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Introduction

1.1 Terms of reference
During the ICES 1997 Annual Science Conference (85 th StatutOlY Meeting) in Baltimore, USA, it was

decided (C. Res. 1997/2:34), that a Study Group on the Stock Structure of the Baltic Spring Spawning

Herring (SGSSBH) should meet at the Institute for Marine Research, Lysekil. Sweden from 12 to 16

January 1998 to:

a) fonnulate a migration model of Western Baltic spring-spawning herring that is consistent with

present knowledge and whieh can be used on a routine basis for assessment purposes. 1lle model

should be linked to the results of an evaluation of the methodology on separation of stocks;

b) compare the methodologies for stock discrimination by vertebrae counts or otolith analyses and

start to update the historical split between spring and autunm-spawning components in Division

lIla;

c) review and update catch at age and mean weight at age data for all fismng fleets timt catch herring

in Division IIIa and Sub-divisions 22-24. The task should include the possibility of a revised

sampling regime of affected fleets;

d) review and test consistency among existing results from research survey and adapt future sampling

to the requirements for validating the lnigration model.

1.2 Participation
1lle meeting was attended by:

Fredrik Arrhenius

Jorgen Dalskov (Chainnan)

Joacllim Gräger

Tomas Grähsler

Georgs Kornilovs

Johan Modin

Henrik Mosegaard

Bengt Sjöstrand

1.3 Background

Sweden

Denmark

Gennany

Germany

Latvia

Sweden

Denmark

Sweden

Herring caught in Division I1Ia is a mixture of North Sea autumn spawncrs and Battic spring spawncrs.

In assessment. all spring spawners caught in the eastem part of the North Sea, Skagerrak and Kattegat
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und Sub-division 22, 23 and 24 are considered to be one stock with spawning grounds round the island

Rügen in the Western Baltic area.

Since 1993, the Herring Assessment Working Group for the Area South of 62° N (HAWG) has

encountered severe problems in assessing the status of the spring spawning stock in Dhision IlIa and

Sub-division 22, 23 and 24. These problems have repeatedly been described over the past years by the

HAWG. The problems originate from two sources.

Firstly, year and age trends are in conOict between survey indices und the commercial catch data. Some

of the indices are internally inconsistent, ollen demonstrating negative mortality. Furtherrnore, tuning

of the catch data by individual sUIveys has resulted in conflicting estimates of SSB and fishing

mortalities.

The second cause for concern is the estimate of the proportion of North Sea autumn spawners in the

totallandings in the Sub-division 22-24 and Division IIIa. This proportion varies significantly between

years.

In view of the important consequences of applying the present splitting meÜlOd when cIassifying the

mixed stocks into NOrtll Sea auturnn spawners und Western Baltic spring spawners, the method had to

be reviewed and optionally replaced by other meÜlods.

At the HAWG meeting in 1997 (ICES CMI997/Assess:8) the problems listed above were addressed

and it was recommended, that a Study Group should initiate inter-sessionally work on the above issues.

2. Stock components of Western Baltic herrin~

2.1 General knowled~e

Herring in the Kattegat. Skagerrak und Western Baltic cun be separated into several autumn und spring

spamling stocks. The identilication of spawning components have been based on morphometric und

meristic dlaracters observed from sampIes at different spa,ming sites and seasons (e.g. Heinke. 1898;

Jenseil. 1957). Rosenberg and Palmen (1981) used "ertebrac counts (VS), numbers of keeled scales

and the Ist ,,-inter ring (Ist WR) on otoliths to identify seven sp3\ming components in the Kattegat,

Skagerrak and Western Baltic. They furtller used length distributions obtained during the IBTS survey

in 1980 to quantify the three main components of herring stocks in the Skagerrak and Kattegat: North

Sca autUllln spawners (NSAS), coastal Kattcgat Winter spawners (KWS) and spring spawners. The

latter could be further subdividcd into Skagerrak spring spawners (SSS) and Baltic spring spawners

(\VBSS).
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The herring in the western Baltic have been separated into three spring spawning and one autumn

spawning components (Aro, 1989). The Baltic Fisheries Assessment wa has laken a more holistic

approach and recognises at present only one spring spawning component in Sub-divisions 22 and 24;

the WBSS stock.

Knowledge of migration patterns and spatial distributions are schematic. The NSAS enters Skagerrak

and Kattegat as larvae (Johannessen & Moksness 1991) and migrates before maturation back to the

North Sea at an agc of 2-3 years (Rosenberg & Palmen, 1982). The WBSS spawns around thc Baltic

islands Rügen and is mixed with other Baltic spring spawners present in thc SW Baltic (Aro 1989). Tag

recaptures demonstrate that spent and some immature WBSS migrates northwards after spawning to

thc Sound, Üle Bell Sen, the KaUegat, the Skagermk and the North Sea (Biester, 1979). An unknO\m

proportion of thc adult herring remains in Üle SW Baltic. A return migration starting in Üle 3rd quarter

back to Üle spawning areas Mound Rügen can be inferred from lagging experiments in Üle Kattegat

(Ackefors, 1978). A souül\\'ard migration can also bc inferred from hydro-acoustic surveys in Üle

Sound during 1995 to 1996, which revealed large quantitics of herring in the Sound [rom September to

April.

Cross-fertilisation experiments between NSAS and WBSS suggest that meristic characters Iike VS

correlate inversely with prevailing temperatures of prehatched larvae (Hempel & Blaxter 1961). The

experimental results also indicate ülat this response to temperature might be inllerited. However,

genetic studies by various teclmiques have not confirmed genetic isolation between herring stocks

(Ryman et al., 1984; Dallie & Eriksen, 1990).

2.2 Stock scparation mcthods

Herring stocks in the Di\ision IIIa and Üle western BaItic have traditionally been separated by average

vertebrae (VS) counts (e.g. Jensen, 1957). Linear regression techniques and discriminant analysis have

been applied in order to estimate fractions of spring and autullm spa\mers in Di\ision lIIa (Gröger &

Gröhsler, 1995, 1996). It was assumed that the NSAS had a mean of 56.53 equal to üle observed VS, while

the WBBS was represented by a lower mean number of 55.62. However, oue Iocal spring-spa\,ning

herring, the SSS are represented by a higher mean VS, 57.0 (Rosenberg & Palmen, 1981). Tlterefore, the

estimate ofthe NSAS fraction will be inJ1ucllccd to an unknO\m e:-..1ent by the SSS stock component.

Johanncssen and Jorgensen (1992) uscd 15 morphometric and 4 meristic charactcrs in a multivariate

analysis to separate stocks in the North Sea, Di\ision lIIa and the western Baltic. Thcir study showed a

c1assification success of 90-95 %. Although the results are encouraging the approach would require a too

brge sampling for routine monitoring ofthe different stocks.

An leES study group in 1992 (ICES 1992fH:5) cvaluated the applicabitity of separation IIlcthods. TIle

group concludcd that a simple mod:ll Icngth analysis of the 2+ age groups lnight be precise enough for
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routine assessment purposes. In pmctice, modal length analysis has proved to be an imprecise measure

requiring a large sampling effort. Experience \\ithin the HAWG showed tlmt tlie separation procedure orten

failed. Instead, the method has been supplemented by linear regression tedmiques on VS counts. However,

the anlounts of herring catches tlmt was allocated to the NSAS stock Imve varied between 30 to 50% of

total annuaI landings during tlie last 10 years. Errors in tlie estimate oftllis \\ithdrawaJ. \\ill c1early affect

tlie quaIity oftlie assessment ofthe WBSS stock.

A potent separation method is based on tlie observation, that the diameter ofthe first Winter ring (annuIi),

on the otoliths of autumn spmmers, is significantly larger tlillO for spring spa\mers (Rosenberg & Palmen,

1982). The analysis of otolith annuIi has however not been applied on ..'1 routine basis in tlie Kattegat

Skagerrak area. New image analysis systems have improved tlle possibility for fast and reliable amlyses.

MicrostructuraI otolith analysis Imve, also been tested to separate spring and autumn spa\mers (Moksness

& Fossmn, 1991). Larval otOlitll gro\\th, wllich can be inferred from pritnaI)' increment \\idths on otolitllS

of aduIts, is significantly slower for autumn 5p<'1\\uers. Mosegaard & Popp-t..1adsen (1996) showed timt the

processillg speed of the analysis can be accelerated by image armlysis and training. The disadvanL1ge of ..'1

lower nmnber measurements comparcd \\üh the present sampling of VS are outweighed by ..'1 llighcr

precision.

Stock separation of herring in tlie Di\ision lIla and ncighbouring seas by genetic analysis (eOZ}lnes or

mitochondrial DNA) have not been succcssful (R)llilln et ..'11., 1984; Dahle & Eriksen, 1990) or at least not

conclusive (Naevdal et ..'11., 1997).

Lipid compositions in the heart tissues have been uscd to separate North Sea and Baltic herring \\ith some

success (GraIII-Nielsen & Ulvlund, 1990). The npproach seenlS to offer ..'1 potential for indi\idual

discrimination (ICES I9921H:5) but have not yet been developed as a routine tool.

2.3 Failure of the analysis of modallen~h- VS count method

A \\orkshop on methods to scpnrate nutumn and spring spawners was conducted (lCES 19921H:5) nflcr

a scries of failures using modallcngth analysis on 0- and I-groups in Division lIla. The 1992 workshop

rccommcndcd the llse of discriminant analysis on morphomctric dIameters, continuation of VS counts

llntil flIrther devclopment of othcr Illcthods. de\"clopment of otolith microstmcture analysis especially

on adult fish and evaluating discrimination by fatty acid analysis.

2.4 IIcrrin~ stocks as Ilcrcciwd hy the HA\VG

Catches of herring in the Division lIla (the Kattegnt and the Skagerrak) have in assessment relations

becn assigned to two main components:

6
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• The BalticlDivision IIIa spring spawners

• The North Sea autwnn spawners

Recent assessments of herring in Div IIIa and SV Baltic have been based on the assumption tlmt the

influence of local stocks on tlle herring dynamics Ims minor importance.

2.5 A rCl'iscd discrimination based on Swcdish and Danish herring sampies using VS counts.

In order to analyse the differences of two mixed herring populations in Div. lIla and to be able to

separate them two learning sampIes of vertebrae counts were laken in 1995. Theo!)', models, data and

results were presented in Gröger & Gröhsler (l995a,b, 1996).

Regression approach

The regression approach \vas perfonned as described in Gröger & Gröhsler (1995a, b, 1996) and can be

written in matrix algebra as:

x ß +11

where tlle design matrix X consists of a dummy coded variable, area (= area code) and a vector of ones.

The estimation of the regression coefficients ß= (X _X f X _VS was done by the ordinary least

squares technique (OLS) where tlle vector ß contains tlle two regression coefficients ä and "b. VS

means vertebra counts. The hats on ß, ä and b," indicate that these are estimators and not the

associated unknown exact values. For statistical and nmthematical details see Dh!)'mes 1985, Faluneir

et a1. 1984, Hartung et a1. 1989, Lütkepoh! 1992, Neter et al. 1985.

The identification oftlle above linear herring regression model was based on 396 observations from the

North Sea and 353 observations from tlle 8altic (two learning sampIes from 1995). The estimated OLS

parameters ofthe model are a = 56.53 for tlle intercept and b = 0.91 for the slope which corresponds to

a North Sea sampie meau of 56.53 and a Baltic sampie mean of 55.62. These values inserted into tlle

above equation gives
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VS (area) = 56.53 -0.91 xarea

01' inverted

~ ( ) _ 56.53 - VS newarea VSnew - .:c.:.;;..

0.91

"hieh forms the basis for all ealeulations earried out here in order to split given herring sampies into a

Baltie and a North Sea eomponent. This was done by inserting the sampie mean VS into the above

equation leading to the eorresponding proportion of BaItic herring individuals of the underlying

sampie. It is eomplement gives the proportion of North Sea herring.

TIle herring sampies, whieh were analysed during the study group meeting, are based on two time

series, one from Sweden (of the years 1991 to 1997) and one from Denmark (of the years 1984 to

1995). TIle ealculation units were hauls defined by year, quarter, area (either on the basis of ICES

reetangles or on thc basis ofthe three areas Skagerrak, Kattegat and Sound) and age dass. Additionally

the Swedish data on herring proportions were multiplied with associated eateh weights leading to

rcsuIts on proportions in eatch per wlit eITort tenns, CPUE, here given as weight in kg. Due to a model

artefaet in some eases the ealculations gave negative fraetions and probabilities, respeetively (see

Gröger & Gröhsler 1995a,b, 1996). Henee the following range eorrection was applied

/ ) /B I' )corr. [ Prop(Balti e) - Min (Prop(Balt ie)) ]rop (' aUe =
Max (Prop(Balt ie)) - Min (Prop(Balt ie))

}) (N.S )corr. _ [ Prop(N.s.) - Min (Prop(N.S.)) ]rop .. -
Max (Prop(N.S. )) - Min (Prop(Balt ie))

01'

Prop (N.S. forr. = 1 - Prop (Baltie forr

"hieh shifts the values Iinearly into the 10,1) inten'al ,ütJlOut changing tlle underlying shape of the

distribution (see Burkhart et al. 1974). The whole output is given in Appendix I.

f)iscriminan( ana{vsis

The linear approach has some disadvantages. One is the fact that negative fraetions may result. The

other is that the variability in the learning sampies are neglected.

s
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This is the reason why the calculation of herring proportions based on discriminant deeision mIes are

of a better statistical nature. The decision mIes used here are expressed as Maximwn Likelihood (ML)

distance functions with heterogeneous (non-pooled) group variances, one function for the Baltic

herring population, and anotller for tlle North Sea herring population (see eq. (4». They measure tlle

(average) number of vertebra of later routinely sampled herring (VSnew) as a difference from tlle mean

vertebra count of eiilier tlle Haltic (VSBaltie) or tlle North Sea herring population (VS N.S. )

d Baltie (VS new) = _!... (VS new - 55.62l 0.69-1(VSnew - 55. 62) - !...In I0.691
2 2

=-(VSnew-55.62/ xO.725 + 0.186

d N.S. (VSnew) = - ~ (VSnew-56.53l 0.50-1 (VSnew-56."53)- ~ In·1 0.50 I

=-(VSnew-56.53/ + 0.347

It can easily be seen tllat iliese distance functions contain tlle uncertainty of the learning sampies.

Simply spoken tlley are standardised through the inclusion of tlle associated inverse sampie variances

0.69.1 for tlle Baltic and 0.50.1 for tlle NOrtJl Sea (tlle TS mean tImt tlle associated column vectors are

transposed to row vectors and the II-sign means tlmt tltis is tIlC detenninant of tlle variance-covariance

matrix).

The decision mies (= distance functions) were tllen used to calculate so calied posterior probabilities as

expressed in the following equation.

e(dBaJtkfVS",.. ))

Prop (Baltic IVSnew) =--=,----=~
/ dBal';/VS",.. )) + / dNS,(VS.... ))

Prop (N.S.I VSnew) = 1- P(Baltic IVS new)

The basic idca of these posterior probabilities is to allocate a single herring into that group for whieh

this single herring receives the highest probability, i.e. for whieh tlle difTerence betwecn average and

indh'idual vertebra nwnber is sl1l3l\est and for whieh the (underlying) distance funetion is largest,

respectively.

In order to be comparable \vith historie procedures, sanIpIe means (not individual values) ofthe above

defined calculation units were inserted into tlle equation. Thc results can then be interpreted as the

9



herring proportion WiÜl "Baltic membership". Its complement gives Üle fraction of NOrtll Sea herring

individuals.

The relativei)' good discriminatol}' power of the decision rules was checked earlier b)' caIculating

nonparametric misclassification and error rates, respectively, through jack-knifing (for reclassification

purposes exactly one single herring from tJle calculation of the decision rules was left out) and

bootstrapping (whieh excludes not onl)' one but b)' random a larger subset of herring data from the

calculation of the decision rules for any reclassification). For furtller statistical and mathematical

details see Dhl}·mes 1985, Fahmeir et al. 1984, Hartung et al. 1989, Lütkepohl 1992, Neter et al. 1985.

Comparison ofboth methods

Both meÜlOds were compared by caIculating Üle VS for the above mentioned caIculation units on the

basis of leES rectangles. A regression analysis was perfomled to identify Üle relationship between Üle

linear and the corrected linear model, bet\veen the linear and the discriminant model, and between the

corrected linear and the discriminant model. In a11 three cases the fit was highly significant (p=O.OOO 1)

and was close to.a R2 of 1 which means Ülat only ..1 small amount ofunexplained variation was len. The

following 3 linear relationships were detennined:

•

Lill.Ball. Prop. = 1.018871 + 3.137306 X Discrim.Ball.Prop.

Corr.Lill.Balt.Prop. = 0.167243 + 0.878739 X Discrim.Ball.Prop.

Lill.Balt. Prop. = 1.6/4577 + 3.567794 xCorr.Li1l.Ball.Prop.

where the first and the second fit each received :m explained variation of about 98% (R2=0.9794 and

Rb O.9786) and the third fit of nearly 100% (R2=0.9994). Various F tests whether the deviations are

significant or not (i.e. whether in ..111 three cases the null hypotheses: intereept=O or slope= I, can be

rejected or not) lead to the conclusion that the deviations in each of the three cases were significant

(p=O.OOOI).

Obviously the bias (deviation) bet\\een thc splitting results of the corrccted linear model and the

diseriminant function model is smallest since with 0.17 the intercept is mueh doser to 0 and with 0.90

the slope is much doser to I thall in each of the t\\O other cases. The reason is that this type of

eorreetion can be seen as the indusion of an uncertainty and variation [aetor, respeetively, whieh is

standardizing the splitting values by its range. This is to some dcgree equivalent to a standardization

through the varianee. In case ofthe relationship between the uncorrected and the corrected linear model

10



the variance is smallest since tlle corrected herring proportions are notlling else than a linear

transfonnation (linear shirt) of the uncorrected values. I.e., this type of transformation does not change

tlle underlying distribution ofthe uncorrected values.

Appendix 1 shows the calculated proportion, using tlle Discrinlinant Model, of Western Baltic Spring

spawners and North Sea autwnn spawners in Swedish sampies collectcd in Skagcrrak, Kattegat and the

Sound for 1991-1997 . Appendix 2 shows the result from Danish sampies is shO\m for tllC years 1989

to 1995 also where tlle Discrinlinant has been used.

2.6 Comparisons usin~ VS counts bctwccn Swedish and Danish sampies

In ordcr to compare the Danish and Swedish splitting rcsults for tlle two separation rules (linear and

discriminant) only a subset of 16 data points could be used duc to a small geographical overlap of the

corresponding calculation units between the two national surveys. Tbc two different types of

discrimination rules (plus tlle linear correction) were computed and tlleir results were tllen compared

and statistically tested by means of ANOVA and regression techniques.

A comparison of the national splitting results on the basis of tlle discriminant model by means of the

regression technique lead to an insignificant relationship between the two national data sets (p=0.0750).

This is also indicated by only 21% of explained variation (R2=0.2090). Furthermore, the estimated

intercept was highly insigrJificant, i.e. not significantly different from zero (p=0.1288). TIlerefore, a

second regression without intercept was perfonned, i.e. the regression line is expected to go tlrrough

tlJe origin. TIlis type of regression line is highly significant (1'=0.0001) \\itll about 91% of explained

variation (R2=0.9104). Tbe slope of 1.0732 is significantly different from 0 (t test, p=0.0001) but not

from 1 (F test, p=0.7091). lllis means that tlle splitting results ofthe two different national data scts on

the basis of the discriminant model are free of any systematic deviation and can tllerefore be considercd

as approximately equal.

A comparison of the national splitting results on the basis of the corrccted linear splitting modcl by

means ofthe regression tcchnique lead to an insignificant linear relationsllip (p=0.0803). llJis is further

indicated by a high amount of about 80% of unexplained variation (p=0.2024). lllerefore, also in t1Jis

case a second type of regression without intercept was performed, i.e. tlle regression line is again

expected to go tlrrough the origin. llJis type of regression is IJighly significant (p=0.0001) with about

90% of explained variation (R2=0.9104). But in this case, the slope of 1.2331 is not only strongly

significant from 0 (t test, 1'=0.0001) but also slightly different from 1 (F test, p=0.0430). lllis means

that the splitting results of the two different national data scts on the basis of the corrected linear

splitting model is not (Iike in case of the discriminant rules) pure1y frce of any systematic deviation

between the countries. Obviously, thcse differ slightly by a factor of 1.23.

2.7 Comparison bctwccn proportions using VS counts and otolith microstructure.
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Analysis of otolith microstructure (OM) may distinguish between tlle hatching time on an individual

level (Mosegaard & Popp-Madsen 1996). Therefore this method does readily separate tlle Rügen

herring from any autunm or winter spa\\1ling populations but not necessarily from other local spring

spawners in Div.IIIa. Until now the HAWG has applied the same mean weight at age for tlle NSAS and

the WBSS in DivJIIa. The OM method allows for using individual weight at age at tlle major stock

level.

The Danish acoustic 1996 survey in tlle NS and Division lIIa was analysed using OM to separate

Spring spa\mers from AutumnlWinter spawners. The resuIts were calculated as tlte proportion Spring

spawners per lCES rectangle and age dass (age dasses = \\inter ringers (WR) pooling >3 WR into a

plus group). These OM resuIts were compared to tlle results of a discriminant analysis of VS counts

from the Swedish surveys in quarter 1II 1996 (see section 2.5), only samples where more tll.'lIl 7

individuals had been analysed were employed. A plot of OM identified proportions versus VS

proportions exhibited a reasonable agreement applying a logistic transformation of the VS

discriminant-proportions (fig. 2.7). The logistic transformation was applied to ensure a robust

extrapolation where predicted proportions \\ill be in tlle range from 0 to lover the entire range of

possible proportions from the VS discriminant analysis.

3.0 Assessment data of thc Western Baltic sprin~ spawnin~herrin~ stock

3.1 Catch at a~e data

As described in section 1.3, tlle HAWG has not succeeded in conducting a proper anal)1ical assessment

since 1993. Catch data have been produced yearly and in 1992 a general radieal re\ision was conducted

(ICES 19921H:5). Despite tllese cll.'lIlges or rC\isions, total catch in numbers and mean weight, including all

stocks in the arca. still gives an unacceptable assessment.

3.2 RcYicw on samplin~ lenis in each country for thc period 1991-1996

Dcnlllark, Swcden, Gennany, Poland and Norway carry out hcrring fishel)' in Division lIIA and Sub

Divisions 22-24-. Sweden and Denmark carry out herring fishery in Skagerrak, Kattegat and Sub

Divisions 22-24-, \\hile Gennany and Poland only have herring fishel)' in Sub-Divisions 22-24- and

Norway only in Skagcrrak.

The review of salllpling levels in each counte)' is made taIJng into account t11.1t the recolllmended level

is one sampIe per 1000 t landed per quarter (Anon, 1997). Tables 3.2.1-3.2.7 show the calculated

mllnber of sampies and the calculatcd nUlllbcr of fish aged per 1000 t of )andings. Landings smaller

than 1000 t were also taken into consideration \\ hen the level of sampling was calculated.

Table 3.2.1 shows the number of salllpies and number of fish aged per 1000 t of commercial catches in

Sweden. The salllpling of catches in Kattcgat is on a high level. In comparison with previous years, the

12
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sampling level from eommercial eatehes in Skagerrak in 1995-1996 has inereased and is on an

aeeeptable level, but it has eonsiderably deereased in Sub-Divisions 22-24 and covers now only one

quarter.

Table 3.2.2 shows the sarnpling intensity of herring landings in Denmark. The sarnpling level is high in

Skagerrak. In Kattegat the sampies are taken unevenly and the number of sampies taken has deereased

in the last years. In Sub-Divisions 22-24 the sampling has not reaehed the reeommended level and in

some quarters no sarnples are taken.

Table 3.2.3 shows the sarnpling of herring landings in Gerrnany. Herring fishery is performed only in

Sub-Divisions 22-24 and mainly in the first and the seeond quarters. llle sarnpling level is aceeptable

and follows the fishing intensity in Germany.

Table 3.2.4 shows the sarnpling of Polish herring landings in Sub-Divisions 22-24. In general the

sampling level is acceptable and corresponds to !anding levels by quarter. No infonnation was

available on sampling in 1996.

Table 3.2.5 shows the sarnpling intensity of herring landings in Norway. llle fishery is performed and

sampies are taken in Skagerrak. llle sarnpling level is low and irregular.

Tables 3.2.6 and 3.2.7 shows the number of sampies and number of fish aged per 1000 t of commercial

catches by a11 the countries. llle highest sampling level is in Kattegat In Skagerrak it has substantia11y

improved and reached the acccptable level. In Sub-Divisions 22-24 the sampling level in some quarters

is still rather low. Considering that 100 fish aged could comprise one sampie the herring ageing should

be increased in Skagerrak and Sub-Dhisions 22-24.

3.3 Comparisons on thc agc rcadings

Age readings on herring are conducted by counting dark winter rings in the Sagitta otoliths using

reflcctcd light. In the first half of the ycar the age is dctemIined by the number of winter rings plus the

edge and in the second half by the nwnber of "inter rings. The age determinati~n of WBSS from Sub

division 24 has been found to produce a high degree of disagreement arnong readers (leES 1997/J:5).

3.4 Gcographical distribution of commcrcial catchcs

As can bc seen in seetion 3.2, the number of sampies eollected from commerciallandings has in some

years beeil at an inadequate low level whieh has caused, that for some countries not all quarters have

been co\'ered by sampies from commerciallandings. lllerefore, samples from other countries or other

quarters had to be uscd "hen caIculating landings in numbers and mean "eight. The Study Group
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found that it was necessary to further analyse the geographical distribution of commercial catches,

especially in Sub-division 22-24.

Only data from Sweden and Denmark were available on a rectangle basis at the meeting. Table 3.4.1

shows that the geographical distribution of the Danish and Swedish catches in Sub-dhision 24 are

almost identical and almost a11 these catches are taken by trawlers using a mesh size of >=32mm. By

catches of herring in the small meshed (mesh-sizes below 32mm) fishery for sprat taken in the same

rectangles are only minor.

The German totallandihgs of herring caugl1t in Sub-dhision 22 and 24 dropped in 1991 from a level

around 55,000 tons to a level around 12,000 tons. A change in fishing pattern took place. In the years

prior to 1991 trawlers were responsible for most of the catches (trawlers from the fonner GDR). From

1991 and onwards the fishery has been dominated by gill-net- and trap-net-catches exclusively located

to tJ1e coastal regions of Gennany.

No infonnation on tJ1e geographical distribution of the Polish herring catches was available to the

Study Group.

Only Denmark and Germany conduct herring fishery in Sub-division 22. In this area Danish catches

are taken b)' gill-nets, trap-nets and trawls. Trawlers take tJ1e predominant part of the catches in tJ1e

Great Belt and in tJ1e area to the NOrtJ1 of the Danish island Fyn. Therefore, tJlere is onl)' an

insignificant overlap in the geographieal distribution of the Danish and ilie German catches in Sub

division 22.

As the fishing pattern is different from county to county, it is essential tJmt all commercial fisheries are

samplcd adequately, since it is not possible to calculate numbers caugl1t and mean weight using

sampIes from other countries. In section 3.8 some guidelines to compile catch data for assessment

purposcs are Iisted.

3.5 Mean weight at age in the catches

Mean weight at age in the herring catches, showaveI)' large variability. 111e largest differenccs in

mean "eight appear between herring caught in the Western Baltic and in Division Illa (Table 3.5.1)

with the herring in the Western Baltic having much lower weight at age. 111e weight of Western Baltic

herring is app. 50% of the Division Illa herring for 2-3 ringed fish and 70-80% for older herring. Thc

present weights used by the HAWG for the total stock, are averages weighted by catches at age in the

two nrens. Figure 3.1 shows nverages O\'er 1991-96 for the wcight at age in the two nreas, nnd the

weighted means used by the HAWG. Thc increasing proportion of Western Baltic herring oIder than 4

rings is clenrly illllstrated.
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TIle mean weights for younger herring in Division IIIa are overestimating the weight for spring

spawners sinee the weights are not adjusted when these age groups are split between autumn and spring

spm,vners. TIms they reneet the weight of the autumn spawners since these constitute the dominant

eomponent.

The weights at age from tlle IBTS in February (average over 1991-96) are also presented in Figure 3.1.

TIleir values lay between the weights from Western Baltie and Dhdsion IIIa. TIle values are doser to

tlle Western Baltie for younger herring but approaehes tlle values from Di\ision lIla eatehes for older

fish.

The heavier older herring (~ 4 WR) eaught in Division IIIa are most likely not of Rügen origin. TIle

fish that are going to spawn in the Western Baltie are, at the time ofthe IBTS, aggregated in tlle Sound

or approaehing their spawning areas. Neither are tllere an)' indications tllat they are North Sea autumn

spawners. TIleir size at age and high number of vertebrae, make it probable timt they are loeal

Skagerrak Spling Spawners.

3.6 Summal1' of the identified problems on the catch at age data

TIle fisher)' for industrial purposes has deereased during reeent years. TIle sampling seheme of eateh at

age for these purposes Ims generally been aeeeptabie. However, tllere lmve been diffieulties in getting

sampies in the direeted herring eonsumption fishery in different areas (Anon. 1997/Assess: 8).

Although tlle overall sampling meets tlle reeommended level of one sampie per 1000 t landed per

quarter the distribution of the different fisheries by areas and seasons is not sampled adequately.

By using tlle vertebra counts in herring from surveys versus the same character [rom the fisheries by

SD, year, quarter and age class, a difference was noted towards a higher mean VS in herring sampled

from landings (Anon. 1997/Assess:8).

From 1987 and onwards tllC stocks have been split into spring and autumn spawners in Division IIIa

and Subarea IVa. However in tlle light of the problems with the splitting metllOdology (stock

separation, catch at age) it should be emphasised that tlle basis for tlus assessment of the stock relies on

questionable eateh data.

3.7 Suney data

3.7.1 Trawl sun'eys

TIle following tm"I surveys are eondueted every year:
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• Gennan bottorn trawl survey (GBTS) in Sub-divisions 22 and 24 in NovernberlDecember since

1979,

• Gennan bottorn trawl survey (GBTS) in Sub-division 24 in JanuarylFebruary since 1979,

• International bottom trawl survey (IBTS) in Division lIla in quarter 1 (since 1974), quarter 3 (since

1990) and quarter 4 (1990-1996)

TIle main purpose of GBTS (gear: HG 20/25 with a net opening of about 4 m) is to estimate

recmitment indices for cod stocks. IBTS is designed for herring (gear: GOV with a net opening of 5.5

m).

TIle actual survey design is creating the following problems:

• Since the Gennan trawl type used was selected for catching pre-recruit cod and flatfishes it may

not be optitnal for catching herring.

• Most parts of Sub-division 22, some parts of Sub-division 24 and tlle Kattegat are dominated by

shallow waters that are generally inaccessible below 10m for research vessels.

3.7.2 Acoustic surveys

TIle following two acoustic surveys are carried out every year:

• Danish summer survey in Division lIla in JulylAugust since 1986,

• GemlanlDanish survey in Sub-divisions 21-24 in September/October since 1987.

In addition a Danish/Swedish monitoring prograllune was carried out in Sub-division 23 in

autwlln/spring from 1993 to 1997.

TIle acoustic surveys are conducted every year to supply the HAWG with an index value for tlle stock

size ofherring in the Western Baltic area.

The main purpose of the acoustic monitoring in Sub-division 23 was to provide infonllation for tlle

evaluation of possible environmental impacts of the constmction of tlle Sound bridge between

Denmark and Sweden.

The following problems are not yct soh'cd for the hydro-acoustic surveys (Anon. 19971J:4):

• in some years tllC spatiaI covcragc of the acoustic survey has varied due to national allocation of

survey timinglship timc ofthe research vessel and due to faHures ofthe vessels during tl\e survey,
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• incomplete spatial coverage during the survey in Sub-divisions 22, 23 and in some parts of 24, due

to shallow water areas. These areas are inaccessible for the German RV 'Solea', and the Danish

RV'Dana',

• the actual TS constants used since 1983 represent in reality the North Sea herring properties, this

may influence the results to a high degree, ,

• inconsistency of year-class estimates. In Sub-division 22 and 24 the 92, 93 and 94 year classes

follow an expected decreasing trend with age. The O-group had the highest estimated abundance

and the age-c1asses decreased with age in a predictable way. This pattern was different in Sub

division 23 for the 93 and 94 year classes. The abundance estimates were increasing with age.

3.7.3 Lan'al sun'c)'

One German larval survey is carried out every year since 1977 from March/April to June on the main

spawning grounds of lllC Western Baltic spring spawning herring in llle Greifswalder Bodden and

adjacent waters, To get the index for llle estintation of the year-c1ass strenglll used by the HAWO, the

number of larvae which will reach the length of TL = 30 nun (larvae after metamorphosis) are

calculated taking into consideration gro\\th and mortality (Klenz 1993; Mueller & Klenz 1994).

Figure 3.7.3.1. show a plot of the laIval index (0 group) and the estimated age 1 [rom the hydro

acoustic survey next year in SD 24. The expected trend that should show similar year class estintates in

both series cannot be seen. Values estimated by llle hydro-acoustic are always higher than the larval

index, except for 1994-yeardass.

3.7.4 SummaQ' on sun'cy data

TIlC problem of incomplete spatial coverage due to shallow water areas or administrative/economic

constraints "ill rentain in future acoustic surveys. A possible solution to lllis problem could be to

identify those leES rectangles ,,,ithin a Sub-division which are significan~y correlated with the

cstimated stock number of the whole Sub-division (Anon, I 997/J:4), Anolller solution could be to use

smallcr research vessels.

The consistency ofyear dass estimates should be checked for every survey. Following one year-class it

is expccted that the estimatcd numbers are decreasing. In the case of increasing numbers willl age by

year dass (=negative mortalities), the 0 and 1 group of herring should not be used for assessment

purposes until a better survey design is found to solve this problem.
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Investigations should be carried out to find and verify a new TS eom'ersion fonnula adequately

refleeting the properties ofthe WBSS population. ,

The following reasons eould explain the unexpeeted differenees in eomparing the larval index values

with the eorresponding ones from the hydro-aeoustie survey:

• Underestimating of the 0 group by the larval index whieh ean be eaused by sun'ey design,

ealculation method ete.,

• Overestimating of the 0 group by the hydro-aeoustie survey "hieh ean be eaused by biological

sampling mcthod, TS-relationship, ete"

• Assuming eorreet ealculations in both series, additionallocal spa" ..ning stock eomponents in SD 24

eould explain the unexpeeted lligher hydro-aeoustie value for age 1.

The results of the Danish summer aeoustie survey in Division lIla and the GermanlDanish aeoustie

sun'ey in Sub-divisions 21-24 are summarised in two different reports. In some cases the results are

different from the HAWG report (e.g. Anon. 1997/Assess:8; Anon. I9971H: 11). The reason for this is

that autumn and spring spawners are not split in a eonsistent way. Therefore, it t is reeommended by

the study group inembers to use, in both cases, the same splitting faetor.

Existing fishel}'-independent surveys have not been adequately designed to give an independent

estimate of stock size and migration patterns. TIlUS ehanges in migration pattern and timing between

years rnay violate the validity of the time-series.

TIlis problem has been deseribed at the HAWG. Year and age trends are in eonfliet between sun'ey

indices and the eommercial eateh data.

3.8 Rc,icw on asscssmcnt data

As deseribed in seetion 3.4 eertain guidelines when eompiling eateh at age data for assessment

purposes has to be used. A high levcl of fluetuation was noticed in the old eateh at age data as weil as

the ealculated mean weights (Seetion 3.1, 3.2 and 3.5). TIIe Study Group therefore agreed, tImt more

effort has to bc direeted into rcealculation and rceompiling old eateh at age data in numbers and mcan

wcight for the pcriod 1990 to 1996.

The agreed guideline to be used, "hen eompiling eateh at age data for Sub-division 22-24:

• Swedish sampies may be used on Danish eatehes and visa versa.

• Polish sampIes may be used on Gennan eatehes and visa vcrsa.
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The opinion of the Study Group was tlmt it was essential tlmt tlle old catch data should be revised und

updated prior to tlle 1998 HAWG meeting. Each county should revise their eateh data for a11 quarters

where sampies were taken, if lack of sampies in eertain quarters were detected sampling data from

other countries should be used.

As described in seetion 3.7.2 different splitting factors has been used in tlle aeoustic surveys in

Division lIla und tlle North Sea and on tlle conunercial catch data. TIlese differences cause .1

signifieunt ineonsistency in tlle data sets as the acoustic data are used as biomass indexes in tlle

assessment. It was not possible for the Study Group to recalculate tlle estinmtes from ilie acoustie

surveys, as data were not available to tlle Group.

TIle Study Group reeommends tJmt each count!)', whieh conducts acoustie surveys in tlle areas where

Western Baltic spring spawners mix witll otller spawning stocks, reealculate estimates of the different

stocks using tlle splitting procedure adopted by the HAWG.

4 l\fi~ration model

4.1 Outline

The SG feIt timt the formulation of a migration model for the Western Baltic herring would be useful

both as a conceptual aid und for stock assessment if quantitatively expresscd. A simplified coneeptual

migration model of the WBSS herring should account for I) the spa\ming area, 11) tlle nurse!)' area for

larval und juvenile grO\\1h, IlI) tlle feeding area for large juvenile und adult herring and IV) tlle

wintering area for predominantly maturing individuals. The SG decided to explore ilie eoneept of an

age structured dynamie box model.

Boxt: TIle spawning occurs in coastal areas of thc \\'cstern Baltic Sea "here the Rü~en area may be

considered a weil studied loeation WitJl a high spawning concentration but only representative for the

timing and age structure of the box. Boxl begins to fill in March Witll age groups 3+ and is again

empty in May. TIlere is a eontinuous tumover of the box.

Box2: Larvae and early juveniles occupy shallow areas of Sub-dhision 22 and 24. The box is being

populated 10 days after reproduction. TIlis box also acts as aretention area for some part of tJle adult

population.

Box3: After spawning, adult individuals migrate to thc Kattegat, thc Ska~arrak antI parts of thc

Eastern North Sea areas. TIle box starts to fill in tvtay and the outflow of the mature individuals starts

in August. Some part of tlle immature population (2wr) also migrates out of tlle box together with tJle

mature individuals.

80x4: Thc Sound area functions as a wintering area for maturing individuals before spawning and as

a transport path for herring migrating to the North after spawning. The box could be subdivided

aecording to the direetion of differential flows based on the nmturity index of migrating individuals.

Box4 is filled from Box3 from August to Getober and emptied to box2 and further to box 1 from

March to May.
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From April to June there is a rapid flow through from Boxi and Box2 through Box4 to Box3.

4.2 HJPotheses

A model for estimation of natural mortality, stock size, and fraction of stock emigrating between the

Western Baltic and the KattegatJSkagerrak has e.'lrlier been presented by Sparholt (1989).

This model uses half-yearly catch at age data (ages 3-6), February IYFS in the Skagarrak Kattegat for

age classes 2 and 3 (IYFS-2 and IYFS-3), the November-December Gennan trawl sUIvey in the

Western Baltic for age-I (GDR-I), the August-September acoustic sUlvey in the Skagarrak Kattegat for

ages 2-6 (DK-acoustic), and the October acoustic survey in the Western Baltic for ages 2-6 (G

acoustic).

Some ofthe underl)ing hypotheses are that:

• There are two stock components, a stationary KattegatJSkagarrak (A), and migrant W Baltic stock

(B),

• F's difTer by areas and halfyear but are constant over ages 3-6 and over years,

.. The natural mortality is constant over time, area and for ages 3-6,

• The migration takes place momentarily at January Ist from Box I to Box IV, and back again at JuIy

1St,

• The fraction emigrating is canstant over time and for ages 3-6,

• All 2-group W Baltic herring have migrated to the Skagarrak Kattegat by Febmary "ith the same

rate as older herring by July I 't,

co nle GDR-I index is proportional to Üle 3-group migrant W Baltic stock at January Ist,

• nle DK-acoustic gives only an absolute estintate of age 2 but increasing underestintation of older

ages.

The SG did not feel that Üle above mentioned model fuHy correspond with the present consensus about

the fisheries and Üle migration pattern of the Western Baltic herring. There was no decision on an

alternative explicit model formulation but it could in principle be solved with a traditional VPA

approach WiÜl separate F's for Üle four boxes I, 11, IlI, and IV. nle cohort numbers could then be linked

by instantaneous migrations of age groups between boxes. The tuning of the VPA should then be

conducted "ith the appropriate fleets for Üle different age groups, boxes, and periods.

nIe SG feit that a number of hypotheses should be fornmlated specifically relating to a new migration

model. .'lnd the recent development of the fishery:

• nle fishing mortality and fishing pattern has changed considerably during Üle last three years and

thcrcforc cannot bc rcgarded as constant over years.

• Catches in SkagarrakIK.1ttegat oftlle Western Baltic stock may be separated from catches ofNortll

Sea and Ioeal autumnlwinter spawning herring on the basis of otolith micro structure.
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• 1l1e precision of this split should be included in a maximum likelyhood function for estimation of

stock size.

• All mature individuals from stock (B) in Box 1Il (the KattegatJSkagarrak area) migrate to Box IV

(the Sound area) at September Ist.

• A constant fraction of an mature individuals from stock (B) in Box I (1lle Rügen Spawning area)

migrate to Box III (Üle KattegatJSkagarrak area) at June 1st, the rest migrate to Box II at Üle same

date.

• Commercial eatches in Box I (1l1e Rügen Spmming area) from r..1arch to May represent Üle

mature individuals of stock component (B).

• Commercial eatches in Box 1Il (Üle KattegatJSkagarrak area) of age groups 3 and older from

October to May, represent only stock (A).

• Catches in Box 1Il (Üle KattegatJSkagarrak area) of age group 2 at all times of the year represent a

mixture of stock (A) and stock (B).

• Catches in Box 1Il (Üle KattegatJSkagarrak area) of age groups 0 and I at all times of the year

represent only stock (A).

• Catches in Box II (Subdivisions 22 and 24) ofage groups 0 and I at all times ofthe year represent

only stock (B).

Data for the anal)"sis.

Box 1: Relative in- and outflow may be obtained from CPUE on the spanning population. Abundance

of small herring Im'ae in box land box2 during Üle hatching period may give an index of spmming

stock biomass.

Box 2: Indices of the 2 youngest year-c1asses may be obtained from GBTS in NO\'lDee and GBTS in

JanIFeb in Sub-division 22 and 24. Indieations of selective migration of large I-group herring to Box3

may be derived from eomparisons between frequencies of otolith size at Ist. WR. Remaining juvenile

and adult herring may be estimated from the GermanlDanish Hydro-aeoustie surveys in Sub-dhision

21-24 (Scpt./Oct.).

Box 3: Changes in the age composition 2\VR/3+WR in the Kattegat eommereial fisheries (>32mm)

from July to September could provide estimates of southward migrations of mature individuals. 1lle

Danish acoustie survey in Dhision IlIa in July/August may provide a fishery independent estimate of

the absolute abundances by age-class of WBSS.

Box 4: 1lle flow rates between box4 and box I eould be estimated by comparing differential changes in

the age composition of herring caught WiÜl silnilar gear. German commercial gillnet catches of

spawning herring could be compared to experimental gillnet catches from Üle Danish monitoring

programme as weil as to commercial gillnet catches in the Sound.

Problems to be looked at:

1lle general concept is timt the Western Baltic hening spawning in the Rügen area and along the

Northern Gcm1.111 coastline spend the Im'al and earl)' juvenile stages in shallow waters of the Western
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Baltie.During the spring period juveniles at age two start feeding migrations to the North through the

Danish Great Belt and the Sound to be found in the Kattegat, Skagarrak and the Eastern part of the

North Sea outside Skagarrak. Only the adult (2-ringers and older) Division IIIaJBaltie spring spawners

are eonsidered to migrate into the North Sea (lCES CM 1992fH:2 p.3). However additional age one

spring spawners are identified in the area (Working paper HAWG 1997) The exaet timing and the

proportion of age 2 herring leaving the Western Baltie for their first feeding migration are therefore

rather uneertain.

In late July and August mature herring migrate southwards through the Kattegat. During the period

August to tl.farch large numbers of more than 20 em herring are found in tlle Sound (Strehr 1997). The

wintering population is dominated by 3-ringers or older (number of winter rings before Jan. I) but

oeeasionally relatively high numbers of 2-ringers are found especially in tlle northern part of this area

(Nielsen 1996). The highest abundanees are found in the first sun:eys each year either in September or

in Oetober depending on when the investigations start. It is unelear to what extent ehanges in absolute

or relative abundanee during the winter period in tlle Sound can be used to estimate mortality. There

may be potential mixing \\ith olher stocks in large parts of the geographical distribution. In Di\ision

IlIa both NS autumn and winter spmmers as weII as loeal spring and winter spawners add to the

eomplexity. In Sub-dhision 24 tllere may be a mix witll Eastern Baltie herring in tlle Bornllolm area.

5 Conclusions

5.1 Tasks before the HAWG 1998 meeting

As deseribed in section 3.8, the Study Group agreed, tlUlt it was necessal)' to recaIculate and recompile

old catch at age data in numbers and mean weight for the period 1990 to 1996 for areas Division lila

and Sub-division 22-24.

5.2 Future work
The elose agreement between proportions of spring spawners estimated by otolith mierostructure (OM)

analysis and transfonned diseriminant analysis on VS counts encourage furtller work to calibrate the

mctllods on an individual level.

• Swedish historieal material on VS counts should bc compared Witll tllC corrcsponding OM at the

individual level to intercalibrate the two metllOds.

• EtTorts should be made to increase the amount of purc stock matcrial (learning sampIes), form the

NSAS and the loeal SSS and KSS.

• Additional analysis of thc variation in VS count and WR size frequeney analysis should be

condueted on the Swedish historical material to indicate to what extcnt SSS and KSS mix with the

WBSS after identification ofthe spring spawning component in Division IIIa.

• A multivariatc discrimilL.1.llt fUllctioll should bc dcvcIopcd rclating vertebral counts, geographical

area of sampling, time of year, age, size and maturit)' to O~1 identified proportion of WBSS of thc

total mix of WBSS, NSSS and inferencc of local SSS and KSS.
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• A w.ision of the split for the years 1991 to 1997 should be conducted on both Danish and Swedish

data from both commercial and survey sampies utilising the canonicaI discriminant function on VS

counts, geographical area of sampling, time of year, age, size, and maturity.

• Arevision of the mean weight at age should be conducted according to the reviscd split of the

spawning stocks.

5.3 Ideas and su~~estionsfor revision of samplin~schemes

For management purposes, tlIC HAWG in sevcral years has bcen asked to produce forccasts for the

flccts that exploit tlIC herring stocks in the North Sea and in Division lIla. As tlle fleets definitions uscd

in HAWG are based on fishing areas and mesh-sizes, it is essential tllat all fleets in all countries and in

all quartcr is sampled adequately.

Research programmes llave shown tllat The Sound (Sub-division 23) is an important part of tlle

WBSS's migration route (se scction 2.1 and Nielsen, 1996). Therefore, the Study Group encourage, tllC

countries which fishing flcets carry out fishing in this area, to collect sampies from these commercial

fisheries and even to co-ordinatc tlleir sampling schcmes.

As described in scction 3.7-3.7.4 several survcys are carried out in tlle areas v\ihere WBSS are caught.

The Study Group found it unfortunate, that herring caught on tllese surveys, not as standard, is worked

up witll special reference to collect information on thc distribution of stock componcnts.

Herring sampies from surveys and commercial catches should bc worked up according to thc

requirements, of 0'1 precise identification of thc WBSS, with an optimal allocation of resources for

difTerent procedures. Otolith microstructure analysis should be tlle future basis for the discrimination

between autunm/winter spawners and spring spawners. In the NE North Sea and Division lIla all age

groups should be selccted for OM arlalysis. In thc Sub-division 22, 23 and 240M analysis may be

restricted to immature individual.

For a more detailed split between various loeal stocks of spring spawners and WBSS in Division lIla

meristic and morphometric charactcrs should be applied. The detailed procedures should be subject to a

continuo evaluation depending on fluctuations in tllC abundance and distribution of thc local stocks.

SSS may primarily differ from WBSS in mean VS counts so this mcthod should be supplement thc OM

analysis on specific age-groups in areas and periods where thc two types mix. Herring in thc Northem

Skagcrrak and along thc Norwcgian South coast should be considered regarding mature individuals

during the sunUllcr period and for I and 2 WR all year round.

KSS have a high overlap "ith \VBSS in mean VS counts whereas gro\\1h rates may difTer to some

degrcc. For hcrring in the Kattcgat DM analysis should combincd with analysis of 1cngth and weight

frequencies or otOlitll size at fonnation of WRI, 2 and 3.
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11le study group suggests arevision of the prevailing sampling scheme for detailed GM analysis, VS

counts and morphometrics. Compared with today the sampie frequency for advanced analyses should

be increased on the expense of reduced sampie sizes.

11le spatial and temporal distribution of fishing etTort may be used as an indication of the migration of

the WBSS herring. It has been known that the commercial fisheries in Di\1sion lIla move from tlle

western Skagerrak in early summer towards east and south until auturnn. 11lis fishing pattern can also

be relatcd to the traditional herring fishery in Knttegat during autumn.

It is tllerefore suggested that catch data should if possible be disaggregated on a ICES rectangles. This

would together "1th adequate splitting procedures enable more profound investigations on the spatial

distribution ofthe spring and auturnn spawning components in Division lIla.

5.4 Scicntific plans for thc EU founded herling project

An EU funded research project on the discrimination of herring stocks in tlle Kattegat and Skagerrak

started in FebruaI)' 1997. 11le objectives are to evaluate tlle use of vertebrae counts, otolitll

macrostructure analysis (arumli) and microstructure analysis (primary increment units) for the

separation into spring- and autunm spawning stock components. 11le task includes an revision of the

separation in commercial and survey sampies for tlle period 1993-1997, Participants belong to the

Danish, Gennan and Swedish national fishery labs. 11le first part of the project includes an assessment

of various discrimination methods for the analysis of VS numbers. After an evaluation of variances of

these rcsults during spring 1998 analysis of annuli will start from a selected set of sub-samples of the

otoliths gatllered in the Swedish national s..'lmpling programs. Microstructural analysis of the same

individuals will start in late 1998.

6 Suggestions, conclusions and recommendations

The Study Group thcreforc recommcnd, that in each countI)· which conduct acoustic survey in the

arcas \\ here it is known mixture of Western Baltic spring spawners and other spawning stocks occur, to

recalculate stock estimates on the ditTerent stocks using the same splitting factor as used by HAWG.

11IC study group suggests arevision of the prevailing sampling scheme for detailed GM analysis, VS

counts ..'lnd morphometrics. Compared with today the sampIe frequency for advanced analyses should

be increascd on the cxpensc of rcdllccd sampIe sizcs.

1t is thcrcfore slIggcstcd that catch data should if possible be disaggrcgated on a leES rcctangles. This

would together "ith adequ..'lte splitting procedures enable more profound investigations on tlle spatial

distribution ofthe spring and ..'lutumn spawning componcnts in Division lila.

2.t
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Table 3.2.1.
5aT1JIing cl c:anrercial eatches cl herring in sv.emn by (J.Iarter in~rrak,Kattegat
and Slb-Oivisions 22-24 in 1993-1996

Year OJarter /irea NJll'i:ff of NJll'i:ff of /irea NJll'i:ff of NJll'i:ff of /irea NJrrberof N..JrrtJer of
sarrpes fish~ sarrpes fish~ sarrpes fish~

,:ffHXXl ,:ff100l ,:ff100l ,:ff 100l ,:ff100l ,:ff 100l
of lardirgs of lardirgs of larx:tirgs of larx:tirgs of lardirgs of lardirgs

1993 1 ~k 0.5 59 Katt~ 2.7 224 SD22-24 0.9 60

2 0.3 30 15.7 424 1.2 82

3 0.4 38 17.5 745 3.3 181
4 1.0 53 4.6 00 2.2 116

1994 1 1.2 76 2.0 128 3.3 176

2 0.1 10 4.6 309 0 0

3 1.3 17 6.7 374 3.8 2fJ7
4 1.4 53 5.6 115 2.0 70 .

1995 1 20 66 4.8 150 0 0

2 1.7 97 8.4 330 0 0

3 1.4 25 1.5 28 0 0

4 1.9 00 1.0 17 12.1 1n
1900 1 1.9 103 13.6 221 0 0

2 1.7 94 5.6 401 0 0

3 0.7 28 2.0 98 1.5 101

4 1.2 69 1.8 109 0 0

Table 3.2.2.
5.TrPing cl canrercial catches cl herring in lRrrn:u1< by q.m1er in~ K.1ttegat
and Stbdivisions 22-24 in 1993-1996

Year OJarter /irea N..uTtlerof NJll'i:ff of Prea N..uTtlerof N..uTtlerof Prea N..uTtlerof N..uTtlerof
sarrpes fishagro sarrpes fish agOO sarrpes fish~

PJI" 100l PJI" 100l ,:ff 100l ,:ff 100l ,:ff100l ,:ff1OOl
of lardirgs of larx:tirgs of lardirgs of lardirgs of lardirgs of lardirgs

1993 1 ~k 1.6 147 Kattegat 1.0 153 SD22-24 0.1 7

2 0.9 11 2.3 152 1.0 95

3 0.7 46 2.5 283 0.5 48
4 1.2 83 1.4 178 0 0

1994 1 6.1 4 45.0 700 0.2 10

2 0.8 28 4.4 108 0.4 25
3 0.6 41 1.8 153 0.3 28
4 21 80 1.8 83 0.8 138

1995 1 4.6 328 0.7 88 0.1 12

2 4.8 123 1.3 148 0.2 36

3 0.9 66 1.7 221 0 0
4 3.1 149 1.4 160 0.3 37

1996 1 2.1 241 1.7 200 0.4 0.3

2 7.7 125 1.5 177 0.4 33

3 1.3 21 0.7 100 0.1 16
4 1.5 111 0.2 23 0 0
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Table 3.2.3.
Sampling ofcommercial catches ofherring in Germany
by quarter in Sub-Divisions 22-24 in 1993-1995

Year Quarter Number of Number of
sam pIes fish aged

per 1000t per 1000t
of landings of landings

1993 1 2.6 118
2 4.9 334
3 0 0
4 >30 1500

1994 1 7.0 263
2 2.4 117
3 0 , 0 ,

4 13.3 642
1995 1 3.5 161

2 3.6 228
3 0 0
4 20 500

1996 1 80 6940
2 3.7 203
3 0 0
4 25 1250

Table 3.2.4.
Sampling ofcommercial catches ofherring in Poland
by quarter in Sub-Divisions 22-24 in 1993-1996

Year Quarter Number of Number of
sumples fish aged

per 1000t perlOOOt
of lundings of landings

1993 1 0.8 54
2 1.5 134
3 6.7 667
4 0 0

1994 1 7.5 697
2 2.6 205
3 >10 >990
4 10 850

1995 1 1.3 161
2 1.9 228
3 >10 . >980

4 >10 >780
No InformatIOn avullable for 1996
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Table 3.2.5.
Sam pling of com m ercial catches of herring in :"I orw ay
by quarter in Skagerrak in 1993-1996

Year Quarter Numberof Numberof
sampIes fish aged

per 1000t per 1000t
of landings of landings

1993 1 0 0
2 1 .5 1 3 1
3 0.1 I 1
4 0.8 28

1994 no sam pling
1995 1 0 0

2 OA 38
3 0.1 15
4 0 0

1996 1 0 0
2 1.4 5.3
3 0 0
4 27.3 0

Table 3.2.6.
N um ber of sam pIes per I OOOt of com m erciallandin~s of herring by
quarter in Uivision lilA and Sub-Uivisions 22-24 by all the countries

--------~l

•
Year Quarter Ska!(errak Katte~at SI) 22·24
1993 1 1.0 1.6 0.6

2 0.7 10.2 1.9
3 0.6 4.6 1.5
4 1 .0 2.7 0.8

1994 1 2.5 3.7 1.5
2 0.5 4.7 1A
3 0.8 2.8 1.0
4 1.7 3.9 1.8

1995 I 2.8 2.3 1.0
2 2.1 6.6 1 .1
3 1.0 1 .5 0.1
4 1.7 1.2 4.7

1996 1 2.0 5.3 1 . 1
2 2.2 3.8 1.2
3 0.9 1.9 0.6
4 3.4 1.2 0.4

Table 3.2.7.
N um ber 01' fish aged per 1 OOOt of com m ercial lundings of herring by
quarter in Division IlIA und Sub-Divisions 22-24 by all the countries

Y e ar Quarter Skall,erruk K attegat S J) 22·24
1993 1 101 178 59

2 31 3 12 143
3 40 347 1 12
4 60 140 42

1994 1 56 154 75
2 18 269 86
3 23 1') 7 77
4 56 10 1 157

I') 9 5 1 145 1 12 5 K

2 92 282 ')6

3 44 57 13
4 81 72 96

1 \.I\.I() 1 1 \.11 207 75
2 78 301 73
3 23 98 43
4 82 78 17
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Table 3.4.2
Geographical distribution of Danish herring catches (tons) in
Sub-division 22 by quarter 1994 -1996

1. Quarter 2. Quarter 3. Quarter 4. Quarter Total
1994 37G1 12 0 0 12 23

38GO 112 491 50 367 1.020
38G1 654 418 0 0 1.072
38G2 0 15 0 0 15
39E9 0 12 13 189 213
39GO 423 256 567 445 1.692
39G1 0 6 78 0 84
40GO 1.020 326 2.211 1.764 5.321
40G1 0 0 35 83 118
41GO 48 0 279 2.030 2.356
41G1 0 0 1.211 178 1.389
Total 2.268 1.524 4.443 5.068 13.303

1995 37GO 148 0 0 0 148
37G1 1.800 285 0 228 2.313
38GO 733 1.972 0 815 3.520
38G1 216 99 0 65 380
39E9 25 396 0 116 537
39GO 387 667 180 1.272 2.505
39G1 97 3 0 0 100
40E9 0 8 0 0 8
40GO 2.603 2.771 1.553 2.519 9.446
40G1 13 52 208 67 340
41GO 337 727 721 919 2.704
41G1 0 143 191 209 543
Total 6.360 7.122 2.853 6.210 22.545

1996 37GO 0 0 1 0 1
37G1 374 19 68 271 732
38E9 23 13 0 0 36
38GO 637 1.612 123 394 2.766
38G1 58 239 3 174 473
38G2 0 0 0 34 34
39E9 0 877 43 570 1.489
39GO 469 578 202 580 1.830
39G1 20 0 0 56 76
40E9 0 27 0 0 27
40GO 2.096 1.901 1.200 1.092 6.289
40G1 0 429 456 91 976
41GO 1.021 760 541 338 2.661
41G1 0 277 295 88 661
Total 4.698 6.731 2.933 3.689 18.050
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Table 3.5.1 Mean welghts at age in landings trom Div.llla and Sub-div 22·24.
(trom ICES 1997/Assess:8)

Age
Year Area 0 1 2 3 4 5 6 7 8+

87 22-24 11,7 15,7 34,8 76,7 98,4 121,9 141,4 151,4 163,4

lila 57 85 105,6 145,3 154,6 201,2 280,4

88 22-24 11 16,9 29,1 83,8 108,5 124,8 142,2 143,7 135,8

lila 47,3 77 138,3 156 166 149 209

89 22·24 13,5 17,5 43,6 70,5 105,9 122 125,5 137,8 131,5

lila 56,S 79,9 125,5 151,6 167,3 189,2 204,8

90 22-24 13,8 24,2 44,5 75,5 95,9 121,1 142,6 138,7 145,8

lila 56,6 65 84,6 102,4 111,1 109,3 141 84,3

91 22-24 11,5 31,5 58,5 78,8 98,5 120,9 138,6 152.2 179

lila 33,7 60,5 71,4 101,7 127,5 148,6 165,4 182,5 194,9

92 22-24 19,1 23,3 44,8 77,4 99,2 123,3 152,9 166.2 184,2

lila 53,4 96,2 115,2 138,6 172,9 184 201,7 201,3

93 22·24 16,2 24,5 44,5 73,6 94,1 122,4 149,4 168,5 169,1

lila 60,4 88,6 121,5 147,2 160,3 182,9 195,6 218,2

94 22-24 12,9 28,2 54,2 76,4 95 117,7 133,6 154,3 173,9

lila 127,2 120,1 148,6 165,3 190,6 204,1 216,5

95 22-24 9,3 16,3 42,8 68,3 88,9 125,4 150,4 193,3 207,4

lila 17,5 37,8 101,2 148,3 165,5 188,7 213 233,1 232,2

96 22-24 12,1 22,9 45,3 73,6 91,2 115,3 119,4 137,8 181,3

lila 7,3 22,9 74,1 127 172 182,8 200,9 197.7 212,3

Table 3.5.2 Mean weights at age averaged over 1991-96

Age
Source 0 1 2 3 4 5 6 7 =8

;~'1i[lil;!I~~M~il:i~t!!f:inIIJiif!:!lrjfllillljil;llilrLa:~U~flj.l:ji~I~:11;1;JfJ:~I:jlflff;~~~fll;ll!ljl;li:11;)ilfI11flII~if~l.l
std dev 22·24 3,54 5,18 6,40 3,75 4,02 3,74 12,86 18,87 13,34
std dev lila 13,31 16,34 19,29 15,35 16,55 14,80 16,36 16,79 13,20
CV 22-24 0,26 0,21 0,13 0,05 0,04 0,03 0,09 0,12 0,07
CVllla 0,68 0,35 0,20 0,13 0,11 0,09 0,09 0,08 0,06

WBal as % of lila 69,32 52,02 51,37 61,07 63,03 71,18 74,27 80,04 85,85
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Proportion WBSS estimated by two methods
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Figure 2.7 Proportion spring spawning herring byage-c1ass, ICES
rectangle, from quarter 3 1996 in Skagarrak and Kattegat.
Herring from the Danish acoustic survey sampies were estimated
by the otolith microstructure method. Herring from the Swedish
surveys were estimated by Discriminant analysis of VS counts. •
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Figure 3.5
Mean weights at age
in landings and IYFS
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APPENDIX 1
Results of DISCRIMINANT MODEL analysis based on Swedish data 1991-
1997
Average Proportions of Baltic Herring and North Sea Herring.
(by YEAR, QUARTER, AGE, SkaKat)

Year=91

Averages

Prop. of Baltic Herr. Prop. of NS Herr.

Area (SkaKat) Area (SkaKat)

Skag- Katt- Skag- Katt-
errak egat Sound ALL errak egat Sound ALL

Quarter Age

1 1 0.33 0.42 0.51 0.42 0.67 0.58 0.49 0.58

2 0.34 0.42 0.45 0.40 0.66 0.58 0.55 0.60

3 0.50 0.62 0.52 0.55 0.50 0.38 0.48 0.45

4 0.29 0.54 0.54 0.46 0.71 0.46 0.46 0.54

ALL 0.37 0.50 0.51 0.46 0.64 0.50 0.50 0.54

2 Age

1 0.30 0.33 0.45 0.36 0.70 0.67 0.55 0.64

2 0.37 0.50 0.43 0.43 0.63 0.50 0.57 0.57

3 0.42 0.59 0.61 0.54 0.58 0.41 0.39 0.46

4 0.43 0.62 0.48 0.51 0.57 0.38 0.52 0.49

ALL 0.38 0.51 0.49 0.46 0.62 0.49 0.51 0.54

3 Age

0 0.39 0.35 0.50 0.41 0.61 0.65 0.50 0.59

1 0.43 0.37 0.50 0.43 0.57 0.63 0.50 0.57

2 0.50 0.56 0.77 0.61 0.50 0.44 0.23 0.39

3 0.33 0.50 0.60 0.48 0.67 0.50 0.40 0.52

4 0.75 0.61 0.65 0.67 0.25 0.39 0.35 0.33

ALL 0.48 0.48 0.60 0.52 0.52 0.52 0.40 0.48
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Swedish data
Year=92

Averages

Prop. of Baltic Herr. Prop. of NS Herr.

Area (SkaKat) Area (SkaKat)

Skag- Katt- Skag- Katt-
errak egat Sound ALL errak egat Sound ALL

auarter Age

1 1 0.35 0.41 0.38 0.65 0.59 0.62

2 0.40 0.44 0.42 0.60 0.56 0.58

3 0.42 0.46 0.44 0.58 0.54 0.56

4 0.36 0.56 0.46 0.64 0.44 0.54

ALL 0.38 0.47 0.43 0.62 0.53 0.58

3 Age

0 0.35 0.34 0.45 0.38 0.65 0.66 0.55 0.62

1 0.43 0.50 0.51 0.48 0.57 0.50 0.49 0.52

2 0.50 0.59 0.62 0.57 0.50 0.41 0.38 0.43

3 0.50 0.56 0.63 0.56 0.50 0.44 0.37 0.44

4 0.56 0.62 0.63 0.60 0.44 0.38 0.37 0.40

ALL 0.47 0.52 0.57 0.52 0.53 0.48 0.43 0.48
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Swedish data
Year=93

Averages

Prop. of Baltic Herr. Prop. of NS Herr.

Area (SkaKat) Area (SkaKat)

Skag- Katt· Skag- Katt-
errak egat Sound ALL errak egat Sound ALL

Quarter Age

1 0 0.21 0.21 0.79 0.79

1 0.35 0.31 0.44 0.37 0.65 0.69 0.56 0.63

2 0.31 0.47 0.43 0.40 0.69 0.53 0.57 0.60

3 0.26 0.48 0.60 0.45 0.74 0.52 0.40 0.55

4 0.33 0.55 0.55 0.48 0.67 0.45 0.45 0.52

ALL 0.31 0.45 0.45 0.41 0.69 0.55 0.55 0.59

2 Age

1 0.33 0.38 0.35 0.35 0.67 0.62 0.65 0.65

2 0.42 0.57 0.62 0.54 0.58 0.43 0.38 0.46

3 0.43 0.58 0.59 0.53 0.57 0.42 0.41 0.47

4 0.60 0.60 0.55 0.58 0.40 0.40 0.45 0.42

ALL 0.45 0.53 0.53 0.50 0.56 0.47 0.47 0.50

3 Age

0 0.34 0.46 0.50 0.43 0.66 0.54 0.50 0.57

1 0.37 0.42 0.47 0.42 0.63 0.58 0.53 0.58

2 0.56 0.58 0.56 0.57 0.44 0.42 0.44 0.43

3 0.71 0.53 0.65 0.63 0.29 0.47 0.35 0.37

4 0.33 0.59 0.57 0.50 0.67 0.41 0.43 0.50

ALL 0.46 0.52 0.55 0.51 0.54 0.48 0.45 0.49

38

•



•

Swedish data

Year=94

Averages

Prop. of BaItie Herr. Prop. of NS Herr.

Area (SkaKat) Area (SkaKat)

Skag- Katt- Skag- Katt-
errak egat Sound ALL errak egat Sound ALL

auarter Age

1 1 0.35 0.41 0.47 0.41 0.65 0.59 0.53 0.59

2 0.38 0.37 0.47 0.41 0.62 0.63 0.53 0.59

3 0.57 0.52 0.53 0.54 0.43 0.48 0.47 0.46

4 0.56 0.54 0.56 0.55 0.44 0.46 0.44 0.45

ALL 0.47 0.46 0.51 0.48 0.54 0.54 0.49 0.52

2 Age

1 0.36 0.40 0.40 0.39 0.64 0.60 0.60 0.61

2 0.33 0.45 0.48 0.42 0.67 0.55 0.52 0.58

3 0.34 0.60 0.73 0.56 0.66 0.40 0.27 0.44

4 0.55 0.50 0.55 0.53 0.45 0.50 0.45 0.47

ALL 0.40 0.49 0.54 0.47 0.61 0.51 0.46 0.53

3 Age

0 0.32 0.36 0.60 0.43 0.68 0.64 0.40 0.57

1 0.33 0.40 0.47 0.40 0.67 0.60 0.53 0.60

2 0.50 0.47 0.44 0.47 0.50 0.53 0.56 0.53

3 0.61 0.61 0.50 0.57 0.39 0.39 0.50 0.43

4 0.64 0.57 0.61 0.61 0.36 0.43 0.39 0.39

ALL 0.48 0.48 0.52 0.50 0.52 0.52 0.48 0.50
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Swedish data
Year=95

Averages

Prop. of Baltic Herr. Prop. of NS Herr.

Area (SkaKat) Area (SkaKat)

Skag- Katt- Skag- Katt-
errak egat Sound ALL errak egat Sound ALL

Quarter Age

1 1 0.37 0.45 0.46 0.43 0.63 0.55 0.54 0.57

2 0.34 0.47 0.53 0.45 0.66 0.53 0.47 0.55

3 0.33 0.32 0.45 0.37 0.67 0.68 0.55 0.63

4 0.66 0.43 0.58 0.56 0.34 0.57 0.42 0.44

ALL 0.43 0.42 0.51 0.45 0.58 0.58 0.50 0.55

2 Age

1 0.34 0.44 0.49 0.42 0.66 0.56 0.51 0.58

2 0.38 0.44 0.50 0.44 0.62 0.56 0.50 0.56

3 0.47 0.50 0.50 0.49 0.53 0.50 0.50 0.51

4 0.56 0.60 0.52 0.56 0.44 0.40 0.48 0.44

ALL 0.44 0.50 0.50 0.48 0.56 0.51 0.50 0.52

3 Age

0 0.38 0.34 0.36 0.62 0.66 0.64

1 0.36 0.42 0.62 0.47 0.64 0.58 0.38 0.53

2 0.34 0.48 0.48 0.43 0.66 0.52 0.52 0.57

3 0.57 0.60 0.68 0.62 0.43 0.40 0.32 0.38

4 0.54 0.59 0.64 0.59 0.46 0.41 0.36 0.41

ALL 0.44 0.49 0.61 0.50 0.56 0.51 0.40 0.50
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Swedish
Year=96

Averages

Prop. of Baltic Herr. Prop. of NS Herr.

Area (SkaKat) Area (SkaKat)

Skag- Katt- Skag- Katt·
errak egat Sound ALL errak egat Sound ALL

Quarter Age

1 1 0.36 0.34 0.50 0.40 0.64 0.66 0.50 0.60

2 0.41 0.50 0.61 0.51 0.59 0.50 0.39 0.49

3 0.40 0.40 0.55 0.45 0.60 0.60 0.45 0.55

4 0.49 0.45 0.63 0.52 0.51 0.55 0.37 0.48

ALL 0.42 0.42 0.57 0.47 0.59 0.58 0.43 0.53

3 Age

0 0.42 0.36 0.39 0.58 0.64 0.61

1 0.32 0.40 0.61 0.44 0.68 0.60 0.39 0.56

2 0.58 0.61 0.61 0.60 0.42 0.39 0.39 0.40

3 0.49 0.50 0.50 0.50 0.51 0.50 0.50 0.50

4 0.54 0.40 0.57 0.50 0.46 0.60 0.43 0.50

ALL 0.47 0.45 0.57 0.49 0.53 0.55 0.43 0.51
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Swedish data
Year=97

Averages

Prop. of Baltic Herr. Prop. of NS Herr.

Area (SkaKat) Area (SkaKat)

Skag- Katt- Skag- Katt-
errak egat Sound ALL errak egat Sound ALL

Quarter Age

1 1 0.34 0.36 0.49 0.40 0.66 0.64 0.51 0.60

2 0.27 0.36 0.56 0.40 0.73 0.64 0.44 0.60

3 0.46 0.58 0.60 0.55 0.54 0.42 0.40 0.45

4 0.51 0.53 0.60 0.55 0.49 0.47 0.40 0.45

ALL 0.40 0.46 0.56 0.47 0.61 0.54 0.44 0.53
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APPENDIX 2
Results of DISCRIMINANT MODEL analysis based on Danish data 1984-
1995
Average Proportions of Baltic Herring and North Sea Herring.
(by YEAR, QUARTER, AGE, SkaKat)

Year=84 Averages

Prop. of Baltic Herr. Prop. of NS Herr.

Area (SkaKat) Area (SkaKat)

Skag- Katt- Skag- Katt-
errak egat Sound ALL errak egat Sound ALL

Quarter Age

1 1 0.50 0.50 0.50 0.50

2 0.48 0.48 0.52 0.52

3 0.59 0.55 0.57 0.41 0.45 0.43

4 . 0.42 0.58 0.50 0.58 0.42 0.50

ALL 0.50 0.57 0.52 0.50 0.44 0.48

2 1 0.57 0.57 0.43 0.43

2 0.66 0.66 0.34 0.34

3 0.38 0.38 0.62 0.62

ALL 0.54 0.54 0.46 0.46

3 1 0.37 0.44 0.41 0.63 0.56 0.60

2 0.53 0.63 0.58 0.47 0.37 0.42

3 0.62 0.69 0.66 0.38 0.31 0.35

4 0.54 0.50 0.52 0.46 0.50 0.48

ALL 0.52 0.57 0.54 0.49 0.44 0.46

4 Age

1 0.21 0.21 0.79 0.79

2 0.52 0.52 0.48 0.48

3 0.64 0.64 0.36 0.36

4 0.58 0.58 0.42 0.42

ALL 0.49 0.49 0.51 0.51
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Danish data
Year=85

Averages

Prop. of Baltic
Herr. Prop. of NS Herr.

Area Area
(SkaKat) (SkaKat)

Skag- Katt- Skag- Katt-
errak egat ALL errak egat ALL

Quarter Age

1 1 0.50 0.50 0.50 0.50

2 0.36 0.36 0.64 0.64

3 0.58 0.58 0.42 0.42

4 0.30 0.30 0.70 0.70

ALL 0.44 0.44 0.57 0.57

2 Age

1 0.50 0.50 0.50 0.50

2 0.48 0.48 0.52 0.52

3 0.59 0.59 0.41 0.41

4 0.58 0.58 0.42 0.42

ALL 0.54 0.54 0.46 0.46

3 Age

1 0.35 0.35 0.65 0.65

2 0.43 0.43 0.57 0.57

3 0.63 0.63 0.37 0.37

4 0.66 0.66 0.34 0.34

ALL 0.52 0.52 0.48 0.48
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Danish data
Year=86

Averages

Prop. of Baltic Herr. Prop. of NS Herr.

Area (SkaKat) Area (SkaKat)

Skag- Katt- Skag- Katt-
errak egat Sound ALL errak egat Sound ALL

Quarter Age

2 1 0.29 0.29 0.71 0.71

2 0.16 0.41 0.29 0.84 0.59 0.72

3 0.62 0.63 0.63 0.38 0.37 0.38

4 0.61 0.62 0.62 0.39 0.38 0.39

ALL 0.46 0.49 0.48 0.54 0.51 0.52

3 Age

0 0.50 0.50 0.50 0.50

1 0.36 0.36 0.64 0.64

2 0.55 0.55 0.45 0.45

3 0.62 0.62 0.38 0.38

4 0.67 0.67 0.33 0.33

ALL 0.54 0.54 0.46 0.46

4 Age

1 0.38 0.38 0.62 0.62

2 0.57 0.45 0.51 0.43 0.55 0.49

3 0.65 0.58 0.62 0.35 0.42 0.39

4 0.53 0.61 0.57 0.47 0.39 0.~3

ALL 0.53 0.55 0.54 0.47 0.45 0.46
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Danisb data
Year=87

Averages

Prop. of Baltic
Herr. Prop. of NS Herr.

Area Area
(SkaKat) (SkaKat)

Katt· Katt·
egat Sound ALL egat Sound ALL

Quarter Age

1 1 0.47 0.47 0.53 0.53

2 0.47 0.47 0.53 0.53

3 0.57 0.57 0.43 0.43

4 0.63 0.63 0.37 0.37

ALL 0.54 0.54 0.47 . 0.47

2 1 0.41 0.41 0.59 0.59

2 0.31 0.31 0.69 0.69

3 0.57 0.57 0.43 0.43

4 0.58 0.58 0.42 0.42

ALL 0.47 0.47 0.53 0.53

3 0 0.38 0.38 0.62 0.62

1 0.38 0.38 0.62 0.62

2 0.56 0.56 0.44 0.44

3 0.87 0.87 0.13 0.13

ALL 0.55 0.55 0.45 0.45

4 Age

1 0.50 0.50 0.50 0.50

2 0.50 0.50 0.50 0.50

3 0.68 0.68 0.32 0.32
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Danish data

Year=87 Averages

Prop. of Baltic
Herr. Prop. of NS Herr.

Area Area
(SkaKat) (SkaKat)

Katt- Katt-
egat Sound ALL egat Sound ALL

Quarter Age

4 4 0.61 0.61 0.39 0.39

ALL 0.57 0.57 0.43 0.43

Danish data

Year=88

Averages

Prop. of Baltic
Herr. Prop. of NS Herr.

Area Area
(SkaKat) (SkaKat)

Skag- Katt- Skag- Katt-
errak egat ALL errak egat ALL

Quarter Age

2 1 0.29 0.33 0.31 0.71 0.67 0.69

2 0.41 0.50 0.46 0.59 0.50 0.55

3 0.54 0.21 0.38 0.46 0.79 0.63

4 0.72 0.50 0.61 0.28 0.50 0.39

ALL 0.49 0.39 0.44 0.51 0.62 0.56

3 Age

1 0.37 0.37 0.63 0.63

2 0.42 0.42 0.58 0.58

3 0.54 0.54 0.46 0.46

ALL 0.44 0.44 0.56 0.56
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Danish data

Year=89 Averages

Prop. of
Baltic Prop. of NS
Herr. Herr.

Area Area
(Ska- (Ska-
Kat) Kat)
f----

Skag- Skag-
errak ALL errak ALL

Quarter Age

3 1 0.40 0.40 0.60 0.60

2 0.41 0.41 0.59 0.59

3 0.49 0.49 0.51 0.51

4 0.55 0.55 0.45 0.45

ALL 0.46 0.46 0.54 0.54

Danish data
Year=90

Averages

Prop. of
Baltic Prop. of NS
Herr. Herr.

Area Area
(Ska- (Ska-
Kat) Kat)
f---- f---

Skag- Skag-
errak ALL errak ALL

Quarter Age

3 1 0.33 0.33 0.67 0.67

2 0.46 0.46 0.54 0.54

3 0.55 0.55 0.45 0.45

4 0.56 0.56 0.44 0.44

ALL 0.48 0.48 0.53 0.53
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Danish data
Year=91

Averages

Prop. of Baltic
Herr. Prop. of NS Herr.

Area Area
(SkaKat) (SkaKat)

Skag- Katt- Skag- Katt-
errak egat ALL errak egat ALL

Quarter Age

2 1 0.31 0.31 0.69 0.69

2 0.31 0.31 0.69 0.69

3 0.52 0.52 0.48 0.48

4 0.53 0.53 0.47 0.47

ALL 0.42 0.42 0.58 0.58

3 Age

0 0.38 0.38 0.62 0.62

1 0.32 0.35 0.34 0.68 0.65 0.67

2 0.52 0.59 0.56 0.48 0.41 0.45

3 0.56 0.60 0.58 0.44 0.40 0.42

4 0.58 0.54 0.56 0.42 0.46 0.44

ALL 0.50 0.49 0.49 0.51 0.51 0.51

4 Age

0 0.41 0.45 0.43 0.59 0.55 0.57

1 0.21 0.30 0.26 0.79 0.70 0.75

2 0.54 0.54 0.46 0.46

3 0.50 0.50 0.50 0.50

4 0.50 0.50 0.50 0.50

ALL 0.31 0.46 0.42 0.69 0.54 0.58
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Danish data

Year=92

Averages

Prop. of Baltic
Herr. Prop. of NS Herr.

Area Area
(SkaKat) (SkaKat)

Skag- Katt- Skag- Katt-
errak egat ALL errak egat ALL

Quarter Age

3 0 0.50 0.21 0.36 0.50 0.79 0.65

1 0.31 0.45 0.38 0.69 0.55 0.62

2 0.46 0.57 0.52 0.54 0.43 0.49

3 0.57 0.64 0.61 0.43 0.36 0.40

4 0.58 0.76 0.67 0.42 0.24 0.33

ALL 0.48 0.53 0.51 0.52 0.47 0.50
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Daoish data
Year=93

Averages

Prop. of Baltic
Herr. Prop. of NS Herr.

Area Area
(SkaKat) (SkaKat)

Skag- Katt- Skag- Katt-
errak egat ALL errak egat ALL

Quarter Age

2 1 0.50 0.50 0.50 0.50

2 0.60 0.60 0.40 0.40

3 0.53 0.53 0.47 0.47

4 0.77 0.77 0.23 0.23

ALL 0.60 0.60 0.40 0.40

3 Age

0 0.50 0.50 0.50 0.50

1 0.30 0.37 0.34 0.70 0.63 0.67

2 0.43 0.63 0.53 0.57 0.37 0.47

3 0.37 0.66 0.52 0.63 0.34 0.49

4 0.62 0.65 0.64 0.38 0.35 0.37

ALL 0.43 0.56 0.50 0.57 0.44 0.50

4 Age

0 0.31 0.26 0.29 0.69 0.74 0.72

1 0.27 0.28 0.28 0.73 0.72 0.73

2 0.52 0.45 0.49 0.48 0.55 0.52

3 0.38 0.62 0.50 0.62 0.38 0.50

4 0.35 0.66 0.51 0.65 0.34 0.50

ALL 0.37 0.45 0.41 0.63 0.55 0.59
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Danish data
Year=94

Averages

Prop. of Baltic Herr. Prop. of NS Herr.

Area (SkaKat) Area (SkaKat)

Skag- Katt- Skag- Katt-
errak egat Sound ALL errak egat Sound ALL

Quarter Age

1 3 0.50 0.50 0.50 0.50

4 0.52 0.52 0.48 0.48

ALL 0.51 0.51 0.49 0.49

3 Age

0 0.50 0.50 0.50 0.50

1 0.35 0.38 0.37 0.65 0.62 0.64

2 0.45 0.54 0.50 0.55 0.46 0.51

3 0.62 0.61 0.62 0.38 0.39 0.39

4 0.60 0.68 0.64 0.40 0.32 0.36

ALL 0.51 0.54 0.53 0.50 0.46 0.47

4 Age

1 0.42 0.42 0.58 0.58

2 0.48 0.48 0.52 0.52

3 0.53 0.53 0.47 0.47

4 0.60 0.60 0.40 0.40
--

ALL 0.51 0.51 0.49 0.49
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Danish data

Year=95

Averages

Prop. of Baltic Herr. Prop. of NS Herr.

Area (SkaKat) Area (SkaKat)

Skag- Katt- Skag- Katt-
errak egat Sound ALL errak egat Sound ALL

Quarter Age

2 2 0.36 0.36 0.64 0.64

3 0.37 0.37 0.63 0.63

4 0.56 0.56 0.44 0.44

ALL 0.43 0.43 0.57 0.57

3 Age

1 C.41 0.41 0.59 0.59

2 0.37 0.37 0.63 0.63

3 0.48 0.48 0.52 0.52

4 0.53 0.53 0.47 0.47

ALL 0.45 0.45 0.55 0.55

4 Age

0 0.39 0.40 0.40 0.61 0.60 0.61

1 0.34 0.68 0.52 0.51 0.66 0.32 0.48 0.49

2 0.46 0.56 0.49 0.50 0.54 0.44 0.51 0.50

3 0.52 0.61 0.48 0.54 0.48 0.39 0.52 0.46

4 0,74 0.64 0.65 0.68 0.26 0.36 0.35 0.32

ALL 0.52 0.58 0.51 0.53 0.49 0.42 0.49 0.47
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Comparisons between Danish and Swedish data

A N A L Y S ISO F VER T E B R A C 0 U N T S
Comparison of Swedish and Danish Data per Rectangle

ANOVA/GLM: Camp. of Danish and Swedish Data
(Linear Model)
General Linear Models Procedure
Class Level Information
Class Levels Values
COUNTRY 2 Denmark Sweden
YEAR 5 91 92 93 94 95
QUARTER 4 1 2 3 4
RECT 39 4057 4061 4155 4156 4157 4158 4161 4250 4251 4252 4256

4257 4258 4261 4351 4352 4353 4355 4356 4357 4358 4369
4450 4453 4454 4455 4456 4458 4466 4469 4472 4554 4555
4556 4569 4572 4655 4656 4672

AGE 5 0 1 2 3 4

APPENDIX 3

General Linear Models Procedure

Dependent Variable: PROBBALT Prop.of Baltic Herring
Sum of Mean

Source DF Squares Square F Value Pr > F

Model 50 39.76275569 0.79525511 14.69 0.0001

Error 876 47.42552587 0.05413873

Corrected Total 926 87.18828155

R-Square C.V. Root MSE PROBBALT Mean

0.456056 49.45473 0.2326773 0.4704854

Source DF Type I SS Mean Square F Value Pr > F

COUNTRY 1 2.37130751 2.37130751 43.80 0.0001
YEAR 4 0.32814032 0.08203508 1.52 0.1957
QUARTER 3 2.62440391 0.87480130 16.16 0.0001
RECT 38 9.60280193 0.25270531 4.67 0.0001
AGE 4 24.83610203 6.20902551 114.69 0.0001

Source DF Type 111 SS Mean Square F Value Pr > F

COUNTRY 1 0.03531594 0.03531594 0.65 0.4195
YEAR 4 0.30877232 0.07719308 1.43 0.2234
QUARTER 3 3.29046260 1.09682087 20.26 0.0001
RECT 38 7.19777462 0.18941512 3.50 0.0001
AGE 4 24.83610203 6.20902551 114.69 0.0001
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T for HO: Pr > ITI Std Error of
Parameter Estimate Parameter=O Estimate

INTERCEPT 0.5878809168 B 5.11 0.0001 0.11495191
COUNTRY Denmark 0.0434595741 B 0.81 0.4195 0.05380890

Sweden 0.0000000000 B
YEAR 91 .• 0229776012 B -0.90 0.3705 0.02564348

92 0.0395013566 B 1.34 0.1806 0.02947758
93 -.0137628747 B -0.54 0.5919 0.02566392
94 -.0102481970 B -0.42 0.6742 0.02437051
95 0.0000000000 B

QUARTER 1 -.1302963803 B -2.23 0.0257 0.05832261
2 -.0714266294 B -1.22 0.2230 0.05857828
3 0.0393217342 B 0.73 0.4658 0.05389061
4 0.0000000000 B

RECT 4057 0.2953169819 B 2.88 0.0041 0.10253517
4061 0.1506826399 B 1.29 0.1981 0.11700555
4155 0.2648885515 B 2.52 0.0120 0.10526381
4156 0.2098590639 B 2.04 0.0416 0.10284024
4157 0.1555859217 B 1.53 0.1269 0.10183131
4158 0.2404944458 B 2.05 0.0407 0.11733037
4161 0.2160592927 B 2.16 0.0313 0.10019174
4250 0.1598447127 B 0.83 0.4075 0.19286894
4251 -.0001552873 B -0.00 0.9994 0.19286894
4252 0.0167615753 B 0.07 0.9473 0.25374073
4256 0.1073116171 B 1.04 0.2964 0.10270016
4257 0.1631889438 B 1.59 0.1115 0.10242750
4258 0.0829390424 B 0.62 0.5345 0.13348397

4261 0.1206476353 B 1.18 0.2388 0.10235199

4351 -.1108885287 B -0.66 0.5087 0.16773022
4352 0.1767615753 B 0.70 0.4862 0.25374073

4353 0.0554961327 B 0.50 0.6180 0.11124123

4355 0.1179316927 B 1.06 0.2884 0.11100619
4356 0.1261780823 B 1.23 0.2177 0.10229497
4357 0.1689489641 B 1.64 0.1017 0.10312218

4358 0.0526723054 B 0.44 0.6633 0.12095737
4369 0.0634286124 B 0.54 0.5898 0.11760890
4450 0.0124448047 B 0.07 0.9409 0.16773022

4453 -.0489475132 B -0.47 0.6414 0.10505065
4454 0.0275713365 B 0.27 0.7906 0.10378538
4455 0.0795261426 B 0.83 0.4084 0.09615100
4456 0.0534277375 B 0.52 0.6022 0.10247202
4458 0.1328367614 B 1.32 0.1883 0.10089385

4466 0.1025347270 B 0.96 0.3357 0.10645714
4469 -.1219791883 B -1 .14 0.2555 0.10719200
4472 0.0652484089 B 0.64 0.5192 0.10117375

4554 0.0257079590 B 0.22 0.8289 0.11895019
4555 0.0350988784 B 0.36 0.7222 0.09870238
4556 -.0037783749 B -0.04 0.9708 0.10317992

4569 0.1371894888 B 1.03 0.3042 0.13343800
4572 0.1691321157 B 1.44 0.1493 0.11719764
4655 0.0879883231 B 0.86 0.3896 0.10221710
4656 0.0132309201 B 0.09 0.9269 0.14415949

4672 0.0000000000 B
AGE 0 -.4856101331 B -14.70 0.0001 0.03302580

1 -.3813685106 B -16.40 0.0001 0.02325395

2 -.1975347853 B -8.41 0.0001 0.02348828

3 -.0422519238 B -1.74 0.0822 0.02428408
4 0.0000000000 B
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ANOVA/GLM: Comp. of Danish and Swedish Data
(Discriminant Rules)

General Linear Models Procedure
Class Level Information

Class Levels

COUNTRY 2

YEAR 5

QUARTER 4

Values

Denmark Sweden

91 92 93 94 95

1 234

RECT

AGE

39

5

4057 4061 4155 4156 4157 4158 4161 4250 4251 4252 4256
4257 4258 4261 4351 4352 4353 4355 4356 4357 4358 4369
4450 4453 4454 4455 4456 4458 4466 4469 4472 4554 4555
4556 4569 4572 4655 4656 4672

o 1 234

Number of observations in data set 935

General Linear Models Procedure

Dependent Variable: PROBBALT Prop.of Baltic Herring
Sum of Mean

Source DF Squares Square F Value Pr > F

Model 50 7.49870520 0.14997410 10.48 0.0001

Error 876 12.53352802 0.01430768

Corrected Total 926 20.03223323

R-Square C.V. Root MSE PROBBALT Mean

0.374332 25.38933 0.1196147 0.4711219

Source DF Type I SS Mean Square F Value Pr > F

COUNTRY 1 0.42035533 0.42035533 29.38 0.0001
YEAR 4 0.06414782 0.01603696 1.12 0.3453
QUARTER 3 0.68767186 0.22922395 16.02 0.0001
RECT 38 1.72190096 0.04531318 3.17 0.0001
AGE 4 4.60462923 1.15115731 80.46 0.0001

Source DF Type IrI SS Mean Square F Value Pr > F

COUNTRY 1 0.00006374 0.00006374 0.00 0.9468
YEAR 4 0.04445512 0.01111378 0.78 0.5404
QUARTER 3 0.86037705 0.28679235 20.04 0.0001

RECT 38 1.26381626 0.03325832 2.32 0.0001
AGE 4 4.60462923 1.15115731 80.46 0.0001
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T for HO: Pr > ITI Std Error of
Parameter Estimate Parameter=O Estimate

INTERCEPT 0.4833942311 B 8.18 0.0001 0.05909446
COUNTRY Denmark -.0018463545 B -0.07 0.9468 0.02766207

Sweden 0.0000000000 B
YEAR 91 -.0036713905 B -0.28 0.7807 0.01318280

92 0.0156227099 B '1.03 0.3029 0.01515383
93 -.0083850500 B -0.64 0.5252 0.01319330
94 0.0038083048 B 0.30 0.7612 0.01252839
95 0.0000000000 B

QUARTER 1 -.0304176391 B -1 .01 0.3106 0.02998248
2 0.0017798355 B 0.06 0.9529 0.03011391
3 0.0542674938 B 1.96 0.0504 0.02770408
4 0.0000000000 B

REeT 4057 0.1287853734 B 2.44 0.0148 0.05271127
4061 0.1042589947 B 1.73 0.0834 0.06015020
4155 0.0875536163 B 1.62 0.1060 0.05411400
4156 0.0970570895 B 1.84 0.0667 0.05286810
4157 0.0657690803 B 1.26 0.2093 0.05234942
4158 0.1355185808 B 2.25 0.0249 0.06031718
4161 0.1212190528 B 2.35 0.0188 0.05150655

4250 0.0825836657 B 0.83 0.4051 0.09915004
4251 -.0524163343 B -0.53 0.5972 0.09915004
4252 0.0546641394 B 0.42 0.6753 0.13044300
4256 0.0598229013 B 1.13 0.2575 0.05279608
4257 0.0720260308 B 1.37 0.1717 0.05265592
4258 0.0554604943 B 0.81 0.4192 0.06862142
4261 0.1029046134 B 1.96 0.0508 0.05261709
4351 -.0052640312 B -0.06 0.9513 0.08622673
4352 -.0553358606 B -0.42 0.6715 0.13044300
4353 0.0449038019 B 0.79 0.4325 0.05718688
4355 0.0675925824 B 1.18 0.2366 0.05706604
4356 0.0583534680 B 1.11 0.2675 0.05258779
4357 0.0934456376 B 1. 76 0.0783 0.05301304
4358 0.1282654233 B 2.06 0.0394 0.06218175

4369 0.0645286634 B 1.07 0.2861 0.06046036
4450 - .0685973645 B -0.80 0.4265 0.08622673
4453 -.0048528166 B -0.09 0.9284 0.05400442
4454 0.0285045036 B 0.53 0.5933 0.05335397
4455 0.0670659998 B 1.36 0.1752 0.04942929
4456 0.0419398285 B 0.80 0.4262 0.05267880
4458 0.1063917979 B 2.05 0.0405 0.051,86750
4466 0.0511289659 B 0.93 0.3504 0.05472747
4469 -.0304895324 B -0.55 0.5802 0.05510525
4472 0.0522468638 B 1.00 0.3154 0.05201139
4554 0.0482465342 B 0.79 0.4303 0.06114990
4555 0.0268168439 B 0.53 0.5973 0.05074090
4556 0.0004387583 B 0.01 0.9934 0.05304272
4569 0.0596460892 B 0.87 0.3848 0.06859779

4572 0.0707538799 B 1.17 0.2406 0.06024895
4655 0.0290762074 B 0.55 0.5802 0.05254775
4656 0.0472251417 B 0.64 0.5241 0.07410949
4672 0.0000000000 B

AGE 0 -.2232973365 B -13.15 0.0001 0.01697790
1 -.1639693409 B -13.72 0.0001 0.01195439
2 -.0898083934 B -7.44 0.0001 0.01207485

3 - .0283457767 B -2.27 0.0234 0.01248395
4 0.0000000000 B
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Abs. Deviations: Comp. 01 Danish and Swedish Data
(Linear Models)

YEAR QUARTER N Obs Variable Sum
................ - ..... _- ..................... _............ --- ..... -_ ....................... -- .. --_ ..........

91 3 3 DIF 0.86
ABSDIF 0.86
COUNT 3.00

92 3 DIF -0.50
ABSDIF 0.50
COUNT 1.00

94 3 12 DIF 0.97
ABSDIF 1.87
COUNT 12.00

Regression: Comp. 01 Danish and Swedish Data (Linear Model)

Model: MODELl
NOTE: No intercept in model. R-square is redefined.
Dependent Variable: BASWELIN

Analysis of Variance

Sum of Mean
Source DF Squares Square F Value Prob>F

Model 1 5.57753 5.57753 78.974 0.0001

Error 15 1.05937 0.07062
U Total 16 6.63690

Root MSE 0.26575 R-square 0.8404
Dep Mean 0.56188 Adj R-sq 0.8297
C.V. 47.29755

Parameter Estimates

Variable DF

BADENLIN

Parameter
Estimate

1.045872

Standard
Error

0.11768899

T for HO:
Parameter=O

8.887
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Prob> ITI

0.0001



Abs. Deviations: Comp. of Danish and Swedish Data
(Discriminant Rules)

YEAR QUARTER N Obs Variable Sum
..... _............. _---_ ..................... _-----------_ ..... _........ --_ ..............

91 3 3 DIF 0.69
ABSDIF 0.69
COUNT 3.00

92 3 DIF -0.16
ABSDIF 0.16
COUNT 1.00

94 3 12 DIF 0.34
ABSDIF 1.20
COUNT 10.00

Regression: Comp. of Danish and Swedish Data
(Discriminant Rules)

Model: MODELl
NOTE: No intercept in model. R-square is redefined.
Dependent Variable: BASWEDIS

Analysis of Variance

Sum of Mean
Source DF Squares Square F Value Prob>F

Model 1 4.82736 4.82736 152.429 0.0001

Error 15 0.47504 0.03167
U Total 16 5.30240

Root MSE 0.17796 R-square 0.9104
Dep Mean 0.54750 Adj R-sq 0.9044
C.V. 32.50397

Parameter Estimates

Variable DF

BADENDIS

Parameter
Estimate

1.073199

Standard
Error

0.08692530

T for HO:
Parameter=Q

12.346
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Prob> ITI

0.0001


