. 1247 0. 0578
Significance in fit 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000
Nunber of observations 10 10 10 10 10 10 10
Degrees of freedom 9 9 9 9 9 9 9

Weight in the analysis 0.1429 0. 1429 0. 1429 0. 1429 0. 1429 0. 1429 0. 1429

DI STRI BUTI ON STATI STI CS FOR Russi an Spawni ng Area/ Acoustic 1982-91

Li near catchability relationship assumed

Age 3 4 5 6 7 8
Vari ance 0. 1088 0.1101 0. 0974 0. 0461 0. 1217 0. 1254
Skewness test stat. -1.7866 0. 1846 -1.0771 0.1218 1.5371 1. 4624
Kurtosis test statisti 0.7971 -0.8148 -0.7295 -0.3221 0. 5562 0. 8413
Partial chi-square 0. 1165 0.1186 0. 1086 0. 0535 0. 1610 0. 1770
Significance in fit 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000
Nunber of observations 10 10 10 10 10 10
Degrees of freedom 9 9 9 9 9 9

o

Weight in the analysis 0. 1667 0. 1667 0. 1667 0. 1667 . 1667 0. 1667
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DI STRI BUTI ON STATI STI CS FOR Russi an Spawni ng Area/ Acoustic 1992-199

Li near catchability relationship assumed

Age

Vari ance

Skewness test stat
Kurtosis test statist
Partial chi-square
Significance in fit
Nunber of observations
Degrees of freedom
Weight in the analysis

DI STRI BUTI ON STATI STI CS

Li near catchability relati

Age

Vari ance

Skewness test stat
Kurtosis test statisti
Partial chi-square
Significance in fit
Nunber of observations
Degrees of freedom
Weight in the analysis

DI STRI BUTI ON STATI STI CS FOR Norwegi an Sea acoustic - Blue W

0

0

3

. 1024
. 2531
. 6421
. 0333
. 0016

4
3
1667

FOR CPUE Spani sh Pal

4
0. 0579
0. 0085

-0.7378
0.0189
0. 0007

4
3

o
[eNeoNoNoNe]

0. 1667 0

onshi p assuned

1

. 1440
. 6266
. 6192
. 2807
. 0000

18
17
1667

2
0.0610 0
-1.4125 -0
-0. 1482 -1
0. 1036 0
0. 0000 0

18

17
0. 1667 0

Li near catchability rel ationship assuned

Age
Vari ance
Skewness test stat
Kurtosis test statisti
Partial chi-square
Significance in fit
Nunber of observations
Degrees of freedom
Wei ght in the anal ysis

DI STRI BUTI ON STATI STI CS

Li near catchability relati

Age

Vari ance

Skewness test stat
Kurtosis test statist
Partial chi-square
Significance in fit
Nunber of observations
Degrees of freedom
Weight in the analysis

ANALYSI S OF VARI ANCE

Unwei ghted Statistics
Vari ance

Total for node
Catches at age

Aged | ndi ces

0

1

. 2767
. 5490
. 7766
. 2858
. 0000

9
8
1429

FOR Norwegi an Sea acoustic -

2
0.1273 0
0. 6285 0

-0. 6317 -0
0. 1295 0
0. 0000 0

9

8
0. 1429 0

onshi p assuned

1

. 1487
. 0540
. 4764
. 1221
. 0000

8
7

. 1429

2
0. 2844
-0. 8829
-0. 2453 -
0. 2489
0. 0001
8
7

0. 1429 0

SSQ
270. 5451
3. 1239

Norway Spawni ng Area/ Acoustic 1981-90 37.8841

Norway Spawni ng Area/ Acoustic 1991-200 28. 8446

174
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5 6
. 0761 0. 1442
. 7716 0. 1968
. 3504 -0.5707
. 0277 0. 0577
. 0012 0. 0036
4 4
3 3

1667 0. 1667

r Trawl ers

. 1667 0. 1667

3 4
0748 0.1177
1698 -0. 6684
5609 -0.4292
0769 0. 1248
0000 0. 0000

9 9

8 8
1429 0. 1429

0680
3170
4491
0314
. 0015

.
cocooo

0. 1667

0. 0875
0.2134
-0.4923
0.1021
0. 0000

9

8
0. 1429

Bl ue Wh. 1991+

3 4 5
0771 0.0671 0. 3053
3337 0. 8999 -1.3723
6482 -0. 0994 0.5170
0647 0. 0616 0. 3475
0000 0. 0000 0. 0002

8 8 8

7 7 7
1429 0. 1429 0. 1429
Dat a Paraneters d.f

487 73 414
50 27 23
56 7 49
70 7 63

o
[eNeoNoNoNe]

.
eeooo

.
ooooo

.
coooo

.0171
. 3660
. 5768
. 0088
. 0002

. 1667

. 1384

5830

. 8763

1793

. 0000

. 1429

. 0644
. 1061

3376

. 0889
. 0000

. 1429

Vari ance
0. 6535
0. 1358
0.7731

0. 4579

. 1150
. 3230
. 4269
. 1644
. 0000

. 1429

. 0978
. 0394
. 0586
. 1719
. 0000

. 1429



Russi an Spawni ng Area/ Acoustic 1982-91
Russi an Spawni ng Area/ Acoustic 1992-19
CPUE Spani sh Pair Traw ers

Nor wegi an Sea acoustic - Blue W. 1981

Nor wegi an Sea acoustic - Blue W. 1991

Wei ghted Statistics

Vari ance

Total for nodel
Cat ches at age

Aged | ndi ces
Norway Spawni ng Area/ Acoustic 1981-90

Nor way Spawni ng Area/ Acoustic 1991-200
Russi an Spawni ng Area/ Acoustic 1982-91
Russi an Spawni ng Area/ Acoustic 1992-19
CPUE Spani sh Pair Traw ers

Nor wegi an Sea acoustic - Blue W. 1981

Nor wegi an Sea acoustic - Blue Wh. 1991

32.9142

8. 3815
55. 7065
52. 4908

51. 1995

SsSQ
7.1233
0. 9508
0.7731
0. 5887
0.9143
0.2328
1.5474
1.0712

1. 0449

60

24

108

63

56

Dat a
487
50
56
70
60
24
108
63

56

Par anmet ers
73
27

54

18

102

56

49

d.f.
414
23
49
63
54
18
102
56

49

Var i
0.
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. 6095

. 4656

. 5461

. 9373

. 0449

ance
0172

. 0413

. 0158

. 0093

. 0169

. 0129

. 0152

. 0191

. 0213
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Table 6.4.5.2.a Mdel |l ed catches by year (tonnes)

Bl ue Whiting, Qutput fromfinal AMCI run

Model | ed catches by year

1981 1982 1983 1984 1985 1986 1987 1988
0 249276.6 2287121.1 2294636.9 1172026.6 993862.5 640832.3 379107.5 220144.7
1 258806.0 226638.8 1126631.7 2230655.8 1465106. 8 1313784.6 1060305.9 707965.9
2 379359.6 225708.6 344958.0 1361957.2 2276835.6 1703138.5 1160922.5 1014222.8
3 749819.6 323409.0 276121.2 405738.6 1285178.9 2370516.9 1242720.8 912201.3
4 577608.8 487411.6 309975.2 272085.8 326158.6 1122886.1 1501898.8 859038.8
5 501155.8 323044.3 389810.8 259531.7 189755.1 263752.8 594120.3 853939.9
6 623781.7 311074.9 306861.7 393911.1 223603.6 178109.5 157584.5 390648.3
7 556108.4 305392.9 238527.1 240153.1 247556.2 146553.8 81350. 3 79662. 3
8 593009.4 290133.5 248326.3 189023.7 154419.8 172043.5 73478.0  42904.6
9 516235.8 253749.3 193020.6 161172.7 98559. 4 97247. 2 74996. 8 28435.2
10 927122.4 609356.8 540966.4 472605.3 345233.8 286736.3 156678.2 88238. 6
1989 1990 1991 1992 1993 1994 1995 1996
0 1291755.8 305584.7 93251.1 50076.4 122430.8 98236.0 1766654. 4 2265530. 6
1 972791.6 1996678.9 332220.8 263918.9 218021.0 261773.4 415095.3 1678545.9
2 980565.9 1071134.2 1024855.1 516104.2 313247.9 239546.0 367330.4 615306.2
3 1119463.8 870308.7 450981.4 1247830.3 556596.4 347963.3 372356.5 569097.6
4 859912.7 800681.3 296282.8 449129.9 1126224.6 496282.7 407253.5 427583.4
5 685251.6 541387.4 248001.7 263972.3 354671.7 897548.4 533874.7 403053.0
6 692355.5 432468.5 174334.7 222371.8 216629.5 291183.2 898711.2 495784.0
7 228728.3 309267.3 91991.4 111203.8 131133.0 136926.8 240089.0 702696.6
8 54632.6 125025.9 82537.8 71517.4 77022. 4 95001.1 126905.2 209157.2
9 21720.8 21991.7 25777.7 54534. 2 41535. 4 50106. 7 78067.7 93811.5
10 63931. 6 46644. 3 12295. 3 16751.5 26556. 9 30657.5 44986. 9 66196. 4
1997 1998 1999 2000 2001 2002
0 637507.2 242801.1 341473.9 260325.6 204075.5 162761.7
1 2682968.2 1706083.4 849956.4 2811852.0 1870344. 3 1466207.7
2 1848525.7 4230612. 0 1942949. 3 1497078. 4 3000616. 2 1995903. 6
3 768117.4 3171002.7 5197777.2 3580010.1 1514636. 2 3035807. 7
4 502971.6 883565.1 2583030.3 5762657.6 1986084.8 840275.8
5 308631.5 455376.9 515136.9 1930955.2 2082831.0 717842.2
6 287218.3 287985.4 282489.1 458339.1 843794.9 910162.1
7 289770.5 227790.7 147491.1 204199.0 141489.2 260479.4
8 457105.9 242216.6 121231.0 107216.8 63401. 2 43930. 6
9 111801.5 307426.8 100087.7 61330. 5 18123.9 10717. 3
10 79721. 8 96811.9 111741.8 105926.8 28645. 7 7851. 9

O\ACFM\WGREPS\WGNPBW\REPORTS\2001\wgnpbw2001.doc 177



Table 6.4.5.2. b Observed catches by year (tonnes)

Bl ue Wi ting,

hserved catches by year

1

[N

[N

178

0
1
2
3
4
5
6
7
8
9
0

QWO ~NOOUAWNEO

QOVWoO~NOUIAWNEO

Qutput fromfinal AMCI run

1981

47997.
257997.
347997.
680997.
333997.
547997.
558997.
465997.
633997.
577997.

1459997.

[eNeoNololololoNoloNoNe)

1989

1948997.
864997.
717997.

1339997.
790997.
836997.
707997.
138997.

49997.
24997.
37997.

0
0
0
0
0
0
0
0
0
0
0

1997

211661.
2131491.
1519324.

904071.

577673.

295668

251639.

282053.

406907.

104317.

169232.

0
0
0
0
0
.0
0
0
0
0
0

1982

3511997.
147997.
273997.
325997.
547997.
263997.
275997.
265997.
271997.
283997.
672997.

0
0
0
0
0
0
0
0
0
0
0

1990

82997.
1610997.
702997.
671997.
752997.
519997.
576997.
298997.
77997.
26997.
94997.

1983 1984 1985
436997.0 583997.0 1173997.0
2282997. 0 2290997.0 1304997.0
566997. 0 2330997. 0 2043997.0
269997.0 454997.0 1932997.0
285997.0 259997.0 302997.0
298997.0 284997.0 187997.0
303997.0 444997.0 320997.0
286997.0 261997.0 256997.0
285997.0 192997.0 173997.0
224997.0 153997.0 92997.0
333997.0 254997.0 258997.0
1991 1992 1993
161077.0 18997.0 197686.0
266683. 0 407727.0 263181.0
1024465.0 653835.0 305177.0
513956.0 1641711.0 621082.0
301624.0 569091.0 1571233.0
363201.0 217383.0 411364.0
258035.0 154041.0 191238.0
159150.0 109577.0 107002.0
49428. 0 79660. 0 64766. 0
5057.0 31984.0 38115.0
9567. 0 11703.0 17473.0
1999 2000
138997.0 129114.0
788197. 0 1814848.0
1549097.0 1192654.0
5820797. 0 3465736.0
3460597. 0 5014859.0
412797.0 1550060.0
207197.0 513660.0
151197.0 213054.0
153097.0 151426.0
68797.0 58274.0
140497.0 139788.0

1987

340997.
837997.
577997.
727997.
1896997.
725997.
136997.
104997.
122997.
102997.
194997.

[eNeoNololololoNoloNoNe)

1995

3306607.
296097.
353946.
421557.
465355.
615991.
800198.
253815.
159794.

59667.
41808.
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Table 6.4.5.2.¢c Log catch residuals

run

AMCI

Qut put fromfinal

Bl ue Wi ting,

OSSN AN ©
coocococococooo
T '

1988

©
-
.

ANNODNNAMDL®N
O.QQ0.0.QQ0.0.QQ
___

1987

1986

oO~NNMNNSYYSOMAHO®M
Noocooococococooco
\ \

N—AATAOTO A= M
O.QQ0.0.QQ0.0.QQ
__ _ __

1985

470510111006
900000000000

ONNDOAMON AN
WLQQO.O.QQO.O.QQ
) T '

ANTTNO AN A A A
mOOOOOOOOOOO
' [ R T

OO AANAANA LD
~O 0000000000
.m1. oo [
~
8
~ 0123456789m
(o]

o

1996

OHdHdANNOA—HON
“ococoocococococococo
. : : :

563011111231
900000000000

JeN@ANmONOW0o
wQQ0.0.QQQ0.0.QQ
' : '

QUNOHM A HANN Y
WQQ0.0.QQQ0.0.QQ
P

204232240154
910000000000

SiwNoOdoYTWLWLO®
WQQ0.0.QQQ0.0.LQ
'

1990

MANTMNAOMO NI~
“occoccococococoo
' T :

941321205115
900000000000

0123456789m

MNTNOANTHOMAM
00000000000
__

OHNAMNMO NS AN
QQ0.0.QQ0.0.QQO.
_ __ _

1999

OCOANNAAM A<
0000000000

1998
-1.7

ANNN—AO A O ®
LQ0.0.QQ0.0.QQO.
_

1997

0123456789m
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Table 6.4.5.3.a Modelled survey indices Norwegian spawninggrounds acoustic survey (1981-1990)
Bl ue Wi ting,

Qutput fromfina

Model | ed surveys indices by year
1981

[N

=

QOwoo~NOOUDMWNEO

QOwoo~NOOUDMWNEO

-1
-1
2263.
7452.
6616.
6032.
5309.
4354.
4224.
-1
-1.

CoOoOhr~ONDMPMPORLPOO

OCOORrRPFPWOUIUIOO

1982

-1

-1
1639.
4000.
6828.
4936.
3320.
3002.
2568.

-1.

CQOPFRPOWWWWWNOO

OCOWOMOOPR~MNOO

AMCI

1983

-1
-1
1981.
2942.
3770.
5263.
2829.
1972.
1864.
-1
-1.

QOO WWONNOO

run

1984

-1

5781.
3440.
2687.
2803.
2906.
1598.
1153.

-1

-1.

COR~PODOWONOO

1985

-1

9013.
9568.
3002.
1900.
1456.
1523.
863.
-1
-1.

QOO FRPNNNNOO

1986
-1

5667.
14587.
7975.
2048.
948.
711.
780.
-1
-1.

CQO~NFEPNNONWOO

1987
-1

4568.
8945.
11618.
5045.
949.
424.
323.
-1
-1.

QOO WNOOWORr OO

1988
-1

4554,
7498.
7498.
7599.
2425.
456.
202.
-1
-1.

CQOUIFRPRWNEFEPNNOO

Table 6.4.5.3.b Observed survey indices Norwegian spawninggrounds acoustic survey (1981-1990)

Bl ue Wi ting,

Qutput fromfina

bserved surveys indices by year
1981

[N

[N

180

CQOVWoO~NOUIAWNEFO

CQOVWoO~NOUIAWNEFO

- 1.
-1
2372.
7583.
3253.
3647.
4611.
4638.
3654.
-1
-1

[eNeoNololoNoloNoNoNoNe]

=
©
(0]
©

..
Ll o

[eNeoNololoNoloNoNoNoNe]

6787.
22270.
9973.
10504.
7803.
933.
293.
-1
-1

1982

-1.
-1
-1
-1.
-1.
-1
-1
-1
-1.
-1.
-1

[eNoNololoNoloNoNoNoNe]

=
©
©
o

..
Ll o

[eNeoNololoNoloNoNoNoNe]

14169.
12670.
11228.
5587.
6556.
3273.
516.
-1
-1

AMCI

1983

-1.
-1
297.
2108.
2723.
6511.
3735.
3650.
3153.
-1.
-1

[eNeoNololoNoloNoNoNoNe]

run

1984

-1
-1
15767.
1721.
1616.
1719.
1858.
1128.
567.

-1

[eNeoNololoNoloNoNoNoNe]

[eNeoNololoNoloNoNoNoNe]

250.

()]
N
WoANOI
O00O0O0OO0OO0OO0OO0OOO

1987

-1.
-1
4960.
8417.
22589.
4735.
282.
417.
385.

[eNeoNololoNoloNoNoNoNe]

-1
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1988

-1.
-1
9712.
9090.
12367.
20392.
7355.
723.
599.

[eNeoNololoNoloNoNoNoNe]

-1



Table 6.4.5.3.c Log survey index residuals Norwegi an spawni nggrounds acoustic survey (1981-1990)

Bl ue Whiting, Qutput fromfinal AMCI run

Survey residuals by year

1981 1982 1983 1984 1985 1986 1987 1988
0 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
1 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
2 0.05 0. 00 -1.90 1.00 0. 00 -1.73 0.08 0.76
3 0. 02 0. 00 -0.33 -0.69 0. 00 -0.92 -0.06 0.19
4 -0.71 0. 00 -0.33 -0.51 0. 00 -0. 66 0. 66 0.50
5 -0.50 0. 00 0.21 -0.49 0. 00 -1.19 -0.06 0. 99
6 -0.14 0. 00 0.28 -0.45 0. 00 -1.43 -1.21 1.11
7 0. 06 0. 00 0. 62 -0.35 0. 00 -1.25 -0.02 0. 46
8 -0.14 0. 00 0.53 -0.71 0. 00 -1.14 0.17 1.08
9 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
10 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
1989 1990
0 0. 00 0. 00
1 0. 00 0. 00
2 0.58 1.16
3 1.08 0.71
4 0. 44 0. 60
5 0.74 0.31
6 0.76 1.08
7 -0.22 0.70
8 0. 27 -0.05
9 0. 00 0. 00
10 0. 00 0. 00

Table 6.4.5.3.d Mddel | ed survey indices Norwegi an spawni nggrounds acoustic survey (1991-2001)

Bl ue Whiting, Qutput fromfinal AMCl run

Model | ed surveys indices by year

1989 1990 1991 1992 1993 1994 1995 1996
0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0
1 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0
2 -1.0 -1.0 15059. 6 6959. 0 4423.9 3658. 9 4393. 4 5759.7
3 -1.0 -1.0 9725.5 24537. 6 11280.6 7197. 3 5945.0 6954. 8
4 -1.0 -1.0 6664. 7 9268. 9 23162. 4 10696. 6 6783.7 5369. 2
5 -1.0 -1.0 2800. 8 2887. 4 3973.4 9920. 2 4564. 7 2751.6
6 -1.0 -1.0 1085. 7 1362.0 1400. 2 1936. 7 4774.5 2062. 7
7 -1.0 -1.0 608. 2 699. 2 876. 3 911.0 1252.8 2893.2
8 -1.0 -1.0 529.3 429. 3 489.9 622.5 637.5 814. 4
9 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0
10 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0
1997 1998 1999 2000 2001
0 -1.0 -1.0 -1.0 -1.0 -1.0
1 -1.0 -1.0 -1.0 -1.0 -1.0
2 17069. 3 27555. 8 12294.9 5785.7 11596. 4
3 8895. 8 25874. 2 39769. 7 16923. 7 7160. 1
4 6006. 0 7431.5 19707. 8 28089. 1 9680. 8
5 2050. 8 2214.6 2442.8 5889. 2 6352. 4
6 1174.6 843.1 813.3 823.1 1515. 2
7 1159.7 634. 6 390.7 345.1 239.1
8 1747.7 669. 7 306.1 163.1 96. 5
9 -1.0 -1.0 -1.0 -1.0 -1.0
10 -1.0 -1.0 -1.0 -1.0 -1.0
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Table 6.4.5.3. e nserved survey indi ces Norwegi an spawni nggrounds acoustic survey (1991-2001)

Bl ue Whiting, Qutput fromfinal AMCI run

bserved surveys indices by year

1989 1990 1991 1992 1993 1994 1995 1996
0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0
1 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0
2 -1.0 -1.0 11147.0 1232.0 4489. 0 1603.0 8538.0 8781.0
3 -1.0 -1.0 6340.0 26123.0 3321.0 2950.0 9874.0 7433.0
4 -1.0 -1.0 8497.0 4719.0 26771.0 4476.0 7906. 0 8371.0
5 -1.0 -1.0 7407.0 1574.0 2643.0 11354.0 6861. 0 2399.0
6 -1.0 -1.0 4558. 0 1386.0 1270.0 1742.0 9467.0 4455.0
7 -1.0 -1.0 2019.0 810.0 557.0 1687.0 1795.0 4111.0
8 -1.0 -1.0 545.0 616.0 426.0 908.0 1083.0 1202.0
9 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0
10 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0
1997 1998 1999 2000 2001
0 -1.0 -1.0 -1.0 -1.0 -1.0
1 -1.0 -1.0 -1.0 -1.0 -1.0
2 -1.0 18218.0 19034.0 8613.0  44162.0
3 -1.0 34991. 0 60309. 0 31011.0 12843.0
4 -1.0 4697.0 26103.0 41382.0 13805.0
5 -1.0 1674.0 1481.0 6843.0 8292.0
6 -1.0 279.0 316.0 898.0 718.0
7 -1.0 407.0 72.0 427.0 175.0
8 -1.0 381.0 153.0 228.0 51.0
9 -1.0 -1.0 -1.0 -1.0 -1.0
10 -1.0 -1.0 -1.0 -1.0 -1.0

Table 6.4.5.3.f Log survey index residuals Norwegi an spawni nggrounds acoustic survey (1991-2001)

Bl ue Whiting. Qutput fromfinal AMC run

Survey residuals by year

1989 1990 1991 1992 1993 1994 1995 1996
0 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
1 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
2 0. 00 0. 00 -0.30 -1.73 0.01 -0.83 0. 66 0.42
3 0. 00 0. 00 -0.43 0. 06 -1.22 -0.89 0.51 0. 07
4 0. 00 0. 00 0.24 -0.68 0.14 -0.87 0.15 0. 44
5 0. 00 0. 00 0.97 -0.61 -0.41 0.13 0.41 -0.14
6 0. 00 0. 00 1.43 0.02 -0.10 -0.11 0. 68 0.77
7 0. 00 0. 00 1.20 0.15 -0.45 0.62 0. 36 0. 35
8 0. 00 0. 00 0.03 0. 36 -0.14 0. 38 0.53 0.39
9 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
10 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
1997 1998 1999 2000 2001
0 0. 00 0. 00 0. 00 0. 00 0. 00
1 0. 00 0. 00 0. 00 0. 00 0. 00
2 0. 00 -0.41 0. 44 0. 40 1.34
3 0. 00 0. 30 0.42 0.61 0. 58
4 0. 00 -0. 46 0.28 0.39 0.35
5 0. 00 -0.28 -0.50 0.15 0. 27
6 0. 00 -1.11 -0.95 0. 09 -0.75
7 0. 00 -0.44 -1.69 0.21 -0.31
8 0. 00 -0.56 -0.69 0.33 -0.64
9 0. 00 0. 00 0. 00 0. 00 0. 00
10 0. 00 0. 00 0. 00 0. 00 0. 00
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Table 6.4.5.3.g Mdelled survey indices Russian spawni nggrounds acoustic survey (1982-1991)

Bl ue Wi ting,

Qutput fromfina

Model | ed surveys indices by year
1981

[N

=

Table 6.4.5. 3.

QOowoo~NOOUMWNEO

QOwoo~NOOUDMWNEO

-1
-1
-1.
-1.
-1
-1
-1.
-1.
-1
-1
-1.

-1
-1.

Bl ue Wi ting,

OCO0OWOWNOUITOWOOO

[eNeoNoloooNoNoloNoNe)

h Observed survey indices Russian spawni nggrounds acoustic survey (1982-1991)

Qutput fromfina

1982

-1
-1
-1.
3276.
5771.
4245,
3786.
3645.
3333.

-1.

-1
-1.

OCOWWONFRLNOOO

OCOORRPRRPFRPROOOO

AMCI

1983

-1
-1
-1.
2409.
3186.
4527.
3226.
2394.
2418.

-1.

-1
-1.

bserved surveys indices by year
1981

[N

[N

CQOVWoO~NOUIAWNEFO

QUOWoO~NOUIAAWNEO

-1.
-1
-1
-1.
-1.
-1
-1
-1.
-1.
-1
-1

[eNeoNololoNoloNoNoNoNe]

=
©
(0]
©

11910.
7120.
6670.
6970.
4580.
2750.

-1
-1

...
Ll

[eNeoNololoNoloNoNoNoNe]

1982

-1.
-1
-1
540.
2750.
1340.
1380.
1570.

[eNeoNololoNoloNoNoNoNe]

[eNeoNooloNoloNoNoNoNe]

OO0 UIUINNOOO

COoOUTOVWOFRPrNOOOO

AMCI

1983

-1.
-1
-1
2330.
2930.
9390.
3880.
1970.
1370.
-1
-1

[eNeoNololoNoloNoNoNoNe]

...H
e
[eNeolololoNoloNoNoNoNaN

10300.
5350.
5130.
2630.
1770.

870.
-1
-1
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run

1984

-1

-1.
2817.
2271.
2411.
3314.
1940.
1496.

-1

-1.

run

CQOURA~NNNODOOO

1984

-1.

-1
2900.
800.
1100.
4200.
2200.
1200.
-1
-1

[eNeoNololoNoloNoNoNoNe]

1985

-1

-1.
7837.
2537.
1634.
1660.
1849.
1120.

-1

-1.

COoOW~NOWMAMOOO

1985

-1.

-1
13220.
930.
580.
1780.
860.
610.
-1
-1

[eNeoNololoNoloNoNoNoNe]

1986

-1

-1.
11947.
6740.
1761.
1081.
863.
1013.
-1
-1.

COO0OWWOWOVWWOOOo

1986

-1.

-1
18750.
23180.

2540.
610.
620.
750.

-1

-1

[eNeoNololoNoloNoNoNoNe]

1987

-1

-1.
7327.
9819.
4339.
1083.
515.
419.
-1

-1.

COOVRRFRPMNODWOOO

1987

-1.

-1
4480.
19170.
5860.
1070.
500.
810.
-1
-1

[eNeoNololoNoloNoNoNoNe]

1988

-1

-1.
6142.
6337.
6535.
2765.
553.
262.
-1

-1.

OCO~NNOOFRPROOOO

1988

-1.

-1
3710.
4550.
8610.
4130.
1270.

480.

-1

-1

[eNeoNololoNoloNoNoNoNe]
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Table 6.4.5. 3.

i Log survey index residuals Russian spawni nggrounds

Bl ue Whiting, Qutput fromfinal AMCI run
Survey residuals by year
1981 1982 1983 1984 1985 19
0 0. 00 0. 00 0. 00 0.00 0.00 0.
1 0.00 0. 00 0. 00 0.00 0.00 0.
2 0. 00 0. 00 0. 00 0. 00 0. 00 0.
3 0.00 -1.80 -0.03 0.03 0.52 0.
4 0. 00 -0.74 -0.08 -1.04 -1.00 1.
5 0.00 -1.15 0.73 -0.78 -1.04 0.
6 0. 00 -1.01 0.18 0.24 0.07 -0.
7 0.00 -0.84 -0.20 0.13 -0.77 -0.
8 0. 00 -0.35 -0.57 -0.22 -0.61 - 0.
9 0.00 0.00 0. 00 0. 00 0. 00 0.
10 0. 00 0. 00 0. 00 0. 00 0. 00 0.
1989 1990 1991
0 0.00 0. 00 0. 00
1 0.00 0. 00 0.00
2 0. 00 0. 00 0. 00
3 0. 65 0. 65 0.51
4 0. 27 0. 84 0.17
5 0. 44 0. 49 0. 36
6 0.51 0.01 0. 16
7 1.17 -0.30 0.34
8 2.25 -1.17 -0.21
9 0.00 0. 00 0. 00
10 0. 00 0. 00 0. 00

Table 6.4.5.3.j

Bl ue Whiting, Qutput fromfinal AMC run
Model | ed surveys indices by year
1989 199 1991 199
0 -1.0 -1.0 -1.0 -1
1 -1.0 -1.0 -1.0 -1
2 -1.0 -1.0 -1.0 -1
3 -1.0 -1.0 -1.0 27569
4 -1.0 -1.0 -1.0 9546
5 -1.0 -1.0 -1.0 3507
6 -1.0 -1.0 -1.0 1351
7 -1.0 -1.0 -1.0 547
8 -1.0 -1.0 -1.0 305
9 -1.0 -1.0 -1.0 -1
10 -1.0 -1.0 -1.0 -1

Table 6.4.5.3

Model | ed survey

OCOWOOOWWOOOo

199

-1
-1
-1.
12674
23855.
4827.
1389.
685.
349.

-1.

k Cbserved survey indi ces Russian spawni

Bl ue Whiting, Qutput fromfinal AMC run
bserved surveys indices by year
1989 1990 1991 1992
0 -1.0 -1.0 -1.0 -1.0
1 -1.0 -1.0 -1.0 -1.0
2 -1.0 -1.0 -1.0 -1.0
3 -1.0 -1.0 -1.0 20010.0
4 -1.0 -1.0 -1.0 6700.0
5 -1.0 -1.0 -1.0 1350.0
6 -1.0 -1.0 -1.0 440.0
7 -1.0 -1.0 -1.0 390.0
8 -1.0 -1.0 -1.0 170.0
9 -1.0 -1.0 -1.0 -1.0
10 -1.0 -1.0 -1.0 -1.0

184

1993 19
-1.0 -1.
-1.0 -1.
-1.0 -1
4728.0 -1
12337.0 -1.
5304.0 -1.
2249.0 -1
1316.0 -1
621.0 -1
-1.0 -1.
-1.0 -1.

OCOORUIUIOUTWO OO
[
N
o
5
[N

nggr ounds

acoustic survey (1982-1991)

86 1987 1988
00 0. 00 0. 00
00 0. 00 0. 00
00 0. 00 0. 00
45 -0.49 -0.50
24 0. 67 -0.33
37 0. 30 0.28
57 -0.01 0. 40
33 -0.03 0.83
30 0. 66 0. 60
00 0. 00 0. 00
00 0. 00 0. 00

ndi ces Russi an spawni nggrounds acoustic survey (1992-1996)

-1

CoOoOO~NOFR,RNOOOOO

acoustic survey (1992-1996)

[eNeoNoloNololoNoNoNoNe]
o]
©
SN
N

199

-1
-1.
6679.
6986.
5545.
4737.
980.
454,

-1.
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199

-1

-1
-1.
7814
5529.
3342.
2046.
2263
580.

-1.

[eNeoNoloNololoNoNoNoNe]
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Table 6.4.5.3.1 Log survey index residuals Russian spawninggrounds acoustic survey (1992-1996)

Bl ue Wi ting,

Survey residuals by year

[N

CQOVWoOoO~NOULAWNEO

Qut put from final

1989

CeLLooLeLeL00oe

1990

CeLLooLeLeL0oe

AMCI run

1991 1992 1993 1994
0. 00 0. 00 0. 00 0. 00
0. 00 0. 00 0. 00 0. 00
0.00 0. 00 0.00 0.00
0.00 -0.32 -0.99 0.00
0. 00 -0.35 -0.66 0. 00
0.00 -0.95 0. 09 0. 00
0. 00 -1.12 0. 48 0.00
0. 00 -0.34 0. 65 0.00
0. 00 -0.59 0.58 0. 00
0. 00 0. 00 0. 00 0. 00
0.00 0. 00 0. 00 0.00

Table 6.4.5.3. m Model | ed survey

Bl ue Wi ting,

Qut put from final

Model | ed surveys indices by year

[N

[N

[N

QOVWO~NOUIAWNEO QWO ~NOOUID_WNEFO

CQOVWoO~NOUIAWNEO

19

-1
-1.
-1.
-1
-1
-1.
-1.
-1
-1
-1.
-1.

19

-1.

5849.
11318
10185

4717.

81

[eNeoNololololoNoloNoNe)

89

oOocoocuhrhUIOMOO

OCOO0OOOWMKLONWONO

198

-1

-1.
-1.
-1
-1
-1.
-1.
-1
-1
-1.
-1.

[eNeoNololoooNoloNoNe)

1990

-1.
13169
13316.

8444
4594
1675.

OO0OO0OO~NO~NNORFRO

OO0OO0OOWNMOOFLUIO

ndi ces Spani sh CPUE (1983-2000)

AMCI run
1983 198 1985 1986
-1.0 -1.0 -1.0 -1.0
7574.0 11902.0 7543. 4 6058. 3
6136. 0 17346. 2 26802. 7 16426. 5
4257.0 4822. 4 13122.0 19238. 1
3056. 1 2103.7 2317.9 5786. 0
2446. 3 1253.1 836. 1 844. 6
1040.5 1014.9 490. 4 297.2
-1.0 -1.0 -1.0 -1.0
-1.0 -1.0 -1.0 -1.0
-1.0 -1.0 -1.0 -1.0
-1.0 -1.0 -1.0 -1.0
1991 1992 1993 1994
-1.0 -1.0 -1.0 -1.0
6008. 2 3824.7 3159.9 3807.9
32903. 1 15137. 7 9646. 5 8009. 0
11382. 4 28512.5 13139.8 8396. 9
4540. 0 6260. 0 15637. 8 7256. 4
1999.0 2052. 8 2833.2 7061.9
745. 3 932.5 967.0 1343. 2
-1.0 -1.0 -1.0 -1.0
-1.0 -1.0 -1.0 -1.0
-1.0 -1.0 -1.0 -1.0
-1.0 -1.0 -1.0 -1.0
1999 2000
-1.0 -1.0
5274.9 10721.5
25123. 4 10907.9
40290. 0 14617. 3
10946. 6 12637. 1
1457. 3 2865. 0
454. 3 345.3
-1.0 -1.0
-1.0 -1.0
-1.0 -1.0
-1.0 -1.0

CELLoLeLeo00oe

OO0 OWRARLPNO®XO
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Table 6.4.5.3.n Observed survey indices Spanish CPUE (1983-2000)
Bl ue Whiting, Qutput fromfinal AMC run

Ohserved surveys indices by year

1981 198 198 1984 1985 1986 198 198
0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0
1 -1.0 -1.0 7196.0 13710.0 14573.0 3721.0 25328.0 7778.0
2 -1.0 -1.0 16392.0 27286.0 23823.0 14131.0 13153.0 21473.0
3 -1.0 -1.0 9311.0 14845.0 14126.0 14745.0 6664. 0 18436.0
4 -1.0 -1.0 7476.0 4836. 0 6256. 0 7113.0 2938.0 6391.0
5 -1.0 -1.0 6326. 0 1755.0 1232.0 1278.0 1029.0 1300.0
6 -1.0 -1.0 1718.0 1750.0 217.0 505.0 166.0 781.0
7 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0
8 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0
9 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0
10 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0
1989 1990 1991 1992 1993 1994 1995 1996
0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0
1 15272.0 21444.0 15924.0 10007.0 4036.0 543.0 9090. 0 3905.0
2 18486.0 19407.0 15370.0 24235.0 13991.0 6066. 0 14409.0 14557.0
3 17160.0 5194.0 4989. 0 9671.0 22493.0 15917.0 6833.0 14449.0
4 8374.0 1803.0 2329.0 4316.0 7979.0 7474.0 4551.0 3931.0
5 3760.0 1357.0 1045.0 1194.0 1354.0 2990.0 1990.0 3639.0
6 1003.0 451.0 440.0 462.0 658. 0 1055.0 623.0 1834.0
7 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0
8 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0
9 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0
10 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0
1997 1998 1999 2000
0 -1.0 -1.0 -1.0 -1.0
1 8742.0 5884.0 2048.0 6207.0
2 15875.0 13236.0 10268.0 15518.0
3 11134.0 9803. 0 20242.0 13987.0
4 3698. 0 10844.0 9833.0 5375.0
5 1046.0 5229.0 6287.0 1264.0
6 450.0 1153.0 3047.0 1414.0
7 -1.0 -1.0 -1.0 -1.0
8 -1.0 -1.0 -1.0 -1.0
9 -1.0 -1.0 -1.0 -1.0
10 -1.0 -1.0 -1.0 -1.0
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Table 6.4.5.3.0 Log survey index residuals Spanish CPUE (1983-2000)

Bl ue Wi ting,

Survey residuals by year

[N

[N

[N

CQOVWoO~NOULAWNEO QOO ~NOOUI_WNEFO

QOVWoO~NOUIAWNEO

.
CELLoLeLeOoOoro
N
6]

CoLooRrORrROO
w
~

Qutput fromfinal AMCI run

1983 1984
0. 00 0. 00
-0.05 0.14
0. 98 0. 45
0.78 1.12
0. 89 0.83
0. 95 0. 34
0.50 0. 54
0. 00 0. 00
0. 00 0. 00
0. 00 0. 00
0. 00 0. 00
1991 1992
0. 00 0. 00
0. 97 0. 96
-0.76 0. 47
-0.82 -1.08
-0. 67 -0.37
-0.65 -0.54
-0.53 -0.70
0. 00 0. 00
0. 00 0. 00
0. 00 0. 00
0. 00 0. 00
1999 2000
0. 00 0. 00
-0.95 -0.55
-0.89 0.35
-0.69 -0.04
-0.11 -0.85
1. 46 -0.82
1.90 1.41
0. 00 0. 00
0. 00 0. 00
0. 00 0. 00
0. 00 0. 00

CeLooeLo00oe
w
©

.
CeLOorOoOoOOOO

Table 6.4.5.3.p Modelled survey indices Norwegian Sea acoustic survey (1981-1990)

Bl ue Wi ting,

Qutput fromfinal AMC run

Model | ed surveys indices by year

[N

[N

QOUWoO~NOUIAAWNEO

CQOwoo~NOOUDMWNEO

1981
-1
1141.
1361.
2767.
2160.
1702.
1282.
1132.
-1.
-1
-1

OCOO0OWUTOWWWWONO

198
-1
3162.
2191.
2637.
1918.
1256.
762.
266.
-1
-1
-1.

OCOORrRODODUIOWOO

1982
-1
1379.
1001.
1524.
2294.
1445,
838.
818.
-1.
-1
-1

OO0OO0OO0OWOUOM~RO

199
-1
71109.
2578.
2186.
1868.
1036.
462.
376.
-1
-1
-1.

QCQOONFOUINNWO

1983 1984
-1.0 -1.0
4094.5 6434. 3
1188.0 3358.3
1102. 4 1248. 8
1242.8 855.5
1514.0 775.6
695. 2 678.1
519. 6 399.0
-1.0 -1.0
-1.0 -1.0
-1.0 -1.0

1985

4078.
5189.
3398.
942.
517.
327.
371.
-1
-1
-1

OO0OO0OONP~POOORFRL OO

19

3275.
3180.
4981.
2353.
522.
198.
159.
-1
-1
-1

86

OO0OO0OO0OO~NOONEFO

19

3232.
2627.
3157.
3506.
1320.

208.

-1.
-1
-1

87

OO0OONPRPMOODOWMWOO
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19

2707.
2663.
2708.
2328.
2012.
537.
108.
-1
-1
-1

88

OCOO~NUCTOWOWwW~NUIO
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Table 6.4.5.3.q Observed survey indices Norwegian Sea acoustic survey (1981-1990)

Bl ue Wi ting,

Qut put from final

bserved surveys indices by year

[N

[N

CQOVWoOoO~NOULAWNEO

CQOVWoO~NOUIAWNEFO

19

-1.
182.
728.

4542.
3874.
2678.
2834.
2964.

-1.

-1.

-1

19

- 1.
1172.
1125.

812.
379.
410.
212.

22.

- 1.

-1

-1

81

[eNeoNololololoNeoloNoNe]

89

[eNeoNololoNoloNoNoNoNe]

Table 6.4.5.3.r

Bl ue Wi ting,

Qut put from final

19

-1.
184.
460.

1242.
4715.
3611.
3128.
2323.

-1.

-1.

-1

19

-1.
-1
-1
-1.
-1.
-1
-1
-1.
-1.
-1.
-1

82

[eNeoNololoNoloNoNoNoNe]

90

[eNeoNololoNoloNoNoNoNe]

19

-1.
22356.
396.
468.
756.
1404.
576.
468.
-1.
-1.
-1

AMCI

83

[eNeoNololololoNoNoNoNe]

run

343.

[eNeoNololololoNoNoNoNe]

1985

-1
5969.
23876.
12502.
658.
423.
188.
235.
-1
-1
-1

[eNeoNololololoNoNoNoNe]

19

-1.
2324.
2380.
7224.
6944.
1876.

952.
336.

-1.

-1.

-1

86

[eNeoNololololoNoNoNoNe]

Log survey index residuals Norwegi an Sea acoustic

Survey residuals by year

[N

[N

188

QOwoo~NOOUDMWNEO

QOwoo~NOOUMWNEO

19

..
CoLoooeLooRre

81

.00

84

19

CoLoooeLo00oe

82

AMCI

run

19

84

.00
.55
.42
.40
.78
. 36
.23
.15
.00
.00
.00

.
ecoorkrroo

19

-1.
8204.
4032.
5180.
5572.
1204.

224.
168.

-1.

-1.

-1

87

[eNeoNoloNololoNeoloNoNe]

[eNeoNololoNoloNoNoNoNe]

survey (1981-1990)

.
A e e e R e

O\ACFM\WGREPS\WGNPBW\REPORTS\2001\wgnpbw2001.doc



Table 6.4.5.3.s Modelled survey indices Norwegian Sea acoustic survey (1991-2000)

Bl ue Wi ting,

Qut put from final

Model | ed surveys indices by year

[N

[N

QOO ~NOOUI_WNEFO

CQOVWoO~NOULAWNEO

1989
-1
-1.
-1.
-1
-1
-1.
-1.
-1
-1
-1.
-1.

[eNeoNololooNoNoloNoNe)

1997

-1.
26790.
6909.
2216.
937.
264.
243.
167.
-1.
-1.
-1.

COO~NOVWUIOWONNO

1990
-1
-1.
-1.
-1
-1
-1.
-1.
-1
-1
-1.
-1.

[eNeoNololoooNoloNoNe)

1998

-1.
12043.
10780.

6050.
1065.
262.
156.

80.

-1.

-1.

-1.

QOO0 WVWOOWWONWO

AMCI run
1991 1992
-1.0 -1.0
6603. 6 4203. 7
6278. 0 2888. 3
2588. 8 6484.9
1135.8 1566. 0
394.0 404. 6
246. 1 308.0
97.5 111.2
-1.0 -1.0
-1.0 -1.0
-1.0 -1.0
1999 2000
-1.0 -1.0
5797. 6 11784.0
4793. 6 2081. 3
9163. 5 3324.6
2738.5 3161. 4
287.3 564. 7
150.0 114.0
48. 7 31.7
-1.0 -1.0
-1.0 -1.0
-1.0 -1.0

1993

-1
3473.
1840.
2988.
3912.
558.
319.
140.
-1
-1.
-1.

OCOO~NWUOoOUIOOO

1994

-1
4185.
1528.
1909.
1815.
1392.
443.
146.
-1
-1.
-1.

OOONODOWWR WO

1995

-1
5523.
1811.
1541.
1117.
617.
1052.
192.
-1
-1.
-1.

OO0 WUIOUIA~AO®O

1996

-1
16445.
2334.
1746.
846.
357.
430.
421.
-1
-1.
-1.

Table 6.4.5.3.t Observed survey indices Norwegi an Sea acoustic survey (1991-2000)

Bl ue Wi ting,

Qutput fromfina

bserved surveys indices by year
1990

[N

[N

CQOVWoO~NOUIAWNEFO

CQOVWoO~NOUIAWNEO

1989

-1.
-1
-1
-1.
-1.
-1
-1
-1.
-1.
-1
-1

[eNeoNololoNoloNoNoNoNe]

1997

-1
30227.
25638.

1524.
779.
300.
407.
260.

-1.

-1

-1

[eNeoNololoNoloNoNoNoNe]

-1.
-1
-1
-1.
-1.
-1
-1
-1.
-1.
-1
-1

[eNeoNololoNoloNoNoNoNe]

1998

-1
24244,
47815.
16282.

556.
212.
100.

64.

-1.

-1

-1

[eNeoNololoNoloNoNoNoNe]

AMCI run
1991 1992
-1.0 -1.0
-1.0 792.0
-1.0 1134.0
-1.0 6939.0
-1.0 766.0
-1.0 247.0
-1.0 172.0
-1.0 90.0
-1.0 -1.0
-1.0 -1.0
-1.0 -1.0
1999 2000
-1.0 -1.0
14367.0 25813.0
9750. 0 3298.0
23701.0 2721.0
9754.0 3078.0
1733.0 23.0
466.0 46.0
79.0 6.0
-1.0 -1.0
-1.0 -1.0
-1.0 -1.0

O\ACFM\WGREPS\WGNPBW\REPORTS\2001\wgnpbw2001.doc

1993

-1.
830.
125.

1070.
6392.
1222.
489.
248.
-1.

-1

[eNeoNololoNoloNoNoNoNe]

[eNeoNololoNoloNoNoNoNe]

1995

-1
6974.
2811.
1999.
1209.
1622.

775.
173.
-1

-1

[eNeoNololoNoloNoNoNoNe]

OCOO~NWONUIOWO

1996

-1
23464.
1057.
899.
649.
436.
505.
755.
-1

-1

[eNeoNololoNoloNoNoNoNe]
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Table 6.4.5.3.u Log survey index residuals Norwegian Sea acoustic survey (1991-2000)
Bl ue Whiting, Qutput fromfinal AMC run

Survey residuals by year

1989 1990 1991 1992 1993 1994 1995 1996
0 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
1 0. 00 0. 00 0. 00 -1. 67 -1.43 0. 00 0.23 0. 36
2 0. 00 0. 00 0. 00 -0.93 -2.69 0. 00 0. 44 -0.79
3 0. 00 0. 00 0. 00 0. 07 -1.03 0. 00 0. 26 -0.66
4 0. 00 0. 00 0. 00 -0.72 0. 49 0. 00 0.08 -0.27
5 0. 00 0. 00 0. 00 -0.49 0.78 0. 00 0.97 0.20
6 0. 00 0. 00 0. 00 -0.58 0.43 0. 00 -0.31 0. 16
7 0. 00 0. 00 0. 00 -0.21 0.57 0. 00 -0.11 0.58
8 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
9 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
10 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
1997 1998 1999 2000
0 0. 00 0. 00 0. 00 0. 00
1 0.12 0.70 0.91 0.78
2 1.31 1.49 0.71 0. 46
3 -0.37 0.99 0.95 -0.20
4 -0.19 -0.65 1.27 -0.083
5 0.13 -0.21 1.80 -3.20
6 0.51 -0.45 1.13 -0.91
7 0. 44 -0.23 0. 48 -1.67
8 0. 00 0. 00 0. 00 0. 00
9 0. 00 0. 00 0. 00 0. 00
10 0. 00 0. 00 0. 00 0. 00

Table 6.4.5.4 Fishing mortalities at age and Fg=Fz.7)

Bl ue Wiiting
1981 1982 1983 1984 1985 1986 1987 1988
0 0. 0594 0. 1676 0. 1080 0. 0876 0. 0912 0.0618 0. 0450 0. 0223
1 0. 0903 0. 0659 0. 1089 0. 1360 0. 1407 0. 1563 0. 1289 0. 1036
2 0. 1300 0. 1060 0. 1353 0. 1859 0. 2002 0. 2410 0. 2015 0.1751
3 0. 1966 0. 1561 0. 1827 0. 2330 0. 2681 0. 3303 0.2781 0. 2409
4 0. 2348 0. 1894 0. 2201 0. 2756 0. 2976 0. 3968 0. 3606 0. 3155
5 0. 2576 0. 1995 0. 2276 0. 2898 0. 3149 0. 4182 0. 3781 0. 3589
6 0. 3226 0. 2521 0. 2955 0. 3781 0. 4355 0. 5498 0. 4759 0. 4599
7 0. 3318 0. 2586 0. 3123 0. 3977 0. 4346 0.5727 0. 5260 0.4721
8 0. 3672 0. 2888 0. 3464 0. 4373 0. 4831 0.6178 0. 6404 0. 5896
9 0. 3275 0. 2643 0. 3174 0. 3974 0. 4298 0. 6476 0. 6074 0. 5528
10 0. 2821 0. 2270 0. 2547 0. 3052 0. 3240 0. 4247 0. 3853 0. 3305
Fref 0. 2687 0.2111 0. 2477 0. 3149 0. 3501 0. 4536 0. 4037 0. 3694
1989 1990 1991 1992 1993 1994 1995 1996
0 0. 0575 0. 0320 0. 0153 0. 0100 0. 0202 0. 0122 0. 0704 0. 0559
1 0.1212 0.1109 0.0413 0.0514 0.0514 0. 0512 0.0614 0. 0828
2 0. 2039 0. 1902 0.0764 0. 0834 0. 0796 0.0734 0. 0944 0.1216
3 0. 2979 0. 2809 0.1141 0. 1256 0.1217 0.1191 0. 1561 0. 2070
4 0. 3755 0. 3608 0. 1452 0. 1589 0. 1595 0. 1518 0. 1992 0. 2699
5 0. 4474 0. 4310 0. 1800 0. 1862 0. 1816 0. 1842 0. 2422 0. 3094
6 0. 5558 0. 5696 0. 2388 0. 2432 0. 2295 0. 2226 0. 2837 0. 3715
7 0. 5398 0. 5204 0. 2236 0. 2360 0. 2211 0. 2221 0. 2888 0. 3752
8 0. 7007 0. 6482 0. 2528 0.2715 0. 2550 0. 2470 0. 3300 0. 4392
9 0. 6852 0. 6915 0. 2626 0. 2640 0. 2502 0. 2624 0. 3297 0. 4347
10 0. 3781 0.4711 0. 1862 0. 1898 0.1748 0. 1702 0. 2179 0. 2949
Fr ef 0. 4433 0. 4325 0. 1804 0. 1900 0. 1827 0. 1800 0. 2340 0. 3066
1997 1998 1999 2000 2001 2002
0 0. 0345 0. 0273 0.0179 0. 0205 0. 0205 0. 0205
1 0. 0813 0.1138 0.1176 0.1871 0.1871 0.1871
2 0.1233 0.1777 0. 1832 0. 3116 0. 3116 0. 3116
3 0.2193 0. 3206 0. 3442 0. 5978 0. 5978 0. 5978
4 0. 2851 0. 4208 0. 4703 0. 8048 0. 8048 0. 8048
5 0. 3187 0. 4524 0. 4657 0. 7895 0. 7895 0. 7895
6 0. 3788 0. 5558 0. 5669 1. 0208 1. 0208 1. 0208
7 0. 3874 0. 5884 0. 6247 1.1048 1.1048 1.1048
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8 0. 4484 0. 6563 0. 7333 1.4372 1.4372 1.4372
9 0. 4463 0.6231 0. 6317 1. 0947 1. 0947 1. 0947
10 0. 3953 0. 5632 0. 6245 1.2661 1.2661 1.2661

Fr ef 0. 3178 0. 4676 0. 4944 0. 8636 0. 8636 0. 8636

Table 6.4.5.5 Stocknumbers at age at 1 jan (*10°)

Bl ue Whiting
1981 1982 1983 1984 1985 1986 1987 1988
0 4492. 2 15381.1 23270.0  14505.5 11838.0 11101.6 8959.0 10373.4
1 3232.0 3830.4 11769.4  18899.6 12023. 7 9777.5 9442.9 7750. 1
2 3351.7 2417.7 2936.0 8642. 1 13506. 6 8552. 3 6846. 9 6796. 0
3 4520. 3 2409. 6 1780. 3 2099. 6 5875. 3 9052. 2 5502. 3 4583.0
4 2968. 9 3040. 3 1687. 7 1214.3 1361. 7 3679.0 5326. 6 3411.2
5 2372.7 1922.1 2059. 6 1108.7 754.7 827.9 2025.5 3040. 7
6 2430. 1 1501. 4 1289.0 1343.0 679. 4 451.0 446.1 1136. 2
7 2115.6 1440.9 955. 4 785. 4 753. 3 359.9 213.1 227.0
8 2071.5 1243.1 910.9 572. 4 432.0 399.4 166. 2 103.1
9 1985. 8 1174. 7 762. 4 527. 4 302. 6 218.2 176. 3 71.7
10 4054.7 3227.4 2587.5 1930. 6 1340.0 888. 9 526.0 336.7
1989 1990 1991 1992 1993 1994 1995 1996
0 23994.5 10094.0 6370. 7 5235. 3 6372. 6 8411.8 27002.2  43301.7
1 9179.3  20497.0 8846. 1 5676. 8 4690. 1 5651. 0 7518.9  22772.3
2 5720. 6 6657. 3 15020. 1 6949. 2 4414.7 3647.4 4395.5 5789.5
3 4670. 2 3819.7 4506. 7 11392. 8 5234.1 3338.0 2774.8 3274.6
4 2949.0 2838.7 2361. 4 3291.9 8227.1 3794. 4 2426.0 1943.5
5 2037.2 1658. 6 1620. 2 1672.1 2299.2 5742.9 2669.0 1627. 4
6 1738.9 1066. 3 882.5 1108.0 1136. 4 1569. 9 3910.9 1715.1
7 587.3 816. 7 493.9 569. 0 711.3 739.6 1028. 8 2411.1
8 115.9 280. 3 397. 4 323.4 368.0 466. 9 484.9 631.1
9 46. 8 47.1 120.0 252.7 201.8 233.4 298. 6 285.4
10 218.0 133.1 77.9 104. 3 178.2 210.9 247.2 278.5
1997 1998 1999 2000 2001 2002
0 19554.2 9374.5 19955.0 13307.8 10432. 3 8320. 4
1 37051.6 17094. 1 8254. 1 17734.9 11796. 7 9247.7
2 17163.0  27967.4  12490.4 6008. 2 12042.3 8010.1
3 4197.3 12421.4  19169. 2 8514.0 3602. 1 7219.8
4 2179.7 2759.9 7380.7 11124. 1 3833.9 1622.0
5 1214.9 1342.0 1483. 6 3775.6 4072.5 1403. 6
6 977.9 723.2 698. 9 762.5 1403. 7 1514. 1
7 968. 4 548. 2 339.6 324.6 224.9 414.1
8 1356.5 538. 3 249.2 148.9 88.0 61.0
9 333.0 709. 2 228.6 98.0 29.0 17.1
10 262.0 240.7 257. 4 156. 5 42.3 11. 6
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Table 6.4.5.6 Results of stock assessment

Bl ue Whiting, Qutput fromfinal AMC run

Year Landings | Recruits SSB Mean F at| SoP (%)
® Age 0 ® ages 3-7
(*10°)

1981 924804 4492.2| 3184545 0.2687 106%
1982 613859| 15381.1| 2552147 0.2111 113%
1983 562084| 23270.0[ 1994150 0.2477 104%
1984 630753| 14505.5| 1605464 0.3149 103%
1985 696998| 11838.0| 1754716 0.3501 100%
1986 849665 11101.6| 1981717 0.4536 103%
1987 664837 8959.0| 1777407 0.4037 100%
1988 557847| 10373.4| 1587846 0.3694 99%
1989 627447| 23994.5| 1531116 0.4433 105%
1990 561610| 10094.0| 1426406 0.4325 100%
1991 369524 6370.7| 1835488 0.1804 100%
1992 475089 5235.3| 2408502 0.1900 100%
1993 480679 6372.6] 2336440 0.1827 100%
1994 459414 8411.8| 2280728 0.1800 100%
1995 578905| 27002.2| 2071278 0.2340 100%
1996 645982| 43301.7| 1902963 0.3066 98%
1997 672437| 19554.2| 1976148 0.3178 96%
1998 1125151 9374.5| 2640087 0.4676 101%
1999 1256328 19955.0| 2783383 0.4944 101%
2000 1412253| 13307.8| 2245721 0.8636 100%
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Table 6.5.1. Blue Whiting. Input data for the deterministic short-term prediction

MFDP version 1

Run: spred

Time and date: 10:27 25/04/2001
Fbar age range: 3-7

2001
Stock Natural Maturity | Prop. of F | Prop. of M| Weight Exploit. Weight
Age size mortality ogive | bef. spaw. | bef. spaw.| in stock pattern in catch
0 12321 0.2 0.00 0.25 0.25 0.033 0.021 0.033
1 11797 0.2 0.11 0.25 0.25 0.056 0.187 0.056
2 12042 0.2 0.40 0.25 0.25 0.075 0.312 0.075
3 3602 0.2 0.82 0.25 0.25 0.089 0.598 0.089
4 3834 0.2 0.86 0.25 0.25 0.113 0.805 0.113
5 4073 0.2 0.91 0.25 0.25 0.141 0.790 0.141
6 1404 0.2 0.94 0.25 0.25 0.168 1.021 0.168
7 225 0.2 1.00 0.25 0.25 0.187 1.105 0.187
8 88 0.2 1.00 0.25 0.25 0.189 1.437 0.189
9 29 0.2 1.00 0.25 0.25 0.215 1.095 0.215
10 42 0.2 1.00 0.25 0.25 0.245 1.266 0.245
2002
Stock Natural Maturity | Prop. of F | Prop. of M| Weight Exploit. Weight
Age size mortality ogive | bef. spaw. | bef. spaw.| in stock pattern in catch
0 12321 0.2 0.00 0.25 0.25 0.033 0.021 0.033
1 0.2 0.11 0.25 0.25 0.056 0.187 0.056
2 0.2 0.40 0.25 0.25 0.075 0.312 0.075
3 0.2 0.82 0.25 0.25 0.089 0.598 0.089
4 0.2 0.86 0.25 0.25 0.113 0.805 0.113
5 0.2 0.91 0.25 0.25 0.141 0.790 0.141
6 0.2 0.94 0.25 0.25 0.168 1.021 0.168
7 0.2 1.00 0.25 0.25 0.187 1.105 0.187
8 0.2 1.00 0.25 0.25 0.189 1.437 0.189
9 0.2 1.00 0.25 0.25 0.215 1.095 0.215
10 0.2 1.00 0.25 0.25 0.245 1.266 0.245
2003
Stock Natural Maturity | Prop. of F | Prop. of M| Weight Exploit. Weight
Age size mortality ogive | bef. spaw. | bef. spaw.| in stock pattern in catch
0 12321 0.2 0.00 0.25 0.25 0.033 0.021 0.033
1 0.2 0.11 0.25 0.25 0.056 0.187 0.056
2 0.2 0.40 0.25 0.25 0.075 0.312 0.075
3 0.2 0.82 0.25 0.25 0.089 0.598 0.089
4 0.2 0.86 0.25 0.25 0.113 0.805 0.113
5 0.2 0.91 0.25 0.25 0.141 0.790 0.141
6 0.2 0.94 0.25 0.25 0.168 1.021 0.168
7 0.2 1.00 0.25 0.25 0.187 1.105 0.187
8 0.2 1.00 0.25 0.25 0.189 1.437 0.189
9 0.2 1.00 0.25 0.25 0.215 1.095 0.215
10 0.2 1.00 0.25 0.25 0.245 1.266 0.245

Input units are millions and kg - output in kilotonnes
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Table 6.5.2. Blue Whiting. Prediction with management option table:
a) Basis for 2001: F2001 = F2000; Recruitment: GM 1981-1999 = 12 321 millions
b) Basis for 2001: TAC constraint = 628 000 t; Recruitment: GM 1981-1999 = 12 321 millions

a)

MFDP version 1

Run: spred

Blue whiting combined stock, 2001 WG
Time and date: 10:27 25/04/2001

Fbar age range: 3-7

Basis for 2001: F2001 = F2000; Recruitment: GM 1981-1999 = 12 321 millions

2001 2002 2003
Biomass SSB FMult FBar Landings Biomass SSB FMult FBar Landings Biomass SSB
3611 1514 1 0.8638 1159 2938 1430 0.0 0.000 0 3524 1925
. 1406 0.1 0.086 119 3394 1786
1382 0.2 0.173 231 3273 1659
1359 0.3 0.259 335 3160 1543
1336 0.4 0.346 433 3053 1437
1314 05 0.432 525 2954 1340
1292 0.6 0.518 612 2860 1251
1270 0.7 0.605 693 2772 1170
1249 0.8 0.691 769 2690 1095
1229 0.9 0.777 841 2612 1026
1208 1.0 0.864 909 2539 963
1188 11 0.950 973 2470 905
1169 1.2 1.037 1033 2405 851
1150 13 1.123 1090 2343 802
1131 14 1.209 1145 2285 756
1112 15 1.296 1196 2230 713
1094 1.6 1.382 1244 2179 674
1077 17 1.469 1290 2129 637
1059 1.8 1.555 1334 2083 604
1042 1.9 1.641 1375 2038 572
1025 2.0 1.728 1415 1996 543
b)
MFDP version 1
Run: spred2
Blue whiting combined stock, 2001 WG
Time and date: 10:29 25/04/2001
Fbar age range: 3-7
Basis for 2001: TAC constraint = 628 000 t; Recruitment: GM 1981-1999 = 12 321 millions
2001 2002 2003
Biomass SSB FMult FBar Landings Biomass SSB FMult FBar Landings Biomass SSB
3611 1660 0.4628 0.3997 628 3510 1887 0.0 0.000 0 4075 2406
1853 0.1 0.086 159 3904 2220
1820 0.2 0.173 307 3745 2050
1788 0.3 0.259 445 3597 1896
1756 0.4 0.346 573 3459 1757
1725 0.5 0.432 693 3330 1629
1695 0.6 0.518 806 3209 1513
1665 0.7 0.605 911 3096 1407
1635 0.8 0.691 1010 2991 1311
1607 0.9 0.777 1102 2892 1222
1579 1.0 0.864 1189 2800 1141
1551 11 0.950 1270 2713 1067
1524 1.2 1.037 1347 2631 999
1498 13 1.123 1419 2555 936
1472 14 1.209 1487 2483 878
1446 15 1.296 1551 2415 825
1422 1.6 1.382 1611 2351 776
1397 17 1.469 1668 2291 731
1373 1.8 1.555 1722 2234 690
1350 1.9 1.641 1773 2180 651
1327 2.0 1.728 1822 2129 615

Input units are millions and kg - output in kilotonnes
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Table 6.6.1. Blue Whiting. Medium term projections

Blue whiting: Medium term predictions

Fixed F in all years from 2002 onwards; F2001 = 0.4

Probabilities (%)

B<BIlim
2002

F-value from 2002

0.00
0.10
0.15
0.20
0.25
0.32

PR R R RR

B<Blim
2010

[cNeNeNeoNeNa]

B>Bpa
2002

53
48
45
43
41
37

B>Bpa
2010

100
100
97
85
62
30

Year when risk Year when prob.

B<Blim

is below 10%

2002
2002
2002
2002
2002
2002

Fixed F in all years from 2002 onwards; F2001 = 0.86 (F 2000)
F-value from 2002

0.00
0.10
0.15
0.20
0.25
0.32

F at F2000 in all years

0.864

19
23
25
27
29
32

61

R OOO0OOo

[y
N

100

11

2
2
2
1
1

100
100
96
83
60
27
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2003
2003
2003
2003
2004

B>Bpa

is above 90%

2003
2003
2003
2003
2004

2004
2006
2007

25%

723

1321

1321

Catch in
2001

50%

784

1434

1434

75%

853

1561

1561

25%

202
297
388
475
591

149
220
287
352
439

972

Catch in
2002

50%

0
222
325
425
520
647

164
242
316
388
483

1077

75%

0
278
358
468
573
714

182
267
350
429
536

1197
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Table6.8.1.Tota catches of BLUE WHITING in 1978-2000 in and beyond EEZs, estimated by the WG.
Note: not al countries are included, hence not quite coincidence with the catch assessment.

Y ear Internat. J. Mayen  Norway Iceland  Grennland Faroes EU Total (t)

1978 136,504 67,391 26,444 6,580 195,361 136,421 568,701
24% 12% 5% 1% 34% 24%

1979 614,734 75,545 15,117 204 224,202 191,564 1,121,366
55% % 1% - 20% 17%

1980 567,693 152,095 4,562 8,757 164,342 160,361 1,057,810
54% 14% - 1% 16% 15%

1981 168,681 123,000 215,004 7,751 174,801 203,223 892,460
19% 14% 24% 1% 20% 23%

1982 22,993 130,435 5,797 125,072 279,474 563,771
4% 23% 1% 22% 50%

1983 15,203 109,675 7,000 91,804 325,816 549,498
3% 20% 1% 17% 59%

1984 18,407 150,603 105 124,905 313,591 607,611
3% 25% 21% 52%

1985 38,978 114,785 196,003 335,162 684,928
6% 17% 29% 49%

1986 20,665 187,768 116 171,074 408,338 787,961
3% 24% - 22% 52%

1987 103,535 109,201 135,980 267,045 615,761
17% 18% 22% 43%

1988 65,172 38,449 157,368 265,182 526,171
12% % 30% 50%

1989 137,093 68,817 4,977 101,177 318,033 630,097
22% 11% 1% 16% 50%

1990 88,509 39,160 115,308 318,710 561,687
16% % 21% 57%

1991 51,950 72,309 99,268 197,522 421,049
12% 17% 24% 47%

1992 47,786 66,333 135,294 253,754 503,167
9% 13% 27% 50%

1993 69,213 47,917 112,773 249,094 478,997
14% 10% 24% 52%

1994 68,926 36,933 133,678 218,303 457,840
15% 8% 29% 48%

1995 82,784 98,034 369 107,483 290,010 578,680
14% 17% - 19% 50%

1996 34,788 69,977 302 111,627 387,209 603,903
6% 11% - 19% 64%

1997 46,961 53,592 10,464 151,791 368,398 631,206
8% 9% 2% 24% 58%

1998 271,873 4,770 105,674 90,649 129,799 498,399 1,101,164
25% 10% 8% 12% 45%

1999 276,256 73,623 111,504 224,588 426,557 1,112,528
25% % 10% 20% 38%

2000 276,857 8,731 122,699 158,895 298,120 414,438 1,279,740

22%

1%

10%

12%

24%

33%
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Table 6.10.1 BLUE WHITING. Sampling in fishery during 2000.

Country No. of No. fish No. fish
samples aged measured

DIRECTED FISHERIES

Faroe Islands 54 2472 5462
Iceland 137 2343 12052
Ireland 7 681 681
Norway 70 2195 6264
Russia 192 1296 38053

MIXED INDUSTRIAL FISHERIES

Denmark 16 0 712
Norway 107 2702 7307
SOUTHERN FISHERIES

Portugal 236 830 25783
Spain 317 1166 28848
Country No. of No. fish No. fish

samples aged measured

TOTAL 1136 13685 125162
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Figure6.4.1.1. Distribution of blue whiting, R.V. ” Johan Hjort” ,spring 2001.
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Figure 6.3.4.1. Maturity ogive of blue whiting in the area to the west of The British Isles, by age (A) and length (B),
spring 2001.
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Figure 6.4.1.3 Tota (A) and spawning (B) stocks length and age distribution of blue whiting in the

areato the west of The British Isles, spring 2001. N*10°®, weighted by abundance.
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Figure 6.4.2.1 Mean catch rates in the bottom trawl surveys from the southern area.
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Figure 6.4.3.1. Blue whiting. Overall aggregated CPUE from the Norwegian directed fisheries
1982 — 2000 (tonnes/hour).
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Figure6.4.4.1 ICA dignostics
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Figure 6.4.4.2. Sensitivity of ICA assessments to small values in tuning fleet data
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Figure 6.4.4.3. Results of the ICA assessment single fleet tuning
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Figure 6.4.4.4. Results of the AMCI assessment single fleet tuning
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Figure 6.4.4.5. Results of the ICA assessment comparison of period for separability constraint
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Figure 6.4.5.1. Bootstrapping the AMCI assessment
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Figure 6.4.5.2 Cumulated frequency distribution of SSB in 2001
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Figure

6.4.5.3. Blue Whiting. Selection pattern by year

AMCI assessment of Blue whiting
Selection pattern by year
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FHgure 6.5.1. Blue Whiting. Sandard plotsfrom the short-term projection.
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Figure 6.6.1. Blue whiting. Stock-recruit function.
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Q3 Q4

Figure 6.8.1. Total catches of blue whiting in 2000 by quarter and I CES rectangle. Grading of the symbols. white 0-100
t, light grey 100-1000 t, dark grey 1000 to 10 000t, and black > 10 000 t. Data from Portugal not included.
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7 ICELANDIC SUMMER-SPAWNING HERRING
7.1 Thefishery

The catches of summer-spawning herring from 1980 - 2000 are given in Tables 7.1.1, 7.1.2 and 7.1.3. No estimate of
discards was made for the 2000/2001 season. The fishery started in September and terminated in January. The catch in
September-January was 100 332 t, see Table 7.1.2. The purse-seine fishery took place off the east coast of Iceland in
September and October, but west of Iceland in late October-January. The pelagic trawl fishery took place both east and
west of Iceland in November-December. In the 1997/98 season 59% of the catch was taken by purse seines, 78% in
1998/99, 61% in 1999/2000 and 72% in 2000/2001. The remainder were taken by pelagic trawl.

The proportion used for reduction to meal and oil was 29% in 1997/98, it increased to 72% in 1998/99. It was 69% in
the 1999/2000 and 64% in the 2000/2001 season. The remainder of the catch was either salted or frozen for human
consumption.

Until 1990, the herring fishery took place during the last three months of the calendar year, but since 1990 the autumn
fishery has continued in January and early February of the following year. In 1994 the fishery started in September.
Therefore, all references to the years 1990-1993 imply seasons starting in October of that year, but after that in
September. Landings, catches and recommended TACs since 1984 are given in thousand tonnesin Table 7.1.1.

7.2 Catch in numbers, weight at age and maturity

The catches in numbers at age for the Icelandic summer-spawners for the period 1981- 2000 are given in Table 7.1.3.
Asusual, age is given in rings where age in years equals the number of rings+1.

During the 1995/96 - 1997/98 seasons, the catches were mainly distributed on the 4 year classes from 1988-1991.
During the 1998/99 and 1999/2000 seasons the catch was on the other hand dominated by the strong 1994 yearclass. In
2000/2001 the 1994 and the very strong 1996 yearclasses were most abundant in the catch.

The weight at age for each year is given in Table 7.2.1 and the proportion mature at age is given in Table 7.2.2. The
most striking feature of these parameters in this stock is that, despite inter-annual variations, the weights at age as well
as other biological variables have remained relatively stable over a wide range of stock sizes and fluctuations of
environmental conditions of |celandic waters.

7.3 Acoustic surveys

The Icelandic summer-spawning herring stock has been monitored by annual acoustic surveys since 1973. These
surveys have been carried out in October-December or January. During a survey carried out during 25 November — 9
December 2000 an estimate was obtained of the adult stock in open waters east and west of Iceland, and estimates of 1-
year-old herring in the coastal waters were also obtained. The estimated size of the adult stock was 564 000 t. of which
only 60 000 t. were located on the traditional fising grounds off the east coast.

According to the 1999/2000 acoustic assessment survey, the abundance of the 1992, 1993 and 1995 yearclasses is low.
On the other hand, the abundance of the 1994 and 1996-1999 year classes is above average. The acoustic estimate of the
1999 yearclass in the December 2000 survey is the highest recorded in this series (Table 7.3.1).

The sum of results obtained in the winter 2000 acoustic surveys have been used as the basis for the present assessment
of 4-ringed (5-ringed on 1 January) and older herring (Table 7.3.1).

Jakobsson et al. (1993) formally tested whether it was feasible to maintain a one-to-one relationship between acoustic
and VPA estimates of stock size. It was found that a modification of the target strength, from TS=21.7 log(L) - 75.5 dB
to TS=20 log(L)-72 dB, gave a much better fit between the two data sets. The resulting target strength TS = 20 log(L) -
72 dB was used to recalculate historic acoustic stock assessments. This TS = 20 log(L) - 72 dB has been the basis of
calculations of stock abundance from acoustic survey data since 1993.
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7.4 Stock assessment

Using the results from the acoustic survey and the catch in numbers a first estimate of F was made. The results are given
in Table 7.4.1 as F4. In this analysis, 5-ringers (at 1 Jan 2001) and older have been grouped for estimating the fishing
mortality for the oldest herring, whereas the fishing mortality on the younger age groups is calculated for each year
class. For F on the oldest age group an average of F for 613 ringers was used.

In comparing the usual ADAPT-type of assessment (see 1.3.4) and the series of acoustic estimates the 1998 acoustic
estimate was considered to be an outlier and was therefore discarded from the assessment. The resulting ADAPT-type
run gave an F of 0.147, see Figure 7.4.1. The resulting stock trend from VPA is plotted together with the acoustic
estimates in Figure 7.4.2 and the relationship between the two estimates is shown in Figure 7.4.3.

Like last year an X SA was run with aresult similar to last year, i.e. about 25% lower stock. Retrospective plots (Figure
7.4.4) showed more consistency using the ADAPT-type of assessment than obtained by the XSA. Therefore it was
decided to retain the ADAPT-type. However, the retroplot showed that the terminal F values were underestimated in the
last 4 years. Therefore the terminal F this year was increased by 20%, which is the mean underestimate of the last 4
years, resulting in aF of 0.18.

In order to test whether the catch data alone gave the same information about F as the ADAPT-type the ISVPA (see
1.3.6) was run and several options tried. Unfortunately no global minimum was found and therefore the results from the
ISV PA could not be used.

Using the catch data given in Table 7.1.3 and the fitted values of fishing mortalities given in Table 7.4.1, afinal VPA
was run, using a natural mortality rate of 0.1 for all age groups and the proportion of M before spawning as 0.5. Fishing
mortality at age for 1980-2000 and stock in numbers at age and spawning stock biomass on 1 July 1980-2000 are given
in Tables 7.4.2 and 7.4.3 respectively. The standard stock summary is given in Table 7.4.4 and the standard plots of the
time series of spawning stock biomass and recruitment and trends in yield and fishing mortality are shown in Figure
7.4.5. In the absence of reliable abundance estimates for the 1997, 1998 and 1999 yearclasses, the RCT3 programme
was used. It estimated the sizes of these year classes as 865, 745 and 1508 million respectively (see Tables 7.4.5 and
7.4.6).

According to the present assessment, the spawning stock biomass was about 627 000 t on 1 July 2000 which is similar
to the estimate made last year.

75 Catch and stock projections

The input data for the MDPF short-term projections are given in Table 7.5.1. Although the variations of mean weight at
age are relatively small with regard to the extreme variations of environmental conditions and changes in stock size,
observed during the past decades, an earlier Working Group found that a smple model of the interannual variation
explains a statistically significant portion of the variance in weight at age (ICES 1993/A ssess:6).

Like in previous years, a regression of increase in weight on mean weight in the previous year has been used to predict
the weight at age for 2-8 ringers, using as input the weight at age for 1-7 ringers in the year before. Data for the
regression included the period 1990-2000 as starting years. For 1 ringers and 9+ ringers, a simple average of mean
weights at age for the period 1996—2000 was used for the prediction. Weights at age for 2-8 ringers in the catch were
obtained using the relationship:

Wy41 - Wy =-0.191* W, + 87.4 ()
where W, and W, are the mean weight of the same year classin year y and y+1 respectively.
As a selection pattern, the mean selection pattern of 1996-1999 is used, assuming 1 on 4 ringers and older.

Outputs of the prediction, assuming catches corresponding to a fishing mortality rate of Fy;=0.22, are given in Table
7.5.2, and projections of spawning stock biomass and catches (tonnes) for a range of values of Fs are given in Table
75.3.

In 2001 and 2002, it is expected that by far the largest contribution in numbers at age will be herring of the 1996
yearclass, i.e 4-ringed herring in 2001 and 5-ringed in 2002.
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Yield per recruit, spawning stock per recruit and short-term yield and spawning stock biomass are shown in Figure
7.5.1, using the long-term average (1981-2000) values givenin Table 7.5.4.

7.6 Management consider ation

During the last 20 years the I celandic summer-spawning herring stock has been managed at levels corresponding fairly
closely to fishing at Fy ;. Exploiting the stock at a fishing mortality rate of F,,=0.22 during the 2001/2002 season would
result in a catch of about 125000t (Table 7.5.2 and 7.5.3). The spawning stock biomassin 2001 is expected to be about
695 000 t and about 725 000 t in the year 2002. Thisis mainly due to the large contribution of the very strong 1996
yearclass. Harvesting at higher fishing mortality rates than Fq; would give a correspondingly higher short-term yield,
but would reduce the stock sharply when the effect of the strong year class presently in the stock has been further
reduced.

The Working Group points out that managing this stock at an exploitation rate at or near Fq, has been successful in the
past. Thus the Working Group agreed in 1998 with the SGPAFM on using Fy.=F;,=0.22, B,,;=Bji,e"****=300 000 t
where B;;»=200 000 t.

Jakobsson and Stefansson (1999) made a risk analysis and stated that the probability of stock collapse needs no further
consideration as long as the target fishing mortality is kept below 0.25 The present F for this stock is estimated to be
0.18 which is well below F,,=0.22. Furthermore, the spawning stock is estimated to be 695 000 t compared to B,;=300
000 t. Therefore, the stock isin a healthy state and well above any “alarm level”.

7.7 Stock recruitment

A stock recruitment plot is shown in Figure 7.7.1.

7.8 Sampling
Investigation No. of samples | Length measured individuals | Aged individuals
Fishery 79 4149 3876
Acoustic, wintering area | 6 1747 600

Table 7.1.1 Icelandic summer spawners. Landings, catches and recommended TACsin thousand tonnes.

Year Landings Catches Recommended

TACs
1984 50.3 50.3 50.0
1985 49.1 49.1 50.0
1986 65.5 65.5 65.0
1987 73.0 73.0 70.0
1988 92.8 92.8 100.0
1989 97.3 101.0 90.0
1990/1991 101.6 105.1 90.0
1991/1992 98.5 109.5 79.0
1992/1993 106.7 108.5 86.0
1993/1994 101.5 102.7 90.0
1994/1995 132.0 134.0 120.0
1995/1996 125.0 1259 110.0
1996/1997 95.9 95.9 100.0
1997/1998 64.7 64.7 100.0
1998/1999 87.0 87.0 90.0
1999/2000 929 929 100.0
2000/2001 100.3 100.3 110.0

*Preliminary

216 O\ACFM\WGREPS\WGNPBW\REPORTS\2001\wgnpbw2001.doc



Table 7.1.2 Icelandic summer spawners. Catch in tonnes by Icelandic squares, I CES rectangles and months.

Icelandic
squares
318
324
366
367
372
373
374
411
413
414
416
420
422
423
424
425
426
461
462
463
474
475
476
512
525
526
561
562
563
564
573
574
575
576
611
612
613
614
663
674
675
714
722
724
925

ICES
rectangles
55D1
55C5
56D3
56D2
56C7
56C6
56C5
57D8
57D6
57D5
57D3
57C9
57C7
57C6
57C5
57C4
57C3
58D8
58D7
58D6
58C5
58C4
58C3
59D7
59C4
59C3
60D8
60D7
60D6
60D5
60C6
60C5
60C4
60C3
61D8
61D7
61D6
61D5
62D6
62C5
62C4
63D5
63C7
63C5
67C4

September
2000

3102
1895

190

October
2000
130

7336
14555

100
425
820
460

10928

80

20

70

150

November December

2000

1510
30
1370

220
3460

100
100

2245
170

720
430
895
40
100
1180

1100
2496
490

300

360

3786
1575
100
40
1680
1460

30
650
40

January
2000 2001
570
300
6455 5550
930 297
370
150
1660
260
620
210
100
600
3580
60
3955
70
1942
360
60
0
30
50
680
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Table 7.1.3 Icelandic summer spawners. Catch in numbers (millions) and total catch in weight
(thous. tonnes). Ageinyearsis number of rings+1.
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Rings/Y ear 1981 1982 1983 1984 1985 1986 1987
1 2.283 0.454 1.475 0421 0.112 0.100 0.029
2 4.629 19.187 22.499 18.015 12.872 8.172 3.144
3 16.771 28.109 151.718 32.244 24.659 33.938 44.590
4 12.126 38.280 30.285 141.354 21.656 23.452 60.285
5 36.871 16.623 21.599 17.043 85.210 20.681 20.622
6 41.917 38.308 8.667 7.113 11.903 77.629 19.751
7 7.299 43.770 14.065 3.916 5.740 18.252 46.240
8 4.863 6.813 13.713 4.113 2.336 10.986 15.232
9 13.416 6.633 3.728 4517 4.363 8.594 13.963
10 1.032 10.457 2.381 1.828 4.053 9.675 10.179
11 0.884 2.354 3.436 0.202 2.773 7.183 13.216
12 0.760 0.594 0.554 0.255 0.975 3.682 6.224
13 0.101 0.075 0.100 0.260 0.480 2.918 4.723
14 0.062 0.211 0.003 0.003 0.581 1.788 2.280
Catch 39.544 56.528 58.867 50.304 49.368 65.500 75.439
Rings/year 1988 1989 1990 1991 1992 1993 1994

1 0.879 3.974 11.009 35.869 12.006 0.869 6.225

2 4.757 22.628 14.345 92.758 79.782 35.560 110.079

3 41.331 26.649 57.024 51.047 131.543 170.106 99.377

4 99.366 77.824 34.347 87.606 43.787 87.363 150.310

5 69.331 188.654 77.819 33.436 56.083 25.146 90.824

6 22.955 43.114 152.236 54.840 41.932 28.802 23.926

7 20.131 8.116 32.265 109.418 36.224 18.306 20.809

8 32.201 5.897 8.713 9.251 44.765 24.268 19.164

9 12.349 7.292 4.432 3.796 9.244 14.318 17.973

10 10.250 4.780 4.287 2.634 2.259 3.639 16.222

11 7.378 3.449 2517 1.826 0.582 0.878 2.955

12 7.284 1.410 1.226 0.516 0.305 0.300 1.433

13 4.807 0.844 1.019 0.262 0.203 0.200 0.345

14 1.957 0.348 0.610 0.298 0.102 0.100 0.345
Catch 92.828 101.000 105.097 109.489 108.504 102.741 134.003
Rings/Yea 1995 1996 1997 1998 1999 2000
r

1 7.411 1.100 9.323 16.161 0.629 7.958

2 26.221 18.723 27.072 37.787 43.537 52.921

3 159.170 45.304 28.397  151.853 65.871  131.153

4 86.940 92.948 29.451 42833  145.127 44.334

5 105.542 69.878 42.267 19.872 24.653  102.925

6 74.326 86.261 35.285 30.280 20.614 10.962

7 20.076 37.447 28.506 22572 25.853 9.312

8 13.797 13.207 21.828 32.779 21.163 17.218

9 8.873 6.854 8.160 14.366 14.436 9.471

10 9.140 4.012 3.815 4.802 6.973 7.610

11 7.079 1.672 1.696 2.199 2.164 1.930

12 2.376 4.179 6.570 1.084 2.426 5.199

13 0.927 1.672 1.378 5.081 0.473 0.552

14 0.124 0.100 1.802 3.036 0.961 0.166
Catch 125.851 95.882 64.682 86.998 92.896  100.332




Table 7.2.1 Icelandic summer spawners. Weight at age (g). Agein yearsis number of rings+1.

Rings/Y ear 1981 1982 1983 1984 1985 1986 1987
1 61 65 59 49 53 60 60
2 141 141 132 131 146 140 168
3 190 186 180 189 219 200 200
4 246 217 218 217 266 252 240
5 269 274 260 245 285 282 278
6 298 293 309 277 315 298 304
7 330 323 329 315 335 320 325
8 356 354 356 322 365 334 339
9 368 385 370 351 388 373 356
10 405 389 407 334 400 380 378
11 382 400 437 362 453 394 400
12 400 394 459 446 469 408 404
13 400 390 430 417 433 405 424
14 400 420 472 392 447 439 430

1988 1989 1990 1991 1992 1993 1994

Rings/Y ear
1 75 63 75 74 63 74 67
2 157 130 119 139 144 150 135
3 221 206 198 188 190 212 204
4 239 246 244 228 232 245 249
5 271 261 273 267 276 288 269
6 298 290 286 292 317 330 302
7 319 331 309 303 334 358 336
8 334 338 329 325 346 373 368
9 354 352 351 343 364 387 379
10 352 369 369 348 392 401 398
11 371 389 387 369 444 425 387
12 390 380 422 388 399 387 421
13 408 434 408 404 419 414 402
14 437 409 436 396 428 420 390

Rings/Y ear 1995 1996 1997 1998 1999 2000 2001*
1 69 78 62 78 64 58 69
2 129 140 137 147 143 158 134
3 178 166 197 184 211 214 215
4 236 208 234 213 236 256 260
5 276 258 270 246 268 284 295
6 292 294 299 286 300 326 317
7 314 312 323 314 318 333 351
8 349 324 342 341 349 366 357
9 374 360 358 351 347 383 363
10 381 349 363 354 377 402 376
11 400 388 373 350 359 405 390
12 409 403 412 372 403 422 403
13 438 385 394 400 408 406 407
14 469 420 429 437 445 444 429

* Predicted
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Table 7.2.2 Icelandic summer spawners. Proportion mature at age.

Ageinyearsis number of rings+1.

Rings/Y ear 1981 1982 1983 1984 1985 1986 1987
1 0.000 0.020 0.000 0.000 0.000 0.000 0.000
2 0.030 0.050 0.000 0.010 0.000 0.030 0.010
3 0.650 0.850 0.640 0.820 0.900 0.890 0.870
4 0.990 1.000 1.000 1.000 1.000 1.000 1.000
5 1.000 1.000 1.000 1.000 1.000 1.000 1.000
6 1.000 1.000 1.000 1.000 1.000 1.000 1.000
7 1.000 1.000 1.000 1.000 1.000 1.000 1.000
8 1.000 1.000 1.000 1.000 1.000 1.000 1.000
9 1.000 1.000 1.000 1.000 1.000 1.000 1.000

10 1.000 1.000 1.000 1.000 1.000 1.000 1.000
11 1.000 1.000 1.000 1.000 1.000 1.000 1.000
12 1.000 1.000 1.000 1.000 1.000 1.000 1.000
13 1.000 1.000 1.000 1.000 1.000 1.000 1.000
14 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Rings/Y ear 1988 1989 1990 1991 1992 1993 1994
1 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2 0.045 0.060 0.000 0.013 0.020 0.049 0.054
3 0.900 0.930 0.780 0.720 0.930 0.999 1.000
4 1.000 1.000 1.000 1.000 1.000 1.000 0.992
5 1.000 1.000 1.000 1.000 1.000 1.000 1.000
6 1.000 1.000 1.000 1.000 1.000 1.000 1.000
7 1.000 1.000 1.000 1.000 1.000 1.000 1.000
8 1.000 1.000 1.000 1.000 1.000 1.000 1.000
9 1.000 1.000 1.000 1.000 1.000 1.000 1.000

10 1.000 1.000 1.000 1.000 1.000 1.000 1.000
11 1.000 1.000 1.000 1.000 1.000 1.000 1.000
12 1.000 1.000 1.000 1.000 1.000 1.000 1.000
13 1.000 1.000 1.000 1.000 1.000 1.000 1.000
14 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Rings/Y ear 1995 1996 1997 1998 1999 2000 2001*
1 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2 0.157 0.049 0.160 0.265 0.074 0.279 0.206
3 0.982 0.990 0.925 0.935 0.879 0.813 0.882
4 0.998 1.000 0.989 0.995 0.977 0.992 0.988
5 1.000 1.000 1.000 1.000 1.000 1.000 1.000
6 1.000 1.000 1.000 1.000 1.000 1.000 1.000
7 1.000 1.000 1.000 1.000 1.000 1.000 1.000
8 1.000 1.000 1.000 1.000 1.000 1.000 1.000
9 1.000 1.000 1.000 1.000 1.000 1.000 1.000

10 1.000 1.000 1.000 1.000 1.000 1.000 1.000
11 1.000 1.000 1.000 1.000 1.000 1.000 1.000
12 1.000 1.000 1.000 1.000 1.000 1.000 1.000
13 1.000 1.000 1.000 1.000 1.000 1.000 1.000
14 1.000 1.000 1.000 1.000 1.000 1.000 1.000

* Predicted (mean of 1998-2000)
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Table 7.3.1 Acoustic estimates (in millions) of the Icelandic summer spawning herring, 1974-2000.

The surveys are conducted in October-December or January. The year given isthe
following year, i.e. if the survey is conducted in the season 1973/1974, then 1974 is

given.
RinggYe 74 75 76 77 78 79 80 81 82 83 84 85 86 87
ar
1 - - - - - - - 625 - - - - 201
2 154 5 136 - 212 158 19 361 17 - 171 28 652
3 - 137 20 - 424 334 177 462 75 - 310 67 208
4 - 19 133 - 46 215 360 85 159 - 724 56 110
5 - 21 17 - 19 49 253 170 42 - 80 360 86
6 - 2 10 - 139 20 51 182 123 - 39 65 425
7 - 2 3 - 18 111 41 33 162 - 15 32 67
8 - - 3 - 18 30 93 29 24 - 27 16 41
9 - - - - 10 30 10 58 8 - 26 17 17
10 - - - - - 20 - 10 46 - 10 18 27
11 - - - - - - - - 10 - 5 9 26
12 - - - - - - - - - - 12 7 16
13 - - - - - - - - - - - 4 6
14 - - - - - - - - - - - 5 6
15 - - - - - - - - - - - 5 1
5+ - 25 33 - 204 260 448 482 415 - 214 538 718
RingsgYe 88 89 90 91 92 93 94 95 96 97 98 99 2000 2001
ar
1 406 370 - 710 465 1418 183 - 845 266 1629 - 1069 2832
2 126 725 178 805 745 254 234 - 98 792 237 - 527 101
3 352 181 503 227 850 858 533 - 165 65 716 188 740 560
4 836 249 177 304 353 687 860 - 515 139 100 790 296 1069
5 287 381 302 137 273 160 443 - 316 459 116 240 606 323
6 53 171 538 176 94 99 55 - 361 280 240 101 99 609
7 37 42 185 387 81 87 69 - 166 410 161 73 71 30
8 76 23 - 40 210 44 43 - 110 150 130 47 164 31
9 25 30 - 10 32 92 86 - 52 101 97 77 108 38
10 21 16 - 2 11 39 55 - 29 50 35 47 98 13
11 14 10 18 - - - 2 - 16 35 15 10 15 18
12 17 9 - - 17 - - - 27 15 11 10 44 6
13 8 5 - - - - - - 19 65 43 - 5 9
14 6 3 - - - - - - 8 32 8 22 13 4
15 3 2 - - - - - - 2 - 15 - 7 1
5+ 547 692 1043 752 718 521 753 - 1105 1597 870 627 1230 1082

Table 7.4.1 Icelandic summer spawners. Stock abundance and catches by age group (millions) and
fishing mortality rate. F, isthe F calculated from the acoustic survey estimates for 1-4
ringersin 2000. Fyq isthe Fin 2000. prognosis).

Ringsin Y ear class Acoustic Catch Fac Foooo
2000 estimate 2000/2001
Dec. 2000
1 1998 101 7.958 0.008 0.01
2 1997 561 52.921 0.086 0.74
3 1996 1069 131.153 0.110 0.117
4+ 1995 1082 209.679 0.169 0.18
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Table 7.4.2 Icelandic summer spawners. Fishing mortality at age. Agein yearsis number of rings+1.
Run title : Herring Sunmmer-spawn, 2nd run in 2001
At 25/04/2001 21:23
Traditional vpa wusing file input for termnal F

Table 8 Fishing nortality (F) at age

YEAR, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 1988, 1989
1990,
AGE
1, . 0027, . 0020, . 0071, . 0009, . 0001, . 0002, . 0001, . 0019, . 0097, . 0132
2, . 0217, . 0257, . 1164, . 1009, . 0311, . 0078, . 0058, . 0167, . 0562, . 0397
3, . 0979, . 1589, . 2576, . 2174, . 1750, . 0964, . 0484, . 0889, . 1102, . 1753
4, . 1228, . 2999, . 2294, . 3599, . 1988, . 2244, . 2213, . 1301, . 2147, . 1813
5, . 2478, . 2204, . 2461, . 1748, . 3406, . 2640, . 2801, . 3775, . 3439, . 3071,
6, . 3183, . 3895, . 1533, . 1072, . 1596, . 5243, . 3836, . 5058, . 3786, . 4552
7, . 1680, . 5649, . 2151, . 0864, . 1064, . 3463, . 6041, . 7449, . 2980, . 4785
8, . 1689, . 2090, . 3058, . 0808, . 0614, . 2707, . 4801, 1.0116, . 4447, . 5295
9, . 4048, . 3243, . 1516, . 1397, . 1039, . 2969, . 5721, . 8000, . 5789, . 6245
10, . 0982, . 5608, . 1651, . 0929, . 1610, . 3116, . 6002, . 9788, . 7433, L7111,
11, . 7364, . 3006, . 3197, . 0170, . 1781, L4177, . 7981, 1.0682, . 9620, 1.0229
12, 2.1779, 1.6231, . 0958, . 0315, . 0959, . 3364, . 6838, 1.3498, .5196, 1.0077
13, .1879, 1.9323, 1.4197, . 0536, . 0688, . 4031, . 8315, 1.7762, . 4595, . 7830
14, L4710, . 6450, . 3070, . 1110, . 1460, . 3460, . 5590, . 9010, . 5050, . 6260
0 FBAR 4-14, . 4638, . 6427, . 3280, . 1141, . 1473, . 3401, . 5467, . 8767, . 4953, . 6115
W Fbar 4-14 0. 245 0. 365 0.224 0. 255 0. 227 0. 359 0. 38 0. 296 0. 316
0.371
Table 8 Fishing nortality (F) at age
YEAR, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998, 1999, 2000, FBAR
98_ * *
AGE
1, . 0333, . 0183, . 0011, . 0212, . 0282, . 0008, . 0190, . 0107, . 0008, . 0110, . 0075
2, . 1317, . 0868, . 0622, . 1624, . 1051, . 0831, . 0226, . 0900, . 0326, . 0740, . 0656
3, L1731, . 2489, . 2400, . 2208, . 3304, . 2375, . 1569, . 1523, . 2000, . 1170, . 1564
4, . 3927, . 1974, . 2325, . 3076, . 2728, . 2914, . 2139, . 3324, . 1907, . 1800, . 2344
5, . 2405, . 4158, . 1491, . 3573, . 3277, . 3264, . 1865, . 1959, . 2889, . 1800, . 2216
6, . 3284, . 4718, . 3464, . 1852, . 4910, . 4308, . 2427, L1772, . 2849, . 1800, . 2140
7, . 6113, . 3338, . 3442, . 4011, . 2091, . 4356, . 2194, . 2160, . 2019, . 1800, . 1993
8, . 2168, . 4805, . 3472, . 6428, . 4486, . 1852, . 4334, . 3731, . 2873, . 1800, .2801
9, . 4102, . 3107, . 2465, . 4149, . 6191, . 3725, . 1497, . 5015, . 2489, . 1800, . 3101
10, . 8409, . 4058, . 1728, . 4300, . 3413, . 5597, . 3254, . 1110, . 4301, . 1800, . 2404
11, . 6693, . 3903, . 2427, . 1855, . 3003, . 0860, . 4320, . 2812, . 0603, . 1800, . 1738
12, . 5195, . 1943, L3177, . 6796, . 1998, . 2595, . 4923, . 4805, . 5028, . 1800, . 3878
13, . 5316, . 3518, . 1690, . 6425, 1.1808, . 1887, . 1144, . 7817, . 3535, . 1800, . 4384
14, . 4860, . 3600, . 2610, . 4310, . 4440, . 3160, . 2840, . 3490, . 2860, . 1800, . 2717
0 FBAR 4-14, . 4770, . 3557, . 2572, . 4252, . 4395, . 3138, . 2813, . 3454, . 2850, . 1800
W Fbar 4-14 0. 405 0. 349 0. 245 0.33 0. 335 0. 334 0.231 0. 265 0. 215 0.18
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Table 7.4.3 Icelandic summer spawners. VPA stock size (thousands) and SSB (tonnes).

At 25/ 04/ 200

Ageinyearsis number of rings+1.
1 21:23
Tradi ti onal

vpa wusing file input

for termnal F

Tabl e 10 St ock nunber at age (start of year) Nunber s*10**- 3
YEAR, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 1988, 1989, 1990,
AGE
1, 880307, 237962, 219273, 488884, 1221030, 627117, 333067, 481689, 432423, 883851,
2, 226761, 794364, 214885, 197004, 441961, 1104727, 567344, 301344, 435014, 387494,
3, 188761, 200782, 700531, 173064, 161141, 387667, 991829, 510365, 268145, 372112,
4, 110146, 154865, 154983, 489917, 125991, 122394, 318532, 855063, 422528, 217312,
5, 176138, 88146, 103820, 111493, 309292, 93445, 88490, 231004, 679315, 308453,
6, 161156, 124390, 63981, 73445, 84702, 199068, 64931, 60506, 143305, 435803,
7, 49539, 106069, 76246, 49662, 59699, 65339, 106631, 40032, 33013, 88802,
8, 32839, 37894, 54551, 55641, 41216, 48565, 41816, 52737, 17198, 22173,
9, 42211, 25097, 27821, 36354, 46438, 35073, 33521, 23411, 17352, 9975,
10, 11586, 25481, 16418, 21634, 28605, 37874, 23584, 17117, 9519, 8801,
11, 1772, 9503, 13159, 12595, 17838, 22034, 25094, 11709, 5820, 4096,
12, 886, 768, 6366, 8649, 11205, 13507, 13130, 10222, 3641, 2012,
13, 619, 91, 137, 5234, 7583, 9211, 8730, 5996, 2398, 1959,
14, 173, 464, 12, 30, 4489, 6405, 5569, 3439, 918, 1371,
0 TOTAL, 1882895, 1805875, 1652185, 1723607, 2561190, 2772426, 2622269, 2604635, 2470590,
2744214,
TOTSPBI O 186451, 193274, 219983, 233061, 250483, 262045, 366597, 423868, 389088,
346831,
Tabl e 10 St ock nunber at age (start of year) Nunber s*10**- 3
YEAR, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998, 1999, 2000, 2001,
GVBT 81-98 AVST 81-98
ACGE
1, 1151297, 696583, 852652, 311507, 280179, 1410802, 519236, 1590601, 861777, 764349, 0, 589238,
701026,
2, 789275, 1007641, 618881, 770684, 275945, 246471, 1275501, 460961, 1423870, 779170, 684046,
476890, 562014,
3, 336984, 626064, 835947, 526192, 592818, 224776, 205226, 1128385, 381192, 1246986, 654734,
388956, 468377,
4, 282559, 256449, 441670, 594976, 381801, 385475, 160394, 158731, 876801, 282389, 1003736,
262755, 312988,
5, 164023, 172643, 190479, 316732, 395802, 262990, 260628, 117177, 103011, 655589, 213425,
191577, 226115,
6, 205296, 116686, 103072, 148472, 200489, 258056, 171701, 195699, 87162, 69823, 495484,
135851, 156153,
7, 250125, 133758, 65867, 65956, 111629, 111025, 151772, 121879, 148327, 59314, 52771,
82646, 93725,
8, 49794, 122809, 86681, 42243, 39959, 81950, 64982, 110274, 88857, 109671, 44828,
49633, 55740,
9, 11814, 36276, 68727, 55424, 20097, 23087, 61613, 38118, 68709, 60326, 82888,
30142, 34023,
10, 4834, 7093, 24057, 48600, 33119, 9791, 14393, 48001, 20888, 48473, 45594,
17869, 21695,
11, 3911, 1886, 4277, 18312, 28606, 21302, 5062, 9406, 38871, 12293, 36635,
8924, 12021,
12, 1332, 1812, 1155, 3036, 13764, 19169, 17686, 2974, 6425, 33115, 9291,
4534, 7295,
13, 665, 717, 1350, 761, 1392, 10199, 13380, 9781, 1664, 3516, 25028,
2100, 4456,
14, 810, 353, 456, 1032, 362, 387, 7641, 10798, 4050, 1057, 2657,
824, 2484
TOTAL, 3252720, 3180769, 3295270, 2903927, 2375962, 3065479, 2929214, 4002783, 4111604, 4126072, 3351117
TOT-, 299632, 345083, 450592, 453267, 432139, 338555, 324143, 429163, 447980, 627167,
SPBI O
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Table 7.4.4 Icelandic summer spawners.

Run

title

At 25/04/2001 21:23

1981,
1982,
1983,
1984,
1985,
1986,
1987,
1988,
1989,
1990,
1991,
1992,
1993,
1994,
1995,
1996,
1997,
1998,
1999,
2000,

Arith.

Mean
0 Units,
1

Herring

Sumrer - spawn,

Table 17 Sumar y (with SOP correction)
Traditional vpa wusing file input
RECRUI TS, TOTALBI O, TOTSPBI O, LANDI NGS
Age 1
880307, 293501, 186451, 39544, . 2121,
237962, 330691, 193274, 56528, . 2925,
219273, 317860, 219983, 58867, . 2676,
488884, 300358, 233061, 50304, . 2158,
1221030, 396128, 250483, 49368, . 1971
627117, 471644, 262045, 65500, . 2500,
333067, 525509, 366597, 75439, . 2058,
481689, 537898, 423868, 92828, . 2190,
432423, 493688, 389088, 101000, . 2596,
883851, 493188, 346831, 105097, . 3030,
1151297, 526451, 299632, 109489, . 3654,
696583, 557066, 345083, 108504, . 3144,
852652, 624847, 450592, 102741, . 2280,
311507, 597731, 453267, 134003, . 2956,
280179, 505672, 432139, 125851, . 2912,
1410802, 499095, 338555, 95882, . 2832,
519236, 522957, 324143, 64395, . 1987,
1590601, 637508, 429163, 86999, . 2027,
861777, 730307, 447980, 92896, . 2074,
764349, 838249, 627167, 100332, . 1600,
, 712229, 510017, 350970, 85778, . 2485
(Thousands), (Tonnes), (Tonnes), (Tonnes)

[

Table 7.4.5 Icelandic summer spawners. Input data for the RCT3 program.
I cel and Herring: VPA and acoustic survey data

321 2

"Yearcl'

1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

224

' VPAage2'
880 -1117 625
237 310-11-11
21967 171-11
487 208 28 -11
1219 -11 652 -11
627 352 -11 201
333181126 -11
482 593 725 406
432 227 178 370
884 850 805 - 11
1151 858 745 710
697 533 254 465

853 -11 234 1418
312 165 -11 183
28065 98 -11

1411 716 792 845
519 188 237 266
1591 740 - 11 1629

-11 561 527 -11
-11-11101 1069
-11-11-11 2832
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"Surv4' ' Surv3' ' Surv2'

2nd

for termnal F
Yl ELDY SSB,

. 9988,
. 0003,
. 9989,
. 9992,
. 0002,
. 9999,
. 9999,
. 9994,
. 9997,
. 9991,
. 9996,
. 9994,
. 9991,
. 0003,
. 0006,
. 9999,
. 0001,
. 0001,
. 0007,
. 9993,

run

SOPCOFAC,

. 4638,
. 6427,
. 3280,
. 1141,
. 1473,
. 3401,
. 5467,
. 8767,
. 4953,
. 6115,
L4770,
. 3557,
. 2572,
. 4252,
. 4395,
. 3138,
. 2813,
. 3454,
. 2850,
. 1800,

. 3963,

in

2001

FBAR 4-14,



Table 7.4.6 Icelandic summer spawners. Output from the RCT3 program.

Anal ysis by RCT3 ver3.1 of data fromfile
recl3. dat
Iceland Herring: VPA and acoustic survey data

Data for 3 surveys over 21 years : 1979 - 1999
Regression type = C

Tapered time wei ghting applied

power = 3 over 20 years

Survey wei ghting not applied

Fi nal estinmates shrunk towards nean
Mnimum S. E. for any survey taken as 0.20
M ni mum of 3 points used for regression

For ecast/ Hi ndcast variance correction used

Yearcl ass = 1997
R Regression---------- I R Prediction---------
Survey/ Slope Inter- Std Rsquare No. |Index Predicted Std VAP
Series cept Error Pts Val ue Val ue Error Wi ght s
Surv4 0. 82 1.64 0.37 0.759 15 6.33 6. 85 0. 441 0. 522
Surv3 0. 85 1.65 0.59 0.507 14  6.27 6. 95 0. 707 0. 203
Surv2
VPA Mean = 6. 47 0. 607 0. 275
Yearcl ass = 1998
[ Regression---------- [ R T Prediction--------- |
Survey/ Slope Inter- Std Rsquare No. Index Predicted Std WAP
Series cept Error Pts Value Value Error Wi ght s
Surv4
Surv3 0. 83 1.73 0.52 0.570 14 4.62 5.56 0.679 0. 229
Surv2 0. 84 1.33 0.37 0.737 11 6.98 7.18 0. 465 0. 488
VPA Mean = 6. 49 0.611 0. 283
Yearcl ass = 1999
R Regression---------- I R Prediction---------
Survey/ Slope Inter- Std Rsquare No. |Index Predicted Std WAP
Series cept Error Pts Val ue Val ue Error Wi ght s
Surv4
Surv3
Surv?2 0.84 1.35 0.36 0.749 11 7.95 7.99 0. 559 0. 549
VPA Mean = 6. 50 0.617 0. 451
Year Wi ght ed Log I nt Ext Var VPA Log
Cd ass Aver age WAP Std Std Rati o VPA
Prediction Error Error
1997 865 6.76 0. 32 0.13 0.17
1998 745 6.61 0. 32 0. 45 1.96
1999 1508 7.32 0.41 0.74 3.19
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Table7.5.1

MFDP version 1

Run: FI N2

Time and date: 10:01 27/04/2001
Fbar age range: 4-14

2001
Age | N M Vet PF PM SW Sel CW
1 1508000 | .1 0 0 5 069 006 069
2 666614 | .1 21 0 5 134 04 134
3 658242 | .1 882 0 5 215 112 215
4 1003736 | .1 988 0 5 .26 149 26
5 213425 | .1 1 0 5 295 18 295
6 495484 | .1 1 0 5 317 18 317
7 52771 1 1 0 5 351 18 351
8 44828 1 1 0 5 357 18 357
9 82888 1 1 0 5 363 18 363
10 45594 1 1 0 5 376 18 376
11 36635 1 1 0 5 39 18 39
12 9291 1 1 0 5 403 18 403
13 25028 1 1 0 5 407 18 407
14 2657 1 1 0 5 429 18 429
2002

Age N M Vat PF PM SW Sel CW
1 650000 | .1 0 0 5 069 006 069
2 1 21 0 5 134 04 134
3 1 882 0 5 215 112 215
4 1 988 0 5 26 149 26
5 1 1 0 5 295 18 295
6 1 1 0 5 317 18 317
7 1 1 0 5 351 18 351
8 1 1 0 5 357 18 357
9 1 1 0 5 363 18 363
10 1 1 0 5 376 18 376
11 1 1 0 5 39 18 39
12 1 1 0 5 403 18 403
13 1 1 0 5 407 18 407
14 1 1 0 5 429 18 429
2003

Age N M Vat PF PM SW Sel CW
1 650000 | .1 0 0 5 069 006 069
2 1 21 0 5 134 04 134
3 1 882 0 5 215 112 215
4 1 988 0 5 26 149 26
5 1 1 0 5 295 18 295
6 1 1 0 5 317 18 317
7 1 1 0 5 351 18 351
8 1 1 0 5 357 18 357
9 1 1 0 5 363 18 363
10 1 1 0 5 376 18 376
11 1 1 0 5 39 18 39
12 1 1 0 5 403 18 403
13 1 1 0 5 407 18 407
14 1 1 0 5 429 18 429

I nput units are thousands and kg - output in tonnes
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9c¢

Table7.5.2
MFDP version 1, Run: FIN2 , Tinme and date: 10:01 27/04/2001 Fbar age range: 4-14
Year: ,2001, F multiplier: , 1.2200 , Fbar: , 0.2162
Age F Cat ch Yield SSNos SSB SSNos SSB( ST)
Nos St ockNos | Bi omass | (Jan) (Jan) (ST)
1 0. 0073 10467 722 1508000 104052 0 0 0 0
2 0. 0488 30226 4050 666614 89326 139989 18759 133162 17844
3 0. 1366 80092 17220 658242 141522 580569 124822 552255 118735
4 0.1818 159006 41342 1003736 260971 991691 257840 943326 245265
5 0.2196 40117 11834 213425 62960 213425 62960 203016 59890
6 0.2196 93134 29523 495484 157068 495484 157068 471319 149408
7 0.2196 9919 3482 52771 18523 52771 18523 50197 17619
8 0.2196 8426 3008 44828 16004 44828 16004 42642 15223
9 0.2196 15580 5656 82888 30088 82888 30088 78846 28621
10 0. 2196 8570 3222 45594 17143 45594 17143 43370 16307
11 0.2196 6886 2686 36635 14288 36635 14288 34848 13591
12 0.2196 1746 704 9291 3744 9291 3744 8838 3562
13 0. 2196 4704 1915 25028 10186 25028 10186 23807 9690
14 0. 2196 499 214 2657 1140 2657 1140 2527 1084
Tot al 469374 125578 4845193 927017 | 2720851 732566 | 2588153 696838
Year: ,2002, F multiplier: , 1.5000 , Fbar: , 0.2658
Age F Cat ch Yield St ock Bi o- SSNos SSB SSNos SSB
Nos Nos mass (Jan) (Jan) (ST) (ST)
1 0. 0090 5542 382 650000 44850 0 0 0 0
2 0. 0600 75104 10064 1354543 181509 284454 38117 270581 36258
3 0. 1680 84657 18201 574449 123507 506664 108933 481954 103620
4 0. 2235 99206 25793 519534 135079 513300 133458 488266 126949
5 0. 2700 170898 50415 757258 223391 757258 223391 720326 212496
6 0. 2700 34990 11092 155040 49148 155040 49148 147479 46751
7 0. 2700 81231 28512 359939 126339 359939 126339 342385 120177
8 0. 2700 8651 3089 38335 13686 38335 13686 36465 13018
9 0. 2700 7349 2668 32565 11821 32565 11821 30977 11245
10 0. 2700 13589 5109 60213 22640 60213 22640 57276 21536
11 0. 2700 7475 2915 33121 12917 33121 12917 31506 12287
12 0. 2700 6006 2420 26613 10725 26613 10725 25315 10202
13 0. 2700 1523 620 6749 2747 6749 2747 6420 2613
14 0. 2700 4539 1947 20111 8628 20111 8628 19131 8207
Tot 600761 163228 4588472 966986 2794364 762549 2658081 | 725359
al
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Year: ,2003, Fmultiplier: , 1.5000 , Fbar: , 0.2658
Age F Cat ch Yield St ock Bi o- SSNos SSB SSNos SSB
Nos Nos mass (Jan) (Jan) (ST) (ST)
1 0.0090 | 5542 382 650000 44850 0 0 0 0
2 0.0600 [ 32318 [ 4331 582875 78105 122404 16402 116434 15602
3 0.1680 [ 170106 [ 36573 1154266 | 248167 1018062 218883 968411 208208
4 0.2235 [ 83904 [ 21815 439400 114244 434128 112873 412955 107368
5 0.2700 [ 84843 [ 25029 375941 110903 375941 110903 357606 105494
6 0.2700 [ 118045 [ 37420 523064 165811 523064 165811 497554 157725
7 0.2700 | 24168 | 8483 107092 37589 107092 37589 101869 35756
8 0.2700 [ 56109 [ 20031 248622 88758 248622 88758 236497 84429
9 0.2700 | 5976 2169 26479 9612 26479 9612 25188 9143
10 0.2700 [ 5076 1909 22494 8458 22494 8458 21397 8045
11 0.2700 [ 9386 3661 41591 16221 41591 16221 39563 15430
12 0.2700 [ 5163 2081 22878 9220 22878 9220 21762 8770
13 0.2700 | 4149 1688 18383 7482 18383 7482 17486 7117
14 0.2700 | 4187 1796 18554 7960 18554 7960 17649 7571
Tot 608973 | 167368 4231639 | 947379 2979692 810171 2834370 770659
al
I nput units are thousands and kg - output in tonnes
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Table7.5.3

MFDP version 1

Run: FI N2

Second run, future data in 2001
Time and date: 10:01 27/04/2001
Fbar age range: 4-14

2001

Bi onass SSB FMul t FBar Landi ngs

927017 696838 1. 2200 0.2162 125578

2002 2003
SSB FMul t FBar Landi ngs Bi omass SSB

Bi omas

S
725359 1. 0000 0.1772 112990 1000851 820708

966986
725359 1. 0500 0.1860 118191 995318 815527
725359 1.1000 0.1949 123352 989827 810386
725359 1. 1500 0. 2038 128472 984378 805285
725359 1. 2000 0.2126 133553 978971 800223
725359 1. 2500 0.2215 138595 973604 795200
725359 1.3000 0. 2303 143599 968279 790216
725359 1. 3500 0. 2392 148563 962994 785270
725359 1. 4000 0. 2481 153489 957749 780362
725359 1. 4500 0. 2569 158378 952544 775492
725359 1. 5000 0. 2658 163228 947379 770659
725359 1. 5500 0.2746 168042 942253 765863
725359 1. 6000 0. 2835 172818 937166 761104
725359 1. 6500 0.2924 177558 932117 756382
725359 1. 7000 0. 3012 182262 927106 751696
725359 1. 7500 0. 3101 186929 922133 747045
725359 1. 8000 0. 3189 191561 917198 742431
725359 1. 8500 0. 3278 196157 912300 737851
725359 1.9000 0. 3366 200718 907440 733307
725359 1. 9500 0. 3455 205244 902615 728798
725359 2.0000 0. 3544 209735 897828 724322

I nput units are thousands and kg - output in tonnes
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Table 7.5.4 Input data for Yield per recruit.

MFYPR version 1

Run: fin

WG 2001, nean of 1981-2000 used.
Time and date: 13:45 27/04/2001
Fbar age range: 4-14

Age M Mat PF PM SW Sel CW
1 .1 0 0 .5 . 065 . 006 . 065
2 .1 .21 0 .5 . 141 . 039 . 141
3 .1 . 882 0 .5 . 197 . 134 . 197
4 .1 . 988 0 .5 . 236 .22 . 236
5 .1 1 0 .5 .27 .22 .27
6 .1 1 0 .5 .3 .22 .3
7 .1 1 0 .5 . 324 .22 . 324
8 .1 1 0 .5 . 346 .22 . 346
9 .1 1 0 .5 . 365 .22 . 365
10 .1 1 0 .5 . 377 .22 . 377
11 .1 1 0 .5 . 394 .22 . 394
12 .1 1 0 .5 . 409 .22 . 409
13 .1 1 0 .5 . 411 .22 . 411
14 .1 1 0 .5 . 428 .22 . 428

Wei ghts in kilograns
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Figure 7.4.1 Icelandic summer spawners. Sum of squares used for fitting VPA to acoustic data, as a function of
terminal fishing mortality.
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Figure 7.4.2 Icelandic summer spawners. Trend in acoustics and VPA stock numbers.

F=0.147

i — vpa
acoustic o o

Numbers

1985 1990 1995 2000

Year

2000

1996 2001
1990

1000

1998

800

199994
1986 1992 1989

Acoustics

1999

1988 1985
1993
1981

1982

600

400

200

1984
T

400 600 800 1000 1200

VPA

Figure 7.4.3 Icelandic summer spawners. Acoustics estimates vs VPA stock numbers (at the 1% of January)
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Figure 7.4.4 Retrospective plots
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SSB (tonnes) at spawning time

Spawning stock and recruitment

‘ —e—Stock —O— Recruits \

800000 1800000
700000 - 1 1600000
# - 1400000
600000
R + 1200000
500000 Q
+ 1000000
400000 -
1 800000
300000 |
1 600000
200000 O
\o/ o u 1 400000
100000 | 1 200000
0 ‘ — — — — ‘ — — — — ‘ 0
1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

Recruitment year class, SSB year

Figure 7.4.5 Fish stock summary. Herring |celandic Summer-spawning (Fishing Area VVa)
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Yield (tonnes)

Yield and fishing mortality
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Figure 7.5.1 Fish stock summary. Herring |celandic summer spawners .

O:\ACFM\WGREPS\WGNPBW\REPORT S\2001\wgnpbw2001.doc 235



Yield and Spawning Stock Biomass
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