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INTRODUCTTON

1 Participants

J. Horbowy Poland

T. Jgrgensen Norway

Th. Neudecker Federal Republic of Germany
E. Ojaveer USSR

L.-E. Palmén Sweden

R. Parmanne Finland

0. Rechlin German Democratic Republic
B. 8jdstrand (Chairman) Sweden

F. Shvetsov USSR

H. Sparholt Denmark

1.2 Terms of Reference

The terms of reference (C.Res.1989/2:4:13) were as follows:

The Working Group on Assessment of Pelagic Stocks in the Baltic
{(Chairman: Mr B. Sjdstrand) will meet at ICES Headguarters from

17

a)

b)

c)

4

e)

f)

q)

h)

-27 April 1990 to:

consider the Report of the Working Group on Multispecies As-
sessments of Baltic Fish;

compile fishing effort and catch-per-unit-effort data for
possible use in assessments;

evaluate the wvalidity of the present stock unit definitions
for assessment and management purposes for herring and sprat
in the Baltic and in Division IIIa;

assess the status of and provide catch options for 1991 within
safe biological limits for the herring and sprat stocks in the
Baltic, including the combined stock of spring-spawning
herring in Division IIIa and Sub-divisions 22-24;

provide gquarterly catch-at-age and catch and stock meah
weight-at-age data by sub-division for Baltic herring and
sprat for 1989 as input to the multispecies VPA;

review +the chahges in growth of Baltic herring stocks,
consider to what extent these are density-dependent or due to
environmental factors, and discuss the implications for
management;

evaluate the consequences of maintaining the present IBSFC
gquota allocation system, with particular reference to the risk
of overexploitation of individual stocks;

produce a report for ACMP at its 1990 session oh the effect of
hypoxia in particular, and other forms of pollution, on the
relevant Baltic fish stocks based on a review to he produced
by Ms E. Nielsen and Dr ©. Bagge.




2 GENERAL CONSIDERATIONS
2.1 Results from Acoustic Survevs 1989
2.1.1 Ihe International Hvdroacoustic Survey 1989

The 1989 survey was performed in the same way as in previous
years, i.e,, with the same target strength regression and way of
determining the area covered. An intercalibration between R/V
"Argos® and R/V "Eisbdr" gave a regression that was used +o con-
vert the acoustic sighals from "Eisbir" to *Argos" units. aAll the
acoustic data from both vessels could thus be used in the calcu-
lation of fish density.

The total numbers of herring in Sub-divisions 24-29% have in-
creased about 25%, mostly (40%) due Lo the strong year classes
1986 and 1988, The total biomass in Sub-divisions 24-295 has
increased about 15%.

It was discovered during the disucssion in the Planning Group for
Hydroacoustic Surveys in the Baltic that the age composition of
the sprat differed between the Swedish and German samples. There-
fore, a re~run was made, using only the Swedish age data which
Were more in line with the USSR data,

The sprat estimate indicates a very strong 198% year class, and
the numbers in Sub-divisions 26 and 28 have, due to the strong
1986, 1988, and 1989% year classes, increased by 586%.

The results are given in the report of the Planning Group for
Hydroacoustic Surveys in the Baltic (Anon., 1990b), together with
an explanation of the problems with the age-reading of the sprat.

2.1.2 Joint Danish~-German hydroacoustic survey jin the Western
Baltic

The second hydroacoustic survey inh the Western Baltic in November
1989 covered very well ICES Sub-divisions 22 and 23 and, to a
mincr extent, Sub-division 24. The fishery showed the occurrence
of younger herring of age groups ¢ and 1 in the Belt Sea and
Western Baltic, whereas older fish were absent. They were found
in limited numbers in Sub-division 24 only.

The results were taken together with the results from the other
two acoustic surveys in Division IXIa to tune the VPA for the
combined stock of Division IITa and Sub-divisions 22-24 and they
showed a surprisingly good fit. In Sub-division 24, the hydro-
acoustic data were pooled with +the international hydroacoustic
survey results of Sweden, German Democratic Republic, and Paland
for that Sub-division. Details are given in Section 3.2.6.1.

2.1.3 The USSR hvdroacoustic survey 1989

The latest hydroacoustic survey, which was conducted from 25
September up to 30 October 198%, covered Sub-divisions 26, 28,
2%, and 32. It included the economic zones of Poland, Sweden, and
Finland.




The major tracks were passing through from east to west, starting
from 20-30 m depth off the Soviet coast and finishing off the
border of the f2-mile Swedish and Finnish zones.

The abundance of 1-year-old and older fish was +the highest for
the period 1983-1989. On the whole, the biomass of sprat (age 1
and older) was 453,000 t in Sub-divisions 26 and 28, and
171,000 £ in Sub-divisions 29 and 32. Biomass of herring was
324,800 t in Sub-division 26, 655,200 t in Sub-divisions 28 and
295, and 265,200 t in Sub-division 32.

2.2 Multispecies Assessments

The report of the Working Group on Multispecies Assesaments of
Baltic Fish (Anon., 1990a) was presented to this Working Group.
Since last yeal, the work was concentrated on improving the data
bases for the MSVPA programs,

The catch-at-age and mean weight-at-age data by quarter for 19377-
1979 and for 1988 have been added to the previous data for 1980-
1987 foxr both the Western Baltic MSVPA and the Central Baltic
MSVPA.

The recompilation of the stomach data was not finished and this,
together with adding new stomach data to the old set, is the main
task at present for the Baltic Multispecies Working Group.

Estimates of the geographical distribution of cod in the Baltic
by duarter (based on the bottom trawl surveys) have improved
considerably since the meeting reported in anon. (1990). Accord-
ing to a working document presented to this Working Group by
Sparholt, Aro, and Modin, the weighting of the stomach data from
the various sub-divisions against each cother can now be done on a
firm basis.

A thorough examination of the available knowledge on +the fish
consumption by sSea mammals and sea bhirds was carried out by the
Baltic Multispecies Working Group. It was concluded that the pre-
datien effects from these sources are small compared to the pre-
dation by ced and that they can, therefore, be dealt with as a
part of the residual mortality, as is done at present,

The Baltic Multispecies Working Group felt that the estimates of
natural mortality are still not sufficiently reliable to replace
the values used at present by this Working Group in the single
species assessments. For the Western Baltic MSVPA, the sprat ter-
minal Fs were +the main problem, and for the Central MSVPA, the
uncertainties about the precisgionh in the stomach data were the
mainh problem. However, this Working Group ran into problems when
trying to apply constant natural mortalities over the years 1974-
798% in the sprat VPAs, Therefore, this Working Group used mean
predation mortalities over ages 1 to 3 for +the sprat stock in
Sub-divisions 26 and 28 as estimated by the MSVPA.

Year 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988

M .36 .49 .52 .b8 ,B% .52 .49 .38 .32 .27 .25 .27




Thus, the M values used (for 1977-1988) were those £from the
MSVPA, variable by year, for 1974-1976 the value M = ,40 was
used, and for 1989 the value M = ,27. These M values were con-
sidered as conservative estimates, because the residual moxrtali-
ties were not included and because the values were taken from the
sprat stock with the lowest predation mortality according to the
MSVPAs. Time did not allow the Working Group +o apply these M
values to all the sprat assessments but only to the combined
assessment for Sub-divisions 22-32,

The Multispecies Working Group asked this Working Group for
advice on how to get sensible input Fs for sprat in the MSVFPA
models. As the F level on sprat is low in the Baltic and the
number of age groups is small in the stock, the VPA does not
converge very well. The present Working Group recommends that
acoustic stock estimates for sprat could be used., These are
available for 1987 and 1989 for Sub-division 22, and for 1977 +to
1989 for Sub-divisions 24-2%. The relative distribution between
Sub-divisions 22 and 24 has not changed significantly in the
period 1977-1989 and, therefore, the mean for 1987 and 1989 could
be used to get the relative distribution, and this could make up
for +the lacking data for Sub-division 22 for the years before
1987. Also, sprat catch rates in the German Democratic Republic
bottom +trawl survey could be considered in this context, but
these data were not available to this Working Group.

The quarterly catch-at-age and mean weight-at-age data for 1989
were made available to the Baltic Multispecies Working Group by
this Working Group for herring and sprat and by the Baltic Demer-
sal Working Group for cod.

3 HERRING
3.1 Asgessment Units and Growth
3.1.1 Assessment units for Baltic herring

The Working Group was asked to evaluate +the wvalidity of the
present stock unit definitions for assesament and management
purposes for herring in the Baltic.

Three stocks/assessment units in the marginal area c¢ould easily
be distinguished:

1) Spring-spawning herring in Sub-divisions 22, 23, and 24 to-
gether with spring spawners in Division IIIa

These are separated from other Baltic herring by their migratory
habits. They migrate from spawhing places in southwest Baltic to
Division 1IIla and even into the northeastern parts of the Noxrth
Sea. They get infested by the parasitic nematode Anisakis, most
probably from eating krill (euphausiids) containing the parasite.
Krill species do not occur in the Baltic, and the Anigakis can,
therefore, serve as a natural tag showing that the infested ani-
mal has spent some time in a more marine environment +than the
scuthwestern Baltic. Tagging experiments (Piester, 1979; Jdnsson,
1981) have also provided many recaptures from the Skagerrak but
very few from areas gast of Bornholm.




2) Herring in Sub-division 30, the Bothnian Sea

Tagging experiments (Otterlind, 1966 and 1976; Parmanna and
Sjobklom , 1982 and 1986) show that the vast majority of fish
tagged in this area is also recaptured there. Only taggings close
t¢ the southern border have given some recaptures from the Baltic
proper.

3) Herring in Sub-division 31, the Bothnian Bay

Similarly, these herring stay in the Bothnian Bay all year round,
and few tagged fish are recaptured outside the area.

The splitting {in 1980} of +these +two areas into eastern and
western parts was based on the distribution of fishing areas and
on  management considerations. The herring spawh and are fished
along both the eastern and western coasts, but move after
spawning to the deeper waters in the middle of these areas.

The situation 1Is more complicated concerning stocks and assess-
ment units in the Baltic proper and the Gulf of Finliand (Sub-
divisions 25-~29 and 32).

Spawning

Herring spawn (Anon., 1979) all along the Swedish and Finnish
coasts, particularly in the archipelagos, On the sandy, open
coasts of +the southern and southeastern Baltic, spawhing occurs
along parts of the Polish and USSR ceoastlines. Large spawning
grounds are alsc situated in the Gulf of Riga and in adjacent
Estonian waters continuing in the Gulf of Finland.

Spawning occurs more or less all year round, with the main season
for spring spawners from March to July and for autumn spawners
from Auvgust to November.

Stocks

Herring from dJdifferent spawning places in +he Baltic show
differences. This is most obvious when comparing lengths at age.
The largest herring spawn ih +the south, and length decreases
gradually towards the north. There are also more abrupt differ-
ences between herring spawning in some bays and gulfs and those
spawning outside aleng the ¢oast of the open sea. The Gulf
spawhers are shorter at age thah the sea-ccast spawners.

Also size and form of the otoliths differ between spawhing areas
and are used to alleocate herring to different stocks (0javeer et
al., 1981; anon., 1986).

Other morphemetric and meristic characters have not been of great
help when separating Baltic herring into stocks. The amount of
genetic differentiation seems, however, +o be small between
"stocks" of herring, not only in the Baltic. Ryman et al. (1984)
studied allele frequencies for polymorphic loci of varicus en-
zymes on herring from 17 localities in Scandinavian waters. More
than 9%% of the total gene diversity was Zfound within popula-
tions.

It is pointed out by Smith and Jamieson (1986) +that a rather
moderate gehe flow between heighbouring spawning aggregations




would be sufficient to prevent genetic differentiation.
Migrations

Herring make spawning, feeding, and winter migrations between the
coasts and the open sea {Anon., 1979; Aro, 1989). Tagging has de-
monstrated that, for instance, herring along the Swedish coast
spend the second half of the year in the waters east and scuth-
east of Bornholm, and that fish from the northern parts of +the
Baltic proper can move to Gdansk Bay and the Bornholm area, aAlso,
tagged herring from the Gulf of Finland (at least from the
western parts) have been recaptured in the Baltic preper. The
migrations have been shown to vary from +time +to +time in both
frequency and in range, probably in response to changing
environmental conditions.

The above-mentioned feeding migrations result in an extensive
mixing of herring of different origin during most of the third
and fourth quarters of the year. A demonstration of the mixing is
given in Figure 3.1.3. which presents the length frequency di-
striibutions for 2-year-old herrxing in October-November as
measured during the 1983-1986 acoustic surveys and presented by
sub-division. The length range is from 12.5 +o¢ 25.5 cm. It is
seen that the propertions of "small* and “"large” herring vary not
only between areas, but also between years.

Assessnent units

The analytical assessments of Baltic herring have for a long
period been calibrated by the results of acoustic surveys cover-
ing Sub-divisions 24 to 29. These surveys have been conducted in
October-November, i.e., during a time when the mixing of herring
is maximal.

The herring in the Baltic proper have been separated into five
assesgiment units: Sub-divisions 25-27, 28-29S, Gulf of Riga, 29N-
30 and Sub-divison 32. This split was done mainly +to reflect
spawning areas, fishing areas, and management areas, but does not
take the mixing and the distribution pattern during summer/autumn
into account.

One result of this procedure has been the creation of a very big
and lightly fished "stock" in Sub-division 28-295 {(total biomass
= 700,000 +, average F = 0.1). The reason is that the acoustic
suxrveys in these areas do register large amounts of £ish emana-
ting from other areas (such as Sub-division 29N, parts of Sub-
division 32, and from the Gulf of Riga}.

One way of coping with this type of phencmenon cculd be to en-
large the assgessment unit +o the whole are within which the
migration takes place, in other words, the whole of Sub-divisions
25 to 29 and Sub-division 32. The Working Group adopted this
course of action for its 1990 assessments,

A conseguence of this "all herring in one bag" appreach is that
separate entities cannot be monitored, and that one or the other
of these could get lost through over-expleitatieon and/or recruit-
ment failure,

The tentative solution for +this year was, in addition to the
whole area assessment, to continue to assess separately the en~




tities Gulf of Finland herring, Gulf of Riga herring, and the
herring spawning along the Polish and USSR coasts in Sub-division
26.

The comparisen (see Section 3.3.6 and Figure 3.2.2) made between
the sum of separate assessments (taken from the 1989 report and
from Anon., 1987 appendix for the assessment of Sub-division 29N)
and the assessment for the total area give very similar results
of the dynamies of recruitment and spawning stock biomass.

Status guo catch levels for 1990 and 1991 were calculated for the
separate assessments for Sub-division 32 and for the Gulf of
Riga. These values were almost identical +to the catch figures
obtained by splitting the SQC for the total assessment intc smal-
ler areas according to ¢atches in number and mean weights in
these smaller areas.

In future years, more effort should be made to analyze basic
catch data, such as length at age {length freguency distribution)
in order to identify and fellow components with different growth
rates. Also, the results fron the acoustic surveys should be
studied for distributions of length groups according to areas and
to depth. Such studies can give an  insight into migration and
mixing rates on which detailed data are now missing. The results
should be compared with the data from the otolith classification.

It would alsec be valuable to apply some methcd for monitoring
spawning herring on spawning grounds at spawning time.

The Working Group recommends that the guestion of stock iden-
tification and allocation should alsc be discussed at the next
meating.

The amount of workload for the relevant institutes for this Work-
ing Group and for ACFM should be taken into account, when the
number of assessment units are discussed.

3.1.2 Growth

3.,1.2.1 Changes in growth of herring

The Working Group initially intended to perform an analysis of
growth changes for herring at its 1990 meeting, but due teo lack
of time it was decided tc postpone the analysis to the 1991
meeting. However, the Federal Republic of Germany presented data
on estimated 1ength of 1- and 2-year-old herring, obtained by
back-calculation £rom otoliths of herring collected in the
western Paltic {Sub-division 22) in the first guarter of 198%. A
total of 134 otoliths was sampled.

The back-calculated lengths at age showed a decreasing trend from
the 1981 +to the 1986 year classes, and, thereafter, increasing
lengths at age again (Figure 3.1.1). The ranking of the year
classes according to length at age was basically the same at age
2 as at age 1, indicating that differences in length at age
between year classes were already established at age 1.

Surface water temperature in the third gquarter of the year as O-
group seemed to be highly correlated with length at age 1 of a
vear class (Figure 3.1.2).




3.1.2.2 Length frequency distributions

Length-at-age data c¢ollected during the acoustic surveys in
October showed bimodal and, sometimes, polymodal length distri-
butiuvons (Figure 3.1.3), suggesting a mixture of herring from
different stocks. The length distributions were split into nor-.
mally distributed components, using the Mix program. Mean length
and proportion of each component areé given in Table 3.1.2. The
number of components and the relative contribution of each were
highly wvariable between years. Morecver, mean length at age of
the various components differed by 2-~5 cn.

These results demonstrate the difficulties inwvelwed in studying
growth changes, and the importance of establishing time series
based on data from the same hiolodical stock uni%. It is, there-
fore, suggested, that analyses should be based on data cocllected
on spawning grounds, and back-calculations used to study growth
of juveniles.

3.2 . . b-divisi 22, 23 1 24 B AP
3.2.1 Introduction

As in previous years, two assessments were made, one for herring
in Sub-divisions 22 and 24, and one for heérring in the combined
Division IITa and Sub-divisions 22 to 24. Due to the considerable
migration of herring from the western Baltic into Division 1IIXIa,
the latter assessment seems to be the more appropriate approach
from a biological point of view. Both assessments were made on an
annual basis.

The catch-at-age data used for the combined assessment included
transfers of spring spawners from the North Sea. Details on the
method used £for separation of spring and autumn spawners are
given in Anon. (1990c¢).

3.2.2 Cakch data

Reported landings for 1989 are shown b¥ countries in Tables 3.2.1
-3.2.3 for sSub-divisions 22 and 24, Sub-division 23, and Division
IIIa, respectively.

The landings in Sub-divisions 22 and 24 in 1989 were 92,954 t,
which is at approximately the same level as in the previous years
(6,000 £ less than the landings in 1988). The major chahge was in
the Danish catches, which were reduced by 10,000 t.

The landings in Sub-division 23 amounted to 1,630 t in 1989, com-
pared with 219 t in 1988.

In Division IIIa the estimated catch in 1989 was 172,043 t, a
reduction of 50% compared with 1988, The 1989 landings were the
lowest since 1982. Approximately 70% of the total catch was taken
in the human consumption fishery, the rest in the small-meshed
clupeoid fishery. Danizh indusztrial Jlandings of herring from
DBivision IITa were reduced by approximately 135,000 t from 1988
to 1989, partly due +to change in fishing effort from small
clupeoids +to HNephrops. Swedish landings in 1989 were 60,000 t
lower than in 198B.

The catch of speing spawners from Division IIIa and Sub-divisions




22-24 in the North Sea in 1989 was estimated at 19,869 t, -com-
pared with 23,306 £t in 1986. '

The total <catch of 2-year-old and older spring-spawning herring
in Division ¥IIIa (including transfers from +the North Sea) and
Sub~divisions 22-24 by haif-year are presented in Table 3.2.4.
The catch in 1989 was estimated at 170,543 t, approximately
60,000 £t less than the 1988 landings. Catches in Division IIIa
and Sub-divisions 22-24 were approximately equal.

3.2.3 gatch in numbers at age

The half-yearly catch in numbers-at-age for Sub-divisions 22-24,
Division IIXa, and the combined area are shown in Table 3.2.5.

Age-composition data by guarter were available from all countries
fishing in Sub-divisions 22 and 24, except for the third quarter
in Sub-division 24, where Polish samples were used to separate
the catches from the German Democratic Republic and Sweden.

In Sub-division 23, the catch was distributed according to the
quarterly age composition for the total catch in Sub-divisions 22
and 24.

Half-yearly catch in numbers at age of spring spawhers in Divi-
sion IIIa (including transfers from the North Sea) were
calculated from data given byU the Herring Assessment Working
Group for the Area South of 62°N (Anon. 19%0c).

3.2.4 Mean weichts at age

For each half-year, weighted average mean weights-at-age in the
catch in Sub-divisions 22 to 24, in the catch of spring spawners
in Divigion IIIa (including transfers from the North Sea), and
for the combined management area are presented in Table 3.2.5.
Mean weights-at-age in the catch were also used in the VPA as
estimates for mean weighis-at-age in the stock.

3.2.5 Herring in Sub-divisions 22 and 24 assessed as a unit stock

In order to make use of the long-time series of ©O-and 1-group
catch data for the western Baltic, not available in the same
amount for Division ITla, the Working Group decided +o0 continue
in running a VPA for a unit stock in Sub-divisions 22 and 24,

Following the procedure in previous years, the natural mortality
was chosen as 0.3, accounting for emigration from the area into
Divigsion IIIa. For the separable VPA, age 3 was chosen as refer-
ence age for the combined assessment, in order to get as compa-
rable results as possible. Trial runs showed the terminal 5 =2.00
t¢ best reflect the selection pattern for older ages (Table
3.2.5.4).

Recruitment data from the International Young Fish Surveys in
Division IIIa and from the German Democratic Republic Younhg Fish
Surveys in Sub-divisions 22 and 24 were analyzed by using the
RCRTINX2 program (Table 3.2.5.3 and Figure 3.2.5). The predicted
year-class strength for the 1988 and 1987 year classes gave the
basis for calibrating the final VPA (Tables 3.2.5.5 and 3.2.5.6).
The estimate of age 1 in 1987 from separable VPA is very close to
the strength predicted by RCRTINX2 for this year class. Catch in
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numbers and mean weights at age are given in Tables 3.2.5.1 and
3.2.5.2.

From the data presented to the Working Group, the conclusion can
be drawn that the fishing pressure on young herring (ages 0O and
1) was high in 1987 and 1988, and decreased slightly in 1989. The
fishing mortality of age group 1, however, was still by 30% above
the average in 1989.

3.2.6 Hexrrj in Diwvision Sub-divisions 2 23, and 24
3.2.6.1 Eishery-independent stock estimates

Three accustic surveys were carried out doring 1989 on this
stack:

1) A Swedish/Danish/Norwegian survey in Division IITa and the
eastern part of the North Sea during August.

2) 2 Swedish/GDR survey in Sub~divisions 23 and 24 in October.

3) A Danish/Federal Republic of Germany survey in Sub-divisions
22-24 in October.

As in 1987 and 1988, the coveradge of the area was good in 1989.
The area below depths of 20 m in Sub-division 24 was covered by
both surveys 2 and 3, and a mean estimate for these +two surveys
was calculated and used in combination with survey 1 and 3 as
indicated in Table 3.2.621. The coverage of survey 2 E£pr Sub-
division 24 was 3,085 nm" and this was raised to 3,210 nm”, which
is the area of the depth stratum with depth below 20 m.

3.2.6.2 VPA

Catch in number and mean weight~at-~age data are shown in Tables
3.2.6.2 and 3.2.6.3.

The data available to tune the VPA were the acoustic estimate of
absolute stock numbers from the Division IITa Survey, the Danish-
Federal Republic of Germany Joint Sub-divisions 22-24 Survey, and
the International Survey in Sub-division 24. The data from bot-
tom-trawl surveys were considered too uncertain to be of use in
the tuning. Table 3.2.6.4 gives the RCRTINX2 results for the in-
dices when regressed against the final VPA, which is desczribed in
the fellowing.

The acoustic estimates from 1987-1989 were used and corrected to
account for the variable amount of the caktch taken before the
survey, i.e., from 1 Januvary to the time for the acoustic sur-
veys, and for the numbers dead due to natural courses. This cor-
rection was done as follows:

1) all catches taken in the first two quarters of the vyear were
definitely taken before the survey.

2) For Division 1IITa, half of the catch taken in the third
quarter of the year was assumed to be taken before the survey
in Division I¥Ia, which is conducted in August/September.
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3) All the catch taken in the three first quarters of the year in
.Sub-divisions 22-24 was assumed to0 be taken bhefore the survey.

4) All the_Catch taken before the survey was assumed to be taken
at the mid-date between 1 January and 1 October.

5) The natural mortality was assumed +to be 0,075 between 1
January and the mid-date as well as between the mid date and 1
October.

The catches taken before the surveys are given in Table 3.2.6.5,
and the cerrected acoustic estimates are shown in Table 3.2.6.6.

The ICES/ACFM tuning procedure was used regarding the acoustic
data as effort data. The input diagnostics and results are shown
in Tables 3.2.6.7, 3.2.6.8, and 3.2.6.9. A run with no weighing
instead of a tri-cubic weighing put on the regression gave almost
identical results. The reliability of this tuning was gquestioned
on the same grounds as for the North Sea herring assessment
{Anon., 1990c).

Therefore, an ad hoc tuning was also done using the acoustic es-
timates of 2+ ringers. As the proportions of +he catches taken
before the survey were found to be B2%, 73%, and 82%, respec-
tively, for 1987, 1988, and 1989, it was assumed that the percen-
tage of numbers dying before +the survey were the same as the
percentage of the catch taken before the survey. First a separ-
able VPA was done, and the diagnostics are given in Table
3.2.6.10. A VPA using the terminal population size from the SVPA
was then made. The level of F was chosen to give the last sum of
squared residuals (ssg) for all +three years. The ssq‘s for
various levels of F (F3 is the age of unit selection} are given
in Table 3.2.6.11. The filnal VPA results are given 3in Tables
3.2.6.12 and 3.2.6.13 and in Figures 3.2.6A and B.

The estimates of the VPA F2_ in 198% differed only slightly
between the two tuning methods (%ahles 3.2.6.9 and 3.2.6.12). As
can be seen from Tables 3.2.6.8 and 3.2.6.11, the acoustic data
seem surprisingly precise, although it must be taken into account
that the time series is very short.

3.2.6.3 Yield per recruit

The input data are given in Table 3.2.6.14. Yield-per-recruit
callculations (Figure 3.2.6C) show that F 1= 0,188 and Fmax =
0.34%. Thus, the 1989 fishing level was abolt twice Fmax.

3.2.6.4 Catch predictions

The recruitment figure for +the 1988 year class as 2-ringers 1
January 1990 was obtained by RCRTINX2 of VPA 2-ringers compared
to GDRO, GDR1, and IYFS2 indices (Table 3.2.6.4). The recruitment
figure for the 1989 year class as 1-ringers i January 19%0 was
obtained by RCRTINX2 of VPA 1-ringers compared to the GDRO index
(Table 3.2.6.15), The recruitment figure for the 1990 year class
as O-ringers 1 January 1990 was taken as the mean from the VPA
over the peried 1974-1987 (Table 3.2.6.13). The fishing mortality
pattern was taken as the mean for 1982-1987. Fishing mortality in
1990 was assumed to be at the same level as in 1989. The weight
at age from the catches in 1989 were adopted for 1990-1992. The
results of the prediction are given in Tables 3.2.6.16 and
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3.2.6.17 and Figure 3.2,6D.
3.2.6.5 Separation of the catch projections

The projected catch at age in numbers for 1991, assuming the same
fishing 1level in 1991 as in 1989, was separated into half-yearly
catches by area. Due to differences in the seasonality in the
fisheries between Division IITa and Sub-divisions 22-24, a half-
yeaxrly separation is preferable to a yearly separation. The sepa-
ration was done using the proportion of the catches by half year
and area found in the 1989 data. Mean weights by half year and
area were applied +to give the catch in tonnes (see Table
3.2.6.17).

The catch in 1991 in bivision IIXa will be 101,761 t, of which
16,060 t will come from the cateh of O- and 1-ringers. The catch
in 1991 in Sub-divisions 22~24 will bhe 97,373 t, of which 23,622
t will come from the catch of O- and 1-ringers (Table 3.2.6.18}.

3.2.6.6

In last year's report we discussed the reliability of the high F
level for this herring stock and concluded that the only possibi-
lity £for an over-estimation of the level of ¥ (being about 0.8)
was a use of a too high S value. However, we have no firm evi-
dence of S5 being too high, neither from the fishery nor from the
acoustic surveys or other surveys.

3.3 : : T 5-29 (i . :
Hgff%ggT;g_ﬁu?Eﬂlxlﬁignﬁ_Z__2__L;g;lgdlng_ﬁnlﬁ_gf_ﬂ;gﬁ_gng

3.3.1 Catches

Catches have been remarkably stable in this area since the
beginning o<¢f +the 1970s. They have varied between 325,000 and
250,000 t. In 198%, about 2%2,000 t were caught.

3.3.2 Catch in numbers at age (Table 3.3.1)

For the period 1974-1988, catch-at-age data were combined for the
assessment uanit of Sub-divisions 25-29, Sub-division 32, and culf
of Riga. The 1989 data on catch-at-age were dJisaggregated by
quarters for Sub-divisions 25, 26, 27, 28 (and Gulf of Riga) and
29. Arnnual data from Gulf of Riga and Sub-division 32 were taken
from the separate assessment for those areas and added. About 85%
of the catches were sampled for age composition. The <remaining
catches were distributed on ages according to quarter and sub-
division.

3.3.3 Mean weights gt age (Table 3.3.2)

Mean weights from Sub-~divisions 25-29, 32, and the Gulf of Riga
were weighted together by catches in numbers for 1974-1988. The

weights for 1989 were weighted +together by sub-division and
quarters.
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3.3.4 hssesgment

Tuning data. The results from the International Acoustic Surveys
of 1982-1989 were used +o tune the VPA. They covered Sub-
divisions 25-29S. The stock estimates in number at age from the
acoustic surveys were treated as input CPUE values to the ad hoc
tuning program. Effort was put as 1.0 in all years.

The acoustic estimates obtained in October-November each year
were regarded as indices of the average stock size that year. The
rroportion of +the catch taken before and after the survey are
fairly stable, only during 1985-1989 did the propertion of the
catch +taken in the fourth quarter (for Sub-divisions 25-295 for
which quarterly data were easily availabkle) vary between 18 and
25%. Therefore, no correction was made for pre-survey catches nor
for natural mortality.

Table 3.3.3 gives the input data for the tuning, and Table 3.3.4
the output. Log-transformated catchabilities (gq) were used. The
1989 g-values were estimated as the 1982-1988 means. These means
were rather similar for age groups 3-8, but lower for the 2-group
and more so for the 1-group, thus indicating +that the young
herring are not well covered by the surveys (Figure 3.3.1}.

Fishing mortalities 1989

The fishing mortalities  in Table 3.3.5 are the output from the
tuning procedure, The reference F {(average for ages 3-8) shows a
slow increase from about 0.22 in 1974 to 0.32 arcund 1984-1986
and then a slight decrease. The separable VPA with reference age
= 4, terminal selection value = 1.0 and a F of 0.29 for the 4-
group in 1989 are given as Table 3.3.7. This was wused for the
final VPA (using terminal populations to determine terminal F
values}. Table 3.3.8 and Figure 3.3.32 give fishing mortality,
and Table 3.3.9 and Figure 3.3.3B stock sizes.

According to this assessment, both the exploitation level (0.25-
0.32) and spawning stock size {898,000-1,220,000 t) have been
very stable since 1974. The observed variations are without a
trend.

Recruitment

As has been stated in earlier reports, the recruitment data for
herring are poor 1in +the Baltic. The available data from young
fish surveys (Gdansk Bay in Sub-division 26 and the Gulf of Riga)
were not thought to be representative for the whole area, Conse-
quently, it was the long-term (1974-1987) mean (14.4 x 107 ) which
was used for both the 19289 and 1990 year classes,

3.3.5 Prediction for 1990-1992 (Tables 3.3.9-3.3.11 and Figure
3.3.3D)

Input fishing mortalities were from +the 1{1987-1989 average
pattern, scaled to give a level of 0.29 for the reference F, Mean
weights at age for the ¢atch and stock were taken as the 19%87-
19489 average. Status guo catches are predicted for 295,000 t in
1990 and 293,000 t in 1%91. This will be accompanied by a slight
drop in spawning stock from 1,106 in 1990 to 1,087 in 1992,
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3.3.6 Allocations of catches on areas

In order to give a picture of the likely allogation of predicted
catches by areas, the following preocedure was adopted: the pre-
dicted catches in number at age for 1930 and 1991 were distri-
buted among areas as the 1987-198% average of catch in numbers at
age and multiplied with the mean weight at age for each area
(Table 3.3.12}.

Figure 3.3.2 shows the recruitment and spawning stock biomass for
the “single area" assessments, their sum, and the assessment of
the total area. It should be noted that the assessment for Sub-~
division 29N only covers the period 1977-1986. The correspondence
is indeed very good, both for recruitment and biomass.

3.3.7 Separation of herring stocks in Sub-divisions 25-27

As in previous years, the Working Group separated the total
catches in the area into the two main stocks present, i.e., the
fast~growing, short-lived coastal herring spawning along the
southern coast ih Sub-divisions 25-26 (from Hang Bay to Gdansk
Bay) and the slow-growing, long-lived open-sea herring spawning
along the coast in Sub-division 27.

It should be noted +that the coastal herring includes auntumn
gpawhers which make up 4-8% of the total catch in Sub-divisions
25 and 26. It was decided, however, not to perform independent
.assessment of the open-sea herring ~ which was the case in pre-
vious years - because data for tuning of VPA for that population
are missing.

3.3.8B Separation procedure

2s in previous years, the Polish (Sub-divisions 25-26) and USSR
(Sub-division 26) catches, presented as numbers at age, were se-
parated on the basis of otolith types into coastal and open-sea
components. The Polish catches in the Swedish zone (Sub-divisions
25, 26, and 27) were separated on the same basis. This method is
still not adopted in the Swedish and Panish laboratories, and
these countries presented catch as numbers at age for each
guarter of the year. Total catches of the German Democratic
Republic and USSR in the Swedish zone of Sub-division 25 were
separated intoc population and age components according to popu-
lation and age composition of Polish catches in that zone, as the
seasons and fishing grounds of the German Democratic Republic and
USSR fisheries overlap with those of the Polish fishery.

All Swedish catches in Sub-division 25 in the first half-year and
33% of the second half-year catches were assumed to be coastal
herring, while 67% of the second half-year catches were allotted
to the sea stock. The same rule was applied for the separation of
pDanish catches in Sub-division 25. All catches in Sub-division 27
were assumed to be open-sea herring.
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3.3.9 Catch trends

In 1989, estimated catch of the coastal herring was about 73,000
t showing a slight decrease (3%) when compared with 1988 catch.
Estimated open-sea herring catch increased by 16% from about
69,000 t to 80,000 t (Table 3.3.13).

3.3.10 Mean weight at age

For both the coastal and open-sea herring stocks, data on mean
weight at age were supplied by Poland {(Sub-divisions 25-26) and
the USSR (Sub-divisions 26}.

It was assumed that the German Democratic Republic and USSR
welghts at age in Sub-division 25 were the same as those in the
Polish catches in the Swedish fishery zone.

Sweden supplied the data on a gquarterly basis for Sub-divisions
25 and 27, and Denmark supplied similar data for Sub-~division 25.
Swedish and Danish data from the first half of the year from Sub-
division 25 were assumed to represent only the coastal stock,
while +the data from the second half year were assumed to repre-
sent both stocks.

3.3.11 ¥PA_for_ coastal hexrring

Natural mortality was assumed at a level of 0.3 for all Qears and
age groups.

The CPUEs of Polish state~owned cutters in the first and second
quarters were used for tuning. These data were standardized by
GLM Ffor the 1976-1989 periocd (Table 3.3.17). As coastal herring
constitutes almest 100% of Polish catches in the first quarter,
and over 90% in the second quarter, the CPUE seriegs is believed
to represent coastal herring stock. Fishing effort was calculated
as the ratic of total catch to arithmetic mean CPUE in the first
and second quarters. As catchability estimates in age groups did
not show any time trend, the Laurec-Shepherd tuning method was
applied. Standard error of predicted catchability is less than
0.3 or slightly higher than 0.3 for most age groups, except age 1
where it equals 0.4 {Table 3.3.18}. Separable VPA with reference
age of 3 and terminal selection equal 1 was then run (Table
3.3.20), to obtain terminal populations for the final VPA (Tables
3.3.21 and 3.3.22 and Figure 3.3.4A and B). Mean Fs for ages 2-6
from tuning module and from final VPR are the same.

3.3.12 Recrujtment and catch prediction

Recruitment data from Polish young fish survey in Gulf of Gdansk
and VPA estimates of vyear-class strength were ahalyvsed using
program RCRTINXZ (Table 3.3.13 and 3.3.14), The analysis showed
poor guality of recruitment data and indicated that 1%88 and 1989
year-class strength is slightly {2-3%) below the average, and so
average values were assumed. Weight at age in the catch and in
the stock were taken to be means from the period 1985-1989. The
fishing pattern was determined as the averages of the 1975-1987
fishing mortalities. Input parameters for the projection are
given in Table 3.3.24, and the results are shown ih Table 3.3.15
and Figure 3.3.4.D.

If the fishing mortality in 1390 and 1991 is at the same level as




16

in 1989, the spawning stock biomass will remain at a level of
about 170,000 t in these years. Catches at 1990 and 1991 are pro-
jected to be at a level of about 77,000 t.

F and F_ . estimates are estimated as 0.28 and ©.80,
r@ggec—tiveE§?hand F as 0.31.

0.1
3.4 Gulf of Riga
3.4.1 catchesg
As compared with the 1982-1988 period, in 1989 total catches in
the Gulf of Riga increased. That was due to a greater amount of
open-sea herring caught in that Gulf in 1989, whereas the Gulf
herring landings remained on the 1988 level. In the Gulf of Riga,
herring is fished only by the USSR.

Catches in tonnes

Category 1976 1977 1978 1979 1980 1981 1982
Total catch 31,975 25,544 23,056 21,758 20,702 22,646 17,431
Gulf of Riga herring 27,422 24,186 16,728 17,142, 14,998 16,769 12,777
Open-sea herring 4,553 2,358 6,328 4,717 5,704 5,877 4,654
Category 1983 1984 1985 1966 1987 1988 1989
Total catch 20,318 198,679 20,187 18,180 17,676 15,779 22,676
Gulf of Riga herring 15,541 15,843 15,575 16,927, 12,884 16,791 16,783
Open-sea herring 4,777 3,836 4,612 1,253 4,792 2,988 5,893

3.4.2 gatch in pumbers at age

Age compositions were available for trapnet and trawl catches
(Table 3.4.%).

3.4.3 Mean weight at age

The mean weight of age groups for the total stock was calculated
from correspeonding data on trapnet and trawl hexrring. The Sop
check showed that in 1989 nominal catches constituted 102% of the
calculated catches.

Excluding the 0- ané T-group fish, in 1989 average weight of the
Gulf of Riga herring by age groups was Jess than in previous
years, and in several age groups the lowest on record for the
period 1970-1989 (Table 3.4.2).

3.4.4 VBA

Natural mortality was taken equal +to +that assumed previously
(0.2). ¥For determination of the level of input Fs for 1989%, the
gsame method as last year was used. As the series of acoustic
estimates were considered to be too short for tuning the VPA, the
input Fs were calculated on +the basis of the total numbers
(milliong) of the 3-7-year-old herring in 198% and the 2-6-year-
¢ld herring in 1988 found in the Gulf of Riga during the acoustic
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survey in November 1988 and JFanuary 1990.

Age
Year 2 3 4 5 6 7
1988 323 3,448 1,215 754 231 -
1989 - 252 2,142 504 252 38

Z for the age groups 2-6 in 1989 was estimated as 0.63 and F =
0.43 (M = 0.20). Input Fs for the age groups were derived from
the separable VPA (Table 3.4.3), with age group 4 as the
reference age and the selections factor 1.3 for age 7. The
average unweighted F for the 4-7-year-old herring in 198% (0.43)
equals the average F for age groups 2-6. This is considerably
higher than FO 1 (0.26). The VPA results are given in Table 3.4.4
and Figures 374.1A and B,

3.4.5 Recruitment and catch prediction

As in recent years, the abundance of i- and 2-group herring for
the prediction was estimated on the basis of a regression of year
class abundance from the VPA on the average number of O-group
fish per haul with the experimental bottom trawl given in the
text table below:

Year

1375 1976 1977 1978 1979 1%80 1981

Abundance of O-group 4,565 2,493 798 697 2986 586 1,310
herring per haul

1-group (millions) 3,464 797 1,007 967 1,123 439 1,691
from vPa

1982 1983 1984 1985 1986 1987 1988 1989

Abundance of 768 1,694 806 454 3,315 358 1,601 2,228
O-group herring
pexr haul

1-group 1,306 2,065 1,028 899 2,B07 303 1,707 -
{millions)
from VPA

The corresponding equation is y = 616 + 0.582 x; r = (0.86. Both
abundance of O-group herring from the 1988 survey and the abun-
dance of f-group fish in 1989 from the VPA (1,707 x 10 fish)
indicate hat the 988 year claass is above the average
(1,453 x 10" fish at age 1) of the vear classes of 1975-1987. The
average C-group herring numbers in experimental trawl catches in
1989 were still higher than in 1988. Consegquently, it can be
presumed that the 1989 herring vear c¢lass in the Gulf of Riga is
well above the average toc. To aveid possible overestimation, its
abundance was assumed equal +to that of the 1988 year c¢lass
{1,707 x 10" fish at age 1). The prediction was made using the
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average of the exploitation patterns for 1988-1989 (Table 3.4.6).
The 1991 and 1992E Year classes were assumed to be of average
strength (1,453 x 10 fish at age 1). Mean weights at age were
taken as the averages for 1988--1%89.

Input parameters for the projection are listed in Table 3.4.6 and
the results in Tables 3.4.7 and 3.4.8 and Figure 3.4.1D.

3.5 Herring in Sub-division 30

The herring in this area are treated as one unit. At the meeting,
noe age and weight data from the western part of this area were
available. The assessment is, therefore, based on data from the
former unit Sub-division 30E.

3.5.1 Landings, effort and CPUE trends

According to the preliminary figures, the landings in the eastern
part of the sub-division (26,98% t) increased by 10% f£from the
previous year. In the autumn of 1989 there were some discards of
small herring due to marketing problems. Of the annual catch, 54%
is taken with pelagic trawls and 33% by trap nets.

3.5.2 Age compggitions and wejght at age

Quarterly age compositions were available for bottom trawl, pe-
lagic trawl, and trap net fisheries. Quarterly numbers at age
were summed, and VPA was made on an annual basis. The S0P check
for 1989 was 100%. Catch weight at age was assumed for weight at
age for the stock. Tables 3.5.1 and 3.5.2 give catch numbers and
welghts at age.

3.5.3 Estimation of fishing mortality

Catch numbers in age groups 1-10 and associated effort data for
bottom trawl, pelagic trawl, and trap net were available for the
period 1974-1%89 for Sub-divisions 29N and 30 combined (Table
3.5.3), but not split for the two Sub-divisions. Therefore, the
tuning was based on the combined data, The catch taken in Sub-
divisjon 30 is about 40% of the combined catch. In most age
groups, the SIGMA (overall) values were around .2 (Table 3.5.4).
In the tuned VPA, F on the oldest age group (age 10) was set to
the mean of the five previous age groups (Table 3.5.5).

3.5.4 Virtual population analysis

The natural mortality of M = 0,20 was used for all years and age
groups.

Catch numbers and mean weights in age groups 1-10+ for the period
1974-1969 in Sub-division 30 were used as input to the VPA. For
the separable VPA, terminal F of 0.16 on age 3 and terminal S of
0.8 were applied (Table 3.5.6). This resulted in a lower fishing
mortality in Sub-division 30 in 1389 (F,_, = 0.153) than in the
tuned VPA (qu = Q.202), based on the comgined CPUE data for
Sub-divisions ESN and 30, which was considered to be acceptable
taking into account the smaller catches and wider area in Sub-
division 30 compared +to Sub-divizion 29N. Fishing mortalities,
stock size, and biomass estimates generated by the separable VPa
are shown in Tables 3.5.7 and 3.5.8 and Figure 3.5.1A and B.
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3.5.5 Recruitment

Accoxrding to the VPA, the year class 1987 is poor and the 1988
year class is strong. Due to the uncertainty in the size of the
1988 year class, it was reduced from 5654 to 4296 million fish as
1-group (2 x mean for 1974-1987). Year class 1989 was predicted
to be above average hy RCRTINX2 based on zooplankton data. Due to
the low correlations, the year classes of 1989 and 1990 were,
however, assumed to be average.

3.5.6 Yield per recruit and catch forecast

The slightly smoothed 1989 exploitation pattern was used Lor the
yield-per~recruit analysis and prediction. The inputs to these
analyses are summarised in Table 3.5.9 The yield per recruit
curve derived is shown in Figure 3,5.1C and has a maximum with F
= 0,632,

A catch forecast was run using the same input values as for the
yield-per~recruit analyses (Table 3.5.%), Fishing moxrtality in
1990 was assumed equal to that in 1989, resulting in predicted
landings in 1990 of 32,000 t (Table 3.5.10). Table 2.5.11 and
Figure 3.5.1D give the catch options for 1991 and SSB in 1992
with F qt 1.2 x 1 and F The predicted catches and
biomass are given in §§hle 3.5.12 h? gge groups for +the option
Fag = Fgp = Foq-

with F91 = 1.2 x FBS’
Catches taken in the western part of the Sub-division are less
than 10% of the total catch (Table 3.5.13). In crder +o account
for +that part of the catch not included in the assessment, an
increase 0f a TAC based on this assessment could be. justified.

the SSB in 1992 is equal to SSB in 1989,

3.6 Herxi in Sub-division 31

Herring in this area is treated as ohe unit. At +the meeting no
age and weight data from the western part of the area were avail-
able. The assessmnt is, therefore, based on data f£rom the former
unit Sub-division 31E.

3.6.1 Landings, effort and CPUE trends

According to preliminary figures, +the landings in the eastern
part of the Sub-division (3,571 t) decreased by 58% from the
previvus year. The reasons for the small catches are marketing
problemns and low CPUE, which may be connected +to0 the unusual
herring distribution caused by the exceptionally high water
temperature in 1989.

3.6.2 Age compositions and weight at age

Quarterly age compositions were available for bottom trawl, pe-
lagic +trawl, and +trap net fisheries. Quarterly numbers at age
were summed, and a VPA was made on an annual basis. The S0P check
for 198% was 100%. Catch weight at age was assumed for weight at
age for the stock. Tables 3.6.1 and 3.6.2 give catch numbers and
weights at age.
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3.6.3 Estimation of fighing mortality

Catch numbers in age groups 1-10 and associated effort data for
bottom trawl, pelagic trawl, and trap net wexe available for the
period 1974-1389 (Table 3.6.3) and were used for the VPA +tuning.
In most age Jroups, the Sigma {(overall) wvalues were around 0.3
(Table 3.6.4). In the tuned VPA, F on the oldest age group (age
10) was set +o the mean of the five previous age groups (Table
3.6.5).

3.6.4 Virtual populatioh analysis

The natural mortality of M = 0.15 was used for all years and age
groups. The assumption of a low M was based on the low amount of
cod in the northernmost Baltic Sub-division.

Catch in numbers and mean weights for age groups 1-10+ for the
period 1974-198% were used as input to the VPA., For the separable
VPA, terminal F of 0.10 on age 3 and terminal S of 0.7 were
applied (Table 3.6.6) This resulted in a slightly lower fishing
mortality in 1989 (F,_ . = 0.101) than in the tuned VPA (0.104),
which was considereg Eo be acceptable. Fishing mortality, stock
'size, and biomass estimates generated by the separable VPA are
shown in Tables 3.6.7 and 3.6.8 and Figures 3.6.1A and B.

3.6.5 Recruitment

According +o the VPA, the year class of 1987 is poor and that of
1988 is slightly above average. Year class 1989 was predicted to
be close to the average by the RCRTINX2 program using zooplankton
data. Both vear classes 1989 and 1990 were assumed to be average.

3.6.6 Yield per recruit and gatch forecast

The =moothed 1989 exploitation pattern was used for the yield-per
recruit amnalysis and prediction. The inputs to these analyses are
summarized in Table 3.6.9. The mean weights at age were from the
1989 catch data.

The vyield per recruit curve derived is shown in Figure 3.6.1C
and has a maximum at F = 0.467. F (0.096}) is lower than FO 1
(0.218) . 89 -

A catch forecast was run using the zame input values as for the
vield-per-recruit analysis (Table 3.6.9). Fishing mortality in
1990 was assumed equal to that in 1989, resulting in predicted
landings in 1990 of 4,000 t {(Table 3.6.10). Table 3.6.11 gives
cateh  options for 1991 and SSB for 1992 with FBB' F8 B F0 , and
Fm a: The predicted catches and biomass are given in %able'§.6.12
ahg Figure 3.6.1D ¥ age groups for the options Fag = Fgg = Fgf.
with all predicted catch options, the spawning stock will be in-
creasing in 1291 and 1992 from the present low level.

Catches taken in the western part of the Sub-division are less
than 10% of the total catch {Table 3.5.13}. In order to account
for that part of the catch not included in the assessment, an
increase in the TAC based on this assessment could be justified.
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3.7 Herring in Sub-division 32 {Gulf of Finland) Catches
3.7.1 Landings

Compared with the previous year, the 1989 herring catches in the
Gulf of Finland decreased.

Country 1974 1975 1976 1977 1978 1979 1980 1981

Finland 11,579 8,321 12,525 12,317 13,791 10,929 10,207 12,781
USSR 37,085 27,111 34,490 34,745 34,005 29,124 28,673 28,01%

Total 48,664 35,432 47,015 47,062 47,796 40,053 38,880 40,800

Country 1982 1983 1984 1985 1986 1987 1988 1989’

Finland 16,272 22,470 20,695 19,290 16,533 17,080 19,135 17,871
USSR 23,589 27,795 24,692 24,899 25,520 21,462 23,140 18,384

Total 39,861 50,265 45,387 44,189 42,053 38,542 42,275 36,255

1 L.
Preliminary.
Weights in +.

3.7.2 catch in numbers at age

Both Finland and the USSR supplied catch in numbers data by age
groups in 1989 {(Table 3.7.1}.

3.7.3 Weight at age

On the basis of the average weights at age on +the USSR and
Finnish c¢atches, an average weighted by catches in numbers was
calculated (Table 3.7.2). The nominal catch constituted 102% of
the calculated SOP in 1989. With the exception of younger herring
{age groups 1 and 2) in 1989, the mean weights at ages were less
than in 1987-1988. Mean weights in the catches and on the stock
were taken equal.

3.7.4 ¥VBA

The same constant natural mortality rate (M = 0.2) for all age
groups as at 1988 was applied. The F level was estimated by
tuning VPA against the yearly effort and catch wvalues in four
fisheries (the USSR pelagic trawl fishery, Finnish pelagic trawil,
bottom trawl and trapnet fishery) in 1982-198% (Table 3.7.3). The
terminal F for the oldest age group in 1989 was calculated as the
average for the 4 oldest age groups. Input fishing mortalities
for the age groups in 1989 were estimated from a separable VPA.
The version having the reference F, = 0.23 and 5 = 0.8 for age
group 9 was thought to best represent the fishing pattern in 198%
{Table 3.7.4). The resulting average F for the age grecups 2-5 of
0.218 is higher than FO 1 {= 0.179)_. The VPA results are presen-
ted in Tables 3.7.5 and 3.7.6. and Figures 3.7.1A and B.

3.7.5 Catch predictioh
The 1989 year class was well represented in 1989 <catches as 0O-
group (Table 3.7.1). Information on catch composition in the

first quarter of 1990 confirms a rather high abundance of that
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year ¢lass in both the USSR and Finnish fishery. On account of
the high propeortion of young herring in the catches, the USSR
trawl fishery for pelagic species was closed for pericd in some
areas in the Gulf of Finland and the northeast Baltic. Therefore,
its abundance (3200 x 10" fish at age 1) was taken as being above
the awverage for 1970-1987 (3066 x 10® fish at age 1). The 19%0-
1992 vyeay classes wers assumed to be egual to the average for the
1970-1987 period. The prediction was run with a somewhat smoothed
average (1988-1989) exploitation pattern. M was takenr equal to
the 1989 walues (0.2). The average for 1988-1989 weights at age
were applied. Input data are shown in Table 3.7.7.

The results indicate that from 1989 to 1992 +the spawning stock
biomass of the Gulf of Finland herring will probably increase
(Tables 3.7.8 and 3.7.9 and Figurxe 3.7.1D.

4 SPRAT
4,1 Introduction
4.%.1 Asgessment units

The Working Group found it difficult on biological grounds +to
justify a splitting of Baltic sprat into three stocks. It was
pointed out that certain practical advantages may arise from the
splitting, i.e., from the point of view of national mahagement,

The Working Group, therefore, continued +to assess the Baltic
sprat as one unit, The asseasment was based on acoustic survey
results. These surveys are now covering a very large part of the
sprat distribution area.

An assessment was also made for Sub-divisions 26 and 28, based on
estimates of natural mortality during the years 1977-~1988 ob-
tained in a different way. It could be regarded as a way of com-
paring the general result.

Catches at age and mean weight are presented according to the
former assessment units Sub-divisions 22-25, and 27-2%, and 32.

4.1.2 gatches
The total catch of sprat in the Baltic amounted to 85,818 t in
1989 (Table 4.1). This is an increase by 6.8% as compared to the

yvear before. The catch mainly increased in Sub-divisions 28, 25,
and 22 and diminished in Sub-divisions 24, 26, and 27.

4.2 Sprat in Sub-divisions 22, 24. and 25
4.2.1 Catches




23

Country 1977 1978 1979 1980 1981 1482 1983
Denmark 7,167 10,815 5,54% 4,738 8,359 6,787 6,202
German Dem.Rep. 2,214 1,0%0 924 114 78 1,022 2,692
Germany, Fed,Rep. 766 784 691 541 564 632 619
Poland 19,984 8,281 5,735 6,217 4,300 4,439 2,786
Sweden 113 569 1,336 1,185 747 1,460 1,659
USSR 6,000 360 135 - 2 3 -
Total 36,304 21,899 14,370 12,795 14,050 14,343 13,958
Country 1984 1985 1986 1987 1988 1989
Denmark 2,957 4,148 5,954 2,593 1,972 5,239
German Dem.Rep. 2,761 1,950 2,514 1,307 1,234 1,166
Germany,Fed.Rep. 663 879 473 1,125 330 565
Poland 1,639 5,460 12,057 15,488 10,932 11,902
Sweden 3,232 3,391 2,153 723 1,230 1,993
USSRk - - - - = -
Total 11,252 15,828 23,151 21,236 15,6968 20,865

Weights in t.

The total catch from the assessment unit increased by 33% in 1989
as compared with 1988. The major increase appeared in the cakch
of Denmark, but slight increases of catches als¢o appeared for the
other countries fishing in the area except for the catch of the
German Democratic Republic. Swedish catches were used mainly for
industrial purposes.

4,.2,2 Cateh in pumber by age and vear

The Federal Republic of Germany, the German Democratic Republic,
and Poland provided their total catches in numbers by age groups.
Danish catches by age were given as percentages of the catch and
were calculated according to mean weight per age group in samples
taken by Danish scientists and according to the catches of Den-
mark. Swedish catches were raised according to the age composi-
tion of +the catches of Poland in the same sub-division at the
same time, Catch numbers are given in Table 4.2.1.

4.2.3 Mean weight at age

The couhtries providing catches in numbers also supplied mean
weights at age in their landings. Weighted mean weights in catch
(Table 4.2.2) were calculated on the bais of the catch in number
taken country by country.

The S0P of catches in number is in accordance with the nominal
catch taken from the assessment unit in 1989. Mean weights at age
in the stock estimated in 1988 were also used in this year's
assessment.

4.2.4 VPA

No separate assessment was made.
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4.3 Sprat in Sub-divisions 26 and 28
4.3.1 Catch trends

Country 1977 1978 1979 1980 1981 1982 1983
German Dep.Rep. 14,725 12,619 3,057 15 - - -
Poland 18,758 16,411 6,660 4,518 4,591 9,770 4,302
Sweden 28 35 65 13 87 120 274
USSR 51,544 43,700 22,067 18,990 13,093 13,618 8,919
Total 85,055 72,765 31,849 25,52% 17,7170 23,508 13,495
Country 1984 1985 1986 1987 1988 1989
Finland - - - 21 11 2
Poland 7,615 13,023 11,596 16,515 11,304 6,749
Sweden 4,180 2,395 1,010 2,684 3,921 735
USSR 19,354 27,560 29,356 37,426 36,573 50,258
Total 31,149 42,978 41,962 56,646 51,809 57,744

Weights in tonnes.

The total catch from the assessment unit increased by 11.5% in
1989 as compared with 1988. The major increase appeared in the
USSR landings. Polish and Swedish catches in 1989 decreased.
Fishing effort and catch per unit effort in the USSR and Polish
sprat fishery are given in the following text table:

USSR Poland
Sub- Trawling Standardized
Year division hours CRUE, £ effort CPUE, t
26 11,182 1.66 3,258 4.67
1985 28 7,779 1.16
Tatal 18,961 1.45
26 8,466 1.18 3,711 3.68
1986 28 16,234 1.19
Total 24,700 1.19
26 22,263 1.15 3,727 4.80
1987 28 10,948 1.08
Total 33,211 1.12
26 21,975 1.10 3,440 3.81
1988 28 12,750 i.00
Total 34,725 1.05
26 10,566 1.2 2,291 3.14
1989 28 23,374 1.3
Total 33,940 1.3
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4.3.2 Catch in numbex

Poland and the USSR supplied@ catches in numbers by age. The
catches taken by Sweden and Finland were raised by the age com-
position of the USSR (Table 4.3.1).

4.3.3 Mean weight at age

Mean weights used were supplied by Poland and the USSR. These
mean weights at age were weighted by catches in numbers of these
countries in Sub-diwvisions 26 and 28, and the zresulting mean
weights at age were used as the average weights in the catches.
The average weight at age in the stock was taken equal +o the
weight of fish of the same age group in the first quarter of the
year based on the USSR and Polish data (Tables 4.3.2 and 4.3.3).
The SOP based on weighted mean weights at age in 1989 was in very
good agreement with the nominal catch (Table 4.3.4).

4.3.4 ¥VPA

In the first run of VPA, the natural mortality was assumed to be
egual to 0.5 for all ages in all years. However, the resulting
stock biomass appeared to be unrealistically high. So, the next
assessuent was based on variable M in years (but constant at age)
natural mortality (Table 4.3.5). This mortality was assumed to
consist of two components: a cod predation component and a
residual component.

M =M + M .
For M a values, the estimgggs ofTER1tic Multispecies Working
Group ?gnan., 1990a) were assumed.

The Mres was estimated using the following procedure:

a) total mortality (Z) estimates were obtained from USSR acoustic
data as 2 = ln(Nley+1) for years (y) 1984-~1988.

b} The Z—!"I.:0 values were regressed against effort data

d

Z_Mcod = Mzes + g Effort

resulting in Mres = 0.12.

In the tuning module, the USSR acoustic surveys were used as CPUE
input {(Table 4.3.6). The log catchabilities {Table 4.3.7) did not
vary with clear +trend and sigma values were less than 0.3 for
ages 1-3 and higher {(.5~0.9) for other age groups. The separable
VPA with reference age of 3 and terminal S equal to 1.6 was run
to estimate terminal populations for the final VPA (Tables
4.3.10-4.3.12 and Figqures 4.3.1A and B}, which indicated that
spawning stock in 1988-1989 was at a level of about 280,000 t,.

4.3.5 Recruitment and catch prediction

Year classes older than 1988 were taken from VPA. The 1988 and
1989 year classes were estimated from the USSR G-group data from
a pelagic trawl and Isaacs-Kidd trawl surveys in September-Octob-
er (Tables 4.3.13 and 4.3.14). The 19%0-19%1 year classes Were
set at the average level for 1980-1987 (Tables 4.3.9 and 4.3.12).
A natural mortality level of 1989 was applied for all years. All
input data are given in Table 4.3.15. The results of the predic-
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tions are given in Tables 4.3.16-4,3.17 and Figures 4.3.1C and
4.3.1D. Taking into account the IBSFC TACs feor sprat in the Pal-
tic Sea in 19%0, 1t can be expected that the sprat catch in Sub-
divisions 26 and 28 in that year will be about 65,000 t. In 1991,
continuation of the increase in the sprat stock is expected,

The status gquo catch in 1991 is estimated at a level of about
80,000 t.

in Sub-divisions 27

4.4.1 Gatches

Country 1978 1979 1980 1981 1982 1983
Finland 6,373 7,125 6,311 8,580 4,580 3,355
German,

Dem.Rep. 1 37 12 - - -
Poland - - - - - -
Sweden 196 825 1,133 716 1,170 783
USSR 31,469 22,860 14,429 10,787 5,245 4,803
Total 38,03% 30,847 19,885 17,353 10,965 8,944
Country 1984 1986 1986 1987 1988 1989
Finland 2,415 2,923 3,246 2,796 3,025 2,752
Sweden 9a5 1,325 67 46 2,194 694
USSR 6,537 6,443 7,128 7,462 7,608 13,939
Total 9,937 10,691 10,441 10,204 12,827 17,385

Weights in tonnes.

Compared to 1988, in 1989 Swedish catches decreased by 1,500 %,
Finnish catches remained at the previous level, and USSR catches
increased by 83%. The total catch increased by 36%. The catches
were mainly taken in the mixed herring-sprat fishery as herring
by-catch,

4.4.2 Catch in numbers by age and vear
The USSR and Finland presented catches in millions by age groups.

The Swedish catch was raised £o the age composition of the
combined USSR and Finnish landings (Table 4.4.1).

4.4.3 Mean weight at aye

Weighted mean weight-at-age data from +he USSR and Finnish
fisheries were applied for 1989. Weights at age in the catch and
in the stock were taken as being equal (Table 4.4.2), The nominal
catch constituted 100% of the calculated one.

4.4.4 VPA

No separate assessment was made.
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4.5 Sprat jin the Totsl Baltic (Sub-Divisions 22-32)
4.5.1 Catches

The catches (Table 4.1) increased from 80,300 £+ ir 1988 +to
85,000 t in 1989.

4.5.2 Catch in numbers at age

Catch im numbers at age were summed from the existing files
covering the stocks in Sub-divisions 22-25, Sub-divisions 26 and
28, and Sub-divisions 27, 29-32 (Table 4.5_1}.

4.5.3 Mean weight at age and maturity data

Mean weight in the catches were obtained by weighting the means
from the three units by catches in numbers (Table 4.5.2).

& maturity ogive was calculated as an average of the three ogives
used.

4.5.4 vpa

Preliminary trial assessments, using constant values of natural
mortality over the period 1977-1989, resulted in gquite unreali-
stic levels of F and stock size. It was, therefore, decided to
apply the yearly average values as given by the Working Group on
Multispecies Assessment of Baltic Fish and calculated as an aver-
age over ages 1-3 (Figure 4.5.1).

Results from the International Acoustic Survey in Sub-divisions
24-295 in October and from the USSR Acoustic Surveys in Sub-divi-
sions 26 and 28 in September-October were used for +tuning the
VPA. The values of the estimated stock in numbers at age were
treated as CPUE data and accompanied by an effort level of 1.0
for all vyears. Survey data from 1983-1989 were taken as indices
of the stock for the corresponding years. Tuning data are shown
in Table 4.5.3. Catchability estimates (logged) at age are given
in Table 4.5.4. Sigma values for age groups 1-3 are around 0.2
but for age groups 4-6 between 0.5-0.8.

Results from the VPA based on the tuning are given in Table
4.5.5. A separable VPA with a terminal selection value of 1.3, a
terminal F of 0.08%, and a reference age of 3 was performed. The
resulting fishing mortalities show high values (about 0.45) up to
1980 and were thereafter at a level of about Q.15 (Table 4.5.7).

Spawning stock biomass declined to just below 100,000 +t in 1981
but then increased and appears now to have reached 1its former
level of 600,000 t. Terminal populations were used for deter-
wmining the fishing mortalities shown in Table 4.5.7 and Figure
4.5.2A; stock sizes are given in Table 4.5.8 and Figure 4.5.2B.

4.5.5 Recruitment and gatch prediction

Both the 1988 and 1989 vyear classes are thought to be above
average. The value for the 1988 year class in the VPA was, how-
ever, regarded as toc high, gnd the mean level of the good yvear
classes 1982 and 1986 (56 x 107 ) was used for bhoth yegr classes
in the prediction. The long-term average (27.1 x 10°) was used
for the 1991 year class.
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The prediction was made with a continuation of +the 1989
exploitation pattern in 1990 and with mean weights taken as the
1984-1989 average (Tables 4.5.9- 4.5.11). The status guo catches
are 82,000 t in 1990 and 99,000 £ in 1991.

The predicted gtatus gug catches for 1990 and 1991 were distri-
buted on sub-areas according to catch in numbers and mean weights
in these areas (Tables 4.5.12 and Figure 4.5.2D).

5 EFFORT AND CPUF,

Effort and CPUE data from the hexring fisheries have been partly
revised for 1988 {(Table 5.1), and collected for 198% (Table 5.2}.

Polish CPUE data were standardized using GLM model, where type of
cutter, gear, month, year, and area effects were taken into ac-
count. The model explained 75-80% of the CPUE variation.

6 REFERENCES

anon. 1979. The biology, distribution and state ¢of exploitation
of fish stocks in the ICES area. Coop.Res.Rep., 86 (part 1Y)
201 pp.

Anon. 1986. Report of the Workshop on Hexring Age Reading and
Stock Differentiation. Sopok, 12-16 May 1986. ICES, Toc.
C.M.1986/J3:25.

Anon. 1987, Report of the Working Group on Assessment of Pelagic
Stocks in the Baltic. Copenhagen, 30 March -~ 9 April 1987.
ICES, Doc. C.M.1987/Assess:20

Ancn. 1990a. Report of the Working Group on Multispecies
Assessments of Baltic Fish. ICES, Doc. C.M.1990/Assess:1.

Anon. 1990b. Report of the Planning Group for the Hydroacoustic
Surveys in the Baltic. ICES, Doc. C.M.19%0/H:36.

Anon. 1990c¢. Report of Ehe Herring Assessment Working Group for
the Area Scuth of 62"N. ICES, Doc. C.M.1%90/Assess:14.

Aro, Ero 198%. A review of fish migration patterns in the Baltic.
Rapp. P.-v. Réun. Cons. int. Explor. Mer, 180: 72-96.

Biester, E. 1979. Der Frithjahrshering Riilgens - seine Rolle in der
Fischerei dex Ostsee und den Ubergangsgebieten zur HNordsee.
Inaug.-diss. Rostock 1979. 238 pp.

Jonsson, N. and Biester, E. 1981. Herring tagging experiments
1980-1981 along the coast of GDR. ICES, Doc. C.M.1981/J:29,
10 pp.

Ojaveer, E., Jevtjukhova, B., Rechlin, 0. and Strzyzewska, K.

1981. Results of investigation of population structure and
otoliths of Baltic spring spawning herring. ICES, Doc.
C.M.19871/3:19.

Otterlind, G. 1961. On the migrations of +the Baltic herrxing.
ICES, Doc. C.M.1961/Hexring Committee No., 61, 7 pp.




29

Otterlind, G. 1976. Fish stocks and fish migration in the Baltic
Sea environment. Ambio. Spec. Rep., 4:89-101.

Parmanne, R. and Sjdblom, V. 1982, Recaptures of Baltic herring
tagged off the c¢oast of Finland in 1975-1981. ICES, Doc.
C.M.1982/J:19.

Parmanne, R. and Sjdblom, V. 1986. Recaptures of Baltic herring
tagged off the coast of Finland in 1982-1985. ICES, Doc.
C.M.1986/J:28.

Ryman, N., Lagercrantz, U., Andersson, L., Chakraborty, R. and
Rosenberg, R. 1984. Lack of correspondence between genetic
and morphological variability patterns in Atlantic herring
(Clupea harengus). Heredity, 53(3), 687-704.

smith, P.J. and Jamieson, A. 1986. Stock discreteness in
herrings: a conceptual revolution. Fisheries Research, 4
(1986) 223-234,




o
o

SS2'9E SIT'V 1ET'OE PLP'ME £O6'BT 9LB'EY 9S6°Lp OSL'OF 6E'0L 9ZZ'ZL 0£%'L geL'0T S62'ZIR Te30%

¥eE'gL - - - LTL'Lz #91'0F 858'5  SEPYLE 95L's - - - FeL’Lzi ussa
- zet Zhe's  SL9 £ €92't  Z&S’'sc 9pl 91901 LZE'9 ZOL - 66099 uapang
- - - - - - - Z51'8l zod'es pIs's - - §L2°09 PURTOd
- - - - - - - - - £22 - EFE'F  993'5 8By -pag 'Aurmien
- - - - - 598 96 L5% ZOE'Z  i¥8'0§ - 99¢ LZ8'pSG dey 'wag uemisn
LLE'Ly €8L'C 686'9Z 66L°0C TEY'L  9BS'L OGP - - - - - oLL'gy pueTuTI
- - - - - - - - ELE'L  MIE'9  BES'L 6L¥'SL LLSTOE BEL LT
861

SLZ'Th BAL'S 0S9'LT ZLD'9E £2L'BZT  199'6L SLZ'EL ZLZ'LF 6ZP'LL  £00'OL 5z pT6°87 TLR'iew Te3ol
orL'ez - - - EZP'ZT EL9'9E SBL'F  LYL'9T 1S0'F - - - (1444 yssa
- L92 ZLL'E 899 ool SLE'L  99E'pL ¥z LE'aL 988'0 L} - OB 1Y uspang
- - - - - - - 6LE'OT LLL'SEC o065'9 - - 9vL'E9 puetod
- - - - - - ~ - - 1SZ - L€6't BEL's  -day ‘pag 'Auemasp
- - - - - - - zol 998't  88F'6F - - 95k €S day “mweg uewran
SEL'6) 10S'8 BLP'PT PTVISE 009'L  698'L  §il - - - - - TTL16 PUBTUTY
- - - - - - - - V6LOL  880'6 20| LB6'EZ LL&'ER JIewuag
BEEL

EA (B ot N6Z 562 9z Lz 14 52 ¥z £z FA4 Yoged Axjuned
Te3oel pue aeajx

SUOTSTATP-qng

{"dnoxp Buryiom ay3z o3
pPelzods1 Se PIBQ) CpIPRIIVT £9TIAYsTT Jeads UT BUTIIay JO yo3eo-Ag puUR POPRTIXS gaTIoUSTY BUTIIay pelosITp
ui 3ezds Jo 4o3ed-ig (3} 986l Due 186} 'SUCTSTATP-qnS pue $9TI3Unod Aq BaS OT3[eg Y3 UT SPUDIRD ONIHWAH 71§ @rdel




31

Table 3.1,2 Separation of length distributions of HERRING (age 2) from acoustic survey
into mean lengths and proportions in total distribution by Sub-division.

Sub-
division 1983 1984 1985 1986

24a 18.0, 22.5 22 21, 24 16 , 20 , 23
24b 0.07, 0.93 1.00 0.43, 0.07 0.02, 0,80, 0.1?
25a 18.5 , 21.% % ., 22 17, 20 , 23.5 17.5, 20

25b C.14, 0.86 .40, 0.59 0.18, 0.76, 0,06 0.47, 0.53

26a 17, 1% . 29 6 , 20 4 , 17 , 19.5, 23 1% , 19

26b 0.40, 0,10, 0.50 0,24, 0.76 0.16, 0,54, 0.28, 0.02 0.14, 0.86
27a - 17 , 22 16.5, 18 16.5, 18.5

27b - 0.97, 0.03 0.86, 0.14 0.96, 0.04

28a 15.5, 18 15 , 16.5, 21 4 , 16 , 18 16.5, 18.5
28b 0.58, 0.42 0.52, 0.44, 0.04 0.31, 0.63, 0.06 0.67, 0.33

29a 15 . 17.5 15.5 15 . 16 , 20 16.5

29b 0.21, 0.79 0.91 0.61, 0.38, 0.01 1.00

a - mean length.
b - proportions in total distribution.
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Tahle 3.2.1 HERRING, catch in tonnes in Sub-divisions 22 and 24, as reported to
the Working Group.

Country 1978 1479 1980 1981 1982 1983
Denmark 12,383 9,659 7,221 8,098 4,583 4,583
German Democratic Republic 40,678 46,74% 58,501 54,501 50,739 50,739
Germany, Fed. Rep. 6,849 6,672 9,323 8,300 8,300 8, 300
Poland 6,335 10,276 13,605 13,366 16,868 16,868
Sweden 6,550 10,154 12,010 7,660 6,536 6,536
Total 72,795 85,543 100,337 90,159 107,519 108,103
Country 1984 196% 1966 1987 1988 1989
Denmark 23,762 15,942 14,046 32,462 33,07% 21,730
German Democratic Republic 49,022 46,749 51,180 47,267 49,488 51,207
Germany, Fed. Rep. 7,085 7,888 8,850 5,806 5,188 5,166
Poland 14,250 16,721 12,344 7,997 6,590 8,524
Sweden 7,689 11,373 5,946 7.814 4,586 6,327
Total 101,808 101,870 92,066 101,346 98,927 92,954

Table 3.2.2 HERRING, catch in tonnes in Sub-division
23, as reperted to the Working Group.

Country 1978 1979 1980 1981 1982 1983
Denmark 4,090 8,817 6,313 8,088 7,139 4,583
Sweden 1,000 1,860 2,400 2,000 2,460 2,416
Total $,09%t 10,677 8,713 10,098 9,59% 6,999
Country 1984 1985 1986 1987 1988 1989
Denmark 6,935 6,843 1,490 754 102 1,528
Sweden 800 1,113 1,365 172 117 102

Total 7,735 7,962 2,855 9286 219 1,630




Table 3.2.3 HERRING, catch in tonnes in Division IIIa (data from Anon.,
1890c) .
Country 1978 1979 1980 1981 1982 1983
Skagerrak
Denmark 7,753 8,729 22,811 45,525 43,328 54,102
Farce Islands 1,041 817 526 900 715 1,980
Germany, Fed. Rep. 28 181 - 199 43 40
Noxway 4,131 4,719 4,145 7,230 11,700 3,334
Sweden 11,581 B, 140 10,701 30,274 24,859 35,176
Sub-total 25,504 22,586 38,183 83,876 80,645 94,432
Ratteqat
Denmark 29,241 21,337 25,380 48,522 38,609 62,901
Sweden 35,193 25,272 18,260 38,871 38,892 40,463
Sub-total 64,434 46,609 43,640 87,833 77,50t 103,364
bBivision IIIa total 88,938 69,195 81,823 171,601 158,146 197,996
Country 1974 1975 1986 1987 1988 198%
Skagerrak
Denmark 64,421 88,192 94,014 105,017 144,421 47,393
Faroe Islands 891 455 520 - - -
Germany, Fed. Rep. - - H - - -
Norway 1,494 4,425 1,537 1,209 5,674 1,605
Sweden 59,195 40,349 42,996 51,184 57,159 39,756
Sub-total 126,201 133,421 139,078 157,410 207,254 B8,754
Eattegat
Denmark 71,358 $%,235 37,419 46,603 76,175 57,130
Sweden 35,027 39,829 35,852 29,844 49,653 26,159
Sub-total 106,386 109,064 73,271 76,447 125,828 83,289
Division IITa total 232,587 242,485 212,349 233,931 333,082 172,043

33
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Tahle 3.2.4

HERRING. Catch by half-year and total
apnual catch of 2 years and older

spring spawning hexring in Sub-

divisions 22-24 and Division Ilia.

Year ist half-year 2nd half-year Total
1975 58,593 31,433 106,219
1976 56,426 26,974 85,567
1977 56,426 32,248 a8, 841
1978 84,678 39,510 124, 196
1979 77,442 46,085 123,527
1980 87,487 55,173 142, 660
1981 94,930 66,047 157,977
1982 82,233 63,442 150,675
1983 95,586 56,245 151,831
1984 104,931 86,361 191,292
1985 136,856 73,913 210,769
1986 116,239 47,588 163,887
1987 102,910 41,242 144,152
1988 20,851 108,617 230,223
1989 68,970 182,074

113,104
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Iable 3.2.5 HERRING. Estimated catch at age (millions) and mean
weight at age {(g) of spring spawners in Sub-divisions
22-24 and Division IIiIa in 1989, Transfers from the
Nerth Sea are included.

Sub-divisions 22-24 Division IIIa Total
Age
N W N W N w
ist half-vear
o - - - - - -
1 549.8 14.2 - - 549.8 14.2
2 253.9 42.1 230.3 41.4 484 .2 41.8
3 351.0 70.9 317.3 73.5 668.3 71.6
4 227.1 107 .8 52.1 102. 4 279.2 106.8
5 53.3 128.3 11.5 124 .5 64.8 127.6
6 28.1 136.1 3.9 158.0 32.0 138.8
7 9.2 151.7 1.4 194.6 10.6 154.9
a8+ 2.3 159.2 0.3 195.1 2.6 163.4
2nd half-vear
o] 129.7 13.5 - - 129.7 13.5
1 155.7 26.4 447 .8 36.4 603 .5 13.8
2 31.6 65,4 267.4 69.5 299.0 69.0
3 31.2 34.1 186.4 92.8 2t7.6 91.5
4 12.3 102.6 63.1 144.7 75.4 137.9
5 3.8 93.7 18.5 168.0 22.3 1655.4
6 3.4 85 .4 9.8 170.5 13.2 148.6
7 1.2 100.7 4.0 186.8 5.2 167.0
84 1.6 106.3 2.0 209.3 3.6 163.5




Table 3.2.5.1 SUM OF PRODUCTS CHECK.

HERRING IN FISHING AREAS 22 AND 24
CATEGORY: TOTAL

CATCH IN NUMBERS UNIT: millions

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1581

0 14 23 19 25 31 9l 256 89 60 204 84 40
1 176 175 299 165 340 466 438 1310 103 239 253 110
2 270 135 50 44 62 150 258 156 A28 447 197 302
3 238 122 161 152 244 18% 201 228 231 332 625 279
4 67 78 168 227 227 200 105 128 59 87 115 211
5 40 50 124 119 65 123 52 43 17 - 8 23 52
§ 18 68 11 37 13 45 26 18 7 4 7 17
7 5 57 8 24 3 18 11 6 4 3 2 4
g+ 2 19 3 4 2 2 4 4 5 1 1 4

—-
o
=
>
=
[}
N
[t}
~
»)
-3

872 797 987 1279 1349 1981 1512 1325 1305 1018

1982 1983 1984 1985 1986 1987 1988 1989

0 99 100 58 159 313 771 611 179
1 391 475 335 243 280 1656 861 682
2 245 334 334 312 131 221 364 285
3 496 361 252 16 404 220 363 386
4 124 290 182 218 280 311 142 244
5 70 35 144 97 94 97 119 59
& 15 12 22 25 21 28 34 34
7 4 2 7 4 6 g 10 11
g+ 3 3 2 5 3 4 6 4

TOTAL 1447 1612 1376 1479 1532 2750 2510 1884

9t



Table 3.2.5.2 SUM OF PRODUCTS CHECK.

HERRING IN FISHING AREAS 22 AND 24

CATEGORY: TOTAL

MEAN WEIGHT AT AGE IN THE CATCH

8

=]

o]
1
2
3
4
5
6
7
+

+h T AWNEO

1270

9.00
16.00
60.00
95.00

125.00
155.00
187.00
210.00
223.00

1982

12,30
27.20
62.60
93,20
127,60

.149.30

177.60
199.20
212.50

1g71

9.
16.
50.
95.

125,
155.
187.
210.
273,

00
00
00

00
00
00
09
00

1983

13.
22,
65,
95,
121,
154,
176.
197.
265.

50
50
00
40
10
10
30
90
80

1872

9.80
16,00
§0.00
95,00

125.00
155,00
187.00
210.00
223.00

1984

12.20
33.70
56,00
93.50
120.30
143,20
165,18
211.20
251.50

UNIT:

1973

9.00
16.00
60.00
85.00

125.09
155.00
187.00
210.00
223.09

1985

15.00
30.00
47.60
88.00
119.00
137.00
159.00
181.00
133.00

gram

1974

9.00
16.00
60.00
95.00

125.00
155,00
187.00
210.00
223.00

1986

8,10
17.60
44,10
68.20

110.80
143,99
172.20
177.30
184.40

155.00
187.00
210.00
223.00

1987

11.70
15.70
34.80
76.70
98.40
121.90
141.40
151.40
163.40

1976

9.00
16.00
60.00
95.00

125,00
155.00
187.00
210.00
223.00

1988

11.00
16.90
29,10
83.80
108.50
124,80
142,20
143,70
135.80

1977

9.00
16.00
60.00
95.00

125.00
155.80
187.00
210.00
223.00

1989

14,15
17.52
43.62
70.53
105.85
122.00
125.45
137.80
131.52

1978

5,00
i6.00
50,00
95.00

125.00

155.00

187.00

210.00

223.00

223.

1980

13.40
25,80
62.30
90.50
135.80
156,50
187,00
214.60
236.70

L€
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Table 3.2.5.3

Analysis by RCRTINY2 of data from file RECRUIT-
SD'22824, 1-GROUP RECRUITING POST 1577

Data for 3 surveys over
REGRESSION TYPE = C
TAPERED TIME WEIGHTING APPLIED

PCWER = 3 OVER 20 YEARS

PRIGR WEIGHTING NOT APPLIED

FINAL ESTIMATES SHRUNK TCWARDS MEAN

ESTIMATES WITH $.E.'S GREATER THAN THAT OF ME&N
MININUM S.E. FOR ANY SURVEY TAXKEN AS .20

13 years

MINIMUM OF 5 POENTS USED FOR REGRESSION
Yearclass = 1983
Survey/ Index Slepe Inter- Rsquare Ho. P
Series Value cept Fts
[¥FS 2 7.5326  .415 5.161 L9694 5
GDRYF®  5.3149 -.600 9.804 0875 §
GDRYF1  1.3584 1.463 §.165 .2M0 6
MEAN
Yearclass = 1984
Survey/ Index Slope Inter- Rsquare No. P
Series Value cept Pts
1yFs 2 7.3544  .395 5.285 L9686 6
GDRYFD  4.6298 -2.788 17.486 0034 7
GDRYF1  1.2613 1,504 6.123 .2860 7
MEAN
Yearclass = 1985
Survey/ Index Slope Inter- Rsquare No. P
Series Valye cept Pts
1YFS 2 7.9800  .640 3,515 L4342 7
GDRYFO  4.,9273 -1.025 11.618 .0314 8
GDRYF1  1.3055 2.038 5.403 L2065 8
MEAN
Yearglass = 1986
Survey/ Index Stope Inter- Rsgquare No. P
Series  Value cept Pts
I¥YFS 2 8.9664 ,548 4.097 L4645 8
GDRYFQG  5.2L01 -1.998 15,480 .G081 9

. BORYFL  2.0744 2.106 5.327 2041 9
MEAN

1

INCLUDED

redicted Sigma
Value

8.2874  .05&8§
6.6131 1.02061
8.1526  .51437
7.9655  .28206

redicted $Sigma
Value

8.1891  .05556
4.5808 5.11421

B8.0204 .47364
8.0015  .27290

redicted Sigma
Value

8.6214  .35914
6.5674 1.74285
2.0636 61555
7.9502 .28968

redicted Sigma
Value

9.0073 .32114
5.0707 3.28550

9.6948  .58716
7.9717  .27689

Standard
Error
37305
1,29211
56194

.28206

Standard
Error
.06336
5.69129
.50714

27290

Standard
Error
45452
1.93787
. 65559

.28968

Standarg
Error
.47186
3.65195
.86415

27689

Weight
50467
.01471
07659

. 30402

Weight
59036
.00673
-09182

.31709

Meight
.23015
01376
.12024

.6158%

Weight
23703
00396
07067

68834

cont'd.
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Table 3.2.5.3 cont'd.

Yearciass = 1987

Survey/ Index Slope Inter- Rsquare No. Predicted Sigma Standard Weight
Series Value cept Pts Value Error

1YFs 2

GDRYFO  4.5506 6.517 -17.691 .00C8 10 11.9648 10.39318 11,03659  .00047
GDRYF1  1.3218 1.364 6.168 L2760 10 7.9706 47243 49731 L2321%

MEAN §.0009 .27353 .27353 .76738

Yearclass = 1988

Survey/ Index Slope Inter- Rsquare No. Predicted Sigma Standard Weight
Series  Value cept Pts Value Error

I¥Fs 2 8.0687  .413 4.973 .4882 9 8.3685 ,30301 .33394 .32914
GDRYFO  4.7883 15.701 -71.584 L0001 11 22.7519 29.16316 31.03771  ,00004
GDRYF1  1.1939 1.43% 6.058 .2629 11 7.7669 47074  .49815 .14791

MEAN 7.9823  .26494  .26494  .52291
Yearclass = 1989

Survey/ Index Slope Inter- Rsquare Ho. Predicted Sigma Standard Weight
Series  Vaiue cept Pts Value Error

I¥Fs 2

GDRYFO  5.2553 *~""** 381.333 .0000 12 -91.4885123.93578134.07904 00000
GDRYFL

MEAN 7.9705  .25330 .25330 1.00000
Yeacciass Wetghted [nternal External  Virtual Ext.SE/
Average $tandard Standard Population Int.SE
Prediction Errer Errar 4natysis
1983 - 8.15 3479.23 .16 .14 8.21 3682.00 .88
1984 8.11 3332.49 .15 .08 7.60 1999.00 49
1985 8.11 3336.60 .23 .20 8.14 3413.0C 86
1986 8.33 4135.07 .23 .35 8.24 3786.0C 1.53
1587 8,00 - 2968.35 .24 .06 7,80 2444,00 26
1288 3.06 3160.18 .19 .12 7.85 2560.00 .64
1989 7.97 2893.14 .25 .19 .74
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Table 3.2.5.5 VIRTUAL POPULATION ANALYSIS.

HERRING 1N FISHING AREAS 22 AND 24
FISHING MORTALITY COEFFICIENT UNIT: Year-i NATURAL MORTALITY COEFFICIENT = .30

1870 1971 1972 1973 1974 1975 1976 1977 1878 187¢ 1980 1981

1 .110 L114 .213 .176 .301 .386 355 562 .241 L1686 091 055
2 .262 .127 048 048 102 234 +434 231 .405 «265 .224 167
3 416 202 246 224 462 .560 643 1.016 .718 734 833 .Ga4
4 .258 . 262 .529 745 689 1,021 .853 - 1.431 .950 +756 . 708 .898
5 .266 .355 987  1.071 Se2 1.25¢ 985 1.322 .880 1361 512 982
§ 143 1.156 628 1.154 +348 1,187 1.238 1.343 861 652 622 1.060
7 444 1.014 44 1,177 »317 1,313 1.374 1,642 1.528 1,368 .922 1,168
g+ -444 1,014 444 1,77 317 1.313  1.374 1.642 1.528 1.358 L0922 1.168

{ 1- 6)u 242 .369 442 .570 A11 J75 748 984 676 489 .498 635
(2~ 6 269 Azl .488 649 .433 .852 826 1.068 .763 .554 .580 . 750

1982 1983 1984 1985 1986 1987 1988 1989 1980-87

1 176 A77 125 .182 134 .347 LAG1 290 .16l
2 .190 251 203 182 157 165 208 .250 .192
3 509 532 409 .472 A27 .484 503 .399 <539
4 .780 737 647 703 787 797 771 .885 757
5 1.046 601 1.275 1.046 894 818 «985 1,055 897
6 1.009 .566 1.172 .940 .783 865 911 1.015 877
7 . 956 .393 807 803 709 .989  1.085 1.097 .843
8+ 956 .393 .807 .803 .70% .289  1.085  1.097 .843

{ 1- 63U 618 A77 639 .588 .530 .579 .630 .649
( 2- &)u 707 537 .741 .669 .610 626 .675 721

U
—




Table 3.2.5.6 VIRTUAL POPULATION ANALYSIS.

HERRENG IN FISHING AREAS 22 AND 24

STDCK SIZE IN MUMBERS UNIT: millions

BIOMASS TOTALS UNIT: tonnes

ALL YALUES, EXCEPT THOSE REFERRING 70 THE SPAWNING STOCK

STOCK DATA REFLECT THE STOCK SITUATION AT SPAWNING TIME,

USED: PROPORTION OF ANNUAL F BEFORE SPAWMING: 160
PROPGRTION OF ANNUAL M BEFORE SPAWNING: 250

1870 1971 1972 1973 1974 1875

1 1958 1874 1788 1181 1501 1669
2 1349 - 1300 1239 1070 734 823
3 800 759 848 874 756 491
4 338 391 466 492 518 353
5 195 183 223 203 173 193
6 157 111 100 61 52 73
7 16 101 26 40 14 27
8+ 5 33 8 6 8 4

TOTAL NO 4819 4772 4698 3927 3755 3632
SPS NO 1635 1696 1707 1629 1393 1130
TOT.BION 294654 309148 302341 280213 245796 216751
SPS BIOM 172561 186026 180123 171533 150763 122720

1982 1983 1984 1985 1986 1987

13 2787 3370 3296 1681 2580 4267
2 1632 1731 2091 2156 1038 1672
3 1420 1000 998 1264 1331 657
4 260 632 435 491 584 643
5 122 B8 224 169 180 197
& 26 32 36 46 44 55
7 7 7 13 ] 13 15
g+ 5 11 5 10 7 7

TOTAL NO 6260 6870 7098 5826 5277 7512
5P§  NO 1912 1942 2044 2256 15959 1815
T0T.BIOM 356217 362050 378687 314274 229580 268622
SPS BIOM 164042 173430 172127 183342 135840 141329

ARE GIVEN FOR 1 JANUARY; THE SPAWNING
WHEREBY THE FOLLOWING VALUES ARE

3367
903
175874
89954

6879
2047
275843
142496

5046
792
187954
74752

1989
3113
1483
1345

146960

1978

3786
14638
513
108
33
13

5

8

5934
987
221304
81902

1990

0
1726
855
669
144

16
7

1979 1280
1799 3349
2205 1129
725 1253
185 258
31 &4
18 16

1 4

1 3
4962 6075
1450 1489

261019 319682
117179 138101

1980-87

2957
1714
1674
463
142
35

9

7

5802
1734
339488
155485

[4
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Table 3.2.6.2 VIRTUAL POPULATION ANALYSIS.

HERRING IN THE WESTERN BALTIC AND KATTEGAT. 1980-1989 dnciudes estimated numbers of
spring.spawners 0- and 1-groups in Division IIla.

CATOH N NUMBERS UlT: wmillions

1974 1973 1975 1877 1978 1979 1980 1381 1982 1983 1984 1983

2 31 S1 258 89 50 204 258 2033 i032 1709 535 1173
1 340 456 438 1310 702 £39 635 651 1161 1777 2101 1035
2 438 301 385 45 831 1074 494 1403 372 950 1267 248
3 379 242 229 51 56 440 208 467 770 485 521 844
1 274 257 1i0 140 0 105 143 277 150 348 235 353
5 9l 138 55 50 19 13 25 58 g4 33 182 108
g 22 51 27 21 8 4 7 18 18 id 24 )
7 & 19 11 7 4 3 2 4 4 2 g 7
§+ 3 2 4 4 5 1 2 4 3 3 2 6
TOTAL 1584 1557 1715 2430 2386 2083 2513 4517 3743 5227 4815 4410
1985 1987 1988 1989
0 1053 771 gl1 130
1 1020 1440 851 1153
2 458 988 2443 783
3 611 388 928 866
4 390 394 265 355
5 123 125 152 87
6 7% 37 41 45
7 10 10 il 16
g 3 4 § §

T AL 3705 4356 5258 3451




Table 3.2.6.3 VIRTUAL POPULATION ANALYSIS,

HERRING 1N THE WESTERN BALTIC AND KATTEGAT

MEAM WEIGHT AT AGE OF THE 5TOCK URIT: gram

1274 1575 1975 1977 1978 197¢ 1980 1981 1982 1983 1984 1985

G 9,000 9.000 9.000 2.000 5,000 9.000 13.400 13.400 12.000 12.000 12.000 12.000
1 16.000 16,000 16.000 16.000 16,000 16.000 25.800 25.800 29.000 22.000 29.000 14.000
2 76.300 59,080 59.570 &£1.240 58,430 51,720 63.190 64.0l0 63.3L0 60.390 ©3.370 52.860
3 111.000 94.190 ©3.380 96.320 94,050 92.2%0 96.620 06.320 100.610 ©7.030 105.880 108,410
4 137.200 127.190 126.550 126.710 126.580 126.500 126.630 127.190 127.500 128.400 131.890 136.390
5 172,900 146.850 146,620 148,090 145,350 147.070 145,980 146.830 145.420 147.070 147.590 153,730
€ 209.000 167.950 166,830 168.720 159.140 169.140 170,380 183,170 172.030 167.900 172.410 173.030
7 236.200 190.520 190.440 191,090 190.840 191.390 189,290 190.870 190.870 192,443 204,430 200.140
+ 240.800 192,610 183.87C 183.870 185,620 182.610 192.618 183.870 18C.950 180.940 197.210 194,720

1986 1987 1988 1989

9,176 11.780 11,000 13.%00
13,060 12.800 16.900 24.500
72.550  51.890 45,200 52.200
S1.280 £5.290 71.700 76.500

120,590 99,210 101.000 113.400
152.G00 127,070 124.800 134.700
177,380 144.620 144.400 141,700
184,100 157.800 145.700 150.000
198,730 155,420 135,800 183.700

R E=A W s SRR S B ]

[ea]

SF
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Table 3.2.6.4 Analysis by RCRTINX2 of data from file RECBAL:SYMB.

WESTERN BALTIC AND DIV TITA HERRING RECRUITMENT INDICES.
Data for 4 surveys over 13 years
REGRESSION TYPE = C

TAPERED TIME WEIGHTING APPLIED

POWER = 1 OVER 20 YEARS

PRIOR WEIGHTING NOT APPLIED

FINAL ESTIMATES SHRUNK TOWARDS MEAN

ESTIMATES WITH S.E.'S GREATER THAN THAT OF MEAN
NINIMUM S.E. FOR ANY SURVEY TAKEN AS .20

INCLUDED

MINIWUM OF 5 POINTS USED FOR REGRESSION

Yearclass = 1986

Survey/ Index Slope Inter- Rsquare No. Predicted Sigma

Series Value cept Pts value

I¥YFS 2 8.9864 .707 2.817 .3850 8 9.1578  .45130

Gbg O 5.2101 1.6%7 1.022 .0524 8 9.4461 1.51763

GDR 1 2.0744 2.773 4.357 L1614 9 10,1101 .7806D

ACOUST  7.3218 1,793 -4.749 ,1857 9 8.3766 .7i701

HEAN 7.8409 ,31361

Yearclass = 1987

Survey/ Index Slope Inter- Rsquare No. Predicted Sigma

Series  Value cept Pts Value

IYFs 2 6931 .523 4,080 L6504 ¢ 4.4522  ,32907

GDR 0 4.5506 1,080 3.320 L1813 9 8,1429  .92280

GDR 1 1.3218 1.436 5.982 L4911 ic 7.8798  .43554

ACOUST  7,0085 2,082 ~-6.767 .2383 10 7.8234 76931

HEAN 7.9372  .39494

Yearciass = 1988

Survey/ Index 8lape Inter- Rsquare No. Predicted Sioma

Series Valus cept Pts Value

I¥YFS 2 8.0687 .320 5.823 L2279 10 8.4060 77954

GoRrR 0 4,7883 1.167 2.789 L1648 10 8.377%  .95353

GDR 1 1.1932 1.489 5.888 .4799 i1 7.6654  ,42445

AKCOUST

MEAN 7.9101  .37859

Yearclass = 1989

Survey/ Index STope 1Inter- Rsquare No. Predicted Sigma

Series Value cepl Pts Vaiue

IYFS 2

GDR O 5.2553 1.173 2,735 L1630 10 8.9266  .97269

GDR 1

ACDUST

MEAN ¥.9114 38122

Yearclass Weighted Intarnal External Virtual_
fverage Stangard Standard Popu13§1on
Prediction Error Error Analysis

1986 8,22 3715.10 .20 .32 8.58 53&8.00

1987 7.67 2138.37 .26 A5 7.70 2210.00

1988 7.91 2714.65 '§7 W14

1989 8.02 3033.17 , 36 .31

Standard
Error
68737
1.78727
1.23467
L 79400

31361

Standard
Error
L96769
. 98837
J46313
. 81849

.39434

Standard
Error
.84862
1.02926
45495

. 37859

Standard
Error

1.11504

.38122

Ext.SE/

Int.SE

1.24
1.73
.53
.86

Weight
L14263
.02110
.04421
. 10889

68518

weight
.07286
.06384
.31808
10184

43739

Weight

.09820
06675
+34166

.49338

Weight

10465

89533




Table 3.2.6.5 The catch (millions) of HERRING in Division I¥Ia and
Sub-divisions 22-24 taken before the acoustic survey.

47

Age

Year Area

2 3 4 5 6 7 8 9+
1987  Sub-divisions 22-24 203 227 322 105 29.6¢ 9.3 4.2 -
1987 Dpivision IIla 519 131 60 19 6.8 0.7 0.¢ -
Total 722 358 382 124 36.4 10.0 4.2 -
1988  sSub-divisions 22-24 323 329 130 109 30.4 8.7 4.6 -
1988 Division IIIa 1283 421 48 23 6.0 1.0 0.0
Total 1606 750 178 132 36.4 9.7 4.§ -
1989  Sub-divisions 22-24 254 352 229 54 29.1 9.8 2.1 90.%
1989 Dpivision IIIa 328 377 77 1% 8.4 3.3 2.1 0.1
Total 582 72% 306 73 37.5 3.1 4.2 0.7




Table 3.2.6.6 The corrected acoustic estimates (in millions) «

arrived at by assuming that the acoustic

survey is conducted at 1 October, that the

catches taken before the survey (see Table

3.2.6.3) are taken at the mid-date between

1 January and 1 October, that M=0.075 from

t January to this mid-date, and also from

the mid-date to 1 October.

Age

Year 2 3 4 5 6 7 8 9+

1987 2,824 1,476 813 278 92 18.8 - -
1988 4,925 2,371 477 309 95 39.8 - -
1939 2,232 1,803 778 187 106 34.6 10.5 -

Iable 3,2,6.7 Tuning file for Herring in
Division IIIa and Sub-divisions
22-24.

HERRING DIV IIIA + 22-24, SPARHOLT 1989

101

ACOUS. EST. DIV IEIA
1987, 1989

1,1

2, 17

1,2824,1476,6813,278.4,91.5,18.8
1,4925,2371,477,309,95,39.8
1,2232,1803,778,187,106,34.6,10.5
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Table 3.2.6.8 cont'd.
SUMMARY STATISTICS

Fleet , Pred. , SE(q),Partial,Raised, SLOPE SE JINTRCPT, SE
s q B s F s 3 . Stape s yIntropt

.73 . .060.2.0741 ,1.0192.  .0ODEY00. ID0DEYOD. 730, 033

1
Foar SIGMA(int,) SIGMA(ext.) SIGMA(overall) Variance ratio
1.019 (GODE-DL 0.000 L60CE-0L 0.000
age 4
Fleaet, 87, 88, 8g
1., .54, .57, .56
SUMMARY STATISTICS
Flest , Pred. , SE(g),Partial,Raised, SLOPE SE S IMTRCPT, SE
s 9 f s F . F s Slope sintrept
T . .56, .014.1.7548 , 8007, GOCE+00, .000E-G0, .56z, 608
Fhar SIGM&(int. ) SIGMA(axt.) SIGMA(overall) Variance ratio
.801 137E~01 0.000 L137E-01 0.000

hge 5
Fleet, 87, 88, 89

1, .65 .85, .65

SUMMARY STATISTICS
Fleet , Pred. , SE(q),Partial,Raised, SLOPE
s q [ » F s F s .

.85 . .001.1.9092 , G887, L0O0E00,  .OBOET0D, 647, 001

’ SE L INTRCPT, SE
Slope . S Intrept

1

E) E)
Fbar SIGMA(INnt.) S16MA (ext.) S1tmaloverall) Variance ratic
.888 .144E-02 (.009 J144E-02 0.000
fge &
Fieet, 87, 58, 89
L .84: 6G, &7
cont'd.




Table 3.2.6.8 cont'd.

SUMMARY STATISTICS

Fleet , Pred. , SE(q),Partial,Raised, SLOPE B SE SJINTRCPT, SE
s q s s F , F f s Slope JIntrept
T . &7 . .102,1.9483 , .6271, .000E+00, .000E700, 3eT. 05T
Fbar SIGMA(int.) SIGHA(ext.) SI6hA(overall) Variance ratio
.827 .102 0.600 102 0.000

wu
—




Tzbie3.2.6.9VIRTUAL POPULATION ANALYSIS from tuning.
HERRING IN THE WESTERN BALTIC AND KATTEGAT

FISHING MORTALITY COEFFICIENT UNIT: Year-1 NATURAL MORTALITY COEFFICIENT =

1974 1975 1876 1977 1878 1972 1280 1981 1982

2 561 V445 762 411 . 708 A8 .422 429 380
3 .615 . 706 L7300 1,169 1,325 898 1.014 918 703
4 L7990 1,200 .841  1.572  1.059% 936 .§63  1.062 .894
5 2712 1.370 939 1,297 1.017 564 603 1,125 1.z01
6 524 1,221 1.216  1.282 743 610 587 L.276 1,533
7 678 1.264 992 1.384 .940 L7703 .78 1.154  1.209
+ 678 1.z64 .999 1,384 940 703 718 1,154 1,209

{2~ 6y 642 .988 897 1,146 970 .698 .718 962 .542
(2- 50 672 .930 .818 1,112 1.027 720 725 884 794

1986 1987 1988 1989

2 L3371 . 388 594 553
3 .542 603 L7780 1.049
4 .904 830 760 .801
5 975 857 .937 .888
& 878 .935 . 785 .827
7 929 874 .828 .840
8+ .929 .874 .828 .840

(2~ 6)u 734 L7223 831 .818
(2- 5)U .698 LG70 .843 .815

.20

1983

445
647
.810
617
648
.692
692

634
630

1984

JA73
544
710
1,222
1.015
1.002
1.002

805
752

1385

-390
721
.802
1.044
1,005
.987
.987

.813
765

A



Table 3.2.6.10 HERRING in the western Baltic and Kattegat.

from 74 te 89 on ages 2 to 7
with Terminal F of .710 on age 3 and Terminal § of 1.300

Ihitial sum of squared residuzsls was 21.314 and
final sum of squared residuals is 7.867 after 66 iterations

Matrix of Residuals

Years 74/75  I%/76  VeS77 0 7R/ 18/79
Ages
2/ 3 .610 -,371 447 -1.004 -.067
3/ 1 098 -.212 -.122 L1968 566
47/ 5 W112 204 -.154 . 388 .185
5/ 6 -.189 .064  -.189  -.025 -,177
6/ 7 -.532 077 L3033 -.073  -.543

oo 000 .000 .000 000

WTs 010 .010 010 .01 010
Years 79/80 80/81 81/82 82/83 83/84 84/85 85/856 86/87 87/88  88/8% Wrs
Ages
2/ 3 -.222  -,072 -.288 -.607 .38l 000 -,135  -.174  -.258 579 .000 445
3/ 4 L4441 750 L2760 -,285 L3120 -,278 -.003  -.226 007 205 000 617
4/ 5 463 L176 2007  ~.05% 081 -.185 -.019 .184 027 -.z204 .000 1.000
8/ 6 ~-.558 -,59%  -,238 168 -,398 .358 061 L0370 -.020  -.050 .00 .75l
6/ 7 -.392  -.275 .203 668 -.237 104 081 .010 73 0237 , 000 .569
.00 Rlsisl .00 008 .000 .000 000 .000 .0o0 000 -.753
WIS .010 010 010 010 010 .010 1,000 1.000 1.006 1,000

Fishing Mortalities (F)

74 75 78 77 78 79
F-values 5566  .8726  .7616 1.0708 8966 6289

80 81 82 83 84 85 86 87 88 89
F-values 6019 8082  .7966  .5400 .6668  .6965  .6478  .6578  .7167  .7100

Selection-at-age (§)

£5

2 3 4 5 6 7
S-values (6948 1.0000 1,2561 1.4339 1.3340 1.3000
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Table 3.2.6,11 HERRING in Division IIIa and Sub-div-
isions 22-24. Estimated stock size at

the time of the acoustic survey.

g k si
F
Acoustic 3
Year egtimate Q.60 Q.65 0.70 0.71 0.72
1987 3,216 3,392 3,138 3,084 3,073 3,063
1988 4,551 4,846 4,634 4,450 4,418 4,385
1989 2,814 3,556 3,248 2,985 2,938 2,890
33938
Year Q.65 0.70 Q.71 0.72
1987 6 17 20 23
1988 7 10 18 27
1989 188 29 15 6
Sum 201 56 53 56
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Table 3.2.6.13
HERRING IN THE WESTIRN BALTIC AND KaTTEGAT

99

STOCK SIZE IN WUMBERS UNIT: milliens

BIORASS TOTALS UNIT: tonnes
ALL VALUES, EXCEPT TRHOSE REFERRING TO THE SPAWNING STOCK ARE GIVEM FOR 1 JANUARY; THE SPAKNIMG
STOCK DATA REFLECT THE STOCK SITUATION AT SPAWNING TIME, WHERESY THE FOLLOWING VALUES ARE
USED: PROPORTION OF ANNUAL F BEFORE SPAMNING: .100

PROPORTION OF ANMNUAL W BEFORE SPAWNING: J250

1974 1975 1976 1877 1978 197¢ 1980 1981 1982 1983 1984 1985

G 2441 3060 5027 5622 2737 5796 4164 7568 8737 8952 4414 7583
1 1422 1978 2423 3885 4522 2187 4561 3142 4371 £223 5792 3114
z 1110 i6 1194 1530 2008 36570 1575 3161 1987 2580 3500 2860
3 838 482 456 864 gi1 is51 846 i687 1113 1358 1783
. B 267 188 1i% 188 273 463 277 €85 478 645
3 I o7 72 31 32 61 38 133 94 251 182
g 55 43 35 i G L 28 7 35 42 52
7 L3 19 1l & 3 4 N 7 & ia i5
&+ § 7 5 5 2 4 § 5 % i

TOTAL w0 5738 7171 9497 11861 10305 12100 12206 15347 17231 13707 15854 i5zé2
3PS WO 1475 1070 §34 416 1035 1275 1576 1598 (1849 1686 2199 2841
TCT.BIOM 335421 260968 252454 296945 318700 382814 470158 546191 580186 662660 §98808 538205
$PS BloM 1866097 121077 85400 78877 9104l 108451 153358 153158 186253 190278 229032 267337

1988 1987 1988 1982 1990 1974-87

¢ 11087 5298 5866 935 s 5891
1 5160 gilz 3643 4252 542 4068
2 1521 3367 5345 2209 2445 2178
3 1580 907 1821 2194 1107 1051
4 707 746 396 664 1004 423
5 214 Z32 2560 141 27 135
6 53 65 78 78 38 10
7 20 18 21 28 24 12
8+ 6 8 12 10 12 6

TOTAL N0 20427 18693 17442 10511
SES N3 2159 2081 2780 2618
7 5868855 511414

g Db IiNTg

BIOK S¢Z367 SZ8

AsEnn
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Table 3.2.6.14

List of input variables for the ICES prediction program.

HERRING IN DIY IITA AND 22-24
The reference F is the mean F for the age group range from 2 to 6

The number of recruits per year is as follows:

Yeatr Recruitment
1990 5891.0
1901 5891.0
1992 5891.0

Proportion of F (fishing mortality) effective before spawning: .1000
Propertion of M (natural mortality) effective before spawning: 2500

Data are printed in the following units:
Nuinber of figh: miilions

Weight by age aroup in the catch: gram
Weight by age group in the stock: gram

Stock biomass: tonnes

Catch weight: tonnes

P ————— L e ————— B For e Fmmm——————— +
H H { fishing! natural) maturity) weight in} weight in!
| age| stock size| pattern| mortality! ogive, the catch) the stock!
e e e A o —— Fomm e e e Fmm——————— +
! o) 5891.0} .18} .20} .00} 13.500; 13.500!
i 1 4973.0) .37) .20} .00} 24,500 24.500]
i 2% 2715.0} A4 .20} 20§ 52.200} 52.200}
H 3] 1107.0} .67 .20} WiH 76,500! 76.500]
H 41 1004.0} W91 .20) .90, 113.400] 113,400,
! 51 227.01 1.03} .20 1.00] 134,700 134,700]
! &1 39.04 .99 207 1.00} 141.700] 141.700}
i 7 24.0) .85 .20 1.09;} 1£0.000] 160,000
T8+ 12.0¢ 85 L2010 1,00} 163,700} 163,700,
e e e en T ——— A e e e Frm o m i ——— L +
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Table 3.2.6.15 HERRING in Division IIIa and Sub-divisions 22-24.
Analysis by RCRTINX2 data. VPA - 1 ringers.

-Data for 2 surveys over
REGRESSICN TYPE = €
TAPEREC TIME WEIGHTING APPLIED
BOWER = 3 OVER 2C YEARS

PRIOR HWEIGHTING NOT APPLIED

FINAL ESTIMATES SHRUNK TOWARDS HEAN

11 years

ESTIMATES WITH S.E.'S GREATER THAN THAT OF MEAN

WINIMUM S.E. FOR ANY SURVEY TAKEN AS

INCLUDED

MINIMUM OF 5 POINTS USED FOR REGRESSION

Yaarclass = 1986

Survey/ Index STope Inter- Rsquare No. Predicted Sigma Standard Weight

Series  Value cept Pts Value Error

GDRO 9.8098 2.681 -15.373 L0148 7 10.9250 2.47283 2.88057  .00904

GDR1 6.5468 4.563 ~16.974 L0230 7 12,8986 1,979p2 2.92560  .00876

HEAN 8.4095 .27628  .27628  ,98221

Yearclass = 1987

Survey/ Index Slope Inter- Rsquare No. Predicted Sigma Standard Weight

Series Vajue cept Pts VYalue Error

GORG 9.1453 1.163 -1.978 L1127 8 8.6594 1.01163 1.07734 .06876

GDR1 5.6204 1.237 1.45] 27591 8 8.4029 .57942  ,61656  .20993

HEAN . 8.4870 ° .33262 .33262 .72131

Yearclass = 1988

Survey/ Index Slope Inter- Rsquare No. Predicted $Sigma Standard Weight

Serjes  Value cept Pts Value Error

GDRO 9.3852 1,370 -3.902 .0898 9 8.9538 1.11720 1.19537 05496

GDR1 5.4424 1,316 .981 2741 9 8.1420 .57100 61253  .20932

MEAN 8.4560 32672 .32672 .73%71

Yearclass = 1989

Suryey/ Index $lope  Inter- Rsguare No. Predicted Sioma Standard Weight

Series  Value cept Pts Value Error

GDRD 2,8552 1.486  -5.034 0764 10 2.6143 1.15012 1.,27982  .05550

GDR1

MEAN 8.4471  ,31023 .31023 .94450

Yearclass Weighted Intarnal External Yirtual Ext.SE/
Average Standard Standard Population Int.SE
Prediction Error Error Analysis

1986 8.47 £777.09 .27 .34 9,00 8113.00 1.24

1987 8.48 4823.33 .28 04 8.20 3844.00 .15

. 1988 8.42 4526.,04 .28 .13 8.36 4253.00 .45
1989 8.51 4973,34 .30 .27 6.48 ©50.00 .89




Table 3:2.6.16

Effacts of different levels of fishing mortality on
catch, stock bjemass and spawning stock biomass.

HERRING DIV IITA AND 22-24

e B o 1 e 1 B T e - + +
§ Yaar 1990 H Year 1991 ! Year 1992 H
Fr—— ———— o d o e L R it e m B T T s s A e e Hom e ——— +
! fac-! ref.,! stock] sp.stock| i fac-{ ref.] stock) sp.stock| I stock| sp.stock!
! tor) F| biomass| biomass| catch] tor| Fi! biomass{ biomass| catch! biomass| biomass]|
————— + + + Fmm o B ettt b ———— tmm e e e e e +
1.0} .81} 584 2074 2N WG L0035 545] 206 0} 780] 369)
H ! ! ! ! H 1} .08} ! 205 26) 747} 343
: ) i ) i .20 .16} ! 203! 50! 7154 320,
H i H | i | A .32) H 200} 95 B57} 2774
H N H H H ! .6l A8 1 197} 134! 605/ 241}
! i H ! ! .8l .85 ! 194}  168) 5591 21!
H H ! J ! 1 1.0} .81 H 191} 199 518 184}
{ | { i H 7 1.2] 97 H 188 220 481! 1614
! ! ! 1 ! 1o 1.4} 1,138 H 185} 251! 448] 141,
! i i i ! 1.8 1.29) H 182 274} 418 124}
! ! H H ! 1.8 1.45) ! 1798 293! 3911 109}
! H ! H | | 2.0) 1.62] H 176 311¢ 367 96|
E + R o e e e e R ] B 4 e B o ——— +

The data unit of the biomass and the catch is 1000 tonnes.

The spawning stock biomass is given for the time of spawning,

The spawning stock biomass for 1992 has been calculated with the same fishing mortatity as for 1991,
The reference F 15 the mean F for the age group range from 2 to 6

6S
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Sub-divisions 22-24.

FMmm AR EeA RS AN e R RN AR KN R KN AKAAS A AL AA R R RN AR KA AR

* Year 1990, F-factor  1.000 and reference F .8080 *

AR AN RN NN ARAMANARRNNAAARARSEsA AR MU ARKRARKARRRKARA

Table 3.2.6.17 Detailed prediction for HERRING in Division IIIa and

'
i

at 1 January)

+

at spawning time,;

-———

! ! absolute! catch in! catch in! stock! stock] sp.stock! sp.stock! sp.stock! sp.stock!
| age] Fi numbers; weight; size] biomass] size| biomass| size! bionass;
ool L1800  882.18; 11909!  5891.0; 79528 .00} jiH oo} ‘H
| H .37000 1402.52) 34361} 4973,00 121838] .00} 'H .00} 0}
' ! 4400, 882.34; 46058}  2715.0) 141723} 543.00} 28344  494.28; 25801
i ' 6700}  495.35) 37894 1107.0; 84685]  §30,25) 63534}  738.58| 56501}
! H L9100}  551.84) 625781 1004.0) 113853} 903.60) 102468) 784.77! 88992}
v 5y 1.03007 134.53] 18120 227.0) 305767  227.00; 305761 194,80, 262381
HE H .98001 22.87] 3198] 35.04 5526] 35.00! 5526 33.60; 47611
HE H LB500; 12,631 20208 24,0} 3840 24.00; 3840) 20,90 3355,
VB .8500; 6.31} 1033} 12.01 1964 12.00} 1964} 10.48} 1716}
' Yotal ¢ 4390.28) 217176 15992.0 583536 2578.85) 236234 2277.48] 207366,

A AN AR A AR A A A AR A AN NE LN N LA NN AR AN NAARN AN AT A

* Year 199). F-factor 1.000 and reference ¥ .8080 *

AEmmcEma R AR R AR A AR AR KRR AARKARRR A AL R LA A AN AR ARR AR

1
'

at 1 January|

at spawning time)

H i absolute) catch ini catch inj stock| stock) sp.stock! sp.stock! sp.steck! sp.stock!
| age! Fi{ numbers) weight ! size] biomass: size! biopass! size| biomass)
Voo .1800) 882,18} 11509} 5891.0! 79528 .00} 0! o
. L3700} 1136.18] 27836)  4028.6% 98701 00! /H 0!
v .4400;  913.88) 47709)  2812.4% 146B0S! 562,47 29361} 267264
I L67000 640,60, 49006,  1431.6, 109817 1073.70; 82137} 73068,
I L9100;  254.91. 28907) 463,81 525921  417.40) 47333 41108}
! 51 1.0300% 196.09! 26413, 330.9; 44569} 330,88} 44569} 38246
H-H .53900; 38.41) 5442} 66.4) 9401} 66.35] 9401, 8100}
oon 8500, 5.24} 998] 11.9} 1858, 11.86) 1898, 1658)
1B+ 8500, 6.63} 1085 12.6} 2062} 12.60; 2062} 1801}
) Tetal ! 4075.22; 199308} 15049.1! 545076) 2475.25; 2182.147  190710!

216763

AR AR A AR AR AN AN R RN R A AR AAAARAR SR A KARARAARARAAA NRARR

* Year 1992. F-facter 1.000 and refergnce f -80s0 *

maamam kR EEER A AR At hd ARk i Al A b d s AR

at 1 January,

+

+
]
|
'
I

at spawning time
+

| absolute; catch in} catch in} stock; stock| sp,stock| sp.steck! sp.stock) sp.stock)
age! F} numbers)] weight] size! biomass) size| biomass| size! biomass!
H 4N .1800; B82.18] 11909; 5891.0; 79528, .00} iH 00! o!
1) .3700! 1136.18 27836  4028.6) 98701l 0o} 0! .o} o}
! 21 4400} 740.41! 3586497 2278.34 1189261 455.66! 23785 114,78, 21651
H 3 L6700 563.58; 50763 1482.9; 113444 1112.20) 850831 989.40; 75688,
i LH L9100,  329.66, 37383, $92.8. €8014; 539.79! 61212} 468.81) 53162,
H N 1.0300! 90.58! 122014 152.8! 20587! 152.84, 20587, 131.16] 17667,
' 6! .9900, 55.98] 7932 96.71 13704 96.71E 13704! 83.32; 11807
H i .8500] 10.62} 1699 20.2! 3229, 20.19; 3229 17.64} 2821}
VB 8500} 4,501 7371 8.6} 1401 E.SSE 14011‘ 7.48! 1224,
I Total v3913.70; 189112 14558.9! 517538 2385.95, 209004 2112.58; 164023
N -
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Table 3.2.6.18 HERRING. The prediction of catch at age in 1991
by area and half-year. N=catch in numbers
(millions), w=mean weight at age ({(grams),
C=catch (tonnes).

Sub-divisions 22-24 Division IIIa
Age N W c N W C
dsf half-vear
O - - - - -
1 541,7 14,2 7,692 - -
2 296.4 42,1 12,478  268.8 41.4 11,128
3 353.9 70.% 18,002 229.6 73.5 16,876
4 163.1 107.8 17,852 37.4  102.4 3,830
5 120.1 128.3 15,409 25,9  124.5 3,225
6 23.7 136.1 3,226 3.3 158.0 521
7 3.5 151.7 531 0.5 19%4.6 97
8+ 2.7 159.2 430 0.4 195.1 78
£ 74,920 35,755
2nd half-vear
0 880.0 13.5 11,880 - -
1 153.4 26.4 4,050  441.2 36.4 16,060
2 36.9 65.4 2,413 312.1 69.5 21,691
3 22.6 - 84.1 1,901 134,9 92.8 12,519
4 8.8 102.% 303 45.3 144.7 6,555
5 8.6 %3.7 806 41.7 168.0 7,005
6 2.9 85.4 248 8.3  170.5 1,415
7 0.5 100.7 50 1.5 186.8 280
B+ 1.9 106.3 202 2.3 209.3 481
r 22,453 66,006
Total catch 97,373 101,761

Predicted total catch in Sub-div. 22-24 + Div, IIIa: 199,134




mabile. 3,3.1 SUM OF PRODUCTS CHECK
HERRING IN THE AREAS 25-29 AND 32 PLUS GULF OF RIGA
CATEGORY: TOTAL

CATCH IN NUMBERS UNIT: mitlions

1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985

0 27 56 21 20 86 51 8l 68 66 31 60 30
1 2738 1974 2519 1328 1156 482 1138 1388 947 794 866 1261
2 1857 1792 1352 2711 1396 1372 1033 1696 2373 1924 1330 2408
3 139G 15894 1398 915 1979 977 16877 792 927 2014 1538 1280
A 1674 987 1067 718 476 1502 580 . 698 403 703 1242 989
5 521 1032 536 657 381 361 788 3985 355 272 431 739
[ 352 379 639 381 380 298 193 508 218 269 198 264
7 632 277 250 300 190 288 213 154 279 178 181 139
8 9% 374 140 218 238 182 226 132 97 185 137 118
g 88 78 262 122 117 170 04 157 96 79 118 76
10+ 102 99 98 208 129 132 223 242 231 179 177 159

TOTAL 9481 8742 8282 7576 6538 5815 . 5656 6230 5988 6628 6279 7463

1986 1987 1988 1989

44 10 38 123
530 990 480 854
1808 775 2289 588
2089 1555 859 248}
2014 1442 1122 723
682 994 917
369 493 393 749
134 243 282 273
87 91 115 206
61 36 45 81
86 69 56 55

+ OR~AAmE WM D
=~
[FY)
o

=
=
e
> o
=
|
=]
n
-~

6386 6673 7050

9



Table 3.3.2

SUM OF PRODUCTS CHECK

HERRING IN THE AREAS 25-2% AND 32 PLUS GULF OF RIGA

CATEGORY: TOTAL

MEAN WEIGHT AT AGE IN THE CATCH

1974

0 7.100
1 27.500
2z 32.100
3 39.000
4 43,300
5 69.200
6 77.500
7 82.400
8 74.300
g 73.300
+

10+ 78.100

1986

6.200
18,380
25,300
32,400
48.900
000
67.700
78.200
93.000
96.200
104,100

FOoo~NONRELNEO
a
~

—
o

1575

6,400
29.200
28,700
46.700
49.100
51.200
77.200
77,500
82.300
69,600
74.600

1987

5.700
14.900
32.300
37.100
42.200
55.700
62,409
70,300
82.400
93.880

102.500

1976

6.200
21.400
35.000
35.900
55.000
55.100
54.900
78.900
70.700
89.900
67.500

1588

6.400
19.600
24.600
43.600
48.600
50.500
652,800
69.900
84.500
87.800

UNIT:

1977

5.900
27.600
25.800
46,100
53.400
67.000
60.100
69,700
88,600
91,190
93.300

1989

7.450
22,300
33.700
33.100
45,960
53.800
56.500
66.000
74.600

98.300 103.800

gram

1978

5.400
24,500
41.800
38.500
53.600
58,900
71,800
72.000
69.300
95.100
89,400

1979

5.400
21,700
38,900
55.200
47,300
64,000
70.400
76.300
82.500
79.700

1580

7.300
22.600
34.500
51.200
£5.000
59.200
75.400
79.000
85.900
93.500

1981

6.800
25.400
33.700
50.200
65.900
73.700
71.900
83.600
87.500
97,900

55,600 161.900 107.400

1982

6.100
20,500
38.200
49,600
60.000
70,100
78,700
77.300
89.700
99.000

106.000

1983

§.500
18.400
30.000
53.900
56.500
71.500
83.900
88.100
§9.200

104.700
115,400

1584

7.000
16.200
27.800
41,500
6).-600
62.800
75.100
85.800
89.100
95,300

111.600

1985

5.230
15.600
21.600
39,200
53.900
66.400
72.600
83,300
93.000
99.700

197.800

£9
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Table 3.3.3

HERRING 25-295

101

Internartional
1982, 1989

1, 1

1, 9

1, 4594,
1, 3023,
1, 5341,
1, 2897,
1, 3305,
1, 5287,
1, 1172,
1, 4786,

6383,
4862,
4932,
6526,
7493,
2099,
3753,
2256,

TUNING DATA:Acoustic estimates ARGOS andfor EISBAR

Acoustic Surveys 1982-89

2316,
4986,
5042,
3542,
8223,
4412,
1875,
6270,

1334,
2175,
4024,
2987,
3737,
4555,
4168,
2537,

1300,
1392,
1365,
1021,
2611,
1736,
3506,
3795,

994, 580, 379, 251
1211, 1063, 670, 411
844, 576, 376, 188
470, 360, 202, 129
830, 342, 205, 102
1013, 321, 101, 32
1435, 720, 210, 84
2209, 897, 311, 69
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Table 3.3.4 cont'd.

SUFMARY STATISTICS

Flert , Pred » SF(g),Partial, Raised,
» a 3 ’ F » F .
-t e P o e e L it v P o
T, =82 ., .578 TURE3T , «TE57,
Faar SIGM&E int, X SIGHACPXTL.)
« 175 378 1. nNA
Aya 3
Fleat, 32, 8s. 84, 85, 86, %7, R&, Ry
T TTIINSLTTIIS. IR TTIIN, TTI. "ZT?S.":EE.“:TZ?;
SUMEARY STATISTICS
Fleet , ored, , SE(aY,Partial,Raised,
" q » » E ’ F -
Tt TTITRETTLTTIEAR.TIATRSTLUIEILIL
Fhar STGMACimt.) STGMACAxt.)
244 310 . nnn
Ay2 &
Fleet, 82, 83, 34, 35, 86, 87, RE . 39
/77T, TTINTTINN
SUMMARY STATISTICS
flear . Pred. , S5F(g}.Partial,.Ratsed,
. a . . F , F .
- i e '_____ — P e mm * s it e e e ¥ e i o P
PR - A - T . 2363,
Foar SEGREC Ent.L) SEGMACeyt,)
235 =175 n.099
Aga S
Fleat, X 335, 34 . 85, 36, 37, 2R, g
______ P______’___-___"_______'~_____’___-’_ P — [ . ——
b, =a10, .29, 02, -.71. -1, .41 .15, -, 13

S —

(=21
)
SLNPF . sF LINTACPT, SE
, Slope . SIntrest
s B it e e i T —————————— P e F
LANELDND .nﬂDE+nﬂ - P16 - 199
SIGRACoverall) Variesnce ratio
328 n.nnn
SLOPE » SE + FNTRCPT, SE
Slope , »Intrecpt
TIAAGERAN. T TTRARETAR, L SIEER,TTTII03
STGMA(overall}) Variance ratio
310 0.00en
SLOPE . SE SINFRICPT, SE
. Slope . sIntrept
P e e e e P e
LAAgEXnn, ﬂUUF+ﬂD -.187, .059
qIGuA(overalL) variance ratio
174 0.0n0en
cont'd
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Table 3.3.5 VPA from tuning.
it LN YRE AREAS 295-29 AMD 32 PLUS GULF 07 RIGA

NG MORTALITY COEFFICIENT UNIT: Year-l NATURAL MORTALITY COEFFICIENT = .20

1974 1973 1975 1977 1978 1973 1980 1981 1982 1963 1884 1485

L .228 229 148 151 .133 087 .130 .097 073 058 045 071
2 171 228 L243 234 .235 «230 L2484 291 .239 208 125 Byl
3 pic \233 . 280 257 L2568 257 L2684 L300 . 255 328 1255 st
] 22471 L2602 225 L227 207 .335 .239 L301 (245 313 .345 L2599
5 W77 268 221 W21 .186 239 294 254 + 246 L2460 L322 356
[ L1982 189 . 264 .242 181 W21t L1584 314 217 298 . 307 .335
? 226 (228 .183 .190 183 203 .230 234 280 .276 337 367
g L1983 202 .172 241 227 267 .243 217 2227 .308 .355 . 384
8 212 L3236 V213 .222 197 L2572 2241 265 243 291 .333 L340
+

1o+ L2012 .23 L2130 222,197 .257  .241 L2685  .243 291  .333  .340
{ 3~ 83U 216 L2330 V224 228 209 252 .247 270 L24h L2497 .320 312
1985 1957 1983 1989 1974-87
1 a8l 049 070 944 111
2 137 118 .Sz .15 L2305
3 .20 .17 186 .244 .25l
4 A40 .233 L175 L2358 279
5 312 261 L2590 L211 .258
& .303 . 357 (235 .302 257
7 L283 . 335 L3568 255 254
g LA14 L3177 L2681 479 269
5 .3%0 .06 .25%  .297  .264
10+ L350 . 300 . 255 .297 L2654
(3-8 328 .278 244 L2868

6%



Table 3.3.6 VPA from tuning.
HERRING M THE AREAS 25-29 AND 32 PLUS GULF OF RIGA

STOCK I

ZE IN NUMBERS

BIOMASS TOTALS

ALL VALUES, EXCEPT THOSE REFERRIMG TD THE SPAWNING STOCK ARE GIVEN FOR 1 JANUARY; THE SPAWNING

STOCK DATA REFLECT TRHE STOCK SITUATION AT SPAWNING TIME, WHEREBY THE FOLLOWING VALUES ARC

UNIT:

UKIT:

tonnes

miliions

USED: PROPDRTION GF ANNUAL F BEFGRE SPAWNING:
PROPORTION OF ANNUAL M BEFORE SPAWHING:

1

s

3

4

5

6

7

8

9

10+
TOTAL N8O
5PS NO
TOT.810H
SPS BIOH
2

3

4

5

6

7

8

9

10+
TOTAL NO
SPS N

1974

14781
12998
7276
7737
3531
2214
3435
613
506
587

53685
29942
2270471
1494198

1986

9916
15566
11610

6195

3008

1550

585
281
226
318

49269
28938

1975

10582
9637
2969
4707
4829
2421
1496
2244

418
530

45843
27286
2039238
1393446

1987

22929
7641
11115
625
3266
1802
938
368
152
2492

56128
26115

1978

20207
5896
6277
5819

29658 -

3925
1641
975
1500
561

49869
23363
1919928
1209453

1988

7795
17879
5557
7699
43845
2061
1033
549
219
273

48011
30220

19%7

10406
14274
4429
3882
3804
1948
1902
1119
672
1138

43571
24708
1837702
1234578

1989

21728
5949
12576
3776
5293
3155
1334
593
346
235

54984
26243

TOT.610M 1670648 1757410 1754933 1924715
SPS BI0M 1137943 1133179 1267924 1156821

1978

10251
7323
9248
2803
2532
2523
1250
1287

720
794

38731
22058
1712474
1163619

1990

17018
4341
8064
2441
3508
1910

846
300
354

.350
.300

1979

6928
7351
4739
5791
1867
1721
1724

853

840

652

32462
19647
1543520
1102718

1974-87

14684
10508
7194
2831
2760
1764
1298
846
564
743

1980

10273
5235
4784
3002
3392
1203
14l
1182

534
1146

31861
16822
1501294
1025947

1981

16512
7385
3356
2948
1936
2065

812
742
740
1140

37640
15837

1982

14823
12267
4522
2036
1766
1229
1238
526
489
1177

40093
18275

1983

16053
11282
7808
2868
1304
1143
810
766
343
778

43756
19698

1984

21510
12427
7505
4665
1717
843
694
503
a6l
685

5099]
21652

1985

20402
16830
8975
4761
2704
10618
496
406
789
605

56485
26303

1650160 1656888 1676722 1687213 1716783
972723 1028725 1053624 1030301 1082425

0L



Table 3.3.7 HERRING in Sub-divisiocns 25-295 and 32 plus Gulf of Riga.

from

with Terminal F of

74 to

89 on ages 1 to
.290 on age

9

4 ang Terminal 5 of 1.000

Initial sum ¢f squared residuals was 1
final sum of squared residuals is

Matrix of Residuais

Years
Ages
1/ 2
2/ 3
3/ 4
LV
5/ 6
&/ 7
8
g/ 9

WIS

Years
Ages
1/ 2
2/ 3
3/ 4
4/ 5
5/ 6
6/ 7
/8
8/ 2

W75

/75

1.039
.107
2064
024

-.129

~.200
089

~.360

(00
010
78/80

=242
170
303
107
102
=181
-.268
-.116

.000
.010

010
80/81

.182
. 265
.287
-.080
-.013
-.218

.010

Fighing Mortalities (F)

f-values

F-values

74
3210

80
2962

75
L3440

81
.3062

Selection-at-age (S)

S-values

1
L2215

2
.5280

76/77

165
.333
459
-.044
-.175
.248
-.366
-.530

.Joa
.010
81/82

~-.134
v
347
028
~.041
-.012
-.157
-, 468

000

010

76
23213

82
2593

3
7544

178

.373
145
339
-.028
-.075
.082
-.376
-.152

-.285

<010

7
L3173

83
.2911

4
1.0000

8.631 and

7.882 after 108 iterations

78/79
.497
.437
2212

-.102

~.095

-.080

-.178
.000
.0le

83/84  84/85

L081 -.435
230 032
.345 .288
.033 047
-.126 030
-.039 -.087
-.167 -.018
-.152  -.020
.Joo -000
010 1.000
78 79
.2760 L3078
84 8%
L3022 L3119
5 &

1.0035 1.0226

85/86
<184

091 .

-.652
-.222
.18
180
-.024
.003

.000

1.060

86
.3084

7
1.G600

86/87

063
NHik]
79
A72
-.199
-.172
-.196
133

000

1.000

87
L2730

8
1.1217

87/88

-.327
-.175
117
~.152
-040
-.057
254
044

.000
1.000

88
. 2567

9
1.0000

58/3%

.485
024
138
-.145
-.051
039
-.004
~.131

.000
1.000

83
.2900

.00c
.000
.0oo
000
.000
.000
.000
.000

2,855

71




Table 3,3.8 VIRTUAL POPULATICN ANALYSIS
HERRING TN THE AREAS 25-29 &NMD 32 PLUS SULF QF RIGA

FISHING MORTALITY COEFFICIENT UNIT: Year-1 NATURAL MORTALITY COEFFICIENT = .20

1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985

i 241 .238 146 150 131 .078 . .130 087 069 .058 046 084
2 .188 .245 255 .231 232 226 240 .291 .237 L1956 .128 175
3 260G . 262 .307 275 .263 253 278 292 . 256 .325 .238 176
4 .305 298 262 .256 229 .327 «234 .293 237 .314 .341 237
5 232 313 261 25% 216 265 .285 .248 .237 249 .323 350
& 265 264 326 .300 .230 253 2221 .301 210 .28% .280 336
7 .321 344 .279 250 .240 273 298 276 264 265 316 340
8 .294 .3z20 .293 418 .322 .381 .357 .294 . 280 .28% .336 .350
9 320 .398 .388 448 .415 401 391 452 .361 .388 .300 .315
10+ .320 .398 .388 449 415 401 .391 452 361 .388 .300 .315

(3-8 .280 .300 288 .292 .249 .292 +278 284 247 .287 .307 .298

1986 1987 1988 1989 1974-87

1 068 .046 .078 .064 113
2 165 133 144 .130 210
3 226 .209 .214 229 .259
4 .461 .241 .229 . 281 .288
5 277 278 260 297 271
& .296 .303 .256 319 277
7 .285 .324 .284 .284 .290
8 370 .319 250 347 .330
9 .308 257 257 .280 +367
10+ .308 .257 .257 280 .367
{ 3-8 318 279 249 293

TL



Table 3.3.9 HERRING in Sub-divisions 25-29 and 3Z plus Gulf of Riga.
STOLK $IZE IN NUMBERS UNIT: mitlions

SIOMASS TOTALS UNIT: tonnes
ALL VALUES, EXCEPT THOSE REFERRING TO THE SPAWNING STOCK ARE BIVEN FCR 1 JANUARY; THE SPAWNING
STOCK DATA REFLECT THE STOLK SITUATION AT SPAWNING TINE, WMEREBY THE FOLLOWING VALUES ARg
USED: PROPORTION OF ANKUAL F BEFORE SPAWNING: L350

PROPORTION OF ANRUAL M BEFORE SPAWNING: L300

1974 1975 1976 1977 1973 1979 1980 1881 1982 1983 1984 1985

1 14075 10224 20422 10503 10383 ?037 10265 18600 15551 15650 21118 17343
2 11909 9058 6595 14450 7403 7459 3328 737912332 11878 12096 16508
3 5569 8078 5805 4183 9391 4805 4872 3431 4516 7467 7992 8705
4 6982 4210 5090 3496 2602 5909 3058 3021 2097 2864 4714 5160
5 2766 212 2560 3208 2216 1702 3488 1879 1846 1355 1713 2743
5 1661 1795 2521 1613 2035 . 1463 1069 2148 1265 1192 864 101%
7 2527 1043 1128 1490 979 1324 830 701 1302 340 734 530
8 427 1501 505 700 950 §30 825 570 438 818 527 438
2 352 260 893 370 377 564 353 473 348 270 504 308
10+ 408 330 334 624 416 438 756 729 837 511 749 646
TOTAL RO 47775 40713 45953 40837 36753 31330 30938 37030 40536 43443 51011 53396
SPS RO 25377 23016 19574 21804 20021 18428  159i9 15156 17983 20081 22084 26394
TOT.BI0W 1943468 1743868 1570303 1613884 1550899 1439316 1406047 15374926 1631753 1878026 1714470 1887553
$PS BIOW 1220509 1132032 972845 101730k 1005885 099883 934237 598575 0g9s4z 1056383 1062997 1193079

1988 1987 1988 1289 1990 1974-87

1 8946 24032 Wit 15134 0 14439
2 13062 6846 18782 5307 11620 10165
3 11347 9065 4907 13315 3815 £916
4 59744 7410 6022 3244 5658 4470
5 3334 3085 4769 3921 2005 2588
6 1582 2089 1913 3011 2386 1592
7 594 964 1251 1213 1782 1078
8 308 366 571 77l 747 550
9 253 175 218 364 445 393
1G+ 356 335 271 247 378 341

TOTAL MO 45757 54347 45715 46526
SPS B0 27271 238i0 28534 24591
10T.BI0M 1601046 1677834 1650420 1652113
3PS B10M 1107755 1037031 1180008 1072208

£L
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Table 3.3.11

Effects of different levels of fishing mortality on
cateh, stock biomass and spawning stock biomass.

HERRING IN AREAS 25-29

e e e o e e e = +
H Year 1990 ! Year 1991 ! Year 1952
r— - e o e - R S — e mm e [ P o +
! fac-! ref.)| stock) sp.stock) } fac-) vref.{ stock] sp.stock] \ stock! sp.stock!’
Vo tor) F| biomass| biomass} catch| tor! F| biomass; biomass| catch| biomass! biomass!
R R F - B e Fm——— o S o = Foen e dmmmm———— +
L0y .29 1677} 1106} 295 0 00 1671} 1192} 0} 1978} 1472}
! ! ! ! ! oLl .03 H 1182) 33! 1943} 1427}
! i ! H H ! 20 06 ! 1171} 651 19081 1384}
! ! ! ! ! ! AL 124 | 1150} 126 1843} 1302]
i i i i i T .6 18] | 11397  184) 1780, 1225)
H ] ! i H i t:h .23} 1 1110} 240} 17204 1153
i i i i i po1.0p .29 | 10907 293} 1664] 1087!
! ! ! | | 1.2 .35] ! 1071 344 1610} 1024
| ' : i | Pol.4 0 LAL ! 1062} 392 15581 966
' i H 1 | 1 1.6} 47] ! 1034]  438) 1502} 211!
1 1 ) ! | y 1.8} .53 H 1015} 482 1462} 860,
H H ! 1 H 1 2.0} .59 ! 958 5241 1418 812]
F— - ER [P e P domm e R FR— RO O +

The data unit of the biomass and the e¢atch is 1000 tonnes.

The spawning stock biomass is given for the time of spawning.

The spawning stock biomass for 1992 has been calculated with the same fishing mortality as for 1991.
The reference F is the mean F for the &ge group range from 3 to B8

S




Table 3.3.12 Herring in Sub-divieions 25-29 and 32 and Gulf of Riga. Catches by area for 1987-1989
and distribution of predicted catches.

19B7-89 average catch and mean weight at age

HMEAN 25-27 28+293 GoRi 29N 3z TOTAL
AGE H w | w W N kil N w H W N
1 296,0 26,4 103,0 16,8 48,7 11,3 v2,3 12,9 2657 13,4 Ta2,v
2 Za3,0 46,5 176,37 26,2 aE.n 16,5 1110 21,8 4428 18,9 11953
3 490,35 Bep,6  A15,0 395 2387 19,1 1%3.3 28,2 3667 24,5 1604,0
4 412,7 65,0 1%4,0 40,1 1533 244 1589,0 35,8 176,7 21,00 10857
5 343,35 71,9 1733 43,5 Q3,7 30,0 1410 41,8 113,7 30,4 G700
6 e17,7 TEB 1343 55,9 41,7 37,6 a3,0 48,1 69,7 471 546.3
T 106,0 1,0 61,3 62,0 13,2 46,6 43,0 59,3 41,0 5e.0 Z64.5
8 55,0 as,1 34,7 76,1 3,3 45,2 22,7 67,1 20,3 1,0 139,0
9 22,3 o84 10,7 gz,5 i, 99,3 9.3 8,0 11,0 8,2 5d.4
10 20,7 10,6 10,7 93,8 a,2 53.8 12,0 94,7 5,7 1022 57,2
5UM 233%.0 1123,3 G238 863,7 1513,3 6539,1
Dittribution of SOC 1230 and 1921 on subunits
25-27 284295 GoRi 29K 32 ITOTAL Catch Ho
AGE | SO 90 SOC 91 |50C 90 50C 91|S0C 90 30C 21]50C 90 S0C 91500 90 SaC 91 5QC 90 5QC 91
1 883% G333 1953 1958 582 G221 1056 1056 4029 4029 1= 4858
2 21069 19935| 8677 5385 1961 18al 2973 Z820( 102%8 9749} 1470,7 1395,0
3 12346 26485 5532 11874 2027 4350 2433 SEZ 3953 5541 13,2 15I0,7
4 46155 13209 12011 3439 5435 1842 10396 2977 qd203 2697 1887,3 534,06
5 13g44 36307 4557 12308 1613 4556 3208 G664 276 6417 4756 1279,0
6 17e68% oy 7968 4063 16461 847 4231 2188 3477 1773 579.4 295,5
7 14525 IR 5429 5140 1638 BAG 4314 S449 A590 227 447 .2 87,5
8 7RS4 1DE33 531 5179 208 296 2094 2988 19&E7 2634 191,3 272,%
9 U449 3992 1805 1582 193 a0 1326 1309 18653 1545 29,z 9?8
o FREQ 4528 1471 1983 18 25 2643 JGE83 1001 1350 LA 115.4
_IOTAL_ 149028 R 15737 [3a6¥e___ TAZZIS______{Zuzday
lon 144798 52912 15180 54204 42220 289320

9L
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Table 3.3.13 Catch (tonnes) of coastal and open-sea
HERRING in Southern Baltic {Sub-divisions
25-27) in 1972-1989.

: Open Compiled Official
Year Coastal Sea catch catch
1972 56,865 50,523 107,388 118,272
1973 57,288 81,217 138,505 148,078
1974 81,292 77,324 158,618 159, 137
1975 109, 239 69,846 179,085 172,617
1976 93,635 82,471 176,106 174,388
1977 83,946 103,399 187,345 187,138
1978 88,853 88,510 177,363 174,007
1979 59,407 90,499 189,906 189,989
1380 103,218 71,7%4 175,012 174,662
1981 77,406 80,864 158,270 164,598
1982 97,748 68,394 166,142 179,624
1953 100,150 74,044 174,194 174,194
1984 79,456 67,222 146,678 146,678
1985 82,249 71,322 153,571 153,803
1986 76,871 61,872 138,743 138,743
1987 66,114 55,644 121,758 121,779
1988 74,995 68,948 143,943 143,977

1989 72,866 79,937 152,803 562,755
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Table 3.3.14 Coastal spring spawners
herring wvear class strength
in the Gulf of Gdansk in
1976-1989 according to Polish
young fish survevs.

v I
Quarter Quarter
Year _ _—
class O~group 1-group
1976 6001( %) 13025(16}
1977 T174( 9) 3330163
1978 1401(30) 644( 6)
1979 1521(17) 5221(20)
1980 3339(13)( ) 6745(18)

1981 27¢ 3 343
1982 735(13) 9254(11)
1983 3274(17) 8649(10)
1984 11714(186) 1266(12)
1985 941(13) 3633( 7)
1986 no data no data
1987 556(13) 2241(27)
1988 1670(14) 6538(28)
1989 2981(15) 4866(14)

Note: No of of hauls are given in brackets,
non representative value.

(y)




Table 3.3.1% S0P check.
HERRING IN THE COASTAL AREAS 25, 26 AND 27
CATEGORY: TOTAL

CATCH TN NUMBERS UNIT: millions

1975 1976 1977 1978 1879 1980 1981 1982 1983 1984 1985 1986

0 352 320 52 20 73 123 19 38 86 71 21 39
1 182 651 703 304 96 421 388 173 80 166 229 250
2 383 543 440 786 522 368 387 783 306 213 219 342
3 318 247 216 261 491 384 203 233 644 272 272 259
4 121 129 71 83 187 180 164 72 113 316 240 207
5 66 27 a2 32 52 91 71 55 42 48 193 137
6 25 7 8 27 23 26 31 28 32 22 38 37
7 10 8 & 7 11 13 14 16 14 10 15 8
8 2 3 4 5 4 4 6 9 6 8 7 9
9+ 17 7 35 12 7 i1 23 17 8 1 7 4
TOTAL 2086 1942 1575 1536 1474 1622 1337 1420 1331 1126 1241 1281
1987 1988 1989
0 7 29 14
1 158 223 189
2 291 388 191
3 382 291 282
L 191 230 175
5 g2 82 133
& 33 12 56
7 7 10 21
8§ 3 5 16
9+ 1 2 ]

ToTAL 1185 1308 1087

-l
w




Table 3.3.16 80P check.

HERRING IN THE COASTAL AREAS 25, 26 AND 27
CATEGORY: TOTAL

08

MEAN WEIGHT AT AGE IN THE CATCH UNIT: gram

1975 1976 1977 1978 1879 1980 1981 1982 1983 1984 1985 1986

12,300 12,300 12,300 12.300 12.300 12,300 12,300 12.300 9.600 €.100 11.870 12.57C
18.400 18.400 18.400 18.40C 18.400 18.400 18.400 18.400 32.500 19.640 19.860 17.700
66.400 66,400 66.400 66.400 66.400 66.400 66,400 66,400 59,500 S50.550 45,160 39.$70
98.600 08,600 98.600 98.60C 98.600 98.6C0 96.600 98.500 85.000 77.880 67.810 S59.030
21.600 121.600 121.600 121,600 121.600 121.600 121,600 121.600 104,400 100.320 84,230 79.850
155,400 155.400 155.400 155.400 155.400 155.460 155.400 155.400 130.700 120.200 98,940 90.470
133.400 153,400 153.400 153.400 153,400 153,400 153,400 153.400 158,400 137.310 115.760 100.360
171,400 171.400 171.400 171.400 171.400 171.400 171.4C0 171,400 145.200 145,330 128,770 115.490
169,100 169.100 168.100 169.100 16%.100 169.100 169.100 169.100 150.500 154.990 134.070 131,980
183.300 183.300 183,30C 183.300 183.300 183,300 183.300 183.300 157.700 172.590 155.760 122.890

FONOUIEWNF O
e
X
iy

pta]

1987 1988 1982

9.300 26,200 12.500
26,600 20.200 33,300
42.800 48.000 53,500
37.700 65.000 68.400
74.100 78.000 81,300
92.400 92,500 $0.900

105,500 102.200 100.500
113,600 104.300 101.300
119.600 122.400 105,300
122,500 131.100 114.100

TN UT B WN O

9




Table 3.3.17 Tuning dat

a .
MCRRIAG LU 25-47, TUNING ACC. 70 POLISH WEaAd LPUE IW

101

GPUE 1 AND 2 QUARTER

1975,1988

1,1

1,8

59,782,393,318,121,66,

55,651,543,247,128,27,

45,703,440,216,71,42,8

43,304,786,261,83,32,2 5

53,96,522,491,187,59,23,11,

51,421,369,384,180,91,26,13

40,388,387,203,164,71,31,14
0
i

25,10,2
7,8,3
26,4
7.7,
;11
13,4
&
38,173,783,233,72,55,26,18
39,80,306,644,113,42,32,14
32,166,213,272,316,48,22,1
32,229,219,272,240,193,38,
36,250,342,259,207,137,37,8
31,158,231,382,181,92,33,7,
37,223,388,291,230,62,49,10
44,189,191,282,179,133,56,2

4
9

[

8
5,7
, 9
3
5
1,16

1
i

AND

B
i

QUARTER
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Table 3.3.18 contid. SUMMARY STATISTILS

Figet , Preg. , SE{(q),Partial.Raised, SLOPE , SE S INTRCPT, SE
' q s , F s F ' ) STope s s Intrept
s s ' s ’ ) » s
1, -5.06 , 223, .2792 , .2793, .000E+00, .000E+00, -5.06C, .070
Fbar SiGMA(int.) SlGMA(ext ) SIGMA(overs]11) Variance ratio
L278 223 0.000 223 4.000

Age 3

Fleet, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 83, 89

1" "&782, 74.57, -4.75, <4.80, -4.55, “A4.50, -A.53. -A.AZ, ~4.33, “4.75, -4.66, -4.78, -4.4%, .38, “E.57

SUMMARY STATISTICS
Pred. , SEf{q).Partisl,Raised, SLOPE , SE ,INTRCPT, SE
9 , ’ Foos F \ ,  Slope , s Intrept

Fleet

s s s ) ; s s
L, -4.57 , 123, 4573, .4580, .0D0E +0D, L000E+00, -4,587, 038
Fbar SIGMACINT.) SIGMA(ext.) S1GMaCoveratl) Wariance ratio
. 458 123 . 0.000 123 0.049

fua 4
Flest, 75, 735, 77, 78, 79, 30, 81, 52, 83, a4, 85, 86, 87, 88, 8%

1. "4.34, “4.57, -4.87, -£.99, -4.73, ~4.57, -4.73, -4.84, “§.40, -4.00, -5.22, “4.38, -4.27. -2.42, k.40

SUMMARY STATISTICS

Fleet , Pred. , SE(q),Partial,Raised, SLOPE , SE L INTRCPT, SE
, q \ , F , F ' 5 Stope , yIntrept
s s , s s s s s
I . -4.40 , .202, ,5419 , .5415, .0005+00,  .0OGE+00, -4.397, 063
Fbar SIGHA(int.) SIGHA{ext.) SIGHMA{overall) Variance ratio
5d2 L202 0.000 202 0.000

e S
Fleet, 5 75, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 8a

* L] 3 t} 3 L] ) £3 t] L L 5 3 L)
Lo, -4.39, 4,83, -4.72, -4.97, -5.07, -4.44, -4.45, -4.45, -4.80, -4.30, -3.42, -4.07, -4.30, -4.58, -4.35

SUMMARY STATISTICS

Fleet , Pred. , SE(q),Partial,Raised, SLOPE s SE L INTRCFT, SE
s 4 , . . F s y  Slope y, Intrept
s ; N f s . s s
Lo, -4.3% , 337, .5890 , 5899,  .0O00E+00,  .DOOE+0O, -4.348, L1066
Foar SIGHA(Int.) STEMA(ext.) SIGKA{overall) Variance ratio
370 337 0.000 L3237 0.000

cantta

£8




Tabie 3.3.18 cont'd.

hge  ©
Fleet, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 85, 87, e8, &9

3

T =7.60, 5,78, —5.24, 4,31, <5.04, -5.00. <.43, “5.B9, -%.25, -5.63, 3.6, -3.99, —4.5C. ~4.38, 4.35

SUMMARY STATISTICS
Fleel , Pred. , 3E(q),Partial,Raised, S$LOPE s SE L INTRCPT, &E
s 9 s s F W F o, ,  Slope JIatrept

s 5 f s s s s )

1, -4.39 , 332, .5466 , .5436, .0DO0E+CD,  .OOQE+QU, -4.388, .14
Fbar SIGHA{int.) sicMa{ext.) S1GKA{overall) Variance ratio
544 .332 0.000 .332 0.000

#oe 7
Fleet, 75, 76, 77, 78, 79, B8O, 81, 82, 83, 84, 85, 86, g7, 88, 39

5

3 3 £ L] 3 ¥ $] 3 1) > L] el L} L]
1, -4.52, -4.98, -5.24, -4.69, -4.72, -4,66, -4.73, -4.23, -4,68, -4.38, -4.356, -4.26, -4.89, -5.38, -4.62

SUMMARY STATISTICS

fieet , Pred. , SE(q),Partial,Raised, SLOPE s SE , INTRCPT, SE
s 9 f v F . F s Slape yInteent
L1 1 L] 3 2, 3, ) 3
1, -4.62 , .28l, .31329 , .4390, .O00E+0D, L000E+D0, -4.8622, 088
Fbar SIGMACINnt. ) SIGMA(ext ) SiGHA(overall) Variance ratio

.439 .281 0.000 .281 0.000

8



Table 3.3.19 Tuned VPA. -
HERRING 1M THE COASTAL AREAS 25, 28 AND 27

FISHING MORTALITY COEFFICIENT UHIT: Year-1 NATURAL WORTALITY COEFFICIENT = .30

1875 1975 1977 1978 1979 1980 1881 1882 1983 1984 1985 1988

1 L34 261 .210 .124 060 225 099 068 036 .076 081 By
2 413 477 316 432 364 387 375 .310 183 142 152 185
3 .582 587 .398 353 604 .557 V432 459 514 274 . 304 304
4 . 768 569 355 .293 .524 531 581 1299 479 .587 . 468 (451
5 L7138 431 412 . 285 . 397 587 468 45 L3323 A34 0 1.052 Bl
6 551 .183 240 569 406 347 473 .352 583 316 873 5672
7 650 373 .224 412 L5379 466 347 558 349 .388 .39¢ 921
8 (658 424 . 326 384 502 502 461 LA22 448 J402 619 512
94+ 659 424 . 326 384 502 .502 LAG1 .4z22 443 LA02 619 .5Ll2

(2~ 63U 611 445 -344 .388 .459 486 466 373 416 .350 570 45
(2- 3y 524 432 .324 391 482 485 448 L4086 ALl . 365 553 .465

1987 1888 1989 1975-87

1 078 191 L1180 137
2 226 318 212 305
3 . 366 AL7 458 -440
4 .433 JA43 542 .488
5 V423 .378 570 510
5 .322 475 .544 453
7 304 . 169 438 +430
8 370 376 .510 64
9+ .370 .376 510 464

( 2- &)y 354 V406 L4738
(2-8u 249 . 368 477

(=]
i




0000°T &Z98° ZPET'T TLET'T 9TET'T 0000°T 1079 £Z92° SenLeA-5
8 A 9 g 4 £ [4 1

(g} abe-lg-uoLida|sg

00§¥*  DSLET 659" SOZ¢"  ZSOFT  690€'  TEEE"  9SEET 08Tk 096F” sen(eA-g
68 28 L8 98 58 78 £8 4] 8 og

969F°  SPIE®  LTBE®  GI¥ST  BE8L” santeA-4
N 6L 8l (X3 9L 14

(4) SPLIL P30 Bulyscy

000°T  000°T 0CO'T  0OD'T QO0'T  OSZ° 054t 954" gal*" aetr* SINH
PET T~ ano* 000" 009” 000* ooo* 000" 0go* 000" goo* too”

81£" aop* €8~ Ip0'-  TvkT £00° 0ST" Z00* 655" LETT~ 6207 ask*" 8 /L
kEC” og¢* 6EG* SLg° [4:1.0 685" szt~ It 192~  OFS'-  RIGT-  0F- L /g
81¢* Q00°* £0€*~  WT'- 9Zp" 968" S0E°-  1Ig°- 85Z'- 6SO°- 920"~  pBOT- g /S
090°1 000" 6207~ 197" 840"~ T91°- 80" k2Tt EpT'-  SiT* §99°-  550°- S /Y
657° il ar 804° S8E*-  T8Z°- 901"~ BaT’ ogg” 88z Gs0* 124 b /€
€2y 000" ive” E60"-  Z8E*- 282"~ 940°~ 6E0°- TOT' [7Ae A2 691" £/
AT 0ge” STLt bibt- w1 610° olel-0g LE8°-  09T'- 915"~  £87° SE6°- Z éI
s36Y

Slk 68/88  88/48 /8/98 98/58  SA/YE bB/E8 E9/EE ZEsTE TR/08 08/6L ERLLL
opt* 00T oot~ or” SIM

Qoo” 0oo” aog” ooo*

(AT S9p°-  ObT*- €517 8 /L
580" g6g"-  BIT"T- T6bk°- L /9
TEE - TOR*-  LL0°- ETS° 9 /5
£12'-  0L0° 080"~ 8k0” 57k
8z0'-  GOb* (A1 TZE"- v /E
625" £8e” S6L" LE2~ £ /2
80" 89z° 8Tr” 1627 /T

saby
8L/8L  8LILL LLfOE 94/SL SdE3h

S{BNDLSAY 40 XLajEw

SuOLIEaalL 90T 45348 £59°7T SL S{ENpLSad padenbs Jo uns |euly
pUE SPESE SEM S|EnpLSaJ DaJEnhs Jo uns [RLILUT
0TI JO S (FULBia) pue ¢ abe uo Qgbt 10 4 |PULUJAY UILM
g 03 1 862 Lo gy 0} 57 wody
0667 TIxd¥ 52 Pb 45780 3V
2% GNV 97 "G7 SY3dy TVLSYDD ML NI ONTHN3H : al3L)

0Z°E' 9TYAL

c _ 98



r~
@

[
any”

LI5*
28"
STE"
ozy’
6£9°
€9y
6le’
81’
8Ty

9861

9sh*"
ggy”

iz
arE”
o0r*"
952°
GEg”
1ay”
60c "
857"
280"

seet

X4 95¢” SLE° LI 0lr”
8ze” qler Lpe” pEy” 28k
98g” ooe” FoE” A3 09p*”
9ee” Goe: ¥8y” L6y* 0sy*
Qe j£4 N 224 olg’ 68y "
0ze” 68 TeE" 10y* zeg”
Qe 9ze” 8/g" TSk* 33N
ErAY ek T0E" TAR 81s”
6Le TaE” A pey” PES®
FyT” 581" AT 85g” a8e”
640" 280" 590° 160" gre”
¥86T £86T 2861 1861 86T
0 = INITITZ4300 ALITVIMOW TWMNLYN

“¥aa alqeardas woiz BUTITNS®I ¥dA [UTJ

GLE'
alb’
60k
91k"
e
AN
SEP’
Z0e”
GET’
48-G/67
BeF” Tt
£qp’ bge”
L99° 848"
£99° 8£9°
08s” 88k "
8Tk" £56°
&0%° 0"
E6y* 6627
985" 6EE”
oge” 8ek”
080" TeT”
58L6T 2{6T
T-{834 TLTNA

|3t LrE
£y fat
85" 651"
[4:1°0 657"
28" 561"
6¥9° 2087
485" Tk
606" Sab*"
61F" T08°
e1e” 66L7
8T1” 498
6861 8861
£9¢° £y
6FE" £9%"
£9p° a0s”
£9r° 505"
T4 Tav?
LT ke
bOE* 68"
j5tiine £95"
voy* 245"
Loe” 4
jelv i T
Li6T 9/6T

9kE”

889"
Poe”

694"
69L°
gL
9£9”
£88°
508"
BL5"
9Tk”
£re”

SL6T

O T DD P00t

18 -2 1
neg -z

=

OO T NG D+

IN3TITA4300 ALTWVINON 9NINSTS

L2 ANY 97 "SZ SYINY IWLSYOD IML NI GWId¥Im

SISATYNY NOTIVINDOd T9NLATA

T€°¢°¢ ST98L



VTable 3.3.22 Final VPA with aée 1 in 1989 adopted as the average of 1975-1987 wvalues.
HERRING 1N THE COASTAL AREAS 25, 26 anNp 27

88

STOCK SIZE IN NUMBERS UNIT: millions

BIOMASS TOTALS UNIT: tonnes
ALL VALUES, EXZEPT THOSE REFERRING TO THE SPAWNING STOCK ARE GIVEN FOR 1 JANUARY; THE SPAWNING
STOCK DATA REFLECT THE STOCK SITUATION AT SPAWNING TIME, WHEREBY THE FOLLOWING VALUES ARE
USED: PROPORTION OF ANNUAL F BEFORE SPAWNING: .350

PROPORTION OF AMNUAL M BEFORE SPAWNING: .300

1975 1976 1977 1978 1979 1980 1981 1982 1983 1884 1985 1986

1 3088 3375 4299 3088 1686 2477 5180 3016 256D 2518 3364 2581
2 1322 1623 1909 2585 2028 1315 1478 3505 2088 1828 1725 2296
3 825 646 743 1040 1249 1058 661 764 1930 1284 1173 1091
4 249 343 270 367 $43 510 459 317 359 884 720 638
3 128 83 145 140 202 248 225 201 174 177 387 330
6 61 39 38 72 76 99 107 108 102 23 91 124
i 22 24 23 22 30 37 51 53 57 48 39 35
3 4 8 11 12 10 i3 17 26 26 30 27 25
9+ 36 20 108 28 17 34 68 3 35 2 29 11

TOTAL KD 5737 6112 7545 7354 6047 5792 8244 8041 7338 6857 7564 7130
SPS WO 1903 2005 2474 3192 3087 2488 2306 3810 3707 3451 3275 33550
TOT.5I0M 296741 302299 365784 419247 412284 367877 389911 472696 466743 442226 347540 306716
SFS BIOM 172108 175315 220869 27568G 282123 242007 223978 319783 208328 286200 21811l 203527

1987 1588 1988 1990 1975-87

1 2505 1805 . 0 .
z 1699 1721 1147 2109 1954
3 1408 1010 945 587 1067
4 587 719 501 460 482
3 297 273 338 223 210
6 129 142 133 138 88
7 60 58 63 51 39
8 19 38 42 29 18
g+ 7 12 24 27 34

TOTAL KO 6714 5708 6259
SPS NO 3293 3053 2450
TOT.BIOM 315290 293%31 3226379
SRS BIOW 1838506 199554 171877




Table 3.3.23 RCRTINXZ2 analysis for herring in Sub~divisions 25~27 coastal stock.
T HERRTNG, POLISH YOUsS FISH SURVEY - 0 AnD 1 ASE GROUPS

Dats for 2 surveys over 14 years

REGRESSION TYPE = C

EG TIME WELIGHTING NGT APPLIED

08 WEISHTING NOT APPLIED

FInAL ESTIMATES SHRUNK TOWARDS MEAN

CSTIMATES WITH S.E.'S GREATER Than TRAT OF MEAN INCLUDED
ol M OS.E. FOR ANY SURVEY TAKEH AS Rl

FRINIVUM OF 5 POINTS USED FOR REGRESSION

Yearclass = 1938

Survey/  Index Stope  Inter- Rsquare Mo. Predicted Signa Standard MWeight
Leries  Malue cept Pis Yalue Error

OuA Z.4212 607 3.594 L1091 11 8.0968  ,95120 ,99453  .07892
QUARTL  B.78%5 838 1.218 L1050 11 B.5775  .97227 1.03444 L07294

FEAN 7.9423 30336 30336 .84814

Yearclass = 1989

Survey/ Index Stepe Inter- Rsquare Ho. Predicted Sigma Standard Weight
Series Value cept Prs Value Error

QUART4  8.0003  .607 3.594 L1091 11 8.4482  .95120 1.00%5 .07718
QUARTL  6.4902  .838% l.218 .1050 11 8.3302  .27227 1.02245 L0748

HEAN 7.9423  .30336  ,30336  .848i5

Yearclass Weightad Internal External  Virtual xt.5E/
Average Standard Standard  Population Int.3E
Prediction Error Error Analysis

1988 §.00 2983, 45 .28 W12 42

1939 2,01 3011.56 28 W1 .41

1]
o




Table 3.3.24
LTSt of input variables for tHe ICES prediction progran, L4

HERRING In SUB-DIVISiONS 25-27 CDASTAL STOCK
The reference F is thie mean F for the age group range from 2 to §

The number of recruits per year 1s as foilows:

Year Recruitment
1990 30648.0
1991 3068.0
1992 3062.0

Proportion of F (fishing mortality) effective befors spawﬁing: 3500
froportion of M (natural mortality) effective before spawning: 3000

bata are printed in the following units:
Number of fish: mililions

Weight by age group in the catch: gram
Weigit by age group in the chck gram

Stock bicmass: tonnes

Catchh welight: tornes

f o E v —— e b m e P e — e +
H ! ! Fishing) natural! maturity] weight in! weight in!
| age! stock size, pattern] mortality! ogive, the catch) the stock!
i o ——— o e B o e Bt +
HE 3068.0| W13 2304 .00} 23.492; 23.492!
! e 2109.0! .30} .30} L0 45,906 45,906
T3] 687.0) A4 301 1.00} 63,588 63,5881
! 41 460,0] .48 .30 1.00! 79,496 79,496
5 223.0) .50} .30} 1.00} 94,862 24,862,
HEY 138.0] 421 .30, 1.00}  1G4.352]  104.852;
H 7i 51.0; .41 304 1.00} 112,692 112.692)
I 29.0, L481 .30, 1.00] 122.686), 122.566!
TG 27,00 J481) .30} 1.000  129.270)  129.270)
I R ittt et Tt U S DU S

06



Table 3.3.25° Status que catch.

Effects of different levels of fishiing mortality on
catch, stock biomass and spawning stock biomass.

HERRING IN SUB-DIVISIONS 25-27 COASTAL STOCK

e e ————————— - e e e +
! Year 1990 ! Yezr 1991 ! Year 1992 '
o o o e o L = o e e i o +
| fac-i ref,!) stock| sp.stock} i fac-! ref.! stock| sp,stock! H stock! sp.stock!
! tor! F| biomass| biomass! catch! tor! Fi biomass] biomass| catch| biomass! biomass!
Fom—— R s Dt T Fo—— = Fm D Fomm——— Fo— S DT, Fm—mmem o e el +
[ 471 2981 170} 7.0 NiK 301, 201! 0} 391) 282
H i i ; i I R i 198] ! 381 270¢
! 1 ! ! ! H 2! .09 H 195! 174 372} 258!
' ' ' i | ! al 17y ' 180! 32} 3551 236!
! ' ! ! H v 6 .26 ! 185 46 339 216}
| i ! H ' 1.8l .34 ! 180} 50} 324 198!}
H ! ! ! ! 1o1.a) .43 1 1751 72} 309) 182
! : 1 i ) voL.2) 51 | 170} 84| 296 167}
i } | i i to1.47 - .60} H 166 951! 284 153}
; i i i | 7 1.6} .68} ! 161} 105} 273 141}
! ' ! ! ! VoLar L ! 1570 il4} 2621 136}
i ; | ) ) 2.0 85} , 152¢ 123} 2521 120}
e e e ———— T +o—mm e +mmm e e e [T e e +

The data unit of the biomass and the catch is 1600 tonnes.

The spawning stock biomass is given for the time of spawning.,

The spawning stock biomass for 1992 has been calculated with the same fishing mortality as for 1991,
The reference F is the mean F for the age group range from 2 to 6

16




Table 3.4.1 SUM OF PRODUCTS CHECK
HERRING IN THE GULF OF RIGA
CATEGORY: TOTAL

CATCH IN NUMBERS UNIT: nillions

1970 1971 1872 1973 1974 1975 1976 1977 1978 1979 1980 1981

0 77 1 2 0 4 32 19 1 8 15 19 11
1 546 795 105 87 303 112 426 70 112 77 101 63
2 383 628 170 294 303 563 237 885 97 177 126 173
3 410 131 154 578 299 288 364 141 404 104 100 112
4 148 114 54 50 326 157 160 110 39 343 55 83
5 49 36 35 17 38 161 59 35 36 22 133 51
& 45 13 13 17 9 15 81 16 9 19 11 72
7 2 15 7 2 13 2 4 16 3 7 2 7
8 1 ) 5 1 3 2 4 1 5 3 2 3
9 2 0 1 1 1 2 2 0 4 2 1 0
10+ 0 o} 0 i 0 0 ¢ 0 2 0 0 0

TOTAL 1662 1737 1147 1057 1298 1335 1346 1274 714 769 55% 575

1982 1983 1984 1985 1986 1987 1988 1989

0 1 3 2 4 1 1 1 15
i 80 50 44 23 9 70 5 €1
2 96 225 152 284 107 45 198 47
3 117 138 255 204 247 11¢ 113 483
4 69 78 96 122 111 205 112 143
5 43 39 57 32 &7 75 145 76
3 30 23 33 24 20 32 39 54
7 25 16 15 8 8 5 28 7
g 2 9 10 4 4 1 L 5
9 1 1 2 2 2 1 2 0
10+ 1 0 1 1 1 0 0 0

TOTAL 464 581 665 707 574 549 647 901

76



Table 3.4.2 SUM OF PRODUCTS CHECK

IN THE GULF OF RIGA

CATEGORY: TOTAL

HERRING

UNIT: dram

MEAN WEIGHT AT AGE IN THE CATCH

1971 1872 1973 1874 1975 1876 1977 1978 1979 1980 1981

1970
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Table -3.4.8

11,58.25 25 APRIL 1950
HERRING~RIGA PREDICTION

AAKAKRKRA RS AR R ARK R KA R R R KA AR KA AR M AR Ak Rk Ak kA Rk k ki hhkk hk &

* Year 1990, F-factor 1.000 and reference F .4850 *

KR AR I IR Rk kR Rk kA Ak kAR ARk A kA A R A AR XA SR EEE AR RRARRRARKARK

b e o e e e +

1 at 1 January| at spauning time|
L e o —— S B ted B ettt LT F . e e +
! | absolute] catch in} catch in| stock| stock] sp.stock| sp.stock|! sp.stock] sp.stock!
| age| F! numbers| weight | size! biomass| size} biomass] size| biomass!
e + N et £ e e o —— o ——— R atataled *
I L0300}  45.748! 542.1; 1707.00) 20227.9| 001 0! .00} .0f
H 21 17007  190.834; 3186.9] 1343.00) 22428.1) 1248.99) 20858.1} 11576.43] 19312.3!
! 1 L32007  38.926; 731.8} 156.00, 2932.8; 152.88) 2874.1{ 139.44) 2621,5|
H 41 5000} 327.219} 7673.3) 910.00) 2133%.5! 891.80;7 20912.7] 798.90] 18734.3;
- .54007  60.66%] 1814.0; 159.00) 4754,1} 159.00) 4754.1) 141.87) 4241.9;
HE. J52007 36,697  1374.3) 99.00} 3707.5) 99,00f 3707.5! 88,511  3314.7
H 7t . 3800 26.816! 1297.9; $3.00; 4501.,2) 93.00] 4501.2] 84.32! 4081.0}
1 B+ .3800¢ 14,129 571.8] 49,00} 2330.0] 49,00} 2330.0] 44,43 2112.4;
Foem b mm— e o Fm—mm e A e e e R Fm Fmmmm - Fmm e A e +
i Total 1 741.037) 17292.2{ 4516.00) 82221.1) 2693.67) 59937.8) 2453.90] 54418.2}
+ ————— - Fmmm—————— i T B B e ————— tmmmm +

KRER R A KA KA A AR AR KA A KK AR R A AR AR R AR AR KRR AR K AR R AR K bR Ak Rk k& &

* Year 1991, F-factor 1.000 and reference F .4850 *

AE kR Ak Rk Rk kAR AR AR R ARk kAR kAN R Ak ARk Ak kAR R R R R R kAN

R e P e P e e +

H at 1 January; at spawning time)
BT T fmmmm e R Hmmm - R R —— Fommm e P [N — +
! | absolute] catch in| catch in| stock] stock| sp.stock] sp.stock| sp.stock| sp.stock!
| age) F! numbers| weight) size| biomass| size| biomass) size|{ biomass)
R e L S ] Gm s e e e b Fmm e ——— o Fmm e B +
HE .0300;  38.940! 461.4) 1453.00} 17218.1} .00} .0 .00} WO}
T2 L1700 192.719)  3218.4; 1356.27) 22649.7) 1261.33) 21064.2) 1167.85! 19503.1)
T3 .32007 231.474) 4351.7) 927.66) 17439.9; 909,10} 17091.1! 829.20) 15588.9!
HE— L5000,  33.349| 782.0} 92.75) 2174.9) 80.89;  2131.4] 81.421  1909.4;
- 54000 172,427 5155.6) 451,89 13511.6, 451.89) 13511.6) 403.20) 12055.8
T 52007 28.120) 10%3.1% 75.86}  2841.0] 75.86)  2841.0; 67.82]  2540.0}
I .38007 13.895) 672.5] 48,19]  2332.31 48,19%  2332.3) 43.69) 2114.5)
18+l L3800F  22.925) 1090.1; 79.51;  3780.5]| 79.51)  3780.5) 72.08)  3427.6]
Fomm b o ——— Fmmmm o Ao ———— Fmmm—————— e e e e L ] +
| Total | 733.849] 16784.8) 4485.12] 8194B.0} 2916.77) 62752,1! 2665.27) 57139.4])
+ -+ e PO O —— e ———— o R o +
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