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l INTRODUCTION 
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1.2 Ter ms of Reference 

UK 
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UK 
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Germany (Part time) 
Germany 
The Netherlands (Part time) 
Ireland 
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Den mark 
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UK 
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Norway (Part time) 
Norway 
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The Herring Assessment Working Group for the Area South of 6rN [HAWG] (Chair: E.J. Simmonds, UK) will 
meet at ICES Headquarters from 15-24 March 1999 to: 

a) assess the status of and providc catch options (hy fleet where possible) for 2000 for the North Sea autumn­
spawning herring stock in Division Illa, Sub-area IV, and Division Vlld (separately, if possible, for 
Divisions !Ve and VIId), for the herring stocks in Division VIa and Sub-area VII and the stock uf spring­
spawning hcrring in Division IIIa and Sub-divisions 22-24 (Western Baltic); in the case of North Sea 
autumn-spawning hcrring the forecasts should be provided by fleet for a range of fishing mortalities that 
have a high probability of rebuilding or maintaining the stock above 1.3 mill tonnes by spawning time in 
2000; 

b) assess the status of and provide catch options for 2000 for the sprat stucks in Sub-area IV and Divisions IIIa 
and Vlld,e; 

c) review progress in detcrmining precautionary reference points; 

d) provide the data rcquired to carry out multispecies assessments (quarterly catches and mcan wcights at age 
in the catch and stock for 1998 by statistical rectangle of the North Sea for herring and sprat) and suggest 
and document a time series of quarterly catch and weight at age for sprat in the North Sea from 1972-1991 
for use in the multispecies modelling and by the WGECO; 

c) analyse the length distribution of sprat based on the IBTS data in relation to its usefulness in length based 
assessment. 



--------------------

1.3 Summary of the report of the planning group for herring survcys in the North Sea (PGHERS) 

The Planning Group for Herring Surveys met in Hirtshals, Denmark from 2-4 February 1999, to: 

• coordinate the timing, area allocation and methodolugics for acoustic and larva! surveys for hcrring in the North 
Sea, Division VIa and Hia and the Western Bal tie; 

• combine the survey data to pro vide estimates of abundance for the population within the area; 

• review the existing manual of the North Sea acoustic survey (Doc. ICES 1994b), taking inLo consideration recent 
developments in mcthodology and the results of the scrutiny workshop; 

• plan for a further echogram scrutiny workshop to be held in 2000; 

• for the historie al database of larvae surveys, complctc the analysis of the effect of reduced sampling effort, in order 
to improve the basis for a final decision on the index and the target sampling units to be used; 

• provide a revised MLAI with explanation of any differences between this and the MLAI presented in Patterson et 
al. (1997a); 

• investigatc the mcthodological problem related to cstimation of larval indices when very high numbers are caught 
in single hauls; 

• devclop and coordinate an international survey to he carricd out by Denmark, Germany and Sweden which should 
cover the whole area where Western Baltic spring-spawncr hcrring are distributed; 

• obtain peer review of the Planning Gro up report from the appropriate Asscssmcnt Working Gro up prior to the 1999 
Annual Science Conference; 

• comment on the draft objectives and activities in the Li ving Resources Committee cornponcnt of the ICES Five­
Year Strategi c Plan, and specify how the purpose of the Working Group contributes to it. 

Review of larvae surveys 

Seven units and time periods have been covered in the North Sea during the 1998 surveys. Preliminary data of larval 
abundance in the North Sea were presented as the measurements necessary for the calculation of larvae ahundance was 
not complete. The final data was presented to the HAWG, see Section 2.5. 

In the Western Baltic a rccruitmcnt forccast based on larval abundance was establishcd last year. These are made 
available to the HAWG. 

Herring larvae survey methodology 

Orre major problem after the transfer of the ICES Herr ing Larvae database has bccn to have complete documcntation of 
all routines used in the estimation of the indices; in the abundance indcx (LAI) and production indcx (LPE), 
independent area definition files had been used, and some mixing of station grids for the two indices bad occurred. A 
single area definition file has now been established, based primarily on the 1985 manual (Anon. 1985). 

LAI estimates have been computed for the three length classes which have been traditionally used (total length (TL) 
< lO mm; 10-15 mm; > lO mm). A detailed description of the calculation procedure is given in Rohlf et al. (1998) and 
in a Working Document to the meeting (ICES 1999b). For inclusion into the multiplicative model for calculation of the 
MLAI-values, a weighting factor is applied to LAI-values for individual sampling units, the weight bcing proportional 
to the degree of coverage of each sampling unit and the inverse cocfficient of variation within the unit. This down­
weights hauls with an exceptionally high amount of larvae. 

Reviscd :rvlLAI-values were presented and diffcrcnccs bctween this data series and the lviLAI~series presented in 
Patterson et al. (1997a) wcre explained. Surne minor differences are still apparent for the carlier period, whcre 
uncertainties with regard to the utiliscd area definitions and interpolation methods could not be sol ved completely. The 
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remaining differences are mainly due to the weighting procedure as opposed to using some interpolation method for 
missing values, see Section 2.5. 

The influence of rcduced survey effort has been tested by simulating the reduction through systematic elimination of 
single survey units or complete areas from the MLAI calculation proCedure. 

The minimum input for MLAI calculations requires concentration of effort on those areas and time pcriods which best 
detect the overall variability in the herring SSB. A more complete or full coverage of the whole spawning area should 
be carried out preferably on a three-year basis in order to become aware of possible shifts in spawning time and 
location, and to test the validity of the present results from a lO-year period. Calculation of MLAI has to be based on 
the complete set of available data, until a more stable data set builds up over some years. 

Co-ordination of larvae surveys for 1999/2000 

The present effort for the herring larvac program includcs survcy by Germany and The Ncthcrlands. This is sufficient to 
pro vide the minimum requiremcnt cffort. 

The surveys for this period are planned for a complete coverage. This will require additional survey time in the Central 
North Sea in the first period. For this, additional vessel time in the range of about 40 days in total is to be envisagcd for 
the period September/Octobcr. The participation of Norway is rccommcndcd, but will dcpcnd on the availability of ship 
time. 

Reviewed acoustic surveys in 1998 from the North Sea/west of Scotland, Western Baltic and the Sounds 

In the North Sea/west of Scotland six acoustic survcys were carricd out during late June and Jul y in 199g_ A total SSB 
of autumn spawning herring from the North Sea was 1,831,000 t, for !Va (North) 375,000 t. The SSB for Baltic spring 
spawners was 162,000 t (see Section 2.4.1). 

In the RV Scotia survey an increase in number of Ichthyophonus infected herring was observed. No Ichthyophonus 
were reported in an y of the othcr survcys. The infcction was mainly shown in 3+ .age gruups. 

In the Western Baltic the abundance of herring was 12% lower than in the year befare but similar to the abundance in 
1996. 

The environmental impact-monitoring program in the Sound (Sub-division 23)! recorded higher biomass estimates 
during the 1996/97 and 1997/98 migration period compared to the 1995/96 migration period (Nielsen et al. 1998). This 
higher biomass seems to be due to the recruitment of a strong 1994 year dass of Western Bal tie herring. 

In the North Sea/Division Illa data on sprat were available from RV Tridens, RV Dana and RV Walther Herwig Ill. No 
catches were reported from RV Scotia and RV G.O.Sars. Sprat was found in 28 out of 146 investigated rectangles. 
From the results it was obvious that the northern distribution limit of the sprat stock was reached during the surveys. In 
order to cover the southern edge, the survey area is planned to extend more southwards in 1999. 

Area coverage for acoustic sunreys of the North Sea and lUa 

The biomass of hcrring is not distributed evenly over the North Sea, with the area to the east of 2° E containing only a 
small percentagc of stock biomass in 1997 and 1998. Currently the herring stock is recovering from low numbers. If the 
stock were to follow the same pattern of area expansion as it exhibited from 1987 to 1990 (as it increased in biomass) it 
would again extend over much of the northern North Sea in July. Consequently, full coverage of the North Sea, 
particularly to the area east of 2° E, is essential if the surve y is to ensure sufficient coverage of the stock. 

During the July surveys for North Sea and Baltic herring a substantial part of the Baltic spring spawning herring is 
located in Illa, Sub-area !Va and !Vb. While the influence of the l!Ia survey on estimates of North Sea SSB is 
ncgligihle, the es ti mates of North Sea l ring and to some extent 2 ring herring are significant. However, the survey has 
a significant influence on the assessment of Bal tie spring spawning herring. Its re mo val, even with substitution, is like ly 
to have an unquantifiable effect on the assessment for Bal tie spring spawning herring in the next 4 to 5 years. 
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Plan for International Surveys fol' Westel'n Baltic spl'ing-spawning herring 

The present acoustic international surveys for Western Baltic spring-spawning herring in Octoher should be intensified 
in the Sound (Sub-div 23) and extended to the whole Division Illa to achieve a complete coveragc of the total spawning 
stock in orre surve y. This will include an acoustic surve y with a small er vessel to cover the shallow waters during the 
same period. Both the annual acoustic survey in Jul y and the new survcy in Octobcr should continue for the present 
time until the new survey can provide data for the assessment These survcys should focus on the Baltic spring 
spawning herring and the immature North Sea herring in Division IIIa. This will require participation by Denmark. 

Revision of the North Sea acoustic survey manual 

A rev i sed structurc of the manuaL was adopted. Individuals responsible for the revision of certain sections and an overall 
coordinator wcrc idcntificd. A complete draft version of the manual will be available for the planning group meeting in 
2000 where a revised manual will be prepared. 

Plan for echogram scrutiny workshop in 2000 

One major part of the analysis of the results of acoustic surveys, is the visual examination of the echogram and the 
allocation of the calculated Beha-integral into species and categories. This part of the data analysis (scrutiny) is 
essentially subjective and requircs an cxperienced operator. 

In order to improve data analyses, a workshop on echogram scrutiny was hcld in 1998 (Reid et al., 1998). The 
experiences gained during the workshop werc invaluable but the exercise did not provide a statistically valid evaluation 
of the process and it will, thereforc, be rcpeated. A workshop will be combined with the PGHERS meeting to be held in 
Bergen in February 2000. 

lntel'-ship ca1ibl'ation 

An inter-ship calibration of the acoustic equipment was performed between the RV Walther Herwig Ill and RV DANA. 
This intercalibration did not show significant difference from a 1:1 relationship hctwcen RV Dana and RV Walther 
Herwig Ill. 

ICES Five-Year Strategi c Plan 

Contrary to what was expected no ICES Five-Year Strategic Plan was available at the time of the Planning Group 
meeting. 

The Hel'ring Sul'vey Planning Group recommends that: 

General: 

• the planning group report should be pccr reviewed by the Herring Assessment Working Group hefore the 1999 
Annual Science Conference; 

• the planning group for herring surveys should meet in Bergen, Norway, from l to 4 February 2000 under the co­
chairmanship of Karl-Johan Stæhr, Denmark and Else Torstcnscn, Norway, to: 

4 

a) coordinate the- timing, area allocation and methodologies for acoustic and larval surveys for herring in the 
North Sea, Division Via and llla and the Western Baltic; 

b) combine the survcy data to provide estimates of abundance for the population within the area; 

c) complete the revision of the existing manual of the North Sea Acoustic survey (ICES 1994b) 

d) hold a workshop on echogram scrutiny 



For acoustic surveys: 

The planning group recommends that present acoustic international surveys for Western Baltic spring-spawning herring 
in October should be intensified in the Sound (Sub-division 23) and extended to the whole Division llla to achicvc a 
complete cover age of the total spawning stock in o ne surve y. 

The Planning Group recommends that both the annual acoustic survey in July and the new surve y in October should 
continue for the present time until the new survey can provide data for the assessment. These surveys should focus on 
the Baltic spring spawning herring and the irnmature North Sea herring in Division IIIa. This will require participation 
by Denmark. 

For Jarvae surveys: 

• the North Sea Herring Larvae Surveys should be continued with concentration on the following units: 
Orkncy/Shctland (15/9- 30/9), Buchan area (1/9- 15/9) and Southern North Sea (15/12- 31112 and 1511- 3111); 

• for the year 2000 and subscquently cvery threc ycars, attcmpts should be made to achicvc complete coverage with 
the following sampling units included: Orkney/Shetland (1-15/9 and 16--30/9), Buchan (1-15/9 and 16--30/9), 
Central North Sea (1-15/9, 16--30/9 and 1-15110) and Southern North Sea (15-31112, 1-1511 and 16--3111); 

• MLAI values should be calculated according to the refined procedure explained above; 

• Hcrring larvac survey activities in the Western Baltic should be reviewed with regard to their potential for 
supporting spawning stock size estimates. 

Review of the report by the working gro up 

The working group agreed that the planning groups terms of reference were addrcsscd (with the cxception of the 
comments on the ICES 5-years strategic plan). A dctailed rcview of the scientific basis for the report was not addrcsscd 
by the working group. The recommcndations of the planning group were discussed and, as appropriate, brought forward 
as WG recommendations (Sec. 1.8). 

1.4 Summary of the Report of the Study Group on lUa Herring (SG3AH) 

The Study Group on Illa Herring (SG3AH) met at the Danish Institute for Fisheries Research, Charlottenlund, Denmark 
from Il to 15 January 1999 in order to: 

• rcvicw and updatc catch at age and mean weight at age data including information on proportions of North Sea 
autumn spawners (NSAS) and Western Baltic spring spawners (WBSS) for the period 1990 -1997 and for all 
fishing fleets catching herring in Division Illa and Sub-divisions 22-24, 

• revicw and updatc data including information on proportions of North Sea autumn spawners and Western Bal tie 
spring spawners from acoustic surveys and bottom trawl surveys carried out in the eastern part of the North Sea, 
Division Illa and in Sub-divisions 22-24 in the period 1990- 1997, 

• further improve the migration model of Western Baltic spring spawmng herring which can be used for the 
understanding of the resu1ts of an analytical asscssmcnt. 

There are changes in the fishing pattern after the reunification of the GDR and FRG in 1989 and additional general 
problems in updating data for the year 1990. Thcrcfore, current assessments should be based on data from 1991 
onwards only and catch at age data, survey data and other relevant data for this period were revised. For the catch data, 
a constant fishing pattern is assumed for the period 1991-1997 (in accordance to ICES 1998a; ICES 1998 c). 

Background 

Discrimination between the herring stocks in Divisions Hia and Ille remains one of the main problems when as sess ing 
the Western Baltic herring stock. In the past seven years the HAWG has applied a variety of stock discrimination 
mcthods. The cstimatcd proportions have varied substantially cspccially for age groups l and 2, which have the most 
abundant components of North Sea herring in Division Ill a. 
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Discrimination methods based on vertebrae counts 

In order to analyse the characteristics of the two major herri-ng populations mix:ing in Division Illa (Skagerrak, 
Kattegat) as well as in !CES-Sub-division 23 (Sound) and to be able to separate them, two reference samples of vertebra 
counts have been taken in 1995 (Groger & Grlihsler 1995, 1996). These two reference samplcs of vertebra counts were 
used to verify different stochastic hcrring separation models by: 

• Regression approach 
• Discriminant analysis approach 
• Logistic Regrcssion 

Due to implicit statistical problems the linear regrcssion was not further investigatcd (Gr6ger 1999). Discriminant and 
logistic regression separation models did not show such inhercnt statistical problems. Hence, the group dccided to use 
the log is tie regression approach in order to split the data of the Swedish IBTS for the ycars 1991 to 1997 into Baltic Sea 
and North Sea fractions of herring. The estimated fractions of Baltic spring spawners based on the VS mcans show a 
tendency to decrease from the South to the North. The fraction of the spring spawning component (WBSS 
characteristics) increased by age but alsu by distance from the North Sea (i.e., lowest fraction in the Skagerrak and 
highest fraction in the Sound) but not as drastically as assumed by the theory. The fractions of spring spawners among 
older age groups now estimated are apparently much smaller than earlier WG estimates (ICES 1997a). 

Separation of more than two components is doubtful if only based on vertebrac counts (VS). Considering only the two 
major componcnts WBSS and NSAS, the vertebrae frequency distribution per age shows for the Western Baltic 
reference sample a range of VS= 52 to 58 but concentrated on 55 and 56 vertcbrae leading in total to a variance of 0.67. 
The North Sea reference sample has a range from 53 to 58 vertebrae with a main concentration on 56 and 57 vertebrae, 
leading to a variance of 0.48. The two variances diffcr significantly from one each othcr. Linear modcls ignore the 
existing overlapping or shared information, i.e., the stock related varianccs tend to stretch the splitting rcsults. Models 
which include the stock related variances (logistic and discriminant approach) rcsult in estimatcd fractions with a 
narrower range around the mean VS valuc. Scparation is furthcr complicated as the probability for a young herring with 
O or l winter rings and 57 vertebra caught in the Baltic Sea near RUgen to he a Baltic Sea herring should be higher than 
for a O or l winter ring herring with 57 vertebra caught in the North Sea. This means that two factors interact, ane 
expressed by a VS splitting model, the other expresscd by a model which describes the probability of tinding a herring 
from a specific stock at given location. Incorporating further stock characterising information may increase ability to 
separate between different stock componcnts. 

Discrimination by otolith microstructure analysis 

Otolith microstructure analyses (OM) have been succcssfully used to separate spring and autumn spawned juveniles 
(Moksness & Fossum 1991). The method is based on the observation that growth of autumn spawners is lower than that 
of spring spawners during early life-stages. Early life growth can be obtained from relative widths of primary 
increments ("daily rings") at the ccntrc of otoliths. Since the formation of otoliths is a cumulative process thcse larval 
formed increments can also be identificd in otoliths of adult individuals (Mosegaard and Popp-Madsen 1996). 

Calibration of vertebrae counts and otolith microstructure based proportions 

The individual-based comparisons from the years 1991 to 1997 determined by VS and otolith microstructure of spring 
spawners fractions are presently being worked up. An incomplete Swedish IBTS dala set stratified by ICES reetangles 
by year (1996 and 1997), quarter (I and Ill), Sub-division (20, 21, and 23), and age class (1, 2, 3, and 4+) was used to 
estimate fractions from VS counts. Herring samples from Danish rcsearch vessels and commercial landings stratificd in 
the same way were used to estimate fractions directly from individual data on microstructure. A comparison of the two 
geographically based data sets on stock fractions did not encourage the developmcnt of a VS to otolith based 
geographically weighted function. 

Comparison of individual vertebral counts and spawning type from otolith microstructure 

Six samples from the Swedish IBTS surveys taken in the 1" and 3" quarters in 1996 and 1997 in the Kattegat and 
Skagerrak areas were analysed. Only 2-ringers wcrc analysed for this comparison. Hatch month obtained by otolith 
microstructure analysis and VS counts were compared for the same individuals. The analysis of six samples yielded a 
reasonable correspondence between VS based and otolith microstructure based proportions. 
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The results showed good correlation between proportions based on the logistical transformation of VS counts and 
directly deri ved proportions of spring spawners in the samples. Thcsc rcsults suggest that calibration of the time series 
of VS based proportions is possible but the individual material consisted of only age-class 2 herring. Also the num ber of 
samples (6) and the total number of individuals analysed (91) was considered to be too small to reliably calibrate the 
VS-derived proportions. 

An analysis of more material on corresponding individual data on otolith microstructure and VS counts may providc 
sufficient information to allow a robust calibration. 

Revision of commercial catch data 

In general, samples from the commercial fishery have been used to calculate numbers of fish landed. When reviewing 
sampling lcvels, it should be taken into account that the recommcnded sampling le vel should be one sample per l 000 
tons fish landed per quartcr (ICES 1997a). SGSSBH (ICES 1998 c) presented an overview of the sampling leve! for the 
years 1993-1996 that shows that the recommended sampling lcvcl was rcached in most quartcrs. Howcvcr, not all 
landings by the different fishing ficcts were covered adequately. For Denrnark and Sweden the human consumption 
fishery has becn sampled at a satisfactory leve!. The Danish "Mixed" fishery as well as the "Other" fishery was in all 
years sampled adequately and thcsc figurcs are also regarded as reliable. The landings for reduction purposes taken by 
the Swedish human consumption fishing fleet (32 mm mesh size) in the Skagerrak and Kattegat have not been sampled 
adequately in 1991 to 1995, if sampled at all. Thesc landings are split into numbers by age group using Danish samplcs 
from the "Mixed" fishcry. The use of !hese samples rna y cause the estimated numbers of fish caught to be toa high and 
may have biased the age distribution {0, l and 2 w-ringers). The human consumption fishery took place in the deeper 
part of the Skagerrak (depth > 75 m) and the age distribution of the catches probably mainly consisted of older fish at 
variance with the age composition obtained from the "Mixcd" fishery. The catches of older herring in Division IIIa 
mainly consisted of spring spawners causing that the total numbers in the catch of spring spawning herring could be 
undercstimated. 

Landings of herring from Sub-divisions 22-24 have not been samplcd adcquatcly, in surne ycars Danish anJ Swedish 
landings have not been sampled in all quarter. German landings in the period 1991-1997 were at a rather low leve!, 
between 7 000 to 15 000 tons. The major part of these landings has been taken in trap- and gil! nets. In some quarters no 
samples have been taken and for same quartcrs survcy data have been used to estimate numhers caught hy age group. 
This latter proccdure is invalid as the age distribution in surveys are different from gillnet catches. At this Study Group 
mceting it was decided that for the purpose of producing input-data for the !CA (Integrated Catch Analyses) only total 
catch by year and quarter was nccded. 

During the revision of the historical data same changes have been made for the year 1992 and 1993. As mentioned 
above, there is still uncertainty in the estimatcd catch at age data. A major concern is the Swedish landings for reduction 
purposes taken by the human consumption fleet from 1991-1996. If possible, all these landings should be re-analysed 
following the methodology described a bo ve, as the y constitute up to 30% of the total landings in Di vis ion Illa. 

The mcan wcights at age are calculated from mixed sarnples including both autumn and spring spawncrs and thcrcforc 
do not retlect neither mean weight of the spring or of the autumn spawners. The Study Group was not able to revise 
these data, as stock related data could not he presented to the meeting. 

Revision of survey data 

Rcsearch surveys have been conducted during all scasons in Division IIIa and the Sub-divisions 22, 23 (the Sound) and 
24. However, none of the available fishery independent surveys were specifically designed to account for the two major 
problems in the assessment of the WBSS: 

• to provide reliable discrimination between stock components over the WBSS distribution area, 
• to describe spatial distribution of stock components and migration pattems betwcen scasons. 

In addition, none of the surveys cover the total distribution area and there is little tempora( overlap be.tween these 
surveys. 

The acoustic surveys are conducted every year to supply the HA WG with an index value for the stock size of herring in 
the Western Baltic area. However, the design of thesc survcys was not tailored to study the dynamics of the WBSS. 
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The Danish survey in July has been co-ordinated with other hydroacoustic surveys conducted by national institutes 
around the North Sea in order to provide stock estimates of the North Sea autumn spawners and Baltic spring spawners 
in Division Illa. 

The German survey in Septemher/Octobcr was traditionally co-ordinated with other international surveys in the Baltic. 
The main objective has been to assess clupeoid resourccs in ilie Baltic Sea. The German hydroacoustic data series have 
becn reviscd for 1993 to 1998, The revision followed procedures rccommended in the Baltic International Acoustic 
Survey manual (ICES l998b). Available data suggcslthat a large part of the WBSS stock have migrated south to the 
Sound or at least to the southem Kattegat by October (ICES 1998 c). Thereforc, the German hydroacoustic survey was 
considered to have an appropriate coverage. It was agreed that the survey could provide a major input for the 
assessment of the WBSS stock. The design of the survey can be further improvcd to increase precision of the survey 
results. 

The main purposc of the Danish acoustic monitoring in Sub-division 23 was to provide information on herring 
migration and an evaluation of possible environmental impacts from the construction of the Sound bridge bctween 
Denmark and Swcdcn. Rcsults from the Danish monitoring hydroacoustic surveys have been revised fur the whole data 
sct including 1993 to 1998. There are no plans to continue the surveys. 

A German larval survey is carried out annually since 1977 from March/April to June on the main spawning grounds of 
the Western Bal tie spring spawning hcrring in Greifswalder Bodden and adjacent waters. It was shown previously that 
calculated larva! index (O group) and the estimated age l from the hydroacoustic surveys in the subsequent year in Sub­
division 24 diffcr substantially (ICES l998a). The SG members assumc that an alternative use of the data could be to 
back-calculate spawning biomass. Such an approach might necessitate an extended and redesigned sampling strategy. 
The SG members recommend that the possibllity. to extend the sampling design to include estimatcs of spawning 
biomass should be explored. The larval surveys may also be extended to include othcr spawning areas along the 
German, Danish and Swedish coasts. Pilot studies were recommendcd to evaluate the possibility to usc larval surveys 
for assessment purposes. 

The SG mcmbcrs discusscd co-ordination between the current surveys. The lack of a survey that covers the total WBSS 
distribution .area in the same season was thought to be a major obstacle to obtain a reliablc analytical assessment. A 
possible sol uti on might be to organise an international bottom trawl or hydroacoustic surve y. The SG members 
considered that the stable stock distribution during summer suggests that the hetter option is to conduct an extended 
hydroacoustic survcy in July. Howcver-, it was recognised that trawl sampling is difficult at the same time in the 
Kattegat due to large by-catch of jellyfish. 

Purpose and structure of a migration model 

Mcmbcrs of the study group agreed that a proper migration model could not be constructed without cxtensive 
preparation and including ex:ternal expertise in mudcl construction. The SG thereforc rccommends rhat modclling 
experts should work together with herring biologists to supply an operational model based on appropriate data on the 
stock discrimination of the WBSS stock. 

Recommendations 

• The Study Group rccommends maintaining the German hydroacoustic survey in October. It is co·nsidcred that the 
Western Balcic herring starts its spawning (southwanl} migration in late summer and has by October left the 
Skagerrak-Kattegat area. Thus the hydroacoustic survey covers all the area of the Western Bal tie spring spawner 
distribution at that period. 

• The Study Group reeommends that the area of larva) investigations in the Bal tie Sea (Sub-divisions 22 and 24) be 
extended to other important reproduction areas for Baltic hcrring. It would be desirable that historical and futurc 
l arv al surveys could be used to provide an index of spawning stock biomass of Western Baltic herring. 

• The Study Group recommcnds that sampling of Western Baltic herring from commercial trap-net catchcs during 
the spawning period be intensified. It is recommended to collcct samples of spawning herring along the entire coast 
in Sub-divisions 22, 24 and Division Illa. The purpose of the sampling should be to estimate the importance of all 
local spring spawning st{)cks and to obtain one-population samplcs for analysis of vertebral counts and other 
biological characteristics. 
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• The Study Group recommcnds that all institutes, which collect samples of herring in areas where Western Baltic 
herring is mixed with North Sea autumn spawning herring, should retain and store otolith sarnples for 
microstructure analysis. 

• The Study Group recommends that modelling experts work together with bio1ogist in order to supply an operative 
migration model which can be tested with appropriatc data on stock discrimination. Such data can be made 
available from Study Group members. 

Review of the report by the Working Group 

The Working Group agreed that the Study Groups terms of reference were addressed. A detailed review of the scientiftc 
basis for the report was not addressed by the Working Group. The rccommcndations of the Study Group were discussed 
and, as appropriate, brought forward as WG rccommendations (Section 1.8). 

1.5 Summary of the Report of the Study Group on Stock-recruitment Relationships for North Sea 
Autumn- spawning herring (ICES 1998e) 

The Working Group met in Lowestoft in 26-28 May 1998 to address the following terms of reference: 

l. establish the data series ofrecruitment and SSB for as longa period as possible. 
2. investigate the performancc of different stock-recruitment models 
3. propose standard models to be used for different purposes. 

Revision of data 

The Group considered possible ways of revising catch at age and weight at age data as far back in time as possible. The 
Hcrring Working Group in the past provided data back to 1947 (!CES 1977). It was considered important to include the 
years 1947-1959 because this would include a period where the exploitation was lighter than later on. It was realised 
that a full revision from the raw data would be a major task, and in some instances, the original data would no langer be 
accessible. The group considered the large discrepancies in SOP in the early years, and concluded that the most like! y 
explanation to this would be that the catch weights were incorrect. This would not affect the estimates of stock numbers, 
but if the error in the catch wcights carry over to the stock weights, this would have implications for the SSB estimatcs. 
There is some evidence that the growth rates werc 1owcr in those early years, and an attempt was made to correct the 
weights for this based on length at age data from the Literaturc. A new set of stock-recruit pairs were estimated covering 
the pcriod 1947- 1997 with revised stock weights, using !CA with essentially the same options as in the most recent 
Working Group assessment (ICES l998a). The parameters in the Bcvcrton-Holt stock recruitment relation 

R = a*SSB/(b + SSB) were estimated to be a= 6.199*107 and b = 4.28*105 These corrections did not totally resolve 
the problems with SOP discrepancies. 

The Study Group notcd scvcral areas where further improvements might be possible: 

• Further revision of catch weights, stock weights and catch numbcrs for the entire period 1947-83. 
• Revision of rnaturity at age 
• Inclusion of catches of North Sea autumn-spawners from Division !Ila for the whole time range. At present, such 

data are only included from 1980 onwards. 
• U se of fccundity weight relationships to enable calculation of effective fecundity instcad of SSB. 

• If density dependence is confirmed by such studies, it should also be taken into account in long term calculations of 
yield and stock size. 

Stock-recruitment models 

The group studied several ways of modelling the rclation hetween stock and recruitment, and attempted to give an 
overview over some methods that have bcen applicd to ICES stocks in recent years. These include parametric models as 
well as various approaches to non-parametric modcls and smoothers. It was noted that different approaches might be 
appropriate for different purposes and that estimation of the slopc at the origin may have to be treated separate from 
estimating a relation to be used in simulation. It was also emphasised that no model is informative outside the range of 
the observed data. 
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Sevcral of these methods reprcsent quite :tecent developments, and their behaviour is not fully understand. Because of 
this, and because the group was not in the position to make extensive comparative studics, it did not give any final 
recommendation as to which models should be used in the futurc. 

The Working Group considercd that alltenns of reference have been addressed. The Study Group pointed out some 
areas where further work was cxpected to be valuable. If further_ revisions of the data can be made, reconvening of the 
Study Group should be considered. 

1.6 Assessment Methods 

Assessmcnt methods available to the Working Group were as described in ICES (1996a), where reasons for the choice 
of method are also documented. The most recent implementation of the assessment and projection software was uscd 
(!CA version 1.4) The devclopments of this software are documented in Patterson (WD 1998). Methodological 
developments special to individual stocks are described in the relevant sections. Run logs for the final assessments 
documenting program version and input parameters are tabulated for each stock. The details of the structural model are 
dcscribed most fully in Scction 2.8 for North Sea assessment. 

A working document was presentcd by Huiskes (WD 1999) featuring a new tool to evaluate parametric and structural 
uncertainties in stock assessment models based on autornatic differentiation for optimization, with an application ro 
North Sea herring. As a starting point the performance of the assessment procedure as implemented in ICA was studied. 
A preliminary outcome is that the relative bias could be reduced by choosing less parameters. An example: in the age~ 
structured acoustic index each age dass has a proportionality parameter for every age class. If a single constant is 
chosen for all ages, the numbcr of parameters is reduced from 7 to l. As a result the relative bias in the calculation of 
the acoustic index is reduced from approximately 8% to 1.3%. 

l. 7 Precautionary reference points 

In last year's report, the Working Group suggested valUes for precautionary reference points according to the guidelines 
given by the Study Group on the Precautionary Approach to Fisheries Management (ICES 1998f). Specific reference 
points wcre not suggested by the Study Group for the stocks assessed by the HAWG. Some of the HA WG suggcstions 
were later modified by ACFM. The text table below gives an overview of the reference points suggested by ACFM for 
stocks covered by this WG. 

Table 1.7.1. Precaulionary reference points as suggested by the HAWG and as adopted by ACFM. SSB values in '000 
tonncs. 

Stock 

North Sea 

Vi aS 
Irish Sea 
Ccltic Sea 
Vla(N) 
Western Baltic 

Blim 

81 
6 

27 

B,, 

110 
9.5 
44 

Fum F". 

0.22 
0.36 

0.13 0.27 

Comments 

No values adopted as management considered consistent with 
the precautionary approach 
Fum =Floss Fpa:::::: Fmed 

Fpa = Fmed 

Flim:::::: highcst sustainahle at low rccruitmcnt Fpa:::::: Fm~d 
Insufticient information 
Insufficicnt information 

For some of the stocks, the Working Group has used simulalion studics to cvaluate the risks and benefits associated 
with candidate reference points and harvest control rulcs. In general, this is considered to be hetter to using Fmed as a 
guideline for precautionary exploitation. The Working Group intends to carry this work further, both to cover all its 
stocks, and to follow up dcvclopments in this field of rescarch. 

The 1999 Working Group recommendations on the reference points are as follows: 

North Sea: ACFM noted that the management agreement between EU and Norway is consistcnt with the precautionary 
approach, and was the basis for the previous Working Group suggested reference points. Hence the Working Group 
supports the current strategy of ACFM. The EU-Norway agreement (Dec. 1997) states that efforts will be made to 

maintain the SSB above the MBAL of 800,000 t. An SSB reference point of 1.3 million tonnes is set above which the 
TACs will be based on F = 0.5 for adult herring and F = 0.12 for juveniles. If the SSB falls bclow 1.3 million tonnes, 
other measures will be agrccd and implemented taking account ofscientific advice. 
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VIa South: The Working Group accepts ACFM figures. 

Irish Sea: The Working Group still is concerned about the reference points defined by ACFM, given the uncertainty of 
the assessment and the low level of recruitment in recent years. Particular concerns are with regard to the use of Fmed as 
a guidclinc, when the SSB and the recruitrnent estimates are uncertain, and to the principle of using F-based reference 
points whcn the state of the stock is high! y uncertain. The F,. for Irish Sea herring is much higher than those proposed 
for othcr herring stocks covered by this working group. 

Celtic Sea aud VII: The working gro up recommends F = 0.3 and a B,, of 40,000 t. Details of the justification are found 
in Section 4.7. 

Vla(N) and IIIA: Currently the states of the stocks are uncertain and the historical time series are not well established. 
Hence the Working Group is unable to recommend any reference points. 

1.8 Recommendations and Requirements 

The Working Group recommends that the planning group for herring surveys should meet in Bergen, Norway, from l 
to 4 February 2000 under joint chairmanship of Karl-Johan Stæhr, Denmark and Else Torstensen, Norway, to: 

a) coordinate the timing, area allocation and mcthodologics for acoustic and larval surveys for hcrring in the North 
Sea, Division VIa and Hia, the Western Baltic, Ccltic Sea; 

b) combine the surve y data to pro vide estimates of abundance for the population within the area; 

c) complete the revision of the existing manual of the North Sea Acoustic survey (!CES 1994b) 

d) hold a workshop on echogram scrutiny 

c) ex:amine inter calibration of acoustic surveys. 

The Working Group recommends that present acoustic international surveys for Western Baltic spring-spawning 
herring in October should be intensilicd in the Sound (Sub-div 23) and extended to Division I!Ia to achieve complete 
coverage of the total Western Baltic Spring Spawning stock in one survey. 

The Working Group recommends that both the annual acoustic survey in July and the new surve y in October should 
continue for the present time until the new survey can provide data for the assessment. These surveys should be 
designed for the Western Baltic and Div IIIa Spring Spawning herring and secondarily for immature North Sea herring 
in I!Ia. 

The Working Group recommends that the North Sea Herring Larvae Surveys should: 

be continued with concentration on the following units: Orkney/Shetland (15/9- 30/9), Buchan area (1/9- 15/9) 
and Southern North Sea (15/12- 31/12 and 15/1- 31/l); 

and for the year 2000 and subsequently cvery three years, be organised to give a complete coverage with the 
following sampling units includcd: Orkney/Shetland (1-15/9 and 16-30/9), Buchan (1-15/9 and 16-30/9), Central 
North Sea (1-15/9, 16-30/9 and 1-15/10) and Southern North Sea (15-3!/12, 1-15/1 and 16-3!/1): 

It is rccommended that hydrographic data which are measured concurrently with the samples of hcrring larvae should 
be supplied with this data and should be included in the IHLS database 

The Workiug Group reconunends extending the area of larva! investigations in the Baltic Sea from Sub-divisions 24 
through 22 to reveal othcr important reproduction areas for Baltic herring, with a view to developing a sampling 
strategy for the provision of a larva! index for Western Baltic Spring Spawning herring. 

The Working Group recommends increasing the sampling of Western Baltic hcrring from commercial catches during 
the spawning period. It is recommcnded to collect samples of spawning herring in Sub-divisions 22, 24 and Division 
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Illa. The purpose of the sampling should be to estimate the importance of alllocal spring spawning stocks and to obtain 
samples for the analysis of vertebral counts and other biological characteristics. 

The Working Group reconunends that all institutes, which collect samples of herring in arcas where Western Baltic 
herring is mixed with North Sea Autumn Spawning herring, should retain and store otolith samples for microstructure 
analysis. 

The Working Group recommends that modclling experts and biologists co11aborate to deri ve an operative migratiun 
model which can be tested with appropriatc data on stock discrimination. Suc_h data can be made available from Study 
Group members. 

The Working Group recommends the development of an input tiJc for providing commerciallandings and sampling 
data, based on a stand-alone database application (e.g., an MS Acccss runtime version) for the 2001 working group 
meeting. Data exchange to lhe evaluation routines already created (i.e., DIF AD) has to be ensured 

The Working Group recommends that the North Sea herring l-ringer indices of the IBTS survey be split in two 
components: l-ringcrs from lhc ·'Downs"' component (length below 13 cm) and l-ringers from the central and northern 
North Sea (length abovc 13 cm) and the information to allow this analysis be made available to the next HAWG l month 
before the meeting. 

The Working Group recommends an increase in the sampling regime for otoliths taken per 0.5 cm lcngth groups in the 
IBTS surveys for length groups of 8.0 cm and above. with lhc aim of improving the prccision. 

The Working Group recommends that the database of MIK-samples should be examincd for any occurrence of autumn 
spawned sprat (larvae l new ly metarnorphosed). 

The Working Group recommends that studies should be pursucd to estimate natural mortality at age for the spring 
spawning herring in the Division llla and Subdivision 22 to 24. It is recommended that nationallaboratories should use 
the results from the ICES Stomach program in Division Hia to asscss the predation mortality in this area. 

The Working Group recommends that, as it is aware of the fluxes within and hctween the herring stocks studied, 
further investigations in to stock discrimination of herring in the NE Atlantic should be conducted. 

Requirements for the Herring Assessment Working Group to be provided by ICES 

The Working Group requests the following data sets to be available: 

A. At least onc month hcfore the first morning of the Working Group Mceting in 2000 

Herring: 

l. IBTS I ringer herring length fre<Juencies split into two componcnts based on the lenglh distribution (see Scction 2.9) 
for the years 1979-1999. 

B. Either befare or at the very !east on the first morning of the Working Group Mccting in 2000 

Herring: 

l. IBTS I ringer herring length frequencies split into lwo components based on the length distribution (see Section 2.9) 
for the year 2000. 

2. IBTS indices for age groups I to V+ for herring for the years 1983-2000. 

Sprat: 

3. IBTS sprat indices in area corrected format for the year 2000. 

4. IBTS sprat data as mean weights and maturity state by rectangle for the wholc time series. 

12 



5. MIK sprat larvae and juvcniles as numbers by rectanglc for the whole time series. 

Facility rcquirements: 

• The working group recommcnds to provide a network hub with a noise-rcduccd fan. 

1.9 Requests from the Multispecies Assessment Working Group 

The Multispecies Assessment Working Group (MAWG) requests data on quarterly catches and mcan wcights at age in 
the catch of North Sea herring and sprat for 1998. The herring assessment working group (HAWG) has produccd the 
data for 1998 in the same detail as in the past. 

For sprat the MAWG requests to suggest and documcnt a time series of quarterly catch and weight at age in the North 
Sea from 1972-1991. 

1.9.1 Quarterly database (numbers and mean weights at age) 

Herring data 

Quarterly catch-at-age data, togethcr with weights at age in the catch and in the stock at spawning time for North Sea 
herring for 1998 are providcd in Tab le 1.9.1. 

Mean weight-at-agc data for the herring stock at spawning time are best provided by samples taken during the July 
acoustic survcys which cover Divisions IV a and IVb, and thcsc are shown in the lower panel of Tab le 1.9.1. for 1998. 

Sprat data 

Uncertainties in the reliability and/or abscnce of quarterly aged samples have prevented the Industrial Fisheries 
Working Group and later the HAWG, from running a VPA sincc 1984 (ICES 1998a). Mean weights at age for sprat 
over 1998 are given in Table 8.2.2. The working group is not able to construct or simulate input parameters for this 
period hetter than the MSWG already has done. For convcnicncc, data from 1972-1991 so far presented by the 
Industrial Fisherics Working Group and the HAWG are presented in Tablc 1.9.2 (ICES 1974; ICES 1978; ICES 1979; 
ICES 1980; ICES 1981; ICES 1982; ICES 1983; !CES 1984; ICES 1985; ICES 1986; ICES 1987; ICES 1988·, ICES 
1989b; ICES 1990d; ICES 199la; ICES 1992d). 

1.9.2 Geographical distribution of the herring catches in in the North Sea in 1998 

Data on the geographical distribution of herring catches in the North Sea (Sub-areas IV and Division Vlld) in 1998 
wcrc available from Denmark, the Nethcrlands, Korway, Sweden, the U.K. (Scotland and England), Germany and 
France. The data rcprcsents the total catch (both juveniles and adults}, bul rnisreporting (from VIa) was not included. 
Figures 1.9.1 - l. 9.12 show the catch by ICES rectangles for each month. Figures 8. I.l · 8. 1.12 show the sprat catch by 
rectangles by month. 

1.10 Ful'ther devel o p ment of the input format providing landings and sampling of commercial catchcs 

In the light of the developmcnt of the ICES Code of Practise for Data Handling, for 1999 the working group members 
used a .spreadsheet to provide all necessary landing and sampling data, which was developed originally for the Mackerel 
W or king Group (MHSA). 

There was a need to develop this input table, especially to adapt it to the special needs of the Herring Assessment 
Working Group. Apart from these minor changes, any future format should provide an opportunity to clcarly track 
changes of officiallandings made by WG members to compensate misreported or unallocated landings or discards. 

The Working Group agreed that an input file based on a stand-alonc database application (e.g., an MS Access runtime 
version) would be most preferablc, because it is less error-prone than a spreadshcct, and results can easily be 
interpreted. It is recommcnded to develop an input application for the 2001 working group meeting (see Section 1.8). 
For the interim period, the input spreadshcet was modified in the following way: 
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• some minor adjustments were made for the needs of the HAWG (areas now covering all stocks; length range 
adjusted for herring and sprat; age range truncated at 9+) 

• an additional quarter (l '1 quarter of the following year) was added to enable input for Oects with annual fishing 
periods different from a calendar year 

• in the 'catch-data' sheet, a column was added whcrc the direction oftransfers and target area(s) ofmisreported or 
unallocated catches should be stated. The future input application should allow multiple entries for the same area, 
to cover each fraction of misreported catches (fractions that are transferred to a specific area) rcported in a separate 
line 

• a separate sheet was inserted for remarks, to state any problems that nccd discussion within the working group and 
to providc brie[ Occt profilcs 

• some summarising and evaluation routines were implementcd to rcduce the risk of erroneous data input 

• It might he useful to change the input data providcd for this year's working group (1998 landings and sampling) 
according to the new format during the working group meeting in 2000. 

14 



Table 1.9.1 Herring North Sea, 

Quarter 

l 

Il 

Ill 

IV 

Total 

Age 
(ring) 
Year 
dass 

:-lb 
w 

Nb 
w 

Nb 

w 

Nb 
w 

Nb 

w 

1998 
Numbers (millions) and weights (g) at age (winter ring) per year dass of hcrring 

caught in each quarter. Spring spawners transferred to Division IlJa are included. 

Autumn spawncrs caught in Division fila are not indudcd. 

o 2 3 4 5 6 7 

1997 1996 1995 1994 1993 1992 1991 1990 

159 53 49 22 13 22 4 
31 63 94 129 164 209 234 

25 181 60 30 9 4 2 
30 108 138 159 190 213 215 

86 53 530 199 121 99 41 7 
20 42 132 172 208 240 262 270 

123 14 304 204 96 43 18 3 

17 51 109 135 170 196 218 243 

208 251 1068 512 2fi9 165 85 16 
18 35 118 146 183 220 237 250 

The stocks weight shown below are deri ved from acoustic survey samples Laken 

in July from division IVa,b and used in SSVPA. 

Age (w. ring) 

Year dass 

Stocks weights 

1996 
47 

2 

1995 
96 

3 

1994 
196 

4 

1993 
237 

5 

1992 
275 

6 

1991 
307 

7 
1990 
288 

8 

1989 
308 

8 

1989 

4 
294 

223 

3 
288 

2 
238 

lO 

275 

9+ 
1988 
363 

9+ Total 

1988 Numbcrs SOP 
000) 

328.4 
182 25.2 

o 312.6 
229 36.7 

7 1145.8 
315 171.3 

807.1 

233 91.5 

10 2594.0 
286 324.6 
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Table 1.9.2 Numbers (millions) and weights (g) at age (winter ring) per year class of sprat 
caught in cach quarter. Data in the period 1984-1991 are very poor and considcred 
Unsuitable for reliable catch at age cstimation (ICES 1992d). For grey table cells 
no data was presented in the documcnts referred to. Only if the working gro up at the 
time came up with simulated values, these are provided between brackets. 

age 
year o 2 3 4 5+ comments 

1972 
mean weight (g) 

Il nurnbers (mill) 

mean wcight (g) 

III numbers (mill) 

rnean wcight (.g) 

IV numhers (mill) 

mean weight (g) 

1973 
mean wcight (g) 

Il numbers (mill) 

mean weight (g) 

lii numhers (mill) 

mean weight (g) 

IV numbers (mill) 

mcan weight (g) 

1974 I numlxrs (mill) 7620 7341.8 1043 198.7 40.3 
mean weight (g) 

Il numbers (mill) 361.8 20R3.5 I48.6 26.1 4.7 
mean we(ght (g) 

Ill numbers (mill) 46.7 4909.8 1784.5 36.2 0.9 4.6 
mean weight (g) 

IV numbers (mill) 1549.3 6172.9 865.1 74.5 10.6 7.2 
mean weight (g) 

1975 I numbers (mill) 4096.6 14973 3929 233.7 14.1 
nx:an weight (g) 

Il numbers (mill) 446.2 1163.2 68.9 6.5 
mean weigbt (g) 

Ill numbers (mill) 15 1058R.I 5760 75.1 3.1 
mean weight (g) 

IV numbers (mill) 675.2 6351.6 6I22.5 660.2 57.3 4.4 
mean weight (g) 
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Table 1.9.2 continued 

year quarter 

1976 I numbers (mill) 

mcan weight (g) 

Il numbers (mill) 

mean weight (g) 

Ill numhers (mill) 

mean weight (g) 

IV numbcrs (mill) 

mt!an weight (g) 

1977 numbers (milt) 

mean weight (g) 

Il numbers (mill) 

rrean weight (g) 

Ill numbers (mill) 

mean wcigbt (g) 

IV numbers (mill} 

mean weight (g) 

1978 numbers (mill) 

mean wcight (g) 

Il numbers (mill) 

mean weight (g) 

Til numbers (mill) 

mcan weight {g) 

IV numbers (mill) 

mean weight (g) 

1979 I numbers (mill) 

mean weight (g) 

Il numhers (mill) 

mean weight (g) 

Ill numbers (mill) 

mean weight (g) 

IV numbers (mil!) 

mean weight (g) 

o 

79.6 
2.5 

2780.4 
2.5 

57.3 
6.9 

1060.8 
2.7 

age 
l 2 3 4 

9360.9 9997 6678 373 
2.3 9.9 16.6 21 

2017.2 964.6 740.1 40.9 
2.6 I 1.2 16.4 23 

16536.4 599.5 40.1 
6.6 15.8 19.6 

8443.7 2659.4 612.7 37.1 
8.4 17.9 21 23.1 

4197.2 11963 962.9 104.7 
2.4 7.2 15.3 20.2 

540.3 670.9 52.7 1.5 
2 8.2 13.9 22.5 

2803.1 3248.4 165.9 1l.l 
8.7 9.2 23.5 

4705 3049.5 311.2 1.5 
9.3 16.5 22.2 30.2 

2461.9 2839.3 3770 344.5 

5+ 

7.6 
26.2 

0.8 
24.7 

12 

comments 

>)(?,j)' (8.5f~~!"$.[~)j1(tQ:6}i (26;~1c -->mean weights are 

1077.5 123.8 3.2 o 
;; t~:~J·· W!nn~;n;;t~~;~x .:r~1"o: 

6.3 17785.5 216.5 14.7 0.7 
(2.5) •Y"'flt:rwcxt"t~?siiflii:6fi~zi.s; 

636.8 6932.7 3955.8 1159 214.9 
_(2.6) .... (IJ.9) (!7"2). (2)?6)0'(26.6) 

2270 6422.2 2671 131.2 0.7 

averages from 76-77 

· (2:3) (8:5) · (15:9) • (20;6f_ 00(26.i) -->mean weights are 
averages from 76-77 

203.6 452 14 1.1 Though data was available, 
, (~-~!.. (?i!)X15.1} (Z2.1ln;t24.7~ it was not presented 

in ICES 1980. lnslcad, it 
25379.1 388.3 2.1 O was decided to app1y the 

-i_i"'ff.'.ji5){ij,'-{'f.6) (12[5l, ~MX;:(~2f1IJ"."f;"ft"fi.l"f; average weights from 76-77 
because of "the strange 

433 8394.8 1494.6 122.4 34.9 distribution of the fishery 
-.·.·-_ •• _._ -_-_ •. _._·_-.. ·.··_ .. _-_.,._-._·.-.'."'.-. "'-_-._,_ .... _-_"'.'_"•_·)· ··:_·_,/·_.,. __ ·,··2 •. }._ •. (21° •• /5' )-.·-·•

12.6.' •. 6)·"• .• ····---. 1978" ~-:\~ V -t9~ t· /\ , , ~>cc, ,,.1-." ",.," ,, , :11;, !iE?!}:~ Ill • 

17 



Tabte 1.9.2 continued 

age 
year quarter o l 2 3 4 5+ comments 

1980 I numbers (mill) 1448 12764 1323 103.7 0.7 
mean weight (g) 1.8 7 14.3 20.4 

Il numht:rs (mill) 134 84.5 2.4 0.3 
mean weight (g) 6.5 12.7 

Ill numbers (mill) 15.1 10143.3 811.6 4.7 
mean weight (g) 2.1 7.6 13.2 19 

IV numbers (mill) 515.7 4518.5 2767.4 111.8 19.5 
mcan wcight (g) 3.6 10.8 17.7 23.3 

1981 numbers (mill) 2249.3 5218.6 1056 22.1 1.5 
mean weight (g) l 7.4 , 5.4 !lit.:to:rm.r l?lf1~j ·->incomplete weight-data 

>r ·~n><~<i,•--

for 4&5 groups: averages 
Il uumbers (mill) 23 87 189.2 29.1 1.7 were taken from 76-77. 

~an wldght (g) 5.7 12 19.9 .1~.Zf~,i~i1f2!tf7): " ,, __ ,"" ·, ,, .; ---- ' -~ - ' 

Ill numbers (mill) 192.2 7626.5 140.8 46.1 3 
mcan wcighr (g) 4.5 8.4 13.7 19.3 

N numbers (mill) 158 2326.8 1448.9 69.9 0.7 0.4 
mcan wcight (g) 3.7 10.6 17 22.3 

1982 I numbers (mill) 1020.7 5877.8 595.1 116.4 5 
mean weight (g) 3.4 8.1 16 16.9 20.7 

Il numbers (mill) 3.4 31.2 5.5 0.7 
mean weight (g) 6.2 7.4 14.2 27 

!li numbcrs (mit!) 20.8 4813.2 60.8 2.1 
mcan wcight (g) 3.7 7.2 18.7 25.5 

IV numbers (mill) 34.8 2700.7 623.9 10.5 0.6 1.2 
mean weigbt (g) 4.9 10.8 16.9 25.9 26 30.7 

1983 numbcrs (mill) 357.3 932.9 483 38.1 3 
mean wcight (g) 3.3 8.7 13.5 32 

Il numbers (mill) 1.7 25.4 56.1 5.3 
mean weight (g) 6.8 13.8 21 

Ill numbers (mill) 10.3 2656.4 34l.l 27 
mcan weight (g) 2.6 7 13.2 14.5 

N numbers (mill) 130.7 2016.6 761.4 46.7 O.l 
mean weight (g) 3.9 12.4 18.5 25.4 19 
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Table 1.9.2 continued 

age 
year quarter o l 2 3 4 5+ comments 

1984 I numbers (mill) 134.1 5X0.5 206.8 34.8 0.3 
mean weight (g) 2.6 9.3 12.9 15.4 21.4 

Il numbers (mill) 22.4 4.9 3 
mean wdght (g) 3.8 9.1 16.1 

Ill "''mbe~ (mill) 4094.5 341.3 36.6 3 

IV 

1985 I 

Il 

Ill 

IV 

[] 

lii 

IV 

1987 I 

Il 

Ill 

IV 

mean weight <g> ~::i:i:,;_;:(3a:y,,::::. ~:,::~?;a!:~-(l~t;;~or-:(f!)~QYåf45-~o)~1';~ 0:{;it:;f; -->average 82-83 

numbers l_ mill) 

rnt:an weight (g) 

nurnbers 

mean weight (g) 

numbers (mill) 

mcan weight (g) 

numbers (mill) 

mean weight (g) 

numbers (mill) 

mean weight (g) 

mt:an weight (g) 

nurnbers (mill) 

mean weight (g) 

numbcrs (mill) 

mcan weight (g) 

numht:rs (mill) 

mean weight (g) 

numbers (mill) 

mcan weight (g) 

numbers (mill) 

mean weight (g) 

numbers (mill) 

mean weight (g) 

numbers (mill) 

mean weight (g) 

91.4 
3.4 

28.8 

2204.2 
12.9 

555.1 

1546 

151.H 
21.1 

64.4 
25.5 

5 
22 21.4 

t»sYlJ7};;3};}'Ø~!--o:-"("Q:\)"-->numbers constructed 
''""'~'"' ,,_,,,,_,.,,",,-, '· ::,: _.,,,from avcragc age in 

DK-catches '8 l- '83 

37.2 12.1 0.8 

85.2 l 

.320 8.4 
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Table 1.9.2 continued 

age 
year quarter o l 2 3 4 5+ comments 

1988 l numbers (miH) 7.8 57.3 8 1.7 O.l 
mean wcigbt (g) 

Il numbers (mill) 1.1 10\.5 5.2 
mean weight (g) 

Ill numbers (mill) 47!.8 4741 58.4 3.9 
mean weight (g) 

IV numbers (mill) 48.6 474.3 8.6 
mean wcight (g) 

1989 numbers (mill) 562.4 897.2 53 
mean wcight ( g) 6.9 13.9 23.5 -->3+ group 

Il numbers (mill) 12. l 19.4 5.2 
mean weight (g) 6.9 13.9 23.5 -->3+ group 

Ill nurnbers (mill) 60 2026.7 2120.3 273.8 
mean weight (g) 1.6 8.5 10.7 15. l -->3+ group 

IV numben (mill) !.6 57.2 54.5 7.4 
mean weight (g) 1.6 8.5 /O.l 15.1 -->3+ group 

1990 I numbers (mill) 538 225.9 28.3 2.1 O.l 
mean weight (g) 4.2 10.8 l 5.6 -->3+ gro up 

Il 11umbers (min) 

rnean weight (g) 

Ill numbers (mill)* 878 1165.8 *data only from 
mean weight (g)"' 16.5 18.7 -->3+ group DK in div. !Vb 

IV numhers (mill) 

mean wcight (g) 

1991 I numbcrs (mill) 47 51.2 18 0.6 
mean weight (g) 4.2 12.6 l 5 -->3+ group 

Il numbers (mill) 0.5 3.4 0.9 
mean weight (g) 

Ill numbers (mill)+' 9.7 664.8 1086.3 328 79.1 *data only from 
mcan weight (g)"' 4 13 15.8 18.7 -->3+ group DK in div. IVb 

IV numbers (mill) 296.1 1941 281.4 36 4.6 
mean weight (g) 4 14.2 18.8 19.7 -->3+ group 
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Figure 1.9.1: Herring North Sea catches (in tonnes), January 1998 
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Figure 1.9.2 : Herring North Sea catches (in tonnes), February 1998 
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Figure 1.9.3: Herring North Sea calches (in tonnes), March 1998 
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Figure 1.9.4: Herring North Sea catches (in tonnes), April 1998 
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Figure 1.9.5: Herring North Sea catches (in tonnes) , May 1998 
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Figure 1.9.6: Herring North Sea catches (in tonnes), June 1998 
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Figure 1.9.7: Hcrring North Sea catches (in tonnes). Jul y 1998 
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Figure 1.9.8: Herring North Sea catches (in tonncs) , August 1998 
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Figure 1.9.9 : Hcrring Nonh Sea catches (in tonnes) • September 1998 
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Figure 1.9.10 : Herring North Sea catches (in tonncs) , October 1998 
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Figure 1.9.11 : Herring North Sea catches (in tennes), November 1998 
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Figure 1.9.12 : Herring North Sea catches (in tonncs) , December 1998 



2 NORTH SEA HERKING 

2.1 The Fishery 

2.1.1 ACFM advice and management applicable to 1998 and 1999 

In 1996, the fishing mortality was hal ved for the adult part of the stock and rcduced by 75% for the juveniles. In 1997, 
the fishing mortality on the adult stock was reduced to 0.25 and for juveniles to less than O.l to aim of rebuilding the 
SSB up to 1.1 million t in 1998. 

According to the EU and Norway agreement (Decembcr 1997), efforts will be made to maintain the SSB above the 
MBAL (Minimum Biologically Acceptable Leve!) of 800 000 t. An SSB reference point of 1.3 million has been sel 
above which the TACs will be based on an F = 0.25 for adult herring and F = 0.12 for juveniles. If the SSB falls below 
1.3 million tonnes, other measures will be agrced and implemcntcd taking account of scientific ad vice. 

ACFM recommended for 1999 that the management for 1998 should be continucd lo ensure the rebuilding of the 
spawning stock biomass. The measures consist of adoption of a F2-6 of 0.2 and a FO--I< O.l until the spawning biomass 
is rebuilt to a precautionary level of 1.3 million tonnes. And it was noted that continucd fishing at status quo leads to 
increase in SSB to l 471 000 t in 1999. 

The final TAC's adopted by the management bodies for 1999 werc 290,000 t for Divisions IV and Vlld. The by catch 
ceiling for fleet B in the North Sea was 30,000 t. 

2.1.2 Catches in 1998 

Total lam.lings are given in the Tab le 2. L l for the North Sea and for each Division in Tab les 2.1.2 to 2.1.5. 
Misrcporting landings from VIa North and unallocated landings (from Ila, VIIb,c,j,h) are given separate! y. 

The total catch in 1998 of 329 000 t is higher than the catch in the two last years. In the Division !Va West (Table. 
2.1.2), the catch of 140 000 t is more than twice the catch of 1997 (60,524 t)_ The 32 000 t of 80 000 t increased 
landings in 1998 from Division IV a West is due to misreporting of catches takcn in the North Sea but reported as have 
been raken in Division VIa North. 

Landings of herring taken as by-catch in the Danish small meshed fishcry has again in 1998 been much lower than the 
by-catch ceiling set for Denmark. The Danish sprat fishery was closed in mid February, as the hy-catches ofherring was 
too high, and first reopened in August. Though, for smaller vessels it was allowed to land up to 50 t .sprat per wcek. By­
catchcs of hcrring in these smaller vessels sprat fishery were negligible. 

TACs for Suh-area IV and Division VIId have been exceeded by a significant amount for scveral years. This excess of 
the catches over the TACs for the years 1993 to 1998 is shown in the text table below, whcrc cstimates of misreporting 
are includc in the Working Group Landings. It should be noted that prior to 1996 the TAC applics only to the human 
consumption fishcry in Sub-area IV and Division VIId. The TAC for 1996 to 1998 the by-catch for hcrring to he takcn 
in the small mesh-tishery is included in the text table below. 

Year 1993 1994 1995 1996 1997 1998 

TAC ('000 t) 430 440 440 200') 183''' 276''' 
Officiallandings ('000 t) 409 414 415 136 155 265 
Working Group catch ('000 t) 521 465 534 263 209'-' 328 
Excess of landings over T AC ( '000 t) 91 25 94 63 26 52 

O) including by-catch ceiling 
(Z) Misrcporting of catches from Division VIa North is not included. 

2.2 Biological Composition of the catch 

2.2.1 Catch in numbers at age 

Quarterly and annual catches in numbers and mean wcights at age were compiled for Division IV a (East and West), 
IVh, VI!d!IVc and for the total North Sea. Table 2.2.1 provides a breakdown of the numbers caught by age group for 

27 



each Division on a quarterly and annual basis for 1998. North Sea catches in numbers at age over the years 1990-1998 
are given in Table 2.2.2 and are shown in Figurc 2.2.1. The total number of hcrring taken in the North Sea in 1998 (2.6 
billion) is higher than the number taken in 1997 (less than 2 billion), hut lower than the number caught in previous 
years. The catch ofO-ringers has reduced considerably and it is the lowest since 1977. The eatches of the l-ringer have 
increased slightly, but the catch for the 2-ringers was twice as high as in 1997. 

The catches in numbers of Division Illa-Western Baltic spring spawners caught in the North Sea in 1990-1998 and 
transferred to the Division I!Ia-Western Baltic stock are presented in Table 2.2.3. In 1998, the numbers of all year 
classes were higher than the two last year. This increase is due to higher landings from the transfer area compared to 
1997. 

The estimated numbers of North Sea autumn spawncrs caught in Division Illa in 1990-1998 and transferred to the 
North Sea assessment are given in Table 2.2.4. 

Tab le 2.2.5 summariscs the total catch in numbers at age of North Sea autumn spawners used in the asscssment. 

Table 2.2.6 summarises the total catch in tonnes of North Sea autumn spawncrs. After the splitting of the Illa autumn 
spawncrs and the North Sea spring spawners, the amount of the total catch used for the assessment was 380,178 tonnes. 

The percentagc age composition of hcrring caught in the North Sea and VIId, as 2-ringers, 3-ringers and older, in 1998 
is prcscnted for each Division in Table 2.2.7. The percentage of 2-ringers is 50% of the total eatch and higher than the 
3-ringers in all the Divisions. 

The SOP (in tonncs) by age and Division for each quarter is given in Tablc 2.2.8. 

Landings in nurnbers and mean weight by flcet required for short term prediction are shown in Table 2.2.1 O. As the WG 
has changed the fleet definitions the data for 1997 is shown in Tablc 2.2.9. 

2.2.2 Quality of catch and biological data 

It was again in 1998 possiblc toget reliable information on misrcportings from several countrics ftshing for herring in 
the North Sea and adjacent areas. An estimate of 32 446 t from VIa North and an unallocated landings from Ila, 
Vllb,e,j,h of 27,722 were transferred into the North sea and were used in the assessmcnt. It should he noted that these 
landings from Ila, Vllb,c,j,h are more important than thcsc unallocated landings from thcse areas estimatcd in 1997. 

Only the Netherlands provided estimates of discards, but discards are known to occur in the fisheries of most countries 
and they could rcpresent a significant amount, which is not included in the assessmenl Thcre is still a nccd to improve 
the quality of the landing data in the North Sea, in relation with discards. 

As a general rule, sampling of commercial landings for age, length and weight was at the same levet as last year (Table 
2.2. 11). It was low in surne fisheries and in others no samples were taken in some quarters, espccially in the sec ond and 
third quarter in the Southcm North Sea (Divisions IVc: and VIId). This introduces uncertainties in the hiological 
composition of the catches, which affects the quality of the assessment. Bul, it should he noted that this year, efforts 
were made to enhance procedures in data ex.changes, and an EU study project will start in April 1999 where five 
institutes will participate, to evaluate the adequacy of the international market sampling effort t<Jr some commercial 
spccies (including herring) and to dcvelop procedurcs for consistent data storage and rctrieval (EMAS project). 

2.2.3 Treatment of the spring spawners herring in tlhe North Sea 

Norwegian spring spawners are taken dose to the Norwegian coast under a separate TAC. These catches are not 
included in the catch tables. Coastal spring spawners in the southern North Sea (e.g., Thames Estuary) are caught in 
small quantities regulatcd by a local TAC. Thcse catches are given in Tables 2.1.1 and 2.1.5. 

Western Baltic and Division liTa spring spawners are taken in the castern North Sea during the summer feeding 
migration. These catches are included in Table 2.1.1 and listed as Illa type. Tab le 2.2.3 specifies the estimated catch 
number at age of Division Ula/Western Baltic spring spawners which are transferrcd from the North Sea assessment to 
the assessment of the Division Illa/Western Baltic in 1998. 
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The method of separating these fish, as described in former reports from this Working Group (ICES 1990/ Assess: 14) 
assumes that for autumn spawners, the mean vertebral count is 56.5 and for spring spawners 55.80. The fractions of 
spring spawners (fsp) are cstimated from the formu1a (56.50-v)/0.7, where vis the mean vcrtcbral count of the (mixed) 
sample. The method is quite sensitive to within stock variation (e.g., between year classes) in mean vertcbral counts. 
The same method has been applied to separate the two components in the summer acoustic surve y. 

To calculate the proportion of spring spawners caught in the transfer area, two samples that have been taken in May and 
four in June 1998 were used for the second quarter. For the third quarter, nine samples taken in July were used (Figure 
2.2.2). 

The resulting proportion of spring spawners and the quarterly catchcs of thcsc in the transfer area in 1998 are as 
follows: 

Quarter 2- ring 3- ring 4 +ring No of rectangles Catch in the transfer Catch of Spring Spawners 
(%) (%) (%) sampled area (t) in the North Sea (t) 

Q.2 31 42 57 6 4 270 l 756 
Q.3 29 74 100 9 7 877 6 077 

The quarterly age distributions in Sub-division !Va East were applied to the catches of the second and third quarters in 
the whole area. The numbers of spring spawners by age were obtaincd by applying the estimated proportion by age. 

2.2.4 Catch at age for North Sea herring 1997 

From 1983 to 1996 there were unallocated catches added to the North Sea (Table 2.1.1). In 1997 the amount of 
unallocated catch was reduced because it was believed that the area misreporting had been reduced due to changes in 
the licensing rcgulations ICES ( 1998a). In 1998, the amount of area misreporting is again believed to be at si mil ar 
levels to 1996 (Table 2.1.1). However, there is no new information conccrning 1997. Il is however possible that some 
area misreporting did occur in 1997 and in order to investigate the effect of this an assessment was carried out with 
catches modified to include area misreporting derived in the manner consistent with 1996 and 1998. An additional 
25,126 tonnes was added to the total catch, increasing the catch from 248,000 to 273,000 tonnes. The catch at age and 
the mean weights at age were recalculated adding in the increases in catch by age. The values used for the calculation 
were taken from the sample data for the fleet and area where the misreported herring were thought to have been caught. 
The revised catch at age, mean weights and biomass are given in Table 2.2.12. 

2.3 Recruitment 

2.3.1 The IBTS index of l-ringer recruitment 

The l-ringer index ofrecruitment is based on the IBTS, 1" quarter (trawl catches at daytime February 1999). The index 
is calculated for the entire survey area, weighting statistical rectangles as described in the WG report of 1995 (ICES 
1995). 

The indices based on surveys from the period 1979 to 1999 (cstimates of the strcngth of year classcs 1977 to 1997) are 
given in Table 2.3.1. and the tempora! trend in indices is illustrated in Figure 2.3.1. This years estimate of the 1997 year 
class is very low, it is about a third oflast year's estimatc and the lowest obscrvcd sincc 1979. 

Figure 2.3.2 illustrates the spatia! distribution of 1-ringers as estimated by the trawling in February. In 1999 the 1-
ringers were predominantly distributed in the south-eastern North Sea, very few were found in the south-western areas 
where concentrations have been observed in preceding years. 

2.3.2 The MIK index of O-ringer recruitment 

The O-ringer index is bascd on catches by a fine-meshed ring net (the MIK) at night-time during the February survey of 
the IBTS. Index values are calcu1ated as described in the WG report of 1996 (ICES 1996a). The index estimate of the 
abundance of 0-ringers in 1999, the 1998 year class, is estimated to 244.0 (Tab le 2.3.2). 

This cstimatc of the 1998 year class indicates a large increase in recruitment compared to the poor 1997 year dass. 
While the 1997 year dass was estimated as o ne of the Jowest on record, the 1998 year class estimate reach a magnitude 
comparablc to the good year classes in the mid-eighties. The spatia! distribution of the 0-ringers follows the trend of a 
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north-westerly displacement which has been observed during the last ycars (Figure 2.3.3). This year the major 
concentrations of 0-ringers extend from the east coast of Scotland towards the Skagerrak. 

2.3.3 Relationship between the MIK O-ringer and the IBTS l·ringer indices 

The relationship between the two indices is Hlustrated in Figure 2.3.4 and dcscribed by the inserted linear regression 
line. The comparison between the indices for the 1997 year class reveals a rclation that is in accordance with the lang­
term trend. Both indices indicate a poor 1997 year dass. 

2.3.4 Trends in recruitment as estimated by the assessment 

The 1ong-term trend in recruitrnent of 1-ringers to the stock of North Sea autumn spawners is illustrated by Figure 2.3.5. 
Recruitment estimates are based on the present 1999 !CA asscssmcnt. The figure illustrates the dccline during the 
sixties and the seventies, followed by the marked increase in the early cighties. From the high year dass 1985 a new 
decline was observed, while recruitment of 1-ringers during the last six ycars has fluctuated around a levcl, without 
obvious trends of increase or decrease. 

The last three !CA estimates of l-ringer recruitmcnl are 17.0, 18.4 and 7.52 billions for year classes 1995 to 1997 
respectively, while the estimates for 0-ringers are 50.9, 20.8 and 95.3 for year classes 1996 to 1998 respectively. 

2.4 Combined acoustic surveys of IV a & b, VlaN and IDa 

Survey Methods 

Six surveys werc carricd out during late June and July covering most of the continental shelf north of 54°N in the North 
Sea and Ire land to the west of Scotland to a northern limit of 62"N. The eastern cdge of the survey area is buunded by 
the Norwegian and Danish coasts, and to the west by the Shclf edge between 200 and 400 m dcpth. The surveys are 
reported individual! y, and a combined report has hccn prepared from the data from all surveys Simmonds et al ( 1999 
WD). 

The Vesse]s, dates and areas covered by the coordinated Acoustic Surveys: 

Kings Cross 

Dana 

GO Sars 

Scotia 

Tridens 

WHerwig 

10-28 July 1998 

26June-17 July 1998 
27 June- 18 July 1998 

10- 27 Jul y 1998 

22 June -17 Jul y 1998 

23 June- 13 July 1998 

North of 56" N west of 4'W 

North of sr east of 5°E 

North of 57" l "E to 8"E 

North of SR" 30' bctwccn 4" 30'W and 2"E 

South of 59"N west of 2'E 

South of STN east of 2 'E 

The surveys are line transect surveys with abundances derived from acoustic observations, opportunistic fishing 
providcs identification of the schools and data on the age structure of the herring. The combined survey results provide 
spatial distributions of herring abundance by number and biomass at age hy statistical rectangle. The survcy ateas for 
each vessel are given in Figure 2.4.1. The results for the six survcys have been combined. Procedurcs and TS values are 
the same as for the 1997 surveys (Simmonds et al. 1998). Stock estimates have been calculatcd by age and rnaturity 
stage by ICES statistical rectangle for-the whole survcy area. Where the survey areas for individual vessels overlap, the 
effort weighted mean estimates by age and maturity stage for each overlapping rectanglc have been used. The split 
between autumn spawning herring and spring spawning herring is calculated using otolith microstructure for the survey 
by RV Dana and by regression analysis of vertebral counts for G.O. Sars. 

Results 

The combined data gives estimates of immature and mature (spawning) herring for ICES areas Vlaoorth• !Va, and !Vb 
separate! y and parts of Illa. The data from all areas have been split betwccn autumn spawners, in the North Sea and 
West of Scotland, and spring spawning Baltic stocks. The total SSB of autumn spawning herring from the North Sea 
was 1,831,()(}{} tonnes and for IVa,.,rth 376,000 tonnes. The SSB for Baltic spring spawners was 162,000 tonnes. Stock 
cstimatcs by numbcr and biomass are shown in Tables 2.4.1 and 2.4.2 rcspectively for areas Vlanonh• lYa and IVb 
separately; mcan weight.s at age are shown in Table 2.4.3. Stock estimates for Baltic herring by number and biomass are 
shown in Tables 2.4.4 and 2.4.5 respectively for ICES areas Illa, !Va and IVb; mean weights at age for Baltic herring 
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are shown in Table 2.4.6. The results of the surveys, (numbers, biomass, mean weight and maturity at age) are 
summarised by stock in Tablc 2.4.7 Figure 2.4.2 shows the distribution of abundance (numbers and biomass) of mature 
autumn spawning herring for all areas surveyed. Figure 2.4.3 shows the distribution split by age of l ring, 2 ring and 3 
ring and older herring. Estimates of 'O' group have been omitted in all plots. Figure 2.4.4 shows the density distribution 
of numbers of adult autumn spawning herring as a contour p lot and Figure 2.4.4 shows the distribution for all l ring and 
older. 

The numbers of fish infected with lchthyophonus have increascd in the RV Scotia survey from 5 in 1997, to 30 in 1998, 
although no lchthyophonus were reported in any of the othcr surveys. The split by age is shown in Table 2.4.8. 

The numbers of North Sea autumn spawning herring estimated from the acoustic survey are shown as a time series in 
Table 2.4.9. The tab1c also shows the estimated total mortality calculated from 2+ to 3+ age classes from the time series. 

2.5 Larvae surveys 

Internationally co-ordinated herring larvae surveys have been conducted in the North Sea and adjacent waters sincc 
1972. In last years only The Ncthcrlands and Germany continued to participate in this program. Five cruises covering 
seven survey units were carried out in the 1998/99 pcriod. The data administration and analysis were compiled by I:fl\.1 
Kiel and BFA Hamburg/Rostock. 

The updated estimates for the 1arvae abundance index (LAI) in length dass less than 10 mm is given in Table 2.5.1. 
Compared to 1997, an increase in abundancc is obscrvcd in the Orkney/Shetland and Buchan areas. In the Southern North 
Sea (SNS) the abundance is near the average level; in the first sampling period the abundance appears to be much lower 
compared to 1997, but this is due to an exceptionally high value in the previous year dcpcnding on one single haul, in which 
more than 33,000 larvae were caught. 

The LAI values presented last year had to be corrected and were reduced by this correction due to the fact that the numbers 
of larvae measured and reported as length frcqucncics to the data hase had already been raised to the numbers caught. The y 
were, nevertheless, taken as numbers measured and the raising factor (caught/measurcd) was applied for a second time in the 
standard LAI calculation procedure. This error was introduced by an undocumented inconsistency in the data base, which 
originally included numbers of larvae measured for length frequencies. In later years lcngth frcqucncics, still reported as 
numbers measurcd, bad already been raised to numbers caught and the raising factor in the LAI calculation proccdurc had 
correspondingly bcen set to one. This inconsistency in the data base has now been documented. 

The parameter values of the multiplicative model (MLAI calculation) are given in Table 2.5.2, including year cffccts 
and standard crrors. The year effects and several transformations are given in Table 2.5.3. Threc different MLAI series 
are presented in Figure 2.5.1. The 099 series reprcscnt this year's estimates, which are compared to those used in the 
1996 and 1998 assessment (P96, Ass98). Comparablc trcnds are evident for all three series, indicating a recovery in 
stock size since 1994. 

Differcnccs bctwcen the MLAI values previously reported and the revised calculations have bccn resolvcd and were 
reported and dcscribed to the Planning Group for Herring Surveys. The refined calculation proccdure produces 
abundance estimatcs per station showing no discrepancies compared to historical estimates given in the data base. 
Remaining differenccs in the LAI values aggregated for sampling units are due to the different methods uscd for 
missing station corrections, which have not been sufficiently documented for an exact recalculation. At present, no 
correction is made for any missing value. Refined and historical MLAI valucs compare, nevertheless. ve-ry well, with 
less that 3% unexplained variance in the regression for the two data series. 

The problems related to incomplete coverage of sampling units and to single exceptionally high abundance values are 
considered in the refined MLAI calculation proccdurc by including a weighting process. LAI values for individual 
sampling units are given weights proportional to the degree of station coverage and to the inverse coefficient of 
variance of abundancc valucs within sampling units (Rohlf et al. 1998, Groger et al. 1999). 

2.6 International Bottom Trawl Survey (IBTS) 

The International Bottom Trawl Survey (IBTS) started out as a young herring fish survey in 1966 with the objcctivc of 
obtaining annua! recruitment indiccs for the combined North Sea herring stod3. It has been carried out every year since 
and it was realised that the survey could provide recruitment indices not only for herring, but for roundfish species as 
well. Later, when catch data from the survey were examined in detail it also turned out that the data from the first 
quarter also gave an indication of the status of the adult herring. It is the time series from the first quarter and from 1983 
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onwards, after fishing gear and survey practices were standardised, which has shown the most consistent results and 
which has therefore been used in the assessments of the herring. Table 2.6.1 and Figure 2.6.1 shows the time series of 
the abundance at age obtained from the first quarter coverage of the IBTS. The numbers at age 2 and above show same 
correlation so the series is used as two age disaggregated indices, l ring, discussed in Section 2.3 recruitment and 2-5+ 
ring, presented here. The data shown in Tahle 2.6.1 has been updated from the data presented in previous years reports, 
for these years some prcliminary valucs for the IBTS have been included in the assessment and have not been updated. 
The values here are corrcct for the years 1996-l998.1t has not been possible to check all years, this will be done befare 
the WG in 2000. The IBTS data series is availablc for ycars 197 l to 1999, the years used in the 2-5+ series are from 
1983 to 1999 inclusive which is consistent with earlier assessments. Standardisation of fishing gear among participating 
vessels was implemented in 1983 but there were some adjustments following tlume tank measurements and 
standardisation was completed by 1985, the data should be evaluated to indicate which years are the most appropriate. 

2. 7 Mean weights-at-age and maturity-at-age 

2.7.1 Mean weights at age 

The mean weights at age of fish in the catches in 1998 (weighted by the numbers caught) are prcscntcd by ICES 
division and by quarter in Table 2.7.1. Table 2.7.2 shows a comparison of mean wcights at age, 2-ringers and older by 
ICES division over the years 1990 to 1998. 

For the wholc North Sea the mean weight in the catch is very dose lo the mean of the last 9 years, 3 g above the mcan. 
For Division IV a the mean weight of the younger fish are above the mean and the older fish below. For Divisions IVb, 
the mean weight at all ages are scattered on either side of the 9 year mean. For !Ve and Vlld the weights are dose to the 
maximum for the last nine years. 

Table 2.7.3 presents the mean weights at age in the catch during the 3rd quarter in Divisions !Va and !Vb for 1987 to 
1997. In this quarter most fish are approaching their peak weights just prior to spawning. For comparison the mean 
weights in the stock from the last six years of summer acoustic surveys are shown in the same tablc. (From Table 2.4.3 
for the 1998 values). The mean weights at age in the catch are about 8 g per fish above the mean. The mean weights at 
age in the population are higher than the seven year mean by about 10 g per fish. However, the 2 ring herring are at a 
seven year low level and the older age classes are close to a 8 year high. 

The year cffect in the mean weight at age in the observed values in the population is considcrable and the issue of the 
correct values to be used in the assessment was addressed in detail in 1996 (!CES l996/Assess:10). The cause of the 
year effect is like! y to be the result of variability in the estimates of abundance in different parts of the survey area, 
coupled with the spatial variability in mean wcight at age. This is most likely due to sampling variability in estimating 
local abundance in the acoustic surve y, as this local abundance is required to weight the mean weights at age from 
differing parts of the area. To reduce the impact of this sampling variability in the assessment a 3 year running mean 
was chosen in 1996 to gi ve the weight at age for the asscssmcnt and the same method has been used this year to smooth 
the year effect in mean weight at age. 

2.7.2 Maturity Ogive 

The percentage of North Sea autumn spawning herring (at age) that spawned in 1998 was estimated from the acoustic 
survey. This was determined from samples ofherring from the research vesscl catchcs cxamined for maturity stage, and 
raised by the local abundance. All herring at maturity stage between 3 and 6 inclusive in June or Jul y were assumed to 
spawn in the autumn. The method and justification for the use of values deri ved from a single years data was described 
fully in ICES (1996/Assess:lO). The maturity in 1998 was within the normal range of values (over the last JO years). 
The proportion of herring found to be mature were almost equal to the average for both 2 and 3 ring. The percentages 
are given in Table 2.7.4. 

2.8 Stock assessment 

2.8.1 Data exploration and preliminary modelling 

Asscssment of the stock was carried out by fitting an integrated catch-at-age mode1 including a separable constraint 
over a seven-year period (Patterson and Mel vin 1996; Deriso et al. 1985; Gudmundsson, 1986). 

Survey indices available 
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The information available was the MIK index. of O-ringer abundance (Scction 2.3), the acoustic survey index (Section 
2.4) and the IBTS survey index (Sections 2.3 and 2.6). In addition, larvae survey information including the 
multiplicalive larvac abundance index (MLAI) up to 1998 was available atthis year's meeting. The problems with the 
calculation of this index have been sol ved and are outlined in Section 2.5. 

Catch-at-age matrix. 

The catches in numbcr at age (Section 2.2) were available for the period !947-1998. The year range of 1960 lo 1998 
has been chosen for the assessment thereby excluding the years 1947 to 1959 on account of the large discrepancies in 
the sum of products in those earlier years. 

In 1997 a large proportion of the catches taken between 4"W and 5°W in Division VIa were not transferred to the North 
Sea, following management measures takcn in that year (sec Scclions 2.2.3 and 2.2.4). Table 2.2.12 lists the catch in 
numbers at age and weights at age in the catch for 1997 for the North Sea herring for both the situation where these 
catches are included or excluded from the North Sea herring. The effect of including this reallocated catch was tested 
using an extra run of the !CA with the same conditions as the final assessment. The implications are discussed in 
Section 2.12. 

Choicc of pcriod of separable constraint 

At last year's meeting, however, due to the changes in the management regime for North Sea herring in 1996, the 
hypothcsis of constant selection was thought to be inappropriate. Therefore the separable model was fitted using two 
separate selecliun periods: one from 1992 to 1995 and the other from 1996 to 1997. Furthermore the selection on adults 
(3-9+) was forced to he equal over the two separable periods, which effectively means that only for juveniles (0-2) two 
selection pcriods were estimated. 

At this years meeting the hypothesis of constant selection was again thought to be inappropriate due to the changes in 
the management regime for North Sea herring in 1996. Therefore the separable modcl was again titted using two 
separate selection periods. Also the selection on adults (3-9+) was forced to be cqual over the two separable periods, 
which effcctively rneans again that only for juveniles (0-2) two selection periods were estimated. The preliminary 
modelling startcd with two separate selection periods from 1992 to 1995 and the other from 1996 to 1998 similar to last 
year~s assessment by cxtcnding the second period with one year. Since the management measures in 1996 became 
effective only in the midd le of the year, it causcd a relative high catch of 1 -ringers compared to 0-ringers, which would 
on! y be caught in the second half of the year. Therefore, two different separate selcctiun pcriuds from 1992 to 1996 and 
from 1997 to 1998 were also tested, because the selection patterns in 1997 and 1998 wcrc assumcd lo he more 
comparable. 

Comparable run of XSA 

Last year, !CA was fitted with an assumption of two selection patterns, one applying to 1997 and 1996, the othcr 
applying to the 4 years prior to 1996. Because of similar potential difficulties in fitting ICA this year, and because 
ACFM requested il, the WG also explored the use of XSA in the assessment of the North Sea stock. 

XSA Inputs and settings 

The input data (landings, catch numbers, catch weights, stock wcights, maturity and mortality at age, and proportions of 
M and F befare spawning) to XSA was identical to the !CA input dala (Table 2.8.3), but the tuning data differed 
slightly. First, the MLAI index, which is a biomass index, could not be uscd in XSA. Sccond, plus groups of all indices, 
i.e., the IBTS 5+ and the Acoustic survey 9+ indices, had to be removcd, sincc XSA does not usc plus-group indices in 
tuning. 

So, the tuning indices used were: 

Fleet First year Last year First age Last age Alpha Beta 
AC089: acoustic survey, 1989 1998 2 8 0.540 0.560 
IBTSA: 2-4, 1983 1998 2 4 0.080 0.170 
!BTSY: 1-wr, 1979 1998 l l 0.080 0.170 
MIK: MIK 0-wr, 1977 1998 o o 0.080 0.170 
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The Alpha and Beta parameters indicate the timing of the survey relative to l January. 

A summary of the settings used wlth the data is given below: 

Time series weights: 
Tapered time weighting applied 
Power = 3 over 20 years 

Catchability analysis: 
Catchability independent of stock size for all ages 
Catchability independent of age for ages > = 6 

Terminal population estimation: 
Final estimatcs not shrunk towards mean F 

Minimum standard error for population estimates deri ved from each fleet = .300 
Prior weighting not applied 

Tuning converged after 32 iterations 

XSA Diagnostics 

Rcsidual plots by age and fleet showed same patterns for the acoustic survey, but overall residuals were small (absolute 
valucs < 0.5). The IBTS 2-4 series lltted quile poorly with large residuals and patterns. Apart from a short run of 
negative rcsidua1s at the start of the series, the IBTS l-ringer indcx fitted reasonab1y well (small residuals). The MIK-0 
series is more noisy, but residuals were reasonable. 

In terms of estimates of survivors, the acoustic survcy tcnds toget most weight, particularly for older age classes. This 
is because XSA uscs inverse variance weighting whcn combining results from the different indices. 

XSA Results 

In general terms results were not very different from results of ICA runs (see Section 2.8.2). Thcre were, however, two 
noticeable differences. First, the inverse variance weighting mcans that estimatcs of stock size, and hencc SSB, are 
closer to va1ues indicated by the acoustic survey than the !BTS. This means that estimated SSB in 1998 (1051 
thousand l) is a litt1e higher than estimatcs from !CA. 

Second, the fishing morta1ity at age in the period 1994 to 1998 shows that although there has been a change in the 
selection pattern, it did not happen suddcnly, and 1996 can be considered a 'transition' year. Figure 2.8.1 shows relative 
F's at age for 0-3 ringers, scaled to the Fat age 3 in the relevant year (hence a series of 1·s for 3-ringers). The 1996 
relative Fon 0-ringers has clearly declincd, but the l-ringer relative F has actually increased. 

In the light of this contribution of the different age groups in the catch-at-age rnatrix was reviewed. Proportions of catch 
at age are shown in Figure 2.2.1. This indicates that the starting year of the separable period should be choscn as 1992. 
Figure 2.8.1 indicates that the grcatest changes in selection pattern for 0-ringcrs occurred in 1996, but for 1-ringers it 
occurred in 1997. However, the greatest changes in selcction pattern occur from 1996 to 1997 for 0- and 1-\\IT. 
Therefore the following two periods of separable constraint were uscd in !CA: 1992-1996 and 1997-1998. 

Data exploration by abundance index 

The W orking Group attempted to evaluate the consistency of the different sourccs of information. In a numbcr of 
exploratory analyses, the model was fitted to the catch at age matrix and to each survcy index separately. The maximum 
likelihood estimates of terminal fishing mortality at reference age 4 and the 95% confidence interva1s for each mode1 fit 
are plotted in Figure 2.8.2 and are compared to those of last years Working Group. 

The multiplicative larvae abundance index (MLAI) index for 1arvae smaller than l O mm was tested using the year range 
of 1979 to 1998 and assuming a power re1ationship of index value to stock abundance as in last ycar's assessmcnt. The 
MLAI index was reduced to cover a time period of 20 years (maximum numhcrs of years in the biomass abundance 
index for the ICA program). The indicated F at reference age 4 is much higher compared to last years assessment. This 
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is due to cxtending the time series with values of two more years and smallcr changes in the values of earlicr ycars 
because of a recalculation of the MLAI index (see Section 2.5). The multiplicative larvae abundance index (MLAI) was 
uscd in the final assessment. 

The series of acoustic survey indiccs have bcen used for the period 1989 to 1998. The reasons for using this restricted 
period have been discussed earlier in ICES (1995 and 1996a). However, the extcndcd surve y pcriod ( 1984-1997) was 
tested in a separate model fit. Four test runs were performed with the acoustic survey time-series: 

l. Age disagregated for ages 2-9+ for the years 1984-1998 
2. Age disagregated for ages 2-9+ for the years 1989-1998 (as in last year's asscssment) 
3. SSB index for the years 1984-1998 
4. SSB index for the years !989-1998 

The estimated fishing mortalitics in the final year for the age-structured indices behaved consistently, but for the 
spawning stock biomass index of 1989-1998 the confidence interval decreased considerably by including an extra year. 
The age-structured index series from 1989 onwards was choscn, because it is consistent with the spawning stock 
biomass index for the years 1989-1998 and because it offcrs more information than the spawning stock hiomass indcx 
and because it has been used in previous years. 

The IBTS survey indices for the 1- to 5+-ringcrs and for the 2- to 5+-ringers indicate the highest F compared to the 
other indices as in last year. The confidence intervals decreased because of including an extra year and possibly because 
of updating the indices for the years 1996-1998 (see Sections 2.3 and 2.6). As in carlicr ycars the age disagregated 
IBTS survcy indices were split in two sets: the IBTS l-ringer indices and the IBTS indices for 2-5+-ringers. By 
applying the IBTS 1-ringers as a separate index they get the same weight as the combined 2-5+ ringer index. 

The two recruitment indices (IBTS 1-wr and MIK 0-wr) have also heen tested in separate model fits. Both appeared to 
tit well to the historie recruitment information, especially the MIK O~wr indcx. Thcsc indices are poor prcdictors of 
adult stock size and fishing mortality. They were both used as recruitment indices in the final assessmcnt. 

The spread of the terminal ftshing mortalitics in Figure 2.8.2 was less than the spread in last years assessment. It wa.s 
decided to keep the same indices, but with the addition of one year: 

• 
• 
• 
• 
• 

acoustic survey 1989-1998 (2-9+ wr) 
IBTS 1983-1999 (2-5+ wr) 
IBTS 1979-1999 (1-wr) 
MIK 1977-1999 (0-wr) 
MLAI< 10 1979-1998 (biomass index) . 

The above indices have been used for the assessment during the last four years. 

The spawning stock biomass that is indicated by the individual indices for the adult part of the population is shown in 
Figure 2.8.3. These are compared to spawning stock biomass of the final assessment. The acoustic survey indices 
indicate a relatively high and the IBTS2-5+ survey indices indicate a relativcly low spawning stock biomass, when 
compared to the spawning stock biomass of the final run. The spawning stock biomass as indicated by the MLAI index 
is closest to the spawning stock biomass of the final run. 

2.8.2 Stock assessment 

The stock-recruitment model was weighted by O.l, as in last year's assessment in order to prcvent bias in the asscssment 
due to this made! component. 

Details on input parameters for the final !CA are presented in Tables 2.8.1 and 2.8.2. The !CA program operates by 
minimising the following general objective function: 
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which is the sum of the squared differences for the catches (separable model), the indices (catchability modcl) and the 
stock-recruitment model. 

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

"'"=" ,=1994 r 1 re' , "-a=o:)-=1992 il, n a, y- In( C a. y) ) + 

"'=I992(l(QV' )l( ))' "-)·=1982 n · SSB,. - n LPE,. + 
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L)-= 1958 (1n( No.,+I)-In · i! 

. B+SSB, 
. ) 

with the following variablcs: 

a, y age and year 

C Catch at age 
C Estimat ed call:h at age in the separable model 

N 

SSB 
q 
k 

a, p 

ÅC 

Å i 
Jcr 

Index variable (by age) 

Estimated population numbcrs 

Estimatcd spawning stock si.æ 

Catchability 

power of catchability model 

parameters to the Beverton stock-recruit modcl 

selection at age in the first sclcction period 

selection at age in the second selection pcriod 

Weighting for catches (hy age and year) 

Weighting for indices (hy age) 

Weighting for recruitment model 

Errors were assumcd to be corrclatcd by age for both the acoustic survey and the age-disaggregatcd IBTS (2-5+) index. 
This has as a conscqucncc that cach survey will have a weight of l in the calculation of the total sum of squares; 

The standard ICA modcl includcs the separability assumption, i.e., that the exploitation pattern is constant between 
recent years. The rcgulations in 1996 affected the various components of the fishery different! y. The TACs for fleets A 
and C (the human consumption fleet in the North Sea and Division Illa) was reduced to 50%. By-catch ceilings for the 
othcr fleets (B, D andE) were implementcd corresponding to a reduction in fishing mortality of75% compared to 1995. 
These fleets exploit the juvenile herring as by-catch. As a result a single separability assumption is likely to be violated 
in 1996. This has becn addressed by calculating two selection patterns in which the selection on the older ages was 
forccd to be cqual, while the selection on the juveniles was allowed to ehange abrupt! y between 1996 and 1997. The 
selection on adults was forced to be equal by introducing a penalty function on the differencc bctween the selection 
patterns from ages 3 and highcr. The pcnalty function was added to the objective function (see above). A special version 
of ICA was compi1cd to cnablc the addition of the penalty function to the objective function. This vcrsion is available 
on the IFAP system under the men u 4.1 0.4. 

Information on the consistency between the assessments carried out during the Working Group meetings :!Tom 1996-
1999 is provided in Tab le 2.8.1. The settings of the !CA program are given in Tab le 2.8.2. 
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The !CA output is presented in Table 2.8.3 and Figures 2.8.3 - 2.8.11. Long-term trends in yield, fishing mortality, 
spawning stock biomass and recrultment are given in Figure 2.8.3. The spawning stock at spawning time 1998 shows an 
increase and is currently estimated to be around 878,000 tonncs which is around 130,000 tonnes higher than in 1997 as 
estimated at last years Working Group meeting. The fitted selection pattern in the final two years (1997-1998) shows a 
reduced sclection on juveniles compared to the earlier selection pattern (1992-1996). Mean tlshing mortality over the 
ages 2-6 increased from 0.31 in 1997 to 0.35 in 1998. Fishing mortality on 1-ringers decreased from 0.38 in 1995 to 
0.16 in 1996 and then to an even 1ower leve! ofaboul 0.07 in 1997 and 1998. 

The diagnostics of the model fit show relatively high residuals in the 1996 juvenile catches which indicatcs that the 
fitted selcction pattern did not conform to the catch data on juveniles. However, the overall level of residuals was 
thought to be acccptable. The final run with separable pcriods of 5+2 years was compared to a similar run, which only 
differed in the separable consttaint period being 4+3 ycars. The analyses of variance showed !hat the SSQ for the total 
model was less for the run with separable constraint pcriods 5+2 and was therefore used for the final assessment. 

The sensitivity of the assessmcnt was explored using a covariance matrix method wherc 1000 rand om draws wcre taken 
from the parameter-distributions of the ICA model. Using these random parameter vcctors, the historical assessrnent 
uncertainty was calculated and plotted in Figure 2.8.12. It can be seen that the estimates of fishing mortality, spawning 
stock biomass and recruitment have become less uncertain in recent years, when compared to the bcginning of the 
1990s. The sensitivity of the assessment is further discussed in Section 2.15 on quality of the asscssmenL 

The standard fish stock summary plots are shown in Figure 2.8.14 and the stock recruitment plot in Figure 2.8.15. 

2.9 Herring in Division IV c and Vlld 

The difference in age structure between the catches in Division lYe, VIId and in the rest of the North Sea clearly 
indicates that the developmcnt of the southern North Sea/Channel population ("Downs hcrring") is different from that 
in the rest of the North Sea. 

The cvaluation of this stock component has been based on the hcrring larvae surveys in the area. The time series of the 
herring larvae survcys in the southern North Sea and eastern Channel show 1ow valucs in 1995 and a spawning stock 
biomass on a very low leve!, comparable to that in 1980 when the herring fisbery was closcd (!CES l996a). In May 
1997 ACFM recommcnded that: "the effort should be reduced in this area as recommended for the total North Sea". In 
the middle of 1996 the TAC for human consumption herring was revised in the currenl year lo half the agrccd T AC and 
the same TAC was set for 1997 (to avoid a eomplete elosure of the herring fishery in 1997). However, the ad vice that 
no directed fishing for herring should be allowed in Division !Ve and Vlld in 1996 and 1997 was not followed by EU 
rcgulations neither in 1996 nor in 1997.1n 1998 the TAC was kept on the same leve! as 1997 (Figure 2.9.3). 

Figure 2.9.1 shows the age composition of the herring in Divisions !Ve and Vlld in the Dutch catches from December 
1980-1998. Figure 2.9.2 shows information on the larvae abundance over the same pcriod and the changes in the rnean 
age in the Dutch herring catches in December. In general it appears that the spawning stock biomass decreases when in 
the preceding year age 3 w-r has been more abundant than age 2 w-r (comparc larvae ahundance in Figure 2.9.2 with 
the age composition in Figure 2.9.1). In these cases a weak recruitmcnt at age 2 appears to be recruited to the Downs 
spawning stock. Year classcs 1990 and 1991 appear to have been weak and sccm to have contrihuted to the fast decline 
in the spawning stock biomass. Year classes 1992 and 1993 appear to have been at lcast avcragc and prohahly explain 
the increase in spawning stock in 1996. The observed values in 1997 indicate an increase in spawning stock hiornass in 
this area even ifthe very large value from Decemher 1997 is disregarded (see Section 2.5). Both the spawning stock and 
the mean age show a steady increasc from 1996 to 1998. 

ACFM catches have overshoot the agreed TAC's considerably since 1988 (see Figure 2.9.3). In the last three ycars, in 
which the T AC was half as low as in the period 1991-1995, catches were twice as high as the TA C. Considerahle 
catches taken in Divisions IV c and VHd were misreported to other Divisions. The high catches togethcr with the weaker 
year classes 1990 and 1991 have contributed to a fast dccline in spawning stock biomass over the period 1991-1995. 
Since 1996 the stock seems to increase again. 

The rnean age in the catch seems to be related to the hcrring larvae abundance and therefore also to the spawning stock 
biomass (Figure 2.9.2). Since 1991 the spawning stock biomass and the mean age have decreased considerably, but not 
yet lo the low mean age of 2.2 in 1980. The mean age in the Dutch catches is somewhat higher in 1998 than in the last 
two ycars. The larval abundance has been steadily increasing sincc 1996. 
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For the management ad vice of Downs herring it is important to know what year class strength will recruit to the adult 
spawning component. The IBTS survey supplics recruitment indices uf 1-ringers, but these indices are for the whole 
North Sea herring population. Part of these 1-ringers will recruit to the Downs herring. Length distributions of the 1-
ringers of the IBTS survey show very often a bimodal distribution. The fish of the smallest distribution are Downs 
herring recruits (born later), while fish of the largest distribution are recruits from the central and northcrn North Sea 
(born earlier). On average the minimum between the two modes in the length distribution occurs at 13 cm. The index. of 
the strength of the Downs 1-ringers possibly predicts what the strength is of the recruiting year class to the spawning 
stock. In 1997 and 1998, the Working Group recommended that the l-ringer indices of the IBTS survey be split in two 
components: 1-ringers from the Downs component (length below 13 cm) and 1-ringers from the central and northern 
North Sea (lcngth above 13 cm). However it was difficult to implement this new proccdure, as it would need quite a bit 
of prograrnrning and testing. As a reaction in 1998 the working group recommcnded this problem to be a matter which 
could be taken up by the Study Group on the Evaluation of the Quartcrly IBTS Surveys in August 1998. This study 
group, however, did not carry out this term of reference. Therefore the working group recommends again that the l­
ringer indices of the IBTS surve y be split in two components (see Sec ti on 1.8). 

2.10 Short term projection by area and fleet 

Fleet Definitions 

The tleet definitions were changed from last year with fleets D and E now combined (called D&E in this report), 
because therc are no separate quotas for the two fleets. The new fleet definitions are: 

North Sea 

Fleet A: Directed herring tishcries with purse seiners and trawlers 
Fleet B: All other vessels whcre herring is taken as by-catch 

Division I!Ia 

Fleet C: Directed herring fisheries with purse scincrs and trawlers 
Fleet D&E: By-catches of herring caught in the small-mesh fisheries 

Input Data for Short Term Projections 

All the input data for the short term projeetions are sununarised in Tab le 2.1 O.l. 

The starting point for the prujection is the stoek of North Sea autumn-spawncrs in the North Sea and Division llla 
combined at l January 1999. The ICA es(imates of all age groups from 0-9+ are used (Table 2.8.3). 

Catches by fleet in reference year: 1998 data from input files Tablc 2.2.10. 

Stock Numbers: 

For 1998 the total stock number was taken from !CA (Population Abundance year 1998, Table 2.8.3). 

For 2000 O-ringer the stock number was sct to 44 000 million ( arithmetic mean of the last l O ycars, 1989-1998) This 
figurc happens to be identical to the value that has bccn used in the past four ycars. 

Fishing Mortalitics: fishing mortalities for all age classes are taken from Table 2.8.3 for 1998. No adjustments to 
estimates for the youngest age classes wcre required, because thctc was no down-weighting of the young age classes in 
this year's assessment. 

Mean Wcights at age in the stock: the averages of the last 2 years' mean weights (1997 and 1998) were used (Table 
2.8.3) 

Maturity at age: The average maturity at age for 1997 and 1998 was used (Tablc 2.7.4) 
Mean weights in the catch by tleet: A mean of the last two years was taken i.e., 1997 and 1998, (Tab le 2.2.1 O) 
Natura! Mortality: Unchanged from last year ICES (l998/ACFM:l4) Table 2X3. 
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Proportion ofM and F befare spawning: Unchanged from last year ICES (1998/ACFM: 14) Table 2.8.3. 
Split factors: Proportions North Sea autumn spawners in the North Sea and Division Illa in 1999-2000 

To get a projection as rcalistic as possible, the calculations were carried out by fleet and area. The proportion of 0- and 
1-ringers that occur in Division IUa is likely to vary between years depending on the size of the year dass. The 
procedure for splitting and the rcsults are shown below. The split factor used for the short term predictions distinguishcs 
the proportions of North Sea autumn spawners being present in the North Sea and Division Illa. Some of the split 
factors are directly estimated from surveys, other values are estimated from a general linear model (GLM) which relates 
the proportion of 1-ringers in Division IlJa to the MIK imlex of 0-ringcrs. This is discussed in detail below. In general 
the split-factor is estimated from proportions of the IBTS 1-ringcrs in the North Sea and in Division Hia, and not from 
the 0-ringers. It is then assumed that the split-factor that applies to a year dass as 1-ringers, also applicd to that same 
year dass as 0-ringers. The assumption is that the spatial distribution occurs as 0-ringers. 1-ringcrs rcmain in the area 
where they ended up as 0-ringers, and only migrate back to the North sea from Division llla as 2-ringers. This 
assumption and the origin of the split-factors used in the short-term predictions are illustrated in the text tablc bclow. 

Year O-ringer distribution l-ringer distribution 

1998 (last yr in !CA) This split-factor (0-ringers in 1998) is equal This split-factor (l-ringers in 1998) is 

to the split-factor of IBTS 1-ringef"• i~--~.:99 obtained from the proportions 
estimated for the l-ringers Ill the 
IBTS in 1998 

1999 (Assessment year) This split-factor is equal to the_ rcgrcsscd'·:J<o- This split-factor is ohtained from the 
ringer distribution of 1999, t1ti,,1 obtained· proportions estimatcd for the 1-
from the MIK value for 1999 doar class ringers in the IBTS in 1999 
1998) and the GLM ' 

2000 This split-factor is equal to thi,\t of 1-ring.~~s This split-factor is obtained from the 
in 2001, i.e., estimated by takii1g~!he average MIK value for 1999 (yr dass 1998), 
MIK index for the year classes 12_81-1998 and a general linear model (GLM) to 
and usin• the GLM to oredict the snlit. predict the split. 

'c;- This split-factor (l-ringers in 2001) is 
estimated hy taking the average MIK 
index for the year classes 1981-1998 
and the GLM to predict the split-
factor. 

Summary of Proportions North Sea autumn spawners in the North Sea used in projections: 

1-rinQCrs 0-ringers 
1998 0.84 0.63 
1999 0.63 0.54 
2000 0.54 0.68 

The value of 1-ringers in 2000 and 0-ringers in 1999 (0.54) was determined by a general linear mode! between the MIK 
index and the IBTS l-ringer proportion in Division IIIa (see comments below). The MIK index of 0-ringers in 1999 is 
244 which predicts a proportion of 0.46 in Division llla (1-0.46 = 0.54 in the North Sea). The value of 0-ringers in 
2000 and 1-ringers in 2001 (0.68) was estimated from the general linear model and an averagc MIK indcx over 
1981-1998 (137.6), which gives an cstimated proportion of0.32 in Division Illa. 

Comments on the General Linear Model 

Last year, results from fitting two general linear models relating the proportion of North Sea autumn spawners in 
Division Illa to the MIK index of 0-ringcrs were presented (ICES CM 1998/ ACFM: 14 ). The models were re-fitted with 
the new observations for 1998. 

Table 2.10.2 shows the observed values and the two models: one with Gamma errors and an inverse link function, and 
one with Gamma errors and an identity link. The details of these models are discussed in detail in O'Brien and Darby 
(1997, Working Document to HAWG) and Basson (1997, and 1998 Working Documents to HAWG). The analysis was 
done in Splus, and summary results are given in Tablc 2.10.3 for completeness. Results are not very different from 
those presented last year. For the range of MIK-observations, the two models lead to reasonably similar estimates of the 
proportion in Division liTa. Both modcls are, however, likely to break down when used for prediction with an MIK 
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index that Iies outside the range of observed valucs. Problems are like ly to be particularly acute if the predicted value is 
close to O or l. The MIK index for 1999 is the second highest observed (244; the highest value is 271 in 1986). This 
implies that, although we are not predicting outside the range of observed values, the prediction Iies in a region where 
the fit is not based on man y data points, and the standard errors of the prediction are therefore relatively high. For the 
model with identity link (linear modcl), the SE of the prediction is 0.06, whereas for the inverse link (curvilinear model) 
it is O.l l. It also means that the values themselves are rather different (0.46 for the identity link; 0.53 for the inverse 
link). In the absence of any knowledge of a mechanistic relationship, the WG decided to use the linear model for 
prediction purposes because the SE of the prediction is lowcr. 

Comments on the short-term projections 

The same sprcadshcet used last year was used again. The cornpiled software was not used. The process is in two steps. 
The tirst is to computc local partial fishing mortalitics for each fleet, corrcsponding to the stock in the area where the 
tleet operates. This is done using stock numbers and flectwise catches in a reference year, which would be the last 
assessment year. The next step is to project the stock forwards, starting with the stock numbers at the start of the first 
prediction year from the assessments, and applying the local fishing mortalities, each raised by an F-factor. CatChes by 
fleet, the ensuing overall fishing mortality, and the SSB are computed and prescntcd. 

The area-specific stock numbers and tishing mortalities apply only to 0- and 1- ringcrs. Older fish are treated as onc 
uniform stock, because North Sea autumn spawners have been assumed to leave Division IIIa as 2- ringcrs. 

The computation of local partial fishing mortalitics in the reference year is done as follows: 

• The initial stock number at age NO( a) is divided betwccn the areas according to the assumed split factors. 
• Stock numbcrs Nl(a) at the end of the year are computcd in each areaj using Pope's approximation: 

Nlj(a) = NOj(a)*exp(-M(a))- Cj(a)*exp(-M(a)/2) where Cj(a) is the total catch at age in the area. 
• Totallocal mortality Zj(a) is computed as log(NOj(a)/Nlj(a)) and the local fishing mortality as Fj(a) = Zj(a)-M(a) 
• Fleetwise partial F's are obtained by dividing the total area F proportional to the catches 
• For ages 2 and older, the total F according to the input is divided betwccn the fleets proportional to the catchcs. 

In the prediction itself, the local partial F's are rnanipulated hy F-factors, which apply to all ages, i.e., the fishing pattern 
is kept. The process is as follows: 

• The initial stock numbcr at age NO( a) is divided betwecn the areas according to the assumed split factors. 
• The local (area j) partial F's, as adjusted hy the f-factors are used to compute the catchcs at age by flect using 

Cj(a) = NOj(a)*(1-exp(-ZU(a)))/Zj(a) 
• Stock numbers N1(a) at the end of the year for the whole stock are computed in each area j using Pope's 

approximation: 
N1(a) = NO(a)*exp(-M(a))- C(a)*cxp(-M(a)/2) where C( a) is the total catch at age by all fleets. 

• Total mortality Z (a) for the whole stock is computed as log(NO (a)/Nl (a)) and the total lishing mortality as 
F(a) = Z(a)-M(a) 

• Yield is obtained by multiplying catches at age with tlect-specific weights at age. 

SSB is obtained hy tirst computing the stock numbers at spawning time as Nsp(a) = cxp(-Z(a)*prop), whcrc prop is the 
proportion of the mortality befare spawning. These stock numbers are multiplied with weight at age in the stock, and 
summed over all agcs. 

In 1997, fleets C, D and E took somc catches of age 3 and older North Sea autumn spawncrs, and this was again the 
case in 1998. In the present version of the programmc (from last year), these catches are included. 

Assumptions and Predictions for 1999 

In recent years, there have hccn some overshoot of the overall TAC for North Sea autumn -spawners. A catch constraint, 
based on TACs and recent observed overshoots of the set TACs, was therefore used for projections in 1999. There are 
two steps involved in calculating the fleet-specific catch constraints. First, for fleets operating in Division Ula where the 
official TACs apply to autumn spawners and spring spawners, we assumed that the proportion of autumn spawners in 
the TAC would be similar to proportions observed in rcccnt catches. The roundcd, average proportions (based on 1997 
and 1998 catches) are 0.5 for fleet C, and 0.7 for fleet D&E. This leads to expected North Sea autumn spawner TACs 
for each flcct. The sccond step is to increase these TACs by expected levels of overshoot. The observed overshoot 
lcvcls can be highly variable, particularly for tleets operating in Division llla where the relative proportions of autumn 
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to spring spawners in the area affect any overshoot with regard to the separate populations. For fleet A, we used the 
20% which was the estimated ovcrshoot percentage in 1998. For the other fleets an approximate figure of 10% was 
applied to the TACs in 1999. The resulting expeeted eatehes (in '000 t) used as catch constraints are shown in the 
following text table. 

FLEET: A B c D&E TOTAL 
TACs as set 290 30 80 19 
Autumn spawners 290 30 40 ( = 0.5*80) 13 ( = 0.7*19) 373 
Overshoot factor 1.2 I.l I.l I.l 
CATCH Constraint 348 33 44 14 439 

The overall overshoot is 18% ( 439/373 = 1.18), whieh is very similar lo the overall overshool obscrvcd in 1998 (19% ). 

The fishing mortalities for 1998, in the context of the short-term predictions, were estimated at F2-6 = 0.35 and Fo.-
1 =O.l. A projection with F-factors cqual to l for each fleet was also performed for illustrative purposes. This option 
implies that local fleetwisc F's are constant. This is discussed below. 

Difficulties with short term projections 

This year, same difficulties were again encountercd with the short term projections. The prohlern rnanifests it;;;elf as 
unrealistically high predicted catches for fleet C in 2000 under similar scenarios to the ones in la."it year's prediction 
table acccptcd by ACFM May 1998. As an example, predictions based on status quo loca111cclwisc lishing mortalities 
in 1999 and 2000 are shown in the following text table (predictions were also done on the same basis for 2001, but only 
the prediclcd SSB is shown). 

Predictions for 1999, based on SQ Fs (in '000 t) 
Fjuv F., Fleet F's Fleet Yields in '000 t 

Loe al (0-1 ring) (2-6 ring) Fs-D&E FA A B c D&E 
SQF 0.101 0.354 0.101 0.330 406 20 54 9 

Prediction summary: Yields for 2000 (in '000 t) 
Fjuv F., Fleet F's 

Loe al (0-1 ring) (2-6 ring) Fs-D&E 

SQF 0.123 0.354 0.123 
Fa.o&E is the average F of 0---1 nngers for fleets B, C and D&E 
F A is the average F of 2-6 ringers for fleet A only. 

Fleet Yields in '000 t 
F, A B c D&E 
0.330 391 20 179 17 

TOTAL SSB 
Yield 1999 
489 ll29 

TOTAL SSB SSB 
Yield 2000 2001 
607 1129 1378 

Although the projections for 1999 appear rcasonable, the projected catch for fleet C in 2000 is extremely high. The 
unrealistically high catch for fleet C arises from a combination of factors, and it is exaggerated by the switch from a 
single-area assessment model (!CA) to a multi-flcct, lwo-area prediction model (Short term prediction). In 1998, 2/3 of 
the 1-ringers were caught by fleet C. The numbers caught are high in cornparison with previous years and other fleets, 
and the mean weight is also high. The year class, as estimated by !CA was relalively small, and a small proportion was 
estimated to have becn in IIIa. This implies a very high loe al (i.e., in lila) fishing mortality for tlcct C on age l of 0.43. 

This high F docs not have too strong an effect on predictions for Occt C in 1999, because the nurnber of 1-ringers is not 
very large. In 2000, however, the predicted number of 1-ringers is very large (the 1998 year class which is estimated at 
95 billion as 0-ringcrs). The fact that the year dass is large, also irnplies a high proporlion in llla (0.46 comparcd lo an 
average of about 0.3 in Illa). When the very high local F for fleet C on age 1 is applied to the estimated numbers in Illa, 
an enormous catch of 1-ringers, both in terms of numbers and in terms of weight, results. The weight of 1-ringers 
caught by fleet C is, in fact 159,000 t of the total 179,000 t. This is a1so illustrated in Figure 2.10.1. 

This combination of high local F, strong year dass and high split-factor also leads to the increasc in the juvcnile F from 
0.101 in 1999 to 0.123 in 2000. Sincc the prediction procedure is rather complicated, this changc is cxplaincd hcrc by 
an example which shows the estimates of local fleetwise F's for 1-ringers and average numbers (i.e., in the middle of 
the year) in the two areas. Fleet A is left out of this illustration because it only contributes a very small amount to the 
fishing mortality on 1-ringers. 
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1999 North Sea Ill a Total 
Avg. no. 1-ringers 2961 1439 4400 
Fleet F by area O.Q25 (B) 0.43 (C), 0.075 (D&E) 

Catch no's 74 619 +108 801 

The ratio of catches to average population numbers (801/4400) is the approximate OVERALL Fon 1-ringers, i.e., 0.18. 
Whcn this is averaged with overall F for 0-ringers, 0.02, we get 0.10. If the status quo local tleetwisc F's (as in the 
abovc table) are now applied to the 1-ringers estimated for 2000, we get the following tab le: 

2000 North Sea Ill a Total 
Avg. no. 1-ringers 11601 8178 19779 
Flecl F by area O.Q25 (B) 0.43 (C), 0.075 (Do 
Catch no's 290 3516+613 4420 

Now the ratio of catches to average population numbers (4420/19779) implies an overall Fon 1-ringers of 0.22, which 
together with the O-ring F of 0.02 givcs an avcrage juvenile F of 0.12. 

Even with a smaller fraction prcdicted to he in Division IIIa (0.3) thcrc is not much of a decrease in the catch predicted 
for fleet C: a decrease from 159 thousand t 1-ringers to 103 thousand t l-ringers. The two main culprits are thercfore the 
combination of the very large number of 0-ringers in 1999 (95 billion vs an average of 44 billion) and the very high 
local F assumed for 1-ringers by the C fleet which again was caused by a high proportion of 1-ringcrs in the C-fleet 
catches of 1998. 

There are several possiblc solutions to obtain more realistic catch prcdictions. One solution would be to use some form 
of smoothing for the flect-spccific selection patterns (as calculatcd from catch-at-age in numbers) over several ycars. 
Care should then be taken if therc have becn real changes in the selection patterns (e.g., due to changes in fleet 
behaviour or regulations). 

A second option, and the one the working group adopted, is to determine F-multipliers that satisfy the fishing mortality 
targets or constraints defined in the prediction scenarios, but to maintain the relative TAC ratios that have been in 
operation in recent years as far as nccessary to obtain a unique solution. 

A !hird option would be lo usc overall fleet F's at age ralhcr than 'local' F's at age. This would imply NOT using a 
split-factor, and the WG did not feel that this would be an appropriate approach at this stagc. 

Management Option Tablcs for 2000 

Table 2.10.4 givcs management options for 1999 based on a catch constrainl in 1999. The method for estimating the 
expected catches by flect was dcscribcd abovc. Sccnarios for 2000 were constructed in such a way that the ratios 
between the expected catches by 11ects in 1999 wcre maintained as far as necessary. Recall that this was requircd to 
ensure that the predicted catches for fleet C would not be highly unrealistic. This approach also ensures that a unique 
solution for F-factors by fleet can be obtained. The 5 scenarios for 2000 are li sted in Tab le 2.1 0.4, bul rcpeated he re for 
clarity: 

Scenario I: Decrease Fon all fleets toget Fau = 0.2~ FJuv< =O.l, but maintain catch ratios between all tlects as they are in 
the 1999 catch constraint 

Scenario Il: Decrease Fon fleets A and C toget Fad= 0.2, Fjuv< =O.l, but maintain the ratio for A and C as it is in the 
1999 catch constraint 

Scenario Ill: Decrease F on A and C, increase F on B and D&E to get Fad = 0.2, Fjuv = O.l, but maintain the ratios 
between NC and B/D as they are in the 1999 catch constraint 

Scenario IV: Decrease Fon A and C, increase Fon B and D&E to get F., = 0.25, F,"' = 0.12, but maintain the ratios 
between NC and B/D as the y are in the 1999 catch constraint 

Scenario V: Decrease F on A and C, increase F on B and D&E to get Fad= 0.35, Fjuv =O.l, but maintain the ratios 
between NC and B/D as they are in the 1999 catch constraint 
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The SSB in 2001 was based on the same scenario as that applied in 2000. The predicted increase in SSB is strongly 
influenced by the streng 1998 year dass which would be 2-ringers in 2001 (autumn spawncrs rcmain 0-ringers for a 
year and a half). 

The short term projections presented here do not reflect the unccrtainty in the assessment, recruitment or any of the 
other input parameters. Scctions 2.8 and 2.15 show the extent of the uncertainties in the assessment. 

2.11 Medium-Term Projections 

The method used for the calculation of stochastic medium-term projections was the same uscd in last ycars' asscssmcnt 
and follows the procedure described in ICES (1996a). It is summarised here again for convcnicncc. The vcctor of 
parameters X (comprising the fishing mortality at reference age, the selections at age, the fitted populations in 1998 and 
the expected recruitment in 1999) is estimated by the assessment procedure on a logarithmic scatc with variancc­
covariance matrix C. The projection method is based on drawing Mante-Carlo pseudo-data scts to initiate the 
projections with a mean X and multivariate normal errors C. Recruitment, however, is treated different! y. A Beverton­
Holt stock-recruit relationship fitted but with no autocorrelation in the errors (Figure 2.11.1). A non-parametric 
bootstrap method was used to generate recruitments in the pseudo-data sets used for the projections: Uncertainty in 
future recruitments around the stock-recruitment relationship was modelled by randomly drawing values from the 
historie time-series of log residuals. The 1CP' (Version L4w) programme was used to implement the method. No 
explicit modelling of migrations nor of area-specific mortalities was included in the medium-term projections. 

The following assumptions were made in the medium-term projections: 

• The Working Group has chosen to hold F that the human consumption fleet in the North Sea (Flccl A) should 
subject the stock to a fishing mortality of 0.2 or 0.3 (defined as an arithmctic mcan from agcs 2 to 6 w.r.). The 
fleets B (industrial by-catch in the North Sea), C, (IIIa human consumption), D&E (small mesh fleet in Div Illa) 
were supposed to be of primary importance for the juvenile autumn-spawning herring. Forecasts based on fishing 
mortality on ages O-I w.r.(arithmetic mean) by these flects is set at le veis ofF= O, O.l, 0.2 or 0.3. 

• The mean maturity ogive as measured in 1997-1998 has been assumed to hold for the years 1999 and thereafter. 
• The natural mortality that was used for the assessment has been assumed to hold for the years 1999 and thereafter. 
• The proportiuns ofF and M befare spawning in the projections were as used in the assessment. 
• The weight at age in the stock for forccasting purposcs was takcn as the mean value from 1997 and 1998 
• The weights at age in the catches by fleet were also taken as the mean values from 1997 and 1998 
• The projections start from the populations on l January 1999(ages 1-9+) and recruitment on l January 1999 (age O) 

calculated in the assessment procedure. 
• The overall exploitation pattern as estimated for 1998 and 1999 was assumed to hold for 1999 and thereafter. 
• The relative fishing mortality by tleet and at age as estimated for 1997 and 1998 (arithmetic mean) was assumed to 

hold in future years. 

A summary of input data (additional to that used in the assessment) is given in Table 2.11.1. In this example, fishing 
mortality for fleet A has been set to 0.3 (by using an F-multiplier of 0.909264 for fleet A), and the fishing mortality at 
ages O-I has been set to 0.2 (by setting an F-multiplier for fleets B-E of 1.988642). The entry log for running !CP 
program is given in Table 2.11.2. 

The medium-term projection scenarios modelled are given in detail in Figures 2.11.2-2.11.9. Perceptions of future 
stock development are similar to those previously estimated by the Working Group (ICES 1998a). 

2.12 Quality of assessment 

In recent years, assessments have been quite consistent from year to year, although the present assessment indicates 
somewhat reduced SSB-levels compared to the previous assessments. This is different from the years prior to 1993, 
where the stock in the current year was systematkally overestimated to a much larger extent. This is illustrated by the 
retrospective comparisons shown in Figure 2.12.1. in the adopted assessment. 

The estimatc of the SSB in 1998 is considerably lower than predicted for 1998 last year, the valucs bcing 878 000 and 
1145 000 tonnes respectively. In order to explore the reasons for this difference, the short term prediction from last year 
was repeated with the reported catches for 1998 instead of the assumed ones, and with the stock numbers at the start of 
1998 according to the present assessment instead ofthose obtained last year. The resulting SSBs by age class are shown 
in Figure 2.12.2. Changing the catches from what was assumed for 1998 to what was reported led to a minor reduction 
in the predicted SSB. Changing the stock numbers at the start of 1998 to the numbers estimated in the present 
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assessment had a larger impact. Most of the difference is due to the ages 2 and 3, which dominate the spawning 
biomass. With both these changes, the predicted SSB was 895 000 t, which is not very different from the actual 
assessment estimate. Additional effeets of changes in selcction pattern, weights at age and maturity at age were not 
considered. 

The year classes which by now are 2- and 3-ringers are those for which the selection pattern was changed directly by 
the change of periods with constant selection, discussed in Section 2.8.1. The change implied that the higher selection 
on the juveniles from previous years would be applied to these year classes in 1996, whilc the selection pattern used 
previously, which was adapted to the reccnt restrictions on the fishery of juvenilcs, would indicate a lower Fon those 
ages in 1996. Accordingly, the catches in 1996 would indicate that these year classes were smaller with the present 
selection pattern than with the previous onc. 

The restrictions on the fishery for juveniles were introduced in the midd le of 1996. A large part of the l-ringer catch 
was taken by then, white the catch of 0-ringers, was small. Ideally, the selection pattern of the first period should 
therefore apply to the l-ringers, while that for the seeond period should apply to the 0-ringers. This arrangement is not 
possihlc with the present! y availablc software. 

An exploratory run with XSA was made, as described in Section 2.8.1. This indicated a selection pattern in 1996 
eompatible with that outlined abovc. The SSB estimate by age for 1998 according to the XSA is included in Figure 
2.12.2, and again confirms the above explanation of the differcnce between predicted and estimated SSB. Although 
XSA can more easily copc with this changc in selection pattcrn, the WG decided to continue to usc ICA for its 
assessment. This is both for consistency, because ICA can handle SSB-indices. hecausc it allows for noise in the catch 
data, and because the present EU-Norway agrecment relies in computations originating from ICA assessments. 

Another source of uncertainty are the catches from the North -Western part of the North Sea. This problem is discussed 
in Section 5.1.3. For 1997, all catehes reported from Division VIa were assumed to be have taken there, while part of 
them have bcen transferred to Division IVa in othcr years. An exploratory ICA run was done with these catches 
transfcrred to the North Sea also in 1997. This gave an estimate of F2-6 in 1998 of 0.362 and of the SSB in 1998 of 863 
000 t, compared to 0.353 and 878 000 t respectively in the ordinary assessment. Therefore, at least for the North Sea, 
this problein does not have an important effect on the assessment. 

2.13 Management considerations 

The current assessment shows that the spawning sto~k biomass increased to a leve] of 878 000 t by around 220,000 t 
between 1997 and 1998. However, the cstimate of SSB in 1997 has been reduced by 90,000 in the current assessment 
gi ving an apparent increase of 130,000 over the estimate presented in 1998. The probability that SSB is below MBAL is 
around 25%. Recruitment of l ring in 1999 is expected to be low, but recruitmcnt of O ring in 1999 is the second highest 
on record. Projcctions show that this stock may have a positive development in the near future, up to 1.17 million t in 
1999. lf the assumptions of the short term projection are correct and if the strategy agreed upon by the parties dealing 
with lhis stock is followed, an SSB level of about 1.3 million t may he rcached in 2000. 

The adopted management regimes for protccting the juvenilcs (w.ring O and l) have kcpt the Fs at about 0.07 which is 
lowcr than the ACFJ\-1 adviee of Fjuv below O.l. On the other hand the estimated level ofF on the adult stoek (w.ring 2-
6) shows a higher F of 0.35 which is higher than both the ACFM advice ofF= 0.2 and the F implied by the TACs of 
F = 0.25. The agreed Fs on juveniles and adults of 0.12 and 0.25 rcspcctively (EU-Norway agreement) should not be 
implemented until the spawning stock exceeds 1.3 mill t. 

The Working Group continues to he aware of the important misreporting of catches in several parts of the North Sea 
and adjaccnt areas and has included allowance for this within the short term projections. Catches taken in the period 
1984 to 1998 in Division IV and reportcd in areas VIa North, Ila and Illa, were included in the catch-in-numbers used 
for the assessment of this stock. Howevcr, there is not much evidence for the extent of this misreporting and the catch 
reallocation is carricd out with limited confidence. 

The lcvel of discards and slippage is largely unknown. However, several discard sampling programs have recently been 
started to address this issue. 

The situation for the stock in the southern North Sea and the castern English Channel ('Downs hcrring') appears to have 
improved since last year. This is probably due to a recent good recruitment as indicated by two ycars high values in the 
larvae survey. 
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Table 2.1.1 North Sea HERRING (Sul:>-area IV and Division Vlld). Catch in tonnes hy country. 1987-1998. These 
,. 

figurcs do not in all cases correspond to the official statistics and cannot be used for management purposcs. 

Country 1987 1988 1989 1990 1991 1992 
Belgium 39 4 434 180 163 242 
Den mark 138,596 263,006 210,3152 159,280 194,358 193,968 
Faroe Islands 2,228 810 1,916 633 334 
France 7,266 8,384 29,085 23,480 24,625 16,587 
Germany, Fed.Rep. 5,552 13,824 38,707 43,191 41,791 42,665 
Netherlands 91,478 82,267 84,178 69,828 75,135 75,683 
Norway4 241,765 222,719 221,8912 157,852 124,991 116.863 
Sweden 1,725 1,819 4.774 3,754 5,866 4,939 
UK (England) 873 8,097 7,980 8,333 11,548 l 1,314 
UK (Scotland) 76,413 64,108 68,106 56,812 57,572 56,171 
UK (N.Ireland) 92 
Unallocated landings (!rom Ila, 58,972 33,411 26,7492 21,081 24,435 25,867 
Vllb,c,j,h 
Misreporting from VIa North 18,647 11,763 19,013 25,266 22,079 22,594 
Total landings 643,554 710,212 713,1482 569,688 582.969 566,892 
Disc anis 4,000 8,660 4,617 4,950 
Total catch 643,554 710,212 771,148 578.348 587,606 571,842 
Estimates of the parts of the catches which have been allocated to spring spawning stocks 
Illa type 19,654 23,306 19,869 8,357 7,894 7,854 
Coasml t~Ee 490 250 2,283 1,136 2525 202 

Count!1 1993 1994 1995 1996 1997 1998 
Bclgium 56 144 12 
Den mark 164,817 121,559 153,361 67,496 38,431 58,924 
Faroe Islands 25 
France 12,627 27,941 29,504 12,500 14,524 20,783 
Germany 41,669 38,394 43,798 14,215 13,381 22,259 
Netherlands 79,190 76, !55 78,491 35,276 35,129 50,654 
Norway4 122,815 125,522 131,026 43,739 38,745 68,523 
Sweden 5,782 5,425 5,017 3,090 2,253 3,221 
Russia 1,619 
UK (England) 19,853 14,216 14,676 6,881 3,421 7,635 
UK (Scotland) 55,531 49,919 44,802 17.473 22,914 32,403 
UK (N.Ircland) 
Unallocated landings (from Ila, 18,410 5,749 33,594 24,475 27,583 27,722 
VUb,c,j,h 
Misreporting from VIa North 24.397 30,234 32,146 38,254 5,039 32,446 
Totallandin~s 544,917 495,258 566,427 263,399 203.040 324,596 
Discards3 3,470 2,510 1,469 6,005 3,918 
Total catch 548,417 497,768 566,427 264,868 209,045 328,514 
Estimates of the parts of the catches which have been allocated to spring spawning stocks 
Illatype 8,928 13,228 10,315 855 979 7,833 
Coastal tyEe' 201 215 203 168 202 88 

1Preliminary. 
2Working Group cstimates.. 
3 An y discards prior to 1989 were included in unallocated landings. 
4Catches of Non.vegian spring spawncrs rcmovcd (tak.en under a separate TAC). 
5Landings from the Thames estuary area. 
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Table 2.1.2 HERRING, catch in tonncs in Division IV a West. Thcsc figures do not in all cases correspond to the official 
statistics and cannot be used for management Eurposcs. . 

Coun~ 1989 1990 1991 1992 1993 

Den mark 29,298 9,037 5,980 10,751 10,604 

Faroe Islands 1,916 633 334 
France 2,581 3,393 4,7144 3,362 

Germany, Fed.Rep. 26,528 20,422 20,608 21,836 17.3424 

Netherlands 24,600 29,729 29,563 29,845 28,616 

Norway 41,768 24,239 37,674 39,244 33,442 

Sweden 742 1,130 985 1,372 

UK (N. Ireland) 92 
UK (England) 5,104 3,337 4,873 4,916 4,742 

UK (Scotland) 58,455 46,431 42,745 39,269 36,6284 

Unallocated landings (from Ila, 3,173 4,621 5,492 4,855 -8,271 5 

Vllb,c,j,h 
Misreporting from VIa Nortb 19,013 25,266 22,079 22,593 24,397 

Total Landin~s 219,597 166,296 173.963 179,008 152,234 

Discards1 900 750 883 850 825 

Total catch 211,497 167,046 174,846 179,858 153,059 

Countl)' 1994 1995 1996 1997 1998 

Denmark 20,017 17,748 3,237 2,667 4,634 

Faroe Islands 25 
France 11,658 10,427 3,177 361 4,757 
Germany 18,364 17,095 2,167 7,752 
Netherlands 16,944 24,696 2,978 6,304 11,851 
Norway 56,422 56,124 22,187 16,485 27,218 
Sweden 2,159 1,007 2,398 1,617 245 
Russia 1,619 
UK (N. lrcland) 
UK (England) 3,862 3,091 2,391 4,306 
UK (Scotland) 44,687 40,159 12,762 17,120 30,552 
Unallocated landings (from lia, 2,944 26,018 9,959 7,574 8,961 
VI!b,c,j,h 
Misreporting from Via North 30,234 32,146 38,254 5,039 32,446 
Total Landings 207,561 228,51 I 99,510 59,386 139,739 

Discards2 550 356 1,138 730 

Total catch 208,111 228,511 99.866 60,524 140,468 

1lncludcd in Division IVb. 
2 Any discards prior to 19X9 were included in unallocated. 
3Preliminary. 
-tJncluding IV a East. 
5Negative unallocatcd catches due to misreporting from othcr arcas. 
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Table 2.1.3 HERRING, catch in tonnes in Division IV a East. These figures do not in all cases correspond to the official 
statistics and cannot be used for manas;ement Euæoscs. 

Count!l: 1989 1990 1991 19923 1993 
Den mark 44,269 44,364 48,875 53,692 43,224 
Faroe Islands 
France 892 4 
Nctherlands 
Norway1 168,365 121,405 77,465 61,379 56,215 
Swcden 612 2,482 114 508 711 
UK (Scotland) 173 196 3 

Germany, Fcd.Rcp. 5,604 _3 

Unallocatcd 1anJings 
Totallandings 213,246 174,747 126,627 115,775 100,154 
Discards2 

Total catch 213,246 174,747 126.627 115,775 100,154 

Country 1994 1995 1996 1997 1998 
Denmark 43,787 45,257 19,166 22,882 25,750 
Faroe Islands 
France 14 + 3 
Netherlands 
Norway1 40,658 62,224 18,256 18,490 41,260 
Sweden 1,010 2,081 693 427 1,259 
UK (Scotland) 
Germany 4,576 
Unallocated landings 
Totallandin~s 85,469 109,562 38,115 46,378 68,269 
Discards1 

Total catch 85,469 109,562 38,115 46.378 68,269 

1Catches of Norwegian spring spawners herring removed (taken under a separate TAC). 
2 An y discanls prior to 1989 would have heen included in unallocated. 
3Included in !Va West. 
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Table 2.1.4 IffiRRING, catch in tonnes in Division IVb. Thesc figurcs do not in all cases correspond to the official 
statistics and cannot be used for management :eu~oses. 

Count~ 1989 1990 1991 1992 1993 
Denmark 136,239 105,614 138,555 125,229 109,994 
Belgium 3 13 
France 14,4152 10.289 4,120 2,313 2,086 
Faroe Islands 
Germany, Fed.Rep. l 1,880 l 7,165 20,479 20,005 23,628 
Netherlands1 47,388 28,402 26,266 26,987 31,370 
Norway l 1,758 12,207 9,852 16,240 33, !58 
Sweden 3,420 1,276 4,622 3,446 3,699 
UK (England) 957 3,200 2,715 3,026 3,804 
UK (Scotland) 9,651 10,381 14,587 16,707 18,904 
Unallocatcd landings -23,9473 -15.6163 3,180 -13,6373 -16,4153 

Totallandings 211,711 172,914 224,376 200,329 210,228 
Discards1 1.900 2,560 1,072 1,91Xl 245 
Total catch 213,611 175,474 225,448 202,229 210,473 

Country 1994 1995 1996 1997 1998 
Den mark 55,060 87,917 43,749 11,636 26.667 
Belgium 
France 5,492 7,639 2,373 6,069 8,944 
Faroe Islands 
Gennany 14,796 21,707 11,052 7,456 13,591 
N etherlands L 39,052 30,065 18,474 14,697 27,408 
Norway 28,442 12,678 3,296 3,770 45 
Sweden 2,256 1,929 209 1,717 
UK (England) 7,337 9,688 2,757 2,033 1,767 
UK (Scotland) 5,101 4,654 4,449 5,461 1,851 
Unallocated landings -26,9883 10,831 -8,8263 -1,6153 -l 1,270 
Totallandings 130,548 165,355 77,324 49,716 70,720 
Discards 460- 592 1,855 1,188 
Total catch 131,008 165,455 77.916 51,571 71,908 

1 An y discards prior to 1989 were included in unallocated. 
2Includes catch in Division IV a. 
3Negative unallocated catchcs due to misreporting from other Meas. 
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Table 2.1.5 HERRING, catch in tonnes in Divisions !Ve and Vlld. These figures do not in all cases correspond to the 
official staListics and cannot be used for management purposes. 

Count!I 1989 1990 1991 1992 1993 
Belgium 434 180 163 229 56 
Den mark 509 265 948 4,296 995 
France 14,670 9,718 17,112 9,560 7,171 
Germany, Fed.Rep. 299 704 824 649 
Netherlands 12,240 11,697 19,306 18,851 19,204 
Norway 
UK (England) 1,919 1,796 3,960 3,372 11,307 
UK (Scotland) 67 
Unallocated landings 47,523 32,076 15,763 34,649 43,096 
Totallandings 77,594 55,732 58,023 71,781 82,478 
Discards 1,200 5,350 2,662 2,200 2,400 
Total catch 78,794 61,082 60,685 73,981 84,87R 
Coastal spring spawners 
included above 2,283 l, 136 252 202 201 

Country 1994 1995 1996 1997 1998 
Belgium 144 12 l 
Den mark 2,695 2,441 1,344 1,246 1,873 
France 10,777 11.433 6,950 8,091 7,081 
Germany 4,964 4,996 997 1,349 916 
Nethcrlands 20,159 23,730 13,824 13,528 11,935 
Norway 
UK (England) 3,016 1,896 l ,733 1,388 1,562 
UK (Scotland) 131 262 333 
Unallocated landings 29,792 18.397 23,934 21,624 23,040 
Tota11andings 71,678 62,905 49,044 47,559 45,868 
Discards 2,400 521 3,012 2,000 
Total catch 74,078 62.905 49,565 50,571 47,868 
Coastal spnng spawncrs 
included above 215 203 168 143 88 

1Any discards prior to 1989 would have been included in unallocated. 
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Table 2.2.1 North Sea Herring, Millions caught by age group (winter ring), year dass, division and quartcr. 

Catchcs in: 1998 

o 2 3 4 5 6 7 8 9+ 0+1 
Division Quartcr 1997 1996 1995 1994 1993 1992 1991 1990 19~9 1988 Total rmg 

I 0.0 0.0 1.2 1.2 1.5 2.0 4.5 1.2 0.3 0.9 12.8 0.0 
!Va Il 0.0 1.4 105.9 26.8 11.2 2.9 1.2 0.6 0.2 0.0 150.2 1.4 
(West of2E) Ill 0.0 0.3 302.9 132.3 89.4 64.6 29.2 5.7 2.0 6.4 632.7 0.3 

IV 0.0 0.0 23.9 8.8 5.7 3.7 1.8 1.4 0.5 0.8 46.7 0.0 

Total 0.0 1.6 434.0 169.2 107.8 73.1 36.7 8.8 3.1 8.1 842.4 1.6 

I 0.0 0.0 30.7 16.5 13.2 9.9 15.1 2.6 4.0 0.0 92.1 0.0 
!va Il 0.0 O.l 62.0 32.2 17.2 6.2 2.0 0.6 0.4 0.2 120.9 O.l 
(Ea't of 2E) Ill 0.0 0.4 37.3 23.4 14.2 8.8 4.5 0.4 0.6 0.8 90.3 0.4 

IV 0.0 0.0 50.6 34.0 25.4 24.6 9.6 1.3 1.6 0.4 147.4 0.0 

Total 0.0 0.5 180.7 106.1 69.9 49.5 31.2 4.9 6.6 1.3 450.7 0.5 

I 0.0 123.6 15.7 O.l 1.8 O.l 2.1 0.3 O.l 0.0 143.7 123.6 
Il 0.0 23.2 13.4 0.9 I.l 0.4 1.0 0.5 O.l O.l 40.6 23.2 

IVb Ill 84.6 52.0 189.9 41.9 17.2 25.4 7.1 I.l O.l O.l 419.5 136.6 
IV 105.6 10.5 66.2 39.1 14.7 5.0 0.0 0.0 0.0 0.0 241.0 116.1 

Total 190.2 209.3 285.3 81.9 34.8 30.8 10.2 1.9 0.4 0.2 844.9 399.5 

I 0.0 35.4 5.3 30.R 6.0 1.2 0.7 0.0 0.0 0.4 79.8 35.4 
Il 0.0 0.2 O.l 0.5 O.l 0.0 0.0 0.0 0.0 0.0 0.9 0.2 

!Ve+ Vlld Ill l. O 0.4 O.l 1.4 0.3 O.l 0.0 0.0 0.0 0.0 3.3 1.4 
IV 17.0 3.4 162.9 122.1 50.2 10.0 6.4 0.0 0.0 0.0 372.0 20.4 

0.0 
Total 18.0 39.4 168.4 154.8 56.5 11.3 7.2 0.0 0.0 0.4 456.0 57.4 

l 0.0 159.0 53.0 48.6 22.4 13.2 22.4 4.1 4.4 1.3 328.4 159.0 
Total Il 0.0 24.9 181.4 60.4 29.6 9.4 4.2 1.6 0.8 0.3 312.6 24.9 
North Ill 85.7 53.0 530.3 199.0 121.1 98.8 40.9 7.1 2.7 7.3 1145.8 138.6 
Sea IV 122.6 13.9 303.6 204.0 95.9 43.2 17.8 2.7 2.1 1.2 807.1 136.5 

Total 208.2 250.8 1068.4 512.0 269.0 164.7 85.3 15.6 10.0 10.0 2594.0 459.1 
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Table 2.2.2 Numbers (millions) of herring caugth per age group (winter rings) in the North Sea, 1988-1998. 

Year Winter ring 

o 2 3 4 5 6 7 8 9+ Total 

1990 888.4 1557.3 616.4 783.9 87L9 386.1 82.2 55.8 29.2 12.1 5283.3 
1991 1657.7 130L3 80L4 567.9 563.1 506.8 207.0 39.8 25.7 12.9 5683.5 
1992 7873.6 704.8 995.1 423.6 344.2 35l.l 370.1 148.8 38.7 23.8 11273.7 

1993 7254.0 1385.4 79L6 613.9 314.8 22L9 229.7 190.9 88.1 42.3 11132.6 
1994 3834.5 497.1 1438.4 504.0 354.5 117.0 97.9 77.7 71.3 46.0 7038.3 
1995 6794.9 583.0 1485.8 918.6 259.4 126.2 58.9 43.3 54.6 73.1 10397.8 

1996 1795.7 738.0 549.0 600.4 196.6 59.7 20.5 !I.l 8.0 18.3 3997.1 

1997 363.5 175.3 47L9 425.6 247.7 88.9 23.1 10.9 9.2 8.9 1825.2 
1998 208.2 250.8 1068.4 512.0 269.0 164.7 85.3 15.6 10.0 10.0 2594.0 

Table 2.2.3 Catches(numbers in millions) of llla spring spawners taken in the North Sea, and transfered 
to a"isessernent of IIIa spring spawning stock, 1988-1998. 

Year Wintcr ring 
o 2 3 4 5 6 7 8 9+ Total 

1990 12.4 14.7 2L8 3.6 3.0 2.1 0.7 0.4 58.7 
1991 6.7 15.1 18.0 9.1 3.1 0.8 0.3 53.0 
1992 0.3 9.9 l !.l 8.4 8.6 2.5 0.7 0.6 42.1 
1993 4.2 10.8 12.3 8.4 5.9 4.7 1.7 LO 49.0 
1994 8.8 28.2 16.3 Il. O 8.6 3.4 3.2 0.7 80.2 
1995 22.4 11.0 14.9 4.0 2.9 1.9 0.5 0.2 57.8 
1996 0.0 2.8 0.8 0.4 O.l O.l O.l 0.2 4.4 

1997 2.2 1.3 1.5 0.4 0.2 O.l O.l O.l 5.9 
1998 ILO 13.0 11.8 6.6 3.2 0.4 0.4 0.5 47.1 

~--

Table2.2.4 Catches(numbers in millions) of North Sea autumn spawners taken in llla, and transfered 
to assessement of North Sea autumn spawners (1990- 1998). 

Year Winterring 
o 2 3 4 5 6 7 8 9+ Total 

1990 397.9 1424.3 283.7 2105.9 
1991 712.3 822.7 330.2 1865.2 
1992 2407.5 1587.1 283.8 26.8 26.6 16.0 12.3 5.5 1.0 4366.6 
1993 2910.7 2403.8 377.5 5691.9 
1994 542.2 1239.7 305.2 2087.1 
1995 1722.8 1069.6 126.4 2918.8 
1996 632.1 869.5 159.4 31.5 1692.5 
1997 93.6 351.6 210.6 71.5 12.3 5.7 1.8 0.7 0.9 748.6 
1998 49.78 707.9 156.6 26.08 19.03 2.97 2.98 l.l7 0.48 O.l 967.04 
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Table 2.2.5 Total catch (numbers in millions) per age of North Sea aulumn spawning stock 
used for the assessment ( 1990- 1998). 

Year Winter ring 
o l 2 3 4 5 6 7 8 9+ 

1990 1286.3 2981.6 887.7 769.2 850.1 382.5 79.2 53.7 28.5 
1991 2370.0 2124.0 1124.9 552.8 545. l 497.7 203.9 39.0 25.4 
1992 10281.1 2291.9 1278.6 440.5 359.7 358.7 373.8 151.7 39.0 
1993 10164.7 3789.2 1164.8 603.1 302.5 213.5 223.8 186.2 86.4 
1994 4376.7 1736.7 1734.8 475.8 338.2 106.0 89.3 74.3 68.1 
1995 8517.7 1652.6 1589.8 907.6 244.5 122.2 56.0 41.4 54.1 
1996 2427.8 1607.5 708.3 629.1 195.8 59.3 20.4 11.0 7.9 
1997 457.1 526.9 680.3 495.8 258.5 94.2 24.7 11.5 9.9 
1998 258.0 958.7 1213.9 525.1 276.2 161.0 85.0 16.4 10.0 

Tab1e 2.2.6 Catches in the North sea: 

Area Allocated Unallocated Discards Total 
!Va West 91.340 48,398 730 140.468 
!Va East 68,269 68.269 
!Vb 81,990 -11,270 1.188 71.908 
!VcNI!d 22,827 23,040 2,000 47,867 

Total catch in the North sea 328,513 
Hia autumn spawncrs transferred to the North sea 59,498 
Coastal spring spawners transferred to Ula 7,833 
Total Catch used for the assessment 380,178 
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Total 

11.7 7330.5 
12.9 7495.7 
23.2 15598.2 

41.3 16775.5 
45.3 9045.2 
72.9 13258.8 
18.1 5685.2 
8.9 2567.7 
9.5 3513.9 



Table 2.2.7 Percentage age composition of herring caught in the North Sea and Vlld 
(2-ringers and olders). 

Catches in: 1998 

age in W.Rings 2 3 Older>= Total 
Division Quarter/y.c 1995 1994 1993 (millions) 

l 9.4 9.6 810 12.8 
IV a West Il 71.2 18.0 10.8 148.8 

III 47.9 20.9 312 632.5 
IV 51.3 18.9 29.8 46.7 

Total 51.6 20.1 28.3 840.8 

334 17.9 48.7 92.1 
IV a East Il 51.4 26.7 21.9 120.8 

III 41.5 26.0 32.5 89.9 
IV 34.3 23.1 42.6 147.4 

Total 40.1 23.6 36.3 450.2 

I 78.0 0.3 21.7 20.2 
IVb Il 77.1 5.3 17.6 17.4 

Ill 67. l 14.8 18. l 282.9 
IV 53.0 31.3 15.7 124.9 

Total 64.1 184 17.5 445.4 

I 12.0 69.3 18.6 44.4 
!Ve+ Vlld Il 9.2 71.6 19.3 0.6 

III 7.1 73.2 19.7 1.9 
IV 46.3 34.7 18.9 35Ui 

Total 42.3 38.8 18.9 398.6 

38.1 14.2 47.6 125.0 
!Va+ !Vb Il 63.2 20.9 15.9 287.0 

Ill 52.7 19.7 27.6 l 005.3 
IV 44.1 25.7 30.2 319.0 

Total 51.8 20.6 27.6 1736.3 

I 31.3 28.7 40.0 169.4 
Total Il 63.1 210 15.9 287.7 
North Ill 52.7 19.8 27.6 1007.2 
Sea and Vlld IV 45.3 30.4 24.3 670.6 

Total 50.0 24.0 26.0 2134.9 
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Table 2.2.8 Catchcs (SOP,tons) of herring caught in the North Sea and Vlld by quarter and division. 
Catches in : 1998 

o l 2 3 4 5 6 7 8 9+ SOP 
Quarter Division 1997 1996 1995 1994 1993 1992 1991 1990 1989 1988 Total 

l .c 
!VaW o o 119 160 221 330 956 279 96 165 2327 

I !VaE o o 2195 1918 1861 1692 3167 608 1140 o 12582 
!Vb o 3789 742 12 197 12 471 67 50 o 5339 
!Vc+VIId O 1219 294 2494 620 135 101 o o 63 4926 

Total o 5008 3350 4584 2900 2168 4695 955 1286 228 25174 

!VaW o 100 11539 3790 1920 644 310 144 48 o 18495 
Il !VaE o 9 7200 4390 2645 1085 393 114 97 46 15979 

!Vb o 622 927 99 126 53 196 86 24 13 2147 
!Vc+Vlld O 7 4 37 9 2 2 o o l 62 

Total o 738 19669 8317 4701 1784 900 344 169 60 36683 

!VaW o 20 41474 23378 19020 16118 7964 1572 615 2064 112224 
Ill !VaE o 29 4836 3722 2555 1833 1059 96 138 189 14457 

!Vb 1670 2166 23867 6975 3601 5778 1682 254 36 36 46065 
!Vc+VIId 21 14 9 113 28 6 5 o o 3 199 

Total 1691 2229 70186 34188 25204 23734 10710 1922 790 2291 l7294f> 

!VaW o o 3057 1437 1070 748 408 335 119 196 7370 
IV IVaE o o 6516 5612 4886 5247 2185 331 390 77 25245 

!Vb 1851 482 7497 5252 2413 882 o o o o 18378 
!Vc+VIId 289 231 15972 15271 7975 1617 1277 o o o 42632 

Total 2141 714 33042 27573 16343 8494 3870 666 509 273 93625 
Total 

N. Sea and 1998 3831 8689 126248 74662 49149 36181 20175 3887 2754 2853 328427 
Vlld 
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Table 2.2.9 

FleetA 

Total 

Winter rings Numbers 
o 
l 18.4 

2 445.9 

3 419.5 

4 245.6 

5 85.9 

6 22.8 

7 10.8 

8 9.0 

9+ 8.9 

TOTAL 1,266.8 

Land. (SOP)( l) 

Table 2.2.10 

Fleet A 

Total 

Winter rings Numbers 
o 
l 19.2 

2 1024.6 

3 497.3 

4 252.7 

5 157.3 

6 81.5 

7 15.1 

8 9.4 

9+ 9.5 

TOTAL 2.066.7 

Land. (SOP)(t) 

Total catch in the North Sea Vlld and. Illa in 1997. 

North Sea Autumn Spawners 

Calch in numhers (millions) and mean weight (g) al age by fleet. 

FleetB Fleet C 

Mean Mean Mcan 

Wcighl Numbcrs Wcighl Numbcrs Wcighl 

363.5 14 8.9 21 

80 156.9 33 249.0 32 

118 23.8 61 156.0 84 

148 4.8 85 67.3 130 

192 0.6 137 11.8 170 

230 2.6 151 5.5 183 

230 O.l 146 1.7 192 

228 0.7 194 

224 0.9 201 

297 

552.3 501.7 

195,293 12.757 33,584 

Total catch in the North Sea, Vlld and. Illa 1998. 

North Sea Autumn Spawners 

FleetD+E 

Numhers 

84.8 

102.6 

54.5 

4.2 

0.5 

0.2 

O.l 

0.0 

0.0 

246.9 

Catch in numbers (million.s) and mcan wcight (g) at age by flcct. 

Mean 

Weight 

19 

22 

35 

99 

IlO 

142 

168 

192 

217 

6,381 

FleetB Fleet C FleetD+E 

Mean Mean Mean Mean 

Weight Numbers Weight Numbers Weight Numbers Weight 

208.2 18 15.0 30 34.79 27.0 

73 231.6 32 602.2 59 105.65 24.0 

120 32.8 58 134.5 82 22.ll 64.0 

146 1.7 134 24.8 119 1.28 96.0 

184 4.5 131 17.9 164 I.l l 157.0 

221 0.8 198 2.7 181 0.32 193.0 

237 0.6 210 3.0 201 

250 O.l 232 1.2 180 

275 0.2 285 0.5 226 

286 

480.4 801.7 165.3 

306,498 14,277 54,293 5,249 
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TOTAL 

Mean 

Numbers Weight 

457.1 15 

526.9 32 

680.3 101 

495.8 144 

258.5 191 

94.2 225 

24.7 227 

11.5 226 

9.9 222 

8.9 297 

2,567.7 

248,015 

TOTAL 

Mean 

Numbers Weight 

258.0 20 

958.7 49 

1,214.0 ll3 

525.1 144 

276.2 182 

161.1 220 

85.1 236 

16.4 245 

10.0 273 

9.5 286 

3,514.0 

380.316 
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Table 2.2.11 

Country 

Den mark 

France 

Germany 

Norway 

Sweden 

The 
Nctherlands 

U.K 
(England) 

U.K 
(Scotland) 

All 
Countries 

56 

Sampling of commerciallandings in 1998 (Divisions IV and Vlld) 
Number of fish measured and aged by quartcr. 

Quarter Landings in Number Number of tish 
·ooo tons ofsamples measured aged 

I 19.0 14 1492 548 

Il 1.6 23 84 71 

Ill 10.8 21 971 560 
IV 27.7 23 1601 647 
Total 59.1 81 4148 1826 

I 0.8 o o o 
Il 0.0 o o o 
Ill 11.7 o o o 
IV 8.2 o o o 
Total 20.7 o o o 
I 0.4 o o o 
Il 2.4 o o o 
Til 18.5 o o o 
IV 7.4 o o o 
Total 28.7 o o o 
I 1.7 o 
Il 30.0 28 2545 2545 
Ill 30.3 8 750 750 
IV 11.9 l 100 100 
Total 73.8 37 3395 3395 
I 0.0 o o o 
Il 0.4 o o o 
Ill 2.4 o o o 
N 0.4 o o o 
Total 3.2 o o o 
I 3.1 6 709 150 
Il 1.7 16 3190 400 
Ill 35.1 33 4003 825 
IV 32.2 16 2859 400 
Total 72.1 71 10761 1775 
I O.l o o o 
Il 0.0 o o o 
Ill 0.0 o o o 
IV 1.4 o o o 
Total 1.6 o o o 
I O.l 
Il 0.6 2 674 125 
lii 58.2 98 20983 3752 
IV 4.4 
Total 63.2 100 21657 3877 

I 25.2 22 2875 823 
Il 36.7 69 6493 3141 
Ill 166.9 160 26707 5887 
IV 93.7 40 4560 1147 
Total 322.5 291 40635 10998 
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Table 2.2.12 Changes in numbers mean weights and catch at age for different treatments of area misreporting 
for North Sea herring in 1997 

Numbers, mcan weight and biomass at for catch 1997 assuming misreporting in 1997 is same basis as 1996 and 1998 
W-ring o l 2 3 4 5 6 7 8 9 total 
Numbers (millions) 457.1 526.9 739.0 527.3 285.4 107.2 28.1 12.2 11.0 11.6 2705.8 
Mean wcight (g) 16 32 104 146 194 228 229 228 226 296 101 
Catch ( tonncs) 7314 16863 76862 77161 55263 24442 6435 2786 2477 3426 273029 

Numbcrs, mean weight and biomass at forcatch 1997 age used in main assessment 

N umbers ( millions) 457.1 526.9 680.3 495.8 258.5 94.2 24.6 11.5 !O.l S.9 2567.9 
Mean weight (g) 16 32 101 144 191 225 227 226 222 297 97 
Catch (tonncs) 7314 16862 68706 71394 49373 21186 5587 2603 2238 2641 247903 

Table 2.3.1 IBTS l-ringer indices (l" quarter) 

Year dass Y eM of sampling l-ringer index 

1977 1979 172 
1978 1980 312 
1979 1981 431 
1980 1982 772 
1981 1983 1260 
1982 1984 1443 
1983 1985 2083 
1984 1986 2542 
1985 1987 3684 
1986 1988 4530 
1987 1989 2313 
1988 1990 1016 
1989 1991 1159 
1990 1992 1162 
1991 1993 2943 
1992 1994 1667 
1993 1995 1188 
1994 1996 1729 
1995 1997 4192 
1996 1998 2054 
1997 1999 721 
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Table 2.3.2 Density and abundance estimates ofO-ringers caught in Fcbruary during the IBTS. Values given for year classes hy 
arcar.; are density estimates in numbers per squarc metre. Total abundance is found by rnultiplying density by area 
and summing up. 

Area North North Central Central South South Division South 0-ringcrs 
west east west east west east Ill a Bi~ht abundance 

Area rn2 x 109 83 34 86 102 37 93 31 31 no. inl09 

Year class 
1976 0.054 0.014 0.122 0.005 0.008 0.002 0.002 OJl\6 17.1 
1977 0.024 0.024 0.050 oms 0.056 0.013 0.006 0.034 13.1 
1978 0.176 0.031 0.061 0.020 O .Dl O 0.005 0.074 0.000 52.1 
1979 0.061 0.195 0.262 0.408 0.226 0.143 0.099 0.053 !O I.l 
1980 0.052 0.001 0.145 0.115 0.089 0.339 0.248 0.187 76.7 
1981 0.197 0.000 0.289 0.199 0.215 0.645 0.109 0.036 133.9 
1982 0.025 0.011 0.068 0.248 0.290 0.309 0.470 0.140 91.8 
1983 0.019 0.007 0.114 0.268 0.271 0.473 0.339 0.377 115.0 
1984 0.083 0.019 0.303 0.259 0.996 0.718 0.277 0.298 181.3 
1985 0.116 0.057 0.421 0.344 0.464 0.777 0.085 0.084 177.4 
1986 0.317 0.029 0.730 0.557 0.830 0.933 0.048 0.244 270.9 
1987 0.078 0.031 0.417 0.314 0.159 0.618 0.483 0.495 168.9 
1988 0.036 0.020 0.095 0.096 0.151 0.411 0.181 0.016 71.4 
1989 0.083 0.030 0.040 0.094 0.013 0.035 0.041 0.000 25.9 
1990 0.075 0.053 0.202 0.158 0.121 0.198 0.086 0.196 69.9 
1991 0.255 0.390 0.431 0.539 0.500 0.369 0.298 0:395 200.7 
1992 0.168 0.039 0.672 0.444 0.734 0.268 0.345 0.285 190.1 
1993 0.358 0.212 0.260 0.187 0.120 0.119 0.223 0.028 101.7 
1994 0.148 0.024 0.417 0.381 0.332 0.148 0.252 0.169 126.9 
1995 0.260 0.086 0.699 0.092 0.266 O.D18 0.001 0.020 l 06.2 
1996 0.003 0.004 0.935 0.135 0.436 0.379 0.039 0.032 148.1 
1997 0.042 0.021 0.338 0.064 0.178 O.o35 0.023 0.083 53.1 
1998 0.100 0.056 1.150 0.592 0.998 0.265 0.280 0.127 244.0 
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Table 2.4.1 Numbers (millions) of autumn spawning herring by ICES area in the North Sea and VlaN. 

Ill a !Va !Vb VI aN 
o 493.46 0.00 0.00 0.00 

l 1978.981 514.6tj 2196.30 1221.70 

2i 195.681 1650.041 431.44 117.95 

2m 34.231 2695.231 l 891.96 676.69 

3i 5.581 268.421 2.68 19.56 

3m 30.861 2133.171 123.87 647.22 

4 Ll41 1597.101 41.98 471.07 

5 0371 980.651 1.34 179.05 

6 0.191 444821 0.17 79.27 

7 ooo1 170.3 tj 0.00 28.05 

8 3.871 41.281 0.02 13.85 

9+ 0.001 121.391 0.00 36.77 

Immature 2673.701 2433.071 2630.41 1359.21 

Mature 70.66 8183.95 2059.35 2131.98 

Total 274436 10617.02 4689.76 3491.18 

Table 2.4.2 Biomass (thousands oftonnes) of autumn spawning herring by ICES area in the North Sea and VlaN. 

Illa !Va !Vb VI aN 
o 4.45 0.00 0.00 0.00 

l 120.26 33.09 68.95 80.05 

2i 17.19 152.22 24.02 14.47 

2m 3.01 342.38 125.7X 95.06 

3i 0.58 45.95 0.31 3.19 

3m 3.32 439.91 13.43 114.33 

4 0.16 382.61 5.96 91.36 

5 0.06 270.22 0.26 38.35 

6 0.04 136.50 0.04 17.93 

7 000 49.21 0.00 6.58 

8 0.49 13.41 0.00 3.12 

9+ 0.00 44.04 0.00 9.16 

Immature 138.04 231.26 93.27 97.71 

Maturc 7.08 1678.28 145.47 375.89 

Total 149.56 1909.54 238.74 473.60 
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Ta ble 2.4.3 Mcan wcight of autumn spawning herring (g) by ICES area in the North Sea and V!aN. 

llla !Va !Vb V! aN 
o 9.02 

60.77 64.29 31.39 65.53 

2i 87.85 92.25 55.67 122.64 

2m 87.90 127.D3 66.48 140.48 

3i 104.77 171.20 114.06 163.10 

3m 107.63 206.22 108.40 176.65 

4 140.38 239.57 141.98 193.94 

5 152.70 275.55 194.28 214.20 

6 216.50 306.86 216.50 226.18 

7 288.93 234.49 

8 126.30 324.94 126.30 225.04 

9+ 362.78 249.07 

Mcan (i) 84.46 109.25 67.04 117.09 

Mean (m) 138.57 266.49 142.32 207.51 

Mean (all) 109.38 223.60 117.23 182.85 

Table 2.4.4 Number ofBaltic spring spawning herring (millions) by ICES area. 

llla !Va !Vb 

o 0.00 0.00 0.00 

l 102.83 4.90 29.97 

21 1221.92 113.27 88.01 

2m 216.33 25.20 17.04 

31 111.40 15.42 12.91 

3m 628.39 66.49 66.12 

4 172.41 82.00 27.92 

5 76.02 27.85 6.66 

6 29.82 12.98 7.85 

7 19.53 8.80 2.24 

8 23.93 6.98 6.61 

9+ 6.83 4.94 3.70 

lrnmature 1436.15 133.58 130.89 

Mature 1173.24 235.25 138.15 

Total 2609.39 368.83 269.04 
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Table 2.4.5 Bioma"is ofBaltic spring spawning hcrring (thousands oftonnes) by ICES area. 

Illa !Va !Vb 

o 0.00 0.00 0.00 

I 5.55 0.31 1.28 

21 97.25 10.24 7.19 

2m 17.21 2.79 1.43 

31 10.07 1.71 1.30 

3m 56.81 8.04 6.84 

4 18.37 13.31 3.52 

5 7.83 4.38 0.91 

6 3.34 2.35 1.19 

7 2.73 1.69 0.35 

8 3.67 1.36 1.14 

9+ 1.12 0.89 0.77 

Immature 112.87 12.26 9.77 

Maturc 111.09 34.82 16.15 

Total 223.96 47.07 25.93 

Table 2.4.6 Mean weight ofBaltjc spring spawning hcrring (g) by 1CES area 

lo 
Illa !Va lVh 

53.99 62.73 42.69 

2i 79.59 90.45 81.70 

2m 79.56 110.64 84.06 

3i 90.36 110.61 100.94 

3m 90.41 120.92 103.48 

4 106.55 162.32 125.95 

5 102.99 157.42 136.34 

6 111.90 181.10 152.09 

7 139.97 192.48 156.92 

8 153.34 194.48 172.32 

9+ 164.69 180.03 207.60 

Mean (i) 74.65 87.93 75.11 

Mean (m) 118.68 162.42 142.34 

Mcan (all) 106.67 142.11 124.01 
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"' Table 2.4.7 Numbcrs (millions), biomass (thousands of tonnes), maturity ogive and mean weight (g) for North Sea autumn spawning, Baltic spring spawning and West Scotland autumn N 

spawning herring hy age group. (Four year and older are assumed 100% mature). 

Numbers Biomass Maturity x wcight(g) . ;Baltic Numbers Biomass Maturity x wcight(g) '\Vest Scot Numhers Biomass Maturity x wcight(gJ: 
493.46 4.45 0.00 9.02 o 0.00 0.00 0.00 

'"'.,''.1' 
o 0.00 0.00 0.00 

4689.89 222.30 0.00 47.40 l 137.70 7.14 0.00 51.84 l 1221.70 80.05 0.00 65.53 

6898.59 664.60 0.67 %.34 ;2 1681.76 136.12 0.15 80.94 2 794.63 109.53 0.85 137.83 

2564.57 503.50 0.89 196.:13 3 900.72 84.77 0.84 94.11 666.78 117.52 0.97 176.25 

1640.21 388.73 1.00 237.00 .4 282.33 35.20 1.00 124.67 .. 471.07 91.36 1.00 193941 
982.36 270.54 1.00 275.40 .5 l 10.53 13.12 1.00 118.71 179.05 38.35 1.00 214.20 

•., "' 

445.18 136.58 1.00 306.79 6 50.66 6.88 1.00 135.87 79.27 17.93 1.00 226.18 
-- "' 

170.31 49.21 1.00 288.93 ',1 30.57 4.78 1.00 156.33 28.05 6.58 1.00 234.49 

45.17 13.90 1.00 30H2 8 37.52 6.17 1.00 164.34 13.85 3.12 1.00 225.04 

121.39 44.04 1.00 362.n 9+ 15.47 2.78 1.00 179.85 . 9+ 36.77 9.16 1.00 249.07 

7737.19 462.57 Immature. 1700.61 134.90 Immature 1359.21 97.71 
":;-v:~ 

~~~~:~1~:1~K:~ 10313.96 1830.83 Mature 1546.64 162.05 Mature· 2131.98 375.89 

rotiil_;_·,--~::~?> :-~~' 18051.14 2297.84 Total 3247.26 296.95 Total 3491.18 473.60 

Tablc 2.4.8 Percentagc of Ichthyophonus infectcd hcrring founJ on survey by FRV Scotia. No other vcsscls rcportcJ ichthyophonus infcction 

Agc/Maturity l 21 2M 31 3M 4 5 6 7 8 9+ Total 

% lnfccted 0.0 0.0 0.0 0.0 0.6 1.7 2.5 2.4 1.3 5.8 3.9 1.4 
--
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Table 2.4.9 

Year 
Age (ring) 

l 
2 
3 

4 
5 
6 
7 
8 
9+ 

Total 

Z(2+/3+) 

Smoolhcd 
Z(2+/3+) 

SSB( '000 l) 

a­
w 

Estimales of North Sea autumn spawncrs (millions) at age from acoustic survcys, 19S4-iY97. Fur 19~4-1986the estimates are the sum of 

thosc from the Divisiun lYa summer survcy, the Division lVb autumn survcy, and the Divisions lYe, Vlld wintcr survcy. The 19~n to 1998 
cstimatcs are from the summer survcy in Divisions IVa,b, and Illa cxcluding cstimalcs of Division llla/Baltic spring spawners. 

Numhcrs (millions) 

1984 1985 1986 19X7 1988 1989 1990 1991 1992 1993 1994 

551 726 1,639 13,736 6,431 6,333 6,249 3,182 6,351 10,399 3,646 

3,194 2,789 3,206 4,303 4,202 3,726 2,971 2,834 4,179 3,710 3,280 

1,005 1,433 1,637 955 1,732 3,751 3,530 1,501 1,633 1,855 957 

394 323 833 657 528 1,612 3,370 2,102 1,397 909 429 

!58 113 135 368 349 488 1,349 1,984 1,510 795 363 

44 41 36 77 174 281 395 748 1,311 788 321 

52 17 24 38 43 120 211 262 474 546 238 

39 23 6 Il 23 44 134 112 !55 178 220 

41 19 8 20 14 22 43 56 163 116 132 

5,478 5,484 7,542 20,165 13,496 16,377 18,262 12,781 17,173 19,326 13,()()3 

0.92 0.57 1.02 0.81 0.11 0.11 0.57 0.37 0.74 1.21 

0.75 O.W 0.91 0.46 0.11 0.34 0.47 0.55 0.97 0.87 

807 697 942 817 897 1,637 2,174 1,874 1,545 1,216 1,035 
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1995 1996 1997 1998 

4,202 6,189 9,416 4690 

3,799 4,550 6,363 6899 

2,056 2,823 3,287 2565 

656 1,087 1,696 1640 

272 310.9 692.1 982 

175 98.75 259.2 445 

135 82.83 78.63 170 

IlO 133 78.33 45 

84 206 158.3 121 

11,220 18,786 22,028 17558 

0.53 0.43 0.40 0.75 

0.48 0.41 0.57 o:64 

1,082 1,445 1,780 1,830 



---------------- -- ---------

Table 2.5.1: Estimated abundanee of herring larvae < !O mm in length. by standard sampling area and time periods 
The number of larvae are cxprcsscd as mcan num ber per m2 per ICES rcctangle * l 09 

Orkney and Shetland Buchan Central North Sea Southern North Sea/Eastcrn Channel 
Year 1-15 16-30 1-15 16-30 1-15 16-30 1-15 16-31 16-31 1-15 16-31 

Sept. Sept. Sept. Sept. Sept. Sept. Dl;t. Oct. Dec. Jan. Jan. 

1972 1133 4583 30 165 88 134 22 2 46 
1973 2029 822 3 4 492 830 1213 152 l 
1974 758 421 101 2K4 Kl 1184 10 
1975 371 50 312 90 77 6 l 2 
1976 545 81 l 64 108 10 3 
1977 1133 221 124 32 520 262 89 3 l 
1978 3047 50 162 1406 81 269 2 33 3 
1979 2882 2362 197 lO 662 131 507 7 Ill 89 
1980 3534 720 21 l 317 188 9 13 247 129 40 
1981 3667 277 3 12 903 235 119 1456 70 
1982 2353 1116 340 257 86 64 1077 23 710 275 54 
1983 2579 812 3647 768 1459 281 63 71 243 5K 
1984 1795 1912 2327 1853 688 2404 824 433 523 185 39 
1985 5632 3432 2521 1812 130 13039 1794 215 1851 407 38 
1986 3529 IK42 3278 341 1611 6112 IKK 36 780 123 IK 
1987 7409 1848 2551 670 799 4927 1992 113 934 297 146 
1988 7538 8832 6812 5248 5533 3808 1960 206 1679 162 112 
1989 11477 5725 5K79 692 1442 5010 2364 2 1514 2120 512 
1990 10144 4590 2045 19955 1239 975 2552 1204 
1991 1021 2397 2032 4823 21 !O 1249 4400 873 
1992 189 4917 822 10 165 163 176 1616 
1993 66 174 685 85 1358 1103 
1994 26 1179 1464 44 537 595 
1995 8688 43 74 230 164 
1996 809 184 564 337 675 691 
1997 3611 23 9374 918 355 
1998 8528 1490 205 66 1522 953 170 
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Table 2.5.2: Parameter estimates obtained on fitting the muhiplicative model to the estimates of larval abundance by area 
and time-pcriod. Mode1 titted to abundances of larvae < 10mm in lcngth. 

a) Ana1ysis ofvariance of the modc1 fit 

Sum Mean 
DF ofSquares Square F Value p 

Mod el 36 142,5 3,96 8,357 0,0001 
Error 196 92,8 0,4736 
CTota1 232 235,3 

h) Estimates of parameters 

Reference Mcan 

Estimate Standard Error 
6.8245 0,5598 Reference: 1972, Orkne /Shetland 09/01-09115 

Year Effects 

Year Estimate Standard Error Year Es ti mate Standard Error 
1973 0,3476 0,6959 1986 1,4737 0,6133 
1974 -0,1558 0,7454 1987 2,0321 0,6133 
1975 -1.2370 0,7576 1988 2,7204 0,6016 
1976 -l ,3335 0,7435 1989 2,6881 0,6155 
1977 -0,4289 0,7130 1990 2.9216 0,6383 
1978 -0,2282 0,7236 1991 2.2730 0,6918 
1979 0,4911 0,6968 1992 1.5239 0,7310 
1980 0,1394 0,6936 1993 1.2106 0,7081 
1981 0,5592 0,6913 1994 0,8325 0,7457 

1982 0,8719 0,6265 1995 1,0331 0,7359 

1983 1,1191 0,6424 1996 1,6995 0,7752 
1984 1,7220 0,6234 1997 1,9108 0,7269 
1985 2,1359 0,6019 1998 2,2253 0,6834 

Sampling Unit Effects 

Sampling Unit Estimate Standard Error 
Or/Shet 16-30 Sep -0,7164 0.3398 
Buchan 01-15 Sep -1,6548 0,4298 
Buchan 16-30 Sep -2,4273 0.3796 
CNSOI-15 Sep -1,6558 0.4099 
CNS 16-30 Sep -l ,3749 0,1734 
CNS 01-15 Oct -2,0597 0,3955 
CNS 16-31 Oct -4,1689 0.5331 
SNS 12-31 Dec -2,0018 0,4164 
SNS 01-15 Jan -2,5741 0,3476 

SNS 16-31 Jan -3,9148 0,4085 
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Table 2.5.3: updated MLAI time-series obtaincd from a mu1tiplicative mode1 

Reference: 6.824515 (Orkney/Shet1and, 1st-15th September 1972) 

Year MLAI MLA!refer un-1ogged div 100 

1973 0.3476 7.1721 1302.6 13.0 

1974 -0.1558 6.6687 787.4 7.9 

1975 -1.2370 5.5875 267.1 2.7 

1976 -1.3335 5.4910 242.5 2.4 

1977 -0.4290 6.3956 599.2 6.0 

1978 -0.2282 6.5963 732.4 7.3 

1979 0.4911 7.3156 1503.6 15.0 

1980 0.1394 6.9640 1057.8 10.6 

1981 0.5592 7.3837 1609.6 16.1 

1982 O.S719 7.6965 2200.5 22.0 

1983 1.1191 7.9436 2817.5 28.2 

1984 1.7220 8.5466 5149.0 51.5 

1985 2.1359 8.9604 7788.4 77.9 

1986 1.4737 8.2982 4016.8 40.2 

1987 2.0321 8.8566 7020.9 70.2 

1988 2.7204 9.5449 13973.7 139.7 

1989 2.6881 9.5127 13529.9 135.3 

1990 2.9216 9.7461 17088.1 170.9 

1991 2.2730 9.0975 8933.3 89.3 

1992 1.5239 8.3484 4223.5 42.2 

1993 1.2106 80352 3087.6 30.9 

1994 0.8325 7.6570 2115.5 21.2 

1995 1.0331 7.8577 2585.5 25.9 

1996 1.6995 8.5241 5034.5 50.3 

1997 1.9108 8.7354 6219.0 62.2 

1998 2.2253 9.0498 8517.0 85.2 

Ta ble 2.6.1. The illTS time series ofherring abundance at age as cstimatcd in the first quarter, 

* updated for 1996-8 from preliminary to final figures 

Age 

YEAR 2 3 4 5+ 
1983 109 42 14 34 
1984 161 75 32 7 
1985 716 256 26 36 
1986 661 235 57 17 
1987 838 l 17 56 44 
1988 4100 783 55 26 
1989 775 411 86 lO 
1990 580 322 271 70 
1991 794 283 250 170 
1992 377 181 63 102 
1993 762 236 45 64 
1994 1090 199 64 40 
1995 1285 152 46 9 
1996 194* 43* 13* 9* 
1997 437* 181* 34* 14* 

1998 743 90 20 19 
1999 421 506 103 37 
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Table 2. 7 .l North sea Herring, 

Division 

!Va 
(W of2E) 

!Va 
(E of2 E) 

IVb 

!Ve 

+ 
Vlld 

liVa 

!Va 

+ 
IVb 

Total 
North 
Sea 

Mean weight (g) at age (w.r.) and year class weighted by number caught 

Cathes in : 1998 

o 2 3 4 5 6 7 8 
Quarter 1997 1996 1995 1994 1993 1992 1991 1990 1989 

l 99 130 !50 164 214 230 336 
Il 73 109 141 171 225 249 260 195 
Ill 77 137 177 213 250 272 278 302 
IV 128 163 186 205 231 235 227 

Total 73 129 170 206 244 263 263 284 

I 71 116 141 170 210 233 289 
Il 68 116 136 !54 176 198 205 239 
Ill 75 130 !59 180 209 235 253 237 
IV 129 165 193 213 228 252 241 

Total 73 115 147 171 199 218 236 269 

I 31 47 207 110 198 220 262 346 
Il 27 69 107 118 145 200 175 228 
Ill 20 42 126 167 209 227 237 231 307 
IV 18 46 113 134 164 178 

Total 19 34 116 151 182 218 230 220 299 

I 34 55 81 104 Ill 136 
Il 34 61 81 104 Ill 136 
lii 20 38 69 81 104 Ill 136 
IV 17 69 98 125 159 161 199 

Total 17 37 97 116 !53 !55 192 

9+ 
1988 

184 

323 
249 

300 

228 
232 
249 
201 

232 

221 
305 

277 

176 
176 
176 

176 

Total 73 125 161 192 226 242 254 274 2911 

I 31 64 117 139 169 212 234 294 184 
Il 30 108 138 159 190 213 215 223 230 
Ill 20 42 132 172 208 240 262 270 288 315 
IV 18 46 121 !50 183 207 229 243 238 233 

Total 19 34 122 159 191 224 241 250 275 290 

I 31 63 94 129 164 209 234 294 182 
Il 30 108 138 !59 190 213 215 223 229 

Ill 20 42 132 172 208 240 262 270 288 315 
IV 17 51 109 135 170 196 218 243 238 233 

Total 18 35 118 146 183 220 237 250 275 286 
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Table 2.7.2 Comparison between mean wcights (g) at age in catch of North Sea Herring (adu1ts) from 
earlier years and 1990- 1998. 

Age in winter rings 

Division Year 2 3 4 5 6 7 8 9+ 
1990 123 154 177 194 229 234 251 295 

Na 1991 146 164 181 198 214 231 263 275 
1992 149 184 189 208 223 240 243 285 
1993 133 !56 193 210 234 249 268 319 
1994 135 171 201 223 246 258 278 295 
1995 142 172 208 220 260 253 284 29( 
1996 133 162 200 213 239 253 254 291 
1997 126 !59 197 234 241 245 232 304 
1998 125 161 192 226 242 254 274 291 
1990 102 145 194 219 250 272 259 277 

Nb 1991 119 173 196 220 225 277 257 263 
1992 81 179 198 213 232 255 272 313 
1993 102 146 199 220 236 261 275 306 
1994 122 !50 177 205 237 251 255 245 
1995 135 174 197 205 2f>l 266 272 282 
1996 106 178 213 238 243 268 270 263 
1997 122 !53 201 228 245 227 270 296 
1998 116 !51 182 218 230 221) 299 277 
1990 113 !52 181 198 232 238 252 290 

!Va+!Vb 1991 131 167 184 203 217 239 262 272 
1992 100 183 191 209 224 243 250 290 
1993 l 16 !52 195 212 234 251 269 317 
1994 131 164 192 218 245 258 277 292 
1995 140 173 205 216 260 256 283 289 
1996 126 165 203 219 240 258 259 281 
1997 125 !57 198 232 243 236 236 302 
1998 122 !59 191 224 241 250 275 29C 
1990 l l 8 131 !52 171 195 216 208 231 

!Vc+VIId 1991 123 165 184 200 212 196 237 161 
1992 100 183 191 209 224 243 250 290 
1993 113 139 152 174 182 191 211 216 
1994 117 145 172 191 209 224 229 218 
1995 114 130 161 177 203 208 IS4 241 
1996 118 140 154 178 181 201 186 250 
1997 99 133 l SY 180 !56 193 165 !58 
1998 125 161 192 226 242 254 274 291 
1990 l 14 149 177 193 229 236 250 287 
1991 130 166 184 203 217 235 259 271 

Total 1992 103 175 189 207 223 237 249 287 
North Sea 1993 115 145 189 204 228 244 256 310 

1994 130 !59 181 214 240 255 273 281 
1995 136 167 196 200 247 249 278 287 
!996 123 160 192 207 211 252 255 281 
1997 115 147 192 228 230 228 224 297 
1998 118 146 183 220 237 250 275 286 



Table 2.7.3 Hening mean weight at age in the third quarter. in Division IV a and !Vb. 

Mean weights at age in the catch 
Age Third quarter (Divisions IV a and !Vb) July acoustic Survey 
(w.r) 1991 1992 1993 1994 1995 1996 1997 1998 1991 1992 1993 1994 1995 1996 1997 1998 
l 73 51 53 55 52 10 38 42 65 78 69 60 58 44 44 47 
2 164 127 145 131 151 126 125 132 158 142 115 138 132 118 119 96 
3 189 200 161 164 190 165 157 172 198 209 147 209 180 196 166 196 
4 210 215 179 192 221 203 198 208 224 219 202 220 200 253 227 237 
5 229 235 199 218 231 219 232 240 236 243 225 251 195 262 236 275 
6 246 252 221 245 277 240 243 262 260 255 277 289 228 299 239 307 
7 276 276 239 258 276 258 236 270 275 272 286 315 257 305 246 289 
8 296 286 240 277 316 259 236 288 298 312 305 323 302 324 269 308 
9+ 293 330 283 292 316 281 302 315 317 311 340 346 324 335 329 363 

Table 2.7.4 Maturity al age 2. 3 d 4 f A an + or s utumn )opawnn!g h crrmg m t e o c ea h NrthS 

Year \Age (W ring) 2 3 >3 

1988 65.6 87.7 100 

1989 78.7 93.9 100 

1990 72.6 97.0 100 

1991 63.8 98.0 100 
1992 51.3 100 100 

!993 47. l 62.9 100 

1994 72.1 85.8 100 

1995 72.6 95.4 100 

1996 60.5 97.5 100 

1997 65. l 94.2 100 

1998 67.0 89.0 100 
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__, 
o Table 2.8.1 l ftb .. -- --···---·- -· ···- .... 

Asscssrncnt year 

First data year 
Last data year 
No of years for separable constraint? 
Reference age for separable constraint 
Constant selection pallcrn made! (Y IN) 
Sto be fixed on last age 
First age for cakulation of reference F 
Last age for calculation of reference F 
Shrink the final populations 

Tuning indices 
Year ranges for survey indices 

Catchability modcls 

MoJcl Modcl wctghtmg 

Relative weights in catch at age matrix 

Total weight catch at age matrix 
Survcy indil.':es weights 

Stock rccruitment weight 

Parameters to be estimated 
Number of observations 

-~-. ~-~~···-··~ .................... ~ • .>'/'-' ........... 

1999 
1960 
1998 

7 
4 

sl (92-96), s2(97-98)-constrained 
l l l 

2 
6 

no 
survev age 
MI.AI 79-98 

Acoustic surv~:y 2-9+ 89-98 
IBTSA 2-5+ 83-99 
IBTSY l 79-99 

MIK o 77-99 
MLAI power 

Acoustic survcy 2-9+ linear 
IBTSA 2-5+ linear 
IBTSY l linear 

MIK o linear 

all l 

49 
MLAl 1.0 

Acoustic survcy 2 0.125 
Acouslic survcy 3 0.125 
Acou.stic survcy 4 0.125 
Acouslic survcy 5 0.125 
Acouslic surve y 6 0.125 
Acoustic .survcy 7 0.125 
Acouslic .survcy s 0.125 
Acoustil.': survcy 9+ 0.125 

IBTSA 2 0.25 
IBTSA 3 0.25 
IBTSA 4 0.25 
IBTSA 5+ 0.25 
IBTSY l 1.0 

MIK o 1.0 
O.l 
55 

313 
·----

1998 1997 1996 
1960 1960 1976 
1997 1996 1995 

6 5 4 
4 4 4 

sl (92-95), s2(96-97)-constrained y na 
Ill l l 

2 2 2 
6 6 6 

no no no 

77-96 77-96 76-95 
89-97 89-96 89-95 
83-98 83-97 83-96 
79-98 79-97 79-96 
77-98 77-97 77-96 
power power power 
linear linear linear 
linear linear linear 
linear linear linear 
linear linear linear 

all l all l, cxccpl age O (96)=0.01 anJ all l 
age 1(96)=0.01 

42 33 28 
1.0 1.0 1.0 

0.125 0.125 0.125 
0.125 0.125 0.125 
0.125 0.125 0.125 
0.125 0.125 0.125 
0.125 0.125 0.125 
0.125 0.125 0.125 
0.125 0.125 0.125 
0.125 0.125 0.125 
0.25 0.25 0.25 
0.25 0.25 0.25 
0.25 0.25 0.25 
0.25 0.25 0.25 

1.0 1.0 1.0 
1.0 1.0 1.0 
O.l O.l O.l 

53 44 ? 

289 265 ? 
···-



Table 2.8.2 Input to the final ICA assessment 

Integrated Catch at Age Analysis (Version 1.4 w, constrained separability) 

Enter the namc of the index ti le -->index 
ca num 
weca 
Stock weights in 1999 used for the year 1998 
west 
Natura! mortality in 1999 used for the year 1998 
natmor 
Maturity ogive in 1999 used for the year 1998 

matprop 
Name of age-structured index file (Enter if none) : -->fleet 
Name of the SSB index file (Enter if no ne) -->ssb 
No of ycars for separable constraint ?--> 7 
Reference age for separable constraint ?--> 4 
Constant selection pattern modcl (Y IN) "-->n 
Enter last year in which selection is constant--> 1996 
Gradual or Abrupt change in selection (GlA) "-->a 
Sto be fixed on last age ?--> 1.000000000000000 
S for last age in later selection pattern ?--> 1.0000000()()()()(j000 
First age for calculation of reference F ?--> 2 
Last age for calculation of reference F ?--> 6 
U se default wcighting (Y IN) '1-->y 
Is the last age of AC089: acuustic survey 2-9+ a plus-group (Y IN) ?·->y 
Is the last age of IBTSA: 2-5+ a plus-group (Y IN) "-->y 
Is the last age of IBTSY: 1-wr a plus-group (Y IN) ''-->n 
Is the last age ofMIK: MIK 0-wr a plus-group (Y IN) '!-->n 

Y au must choose a catchability model for each index.. 
Models: A Absolule: Index = Abundance . e 

L Linear: Index = Q. Abundance . e 
P Power: Index = Q. Abundance" K .e 

whcre Q and K are parameters to be estimated, and 
e is a lognorrnally-distributed error. 

Model for MLAI < lO mm is to be NUP '!-->p 
Model for AC089: acoustic survey 2-9+ is to be NUP '!-->L 
Modcl for IBTSA: 2-5+ is to be AJL/P ?-->L 
Model for IBTSY: 1-wr is to be AJL!P ?-->L 
Model for MIK: MIK 0-wr is to be NUP '1-->L 
Fit a stock-recruit relationship (Y IN) ?-->y 
Enter the time lag in years between spawning and the stock siLC 
of fish aged O years on l J anuary, 
This will probably be O unless the stock is an autumn-spawning hcrring 
in which case it will probably be l years. 
Enter the lag in years (rounded up)--> l 
Enter lowest feasible F--> 2.0000000000000000E-02 
Enter highest feasible F--> 1.000000000000000 

No of years for separable analysis : 7 
Age range in the analysis : O ... 9 
Year range in the analysis : 1960 .. , 1998 
Number of indices of SSB : l 
Number of age-structured indices : 4 
Stock-recruit relationship to be fitted. 
Parameters to estimate : 55 
Number of observations : 313 

Two selection vcctors to be titted. 
Selection assumed constant up to and including : 1996 
Ahrupt change in selection specified. 
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Survey weighting to be Manual (recommended) or Iterative (Mfl) '-->M 
Enter weight for MLAI < lO mm--> 1.000000000000000 
Enter weight for AC089: acoustic survey 2-Y+ at age 2--> 1.000000000000000 
Enter weight for AC089: acoustic survey 2-9+ at age 3--> 1.000000000000000 
Enter weight for AC089: acoustic survey 2-9+ at age 4--> 1.000000000000000 
Enter wcight for AC089: acoustic survcy 2-9+ at age 5--> 1.000000000000000 
Enter weight for AC089: acoustic survey 2-9+ at age 6--> l.OOOOOOOOOOOOO(X) 
Enter wcight for AC089: acoustic survcy 2-9+ at age 7--> 1.000000000000000 
Enter wcight for AC089: acoustic survcy 2-9+ at age 8--> 1.000000000000000 
Enter wcight for AC089: acoustic survey 2-9+ at age 9--> 1.000000000000000 
Enter weight for IBTSA: 2-5+ at age 2--> l.ooomoooooooooo 
Enter weight for IBTSA: 2-5+ at age 3--> 1.000000000000000 
Enter weight for IBTSA: 2-5+ at age 4--> 1.000000000000000 
Enter weight for IBTSA: 2-5+ at age 5--> 1.000000000000000 
Enter weight for IBTSY: l-wr at age l--> 1.000000000000000 
Enter weight for MIK: MIK 0-wr at age 0--> 1.000000000000000 
Enter weight !or stock-recruit model--> 0.100000000000000 

Enter estimates of the cxtent to which errors 
in the age-structurcd indices are correlated 
across ages. This can be in the range O (indcpendence) 
to l (correlatcd crrors). 

Enter valuc for AC089: acoustic surve y 2-9+--> 1.000000000000000 
Enter value for IBTSA: 2-5+--> 1.000000000000000 
Enter value for IBTSY: 1-wr--> 1.000000000000000 
Enter value for MTK: MIK 0-wr--> 1.000000000000000 

Do you want to shrink the final fishing mortality (Y iN) ?-->N 
Seeking solution. Please wait. 
SSB index weights 

1.000 
Agcd index weights 
AC089: acoustic survey 2-9+ 
Age: 23456789 
Wts : 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 

IBTSA: 2-5+ 
Age: 2345 
Wts : 0.250 0.250 0.250 0.250 
IBTSY: 1-wr 
Age : l 
Wts: 1.000 
MIK: M!K 0-wr 
Age : O 
Wts: 1.000 
Stock-recruit wcight 0.100 

F in 1998 at age 4 is 0.400380 in iteration l 
Detailed. Normal or Sununary output (D/N/S)-->D 
Output page width in characters (e.g. 80 .. 132) '--> l 03 
Estimate historical assessmcnt uncertainty ?-->y 
Sample from Covarianccs or Bayes MCMC (C/B) "-->c 
U se default percentilcs (Y IN) ?-->y 
How man y samples to Lake ?--> 1000 
Enter SSB reference leve[ (e.g. MBAL, Bpa .) [l]--> 8.0000000000000000E+05 
Succesful exit from !CA 
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Table 2.8.30utput of the final ICA run for North Sea autumn spawning hcrring. ICES Div. IV, Sub· Div.VIId & Illa 
(RUN #16, 2 periods of separable constraint (5+2), !CA Her Version 1.4) 

Catch in Numher (Millions) 
------+-----------------------------------------------------------------------------------------
AGE l 1960 1961 1962 1963 1964 1965 1966 1967 
------+-------------------------------------------------------------- ·----

o 
l 
2 
3 
4 
5 
6 
7 
8 
9 

1 

l 
l 
l 
l 
l 
l 
l 
l 
l 

195. 
2393. 
1142. 
1967. 

166. 
168. 
113. 
126. 
129. 
142. 

12 69. 
336. 

1889. 
480. 

1456. 
124. 
158. 

61. 
56. 
88. 

142. 
2147. 

270. 
797. 
335. 

1082. 
127. 
145. 

86. 
87. 

443. 
1262. 
2961. 
177. 
158. 

81. 
230. 

22. 
42. 
Sl. 

497. 
2972. 
1548. 
2243. 

148. 
149. 

95. 
256. 
26. 
58. 

157. 
3209. 
2218. 
1325. 
2039. 

145. 
152. 
118. 
413. 

78. 

375. 
1383. 
2570. 

741. 
450. 
890. 
45. 
65. 
96. 

236. 

645. 
1674. 
1172. 
1365. 

372. 
298. 
393. 
68. 
82. 

173. 

1968 

839. 
2425. 
1795. 
1494. 

621. 
157. 
145. 
163. 
14. 
92. 

1969 1970 

112. 
2503. 
1883. 

296. 
U3. 
191. 

50. 
43. 
27. 
25. 

898. 
1196. 
2003. 

884. 
125. 

50. 
61. 
8. 

C2. 
~2. 

------+----------------------------------------------------------------------·-------------------
------+-----------------------------------------------------------------------------------------
AGE 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 
------+---------------------------------------------------·--------------------------------------

o 
l 
2 
3 
4 
5 
6 
7 
8 
9 

684. 
4379. 
1:.47. 

663. 
208. 

27. 
3l. 
27. 

O. 
12. 

750. 
3341. 
1441. 

344. 
131. 

33. 
5. 
o. 

o. 

289. 
2368. 
1344. 

659. 
150. 

59. 
31. 

4. 
l. 
l. 

996. 
846. 
773. 
362. 
126. 

56. 
22. 

5. 
2. 
l. 

264. 
2461. 

542. 
260. 
141. 

57. 
16. 

9. 
3. 
l. 

23 8. 
127. 
902. 
117. 

52. 
35. 

6. 
4. 
l. 
o. 

257. 
144. 

45. 
186. 

11. 
7. 

4. 
2. 
l. 
o. 

130. 
169. 

5. 
5. 
5. 
o. 
O. 
o. 
O. 
o. 

542. 
159. 

34. 
lO. 
10. 

2. 
o. 
l. 
l. 
o. 

1263. 
245. 
134. 

92. 
32. 
22. 
2. 
l. 
O. 
o. 

9520. 
872. 
284. 

57. 
40. 
29. 
23. 
19. 

5. 
l. 

------+-------------------------------------------------------- ------ .. ··---------------------

------+------------··----------------------------------------------------------------------------
AGS 1982 ~983 1984 1985 1986 1987 1988 :.989 1990 1991 1992 
------+--------------------------------------------------------------------·----------------------

o 
l 
2 
3 
4 
5 
6 
7 

3 
9 

11957. 13297. 
1116. 2449. 

299. 574. 
230. 216. 

34. ::..os. 
14. 26. 
7. 23. 
8. 13. 
4. l:.. 
l. 12. 

6973. 
18:.8. 
1146. 

441. 
202. 
Bl. 
23. 
25. 
l l. 
l9. 

42E. 
3253. 
1326. 
1182' 

369. 
125. 

44. 
20. 
13. 
16. 

3725. 
4801. 
1267. 

841. 
466. 
130. 

62. 
21. 
H. 
15. 

8229. 
683 5. 
2137. 

668. 
467. 
246. 

75. 
24. 

8. 
8. 

3165. 
7867. 
2233. 
1091. 

384. 
256. 
128. 

38. 
15. 

9. 
------+---------------------------------------------------------

------+------------------------------------------------
AGE 1993 l994 1995 1996 1997 1998 
------+------------------------------------------------

o 
l 
2 
3 
4 

' 6 
7 
8 
9 

10263. 
3827. 
l175. 

609. 
3 06. 
215. 
226. 
188. 

87. 
42. 

4499. 
::..785. 
::.783. 

489. 
348. 
109. 

92. 
76. 
70. 
47. 

84?.6. 
:.635. 
::.571. 

898. 
2-12. 
121. 

55. 
41. 
54. 
72. 

2429. 
1608. 

709. 
529. 
196. 

59. 
20. 
11. 

8. 
13. 

457. 
527. 
680. 
496. 
259. 

94. 
25. 
12. 
10. 

9. 

258. 
959. 

1214. 
525. 
276. 
lE l. 

85. 
16. 
lO. 
lO. 

------+------------------------------------------------

Predicted Catch in Number (Millions) 
------+--------------------------------------------------------
AGE l 1992 1993 1994 1995 1996 1997 1998 
------+--------------------------------------------------------

o 
l 
2 
3 
4 
5 
6 
7 
8 

1 7948.9 8808.1 5213.4 
l 1882.8 3697.9 2864.5 
l 1238.5 1435.3 1981.3 
l 621.7 700.7 551.3 

256.9 l 435.9 338.8 
l 399.6 
l 331.5 
l 138.9 
l 39.6 

216.2 
220.3 
180.5 

89.5 

112 .l 
80.2 
80.7 
79.0 

7798.7 
2231.5 
1980.1 

995.2 
264.8 
112.2 

54.6 
38.7 
45.0 

3863.0 
1271. 6 

643.5 
413.2 
200.2 

47.4 
22.5 
10.7 

9.3 

506.5 
642.8 
745.2 
371.2 
238.2 
104.3 
27.0 
12.5 
7.2 

233.4 
783.6 

1184 .l 
688.5 
267.8 
155.7 

74.5 
18.7 
10.5 

------+--------------------------------------------------------

3 058. 
3:.46. 
1594. 
1364. 

809. 
212. 
'..24. 
61. 
20. 

9. 

1303. 
:3020. 

899. 
779. 
861. 
188. 

80. 
54. 
29. 
12. 

2387. ::..0331. 
2139. 23C3. 
l.l.33. 12.85. 
557. 443. 
549. 362. 
501. 361. 
2.05. 376. 

39. 152. 
26. 39. 
::.3. 23. 
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Table 2.8.3: North Sea hcrring !CA output (continued) 

Weights at age in the catchcs (Kg) 
------+---------------------------·-------------------------------------------------------------
AGE l 1960 196~ 1962 1963 1964 1965 1966 1967 1968 1969 1970 
------+----------------------------------------------------------------------------------------

0 0.01500 0.01500 0.01500 0.01500 0.01500 0.01500 0.01500 0.01500 0.01500 0.01500 0.01500 
l 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000 
2 0.12600 0.12600 0.12600 0.12600 0.12600 0.12600 0.12600 0.12600 0.12600 0.12600 0.12600 
3 0.17600 0.17600 0.17600 0.17600 0.17600 0.17600 0.17600 0.17600 0.17600 0.17600 0.17600 
4 0.21100 0.21100 0.21100 0.21100 0.21100 0.21100 0.21100 0.21100 0.21100 0.21100 0.21100 
5 0.24300 0.24300 0.24300 0.24300 0.24300 0.24300 0.24300 0.24300 0.24300 0.24300 0.24300 
6 0.25100 0.25100 0.25100 0.25100 0.25100 0.25100 0.25100 0.25100 0.25100 0.25100 0.25100 
7 0.26700 0.26700 0.26700 0.26700 0.26700 0.26700 0.26700 0.26700 0.26700 0.26700 0.26700 
8 0.27100 0.27100 0.27100 0.27100 0.27100 0.27:00 0.27100 0.2'7100 0.27100 0.27100 0.27100 
9 0.27100 0.27100 0.27100 0.27100 0.27100 0.27100 0.27100 0.27100 0.27100 0.27100 0.27100 

------+----------------------------------------------------------------------------------------
------+----------------------------------------------------------------------------------·-------
AGE 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 
------+----------------------------------------------------------------------------------------

0 0.01500 0.01500 0.01500 0.01500 0.01500 0.01500 0.01500 0.01500 0.01300 0.01500 0.00700 
l 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000 0.04900 
2 0.12600 0.12600 0.12600 0.12600 0.12600 0.12600 0.12600 0.12500 0.12600 0.12600 0.11800 
3 0.17600 0.17600 0.17600 0.17600 0.17500 0.17600 0.17600 0.17600 0.17600 0.17600 0.14200 
4 0.21100 0.21100 0.21100 0.21100 0.21100 0.21100 0.21100 0.21100 0.21100 0.21100 0.18900 
5 0.24300 0.24300 0.24300 0.24300 0.24300 0.24300 0.24300 0.24300 0.24300 0.24300 0.21100 
6 0.25100 0.25100 0.25:00 0.25100 0.25100 0.25100 0.25100 0.25100 0.25100 0.25100 0.22200 
7 0.26700 0.26700 0.26700 0.26700 0.26700 0.26700 0.26700 0.25700 0.26700 0.25700 0.26700 
8 0.27100 0.27100 0.27100 0.27100 0.27100 0.27100 0.27100 0.27100 0.27100 0.27100 0.27100 
9 0.27100 0.27100 0.27100 0.27100 0.27100 0.27100 0.27100 0.27100 0.27100 0.27100 0.27100 

------+------------------------------------------------------·--

------+------------------~------------------------------------------------------------"--------
AGE l :.982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 
------+----------------------~----------------------------------------·-------------------------

o 0.01000 0.01000 0.01000 o .00900 0.00600 o.o1:oo 0.01100 0.01700 J .01900 0.01700 0.01000 
l 0.05900 0.05900 0.05900 o .03600 0.06700 0.03500 0.05500 0.04300 o .05500 0.05800 0.05300 
2 o. 11800 o .11300 o .11800 c. ::.2800 0.12100 0.09900 0.11100 O. LSOC o. ::.14CO 0.13000 o. :020·:J 
3 0.14900 0.14900 0.14900 c.:64oo 0.15300 o.:sooo 0.14500 0.15300 o. 14.900 0.1650D D .. l7500 
4 0.17900 0.17900 0.17900 O.l9400 0.18200 o.:..sooo o. :'.."1400 0.173DO o. ::_ 7700 0.18400 0.18900 
5 0.21700 0.21700 0.2:700 0.21100 0.20800 0.21100 0.19700 0.20800 o. :9300 0.20300 0.20700 
6 0.23800 0.23800 0.23800 0.22000 0.22100 0.23400 0.21600 0.231:)0 c .22900 0.21700 0.22300 
7 0.26500 0.26500 0.26500 0.25800 ' .23800 0.25800 0.23700 0.24700 c . 23 608 0.2J'::i00 0.23700 
8 0.27400 0.27400 0.27400 o- 27000 o .25200 0.27700 0.2~300 o. ?.6500 o .25000 0.25900 0.24900 
9 0.27500 0.27500 0.27500 0.29200 o .26200 0.29900 0.26300 0.25900 o. 28700 0.27100 0.28700 

------+------------------------------------------------
AGE l 1993 1994 1995 1996 1997 1998 
------+------------------------------------------------

0 l 0.01000 0.00600 0.00900 0.01600 0.01600 0.02000 
l 0.03300 0.05600 0.04800 0.01000 0.03200 0.04900 
2 o.115oo o.1Jooo 0.13600 0.12300 o.~o:oo 0.11300 
3 0.14500 0.15900 0.16700 0.16000 0.14400 0.14400 
4 0.13900 0.18100 0.19600 0.19200 0.19100 0.18200 
5 0.20400 0.21400 0.20000 0.20700 0.22500 0.22000 
6 0.22800 0.24000 0.24700 0.21100 0.22700 0.23600 
7 0.24400 0.25500 0.24900 0.25200 0.22600 0.24500 
8 0.25600 0.27300 0.27800 0.25400 0.22200 0.27300 
9 0.31000 0.28100 0.28700 0.28100 0.29700 0.28600 

------+--------------------------~---------------------
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Table 2.8.3: North Sea herring !CA output (continued) 

Weights at age in the stock (Kg) 
------~----------------------------------------------------------------------------------------

AGE 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 
------+---------------------------------------------------------------------------------------

o 0.01500 0.01500 0.01500 0.01500 0.01500 0.01500 0.01500 0.01500 0.01500 0.01500 0.01500 
l 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000 
2 0.15500 0.15500 0.15500 0.15500 0.15500 0.15500 0.15500 0.15500 0.15500 0.15500 O.l.SSOO 
3 0.18700 0.18700 0.18700 0.18700 0.18700 0.18700 0.18700 0.18700 0.18700 0.13700 0.18700 
4 0.22300 0.22300 0.22300 0.22300 0.22300 0.22300 0.22300 0.22300 0.22300 0.22300 0.22300 
5 0.23900 0.23900 0.23900 0.23900 o. 23900 0.23900 0.23900 0.23900 0.23900 0.23900 0.23900 
6 0.27600 0.27600 0.27600 0.27600 0.27600 0.27600 0.27600 0.27600 0.27600 0.27600 0.27600 
7 0.29900 0.29900 0.29900 0.29900 0.29900 0.29900 0.29900 0.29900 0.29900 0.29900 0.29900 
8 0.30600 0.30600 0.30600 0.30600 0.30600 0.30600 0.30600 0.30600 0.30600 0.30600 0.30600 
9 0.31200 0.31200 0.31200 0.31200 0.31200 0.31200 0.31200 0.31200 0.31200 0.31200 0.31200 

------+----------------------------------------------------------------------------------------
---·---+------------------------------------------------------------------------------· ~ -------

AGE 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 
------+------------------------------------------------------------------------------

o 0.01500 0.01500 0.01500 0.01500 0.01500 0.01500 0.01500 0.01500 o. 01500 O. OEiOO 0.01500 
l 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000 
2 0.15500 0.15500 0.15500 0.15500 0.15500 0.15500 0.15500 0.15500 0.:5500 0.15500 0.15500 
3 0.18700 0.18700 0.18700 0.18700 0.18700 0.18700 0.18700 0.18700 0.:8700 0.18700 0.18700 
4 0.22300 0.22300 0.22300 0.22300 0.22300 0.223CO 0.22300 0.22300 0.22300 0.22300 0.22300 
5 0.23900 0.23900 0.23900 0.23900 0.23900 0.239CO 0.23900 0.23900 0.23900 0.23900 0.23900 
6 0.27600 0.27600 0.27600 0.27600 0.27E00 0.27600 0.27600 0.27600 0.27600 0.27600 0.27600 
7 0.29900 0.29900 0.29900 0.29900 0.29900 0.29900 0.29900 0.29900 0.29900 0.29900 0.29900 
B 0.30600 o. 30600 0.30600 0.30600 0.30600 0.30600 0.30600 0.30600 0.30600 0.30600 0.30600 
9 0.31200 0.31200 0.31200 0.31200 0.31200 0.31200 0.31200 0.31200 0.31200 0.31200 0.31200 

------+----------------------------------------------------------------------------------------
------+----------------------------------------------------------------------------------------
AGE 198?. 1983 1984 1985 1986 1987 1988 1989 1990 199~ 1992 

-+----------------------------------------------------------------------------------------
o 0.01500 0.01500 0.01300 0.01000 0.00700 o. 00600 0.00800 0.01200 0.01500 0.01400 0.01200 
l 0.05000 0.05000 0.05400 0.06400 0.06400 0.05700 0.04800 0.05300 0.06000 0.06900 0.07100 
2 o.::.ssoo 0.15500 o.:sooo 0.14700 0.14CO:J o .13100 0.13200 0.13600 0.14800 0.14800 0.13800 
3 0.18700 0.18700 0.~8900 0.19000 0.18900 0.17900 0.17500 0.17600 0.18700 0.1980C !).18500 
4 0.22300 0.22300 0.22500 0.22500 0.22400 o. 22000 0.21500 0.21100 0.21400 0.21)00 0.215:.10 
5 0.23900 0.23900 0.24200 0.24500 0.24800 0.24500 0.24'100 0.24200 0.24100 0.23700 0.23SOO 
6 0.27600 0.27600 0.27000 0.27200 0.26700 0.27100 0.27200 0.27000 0.26700 0.25700 0.26400 
7 0.29900 0.29900 0.29900 0.29500 0.29100 0.28300 0.28300 0.28200 0.28200 0.27600 0.2"1800 
8 0.10500 0.30600 0.31000 0.31700 0.31900 0.31200 0.30800 0.29700 0.29700 0.29600 0.30500 
9 0.31200 0.31200 0.31200 0.33100 o. 34100 0.33900 0.33800 0.33000 0.33300 0.31500 0.32300 

------+----------------------------------------------------------------------------------------
------+------------------------------------------------
AGE 1993 1994 1995 1996 1997 1998 
------+------------------------------------------------

o Q.00900 0.00800 0.00600 0.00400 O.OOEOO 0.00700 
l 0.07000 0.06400 0.05500 0.04900 0.045.00 0.04600 
2 0.13200 0.12800 0.12900 0.12300 0.11100 0.10700 
3 0.18600 0.17700 0.19300 0.18100 0.18EO:J J.18100 
4 0.21300 0.20700 0.22300 0.22700 0.23900 0.23200 
5 0.23900 0.22300 0.23500 0.23700 o- 2 6400 0.26.500 
6 0.27400 0.26500 0.27200 0.25500 0.28200 0.27300 
7 0.29180 0.28600 0.29200 0.27000 0.28000 0.26800 
8 O.J:-..300 0.31000 0.31700 0.29900 0.30100 0.28900 
9 0.33200 0.33700 0.33500 0.32900 0.34200 0.34600 

------+------------------------------------------------

Natura l Mortality (per year) 
------+------------------------------------------------------------------------------ ----------

AGE :..960 1961 1962 1963 1964 19 65 1995 199( 1997 1998 
------+-----------------------------------------------------------------------------. ----------

o 1.8000 1.0000 l .0000 1.0000 l. 0000 l.OOOO 1.0000 1.0000 1.0000 l .:JODD 
l 1.0000 1.:JOOO l .0000 1.0000 1.0000 l.OOOO 1.0000 1.0000 1.0000 l. :JO OO 
2 0.3000 0.3000 o .3000 0.3000 0.3000 0.3000 0.3000 0.3000 0.3000 c .3000 
3 0.2000 0.2000 o .2000 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000 c .2080 
4 0.1000 0.1000 o.:ooo 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 c .1000 
5 0.1000 0.1000 o.:ooo 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 
6 0.1000 o.:ooo 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 
7 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 
8 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 
9 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 

------+----------------------------------------------------------------------------------------

75 



Table 2.8.3: North Sea herring !CA output (continued) 

Proportion of fish spawning 
------+----------------------------------------------------------------------------------------
AGE l 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 
------+--------------------------------------------------------------- -------------------------

0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
l 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
2 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 
3 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 
4 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 
5 1.0000 1.0000 l.OOOO 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 
6 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 
7 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 l.COOO 1.0000 1.0000 1.0000 
8 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.COOO 1.0000 1.0000 :.0000 
9 1.0000 1.0000 1.0000 1w0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 :.0000 

------+-------------------------------------------------- ----------------------------------

------~---------------------------------------------------- -------------------------------------
AGE 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 
------+----------------------------------------------------------------------------------------

o 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O. ::JOOO 0.0000 o. 0000 
l 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 o.ooon 0.0000 0.0000 0.0000 
2 l. 0000 0.820:] o. 8200 0.8200 0.8200 0.8200 0.8200 0.3208 0.8200 o. 8200 0.8200 
3 l. 0000 1.0000 1.0000 1.0000 1.0000 1.0000 :.0000 1.0000 1.0000 1.0000 1.000D 
4 1.0000 1.0000 l. 0000 1.0000 l.QOOO l.OQOO " .0000 l.OCOC 1.0000 .0000 1.0000 
5 1.0000 l.OOOO l. 0000 l. 0000 1.0000 l. 0000 l .0000 1.0000 1.0000 " .00-:JO 1.0000 
6 l. 0000 1.0000 l. 0000 l. 0000 l. 0000 l. 0000 l . aooo 1.0000 1.0000 l .8000 1.0000 
7 :i..OOOO 1.0000 l. 0000 l. 0000 l. 0000 1. 0000 l. 0000 1.0000 1.0000 l '0000 l.OOOO 
8 1.0000 1.0000 l. 0000 l. 0000 1.0000 1.0008 l. 0000 l.OOQO 1.0000 l .0000 :.0000 
9 l.O:JOO l. 0000 1.0000 l. 0000 1.0000 1.0000 l. 0000 1.0000 1.0000 l .0000 1.0000 

-+-----------------------------·------------- -------------- -----------------------
------+----------------------------------------------------------------------------------------
AGE 1982 1983 1984 1985 1986 1987 1988 1989 1990 199l 1992 

o 0.0000 0.0000 D.OOOO 0.0000 0.0000 o. :JO OO 0.0000 0.0000 0.0000 0.0:)00 0.0000 
l 0.0000 0.0000 0.0000 0.0000 0.0000 c. 0000 O.J:JOO 0.0000 O.OOOG 0.0000 c.ooco 
2 0.8200 0.8200 0.8200 0.7000 0.7500 C. 63 a o 0.6600 0.7900 o. 73 00 0.6400 0.5100 
3 :i..OOOQ l. 0000 1.0000 2..0000 1.0000 l. 0000 0.9800 0.9100 o. 9700 0.9700 1.0000 
4 l.OOOQ 1.0000 :.oooo 2..0000 l.O:JOO l .0000 1.0000 1. oooa l. oooc 1.0000 1.000-:J 

' 1.0000 l. 0000 2..0000 1.0000 1.0000 l .OOCO 1.0000 1.0000 1.0000 1.0000 1.0000 
o 1.0000 l. 0000 1.0000 1.0000 1.0GOO l. c: o co 1.0000 l.OCOO 1.0000 1.0000 1.0000 ., l.ClOOQ l. 0000 ~-- 0000 1.0000 1.0000 l .0000 1.0000 1.0000 l. 0Q(10 1.:JOOC 1.0000 
3 1.0000 l. 0000 l. 0000 l. 0000 l. 0000 l .coca 1.0000 1.0000 1.0000 l. :JO :JO 1.0000 
9 1.0000 l. 0000 1.0000 1.0000 l. 0000 l .ooco 1.0000 1.0000 l.OQOO 1. aooo ::...00!)0 

------~-------------------------------------------------------------------------------

------~------------------------------------------------
AGE 1993 1994 1995 1996 1997 1998 

-+------------------ ··------------------------------
o 0.0000 0.0000 o. 0000 J.OOOO 0.0000 O.ODOO 
l 0.0000 0.0000 o. 0000 0.0000 0.0000 O.O:JOC' 
2 C.4700 o. 7200 0.7300 0.6100 0.6500 0.6700 
3 0.6300 0.8600 0.9500 0.9800 0.940C 0.8900 
4 1.0000 l. 0000 1.0000 1.0000 l.OOOC 1.0000 
5 1.0000 l. 0000 1.0000 1.0000 1.0000 1.0000 
6 1.8000 l. 0000 1.0000 1.0000 1.0000 l. 0000 
7 1. 0000 1.0008 1.0000 1.0000 1.0000 l.OCO:J 
8 l. O O :JO l. 0000 1.0000 1.0000 1.0000 l.OCOO 
9 l. 0080 1.-JCOO 1.0000 1.0000 l. 0000 2..0000 
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Table 2.8.3: North Sea herring !CA output (continued) 

INDICES OF SPAWNING BIOMASS 

MLAI< lO mm 
------+------------------------------------------------------------------------------------------

1 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
------+----------------------------------------------------------------------------------------

l 15.04 10.58 16.10 22.01 28.17 51.49 77.88 40.17 70.21 139.74 135.30 
-------+--------------------------------------------------------------------------------------
------+------------------------------------------------------------------------

1990 1991 1992 1993 1994 1995 1996 1997 1998 
------+-------------------------------------------------~----------------------

1 l 170.88 89.33 42.24 30.88 21.15 25.85 50.34 62.19 85.17 
------+-----~------------------------------------------------------------------

AGE-STRUCTURED INDICES 

AC089: acoustic survey 2-9+ (Thousands) 

AGE i 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 
------+--------------------------------------------------------- -----------------------

2 3726.0 2971.0 2834- :J 4179.0 3710.0 32 80- c 3799.0 4550. 6 6363.0 6898.6 
3 3751.0 3530.0 1501. :J 1633.0 1885.0 957.0 2056.0 2 823- 1 3287.0 2564.6 
4 1612. o 3370.0 2102.8 13 97. o 909.0 429.0 656.0 1087 .. 1 1695.0 1640.2 
5 488.0 1349.0 1984 . ' 1510.0 795.0 3 63- o 272.0 310 .9 692.0 982.4 
6 281.0 395.0 748 . o 1311.0 788.0 321. o 175.0 98.7 259.0 445.2 
7 120.0 211.0 252 .O 474.0 546.0 328.0 135- o 82.8 79.0 170.3 
8 44.0 134 .O 112.0 155 .O 178.0 220.0 110- o 132.9 78.0 45.2 
9 22.0 43.0 56.0 163.0 116.0 132. o 84.0 206.0 158.0 121.~ 

------+--------------------------------------------------------------------------------
IBTSA: 2-5+ 

------+----------------------------------------------------------------------------------------
AGE 1 

' 

1983 1984 1985 l986 l987 1988 1989 1990 :991 1992 ::.993 
------+-----------------------------------------------------------·-------------------------------

2 
3 
4 
5 

109.0 
42 .O 
:1..4.0 
34.0 

161.0 
75.0 
32.0 
7.0 

716.0 
256.0 

2 6. o 
3 6. o 

661.0 
235.0 
57.0 
17.0 

838.0 4100.0 
117.0 783.0 

56.0 55.0 
44.0 26.0 

775.0 
411. o 

86.0 
10.0 

580.0 
322.0 
271. o 

70.0 

794.0 
283.0 
250.0 
170.0 

377. o 
181. o 

63.0 
102.0 

762.0 
236.0 

45.0 
64.0 

------+----------------------------------------------------------------------------------------
------+-------------------------------------------------
AGE l 1994 1995 1996 1997 1998 1999 
------+------------------------------------------------

2 1090.0 1285.0 194.0 437.0 743.0 421.0 
3 199.0 152.0 43.0 181.0 90.0 506.0 
4 64.0 46.0 13.0 34.0 20.0 104.0 
5 40.0 9.0 9.0 14.0 19.b 37.0 

-------+-----------~------------------------------------

IBTSY: 1-wr 
------+-----------------------------------------------------------------------------------------

AGE 1979 1980 1981 1982 1983 1984 1985 1985 :'..987 1938 
--- ----+-·· 

l 172.0 312.0 431.0 772.0 1260.0 :440.0 2080.0 2540.0 3680.0 453C.C 23:'..0.C 
------+-------------------------~--------------------------------------------------------------

------+-----------------------------------------------·---------------------------------

AGE l 1990 :'..991 1992 1993 1994 1995 1996 1997 :'..998 1999 
------+--·-- --------------------------------------------------------------------------

1 l 1020.0 1160.0 1:'..60.0 2940.0 1667.0 1136.0 1735.0 4069.0 2067.0 721.0 
------+----------------------- ---------------------------------------------------------

MIK: MIK 0-wr 
---~--+-----------------------------------------------------------------------------------------
AGE 1977 1978 1979 1980 1981 1982 1983 19 34 1985 1986 1987 
------+----------------------------------------------------------------------------------------

o :7.10 :!.3.10 52.10 1C1.10 76.70 133.90 91.80 115.00 181.30 177.40 270.90 
------+----------------------------------------------------------------------------------------
------+----------------------------------------------------------------------------------------
AGE l 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 
------+--------------------------------------------------------------------------------------·--

0 l 168.90 71.40 25.90 69.90 200.70 190.10 101.70 127.00 106.50 148.10 53.10 
------+-----------------------------------------~----------------------------------------------
-~----+--------

AGE 1999 
------+--------

0 244.00 
------+--------
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Table 2.8.3: North Sea herring !CA output (continued) 

Fishing Mortality (per year) 
------+----------------------------------------------------------------------------------------
AGE 1960 1961 1962 1963 1964 .:!.965 1966 1967 1968 1969 1970 
------+------------------------------------------------------------ -----------------------------

0 0.0257 0.0186 0.0049 0.0148 0.0126 0.0071 0.0215 0.0255 0.0348 0.0082 0.0351 
l 0.2549 0.1291 0.0896 0.1240 0.3084 0.2461 0.1852 0.2980 0.3002 0.3291 0.2680 
2 0.4270 0.6136 0.2495 0.2974 0.3889 0.7753 0.5919 0.4221 1.3264 0.7842 0.9727 
3 0.3181 0.3415 0.6203 0.2746 0.4121 0.7385 0.7082 0.80~2 1.8709 0.9108 1.2659 
4 0.3215 0.3903 0.4027 0.2234 0.3686 0.7757 0.5713 0.9244 1.0702 0.8722 1.3232 
5 0.2455 0.3756 0.4971 0.1417 8.3013 0.6549 0.8322 0.8262 : 2339 1.0507 0.8710 
6 0.2924 0.3416 0.72~7 0.1643 0.2208 0.5835 0.3854 1.0026 1.1693 1.9001 1.0699 
7 0.5210 0.2284 0.5325 0.2322 0.2,36 0.4116 0.3694 :.479~ 1.5574 ~.2'193 4.0734 
8 0.4285 0.4105 0.5071 0.2555 0.4135 0.6945 0.6094 0.9649 1.4110 1.:914 1.6278 
9 0.4285 0.4105 0.5071 0.2555 0.4135 0.6945 0.6094 0.9649 1.4110 1.1914 1.6278 

------+----------------------------------------------·----------------------------··-------------
------+----------------------------------------------------------------------------------------
AGE l 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 
------+-------------------------------------------------- ---------------·------------------------

a 0.0339 0.0583 J.0459 0.0747 0.1586 ::J. 1432 0.0960 O.C448 0.0833 0.1250 0.4801 
l 0.6018 0.5776 0.6735 0.4489 0.6849 o. 23 65 0.2884 0.1965 0.1639 0.1126 0.2835 
2 0.8822 0.8113 1.0198 1.0272 l. 2917 1.32::..9 0.2:::.07 O.C234 0.0927 0.356C 0.3221 
3 l. 2142 o. 8007 1.3296 o. 9671 1.4967 1.3556 1.3441 0.0394 0.0641 0.4081 0.267.;:, 
4 l. 2231 0.7988 0.9856 0.9845 l. 3462 l. 6949 0.3771 0.0947 0.0865 0.2844 0.2922 
5 1.0660 o. 54 61 0.9490 1.:.782 1.8071 1.4728 1.0919 o. 0142 0.0472 0.2412 0.3878 
6 2.5262 0.4990 l. 3 552 1.0709 1.2476 0.9269 0.5880 0.0651 0.0106 0.0603 0.3784 
7 2.5300 0.0887 0.7518 o. 73 85 1.9617 1.3317 0.5381 0.0443 0.3520 0.0860 0.8094 
8 l. 7087 0.7568 1.2422 l. 0989 l. 6885 1.-3681 0.7483 0 .. 1:14 0.1626 0.2657 0.4917 
9 l. 7087 0.7568 1.2422 1.0989 1.6886 l. 3 681 0.7483 o .1114 o. 1626 0.2657 0.4917 

AGE 1982 1983 1984 1985 1986 1987 1988 1989 .:990 :991 1992 
------+-------------------------------------------------------------·---------------------------

o 0.3330 o .3980 o. 22 53 0.0852 0.0622 0.1618 0.1232 0.1240 0.0602 o .1121 0.2178 
l 0.2233 o .2503 0.?.041 o. 3 805 0.3l:i3 0.3740 0.5819 0.1241 0.47.48 o . 3166 0.2888 
2 o. 2 582 o .3000 c. 3122 J.4014 0.4552 0.4055 0.3580 0.4005 0.3682 o .5166 •J.569: 
3 0.5036 o .3206 o. 42 54 0.6632 0.5166 0.498:1. 0.3997 0.4141 O.J726 o. 4388 0.6512 
4 0.2379 o .4301 0.5272 0.7244 0.5693 0.5775 0.5673 0.553<. 0.046 o . 4634 0.698J. 
5 o .14 72 o . 2 624 o. 6118 0.6416 0.5356 0.5926 0.6401 0.6264 0,.';_965 0.49S3 0.6417 
6 0.1337 o .3245 0.3366 0.6950 0.6845 0.598,', 0.6267 0.65::l4 0.454:!.. 0.4724 0.6313 
7 0.1923 O. 3 52 6 0.6295 0.5022 O. 73 69 :J. 539.1 0.6172 O. 6Li6 0.5932 0.3732 0.599E 
8 o. 3096 0.4002 0.5186 0.5998 o .6630 0.6353 0.7:J71 o. 66::..6 0.5836 0.5469 0.:5981 
9 0.3096 0.4002 0.5186 0.6998 o. 6630 0.6353 0.7071.. 0.65::..6 0.5836 0.5469 0.6981 
·----+---------------------------------------------------------- ·--··---------------------------

------·~---------------------------------------------··---
AGE 1993 1994 1995 1996 1997 1998 
------+------------------------------------------------

o o .2735 0.2~46 o. 2 895 0.1229 0.0158 0.0179 
l o .3627 0.3243 0.3839 0.1629 0.0613 0.0692 
2 o. 7147 0.6391 0.7565 c. 3211 0.2330 0.2629 
3 o .8177 0.7312 0.8656 0.3674 0.3310 0.1735 
4 o .8756 0.7839 0.9279 0.3939 o. 3 54? 0.4004 
5 o .8057 0.7205 0.8529 0.1620 0.3258 o.] 677 
6 o. 7927 0.7088 0.339l 0.3562 o.:: 210 o. 3 623 
7 o. 7530 0.6733 0.7970 0.3383 0.3042 0.3Q4 
8 o. 8766 o. 7839 '].9279 0 .. 3939 0.3547 0.4C04 
9 o. 876E 0.7839 0.9279 0.3939 0.3547 o. 400,~ 

------+---------------------------------- --------------
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Table 2.8.3: North Sea hcrring ICA output (continued) 

Population Abundance (l January) (Billions)' 
------+----------------------------------------------------------------------------------------
AGE l 1960 1961 1962 1963 1964 1965 1966 1967 1968 1959 1970 
------+----------------------------------------------------------------------------------------

0 12.11 108.90 46.28 47.66 62.79 34.90 27.86 40.26 38.70 21.59 41.09 
l 16.48 4.34 39.32 16.94 17.27 22.81 12.75 10.03 14.44 13.75 7.88 
2 3.76 4.70 1.40 13.23 5.51 4.67 6.56 3.90 2.74 3.93 3.64 
3 7.92 1.82 1.88 0.81 7.28 2.76 1.59 2.59 1.89 0.54 1.33 
4 0.63 4.72 1.06 0.83 0.50 3.95 1.08 0.54 0.99 0.24 0.18 
5 0.81 0.41 2.89 0.64 0.60 0.32 1.64 0.35 0.23 O.Jl 0.09 
6 0.47 0.57 0.26 1.59 0.50 0.40 0.15 0.65 0.22 0.06 o.:o 
7 0.32 0.32 0.37 0.11 1.22 0.36 0.22 0.09 0.21 0.06 0.01 
8 0.39 0.17 0.23 0.20 0.08 0.86 0.22 0.14 0.02 0.04 0.02 
9 o.43 o.27 0.23 0.24 o.l8 c.:6 o.54 0.29 o.13 o.o4 0.02 

------+----------------------------------------------------------------------------------------
------+---------------------------------------------------------------------------·· 
AGE 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 19 Bl 
------+----------------------------------------------------------------------------------------

0 32.33 20.87 10.16 21.77 2.95 2.79 4.40 4.67 10.65 16.82 37.99 
l 14.59 11.50 7.24 3.57 7.43 0.93 0.89 1.47 :.64 3.61 5.46 
2 2.22 2.94 2.37 1.36 0.84 :.38 0.27 0.25 0.44 0.51 l. 19 
3 1.02 0.68 0.97 0.63 0.36 0.17 0.27 0.16 0.18 0.30 0.27 
4 0.3: 0.25 0.25 0.21 0.20 0.07 0.04 0.06 0.~3 0.14 0.16 
5 0.04 0.08 0.10 0.08 0.07 0.05 0.01 0.02 0.05 0.11 0.09 
6 0.03 o.o: 0.04 0.04 0.02 0.01 0.01 0.00 0.02 0.04 0.08 
7 0.03 0.00 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.0~ 0.04 
8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 
9 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

------+---------------------------------------·------------------------------------------------
------+----------------------------------------------------------------------------------------
AGE l 1982 1983 1984 l985 1986 1.987 1988 1989 ::.990 1991 1992 
------+----------------------------------------------------------------------------------------

0 65.00 62.03 53.69 81.03 97.27 86.02 ~2.77 41.05 35.08 35.27 63.12 
1 8.65 17.14 15.33 15.77 27.37 33.53 26.92 13.9: 13.34 :2.15 11.68 
2 1.51 2.54 4.91 4.60 3.95 7.35 8.51 5.53 3.35 3.21 3.26 
3 0.64 8.87 1.40 2.66 2.28 1.86 3.63 4.4~ 2.75 1.72 1.42 
4 0.17 0.31 0.51 0.75 1.12 1.11 0.93 1.99 2.39 1.55 0.91 
5 0.11 0.12 0.:9 0.27 0.33 0.57 0.57 0.48 1.01 1.34 0.88 
6 0.06 0.09 0.08 0.09 0.13 0.17 0.29 0.27 0.23 .57 0.74 
7 0.05 0.05 0.06 0.05 0.04 0.05 0.09 0.14 0.13 0.13 0.32 
8 0.01 0.03 0.03 0.03 0.03 0.02 0.03 0.04 0.07 C.C6 0.08 
9 O.OC 0.04 0.05 0.03 0.03 0.02 0.02 0.02 0.03 O.C3 0.05 

------+-----------------------------------------------------------·· ----------------------------

------+-----··--------------------------------------------------
AGE i993 1994 1995 1996 1997 1998 1999 
------+---------------------------------------------------------

o 56.95 37.26 47. 94 52.32 50.93 20.82 95.33 
l 18.68 15.94 10.73 13.20 17.02 C8.44 7.52 
2 3.20 4.78 4.24 2.69 4.::.3 5.89 6.33 
3 1.37 1.16 1. 37 l. 47 1..45 2. ~2 3.35 
4 0.61 0.49 0.46 0.64 0.84 0.85 1.36 
5 0.41 0.23 0.20 o .16 0.39 0.53 0.52 
5 0.42 0.16 0.10 0.08 0.10 0.26 o. 33 
7 o- 3 5 0.17 0.07 C.04 0.05 0.07 o .16 
8 c .16 0.15 0.08 0.03 0.03 C.03 0.04 
9 0.07 0.09 o .12 C.06 0.03 C.03 0.04 

------+----------------------------------------- . - -·-- ---------

Weighting factors for the t:att:hcs in number 

AGE 1992 1993 1994 1995 1996 ::..997 1998 
------+-------··------------------------------------------------

o 1.0000 l. 0000 1.0000 :.oooo 1.0000 l. ::JOOO 1.0000 

' 1.0000 l. 0000 1.0000 c.oooo 1.0000 1.0000 1.0000 
2 1.0000 1.0000 1. 0000 1..0000 1.0000 1.0000 1.0000 
3 1.0000 l. 0000 1.0000 c.OOOO 1.0000 1.0000 1.0000 
4 1.0000 1. 0000 l. 0000 1.0000 l. 0000 1.0000 1.0000 
5 1.0000 l. 0000 l. 0000 l. 0000 1.0000 1.0000 1.0000 
6 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 
7 1.0000 l. 0000 l. 0000 l. 0000 l. 0000 l. 0000 1.0000 
8 l. 0000 l. 0000 1.0000 l. 0000 1. 0000 l. 0000 l. 0000 

------+--------------------------------------------------------
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Table 2.8.3: North Sea hcrring !CA output (continued) 

Predicted SSB Index Values 

MLAl< !O mm 
------+----------------------------------------------------------------------------------------

1 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
------+-----------------------------------------------------------------------------------------

1 l 8.51 10.47 15.76 22.62 35.88 59.48 62.33 53.83 74.03 96.77 108.60 
------+----------------------------------------------------------------------------------------
------+------------------------------------------------------------------------

1990 1991 1992 1993 1994 1995 1996 19 ')7 1998 
------+-----------------------------------------------~~~----------------------

1 l 98.99 82.21 59.08 37.26 4:.34 40.53 39.45 53.92 73.23 
------+--------------------------------------------------- ---------------------

Predicted Age·Structured Index Values 

AC089: acoustic survey 2-9+ Predicted (Thousands) 
------+--------------------------------------------------------------------------------
AGE l 1939 1990 1991 1992 1993 1994 1995 :'._996 1997 1998 
------+----------------------------------------------------·----------------------------

2 6004.8 3698.9 3266.4 3221.1 2918.1 4549.3 3781.8 3049.3 4909.8 6892.9 
3 5672.9 3616.9 2179.7 1602.1 1407.9 1252.8 1876.7 19~5.2 1947.5 3187.2 
4 2856.5 3572.1 2334.8 1200.3 726.8 523.6 531.C 1008.2 1356.3 ~326.0 
5 720.3 1685.7 2185.4 1324.6 559.9 327.9 272.7 286.2 702.2 925.9 
6 421.5 400.8 984.5 1170.1 607.6 249.3 141.5 144.6 193.0 470.5 
7 225.5 208.5 244.6 526.1 535.1 270.0 107.7 74.0 95.8 127.1 
8 72.5 122.4 116.5 138.9 244.6 244.4 1:8.1 59.7 51.6 66.1 
9 37.3 58.3 68.2 94.2 131.3 166.1 2l3.1 133.8 73.3 69.1 

lBTSA: 2-5+ Prcdicted 
------+--------------------------------------------------------------- -----------------------
AGE 1983 1984 1985 1986 1987 1988 1989 :'._990 1991 1992 1993 
------+----------------------------------------------------------- ----------------------· 

2 346.5 668.0 618.7 52 9. 9 988.1 1151.5 744.8 452-5 425.6 429.2 413.7 
3 83.9 133.5 247.1 215.6 176.5 348.2 422.2 264.5 163.9 131.9 124.4 
4 18.8 30.3 43.0 65.9 65.3 54.4 117 . .:._ 141.6 92.1 52.3 34.2 
5 11.6 13.9 16.5 19.3 2 9 .l 33.9 32.5 52.0 74.9 71.3 47.7 

------t------·-----------------------------------------------------------------------------------
------+---------------------------------~--------------

AGE 1994 1995 1996 1997 1998 1999 
------+-------------------------~----------------------

2 
3 
4 
5 

62~.5 

106.7 
28.2 
27.4 

545.7 
159.2 
25.5 
19.4 

365.7 
142.0 
38.6 
:3.1 

567.1 
139.9 

50.4 
21.5 

806.4 
233.2 

50.9 
32-6 

------+------------------------------------------

IBTSY: 1-wr Prcdiclcd 

866.9 
322.9 

81.8 
38.8 

------+-------------------------------------------------------------------------~--------------

AGE :l.979 ::..9 80 1981 1982 1983 ::..984 1985 19P.6 1987 1988 1989 

183.3 404.8 600.1 957.3 1891.2 1"100.8 1711.6 2995.9 3653.3 2849.6 15C2.0 

------+--------------------------~~-----------------------------------------------------

AGE 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
------+----------------------------------------------------------------------·----------

1 l 1440.0 1329.7 1273.6 2031.8 1742.2 1164.8 1472.7 1922.9 2081.5 849.0 
------+---------------------------------------------------------------------------~----

MIK: MIK 0-wr Prcdictcd 
------+----------------------------------------------------------------------------------------
AGE l 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 
------+----------------------------------------------------------------------------------------

0 l 11.16 11.92 27.05 42.49 91.79 159.95 151.40 133.90 205.65 247.59 216.26 
------+----------------------------------------------------------------------------------------
------+----------------------------------------------------------------------------------------
AGE l 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 
------+---------------------------------------------------------------~------------------------

0 l 108.05 103.68 89.32 89.22 157.57 141.18 92.72 118.60 132.17 130.40 53.28 
------+----------------------------------------------------------------------------------------
------+--------
AGE l 1999 
------+--------

o 244.00 
------+--------
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Table 2.8.3: North Sea herring !CA output (continued) 

Fitted Selection Pattern 
------~-------------------- --------------------------- ··---------------------------- ·------------
AGE 1960 1961 1962 1963 1964 19 65 1966 19 57 1969 1969 1970 
------+----------------·------------------------------------------------------- -----------------

o 0.0799 0.0476 0.0121 0.0662 0.0341 0.0092 0.0376 0.0277 0.0325 0.0094 0.0265 
l 0.7929 0.3307 0.2226 0.5553 0.8368 0.3173 0.3242 0.3223 0.2805 0.3773 0.2025 
2 l. 32 80 1.5721 0.6197 l, 3 314 1.0550 0.9995 1.0361 0.4567 l. 2394 0.8991 0.7351 
3 0.9893 0.8751 1.5406 1. 2293 1.1180 0.9521 1. 23 97 o- 8700 1.7481 l. 0143 0.9567 
4 1.0000 l. 0000 1. 0000 1.0000 1. 0000 1.0000 1.0000 1.0000 1.0000 l. :JO :JO 1.0000 
5 0.7637 0.9622 1.2346 0.6342 0.8176 0.8442 1.4567 o. 893 8 1.1529 1.2046 0.6582 
6 0.9094 0.8752 l. 7923 0.7357 0.5990 0.6490 :J.6746 1.0846 1. o 92 5 2 .1 785 0.8085 
7 1.6205 0.5853 1.3225 1.0396 0.6744 0.5307 0.6467 l. 6001 1.4552 1.4668 3.0783 
8 1.3328 1.0517 1.2593 1.1439 1.1218 0.8954 1.0667 l. 043 8 1.3184 1.3E39 1.2301 
9 1.3328 1.0517 1.2593 1.1439 1.1218 0.8954 1.0667 1.0438 :::..3184 1.3659 l. 2301 

------~---------------------------··------------------------------- ---------------------------
-------~----------------------------------------------------------------------------------------
AGE 197: 1972 1973 1974 1975 1976 1977 1973 1979 1980 1981 

---~-------------------··--------------------------------------------------------------------
o 0.0278 o. 0730 0.0466 0.0759 o .1119 o. :J815 0.2547 0.4737 0.9628 0.4397 1.6432 
: 0.4920 o. 7231 0.6834 0.4560 0.5087 o. :..3 95 0.7647 2.0762 1.8943 0.3961 0.9701 
2 o. 7213 1. o::.s7 1.0347 l. 0434 0.9596 o .7799 0.5587 0.2469 1.0718 1.2519 1.:025 
3 0.9927 1.0024 1.3491 0.9824 1.1118 o . 79 98 3.5642 0.(.165 0.7<:;04 l. 4353 c. 9152 
4 l. 0000 1.0000 1.0000 1.0000 1.0000 .0000 1.0000 1.0000 1.0000 1.0008 1.0000 
5 0.8715 0.6837 0.9629 1.1968 1.3424 O. 869C 2.8954 0.1501 0.5455 0.8483 1.3272 
6 2.0653 0.6247 1.3750 1.0879 0.9268 O.S469 1.5591 0.6879 0.1225 o .2 :7. o 1. 2949 
7 2.0585 0.1111 0.7620 0.7501 1.4573 0.8152 1.4270 0.4681 4.0687 o. 3 O ?l 2.7700 
8 ::..3970 0.9475 1.2604 1.1162 1.2544 o. 3072 1.9843 1.:767 1.8791 0.9344 ~. 6827 
9 1.3970 o. 94 75 1.2604 1.l162 1. 2544 0.8072 1.9843 1.1767 1.8791 0.9344 :...6827 

-~----------------------------------------------------------------------------------------

--+------------------------------------------------------------ ---------------------------
AG~ 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 
------~---------------------------------------------------··----------------- -------------------

o .:..3995 o. 92 55 o. 4274 o .1176 0.1092 0.2801 0.2171 -:) .2242 0.1269 C.2420 o. 3 :.2-J 
l 0.9<!06 0.5820 0.3871 o. 52 52 0.5540 o. 64 76 :i_.0~59 0.7664 0.8951 0.6833 J. 4137 
2 1.0851 0.6976 0.5922 0.5541 0.7996 0.7022 0.6311 0.7238 0.7758 l. :148 0.811'::3 
3 2. 1157 0.74S3 0.8069 0.9155 0.9074 0.8624 0.7046 o. 7~83 0.7850 0.9469 0.9328 
4 1.0000 1.JOOO 1 .. 0000 l. 0000 1.0000 1.0000 1.0000 1.0000 l. 0000 . .OOJO 1.00CO 
5 0.6187 0.6100 1.1605 0.8856 0.94']8 1. 0261 ::_ .1285 1.1320 1.0461 l. 0690 o. 9191 
6 0.562: 0.7546 0.6385 0.9594 1.2024 .l.C363 :.1047 1.1789 0.9569 :)1')5 0.9043 
7 0.8080 0.82.99 1.1941 0.6932 1.2944 0.9335 1.0880 1.1088 1.2499 o .8054 0.8589 
8 1.3013 0.9306 0.9837 0.9660 1.1647 1.1001 1.2465 1.1955 1.2298 .180:\ 1.0000 
9 1.3013 0.9306 0.9837 0.9660 1.1647 1.1001 1.2465 1.1955 1.2298 .1803 :i..OOOO 

+---------------------------------------------------------------------------------
-··--·--·------------------------------------------------
AGE 1993 1994 1995 1996 1997 1998 

-~---·--------------------------------------------

o 0.3120 o . 3120 c .3120 0.3120 0.0446 0.0446 
1 0.4137 o .4137 0.4137 0.4137 0.1728 o.::. 728 
2 o .8153 o . 8153 0.8153 0.8153 0.6567 0.6567 
3 o .9328 O. 9328 0.9328 0.9328 0.9330 0.9330 
4 l. 0000 l. 0000 l.OOOO 1.0000 1.0000 1.0000 
5 o. 9191 o. 9191 o. 9191 0.9191 0.9183 o. 9133 
6 o. 9043 0.9043 0.9043 0.9043 0.9049 0.9049 
7 o .8589 0.8589 0.3S89 0.8589 0.8576 0.3576 
8 1.0000 l. 0000 1.0000 1.0000 1.0000 1.0000 
9 1.0000 1.0000 1.0000 ::..oooo 1.0000 l. 0000 

------+ ·-----------------------------------------------
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Table 2.8.3: North Sea herring !CA output (continued) 

STOCK SUMMARY 

------------------------------------------------------------ - ---------------

l 

Year 

l 

Recruits 

l 

Total 

l 
Spawningl Landings 

l 
Yie1d l Mean F 

l 

SoP ' Age o Biomass Elomass /83~ Ag es 

l thousarids tormes tennes tennes ratlo 2- 6 (%) 

------------- -----------------------------------------------------------------
1960 12113160 3881687 2004417 696200 
1961 108900670 4460853 1752543 696700 
1962 46283780 44 79157 1192247 627800 
1963 47657740 -1708530 2263665 716000 
1964 62794120 4860575 2091062 871200 
1965 34899760 4394978 1498975 1158800 
1966 27864980 3346834 1309933 895500 
1967 40261930 2826594 931938 695500 
1968 38700920 2525552 417423 717800 
1969 21585990 1907443 426186 546700 
1970 41089570 1923039 375528 563100 
1971 32333540 1850949 2 67018 520100 
1972 20868450 1551008 2 89102 497500 
1973 10157850 1158206 234499 484000 
1974 21767420 9153::.5 163229 27510:) 
1975 2948050 685702 83734 312800 
1976 2791980 365244 81009 :7480C 
1977 4401860 218445 52296 46000 
1978 4673160 234305 70813 11000 
'..979 18634760 391956 '..13799 25100 
'..980 16823240 641583 13 8579 70764 
1981 37994460 :171988 204266 174879 
1982 65002470 1859991 287904 275079 
1983 62029680 2502235 446135 3872C2 
1984 53690050 2749539 720897 47.8h31 
1985 81025890 3296461 753579 613788 
1986 97270370 3818608 770870 671488 
1987 85023580 4212307 887287 792.058 
1988 42772980 3850008 1144303 887686 
1989 U046680 3424437 1276674 787899 
1990 35082330 3222867 1169165 645229 
1991 35270180 3013652 980157 658008 
1992 63118330 302054-2 716278 716799 
1993 56948820 3015878 462326 67:.397 
1994 37264770 2458284 512679 568234 
1995 47937940 2050978 500848 63 914 6 
1996 52318630 1697506 488163 3 :J61:i7 
1997 50934090 2163234 656703 2.47909 
1998 20816140 2508599 878178 380178 

No of years for separable ana1ysis 7 
Age range in the analys::.s O 9 
Year range in the ana::.ysis : 1960 1998 
N~~er of indices of SSB l 
Number of age-strJc:ured indices 4 
Stock-recruit re1ationsrip co be fit:ed. 
Pararne~ers :o estinate : 55 
Nuwber of observations : 313 

Two select::.on vect.ors to be fitted. 

0.3473 
0.3975 
O. S2 66 
0.3163 
0.4166 
o. 7797 
0.6835 
0.7463 
L 7196 
1.2828 
1.4995 
1.9478 
l. 7208 
2.0640 
:...6854 
3. 7356 
2.1578 
o. 8796 
0.1353 
0.,206 
0.5:06 
0.856'._ 
0.9555 
0.3679 
0.3946 
0.8145 
o. 8711 
0.8927 
0.7757 
0.6171 
0.5319 
0.6713 
l. 0007 
l. 4522 
1.1084 
l. 276::. 
0.6272 
0.3775 
:J.4329 

Selection ass~ned constant up to and including 1996 
Abrupt change :n selection specified. 
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0.3209 84 
0.4125 88 
0.4983 85 
0.2203 116 
0.3383 93 
0.6896 86 
0.6178 93 
0.7959 85 
1.3341 79 
1.1036 103 
1.1006 103 
1.3824 93 
:)_ 6912 1C8 
:.1278 ;_04 
l. 0456 :03 
1.4379 107 
l. 3544 104 
o. 7224 33 
O.Otl74 82 
0.0602 99 
0.270:) 91 
0.3296 99 
0.2561 102 
0.3275 92 
0.4426 94 
0.6251 95 
0.5522 87 
0.53-:;4 98 
0.5184 as 
0.5291 96 
0.4332 95 
0.4773 98 
0.6383 lJO 
0.8015 97 
0.7167 95 
0.8484 93 
0.3601 99 
0.3131 :.o o 
0.3534 99 



Table 2.8.3: North Sea herring !CA output ( continued) 

PARAMETER ESTIMA TES 

l 
Parrn.l 

No. 
l 

Maxirnum l l l Likelh. CV Lower Upper 
Estimate (%) 95% CL 95% CL 

Separable model : F by year 

l 
2 
3 
4 
5 
6 
7 

1992 
1993 
1994 
1995 
1996 
1997 
1998 

0.6981 11 
0.8766 10 
0.7839 11 
0.9279 11 
0.3939 13 
0.3547 16 
0.4004 17 

0.5592 
0.7101 
0.6293 
0.7425 
o- 303 5 
0.2589 
0.2856 

0.8715 
l. 0321 
o. 9763 
1.1596 
o. s:..n 
o- 4862 
0.5614 

Separable Model: Selection (Sl) by age 1992 1996 

8 
9 

lO 
11 

12 
13 
14 

o 
1 
2 
3 
4 
5 
6 
7 
8 

0.3120 
0.4137 
0.8153 
0.9328 
.:_. 0000 
0.9191 
0.9043 
0.8589 
1.0000 

14 
14 
l3 
12 

12 
11 
11 

0.2357 
0.3132 
0.6292 
0.7256 

0.4130 
0.5464 
1.0564 
1.1992 

Fixed : Reference Age 
0.7241 1.1667 
0.7247 1.1284 
0.6868 1.0742 

Fixed Last true age 

Separable Model: Selection (S2) hy age from 1997 to 1998 

15 
16 
l7 
18 

:.9 
20 
21 

o 
l 
2 
3 
4 
5 
6 
7 
8 

0.0446 
0.1728 
0.6567 
C.9330 
1.0000 
0.9183 
0.9049 
0.8576 
l. 0000 

27 
26 
25 
12 

12 
11 
11 

0.0263 
o .1030 
0.3977 
0.7235 

0.0759 
o.2e97 
l. 0843 
l. 2032 

Fixed : Reference Age 
0.72l2 l.1E93 
0.7225 1.1332 
0.6835 1.0761 

Fixed Last true age 

Separable model: Populations in year 1998 

22 
23 
24 
25 
26 
27 
28 
29 
30 

o 
l 
2 
3 
4 
5 
6 
7 
8 

20816142 
18443242 

58!39536 
2421762 

850011 
530306 
256732 

67561 
33266 

17 
15 
13 
13 
13 
13 
14 
lE 
17 

Separahle model: Populations at age 

31 
32 
33 
34 
35 
36 

1992 
1993 
1994 
1995 
199 6 
1997 

82347 26 
159959 20 
151845 18 

7%04 16 
29953 18 
25313 17 

Recruitment in year 1999 

l4819802 
'..3662004 

4549114 
1876369 

655759 
403208 
193469 

49247 
23695 

49334 
107937 
106545 

56961 
20870 
18062 

29235702 
2489'7752 

7624417 
3125680 
1101804 

697468 
340681 

92685 
46704 

1374':i3 
237052 
216406 
11069;. 

42989 
35476 

-s.e. 

o- 6234 
o- 7873 
0.7008 
0.8282 
0.3448 
0.3821 
0.3370 

Q. 2704 
0.3590 
0.7143 
0.8206 

0.8138 
o. 8077 
o- 1663 

G.0340 
V .1327 
0.5084 
0.8195 

:.;.81:8 
0.8067 
0.7638 

17503126 
:5825084 

5162667 
2;..26151 

744620 
461119 
222225 

57496 
27979 

63406 
130872 
126735 

67025 
249::..1 
2:C309 

l 
+s.e. l ~:~~~f l 

Dist~ib. 

0.7818 
0.9761 
0.8768 
l. 03 97 
0.4499 
0.4166 
o. 4757 

o. 3 600 
0.4768 
0.9305 
1.0604 

1.0381 
1.0:24 
1).9628 

'). 0:585 
0.2249 
0.8482 
1.0623 

1.0388 
l. 0149 
0.9629 

?4756250 
2:..494')')8 

07:C8c/42 
2758473 

970318 
509873 
296598 

79388 
39553 

:Ofi948 
1955:'..0 
::81930 

94070 
36017 
30070 

0.7026 
0.8817 
0.7888 
0.9339 
0.3974 
0.3594 
0.4064 

0.3152 
o.n79 
0.8224 
0.9405 

') .9260 
o. 91.01 
0.8645 

o. 0463 
0.1789 
(). 6785 
0.9409 

0.9253 
0.9108 
0.8634 

21131266 
18660570 

S940853 
2442370 

85749:!. 
535513 
25942:::. 

68446 
33769 

85209 
163213 
154346 

80553 
30457 
25692 

37 1998 95329154 27 55942233 162446994 72630773 125121173 98920179 

SSB Index catchabilities 

MLAI< !O mm 

Power mode2. 
38 l Q 
39 l K 

fitt.ed. Slopes (Q) and exponents (K) at age 
2. 867 
.4023E-04 

11 2.498 3.934 2.792 
11 .1045E-03 .1646E-03 .1168E-03 

3.520 3.156 
.1473E-03 .1390E-03 
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Table 2.8.3: North Sea herring !CA output (continued) 

PARAMETER ESTIMATES (continued) 

I
Parm.l 

No. 
l l 

Maximum l l l Likelh. CV Lower Upper 
Estimate (%) 95% CL 95% CL 

-s.e. 
l 

Mean of [ 
+s.e. P-:>rarn: , 

Dlstrlb. i 

Age-structured index catchabilities 
AC089: acoustic survey 2-9+ 

Linear model tit:.ed. Slopes 
40 2 Q l. 595 24 
41 3 Q l. 804 24 
42 4 Q 2. 054 24 
43 5 Q 2. 258 24 
44 6 Q 2-363 24 
45 7 Q 2.401 24 
46 8 Q 2.617 25 
47 9 Q 3. 015 24 

illTSA: 2-5+ 

Linear 
48 
49 
50 
51 

made l 
2 Q 
3 Q 
4 Q 
5 Q 

fitted. Slopes 
. :.469E-03 13 
. :034E-03 13 
. 6378E-04 13 
. 3764E-04 13 

IBTSY: 1-wr 

at age 
l. 2 66 
1.432 
l. 629 
l. 789 
l. 869 
1.891 
2.046 
2.376 

at age : 
.1295E-Cl3 
.9116E-04 
.5618E-04 
.3311E-04 

Linear model fitted. S1opes at age : 

3.249 
3. 681 
~.202 
4.634 
4.872 
5. 013 
5.592 
6.286 

.2166E-03 

.1527E-03 

. 9435E-04 

.5589E-04 

1.595 
1.804 
2.054 
2.258 
2.363 
2.401 
2.617 
3.015 

.1469E-03 

.1034E-03 

.fi37!3E-04 

.3764E-04 

2.579 
2.921 
3.332 
3. 670 
3.853 
3.948 
4.37:i_ 
4. 9')4 

.1910E-03 

.1346E-03 

. !3310E-:J4 

.4917E-04 

2.088 
2.363 
2.694 
2.965 
3.109 
3.175 
3.495 
3.985 

.1689 

.1'._90 

.7344 

.4341 

-03 
-03 
-04 
-04 

52 1 Q .2290E-03 6 .1216E-03 .1547E-03 .129JE-OJ .:458E-QJ .1374E-03 

MIK: MIK 0-wr 

Linear model fitted. Slopes at age : 
53 0 Q .2907E-05 5 .2746E-05 .3463E-05 .2907E-03 .3272E-0S .30!39E-05 

Parameters of the stock-recruit relationship 

54 
55 

l a 
l b 

.8149E+08 39 .5582E+08 .2616E+09 .8119E-08 .1792E+09 .1306E+09 

.6639E+06 66 .3512E+06 .4731E+07 .5639E-06 .2502E+07 .1606E+07 

RESIDU ALS ABOUT THE MODEL FIT 

Separahle Model Rcsiduals 

------+----------------------------------------------------
Age :_g 92 1993 ~994 1995 1996 1997 1998 
------+-··------ ---------------------------------------------· 

o o .2621 0.1532. ·0.1474 0.0774 -0.4640 -0.1025 0.1002 
l o .20:..5 0.0343 -0.4728 -0.3111 C.2342 -0.1988 0.2017 
2 o . 03 67 -0.1990 -0.1053 -0.2303 C.0964 -D.091::. 0.0249 
3 -0 . 33 96 -0.11.:03 -0.1198 -0.1029 0.4208 :).2894 -0.2709 
4 -0.::.871 -0.1034 0.3024 -0.0903 -0.0215 :J.0818 0.0310 
5 -0. !.030 -0.0030 -0.0278 0.0751 0.22~7 -J.1015 o. 033 9 
6 0.1249 D.·:J256 0.1355 0.0143 -0.0977 -0.0878 0.1334 
7 0.8929 Cl.:J407 -0.0544 0.0589 0.0232 -0.0812 -0.1333 
8 -0.0102 -:J.:J2SO -o .1213 0.1502 -0.1643 0.3163 -0.0469 

------+--------------------------------------------------------

SPA WNING BIOMASS INDEX RESIDU ALS 

MLAI< !O mm 
------+----------------------------------------------------------------------------------------

1 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
------+----------------------------------------------------------------------------------------

1 l 0.5694 0.0102 0.0214 -0.0275 -0.2420 -0.1443 0.2228 -0.4632 -0.0529 0.3674 0.2198 
------+----------------------------------------------------------------------------------------
------+----------------------------------------------------------------·--------

l 1990 1991 1992 1993 1994 1995 1996 1997 1998 
------+------------------------------------------------------------------------

1 l 0.5460 0.0831 -0.3356 -0.1877 -0.6751 -0.4498 0.2437 0.1427 0.1511 
------+------------------------------------------------------------------------
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Table 2.8.3: North Sea herring !CA output (continucd) 

AGE-STRUCTURED INDEX RESIDU ALS 

AC089: acoustic survey 2-9+ 
------+------------------------------------------------------------------------------
Age l 1989 1990 1991 1992 1993 1994 1995 1996 l997 1998 
------+--------------------------------------------------------------------------------

2 -0.4772 -0.2191 -0.1420 0.2603 0.2401 -0.3271 0.0045 0.1004 0.2593 0.0008 
3 -0.4137 -0.0243 -0.3731 0.0191 0.2919 -0.2693 0.0912 0.3720 0.5234 -0.2173 
4 -0.5721 -0.0583 -0.1050 0.1517 0.2237 -0.3741 0.2076 0.0755 0.2380 0.2126 
5 -0.3894 -0.2228 -0.0967 0.1310 0.3507 0.1018 -0.0026 0.0830 -0.0146 0.0592 
6 -0.4055 -0.0146 -0.2747 O.ll37 0.2599 0.2508 0.2125 -0.3817 0.2944 -0.0553 
7 -0.6307 0.0121 0.0687 -0.1043 0.0202 0.19~7 0.2262 0.1l24 -0.1928 0.2927 
8 -0.4992 0.0905 -0.0398 0.1094 -0.3180 -0.1051 -0.0707 0.7994 0.4135 -0.3809 
9 -0.5270 -0.3041 -0.1971 0.5484 -0.1241 -0.2296 -0.9308 0.1315 0.7678 0.5640 

------+--------------------------------------------------------------------------------

IBTSA: 2-5+ 
------T----------------------------------------------------------------------------------------
Age 1983 1984 l985 1986 1987 1988 1989 1990 1991 1992 J..993 
------------------------ ----------------------------------------------------------------------

2 -l.J..57 -1 .423 0.146 0.221 -0.165 1.270 
3 -0.692 -o .577 0.035 8.086 -0.412 0.810 
4 -0.294 o .053 -0.502 -0.144 -0. 153 0.011 
5 l. 079 -0. 689 0.782 ~0.129 0.412 -0.266 

------+------------------------------------------------
Age ! 1994 1995 1996 1997 1998 1999 
------+------------------------------------------------

2 
3 
4 
5 

o. _')57 
0.623 
0.820 
o. 379 

0.856 
-0.107 

0.585 
-0.768 

-0.634 
-1.195 
-1.089 
-0.377 

-0.261 
0.257 

-0.393 
-0.429 

~0.082 

~o. 952 
-0.935 
-0.540 

-0.722 
0.449 
0.241 

-0.045 
------+------------------------------------------------

IBTSY: 1-wr 

0.040 0.248 o. 624 -0.13C 0.6:'..1 
-0.027 0.197 o. 546 0.31"1 0.540 
-0.309 0.649 0.999 0.186 0.275 
-1.1'78 0.297 0.819 o. 3 59 0.293 

-------+----------------------------------------------------------------------------------------
Age 1979 1980 :981 1982 1983 1984 1985 1985 1987 1988 1989 
------+-------------------------------------------------------------- ---------------------------

1 l -0.0638 -0.2604 -0.3310 -0.2152 -0.4061 -0.1565 0.1950 -0.1651 0.0073 0.4635 0.4305 
------+----------------------------------------------------------------------------------------
------+------------------------------------------------·--------------------------------
Age l j._990 1991 1992 1993 1994 1995 1996 1997 l998 1999 
------+--------------------------------------------------------------------------------

1 l -0.3448 -0.1365 -0.0934 0.3695 -0.0441 0.0180 0.1639 0.7495 -O.:J070 -0.:634 
------+--------------------------------------------------------------------------------

MIK: MIK 0-wr 
------+----------------------------------------------------------------------------------------
Age l 1977 1978 1979 1980 1981 1982 1983 1981 :985 1986 1987 
------+----------------------------------------------------------··-----------------------------

o 0.427 0.094 0.656 0.867 -D.180 -0.178 -0.500 -0.:52 -0.125 -0.113 8.225 
------+-----------------------------------------------·-----------------------------------------
------+-----------------------------------------------------------------------------------------
Age l 1988 1989 199D 1991 1992 1993 1994 1993 ::..995 1997 1998 
------+----------------------------------------------------------------------------------------

0 l 0.447 -0.373 -1.238 -0.244 0.242 0.298 0.092 C.D68 -0.216 0.127 -8.003 
------+----------------------------------------------------------------------------------------
------+--------
Age l 1999 
----- ·- +--- ------

0 l 0.000 
----- -+ ·-- ------
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Table 2.8.3: North Sea herring !CA output ( continued) 

PARAMETERS OF THE DISTRIBUTION OF ln(CATCHES AT AGE) 
Separable model fitted from 1992 to 1998 
variance 0.0734 

Skewness test stat. -1.1150 
Kurtosis test statistic 0.5352 
Partial chi-square O .1515 
Significance in fit O. 0000 
Degrees of freedom 34 

PARAMETERS OF DISTRIBUTIONS OF THE SSB IND!CES 
DISTRIBUTION STATISTICS FOR MLAI < 10 mm 

Power catchability relationship 
Last age is a plus-group 
Variance 

Skewness test stat. 
Kurtosis test statistic 
Partial chi-square 
Significance in fit 
Number of obseL·vations 
Degrees of freedom 
li'leight in the analysis 

assumed 

o. 1149 
-0.3286 
-0.4606 

0.5847 
0.0000 

20 
es 

1.0000 

PARAMETERS OF THE DISTR!BlJTION OF THE AGE-STRUCTURED IND!CES 
DISTR!BlJTION STA TIST!CS FOR AC089: acoustic surve y 2-9+ 

:...inear catchability relatioEs:t.ip asswned 
Age 2 3 4 

variance 0.0105 o. 013 o 0.0098 
Skewness test stat. -0.2733 0.3059 -1.3355 
Kurtosis test stat.:_s-:.i -0.7598 -0.7769 -0.::.588 
Partial c~i-square 0.0062 O.OCBO 0,0062 
Significa:Lce in fit 0.0000 0.0000 0.0000 
Number of o:Oservations 10 lO 10 
Degrees of freedom 9 9 9 
Weight in L he a:1.alysis Cl.1250 o .12')0 0.12')0 

DISTR!BlJTION STATIST!CS FOR IBTSA: 2-5+ 

Linear catchability 
Age 

relationship 

Variance 
Skewness test s-:.at. 
~urtosis test statisti 
Partial chi-square 
Sig:1.ificance in fit 
Number of obseyvations 
Degrees of freedom 
Weight in the analysis 

2 
0.1243 

-0.5372 
-0.2962 
0.3112 
0.0000 

17 
16 

0.2500 

assurned 
3 

0.0859 
-0.9775 
-0.5719 

0.2704 
O.OCOO 

17 
16 

0.2500 

4 
0.0828 

-0.1672 
-0.4720 
0.3425 
o.coco 

17 
15 

o. 2 soo 

DISTRIBlJTION STATISTICS FOR IBTSY: 1-wr 

Linear catchabl:.ity rclat'.o:1ship ass·.rrned 
Age 1 

Variance 
Skewness test s~a~. 
Ku~tosis test s~a~lsti 
Partial chi-square 
Significance i:1. fit 
Number of observations 
Degrees of freedom 
Weight in the analysis 

0.0893 
1.}009 
0.1467 
0.2427 
0.0000 

21 
20 

1. 0000 

DISTRIBlJTION STATISTICS FOR MIK: MIK 0-wr 

Linear catchability relationship assumed 
Age O 
Variance 0.1837 

Skewness test stat. -1.1522 
Kurtosis test statisti 1.5964 
Partial chi-square 0.9827 
Significance in fit 0.0000 
Number of observa-:.ions 23 
Degrees of freedom 22 
Weight in the analysis 1.0000 
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5 
o .0052 

-0 .4289 
-0 .0154 

Q. 0034. 
o .0000 

lO 
9 

0.1250 

5 
0.0972 

-0.0972 
-0.7135 

0.5052 
0.0000 

17 
:6 

0.2500 

6 
o. 0092 

-0.5528 
-0.8'/96 

O.C066 
0.0000 

10 
9 

0.1250 

7 8 9 
0.0089 C.Cl87 o .0380 

-l. 7073 'J. 9710 -0. ~128 
0.7758 -O.iJJ':A l . 7185 
0.0066 0.0151 0.:)297 
o .000-J 0.0000 o.oooc 

lO " 1C 
9 9 9 

o .12 so O. 1250 o .12.:30 



Table 2.8.3: North Sea herring ICA output (continued) 

ANAL Y SIS OF V ARIANCE 

Unweighted Statistics 

Variance 

Total for model 
catches at age 

SSB Indices 

MLAI < lC mm 

Aged lndiccs 

AC089: acoustic survey 1-9+ 
IBTSA: 2-5+ 
IBTSY: l-•tJr 
MIK: :>ol.IK 0-wr 
Stock-recruit model 

Weightcd Statistics 

Variance 

Total for model 
Catches at age 

SSB Indices 

MLAI < l:J mm 

Aged lndices 

AC089: aco'.lstic survey 2 -9~ 
IBTSA: 2-5+ 
IBTSY: 1-wr 
MIK: l-liK 0-wr 
Stock-recruit model 

SSQ Data Parameters d.f. V ariancc 

56.9268 
1.9818 

313 
63 

2.0686 

8.1536 
24.9716 
1.7863 
4.0415 

13.9233 

55 
36 

20 

80 
68 
21 
23 
38 

258 
27 

2 

B 
4 
l 
l 
2 

0.2206 
0.0734 

18 

72 
64 
20 
22 
36 

SSQ Data Parameters d.f. Variance 

11.7057 
1.9818 

2.0686 

0.1274 
1.5607 
l. 7863 
4.0415 
0.1392 

3:3 
63 

20 

BO 
68 
21 
23 
38 

55 
36 

2 

8 
4 
l 
l 
2 

258 
27 

18 

72 
64 
20 
22 
36 

0.0454 
0.0734 

o .1149 

0.0018 
0.0244 
0.0893 
0.1837 
0.0839 

o .1149 

o .113?. 
o .3902 
o .0893 
o .1837 
o . 3868 
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T ADLE 2.10.1 Input data tOr Short term projections 

Data for 1998 =Reference year 

Age 

o 

2 

4 

5 

6 

7 

8 

9+ 

Data fOr 

Stock 

Numhers 

20820 

18440 

Fishing 

morta.lity 

0.2629 

OJ736 

0.4(X)4 

0.3677 

0.3623 

0.3434 

0.4tXl4 

0.4004 

1999 

Nat. mort 

0.3 

0.2 

O.l 

O.l 

O.l 

O.l 

O.l 

O.l 

North Sea 

A 

o 
19.2 

1024.6 

497.3 

252.7 

157.3 

81.5 

15.1 

9.4 

9.4 

The prediction starts wilh these S{Ock numhers at l. Jan. 

Age 

o 

2 

3 

4 

5 

6 
7 

8 

9+ 

Data for 

A gt:' 

o 

2 

3 

4 

5 

6 

7 

8 

9+ 

Slock Nat. mort Weight Fraction 

Nurnbers 

95330 

7520 

6330 

3350 

1360 

.:i~O 

330 

160 

40 

40 

0.3 

0.2 

O.l 

O.l 

O.l 

O.l 

O.l 

O.l 

2(X)0 

in rnature 
sp.stock 

0.007 

0.046 

0.107 

0.181 

0.232 

0.265 

0.273 

o 268 

0.289 

0.346 

o 
o 

0.66 

0.92 

Recruits ~at. mort Weight Fmction 

m mature 
sp.stock 

,~1000 OJJ07 O 

0.046 o 
0.3 0.107 0.66 

0.2 0.181 0.92 

O.l 0.232 l 

O.l 0.265 

O.l 0.273 

O.l 0.268 

O.l 0.289 

O.l 0.346 

Data for 2001 

Age 

88 

o 

2 

4 

5 

6 

7 

8 

9+ 

3 

Rccruits Nat. mort Weight Fraetion 

in mature 
sp.stock 

44000 0.007 o 

0.3 

0.2 

O.l 

O.l 

O.l 

O.l 

O.l 

O.l 

0.046 o 
0.107 

0.181 

0.232 

0.265 

0.273 

0.268 

0.289 

0.346 

0.66 

0.92 

Catches in numbers by fleet 

llla 

Fraetion of Stock in North sea 

The rcmainder is in the llla 

B C D 

208.2 15 

23l.6 602.2 

32.8 134.5 

1.7 24.3 

4.5 17.9 

0.8 2.7 

0.6 3 

O.l 1.2 

0.2 0.5 

o o 

34.79 

105.65 

22.11 

1.28 

Ul 

0.32 

o 
o 
o 
o 

E 

Wcight in catch by fleet 

A H C 

O 16 25.5 

45.5 

83 

124.5 

167 

132 

l%.5 

76.5 

119 

147 

188 

225.5 

nJ.5 
23Sl 

249.5 

29l.5 

32.5 

59.5 

109.5 

134 

174.5 

178 

232 187 

285 213.5 

\Veight in catch hy fleet 

[) 

A B C D 

o 
76.5 

ll9 

147 

188 

22.~.5 

233.5 

219 

249.5 

191.5 

16 

32.5 

59.5 

109.5 

134 

174.5 

178 

232 

285 

25.5 

45.5 

"' 124.5 

167 

182 

19fi.5 

JK7 

213.5 

Weight in catch by tleet 
A B C D 

o 
765 
119 

147 

188 

225.5 

233.5 

239 

249.5 

291.5 

16 

32.5 
59.5 

109.5 

134 

174.5 

178 

2.12 

285 

25.5 

45.5 

83 

1245 

167 

182 

196.5 

187 

213.5 

23 

23 

49.5 

97.1 

133.5 

167.5 

168 

192 

217 

2' 

23 

49.5 

97.5 

133.5 

167.5 

lOS 

192 

.217 

23 

23 

49.5 

97.5 

133.5 

167.5 

168 

192 

217 

E 

E 

E 

0.63 

0.84 

Fraction of Stock in North sea 

The remainder is in the llla 

0.54 

O.fi3 

Pruportions before spawning 

F 0.67 

M 0.67 

Fraction nf Stock in North sea 

The remainder is in the Illa 

0.68 

0.54 

Proportions before spawning 

F 0.07 

M 0.67 

Fraction of Stock in North sea 

The remainder is in the IlJa 

0.68 

0.68 

Proportions before spawning 

F 0.67 

M 0.67 



TABLE 2.10.2 North Sea Herring - Split factors for Short term predictions 
Fittcd (Prcdictcd in bold) 

IBTS l-ring Proportion 1-ringcrs in Ula 
Year-dass MIK-0 Prop.IIIa Inverse link (se) ldentity link 

1981 133.9 0.254 0.29 0.025 0.31 

1982 91.8 0.276 0.25 0.025 0.26 

1983 115 0.255 0.27 0.025 0.29 

1984 181.3 0.439 0.36 0.034 0.38 

1985 177.4 0.267 0.35 0.032 0.37 

1986 270.9 0.636 0.65 0.191 0.49 

1987 168.9 0.3 0.34 0.030 0.36 

1988 71.4 0.177 0.23 0.025 0.23 

1989 25.9 0.134 0.20 0.025 0.17 

1990 69.9 0.199 0.23 0.025 0.23 

1991 200.7 0.611 0.40 0.044 0.40 

1992 190.1 0.25 0.38 0.038 0.39 

1993 101.7 0.23 0.26 0.025 0.27 

1994 126.9 0.45 0.28 0.025 0.30 

1995 106.2 0.3 0.26 0.025 0.28 

1996 148.1 0.16 0.31 0.026 0.33 

1997 53.1 0.37 0.22 0.025 0.21 

1998 244 0.53 0.102 0.46 

Average 137.6 0.30 0.32 

Fitted (predicted) proportion 1-ringers in IlJa 

0.7 . -----·-····--------------·---------~ 

0.6 ·-----------------------··--_._- -~·±_ __ J 
--------------------------~=-=-----4 0.5 

0.4 . 

0.3 

0.2 

0.1 

• i 
---.--------=~----~ 

• Observed 

------- Inverse 
------ ---. ..-~· • .. -~· . .... 

\ 
• • 

o .l--------------------' 
o 100 200 300 

MIK-0 index 

--ldentity 

(se) 

0.028 
0.025 
0.025 
0.043 
0.041 
0.078 
0.039 
0.027 
0.041 
0.028 
0.050 
0.046 
0.024 
0.027 
0.024 
0.032 
0.032 
0.067 
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~---------- ---------

Table 2.10.3 North Sea Herring- Models of split factors 

Data are the same as in Tab le 2~ 10.2 
Modcls were fitted in Splus. 

Model: Gamma errors, Inverse link 
summary(modgin) 
Call: g1m(fonnu1a = prop3a- mikO, fami1y = Gamma(link =inverse), data= splitdat, subset = 1: 17) 
Deviance Residua1s: 

Min l Q Median 3Q Max 
-0.5962222 -0.2650335 -0.1157085 0.1344845 0.5660496 

Coefficients: 
Value Std. Error t valuc 

(Intercept) 5.26577881 0.691071101 7.619735 
mikO -0.01378387 O.!XJ3727759 -3.697629 

(Dispersion Parameter for Gamma family taken to be 0.1204686 ) 

Null Dcviancc: 3.141007 on 16 degrees offreedom 

Residual Dcviancc: 1.720605 on 15 degrees of freedom 

Number of Fisher Scoring Iterations: 4 

Correlation of Coefficicnts: 
(lntcrccpt) 

mikO -0.9287429 

Model: Gamma errors, Identity link 
summary(modgid) 
Call: ghn(formu1a = prop3a- mikO, family = Gamma(link = identity), data= splitdat, subset = l :17) 
Deviance Residuals: 

Min IQ Median 3Q Max 
-0.6523648 -0.2421715 -0.141844 0.!587973 0.6363859 

Cocfficicnts: 
Va1uc Std. Error t va1ue 

(lntercept) 0.!38529314 0.0500342597 2.768689 
mikO 0.001310251 0.0004357545 3.006855 

(Dispersion Parameter for Gamma farni1y taken to be 0.1285742) 

Null Deviance: 3.141007 on 16 degrees offreedom 

Residual Deviance: 1.838576 on 15 degrees offrccdom 

Numher of Fis her Scoring Iterations: 3 

Correlation of Coefticients: 
(lntercept) 

rnikO -0.8738587 
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TABLE 2.10.4 

NORTH SEA HERRING SHORT TERM PREDICfiONS 

Predictions for 1999, ba<>ed on Catch Constraint in 1999 

Fjuv F~ Aeet F's Fleet Yields in UIXJt 

(0-1 ring) (2-6 ring) Fn.o&E F, A B 

0.106 OJOO 0.106 0.276 348 33 

Prediction summary: Yields for 2000 
Scenario FJU'' F~ Aeet F's Aeet Yietds in U<Xlt 

(0--1 ring) (2-6 ring) Fo.o&E F, 

0.044 0.200 0.044 0.192 

Il 0.070 0.200 0.070 0.188 

li! 0.100 0.21Xl 0.100 O.l XI 

IV 0.120 0.250 0.120 0.227 

V 0.100 0.350 0.099 0.331 

Fjuv IS the average F of ages 0-l for all fleets 
Fad is the average F of ages 2-6 for all tleets 

A 

256 

251 

242 

2% 

411 

FR-D&E is the average F of ages O-I for tleets B,C,D&E 
FA is the avcragc F of ages 2-6 for tleet A on ly 

Scenarios are as follows: 

8 

24 

34 

71 

83 

61 

(in lHJOt) 

TOTAL SSB 

c D&E Yield 1999 

44 14 439 1169 

(in UCX)t) 

TOTAL SSH SSB 

c D&E Y i eld 2000 2001 

32 lO 323 1316 1832 

32 29 346 1316 1806 

31 30 .173 1317 1789 

37 35 452 1272 1656 

52 26 550 1185 1462 

Scenario I: Decrease Fon all fleets to get Fad=0.2, Fjuv<=O.l BUT maintain catch ratios between all fleets as they are ln the 
1999 catch constralnt 
Scenario Il: Dccrcase Fon tleets A and C to get Fnd=0.2, Fiuv<=O.I, but maintain the ratio for A and C as it is in the 1999 
catch constraint 
Scenario Ill: Decrease Fon A and C, increase Fon B and D&E toget F00=0.2, F.iu•.=O.l, but maintain the ratios between AJC 
and B/D as they are in the 1999 catch constraint 
Scenario liV: Decrease Fon A and C, increase Fon B and D&E toget F.~=0.25. Fi,,=O.l2, but maintain the ratios between 
AJC and B/D as they are in the 1999 catch constraint 
Scenario V: Decrease Fon A and C, increase Fon Band D&E toget F.,=0.35, F;,.=O.l, but maintain the ratios between A/C 
and B/D as they are in the 1999 catch constraint 
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-----------------------------------------~ 

Table 2.11.1Example of a projection input file, for options F(A)=0.3 and F(B-E)=0.2. Negative exploitation constraints 
are F-multipliers relative to 1998. The projections were constraint to specified fishing mortalities with no simulation of 
uncertainty in F. 

~rojection input file 

Number of Fleet~ 

4 lO 

Mean Catch Ratio by Fleet (1998-1999) 

A B c D&E 

o 0.0000 o. 8070 O. 05R1 

0.0200 o .2416 o. 6282 

2 O. 8440 o . 0270 O. 1108 
3 o . 947l o. 0032 o. 0472 
4 O. 9149 o . 0163 O . 0648 
5 o. 97 63 o. 0050 o . 0168 
6 o. 9577 o . 0071 o . 0353 
7 O. 9207 o . 0061 O. 0732 
8 o. 9307 o . 0198 O . 0495 
9 l. 0000 o . 0000 o . 0000 

Retention Og i ve 
c l l 
l l l 
2 l l 
3 l 
4 l 
5 l l 
6 l l 
7 l 
8 l 
8 l 

Exploitation Constraint by Year 
1999 _. -l 
2000 -l 
2001 -l 
2002 _. -l 
2003 -l 
2004 -l 
2005 -l 
2006 -l 
2007 -l 
2008 -l 

l 
l 
l 
l 
l 
l 
l 
l 
l 
l 

-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 

0.1349 

o .1102 

0.0182 
0.0024 
0.0040 
0.8020 
0.0000 
0.0000 
0.0000 
0.0000 

l 
l 

l 
l 
l 

-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 

Mean Weight at age i.n t:'le catches of each fleet 
o 0.0000 o .0160 o. 02 55 o . 023 o 
l o. 07 55 o . 032 5 0.0455 o . 023 o 
2 o .1190 o .0595 0.0830 o .0495 
3 0.1470 0.1095 0.1245 o .0975 
4 o. 18 !10 o. 13 40 0.1670 J .1335 
5 0.2255 0.1745 c .182 o o .1675 
6 o .2335 o .1780 .'..965 o. 1580 
7 o . 2.3 9 c . 232 o o . :'._R7 O o. 1920 
8 c . 24:15 .2850 o . 2135 o . 2170 
8 o .2915 .2850 o . 2135 o. 2170 

Mean weights a c age in the discard by f1eet 
o 0.0000 o. 0160 0.0255 o. 0230 
l 0.0765 0.0325 o. 0455 o. -J230 
2 0.::.19-J 0.0595 0.0830 O. 0495 
3 0.:'._47:) o. 1095 0.1245 O. o 97 5 
4 .::.88-J o. 1340 0.1670 o. 1135 
5 o • 22 ':>5 o. 1745 0.1820 o. 167 5 

' .2135 o. 1780 0.1965 0.1680 
7 .2390 o. 2320 0.1870 0.1920 
8 .2495 O. 2850 0.2135 O. 2.17 G 
9 . 29::.5 O. 2-350 0.2135 0.2170 

First. year fcr 2-::::J::t;;tra::._nt. 
2000 

Target Mul-:'..p1ier by fleet and by year 
2000 -0.909264 -1.988642 -l .988642 ··1. :188642 
2001 -0.909264 -1.988642 -l .988642 :128642 
2002 -c .909264 -1.988642 -l .988642 :138642 
2003 -0. 909264 -1. 98R642 -l . 988642 90.86<:.2 
2004 -0 .909264 -1.988642 -l . 988642 988542 
2005 -0 . 909264 -1.988642 -l . 988642 -1.988642 
2006 -0 .909264 -1.988642 -1 . 988642 -l. 988642 
2007 -0 . 909264 -1.988642 -l . 988642 -l. 98R642 
2008 -0 . 909264 -1.988642 -1 . 988642 -l. 988642 

CV of Target F-Multipliers 
2000 G . 0001 o. 0001 0.0001 o . 0001 
2001 o . 0001 O. 0001 0.0001 o . 0001 
2002 o . 0001 o. 0001 0.0001 o .0001 
2003 o . 0001 0.0001 0.0001 0.0001 
2004 o . 0001 0.0001 0.0001 0.0001 
2005 o . 0001 0.0001 0.0001 0.0001 
2006 o . 0001 0.0001 0.0001 0.0001 
200'7 o . 0001 0.0001 0.0001 0.0001 
2.008 o . 0001 0.0001 0.0001 0.0001 

92 



Table 2.11.2lnput to the medium term prediction program (!CP) 

Enter Random-Numbcr seed--> 120 
Change any of the populations (Y IN) ?-->N 
Enter the name of the projection file ~->t2111 .dat 
Population parameters for the projections are set by taking a mean over a 
number of the last years of the data set. 
U se mean natura! mortality from 1998 back to--> 1998 
U se mean maturity ogive from 1998 back to·-> 1997 
U se mcan weight at age in the stock from 1998 back to·-> 1997 
Enter the reference spawning stock size (e.g. MBAL, Bpa)--> 800000 
Enter the maximum allowable F-multiplier--> lO 

Choose type of stock recruit relation : 
S - Shepherd R = a.SSB/(1 +SSB/b )'c 
B - Beverton-Holt R = a.SSB/(1 +SSB/b) 
R- Rickcr R = a.SSB.exp(-b.SSB) 
O - Ockham R = GM over observed SSB range 

then linear to origin 
N- None R =Historie Geometric Mean R 
Enter your choice (S/B/R/0/N) '!-->B 
Enter first year of data for stock-recruit modcl--> 1960 
Enter last year of data for stock-recruit model--> 1998 
Autocorrelated or Independent errors (I/A)-->i 
U se !CA or SRR (!IS) model value for recruitment in 1998-->i 
U se !CA or SRR (!IS) model value for recruitment in 1999-->i 
U se default pcrccntiles (Y IN) "-->Y 
U se ICA-derived rcsarnplcs ?-->Y 
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Figure 2.2.1: Proportion of agc·group in the total catch of North Sea herring. Proportion of all Wr 
(winter ring) from 1960 to 1997, and proportion of O Wr to 3 Wr from 1980 to 1998. 
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}~igure 2.3.1Timc series of the O-ringer and the l-ringer indices, O-ringen; are illustrated by filled squarcs, l-ringen> hy open 
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Herring, number per hour 
Age group 1, 1999 quarter 1 
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assessment. Upper panel: diagnostics of the fit of the acoustic 4-ringer index against the estimated 
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Figure 2.8.9 Autumn spawning herring in Section IV and Divisions VI!d and IIIa Final assessment. 
Upper panel: diagnostics of the fit of the acoustic 8-ringer index against the estimated stock numbers at 
age 8. Top left: fitted populations at age 8 (line) and the predicted stock numbers from the indcx 
observations (trianglcs +1- standard deviation). Top right: scatterplot and fitted catchability model of fitted 
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Figure 2.8.10 Autumn spawning herring in Scction IV and Divisions Vlld and Illa. Final 
assessment. Upper panel: diagnostics of the fit of the IBTS 2-ringer index against the estimated 
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Figure 2.8.12 Autumn spawning herring in Scction IV and Divisions Vlld and IIIa. Final 
assessment. Upper panel: diagnostics of the fit of the separate illTS l-ringer index against the 
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Figure 2.10.1 North Sea Herring predicted catch at age in weight and numbers by fleet 
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Figure 2.11.1. North Sea Herring: stock-recruitment relationship used for the medium-term projections 
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Figure 2.11.2a. North Sea Herring: Medium-term projections assuming FA=0.2 and F •.• =O.O. Dotted lines 
indicate s"' and 95" percentiles, dashed lines 25" and 75" percentiles, solid line indicates the median. 
Upper panel: Tap left: landings by all fleets. Tap right: fishing mortality (mean for ages 2-6 by all fleets). 
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800,000 t (MBAL). 
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Figure 2.ll.2b. North Sea Herring: Medium-tenn projections FA=0.2 and Fs-E=O.O. F-multiplier and 
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Figure 2.11.9b. North Sea Herring: Medium-term projections FA=0.3 and F8.E=0.3. F-multiplier and projected 
landings by fleets A (labelled l), B (2), C (3) and D+E (4). 
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3 HERRING IN DIVISION IIIA AND SUB-DIVISIONS 22-24 

3.1 The Fishery 

3.1.1 ACFM advice and management applicable to 1998 and 1999 

ACFM stated again in 1998 that the state of the stock is uncertain due to problems wilh splilling in proportions of spring 
and autumn spawners in the historical data and the Iack of a co-ordinated comprehensive survey. Neglecting the precise 
Ievels of SSB and F the trends seen from 1991- 1996 have changed. The SSB in 1997 were above the 1996 estimate 
and the F in 1997 was below !hose seen in recent years. 

ACFM recommended that the fisheries on herring in Division Illa should be managed in accordance wilh the advise 
given on aulumn-spawning herring in the North Sea, and if a catch limit is required in Sub-divisions 22-24, ACFM 
advised that it should not exceed recent catches in that area. 

Prior to 1998 TACs were sel for three fleets in Division I!Ia: the human consumption fishery (Fleet C), the mixed 
clupeiod fishery and by-catches in the small mesh fishery (Fleet D andE). For 1998 Norway and EU have agreed on 
setting TACs for only two fleets: 80,000 t for the human consumption fleet and a by-calch ceiling of 17,000 t to be 
taken in the small mesh fishery. 

The EU and Norway agreed on a herring TAC for 1999 of 80,000 t in Division IIIa for the human consumption fleet 
and a TAC or by-catch ceiling of 19,000 t to be laken in the small meshed fishery. 

As in previous years no special T AC for 1998 was set by the International Baltic Sea Fishery Commission (IBSFC) in 
1998 for the stock component in the Western Baltic area. For the Baltic there was a TAC of 660,000 t for all the Sub­
divisions 22-32. The TAC was reduced to 570,000 t for the same area in 1999. 

Introduction to landing statistics 

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

3.1.2 Total Landings 

Landings from 1985 to 1998 are given in Table 3.1.1. In 1998 the totallandings increased to around 173,000 tons in 
Division Illa and Sub-divisions 22-24 compared with 1997 where the landings were 150,000 tons. In 1998 44,000 tons 
were taken in the Kattegat, about 65,000 t from the Skagerrak and 64,000 t from Sub-divisions 22-24. These landings 
represent an increase of23,000 t cornpared to 1997. The landings in 1997 were the lowcst rccords in the time series, but 
landings in 1998 wcrc at the same leve! as in 1996. 

Misreporting of fishing grounds still occurs. Same of the Danish landings of herring for human consumption reported in 
Division IIIa may have been taken in the adjacent waters of the North Sea in quarters l, 2 and 4. These landings are 
included in the figurcs for the North Sea. A substantial part of Swedish landings have heen misreported as caught in the 
triangle (an area in the soulhern Kattegat, which is a part of the Baltic area: Gilleleje, DK- Kulien, S -Helsingborg, S -
Helsingør, DK). This amount is included in the figures for Kattegat and Skagerrak. Some Danish landings, rcported as 
taken in this triangle, may have been laken outside this area. These landings are listcd under Sub-division 23. 

No estimates of discards were available to the Working Group. The magnitude of discarding in Skagerrak may, in some 
periods, be at a high leve!, especially in the summer period where there is a special demand for high quality herring for 
the Dutch market. 

Prior to 1998 the herring catches in Division Illa were taken mainly in three types of fisheries: 

• A directed fishery for herring (fleet C) in which trawlers (with 32 mm mesh size) and purse seiners participatc. 
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• A "Mixed clupcoid fishery" (fleet D) carried out under a special "Sprat" TAC for all species caught in this fishery. 
Danish boats have been obliged to use 32 nun mesh size (from 1991 to 1997). The Swedish fishery by purse seiners 
is fishing for sprat along the coast, and Norwegian purse seiners catch sprat for the canning industry. 

• Catches of herring also occur as by-catches in the small mesh fisheries (fleet E) (mesh size< 32 nun), such as the 
Norway poul, blue whiting and sandeel fisheries. 

New fleet definition• 

The 1998 landing data are calculated by fleet according to the above fleet definitions. In the autumn 1998 the EU and 
Norway have agreed on setting TACs for only two fleets, the HA WG has therefore decided to merge F1eet D and Fleet 
E and only present data according to these new tleet definitions. 

The new fleet definitions used for 1998 are: 

• Fleet C: directed fishery for herring in which trawlers (with 32 mm mesh size) and purse seiners participate. 

• Fleet D+E: All fishcrics in which trawlers (with mesh sizes less than 32 mm) and small purse seincrs, fishing for 
sprat along the Swedish coast and in the Swedish fjords, participate. For most of the landings laken by this fleet, 
herring is landed as by-catch. 

All Norwegian landings for 1998 and alllandings from fisheries with mesh sizes of min. 32 mm are categorised in Flcet 
C. Danish and Swedish by-catches of herring from the sprat fishery and the Norway poul and bluc-whiting fisheries are 
li sted under fleet D+ E. 

In Sub-divisions 22-24 most of the catches are takcn in a directed fishery for herring and some as by-catch in a directed 
sprat fishery_ All catchcs from Sub-divisions 22-24 are treated as ane fleet. The Jandings of the autumn spawning 
component in Division IIIa plus the entire spring spawning stock could therefore be split into three fleets: 

• C: Fleet using 32 mm mesh size in Division IIIa. 
• D+E: Fleets using mesh size less than 32 mm Division Illa. 
• F: Landings from Sub-divisions 22-24. 

In the table below the landings are given for 1996 to 1998 in thousands of tennes by fleet and quarter. The landings 
figures in the text table below are SOP figures. 

Year Quarter Fleet C Fleet D+E Fleet F Total 

1996 l 13.9 12.1 9.3 35.3 
2 12.5 2.2 23.9 38.6 
3 46.2 3.2 !O.l 39.5 
4 19.4 8.3 13.5 41.2 
Total 92.0 25.8 56.8 174.6 

1997 l 11.7 2.5 17.4 31.6 
2 16.9 1.3 27.2 45.4 
3 22.6 I.l 7.8 31.5 
4 21.7 4.2 15.1 41.0 
Total 72.9 9.1 67,5 149.5 

1998 l 17.6 3.1 18.5 39.2 
2 8.2 0.9 16.9 26.0 
3 44.2 2.0 14.7 60.9 
4 34.3 2.6 13.6 50.5 
Total 104.3 8.6 63.7 176.6 

The landings from fleets C-F are SOP figures. 

3.2 Stock composition 

Catches of herring in the Kattegat, the Skagerrak and the Eastern part of the North Sea are laken from a mixture of two 
main spawning stocks (!CES 199la): the Western Baltic spring spawners and the North Sea autumn spawners. In 
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addition, several local stocks have been identified (Jensen, 1957). These have however been considered to be less 
abundant and therefore of minor importance to the herring fisheries (!CES 1991 a). 

The North Sea autumn spawners (NSAS) enter Skagerrak and Kattegat as larvae and migrate back to the North Sea at 
an age of 2-3 years (Rosenberg & Palmen, 1982). The Western Baltic spring spawners (WBSS) spawn around the 
Baltic island Rugen. They enter the Belt Sea, Kattegat and Skagerrak as adults after spawning (Biester, 1979). 

The herring stocks in the Kattegat and the Skagerrak have been idcntified within samples by a number of different 
methods. Same of them have not been full y documented in earlier WG-reports. In a number of scientific papers the 
average counts in number of vertebrae in herring sarnples have been considered (Rosenberg & Palmen, 1982; Groger & 
Grohsler, 1995 and 1996). NSAS have a mean number of 56.5 vertebrae while the WBSS are represented by a lower 
mean number, 55.8 vertebrae. The most abundant local spring spawning herring, the Skagerrak spring spawners (SSS), 
are represented by a higher mean number, 57 .O vertebrae. 

Following the tradition from Heinke (1898), several other morphometric and metric variables have been used to 
separate herring stocks (Rosenberg & Palmen, 1982). The use of most of these variables was cvaluated by an ICES 
workshop in 1992 (ICES 1992 c). The group concluded that a simple modal length analysis of the relevant 1-2 age 
groups would be precise cnough for routine assessment purposcs. 

However, modal Jength analysis has proved to be an imprecise measure requiring a large sampling effort. Experience 
within the Herring assessment working group showed that the separation procedure often failed. The amounts of herring 
catches that were allocated to the NSAS stock have varied bctween 30 to 50% of total annuallandings during the last lO 
years. There is an apparently very high among years variation in the proportion of spring spawners applied for the 
Skagerrak in quarters 3 and 4 (ICES 1999a, table 2.1). Errors in the estimate of these proportions will clearly affect the 
quality of the assessment of the WBSS stock. A more precise measure is needed. 

Otolith microstructural otolith analysis has also been tested to separate spring and autumn spawned larvae (Moksness & 
Fossum, 1991) and adults (Zhang & Moksness, 1993). Otolith growth in larva! stage, which can be inferred from 
microscopical examination, is significantly slower for autumn spawners. Mosegaard & Popp-Madsen ( 1996) showed 
that the processing speed of the method can be accelerated by image analysis and training. The disadvantage of a lower 
number of measurements is outweighed by a very high precision. Efficient grinding methods have opened up the 
possibility to include all ages in a routine examination. From 1996 the method using otolith micro-structure to separate 
Baltic spring spawncrs from North Sea autumn spawners has therefore incrcasingly been applied to the Division IIIa 
samples. 

3.2.1 Treatment of spring spawning herring in the North Sea 

The split was performed on age classes 2, 3, and 4+ WR using proportion of spring spawners f(sp) calculated from VS­
counts using the equation f(sp) = [56.5-YS(sample]/(56.5-55.8] where VS (sample) was the sample mean vertebral 
count (ICES 1992/H:5). For quarter two the proportion was calculated from Norwegian samples of commercial catches 
in May and June 1998, and for quartcr three the proportion was calculated from Norwegian samples of commercial 
catches inJuly 1998; for the actual split see Section 2.2.3. 

3.2.2 Treatment of autumn spawners in Division Illa 

The split of the Danish catches was conducted using a rand om subsample of herring where analysis of individual otolith 
micro-structure determined the spawning type (Mosegaard and Popp-Madsen 1996). A total of 3282 otoliths from the 
year 1998 were analysed for spawning type. Distributed on quartcrs the following numbers were analysed Q1:234, 
Q2:502, Q3:1878 and Q4:668. By areas, 10% were from the subdivisions 22-24,39% from the Kattegat, 29% from the 
Skagerrak and 22% from the transfer 'area in the eastern part of the North Sea. Samples from the small mesh fishery 
constituted 21% of the analyses, 33% from the human consumption fishery, and the remaining 46% came from Danish 
and Swedish research vessels from four different cruises. 

Data were disaggregated by area (Kattegat and Skagerrak), age group (0-4+ WR) and quarter (1-4 ). 

Despite a reasonable coverage of the fishery, some of the age, area and season combinations had to be estimated as an 
average of the proportions in adjacent areas or age groups. 

Proportions taken from 1997 years report were applied to: Skagerrak: Q3, 0-ringers and Ql, 1-ringers. 
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Proportions taken from the North Sea transfer area 1998 data were applicd to: Skagerrak: Q l: 3 and 4+ ringers. 

Proportions calculated as means of the corresponding data from the North Sea transfer area and the Kattegat 1998 were 
applied to: Skagerrak: Q2: 1,2,3 and 4+ -ringers. 

The resulting split for the Skagerrak and the Kattegat is summarised in Table 3.2.1 as% autumn spawners and spring 
spawners by age in each quarter. 

3.2.3 Autumn spawners in the small mesh tishery in SD 22 and 24 

In the western Baltic a small percentage of the herring caught in the small mesh fishery consisted of autumn spawned 
individuals. Compared to the 1997 years assessment (ICES 1998a) the magnitude of the problem in 1998 was minor. 
Juvenile autumn spawned herring of the age groups O and l comprised between 3 and Il% of the catches. The small 
size at age however, indicated that the herring were local autumn spawners rather than originating from the North Sea 
stock. Since this problem is of limited influence and since it only affects the younger age classes (O to 2 WR), the 
catches wcre treated as coming from the Western Baltic spring spawning stock The ex:istence of varying proportions of 
autumn spawners in subdivisions 22-24 however, indicates a potential problem for the assessment that should be kept 
in mind. 

3.3 Catch in numbers and mean weights at age 

The Swedish catches for industrial purposes from the Skagerrak were sampled in all quarters (see Tab le 3.4.1 ). 
Sampling of the human consumption landings was generally acceptable in the Skagerrak and the Kattegat. In Sub­
divisions 22-24 the Danish fishery was sarnpled in all quarters, white the Swedish fishery was on! y sampled in quarter 
3. Therefore, Danish samples were uscd in quarter l, 2 and 4 to estimate catch in numbers and mean weight at age for 
the Swedish landings. German landings were sampled in quarter l and 2. Thcsc 2 quarters were the most important and 
the landings in quarter 3 and 4 were only 83 tons. In Sub-division 23 only quarter 4 was sarnpled by Denmark. Danish 
samples from Kattegat wcre used in quarter 1-3 to cstimate catch in numbers for this Sub-division. Polish data on 
landings in numbers and mean weight at age for all quarters were available to the WG. 

Table 3.3.1, 3.3.2 and 3.3.9 show the total numbers and mean weights at age for herring landed from the Kattegat, 
Skagerrak and Sub-division 22- 24 by fleets. 

Based on the proportions of spring- and autumn spawners (see section 3.2.3) in the catches, number and mean weightli 
by age and spawning stock are calculated (Tables 3.3.7 - 3.3.8). The landings of spring spawners taken in Division Illa 
and the North Sea in 1998 were estimated to be about 54,000 tons (Table 3.3.14) compared to about 38,000 t in 1997 
and 74,000 t in 1996. This increase in landings is due to an increase in the TAC for 1998 compared with the TAC set 
for 1997. Also a change in proportions between spring and autumn spawners for the period is estimated (see section 
3.2.2). The total catch in numbers of BSS in Division Illa and the North Sea is shown in Tab le 3.3.10 and 3.3.13. 

The landings of North Sea autumn spawncrs in Division Illa amounted to 59,000 t compared to 40,000 t in 1997 and 
42,000 t in 1996 (Table 3.3.12). The total catch in number and mean weight at age of Baltic spring spawners in the 
North Sea, Division Illa and in Sub-divisions 22-24 for 1988-1998 are given in Tables 3.3.13 and 3.3.14. 

3.4 Quality of data 

3.4.1 Qnality of catch data and biological sampling data 

The sampling intensity of the landings in 1998 was acceptable and above the recommended leve!. Danish landings were 
sarnpled in all quarters for the Skagerrak, the Kattegat and for Sub-divisions 22 and 24. Only one sample from Sub­
division 23 was laken from the Danish fishery. Swedish landings from the human consumption fishery were sampled in 
all quarters and landings for industrial purposes from the Skagerrak and the Kattegat have been sampled at highest levcl 
ever. From the Norwegian landings from the Skagerrak only 2 samples were laken in the second quarter but no samples 
from the third quarter where landings amounted to 5,000 tons. 

Table 3.4.1 shows the number of fish aged by country, area, fishcry and quarter. The totallandings from Divisions Illa, 
I!lb and Ille were 173,000 tons from which 234 samples were laken, 36,000 fish were measured and 12,000 fish were 
aged. For comparison the figurcs for 1997 were 142,000 tons herring landed, 222 samples were taken, 32,400 herring 
measured and 12,200 were aged. Still the distribution over seasons, areas and fishing fleets needs to be improved. 
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Sampling of the Danish catches for industrial purposes were at the 'same high leve! in 1998 as in the two previous years. 
The number of samples and number of fish investigated were considered to be at adequate level. Again in 1998 there 
have been difficulties in getting samples from the Danish directed herring human consumption fishery in Skagerrak. 
There is uncertainty about where the Danish catches for human consumption, reportcd from Division Hia (quarters l, 2 
and 4), were actually taken. Most of the landings from quarter l, 2 and 4 supposed to have been taken in the North Sea 
and were therefore transferred to the North Sea. 

In 1996 Sweden established a new sampling programme for the industrial landings from Division Illa. This sampling 
prograrnme also met the requirement of the agreed level of one sample per 1000 t landed in 1998. 

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

There is an unknown effect of variability in the stock composition in Div Ula due to uncertainty of the splitting factor 
between the North Sea autumn spawners and the Baltic spring spawners. There is at present no information about the 
importance of 1ocal herring stocks (i.e., the Kattegat autumn spawners and the Skagerrak winter spawners) and their 
possible influcnce on the stock assessment. Although the overall sampling meets the recommended level of ane sample 
per 1000 t landcd per quarter, there is an unequal coverage of some areas and times of the year. 

3.4.2 Accuracy and precision in stock identification 

The HA WG has during the last decade encountered a suite of overpowering difficulties in the assessment of the 
Western Baltic Spring Spawning (WBSS) stock. Although the work this year show surne consistency with last years 
analysis it is still only possible to a realistic model fil using only the old age classes (3+ ringers). These problems 
caused by using information from the younger age-classes may be illustrated by the high degree of variability in the 
estimated proportions of WBSS (e.g., 2 ringcrs in Skagerrak in the 3" and 4 • quarters vary between 0% and 100% in 
the years between 1991 and 1997 (ICES 1999a, table 2.1). 

To investigate if this variation is real or caused by bi as and uncertainty in earlier estimates, preliminary results from an 
ongoing EU study project on proportions based on otolith microstructure were compared to the proportions used in 
earlier WG reports as summarised in the study group report (ICES 1999a, table 2.1). 

Frequencies of spawning type were disaggregated by year (1991-1995), quarter (1+3), age (1-4+) and suhdivision 
(Skagerrak and Kattegat). The proportion of spring spawncrs in rclation to spring + winter + autumn spawners were 
compared with historical splits for all combinations with data gi ving 59 data points. 

The R-square for the correlation between the hislorical and the new frequencies was 0.42 (n =59). Jf on! y data with l O 
or more otolith analyses wcrc compared the R-square increased to 0.52 (n = Il). Both figurcs are significantly below 
what should expected allowing for binomial distributed errors in the otolith data and an error in the historical split 
calculated as: 

ABS(f,;,- er l u •. * lim) for f'"• equal to O or l and 

Where fmst cquals the proportion in the historical split, lim is a coefficient of 0.26 choscn as the maximum value 
restricting the simulated frequencies between O and l, and crluni and erluw are uniform randomly distributed error terms 
between O and l. 

The less than 50% correspondence between historical splits and the new preliminary estimate indicate a substantial 
source of uncertainty especially for the l and 2 ringers. The preliminary data are, however, still too scarce to allow a 
sufficiently accurate correction. 

The introduction of otolith microstructure analysis enables an accurate and precise split between three groups, autumn, 
winter and spring spawners, however, different spring spawning populations are not resolved with the present level of 
analysis. In a few cases the mean VS counts for the identified fraction of l or 2 group spring spawners significantly 
di verge from the expected average of 55.8 (assuming a standard deviation of 0.82). The three significant values are l" 
quarter, age 2 in both Skagerrak and Kattegat, as well as 3" quarter, age l in Skagerrak (p-values were < 0.01, < 0.0001 
and< 0.0001 respectively, see Tab le 3.4.2). The highcr VS counts indicate proportions of local spring spawners in these 
samples between 30 and 50% (with a higher mean VS of 57). 
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An effort was made to compare individual VS counts with otolith microstructure based spawning type, "f(Oto)" for the 
years 1991 to 1998 (Figure 3.4). 

The data were disaggregated by sub-area, age, and quarter. The sub-areas were: the Sound + South Kattegat= l, mid 
Kattegat= 2, north Kattegat= 3, East Skagerrak= 4, and West Skagerrak= 5, age-classes were l, 2, and 3+: and 
quarters l and 3. 

f(Oto) was regressed versus an optimised logistic transformation of VS count, logist(VS), an overall R-square of 0.44 
was found. The relationship improved by only including sarnples with more than 10 otoliths analysed (R-square = 0.64). 
However, using combined posterior information on spawning type and VS-count the relationship came out very tight. 
Thus by tak:ing into the regression only data sets where n> = 10 and the further restriction of a high probability of 
identified spring spawners being WBSS by letting (VS-55.8)/(0.67/n,,..,)'' < 1.4, wherc 0.67 is the variance of WBSS 
VS counts. 

Due to the num ber of complicating factors in identifying the immature WBSS herring we chose to focus on the older 
age-classes (3+ groups) as in last years stock analyses. 

The 1998 years data on proportions of different spawning components is much more extensive than earlier years. The 
sampling of catches in 1998 shows indications of very low proportions of spring spawners in Skagerrak in the 4 lh 

quarter, whereas Kattegat has comparable high values in the same period (Table 3.2.1). This result is either a deviation 
from the carlicr conccpt of the timing of the spawning migration (see ICES 1999a, table 2.1) where the WBSS 
constitutes 100% of the 4+ group before 1997 and 100% of the 3+ group before 1996 or may be due to area 
misreporting. 

3.5 Fishery-independent estimates 

3.5.1 German bottom trawl surveys in Sub-divisions 22 and 24 

The following trawl surveys are conducted every year: 

• German bottom trawl survey (GBTS) in Sub-divisions 22 and 24 in November/December, 
• German bottom trawl survey (GBTS) in Sub-division 24 in January/February. 

The German bottom trawl surveys have been conducted in Sub-divisions 22 and 24 since 1978 by the lnstitut flir 
Hochseefischerei. Depending on the availability of rescarch vessels they werc conducted either in November/December 
or in January/February. Since 1992 the surveys are carried out in Novembcr!December and in January/February by the 
Institute for Baltic Sea Fishery Rostock (IOR). The main purpose of these surveys have been to provide recruitment 
indices for cod stocks. The survey stations were randomly selected in the first year. In subsequent years a fixed station 
grid was used. The survey in Sub-division 22 is only covering the Mecklcnburger Bucht (20 stations), which is 
considered as one depth stratum. Sub-division 24 is divided into four depth strata (31 stations). Trawling is conducted 
by means of the herring bottom trawl 'HG 20/25'. From each station the catch in number at age by species is cstimated 
(cod, herring, sprat and fiounder). In Sub-division 22 the arithmetic mean values at age are used as indices. The 
calculated indices at age in Sub-division 24 are stratified means weighted by the area of the depth stratum. Dctails of the 
survcy design and the gear (HG 20/25) as well as some results for the period 1978 to 1985 are given by Schulz and 
Vaske (1988). 

Abundance indices for O, l, 2, and 3+ ringed herring obtained by bottom-trawl surveys carried o~t in November/ 
December of each year in Sub-divisions 24 and 22 are given in Tables 3.5.1 and 3.5.2. Combined estimates for the total 
area are calculated by wcighting the single surve y estimate by the survey areas of each Sub-division. The resulting time 
index series is shown in Table 3.5.3. In Sub-<livision 24 the 1998 estimates are the second highest recorded values for 
the 0-group since 1979. In Sub-division 22 the 1998 estimates are below the average of the rccorded time period for all 
age groups. 

Abundance indices for l to 8+ ringed herring from bottom-trawl surveys conducted each year in January/February in 
Sub-division 24 are given in Table 3.5.4. Since the 1987 survey was influenced by a strong winter with high ice 
coverage, the estimated abundance indices for this year should be used with caution. In 1998 there is an increase for l 
and 2 -ringers and a slight decrease for 3 -ringers as compared to last ycars estimates. The estimates for all other agcs 
reached less !han 60% of the 1997 values. 
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3.5.2 International Bottom Trawl Survey in Division Illa 

Results from the annua! IBTS surveys in Division IIIa are available since 1980. The surveys are conducted during the 
l sl quaner (February) using standard gear and a depth stratified survey design (Addendum to JCES l996b ). From 1990 
to 1995 standard surveys were also implemented during the 2nd (April), 3rd (September) and 4th (November) quarters. 
Since 1995 only the surveys in the 1st and the 3rd have been conducted. These survey indices were split into 
components of autumn and spring spawners by modal lcngth analysis from 1990 to 1995. The index from the 3rd 
quarter survey were decomposed according to spawner type by resuhs from otolith microstructure analysis for 1996 to 
1998. The February index from 1996 to 1998 cou1d not be updated. The deri ved estimates of the relative dcnsity of 
spring spawning herring in the Skagerrak and the Kattegat for quarter l and 3 are presented in Table 3.5.5 and Table 
3.5.6. 

3.5.3 Summer Acoustic survey in Division Illa 

This survey is part of an annual survey covering the North Sea and Division Illa in July-August. As in previous years 
the survey in Division IIIa was conducted by RN DANA. The echo integration survey from 26 to 16 Jul y 1998 covered 
the North Sea east of 5'E and between 57'N and 59'N, (Skagerrak and Kattegat). Acoustic data was sampled using a 
Simrad EK400 and a Simrad EY500 38 kHz echo sounder with a towed body (type Es 38-29) and a hull mounted split­
bearn transducer (type ES 38), respectively. The echointegration data were stored by the echo analysis system 
ECHOANN (Degnbol et al., 1990). 

A total of 53 trawl hauls were carried out using a FotO trawl (16 mm meshsize in the codend) for pelagic trawling, white 
an Expo trawl (16 mm codend) was used for bottom trawling. Trawling was carried out in the time intervals 1200-1800 
h and 2300-0500 h. 

The TS relationships used in this survey were: 

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

Funher details of the survey are given in Simmonds et al. (WD 1999). 

The total stock size of Western Baltic spring spawning herring in 1998 was estimated by combining the results from the 
Danish (Division llla) and Norwegian Acoustic Survey (Sub-areas IVa and JVb). The result is summarised in Table 
3.5.7. The total stock estimate of 297,000 t is about 40% higher than in 1997 (207 ,500 l). The resulting higher biomass 
is mainly caused by an increase in the abundance of 2-ringers. 

3.5.4 October Acoustic Survey in Western Ba1tic and the Southern Part of Division IIIa (Kattegat) 

A joint German-Danish acoustic survey was carried out with RIV SOLEA from September 2nd to October 19 Lh 1998. 
The survcy covered the whole of Sub-divisions 22, 23, 24 and the southern part of the Kattegat. As in last years, all 
investigations were performed at night. The acoustic equipment used was an echosounder EK500 conncctcd to the 
Bergen-lntegrator 81500. The transducer 38-26 was installed in a towed body. The lateral distance of the towed body to 
the ship was set to 30 m in order to minimise possible escape reactions of fish. The cruise track was 930 nm long, and 
48 trawl hauls were carricd out to identify the targets. The total number of fish calculated from the echo soundings was 
separated into specics and age groups according to the trawling results. 

The acoustic backscattering strength (SA values) for each stratum were converted into fish numbers using the TS-length 
regressions: 

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

The result for 1998 is presented in Table 3.5.8. The data series have been recalculated and revised for 1993-1997. The 
revision followed procedures recommended in the Baltic international acoustic survey manual (JCES 1998b). In 1998 
the total estimated stock size of herring in Sub-divisions 22-24 reaches 204,200 t, which is below the average for the 
whole time period of about 239,000 t. 
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3.5.5 Acoustic Monitoring in Sub-division 23 (the Sound) 

A base-line study on the migration of herring was initiated in autumn 1993. The main purpose of this study was to 
provide information on possible environmental impacts of the construction of the Sound Bridge between Denrnark and 
Sweden. The survcy series have been terminated and there are no plans for future activities. A description of the survcy 
and the corresponding results concerning the numbers and the biomass during the period September 1993 to May 1998 
is presented in Nielsen et. a/1998. The estimates for the total survey area are summarised in Table 3.5.9. As expected 
the highest biomas.s values are found in the period from autumn to spring. 

3.5.6 Larvae surveys 

The German herring larvae monitoring started in 1977 and takes place every year from March/April to June in the main 
spawning grounds of the spring spawning herring in the Western Baltic. These are the Greifswalder Bodden (area: 
510.2 km2

, volume: 2,960 x 106m2
, mean depth: 5.8 m, maximum depth: 13.5 m) and adjacent waters. Since 1977 the 

same sampling method, sampling strategy and station grid have been used. Usually 35 standard stations are sampled by 
RN CLUPEA at daylight during lO consecutive cruises. At each station herring larvae samples are laken by means of a 
MARMAP-Bongo (diameter: 600 mm, mesh size of both nets: 0.315 mm) by parallel double oblique tows at a speed of 
3 knots. Since 1996 a HYDROBIOS-Bongo (meshsizc: 0.335 mm) was used. 

For the calculation of the number of larvae per station and area unit, the methods of Smith and Richardson ( 1977) and 
Klenz (1993) were used and projected to length-classcs. Toget the index for the estimation of the year-class strength, 
the number of larvae with a tota1length of TL>= 30 mm (larvae after metomorphosis) were calculated, taking growth 
and mortality into consideration. 

Further details concerning the surveys and the treatmcnt of the samples are given in Briclmann (1989) and Muller & 
Klenz (1994). The estimatcd numbers of larvae for the period 1977 to 1998 are summarised in Table 3.5.10. The 1998 
estimate of the larva! index is the highest recordcd value for the O-gro up in the whole time period. 

3.6 Recruitment estimates 

Indices of O-ringer abundance were available from larval surveys during the spawning season on the main spawning 
area (Table 3.5.10) and from the German Bottom Trawl Survcys during November-December in Sub-divisions 22-24 
(Table 3.5.1). 

Indices of l-ringer abundance were available from the German Bottom Trawl Surveys during November-December in 
Sub-division 22 and 24 (Table 3.5. l, 3.5.2, 3.5.3) and from German Bottom Trawl Survcys during January-February in 
Sub-division 24 (Tablc 3.5.4). Successive pairs of log transforrned indiccs were compared by year class in Figure 3.6.1 
The larvae O-ringer and November O-ringer indices for the year classes 1977 to 1998 showed some similar year-to-year 
variability. The November O-ringer, the January l-ringer and the November l-ringer indices for the year classes 1978 to 
1998 showed less covariation. The indices illustrated in Figure 3.6.1 show the following time trends: Poor recruitment 
of year classes 1980-82 was followed by an increase to a high levcl of recruitment for year cla><es 1983-88. From year 
el ass 1990 the recruitmcnt dcclincd until 1992 when recruitment was very low. An increase in year classes 1993-1994 
is indicated. The year class 1996 was bclow average but the estimates of the 1997 and the 1998 year are high and 
comparable to historical high levels of recruitment. High recruitment of the 1998 year class in 1999 is suggested by the 
larvae survey in March, the bottom trawl survey in Sub-division 24 in November~ the acoustic survey in Sub-division 
24 in October. 

3. 7 Data exploration 

Catch at age and survey data are presented in Tables 3.3.10, 3.5.1 - 3.5.8 and 3.5.10. Catch and survey data before 1987 
has not been dccomposed into spring and autumn spawners. Furtherrnore catch data has been revised from 199 l and 
onwards (ICES 1998f). Therefore, the working group agreed that an attempted analytical assessment had to be restricted 
to the time period from 1991 to 1998. 

Natura! mortality was assumed to equal 0.2 for all age-groups. This is justified by the following reasons. An estimate of 
0.16 was derived by Sparholt (1989) who used catch and survey data to formulate a migration model for the spring 
spawning stock in Division IIIa and Sub-divisions 22 to 24. In addition the non-predatory component of the mortality is 
generally believed to be higher in the Baltic Sea compared to the North Sea due to environmental stress. A natura! 
mortality of 0.15 to 0.2 is currently applied in the assessments of othcr Baltic herring stocks (ICES 1997e). The working 
group had no information on the natural mortality by age group. Estimatcs of natural mortality can be obtained from 
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results of the ICES stomach sampling program in Division rua during the earl y 1990s. The working group recommends 
that nationallaboratories should use these data to pursue an anal y sis of predation mortality. 

The maturity ogive and proportions ofF and M before spawning were assumed to remain constant between years. F­
prop. was set to be O.l and M-prop. 0.25 for all age groups. The applied maturity ogive was the same as that used at the 
working gro up meeting in 1997: 

Age o 2 3 4 5 6 7 8+ 

Maturity o o 0.2 0.75 0.9 l 

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

• Index 1: Acoustic. survcy in Division rua, July 1989-98, 0--8+ ringers 
• lndex 2: Acoustic. survey in SD 22+24, Oct. 1989-98, 0--8+ ringers 
• Index 3: Larvae survey in SD 24 (Greifswalder Bodden), March-June 1977-98, 0-group 
• Index 4: German bottom trawl survey (GBTS) in SD 22, Nov. 1979-98, 0--3+ ringers 
• lndex 5: German bottom trawl survey (GBTS) in SD 24, Nov. 1978-98, 0--3+ ringers 
o lndex 6: German bottom trawl survey (GBTS) in SD 24, February 1979-98, 1-8+ ringers 
o Index 7: IBTS in Div. IIIa, Sept. 1991-98, 1-5 ringers 

The ICA software was used to conduct trial runs for each of these indices. The runs were made for 3+ ringers on ly. The 
input data for the 0-, l- and 2 age groups prior to 1988 was considered inaccurate, due to an imprecise split into spring 
and autumn spawners of these age groups. These were as in the last year asscssment ex:cluded from the analyses. Older 
age groups has traditionally been perceived as spring spawners. Rcsults from otolith microstructure anal y sis fur the year 
1998 indicate that a substantial part of the 3+ ringers in Skagerrak during the 4 w quarter betong to the autumn spawners 
(Table 3.2.1 ). The working gro up agreed to await further results from the scparation of spring and autumn spawncrs of 
historical data befare this historical data could be updated. If these patterns are repeated in ear1icr years then the res ult 
will be an underestimate of fishing mortality and an overestimate of SSB during the 4 • quarter in these years. The 0-
group estimatcs from the larvae survey were used in the model as an indicator of the year dass strength at age 3. A 
constant selection pattern was assumed for the period 1991 to 1998. 

In all ICA runs the following parameters were kept constant: 

o The wcighting factor to all indices (lambda = l). 

o The linear catchability model for all indices. 
o The range of ycars for separable constraint ( = 6) 
• The reference Fat age 4 and the sclcction l for oldest age. 

Six runs were made with single indices and two runs with multiple indices. The results of the runs wcrc compared using 
the estimates and upper and lower confidence levels of the reference F and the SSB in 1998. The estimates from the 
individual runs are given below: 

Run Indcx Index Mean F Lower Upper SSB (x 1000 t) 
No. No. 1998 95%CL 95%CL 1998 
l l Acoustic Surv. Div. IIIa (3-8+ 0.43 0.29 0.62 132 

ringers) 
2 2 Acoustic Surv. SD 22-24 (3-8+ 0.12 0.07 0.22 393 

ringers) 
3 3 Larvae Surv. SD 24 (as 3 ringers) 0.12 0.02 0.61 475 
4 4 GBTS SD 24 Nov (3+ ringers) < 0.001 > 10 000 
5 5 GBTS SD 22 Nov (3+ ringers) < 0.001 > 10 000 
6 6 GBTS SD 24 Feb. (3-8+ ringers) 0.02 0.01 0.03 2496 
7 1+2+3 combined (3-8+ ringers) 0.18 0.10 0.33 298 

8 1+2 combined 13-8+ rin~ers) 0.27 0.17 0.40 193 

The runs by individual indices gave highly varying estimates of fishing mortality and SSB. Indices 4, 5 and 6 show very 
low fishing mortalities and corresponding unrealistic high estimates of SSB. Since all runs were made on 3+ 
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disaggregated data, these trawl indices contributed with only one point cstimate (ane 3tvalue) per yeac The working 
group will welcome efforts to revise these indices to full y age disaggregated series. The acoustic index l resulted in 
higher Fs and the acoustic index 2 in lower Fs with corresponding inverse changes in SSB levels. The estimates from 
both indices are each consistent with the results from the last years working group. Overall age and year residuals for 
the acoustic indices are low but show systematic patterns indicating a low corrcspondence between survey and catch 
data. Index 3 gives the same fishing mortality as index 2 but shows a large confidence interval for terminal F. 

The larvae index is specially designed to provide annua! estimates of recruitment (Sect 3.5.6). The combined !CA run 7 
was made with the larvae index projccted as 3- group (Zo.--3 assumed constant among years) and the two acoustic indices 
(i.e., indiccs 1,2 and 3). High and systematic residua]s in the estimated Fs indicated conflicting trends betwecn survey 
indices and a low correspondence to catch data. 

Th effect of input values used for natural mortality was investigated in a repeated ICA run 7 using natural mortalities 
that are currently applied in assessment of North Sea autumn spawners. These are M = 0.2 for age group 3 and M =O.l 
for all older age groups. The results showed an increase in mean F,_. during 1998 from 0.19 to 0.23. The estimate of 
SSB decreased by almost 20% using the North Sea Ms as compared to the M = 0.2 regime used for the WBSS in 
Divison Ill a and Sub-division 22 to 24. The SSQ between the two runs were similar. 

The ICA run 8 wa.o;; based on a combination of the two acoustic indices (index l and 2). The results are consistent with 
the results from the run conducted at the 1998 mceting. The !CA output from run 8 is presented to illustrate the current 
problems in an analytical assessment of spring spawning herring in Division Illa and Sub-divisions 22 to 24. 

Details on input parameters for the !CA are presented in Table 3.7.1. Input data are shown in Tables 3.7.2- 3.7.5, 
outputs are given in Tables 3.7.6- 3.7.15 and in Figures 3.7.1- 3.7.5. 

The combined SSQ indicates a minirhum as the average betwccn the two acoustic indices (Figure 3.7.1). Mean annual 
Fs were estimatcd at approximately 0.5 up to 1996 with a decrease to around 0.3 in 1997 and 1998 (Figure 3.7.2). Both 
catches and SSB declinc up from 1992 to 1996 when they flatten out. The SSB decreased by 40% from 1992 to 1996. 
The simultancous decrease in catch, SSB and F could be ex.plained from management measures to rcduce quotas in 
order to protect the North Sea -autumn spawners. The deri ved selection pattern is flat topped as expected for an 
assessment on fully recruited age classes 

The diagnostic plots (Figure 3.7.3 - 3.7.5) show flat catchability patterns by age which suggests a poor fit hetwcen 
survcy indices and modcl estimates. Overall age residuais are rclativcly smalL. However, residuals of both indices 
indicate systematic over- and under-estimates in single years (1992 and 1996). 

A simple graph on the total biomass estimates by the acoustic surveys and the total biomass prcdicted by !CA indicate 
opposing trends between the two survcys (Figure 3.7.6). The downward trend in index l is also reflected in the !CA 
output. 

The !CA predicts a mean F,_, of around 0.5 for 1992 to 1996. This estimate was comparcd to the observed Z values in 
available age disaggregated surveys and the catch at age data. Plots were constructed for the survival of year classcs 
1985- !993 of 3+ ringers during 1990 to 1998 (Figure 3.7.7). The Z values deri ved trom year class survival indicate a 
mean Z estimatc for 3+ ringers of around 0.7 approximatcly corresponding to year 1990-96. (Figure 3.7.8). Dcducting 
an assumed M = 0.2 indicate that the ICA cstimates from 1992 to 1996 are consistent with observed mortalities wlthin 
year-cla. ... ses. 

Relative age distributions (3+ ringers) from survcys and catch data do not show pronounced diffcrcnces between years 
(Figure 3. 7 .9). Despite the absence of large year classes similar trends in year dass strength can be inferred from the 
available age structured data. Orre exarnple is the relative! y larger age group 3 in 1997 which is fo!lowcd by a relatively 
Iarger age group 4 both in the catch and the acoustic surveys. 

Catch at age data (3+ ringers) were used in a series of Separable VP As to assess the influence of catch data from 1991 
to 1992. TerminalS were sel at 1.0 and reference age for Fat age 4. The output is presented in figure 3.7.10 and in 
tables 3. 7.16 to 3.5.18. Terminal Fs were set from 0.2 to 0.7 in steps of O.l. The model con verge after 3 to 4 years and 
terminal Fs have a large influence on the Fs of preceding years. The results from the !CA output comply with the 
pattern in the Separable VPA when terminal Fis set to F = 0.3. Catch by fleet data suggest that a change in exploitation 
pattern occurred from 1996 to 1997. A Separable VPA run from 1991 to 1996 yielded identical F arrays as the 1991 to 
1998 results. 

The working group concluded that the data exploration by the !CA software could not resolve the apparent 
incompatibility between surveys and catch data. In addition the runs were based on the 3+ ringers only, cxcluding close 
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to 50% of landings in weight from the calculations. The working group agreed that the present restrictions in the 
assessment preclude a full analytical assessment of the state of the stock. 

3.8 State of the stock 

Despite the failure to contribute a conclusive assessment the survey and catch data provide some information on stock 
development. Since the runs of the !CA model have been performed on the 3+ age groups it is expected that the results 
will primarily reflect changes in the SSB, and that the estimated fishing mortalities are only relevant for the older age 
classes. 

Last year's Working Group report indicated that the Western Baltic stock may have declined continuously until 1996 
when the SSB seemed to level off. The !CA runs presented during this working group meeting confirm this obscrvation. 
The model results suggest that the total biomass and the SSB have stabilised with corresponding low fishing mortalities 
during the last 4 years. 

White landings of 0-2 ringers increased compared to 1997 the 3+ ringer landings continued to dccrcasc compared to 
previous years. The increase of the 0--2 ringers occurred in Division Hia only. The decrease of 3+ landings together 
with an estimated stable SSB may be an indication of a decrease in the exploitation of older fish in 1997 and 1998 
comparcd to previous years (Figure 3.8.1). 

The overall results of these analyses indicate that the stock is stable after a decline during the first part of the 1990's. 
Recruitment indices suggest that the recent trend of a decrease in recruitment has been turned. With the present level of 
fishing mortality the stock does not seem to be in any immediate danger. However, the Working Group members feel 
that both the data on the commercial fishery and on the surveys are questionable. The exclusive use of 3+ ringers in the 
calculations makes the method insensitive to changes in young ages and in recruitment, therefore the assessment trials 
cannot provide an accurate indication about the development of the total stock. As a consequence, projections for the 
Western Baltic spring spawning herring were not considered. 
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Table 3.1.1 HERRING in Division llla and Sub-Division 22-24.1985-1998 
Landings in thousands of tonnes. 
(Data provided by Working Group members 1999). 

Year 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 

Skagerrak 
Denmark 88.2 94.0 105.0 144.4 47.4 62.3 58.7 64.7 87.8 44.9 
F a roe Islands 0.5 0.5 
Norway 4.5 1.6 1.2 5.7 1.6 5.6 8.1 13.9 24.2 17.7 
Sweden 40.3 43.0 51.2 57.2 47.9 56.5 54.7 88.0 56.4 66.4 
Total 133.5 139.1 157.4 207.3 96.9 124.4 121.5 166.6 168.4 129.0 

Kattegat 
Den mark 69.2 37.4 46.6 76.2 57.1 32.2 29.7 33.5 28.7 23.6 
Sweden 39.8 35.9 29.8 49.7 37.9 45.2 36.7 26.4 16.7 15.4 
Total 109.0 73.3 76.4 125.9 95.0 77.4 66.4 59.9 45.4 39.0 

Sub. Div. 22+24 
Denmark 15.9 14.0 32.5 33.1 21.7 13.6 25.2 26.9 38.0 39.5 
Germany 54.6 60.0 53.1 54.7 56.4 45.5 15.8 15.6 11.1 11.4 
Poland 16.7 12.3 8.0 6.6 8.5 9.7 5.6 15.5 11.8 6.3 
Sweden 11.4 5.9 7.8 4.6 6.3 8.1 19.3 22.3 16.2 7.4 
Total 98.6 92.2 101.4 99.0 92.9 76.9 65.9 80.3 77.1 64.6 

Sub. Div. 23 
Den mark 6.8 1.5 0.8 0.1 1.5 1.1 1.7 2.9 3.3 1.5 
Sweden 1.1 1.4 0.2 0.1 0.1 0.1 2.3 1.7 0.7 0.3 
Total 7.9 2.9 1.0 0.2 1.6 1.2 4.0 4.6 4.0 1.8 

Grand Total 349.0 307.5 336.2 432.4 286.4 279.9 257.8 311.4 294.9 234.4 

Year 1995 1996 1997 1998 l 

Skagerrak 
Den mark 43.7 28.7 14.3 10.3 
Faroe Islands 
Norway 16.7 9.4 8.8 8.0 
Sweden 48.5 32.7 32.9 46.9 
Total 108.9 70.8 56.0 65.2 

Kattegat 
Den mark 16.9 17.2 8.8 14.5 
Sweden 30.8 27.0 18.0 29;9 
Total 47.7 44.2 26.8 44.4 

Sub. Div. 22+24 
Denmark 36.8 34.4 30.5 30.1 
Germany 13.4 7.3 12.8 9.0 
Poland 7.3 6.0 6.9 6.5 
Sweden 15.8 9.0 14.5 4.3 
Total 73.3 56.7 64.7 49.9 

Sub. Div. 23 
Den mark 0.9 0.7 2.2 13.4 
Sweden 0.2 0.3 0.1 0.3 
Total 1 .1 1.0 2.3 13.7 

Grand Total 231.0 172.7 149.8 173.2 
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Table 3.1.2 Landings from Division lUa by Fleets 1991 - 1998 
in '000 tons. (SOP figures) 

Year Area Fleet C FleetD+E Total 

1991 Kattegat 32 37 69 
Skagerrak 62 60 122 

Total 94 97 191 
1992 Kattegat 24 35 59 

Skagerrak 75 93 168 
Total 99 128 227 

1993 Kattegat 18 28 46 
Skagerrak 94 75 169 

Total 112 103 215 
1994 Kattegat 18 20 38 

Skagerrak 81 48 129 
Total 99 68 167 

1995 Kattegat 36 7 43 
Skagerrak 87 22 109 

Total 123 29 152 
1996 Kattegat 33 Il 44 

Skagerrak 59 12 71 
Total 92 23 115 

1997 Kattegat 24 2 26 
Skagerrak 48 8 56 

Total 72 10 82 
1998 Kattegat 39 4 43 

Skagerrak 59 5 64 
Total 98 9 107 

Note: Fleet definitions have bcen changed two times: for 1995 onwards and for 1998 onwards. 
Alllandings taken by Fleet D andE were merged for all previous years in 1998. 
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Tab le 3.2.1 
Proportion of North Sea autumn spawners (NSAS) and Baltic spring 
spawners (WBSS) given in % in Skagerrak and Kattegat by age and 
quarter. 
Year: 1998 

Skagerrak Kattegat 
North Sea Western Baltic North Sea Western Baltic 

au arter W-rings Autumn Spawner Spring Spawner Autumn Spawner Spring Spawner 

1 100% 0% 71% 29% 
2 77% 23% 17% 83% 
3 93% 7% 2o/o 98% 
4 93% 7% 0°/o 100% 

1 5 93% 7% 0°/o 100% 
6 93% 7% oa!o 100% 
7 93% 7% O o/o 100% 

8+ 93% 7% O o/o 100% 

1 59% 41% 24% 76% 
2 44% 56% 43% 57% 
3 29% 71% 10% 90% 
4 5% 95% 1% 99% 

2 5 5% 95% 1% 99% 
6 5% 95% 1°/o 99% 
7 5% 95% 1% 99% 

8+ 5% 95% 1% 99% 

o 100% O% 39% 61% 
1 95% 5% 58% 43% 
2 27% 73% 8% 92% 
3 8% 92% 1% 99% 
4 3% 97% 8% 92% 

3 5 3% 97% 8°/o 92% 
6 3% 97% 8°/o 92% 
7 3% 97% 8°/o 92% 
8+ 3% 97% 8°/o 92% 

o 75% 25% 43% 57% 
1 87% 13% 68% 32% 
2 79% 21% 14% 86% 
3 100% 0% 5% 95% 
4 100% 0% 5% 95% 

4 5 100% O% 5% 95% 
6 100% O o/o 5o/o 95% 
7 100% 0% 5o/o 95% 

8+ 100% 0% 5% 95% 

Figures in Bold typeface are estimated. All other figures are calculated by using otolith microstructure. 
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Tab le 3.3.1 Landings in numbers (mill.), mean weight (g.) and SOP (t) by age, quarter and fleet. 
Total 

Div: Year: 1QQ!I All 

Quarter ;.., ~. 
Fle l C 

IMeanW. 
Fleel D+F. Total 

w: Mean W. 

l 

l 
2 
3 
4 
5 
6 
7 

o. 
18. 

O. 
0.19 

64 
84 
8 

9.91 
14.4 

1.4 
(.! 

20 
58 

64 
81 

!O.l 
33.24 
0.83 
0.30 

2( 

74 

8+ 
Total ~ 
SOP . ~ 

1----+-=- Fieet c n:i...,-.:R--..:..::::~ 
Ouarter IMean W. IMean W. IMean W 

3 5.98 Il. 82 6.78 l 
4 2.71 14( 0.0 Il~ 2.7: 14( 

2 5 0.7! 162 0.7E 16: 
6 0.21 0.2! l T 
7 O.l' 161 0.14 16 

T:;al 0.2 . . ·• . . : . . 0.21 

1----f-,:;:.::SCO;:!._P .. · ·~· ~-----"= 
t C t D+E fota! 

Ouarter "' ~. IMean W. MCafl W. IMean W. 
o 1.49 36 5.05 2: 5.05 2: 
l 3' . 59 4. . 3: 420.54 5t 
2 6 . 85 I.SC 8: 69.41 85 
3 104 o.s3 8> 9.86 o• 
4 5.36 141 0.26 136 5.62 

3 5 1.39 180 .39 
6 0.46 190 0.08 127 0.54 
7 0.1: 241 O.l: 41 

li 8+ 0.12~!2' . 0,07 205~0.19 
Total 465.41 ·· · ~· 48. 

1----+-S::,::CO;::,_P-J. Fleet C l"'.,,,_.;;~ n+Jt 1.67 ~"::Tl:l..-,otal,...--....:3:.:.::; l""'! 

Ouarter IMean W. ~W. IMean W. 
u 14.72 29 19.5( 28 34.2 
l 142.4 70 16.92 69 159.33 7( 
2 57.88 105 3.78 96 61.66 l' 
3 20.24 122 0.52 125 20.76 12. 
4 16.29 16~ 0.99 16' 17.2! 16: 

4 5 2.38 184 0.3: 19' 2.7( 18~ 

6 2.63 201 2.6~---~2:o:;;J 
7 1.05 179 Ui 175 

~:. ~~~:~8[,·~:::2~2~2··i~--=5~~~~====~0.~3~~~ 
SOP ~·~ ·~ 2~ '2fffi 1-----!-..:::;:::....._ Fleet ( . ·. . . . Fleet D+F. ·~ Tota_l_....,:;:~ 

Ouarter lw.rinos IMean W an W IMean W 
o 16.2 3( 24.5~ 2' 24.5; 2' 

~~l~+---+,552~8H.~----~6: __ ~6~81.~2, ___ -f.~--~68~~·~---~ 
2 180.8 8~ 22.4( 22.~, ( 
3 35.9 Ill 2.2( 2.2~ s 

Total 
4 24.5~~ 11~--~1~1.3~'---~1 ___ ~1~.3~·---~1 
5 4.5~ J7i 0.3: 0.3 l ( 
6 3.J 19 . o.m 1 o.o1 1 
7 1.3 18 

159 



Table 3.3.2 
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Landings in numbers (mill.), mean weight (g.) and 
SOP (l) by age, quarter and fleet 

Total 



Table 3.3.3 

Div: 

Landings in numbers (miU.), mean weight (g.) and SOP (t) by age, quarter and fleet. 

. Year: 1998 

North Sea 
Autumn spawners 
All 

Ouarter '" 
F1e t( 

Meai1W: 
Fleet D+E 

MeanW. 
Total 

MeanW. 
.20 22 9.91 20 lO. l 20 

2 14.48 11.08 58 25.5~ 

0.39 0.7~ 
O. li s: 0.10 81 0.28 

l 5 

T!:al·· 
1---.j........:SC'~Oi>:!:...... 

Ouarter [W.fin•s IMean W. IMean W. IMean W 
l 44 0}3 3.72 
2 li . T4 1.07 17.30 

3 11 0.2: 1.96 l 
-4 14[ 0:00 w 0.14 140 

2 'i ~ 0.04 
6 IT O.Oi 
i O.o! . 16. 0.01 161 

1----+-;;::S~(:::..._~ .·.·.•c,t:· 

Ouarter IW-rin•s IMean W. IMean W. IMean W 
o T:49 31 5:65 2 6.54 2. 

1 Jlio.n· 5I R9' 3 399.58 56 
2 18.05 s; 0.48 8 1 R.53 85 
3 0.79 104 0.04 8' 0.83 103 

4 (j] "f4C (ill 13t o. 141 
3 ' 0.0: IRC 18( 
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2 45.4i 105 2.9' 96 48.' to: 
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8+ 0:3! 0.00 ~ 0.4'0 ~ 
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Table 3.3.4 
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Landings in numbers (mill.), mean weight (g.) and SOP (t) by age, quarter and fleet 
North Sea 

Autumn spawners 



Ta ble 3.3.5 Landings in numbers (mill.), mean weight (g.) and SOP (t) by age, quarter and fleet 
Baltic Spring 
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Table 3.3.6 
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Landings in numbers (mill.), mean weight (g.) and SOP (t) by age, quarter and Oeet 
Ba/tie Spring 

spawners 



Ta ble 3.3.7 Landings in numbers (miU.), mean weigbt (g.) and SOP (l) by age, quarter and Oeet. 
North Sea Autumn spawners 

Illa Year: 1998 All 
Fle't C Fleet ti+F. Total 

On arter rMeallW MeanW IMeanW. 
l 20.8' 22 43.58 2' 64.4: 2 

2 38.9: 59 l. .5~ 58 52.4\ 5' 
1 ·u3 !lR 1.40 64 1.5: 8: 
4 0.18 81 .lO s: 0.28 81 

l 5 
(i 

7 
8+ 

"'ThMM 
SOP . .. . .·· ~ 

Ouarter 
"'Fi::::i'C tD+E r otal 

fW-rinos IMeao W. Mcau W. IMean W. 
l 12.40 os 3( 12.97 3C 
2 26.SI 5.04 6: 31.55 72 
3 2.04 l 0.3: 8: 2.34 JO: 

4 l o:oc 114 O.l. 13' 
2 5 O.OC 7: 0.04 16( 

6 l 0.01 l 
7 . 0.01 161 0.01 16 
R+ 0.01 _1!) 

Total 4!J' ··· · ...... 5.91 · '· ·.. 47. . -
SOP · .· .·. · ~ . 2.D 

't C D+E Total 
Ouarter W-nn"' IMeau W. rMeanw. IMean W. 

"''Jl5 3' .1.0> 2: 6.93 25 
l 392.42 5~ 45.8( 3 438.2 55 

2 21.0' 8' 0.5( 8: 21.5 8 
1 .l. O' ~ ~ 8' 1.1: 10 
4 l. ]~( 0.0 13( 1.18 16 

3 5 0.2: 14~ 0.2 
. 0.3: 20( o.oc 12' 0.33 
01( 19: o. 

8+ 0.08 • O.OC 0.09 

~ total 418.3: ~ l · ·: · IP~~~' SOP 26:7T 
Fleet ( Flee1D+E rota! 

Ouarter rMeiiiw rMeanw. IMean W 
r iT1 2\ 29.71 2! 4~.84 28 
l 176.54 7 15.7C 61 192.25 71 

2 47.9( JO: 3.0C 9t 50.96 10 
1 2031' 12: 05 13( 21.09 l 
4 16.4. 16: I.l)( 16: 17.42 It 

4 5 2.3\ 18' 0.3: 19: 2.71 !85 
(; 2:6-' 20 2.6' 20 

~ 7 I :Di m O.OC ).()( 171 
8+ 0.3! 22' 

~--~~ 
0.3!~ 

Total~ ; ~C'···.\, 
SOP . ~C 2.49t 

~Cfi+R ""ToW 
Ouarter fW-rings IMeao W. IMeauW IMeanW 

o 14.91 3( 34.79 21 49.7! 
l fio2.i:' 5\ ""i'5.65 24 707.8! 
2 134.4t 8; 22.11 64 156.5' 

24.8( Il\ 1.21 9t 26 11! 
1 7:92 16.i 1.1 15' 19 16. 

Total 2.65 181 0.3: 19' 2 18: 
6 ·2.98 201 -66( 12 2.9! 20 
7 TI ill 06i ~ 1.11 18C 

~ 
SOP · · · 
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Ta ble 3.3.8 
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Landings in numbers (miU.), mean. weight (g.) and SOP (t) by age, quarter and fleet. 
Ba/tie Spring 

spawners 



Table 3.3.9 Landings in numbers (mill.), mean weight (g.) and SOP (t) by age and quarter. 

167 



Ta ble 3.3.10 Landings in numbers (mill.), mean weight (g) and SOP (t) by age and quarter from. 

Western Baltic Spring Spawners 

l 

2 

3 

4 

Total 
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Table 3.3.11 Total catch in numbers (mill) and mean weight (g), SOP (tonnes) of Western Bal tie Spring spawners in 
Division Illa and the North Sea i.n the years 1988 -)9~8 
Rings o l 2 3 4 5 6 7 8+ Total 

Year 
Number 2075.00 563.00 62.00 8.00 2.00 0.50 0.50 2,711.00 

1988 MeanW. 47.3 77.0 138.3 156.0 166.0 149.0 209.0 
SOP 98,148 43,351 8,575 1,248 332 75 !05 151,832 
Number 497.69 503.66 115.23 29.96 13.68 5.35 2.34 1,167.91 

1989 MeanW. 56.5 79.9 125.5 151.6 167.3 189.2 204.8 
SOP 28,119 40,242 14,461 4,542 2,289 1,012 479 91,145 
Number 140.90 1006.23 259.90 192.21 62.07 9.99 19.09 2.20 1,692.59 

1990 MeanW. 56.6 65.0 84.6 !02.4 Il \.l 109.3 141.0 84.3 
SOP 7,975 65,405 21,988 19,682 6,896 1,092 2,692 185 125,915 
Number 64.80 43.00 352.05 447.07 174.71 108.85 22.35 7.62 3.09 1,223.54 

1991 MeanW. 33.7 60.5 77.4 101.7 127.5 148.6 165.4 182.5 194.9 
SOP 2,184 2,602 27,249 45,467 22,276 16,175 3,697 l ,391 602 121,641 
Number 66.98 214.33 156.34 128.78 63.88 43.59 12.65 7.76 694.31 

1992 MeanW. 53.4 96.2 ll5.2 138.6 172.9 184.0 201.7 201.3 
SOP 3,577 20,619 18,010 17,849 11,045 8,021 2,552 1.562 83,234 
Number 52.92 185.91 245.60 !01.75 63.05 43.65 23.86 8.88 725.62 

1993 MeanW. 60.4 88.6 121.5 147.2 160.3 182.9 195.6 218.2 
SOP 3,196 16,472 29,840 14,978 10,107 7,984 4,667 1,938 89,181 
Number 157.34 248.54 137.01 80.20 45.92 14.75 8.40 692.16 

1994 MeanW. 127.2 120.1 148.6 165.3 190.6 204.1 216.5 
SOP 20,014 29,850 20,360 13,257 8,752 3,010 1,819 97,061 
Number 84.40 504.27 254.11 132.29 81.25 52.50 16.07 10.14 4.70 1.139.73 

1995 MeanW. 17.5 37.8 !01.2 148.3 165.5 188.7 213.0 233.1 232.2 
SOP 1,477 19,061 25,716 19,619 13,447 9,907 3,423 2,364 1.091 96,104 
Number 23.97 173.92 509.!0 90.41 54.32 30.39 13.69 7.08 5.94 908.83 

19% Mean W. 7.3 22.9 74.1 127.0 172.0 182.8 200.9 197.7 212.3 
SOP 175 3,983 37,702 Il ,481 9,345 5,554 2,751 1.399 1,262 73,653 
Number 27.12 88.77 142.37 32.16 13.43 4.66 1.49 2.34 312.32 

1997 Mean W. 63.8 82.4 131.3 174.5 190.6 195.6 205.9 2!0.2 
SOP o 1,729 7,313 18,695 5,612 2,560 911 306 492 37,618 
Number 32.12 148.85 305.60 90.24 61.23 12.97 8.31 2.11 2.22 663.65 

1998 Mean W. 27.9 48.7 72.8 110.3 142.0 176.4 210.4 192.7 231.8 
SOP 896 7,246 22,239 9,955 8,693 2,287 1,748 407 516 53,987 

There rna y be minor corrcctions in data from 1987 and 1988. 
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Table 3.3.12 Transfers of North Sea autumn spawners from Div. Illa to the North Sea. Numbers (mill) and mean weight, SOP in 
(tonnes) 1988- 1998. 

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

Number 1830.00 5792.00 292.00 7,914.00 
1988 Mean W. 12.0 28.0 57.0 

SOP 21960 162176 16,644 200,780 
Number 1028.2 1170.5 654.80 2,853.50 

1989 Mean W. 16.2 33.4 53.3 
SOP 16656.84 39094.7 34,901 90,652 
Number 397.9 1424.30 283.70 2,105.90 

1990 Mean W. 31.0 34.1 55.4 
SOP 12334.9 48,569 15,717 76,621 
Number 712.30 822.70 330.20 1,865.20 

1991 MeanW. 25.3 40.7 77.8 
SOP 18,021 33,484 25,690 77.195 
Number 2407.51 1587.09 283.80 26.79 26.61 15.98 12.33 5.46 1.00 4366.57 

1992 Mean W. 12.3 50.6 94.8 164.0 171.7 184.7 197.5 202.7 219.8 
SOP 29612.37 80,307 26,904 4,394 4,569 2,952 2,435 1,107 220 152,499 
Nurnber 2956.7 2,351.10 350.Ql 5,657.81 

1993 Mean W. 12.7 27.5 86.6 
SOP 37550.09 64,655 30,3!1 132,516 
Number 542.23 1,240 305.19 2,087.07 

1994 Mean W. 16.5 43 77.3 
SOP 8946.795 53,181 23,591 85,719 
Number 1722.84 1069.58 126.37 2,918.79 

1995 Mean W. 12.5 32.8 102.7 
SOP 21,536 35,082 12,978 69,596 
Number 632.07 869.53 159.35 31.52 1692.47 

1996 Mean W. 11.0 22.7 73.0 121.2 
SOP 6,953 19,738 !1,633 3,820 42,144 
Number 93.61 351.60 210.56 71.48 12.29 5.66 1.77 0.69 0.91 748.57 

1997 MeanW. 19.0 29.0 71.0 129.0 167.0 182.0 191.0 194.0 202.0 
SOP 1,779 10,196 14,950 9,221 2,052 1,030 338 134 184 39,884 
Numbcr 49.78 707.88 156.57 26.08 19.03 2.97 2.98 1.17 0.48 966.94 

1998 Mean W. 27.7 53.6 79.9 118.1 163.3 181.8 201.2 179.6 226.2 
SOP 1,379 37,955 12,517 3,079 3,107 541 600 210 108 59,498 

There are minor corrcctions for the years previous to 1991. 
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Ta ble 3.3.13 Total catch in numbers (mill) and mean weight (g), SOP (tennes) of spring spawners in Division Ula and the North Sea 
+in Sub-Divisions 22-24 in the years 1988- 1998 

Year 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

Rings 

Area 

North Sea +Div. Illa 

Sub-Division 22-24 

North Sea +Div. Illa 

Sub-Division 22-24 

North Sea +Div. IIJa 

Sub-Division 22-24 

North Sea +Div. Illa 

Sub-Division 22-24 

North Sea +Div. Illa 

Sub-Division 22-24 

North Sea +Div.llla 

Sub-Division 22-24 

North Sea +Div. IlJa 

Sub-Division 22-24 

North Sea +Div. IlJa 

Sub-Division 22-24 

North Sea +Div. Illa 

Sub-Division 22-24 

North Sea +Div. !Ila 

Suh-Division 22-24 

North Sea +Div. !Ila 

Suh-Division 22-24 

o l 2 3 4 5 6 7 8+ Total 

2,075.00 563.00 62.00 8.00 2.00 0.50 0.50 2,711.00 

789.50 861.00 364.00 363.00 142.00 119.00 34.00 10.00 6.00 2,688.50 

497.69 503.66 115.23 29.96 13.68 5.35 2.34 1,167.91 

129.70 682.00 285.00 386.00 244.00 59.00 34.00 11.00 4.00 1,834.70 

140.90 1,006.23 259.90 192.21 62.07 9.99 19.09 2.20 1,692.59 

160.50 286.30 162.10 215.10 263.90 105.90 27.00 12.30 4.40 1,237.50 

64.80 43.00 352.05 447.07 174.71 108.85 22.35 7.62 3.09 1,223.54 

22.34 787.65 179.89 184.82 114.88 67.59 25.97 6.14 1.81 1,391.09 

66.98 214.33 156.34 128.78 63.88 43.59 12.65 7.76 694.31 

36.01 210.71 280.77 190.84 179.52 104.87 84.01 34.75 14.04 1,135.52 

52.92 185.91 245.60 101.75 63.05 43.65 23.86 8.88 725.62 

44.85 159.21 180.13 196.06 166.87 151.07 61.80 42.21 16.31 1,018.51 

157.34 248.54 137.01 80.20 45.92 14.75 8.40 692.16 

202.58 96.29 103.84 161.01 136.06 90.84 74.02 35.11 24.47 924.22 

84.40 504.27 254.11 132.29 81.25 52.50 16.07 10.14 4.70 1,139.73 

490.99 1,358.18 233.95 128.88 104.01 53.57 38.82 20.87 13.22 2,442.49 

23.97 173.92 509.10 90.41 54.32 30.39 13.69 7.08 5.94 908.82 

5.30 413.09 85.05 124.32 104.76 99.79 53.24 24.16 19.60 929.31 

27.12 88.77 142.37 32.16 13.43 4.66 1.49 2.34 312.32 

350.83 595.19 130.62 96.86 45.13 28.96 35.15 19.46 21.83 1,324.02 

32.12 148.85 305.60 90.24 61.23 12.97 8.31 2.11 2.22 663.65 

515.29 484.40 161.44 106.58 109.16 37.80 19.21 13.91 13.41 1,461.20 
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Table 3.3.14 Mean weight (g) and SOP (tons) of spring spawners in Division Illa + the North Sea and in Sub-Divisions 
22-24 in the years 1988 - 1998 

Year 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

Rings 

Area 

North Sea +Div. Ill a 

Sub-Division 22-24 

North Sea +Div. Ula 

Sub-Division 22-24 

North Sea +Div. IIIa 

Sub-Division 22-24 

North Sea +Div. llla 

Sub-Division 22-24 

North Sea +Div. llla 

Sub-Division 22-24 

North Sea +Div. Ill a 

Sub-Division 22-24 

North Sea +Div. lUa 

Sub-Division 22-24 

North Sea +Div. lUa 

Sub-Division 22-24 

North Sea +Div. lUa 

Sub-Division 22-24 

North Sea +Div. Illa 

Sub-Division 22-24 

North Sea +Div. Illa 

Sub-Oivision 22·24 

There may be minor corrcctions in 
data from 1988. 
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o 

11.0 

13.5 

13.8 

33.7 

11.5 

19.1 

16.2 

12.9 

17.5 

9.3 

7.3 

12.1 

30.4 

27.9 

13.3 

l 

16.9 

17.5 

56.6 

24.2 

60.5 

31.5 

53.4 

23.3 

60.4 

24.5 

28.2 

37.8 

16.3 

22.9 

22.9 

63.8 

24.7 

48.7 

28.0 

2 3 4 5 6 7 8+ SOP 

Mean weight (g) 

47.3 77.0 138.3 156.0 166.0 149.0 209.0 151,832 

29.1 83.8 108.5 124.8 142.2 143.7 135.8 92,908 

56.5 79.9 125.5 151.6 167.3 189.2 204.8 91,145 

43.6 70.5 105.9 122.0 125.5 137.8 131.5 91,002 

65.0 84.6 102.4 111.1 109.3 141.0 84.3 125,915 

44.5 75.5 95.9 121.1 142.6 138.7 145.8 73,978 

77.4 101.7 127.5 148.6 165.4 182.5 194.9 121,641 

58.5 78.8 98.5 120.9 138.6 152.2 179.0 82,390 

96.2 115.2 138.6 172.9 184.0 201.7 201.3 83,234 

44.8 77.4 99.2 123.3 152.9 166.2 184.2 84,874 

88.6 121.5 147.2 160.3 182.9 195.6 218.2 89,181 

44.5 73.6 94.1 122.4 149.4 168.5 169.1 80,358 

127.2 120.1 148.6 165.3 190.6 204.1 216.5 97,061 

54.2 76.4 95.0 117.7 133.6 154.3 173.9 66,425 

101.2 148.3 165.5 188.7 213.0 233.1 232.2 96,102 

42.8 68.3 88.9 125.4 150.4 193.3 207.4 74,157 

74.1 127.0 172.0 182.8 200.9 197.7 212.3 73,653 

45.3 73.6 91.2 115.3 119.4 137.8 181.3 56,817 

82.4 131.3 174.5 190.6 195.6 205.9 210.2 37,618 

58.4 101.0 120.7 155.2 181.3 197.1 208.8 67,513 

72.8 110.3 142.0 176.4 210.4 192.7 231.8 53,987 

57.9 84.9 114.0 128.6 150.4 163.3 182.3 63,765 



Table 3.4.1 Herring in Division Illa, Illb and Ille. 
Samples of commercial catches by Sub-Div., Country and 
quarter for 1998 available to the W orking Group. 

Country Quarter Landings Number of Number of Number of 
in '000 tons sam(!les fish meas. fish a~cd 

Skagerrak Denmark l 0.3 6 426 309 
2 0.4 4 18 16 
3 7.2 22 1,932 550 
4 2.4 31 1,705 1,054 

Total 10.3 63 4,081 1,929 
Norway 

2 3.0 2 200 200 
3 5.0 
4 

8.0 2 200 200 
Sweden l 2.0 6 1,433 302 

2 1.7 9 1,951 627 
3 20.6 17 l ,578 556 
4 22.6 18 2,997 906 

Total 46.9 50 7,959 2,391 

Kattegat Dcnmark l 5.8 7 859 401 
2 0.5 3 582 304 
3 3.6 3 591 135 
4 4.6 7 1,394 436 

Total 14.5 20 3,426 1,276 
Swcdcn 11.9 14 2,692 915 

2 3.0 l 332 91 
3 9.1 13 421 259 
4 5.9 4 803 360 

Total 29.9 32 4,248 1,625 

Sub-Division Denmark l 9.6 3 580 55 
22-24 2 8.0 8 1,727 333 

3 13.2 8 1,063 227 
4 12.7 4 899 326 

Total 43.5 23 4,269 941 
Germany l 4.9 15 3,781 1,050 

2 4.0 17 5,305 1,5R2 
3 + 
4 O.l 

Total 9.0 32 9,086 2,632 
Pol and l 1.8 

2 4.1 Not rcported 
3 0.3 
4 0.4 

Total 6.6 o o o 
Sweden l 2.2 

2 0.7 
3 1.2 12 2,742 766 
4 0.4 

Total 4.5 12 2,742 766 

Total 173.2 234 36,011 11,760 
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Table 3.4.2 Mean venebral counts (VS) for the three major spawning types of herring in the Skagerrak (20). the 
Kattegat (21) and the Sound (23) during 1990-1998. Figures in bold italics are mean VS counts for spring 
spawners statistically different from WBSS VS of 55.8 

1st Quaner 
IA~e 0-4+ Subd. l mean VS l n l variance(VS) 

Autumn Winter Spring Autumn Winter Spring Total Autumn Winter Spring 
l 20 56.18 56.00 57.00 55 l 2 58 0.45 0.00 

21 56.51 56.17 56.00 41 6 Il 58 0.56 0.57 0.60 
23 57.00 2 2 0.00 

2 20 56.55 57.07 56.42 55 15 24 94 0.36 0.50 0.60 
21 56.51 56.45 56.17 47 Il 53 lll 0.56 0.27 0.53 
23 57.00 55.67 2 3 5 0.00 0.33 

3 20 56.67 55.50 55.60 6 2 5 13 0.67 4.50 0.80 
21 55.00 55.00 56.00 l l 17 19 0.38 
23 56.00 6 6 0.80 

4+ 20 56.67 56.50 55.33 9 2 3 14 1.00 0.50 0.33 
21 55.00 55.85 l 13 14 0.97 
23 56.50 2 2 0.50 

Overall 56.44 56.55 56.11 219 38 139 396 0.52 0.74 0.60 

3rd Quaner 
lAge 0-4+ Subd. l mean VS l n l variance(VS) 

Autumn Winter Spring Autumn Wintcr Spring Total Autumn Wintcr Spring 
l 20 56.35 56.00 56.22 34 4 9 47 0.48 0.67 0.94 

21 56.55 57.00 55.73 Il 2 Il 24 0.47 0.00 0.62 
23 55.50 57.00 55.89 2 l 9 12 0.50 I.l l 

2 20 56.33 57.00 55.74 3 3 27 33 0.33 1.00 0.51 
21 55.50 57.00 56.05 2 3 20 25 0.50 1.00 0.58 
23 55.84 19 19 0.25 

3 20 56.00 56.25 l 4 5 0.25 
21 56.00 55.80 l 15 16 0.31 
23 55.50 2 2 0.50 

4+ 20 56.00 7 7 0.33 
21 57.00 55.73 l li 12 0.42 
23 55.60 5 5 0.80 

Overall 56.31 56.71 55.86 54 14 139 207 0.48 0.68 0.51 

174 



Table 3.5.1 German Bottom Trawl Survey in Sub·Div. 24. 
Young Fish survey in November/December 
Mean Herring catch at age in numbers per haul. 

Year Month Winter rin25 Total Meancatch 
o l 2 3+ numbers (kg) 

1979 Nov. 8,665.90 240.47 103.36 10.33 9,020.06 89.61 
1981 Nov. 332.63 96.79 60.05 21.30 510.77 16.36 
1982 Dec. 695.71 108.21 70.63 34.72 909.27 24.57 
1983 Dec. 1,995.97 387.11 63.71 46.11 2,492.90 46.68 
1984 Nov. 1,581.66 377.15 88.03 24.26 2,071.10 39.79 
1985 Nov. 3,085.64 340.92 169.95 74.76 3,671.27 45.99 
1986 Dec. 2,984.47 368.35 46.41 69.30 3,468.53 44.42 
1989 Nov. 2,881.81 319.38 48.99 55.12 3,305.30 47.76 
1990 Nov. 103.92 14.79 21.69 32.90 173.30 7.09 
1991 Nov. 117.38 134.20 103.14 144.63 499.35 27.16 
1992 Nov. 233.85 88.05 57.15 113.58 492.63 19.86 
1993 Nov. 1,116.34 25.09 50 .Dl 476.29 1,667.30 53.97 
1994 Nov. 1,020.49 13.21 73.47 583.23 1,690.40 79.34 
1995 Nov. 635.09 33.22 47.97 324.98 1,041.27 47.53 
1996 Nov. 514.52 36.12 49.04 349.44 949.12 25.82 
1997 Nov. 627.20 66.33 93.57 126.50 913.60 18.30 
1998 Nov. 4,651.43 273.67 146.42 563.65 5,635.18 88.85 

Table 3.5.2 German Bottom Trawl Survey in Sub-Div. 22. 
Young Fish survey in November/December 
Mean Herring catch at age in numbers per hau!. 

Year Month Winter rin~ Total Mean catch 
o l 2 3+ numbers (kg) 

1979 Nov. 3,561.79 1,358.84 137.11 7.68 5,065.42 86.91 
1981 Nov. 1,033.40 118.85 28.35 9.10 1,189.70 17.69 
1982 Dec. 354.00 239.45 44.50 26.20 664.15 19.97 
1983 Dec. 7,917.00 834.70 80.10 29.50 8,861.30 117.51 
1984 Nov. 6,596.32 1.830.32 150.47 40.47 8,617.58 147.45 
1985 Nov. 3,506.20 958.80 219.80 25.25 4,710.05 83.38 
1986 Nov. 6,863.75 175.35 16.55 5.60 7,061.25 54.18 
1989 Nov. 10,587.70 1,444.50 117.75 76.45 12,226.40 176.53 
1992 Nov. 572.68 87.68 19.16 17.26 696.78 13.13 
1993 Nov. 8,419.70 1,644.05 1,293.70 898.10 12,255.55 301.71 
1994 Nov. 2,158.10 317.35 1,588.45 326.35 4,390.25 135.65 
1995 Nov. 1,226.63 158.75 29.00 123.31 1,537.69 3l.l7 
1996 Nov. 8.76 193.71 101.24 57.76 361.47 15.23 
1997 Nov. 11,289.45 2,196.45 257.75 159.90 13,903.55 209.24 
1998 Nov. 3,042.10 597.05 113.40 112.50 3,865.05 70.79 
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Table 3.5.3 German Bottom Trawl Survey in Sub·Div. 22 and 24. 
Young Fish survey in November/December 
Mean Herring catch at age in numbers per haul. 

Sum wei&hted bj; area of sub-division : 
Area of24 is 2325 sq.nm 
Area of22 is 485 sq.nm 
Total 2810 S!J.niD 

Year Month Winter rings Total Mean catch 
o l 2 3+ numbers (kg) 

1979 Nov. 7784.9 433.5 109.2 9.9 8337.5 89.1 
1981 Nov. 453.6 100.6 54.6 19.2 628.0 16.6 
1982 Dcc. 636.7 130.9 66.1 33.2 867 .O 23.8 
1983 Dcc. 3017.9 464.4 66.5 43.2 3592.1 58.9 
1984 Nov. 2447.2 628.0 98.8 27.1 3201.0 58.4 
1985 Nov. 3158.2 447.6 178.6 66.2 3850.6 52.4 
1986 Nov. 3654.0 335.0 41.3 58.3 4088.6 46.1 
1989 Nov. 4211.8 513.6 60.9 58.8 4845.1 70.0 
1992 Nov. 292.3 88.0 50.6 97.0 527.9 18.7 
1993 Nov. 2376.9 304.5 264.7 549.1 3495.2 96.7 
1994 Nov. 1216.8 65.7 335.0 538.9 2156.4 89.1 
1995 Nov. 737.2 54.9 44.7 290.2 1126.9 44.7 
1996 Nov. 427.2 63.3 58.0 299.1 847.7 24.0 
1997 Nov 2467.5 434.0 121.9 132.3 3155.6 51.3 
1998 Nov 4373.7 329.5 140.7 485.8 5329.7 85.7 

Table 3.5.4 German Bottom Trawl Survey in January/February in Sub·Div. 24. 
Mean catch at age in numbers per haul. 

Year Winter rings Total 
l 2 3 4 5 6 7 8+ numbers 

1979 1597.6 702.2 106.5 23.0 4.9 0.0 0.5 0.0 2434.7 
1981 1038.7 642.8 67.9 54.9 13.0 1.4 0.4 0.6 1819.7 
1984 4865.4 1094.8 153.7 32.0 11.4 0.8 0.6 0.0 6158.7 
1985 3018.3 3253.6 1012.2 307.8 87.9 38.8 8.8 0.8 7728.2 
1986 7585.8 514.0 386.7 85.4 20.0 10.5 3.6 0.9 8606.9 
1987 712.9 338.1 154.7 201.7 51.2 21.2 2.6 0.9 1483.3 
1988 5031.7 2553.0 291.6 31.8 20.9 4.4 1.6 0.2 7935.2 
1989 6654.5 2099.3 612.6 103.7 21.8 6.1 5.7 1.3 9505.0 
1990 4568.5 1393.1 124.4 52.1 4.4 8.5 0.8 0.2 6152.0 
1991 1961.0 636.2 261.4 87.1 34.5 8.8 2.0 2.1 2993.1 
1992 2778.1 820.6 251.2 79.7 26.8 9.7 3.1 I.l 3970.3 
1993 959.9 371.2 94.8 61.3 44.4 13.9 5.6 l. O 1552.1 
1994 996.3 214.9 201.9 329.5 130.6 75.8 30.3 21.0 2000.3 
1995 1949.0 91.7 328.7 131.1 83.6 24.4 27.9 11.3 2647.7 
1996 1221.7 188.9 83.3 87.9 86.7 41.4 33.3 35.2 1778.4 
1997 1163.1 206.0 395.8 163.5 61.2 32.6 23.2 28.4 2073.7 
1998 2253.7 836.3 321.1 74.4 33.1 15.5 10.2 7.1 3551.4 
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Table 3.5.5 

Table 3.5.6 

International Bottom Trawl Survey in Division llla in quarter l. 

Year 

1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 

Mean catch of spring spawning herring at age in number per hau! 

Winter rings 
2 3+ 

307 162 
1318 349 
445 196 
946 240 

1419 445 
1867 2037 
1562 1897 
2921 1199 
7834 7084 

o 3989 
3192 508 
480 
771 
203 

o 
o 

1870 

3392 
1268 
264 

1148 
344 

o 
1997 * * 

_.!1::..99;:::8~----*---* * not available for this report 

International Bottom Trawl Survey in Division Illa in quarter 3. 
Mean catch of spring spawning herring at age in number per haul 

Year Winter rings 
l 2 3 4 5 

1991 214 214 234 80 88 
1992 o 333 199 156 52 
1993 o 333 44 44 61 
1994 o 190 213 83 66 
1995 1198 234 168 172 69 
1996 3240 1625 128 55 34 
1997 149 649 436 68 65 
1998 539 294 72 64 10 
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Table 3.5.7. Acoustic surveys on the Spring Spawning HERRING in the 
North Sea l Division Illa in 1989-1998 (July). 

Year 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 

178 

Numbers in millions 

W-rings 

o 31 

l 135 

2 1,105 l ,497 

3 714 549 

4 3!7 319 

5 81 110 

6 51 24 

7 16 JO 

8+ 4 5 

Total 2,288 2,680 

3+group 1,183 1,017 

3,853 

277 

1,864 2,092 

1,927 1,799 

866 1,593 

350 556 

88 197 

72 122 

10 20 

5,177 10,509 

3,313 4,287 

Biomass ('000 tonnnes) 

W-rings 

o 
l 

2 

3 

4 

5 

6 

7 

8+ 

Total 

3+ group 

W-rings 

o 
l 

2 

3 

4 

5 

6 

7 

8+ 

Total 

0.0 0.5 

0.0 6.8 

86.2 122.8 

83.5 59.8 

54.2 41.2 

16.0 15.8 

11.4 3.8 

3.4 1.8 

0.9 0.8 

255.7 252.7 

169.5 123.2 

Mean weight (g) 

78 

117 

171 

198 

211 

215 

226 

l l 1.6 

17 

50 

82 

109 

129 

144 

!59 

176 

!56 

95.8 

0.0 

0.0 

177.1 

219.7 

116.0 

51.1 

19.0 

13.0 

2.0 

597.9 

420.9 

95 

114 

134 

146 

216 

181 

200 

115.6 

34.3 

26.8 

169.0 

206.3 

204.7 

83.3 

36.6 

24.4 

5.0 

756.1 

560.3 

8.9 

96.8 

80.8 

114.7 

128.5 

149.8 

185.7 

199.7 

252.0 

123.9 

*The data from 1992-1996 were revised in 1997. 

372 

103 

2,768 

1,274 

598 

434 

!54 

63 

13 

5,779 

2,536 

7 

139 

l 12 

69 

65 

26 

16 

2 

436.5 

291.0 

4.0 

66.3 

50.1 

87.9 

116.2 

149.9 

169.6 

256.9 

164.2 

75.8 

964 

5 

413 

935 

501 

239 

186 

62 

34 

3,339 

1,957 

8.7 

0.4 

33.2 

114.7 

76.7 

41.8 

38.1 

13.1 

7.8 

325.8 

292.3 

9.0 

80.0 

80.3 

122.7 

153.0 

175. l 

205.0 

212.0 

230.3 

100.2 

2,199 

1,887 

1,022 

1,270 

255 

174 

39 

21 

6,867 

2,781 

77.4 

108.9 

102.6 

145.5 

33.9 

27.4 

6.7 

3.8 

506.2 

319.9 

35.2 

57.7 

100.4 

l 14.6 

132.9 

157.2 

172.9 

183.1 

73.7 

1,091 

1,005 

247 

141 

119 

37 

20 

13 

2,673 

577 

52.9 

87.0 

27.6 

17.9 

17.8 

5.8 

3.3 

2.7 

215.1 

75.2 

48.5 

86.6 

l l 1.9 

126.8 

149.4 

157.3 

166.8 

212.9 

80.5 

128 

715 

787 

166 

67 

69 

80 

77 

2,088 

1,245 

4.7 

52.2 

81.0 

21.5 

9.8 

9.8 

14.9 

13.6 

207.5 

150.6 

36.9 

73.0 

103.0 

129.6 

145.0 

143.1 

185.6 

178.0 

99.4 

138 

1,682 

901 

282 

l l 1 

51 

31 

53 

3,248 

1,428 

7.1 

136.1 

84.8 

35.2 

13.1 

6.9 

4.8 

9.0 

297.0 

153.7 

51.8 

80.9 

94. l 

124.7 

118.7 

135.9 

156.3 

168.0 

91.4 
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Table 3.5.8. Acoustic survey on the Spring Spawning Herring in Sub- divisions 22-24 in 1989-1998 
(September/October). 

Year 

W-rings 

o 
l 
2 

3 

4 

5 

6 

7 

8+ 

Total 

3+ group 

1989 1990 

Numbers in millions 

3,825 

2,137 

213 

161 

102 

23 

4 

3 

l 

6,469 

294 

21,157 

1,785 

892 

146 

79 

19 

8 

4 

2 

24,092 

258 

1991 

7,359 

3,224 

1,764 

1,437 

461 

174 

44 

24 

21 

14,508 

2,161 

Biomass ('000 tonnnes) 

W-rings 

o •• 287.7 

l 

2 

3 

4 

5 

6 

7 

8+ 

Total 

3+ group 

** 65.9 

** 56.2 

** 12.3 

** 7.6 

** 1.9 

** 0.9 

** 0.4 

** 0.2 

** 438.5 

** 23.4 

Mean weight (g) 

W-rings 

o 
l 

2 

3 

4 

5 

6 
7 

8+ 

Total 

* revised in 1999 

** no data available 

•• 
•• 
•• 
** 
•• 
•• 
•• 
•• 
•• 
•• 

13.6 

36.9 

63.0 

84.5 

96.6 

101.4 

112.2 

100.6 

102.5 

18.2 

•• 
•• 
•• 
•• 
** 
•• 
•• 
•• 
•• 
•• 
•• 

•• 
** 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 

1992 1993* 1994* 1995* 1996* 1997* 

3,412 

1,658 

657 

282 

!56 

37 

25 

4 

6,231 

504 

53.2 

61.3 

39.6 

20.6 

14.4 

4.6 

3.3 

0.7 

197.7 

43.6 

15.6 

37.0 

60.2 

73.0 

92.1 

125.6 

132.0 

168.1 

31.7 

1,079 

452 

409 

536 

417 

133 

56 

32 

14 

3,129 

1,189 

15.8 

16.1 

18.2 

33.5 

26.5 

14.1 

8.0 

3.2 

2.4 

137.9 

87.8 

14.7 

35.7 

44.5 

62.6 

63.4 

106.2 

142.6 

101.1 

164.1 

44.1 

5,613 

419 

760 

495 

413 

180 

61 

25 

3 

7,967 

1,176 

62.3 

14.6 

35.1 

37.2 

40.2 

22.9 

12.9 

5.7 

0.7 

231.7 

119.7 

11.1 

34.8 

46.2 

75.3 

97.3 

127.8 

209.8 

230.9 

269.4 

29.1 

4,968 

1,372 

365 

387 

429 

306 

149 

53 

36 

8,066 

1,360 

52.6 

46.9 

24.5 

35.4 

51.5 

37.2 

18.6 

11.5 

8.5 

286.7 

162.7 

10.6 

34.2 

67.2 

91.4 

120.1 

121.4 

125.0 

217.2 

234.4 

35.5 

1,797 

1,188 

516 

410 

287 

273 

115 

46 

16 

4,649 

1,147 

14.6 

35.8 

29.7 

32.2 

22.5 

34.7 

16.4 

6.7 

2.5 

195.1 

115.1 

8.1 

30.1 

57.5 

78.7 

78.5 

127.1 

142.3 

145.4 

158.5 

42.0 

3,276 

1,769 

551 

395 

162 

118 

97 

30 

40 

6,436 

841 

34.8 

47.2 

32.8 

36.9 

22.4 

16.4 

14.0 

4.9 

8.8 

218.3 

103.5 

10.6 

26.7 

59.7 

93.5 

138.7 

139.6 

144.6 

165.6 

219.7 

33.9 

1998 

3,655 

811 

658 

404 

265 

113 

60 

24 

9 

5,999 

875 

35.6 

35.3 

45.9 

34.4 

28.4 

12.3 

6.6 

3.6 

2.1 

204.2 

87.5 

9.7 

43.5 

69.6 

85.1 

107.2 

109.3 

110.7 

149.0 

231.3 

34.0 
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Table3.5.9 
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Environmental Impact Monitoring: Biomass and abundance estimates of herring in the 
Sound (SD 23) during the period Sept. 1993 to May 1998 (Nielsen et al. 1998) 

Year* Month Biomass Abundance 

(l) (N in millions) 

1993 Sept. 118 832 1151.44 

Oct. 87 794 792.08 

Dec. 65 462 680.47 

1994 Jan. 77 421 674.29 

Febr. 91061 835.97 

Mar. 15 933 132.Q2 

Apr. 5 609 51.30 

O et. 83 609 513.32 

Nov. 50049 320.D7 

Dec. 50795 314.88 

1995 Jan. 31 395 205.17 

Febr. 8 270 61.42 

Mar. 17703 127.22 

Apr. Il 511 86.91 

May lO 759 82.67 

Jul. l 548 24.80 

Aug. 65 075 370.40 

O et. 45,690 284.93 

1996 Mar. 34 989 207.56 

Apr. 19 069 113.07 

Oct. 90 595 839.50 

Nov. 88404 857.73 

1997 Mar. 58 406 553.13 

Apr. 56 554 537.45 

Nov. 163 184 1125.67 

1998 Mar. 62 144 608.93 

May 7 089 116.48 

* 1993-1997 revised in 1998 



Ta ble 3.5.1 O Estimation of the herring 0-Group (TL >=30 mm) 
Greifswalder Bodden and adjacent waters 
(March/April to June) 

Year Number in 
Millions 

1977 2000 
1978 1001 

1979 22001 

1980 3601 

1981 2001 

1982 1801 

1983 17601 

1984 2901 

1985 16701 

1986 15001 

1987 13701 

1988 12232 

1989 632 

1990 572 

1991 2363 

1992 183 

1993 1993 

1994 7882 

1995 171 2 

1996 31 2 

1997 542 

1998 22022 

1 Brielmann 1989 
2 not yct published 
3 Mtiller & K1enz 1994 
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Table 3.7.1 Western Baltic Herring: 
Input parameters for ICA 

/userslfishlifadlifapworklhawglher_3a22/CANUM.J07 
/userslfishlifad/ifapwork/hawglher_3a221WECA.I07 
Stock weights in 1999 used for the year 1998 

/u sees/fis hli fad/i fapwork/hawg!her _ 3a221WEST. 107 
Natural mortality in 1999 used for the year 1998 

/users/fishlifadlifapwork/ha wg!her_3a22/NA TM OR .107 
Maturity ogive in 1999 used for the year 1998 

/users/fishlifadlifapwork/hawglher _ 3a221MA TPROP .107 
No indices of spawning biomass to be used 
No ofyears for separable constraint? --> 6 
Reference age for separable constraint? --> 4 
Constant selection pattem model (Y IN)? -->y 
Sto be fixed on last age? --> l 
First age for calculation of reference F 7 --> 3 
Last age for calculation of reference F '! --> 6 
Use default weighting (Y IN)? -->y 
Is the last age of FLT03: Acoustic Survey in Div Jlla+lVaE a plus­

group (Yl--> y 
Is the last age of FLT04: Acoustic Survey in Sub div 22-24 a plus­

group (Yl--> y 
You must choose a catchability mode.l for each index. 

Models: A Absolute: lndex = Abundance . e 
L Linear: Index = Q. Abundance . e 
P Power: Index = Q. Abundancc" K .e 

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

Model for FLT03: Acoustic Survey in Div llla+IVaE is to be A/UP 
? -->l 
Model for FLT04: Acoustic Survcy in Suh div 22-24 is to be NUP? 

-->l 
Fit a stock-recruit relationship (Y IN)? --> n 
Enter lowest feasible F --> .05 
Enter highest feasible F --> 1 

No of years for. separable analysis : 6 
Age range in the analysis : 3 ... 8 
Year range in the analysis : 1991 ... 1998 
Nurnber of indiccs of SSB :O 
Number of age-structured indices : 2 
Parameters to estimate : 31 
Number of observations: 125 
Conventional single selection vector model to be fitted. 

Survey weighting to be Manual (recommended) or Iterative (Mil) ? 
>m 
Enter weight for FLTOJ: Acoustic Survcy in Div IIIa+IVaE at age 3 

--> l 
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Enter weight for FLT03: Acoustic Survey in Div llla+IVaE at age 4 
--> l 
Enter weight fur FLT03: Acoustic Survey in Div Illa+IVaE at age 5 
--> l 
Enter weight for FL T03: Acoustic Survey in Div llla+IVaE at age 6 
--> l 
Enter weight for FLT03: Acoustic Survey in Div Illa+IVaE at age 7 
-->l 
Enter weight for FLT03: Acoustic Survey in Div llla+IYaE at age 8 
-->l 
Enter weight for FLT04: Acoustic Survey in Sub div 22-24 at age 3 

--> l 
Enter weight for FL T04: Acoustic Survey in Sub div 22-24 at age 4 
--> l 
Enter weight for FLT04: Acoustic Survey in Sub div 22-24 at age 5 
-->l 
Enter weight for FLT04: Acoustic Survey in Sub div 22-24 at age 6 

--> 1 
Enter wcight for FLT04: Acoustic Survey in Sub div 22-24 at age 7 
-->l 
Enter weight for FLT04: Acoustic Survey in Sub div 22-24 at age 8 
-->l 

Enter estimates of the extent to which crrors 
in the age-structurcd indices are correlated 
across ages. This can be in the range O (independence) 
to l (correlated errors). 
Enter value for FLT03: Acoustic Survey in Div Illa+lVaE --> l 
Enter value for FLT04: Acoustic Survey in Sub div 22-24 --> l 
Do you want to shrink the final fishing mortality (Y IN) ? --> n 
Seeking solution. Plea.~e wait. 

Agcd index weights 
FLT03: Acoustic Survcy in Div Illa+IVaE 
Age 345678 
Wts: .167 .167 .167 .167 .167 .167 
FL T04: Acoustic Survey in Sub div 22-24 
Age 345678 
Wts: .167 .167 .167 .167 .167 .167 
SSQ --- > 6.25088690746726 
SSQ --- > 6.26997238334916 
SSQ --- > 6.26845010610214 
Computing covariance matrix. Please wait 
Fin 1998 at age 4 is .266077 in iteration l 
Oetailed, Nonna! or Summary output (DfN/S) --> n 
Output page width in characters (e.g. 80 .. 132)? --> 80 
Es ti mate historical assessment uncertalnty ? --> n 
Succesful exit from ICA 



Table. 3.7.2 WESTERN BALTIC HERRING .. Input to ICA. Catch in number (millions) 
------+--------------------------------~-------------------------------
AGE l 1991 1992 1993 1994 1995 1996 1997 1998 
------+-------------------------------------------------------------~--

3 631.90 360.20 441.64 409.55 255.67 214.73 239.22 196.82 
4 289.60 317.80 268.45 273.07 193.56 159.08 77.29 170.39 
5 176.40 173.80 214.11 171.04 106.87 130.18 42.40 50.77 
6 48.30 130.40 105.47 119.94 55.59 66.93 39.81 27.51 
7 13.80 48.30 66.07 49.86 32.11 31.23 20.94 16.02 
8 4.90 22.00 22.37 32.87 18.63 25.55 24.17 15.63 

------+----------------------------------------------------------------

Table. 3.7.3WESTERN BAL Tl C HERKING. Input to ICA. Mean weight in catch (kg) 
------+----------------------------------------------------------------
AGE l 1991 1992 1993 1994 1995 1996 1997 1998 
------+----------------------------------------------------------------

3 .09500 .09100 .10000 .10300 .10700 .09600 .11900 .09700 
4 .11600 .11200 .11400 .12200 .12600 .11900 .14300 .12400 
5 .13800 .13800 .13400 .14000 .15700 .13100 .16600 .14100 
6 .15100 .16000 .16300 .15500 .17000 .13600 .18300 .16900 
7 .16900 .17200 .17600 .16900 .20600 .15100 .19800 .16700 
8 .18000 .18900 .18800 .18500 .21500 .18900 .20900 .18900 

------+----------------------------------------------------------------

Table. 3.7.4 WESTERN BALTIC HERKING. Input to ICA. Mean weight in stock (kg) 
------+----------------------------------------------------------------
AGE l 1991 1992 1993 1994 1995 1996 1997 1998 
------+----------------------------------------------------------------

3 
4 
5 
6 
7 
8 

.07800 

.10400 

.11100 

.13700 

.14100 

.14300 

.08200 

.10600 

.12900 

.15900 

.17100 

.18700 

.08300 

.11100 

.13700 

.15800 

.17900 

.18600 

.08400 

.10800 

.13900 

.15700 

.17700 

.20300 

.07500 

.13300 

.16800 

.18900 

.21000 

.23400 

.08800 

.12200 

.12700 

.16600 

.17800 

.14900 

.10600 

.13200 

.16500 

.19400 

.20900 

.22600 

.08300 

.11200 

.13300 

.16800 

.16800 

.18400 
------+----------------------------------------------------------------

Table. 3. 7.5 a WESTERN BALTIC HERKING. Input to ICA. 
AGE· STRUCTURED INDICES. 
FLT04: Acoustic Survey in Div Illa, Ages 3-S+(Catch: Number) 

------+----------------------------------------------------------------
AGE 1991 1992 1993 1994 1995 1996 1997 1998 
------+----------------------------------------------------------------

3 1927.0 1799.0 1274.0 935.0 1022.0 247.0 787.0 901.0 
4 866.0 1593.0 598.0 501.0 1270.0 141.0 166.0 282.0 
5 350.0 556.0 434.0 239.0 255.0 119.0 67.0 111.0 
6 88.0 197.0 154.0 186.0 174.0 37.0 69.0 51.0 
7 72.0 122.0 63.0 62.0 39.0 20.0 80.0 31.0 
8 10.0 20.0 13.0 34.0 21.0 13.0 77.0 53.0 

------+----------------------------------------------------------------

Table. 3.7.5 b WESTERN BAL TIC HERKING. Input to ICA. 
AGE· STRUCTURED INDICES. 
FLT05: Acoustic Survey in Sub-div. 22-24, Ages 3·8+ (Catch: Number) 

------+----------------------------------------------------------------
AGE l 1991 1992 1993 1994 1995 1996 1997 1998 
------+----------------------------------------------------------------

3 1434.0 282.0 536.0 495.0 387.0 410.0 395.0 404.0 
4 461.0 156.0 417.0 413.0 429.0 287.0 162.0 265.0 
5 174.0 37.0 133.0 180.0 306.0 273.0 118.0 113.0 
6 44.0 25.0 56.0 61.0 149.0 115.0 97.0 60.0 
7 24.0 4.0 32.0 25.0 53.0 46.0 30.0 24.0 
B 21.0 ******* 14.0 3.0 36.0 16.0 40.0 9.0 

------+----------------------------------------------------------------
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Table. 3.7.6WESTERN BAL TIC HERRING. Output from l CA. 
FISKING MORTALITY (per year) 

------+----------------------------------------------------------------
AGE l 1991 1992 1993 1994 1995 1996 1997 1998 
------+----------------------------------------------------------------

3 .43279 .32651 .45537 .51923 .35598 .47105 .25626 .24899 
4 .40298 .40469 .48663 .55487 .38041 .50339 .27385 .26608 
5 .36625 .45175 .51622 .58861 .40355 .53400 .29050 .28226 
6 .25453 .50821 .52003 .59296 .40653 .53794 .29265 .28434 
7 .32880 .43537 .48663 .55487 .38041 .50339 .27385 .26608 
8 .32880 .43537 .48663 .55487 .38041 .50339 .27385 .26608 

------+----------------------------------------------------------------

Table. 3.7.7WESTERN BAL TIC HERRING. Output from l CA. 
POPULATION ABUNDANCE ( millions)- l January 

------+-------------------------------------------------------------------------
AGE l 1991 1992 1993 1994 1995 1996 1997 1998 1999 
------+-------------------------------------------------------------------------

3 1970.4 1419.0 1476.4 1257.1 755.2 650.9 1077.7 963.7 976.0 
4 956.9 1046.5 838.1 766.6 612.4 433.1 332.7 682.9 615.1 
5 630.8 523.6 571.6 421.8 360.4 342.7 214.3 207.2 428.5 
6 236.1 358.1 272.9 279.3 191.7 197.1 164.5 131.2 127.9 
7 54.0 149.9 176.4 132.8 126.4 104.5 94.2 100.5 80.9 
8 19.2 68.3 63.5 84.4 64.6 70.7 110.8 73.5 109.2 

------+-------------------------------------------------------------------------

Table. 3.7.8WESTERN BALTIC HERRING. Output from ICA. 
STOCK SUMMARY 

Year Recruits Total ' Spawning: Landings Y i eld Mean F SoP ' Age 3 Biomass ' Biomass ' /SSB Ages 
' ' thousands tonn es ' tennes ' tonnes ratio 3- 6 (%) 
' ' 

1991 1970420 365950 290589 191500 .6590 .3641 149 
1992 1418950 390164 319403 168000 .5260 .4228 133 
1993 1476380 380389 308386 171000 .5545 .4946 125 
1994 1257080 331509 267040 164000 .6141 .5639 123 
1995 755170 276499 232653 173187 .7444 .3866 195 
1996 650930 215495 177092 130470 . 7367 . 5116 173 
1997 1077670 270170 219584 105131 . 4788 .2783 166 
1998 963670 236476 193447 117752 .6087 .2704 204 

Table. 3.7.9WESTERN BALTIC HERRING. Output from ICA. 
PARAMETER ESTIMATES 

:Parm.: Maximum ' ' Mean of ' ' ' No. ' Likelh. ' CV ' Lower Upper -s.e. +s.e. Param. ' ' ' ' ' ' Estimatei {%) : 95% CL 95% CL Distrib. ' ' Separable rnodel ' F by year 
l 1993 .4866 14 .3665 .6461 . 4211 .5623 .4917 
2 1994 .5549 14 .4201 .7329 . 4814 .6395 .5605 
3 1995 .3804 15 .2830 . 5114 . 3271 .4424 .3848 
4 1996 .5034 15 . 3695 .6859 .4299 .5894 . 5097 
5 1997 .2738 18 .1900 . 3947 .2273 .3300 .2786 
6 1998 .2661 21 .1748 .4049 .2148 .3296 .2723 

Separable Model: Selection (S) by age 
7 3 .9358 14 .7030 l. 2456 .8087 l. 0828 .9458 

4 l. 0000 Fixed : Reference Age 
8 5 1.0608 12 . 8247 l. 3 646 .9329 1.2062 l. 0696 
9 6 1.0686 12 .8375 1.3636 .9437 l. 2101 1.0769 

7 l. 0000 Fixed ' Last true age 
Separable model: Populations in year 1998 

lO 3 963674 27 558039 1664163 729250 1273456 1001847 
11 4 682866 21 446843 1043557 550004 847823 699040 
12 5 207161 19 141368 303573 170465 251756 211136 
13 6 131245 19 90020 191348 108278 159083 133696 
14 7 100509 19 68026 148503 82359 122659 102522 

separable model: Populations at age 
15 1993 176362 24 108948 285491 137936 225494 181769 
16 1994 132817 19 90351 195241 109115 161666 135407 
17 1995 12 63 85 18 87900 181719 105010 152110 128572 
18 1996 104520 17 73480 148672 87322 125105 106223 
19 1997 94217 19 64375 137892 77577 114425 96013 
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Table. 3.7.10 WESTERN BAL TIC HERRING. Output from l CA. 
Age-structured index catchabilities 

FLT04: Acoustic Survey in Div ~Xia+rvaE 
Linear rnodel fitted. Slepes at age : 

20 3 Q .1227E-02 23 .9776E-03 .2476E-02 .1227E-02 .1972E-02 .1600E-02 
21 4 Q .1082E-02 23 .8623E-03 .2177E-02 .1082E-02 .1736E-02 .1409E-02 
22 5 Q .8375E-03 23 .6662E-03 .1697E-02 .8375E-03 .1349E-02 .1094E-02 
23 6 Q .6852E-03 24 .5417E-03 .1414E-02 .6852E-03 .1118E-02 .9018E-03 
24 7 Q .6992E-03 25 .5476E-03 .1486E-02 .6992E-03 .1164E-02 .9317E-03 
25 8 Q .5444E-03 24 .4303E-03 .1124E-02 .5444E-03 .8883E-03 .7166E-03 

FLTOS: Acoustic Survey in Sub div 22-24 
Linear model fitted. Slopes at age : 

26 3 Q .6745E-03 23 .5365E-03 .1366E-02 .6745E-03 .1087E-02 .8809E-03 
27 4 Q .7329E-03 23 .5833E-03 .1481E-02 .7329E-03 .1179E-02 .9562E-03 
28 5 Q .6207E-03 24 .4928E-03 .1264E-02 .6207E-03 .1003E-02 .8123E-03 
29 6 Q .4996E-03 24 .3940E-03 .1039E-02 .4996E-03 .8194E-03 .6597E-03 
30 7 Q .3581E-03 25 .2797E-03 .7666E-03 .3581E-03 .5989E-03 .4787E-03 
31 8 Q .3899E-03 26 .3014E-03 .8621E-03 .3899E-03 .6665E-03 .5284E-03 

Table. 3.7.11 WESTERN BALTIC HERRING. Output from ICA. 
RESIDUALS ABOUT THE MOD EL FIT Separable Model Residuals 
(log(Observed Catch)-log(Expected Catch)) 

------+------------------------------------------------
Age l 1993 1994 1995 1996 1997 1998 
------+------------------------------------------------

3 -.1104 -.1279 .2150 -.0394 .0759 .0180 
4 -.0945 -.0894 .0910 .0160 .0630 .1598 
5 .0160 -.0041 -.0214 .0040 -.1490 .0902 
6 .0418 .0477 -.0498 -.1135 .0462 -.0725 
7 .0622 -.0369 -.1275 -.1905 .0188 -.2885 

------+------------------------------------------------

Table. 3.7.12 WESTERN BALTIC HERRING. Output from ICA. 
Aged lndex Residuals: log(Observed Index) -log(Expected lndex) 

FLT04: Acoustic Survey in Div IIIa+IVaE 
------+----------------------------------------------------------------
Age 1991 1992 1993 1994 1995 1996 1997 1998 
------+----------------------------------------------------------------

3 .168 .361 .057 -.051 .445 -.755 -.234 .008 
4 .198 .719 .013 -.032 1.013 -.761 -.478 -.672 
5 -.058 .645 .349 .102 .209 -.422 -.679 -.145 
6 -.325 .223 .256 .467 .660 -.833 -.183 -.264 
7 .975 .549 -.243 .068 -.455 -.856 .490 -.527 
8 .287 -.223 -.549 .171 -.152 -.645 .540 .573 

------+----------------------------------------------------------------
FLT05: Acoustic survey in Sub div 22-24 
------+----------------------------------------------------------------
Age l 1991 1992 1993 1994 1995 1996 1997 1998 
------+----------------------------------------------------------------

3 .582 -.801 -.095 .037 .170 .468 -.245 -.116 
4 .063 -1.109 .162 .296 .419 .462 -.030 -.263 
5 -.358 -1.651 -.408 .256 .796 .837 .272 .257 
6 -.623 -1.401 -.314 -.193 .927 .746 .560 .299 
7 .638 -2.088 -.130 -.039 .622 .769 .262 -.032 
8 1.455 ******* -.022 -1.791 .822 .019 .302 -.785 

------+----------------------------------------------------------------

Table. 3. 7.13 WESTERN BALTIC HERRING. Output from ICA. 
PARAMETERS OF THE DISTRIBUTION OF In CATCHES AT AGE 

Separable model fitted from 1993 
Variance 
Skewness test stat. 
Kurtosis test statistic 
Partial chi-square 
Significance in fit 
Degrees of freedorn 

to 1998 
.0306 

-1.6720 
.4246 
.0303 
.0000 

11 
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Table. 3.7.14 WESTERN BAL TIC HERRING. Output from l CA. PARAMETERS OF THE 
DISTRIBUTION OF THE AGE-STRUCTURED INDICES 

DISTRIBUTION STATISTICS FOR FLT04: Acoustic Survey in Div IIIa+IVaE 
Linear catchability relationship assumed 
Age 3 4 
Variance .0235 .0677 

Skewness test stat. -1.0062 .3863 
Kurtosis test statisti .0892 -.6382 
Partial chi-square .0254 .0775 
Significance in fit .0000 .0000 
Number of observations 8 8 
Degrees of freedom 7 7 
Weight in the analysis .1667 .1667 

5 
.0299 

-.1642 
-. 45 85 

.0397 

.0000 
8 
7 

.1667 

6 
.0398 

-.3320 
-.5044 

.0615 

.0000 
8 
7 

.1667 

7 
.0661 
. 2318 

-.7035 
.1243 
.0000 

8 
7 

.1667 

8 
.0362 

-.1312 
-.7994 

.0787 

.0000 
8 
7 

.1667 

DISTRIBUTION STATISTICS FOR FLTOS: Acoustic Survey in Subdiv 22-24 
Linear catchability relationship assurned 
Age 3 4 

Variance . 0312 . 043 O 
Skewness test stat. -.4901 -1.5852 
Kurtosis test statisti -.1797 .5339 
Partial chi-square .0347 .0507 
Significance in fit .0000 .0000 
Number of observations B 8 
Degrees of freedorn 7 7 
Weight in the analysis .1667 .1667 

5 
.1086 

-1.1641 
.1296 
.1488 
.0000 

8 
7 

.1667 

6 
.1025 

-. 5911 
-.4434 

.1660 

.0000 
8 
7 

.1667 

7 
.1389 

-1.8850 
.9387 
.2920 
.0001 

8 
7 

.1667 

Table. 3.7.15 WESTERN BAL TIC HERRING. Output from ICA. 
ANALYSIS OF V ARIANCE TABLE 

Unweighted Statistics 
Variance 

SSQ Data Parameters d.f. 
Total for model 35.9252 125 31 94 
Catches at age .3365 30 19 11 

Aged Indices 
FLT03o Acoustic Survey in Div IIIa+IVa 11.0568 48 6 42 
FLT04o Acoustic Survey in Sub div 22-2 24.5319 47 6 41 

Weighted Statistics 
Variance 

SSQ Data Parameters d.f. 
Total for model 1.3251 125 31 94 
Catches at age . 3365 30 19 11 

Aged Indices 
FLT03o Acoustic Survey in Div IIIa+IVa .3071 48 6 42 
FLT04o Acoustic Survey in Sub div 22-2 .6814 47 6 41 
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8 
.1864 

-.4217 
-.3087 

.4868 

.0020 
7 
6 

.1667 

Variance 
.3822 
.0306 

.2633 

.5983 

Variance 
.0141 
.0306 

.0073 

.0166 



Table 3.7.16 Western Baltic Herring.Output ffom Separable VPA. 
Shrinkage of F's over 7 years (Run 7) 
Fishing mortality (F) at age. 

Run title : Herring IIIa 22-24 (run: SEPTOM03/S03) 
At 22-Mar-99 09:57:49 

Traditional vpa Terminal populations from weighted Separable populations 

98 

Table 8 
YEAR, 

AGE 

3' 
4, 
5, 
6, 
7, 

+gp, 
FBAR 3- 7, 

Fishing mortality 
1991, 1992, 

.4493, .3635, 

.4176, . 4285, 

.3654, .4773, 

.3174, .5063, 

.3599, .6052, 

. 3599, .6052, 

.3819, .4762, 

(F) at 
1993, 

. 4729' 

.5075, 

.5782, 

.6024, 

. 523 9, 

.5239, 

.5370, 

age 
1994, 1995, 1996, 1997, 

.5171, .5196, .5751, . 3732, 

.6082, .4960, .7258, .4195, 

.7191, . 5121, .7452, .4290, 

.7637, .5430, . 7133, .5359, 

.6479, .4725, .6807, .5092, 

.6479, . 4725 • .6807, .5092, 

. 6512' .5086, . 6880, .4533, 

1998, 

.4441, 

.4987, 

. 5401, 

.5510, 

.4294, 

.4294, 

.4927, 

Table 3.7.17 Western Baltic Herring. Output from Separable VPA. Run 7. 
Matrix of residuals, fishing mortalities and selection-at-age 

Title : Herring IIIa 22-24 (run: SEPTOM03/S03) 
At 22-Mar-99 09:57:30 
Separable analysis 
from 1991 to 1998 on ages 3 to 7 
with Terminal F of .500 on age 4 and TerminalS of 1.000 
Initial sum of squared residuals was 3.206 and 
final sum of squared residuals is .768 after 49 iterations 

Matrix of Reaidualø 
Years, 1991/92,1992/93,1993/94,1994/95,1995/95,1996/97,1997/98, TOT, 

.002, 
-.001, 

. 001, 
-.001, 

3/ 4, .415, -.049, .062, -.158, .141, -.040, -.008, 
4/ 5, .162, -.032, -.061, -.066, -.029, .165, -.009, 
5/ 6, -.087, .026, .014, .064, -.011, -.027, -.042, 
6/ 7, -.573, .025, .005, .065, -.078, -.247, .254, 

TOT 
WTS 

-.003, 
.001, 

Fishing Mortalities (F) 

1991, 
F-values, .3609, 

Selection-at-age (S) 

3' 
s-values, .8919, 

.002, .001, .001, -.002, -.002, -.001, 

.001, 1.000, 1.000, 1.000, 1.000, 1.000, 

1992' 1993, 1994, 1995, 1996, 1997, 
.4346, .5267, .6550, .4973, . 6666' .4218, 

4, 5, 6, 7, 
1.0000, l. 0767' 1.1458, l. 0000' 

.119, 

1998, 
.5000, 

Table 3.7.18 Western Baltic Herring. Output from Separable VPA. Run 7. 
Fishing mortality residuals. 

Run title : Herring IIIa 22-24 (run: SEPTOM03/S03) 
At 22-Mar-99 09:57:33 

Traditional vpa Terminal populations from weighted Separable populations 

Fishing mortality residuals 
YEAR, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 
AGE 

3' .1274, -.0242, .0032, --0671, .0760, -.0194, -.0030, 
4, .0567, -.0061, -.0192, -.0468, -.0013, . 0591, -.0023, 
5, -.0232, .0094, .0111, . 0138, -.0234, .0275, -.0252, 
6, -.0961, .0083, -.0011, .0132, -.0268, -.0505, . 0526, 

7' -.0010, .1706' -.0028, -.0071, -.0248, .0141, .0874, 

1998 f 

-.0018, 
-. 0013, 

.0018, 
-.0219, 
-.0706, 

FBAR 96-

.4641, 

.5480, 

.5714, 

.6001, 

.5398, 

WTS, 
. 2 66, 
.488, 

1.000, 
.186, 
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FLT03: AcoustiC Survey in Div llla+IUaE 
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Figure 3.7.4d Western Bal tie Herring. Output from ICA: Tuning Diagnostics. 
Index 1: Acoustic Survey in Division llla, 1991-1998, Age group 6 
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Figure 3.7.4f Western Baltic Herring. Output from ICA: Tuning Diagnostics. 
Index 1: Acoustic Survey in Division llla, 1991-1998, Age group 8 
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FLT04: Acou&tic Survey in Sub div 22-2:4 Age 3 
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Figure 3. 7 .6b Landings in Division Illa and Sub-divisions 22 to 24 
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Landing data 
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Figure 3. 7.9 Age composition in total catch and surveys. 
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Figure 3.8.1: Trends in landings by age groups and estimates of SSB from the ICA run 7. 
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