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1 INTRODUCTION

1.1 Participants

J. Horbowy Poland

T. Jegrgensen Norway

Th. Neudecker Federal Republic of Germany
E. Ojaveer USSR

L.-E. Palmén Sweden

R. Parmanne Finland

0. Rechlin German Democratic Republic
B. Sjéstrand (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. sjbstrand) will meet at ICES Headquarters from

17-

a)

b)

c)

d)

e)

f)

g)

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 validity 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
paltic, including the combined stock of spring-spawning
herring in Division IIIa and Sub-divisions 22-24;

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

review the changes 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 conseguences of maintaining the present IBSFC
quota allocation system, with particular reference to the risk
of overexploitation of individual stocks;

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



2 GENERAL CONSIDERATIONS

2.1 sults from Ac i urveys 89
2.1.1 nternational Hydroacoustic urv 9

The 1989 survey was performed in the same way as in previous
years, 1i.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 to con-
vert the acoustic signals from "Eisbdr" to "Argos" units. All the
acoustic data from both vessels could thus be used in the calcu-
lation of fish density.

The total numbers of herring in sSub-divisions 24-29S have in-
creased about 25%, mostly (40%) due to the strong year classes
1986 and 1988. The total biomass in Sub-divisions 24-29S5 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 1989 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 in the Western
Baltic

The second hydroacoustic survey in the Western Baltic in November
1989 covered very well ICES Sub-divisions 22 and 23 and, to a
minor extent, Sub-division 24. The fishery showed the occurrence
of younger herring of age groups 0 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 IIIa 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 Wwith the international hydroacoustic
survey results of Sweden, German Democratic Republic, and Poland
for that Sub-division. Details are given in Section 3.2.6.1,

2.1.3 The U hydroacoustic rvey 1989

The latest hydroacoustic survey, which was conducted from 25
September up to 30 October 1989, covered Sub-divisions 26, 28,
29, 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 12-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 t 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 Assessments of
Baltic Fish (Bnon., 1990a) was presented to this Working Group.
since last year, 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 1977-
1979 and for 1988 have been added to the previous data for 1980-
1987 for 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 quarter (based on the pbottom trawl surveys) have improved
considerably since the meeting reported in Anon. (1990). Accord-
ing to a working document presented to this wWorking Group by
sparholt, Aro, and Modin, the weighting of the stomach data from
the various sub-divisions against each other can now be done on a
firm basis.

A thorough examination of the available knowledge on the fish
consumption by sea mammals and sea birds was carried out by the
Baltic Multispecies Working Group. It was concluded that the pre-
dation effects from these sources are small compared to the pre-
dation by cod 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 precision in the stomach data were the
main problem. However, this Working Group ran into problems when
trying to apply constant natural mortalities over the years 1974-
1989 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 .58 .51 .52 .49 .38 .32 .27 .25 .27



Thus, the M values used (for 1977-1988) were those from the
MSVPA, variable by vear, 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 mortali-
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 to 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 MSVPA
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 24-29. 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[A§§e§smgnt units for Baltic herring

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

Three stocks/assessment units in the marginal area could easily
be distinguished:

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

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



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

Tagging experiments (otterlind, 1966 and 1976; Parmanna and
sidéblom , 1982 and 1986) show that the vast majority of fish
tagged in this area is also recaptured there. only taggings close
to 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 spawn 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 is more complicated concerning stocks and assess-
ment units in the Baltic proper and the Gulf of Finland (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, spawning occurs
along parts of the Polish and USSR coastlines. Large spawning
grounds are also 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 August to November.

stocks

Herring from different spawning places in the Baltic show
differences. This is most obvious when comparing lengths at age.
The largest herring spawn in +the south, and length decreases
gradually towards the north. There are alsoc more abrupt differ-
ences between herring spawning in some bays and gulfs and those
spawning outside along the coast of the open sea. The Gulf
spawners are shorter at age than the sea—coast spawners.

Also size and form of the otoliths differ between spawhing areas
and are used to allocate herring to different stocks (Ojaveer et
al., 1981; Anon., 1986).

other morphometric and meristic characters have not been of great
help when separating Baltic herring into stocks. The amount of
genetic differentiation Seems, however, to be small between
"stocks® of herring, not only in the Baltic. Ryman et al. (1984)
studied allele frequencies for polymorphic loci of wvarious en-
zymes on herring from 17 localities in scandinavian waters. More
than 99% of the total gene diversity was found within popula-
tions.

It is pointed out by cmith and Jamieson (1986) that a rather
moderate gene flow between neighbouring spawning aggregations



would be sufficient to bprevent 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 south-
east of Bornholm, and that fish from the northern parts of +the
Baltic proper can move to Gdansk Bay and the Bornholm area. Also,
tagged herring from the Gulf of Finland (at least from the
western parts) have been recaptured in the Baltic proper. The
migrations have been shown to vary from time to +time in both
frequency and in range, pProbably 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 herring in October-November as
measured during the 1983-198¢ acoustic surveys and presented by
sub-division. The length range is from 12.5 to 25.5 cm. It is
seen that the proportions of "small" and "large" herring vary not
only between areas, but also between years.

Assessment 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
assessment 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 t, average F = 0.1). The reason is that the acoustic
surveys in these areas do register large amounts of fish 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 phenomenon could be to en-
large the assessment unit to 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 consequence of this "all herring in one bag" approach is that
separate entities cannot be monitored, and that one or the other
of these could get lost through over-exploitation 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 comparison (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 dynamics 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 into smal-
ler areas according to catches 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 frequency distribution)
in order to identify and follow components with different growth
rates. Also, the results from 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 also be valuable to apply some method for monitoring
spawning herring on spawning grounds at spawning time.

The Working Group recommends that the gquestion of stock iden-
tification and allocation should also be discussed at the next
meeting.

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 to lack
of time it was decided to postpone the analysis to the 1991
meeting. However, the Federal Republic of Germany presented data
on estimated length of 1- and 2-year-old herring, obtained by
back-calculation from otoliths of herring collected in the
western Baltic (sub-division 22) in the first quarter of 1989. 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 pasically the same at age
2 as at age 1, indicating that differences in length at age
petween 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
year class (Figure 3.1.2).
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3.1.2.2 Lenath frequency dis ibutions

Length-at-age data collected during the acoustic surveys in
October showed bimodal and, sometimes, polymodal length distri-
butiuons (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 are given in Table 3.1.2. The
number of components and the relative contribution of each were
highly variable between years. Moreover, mean length at age of
the various components differed by 2-5 cm.

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

3.2 Herring in Sub-divisions 22, 23, and 24 and in Division I1Ta

3.2.1 Introduction

As in previous years, two assessments were made, one for herring
in Sub-divisions 22 and 24, and one for herring in the combined
Division IIIa and Sub-divisions 22 to 24. Due to the considerable
migration of herring from the western Baltic into Division IIIa,
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 catch data

Reported landings for 1989 are shown by countries in Tables 3.2.1
-3.2.3 for Sub-divisions 22 and 24, Sub-division 23, and Division
IITa, 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 t less than the landings in 1988). The major change 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. Danish industrial landings of herring from
Division IIla were reduced by approximately 135,000 t from 1988
to 1989, partly due to change in fishing effort from small
clupeoids to Nephrops. Swedish landings in 1989 were 60,000 t
lower than in 1988,

The catch of spring 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 1988.

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 half-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 IIIa, and the combined area are shown in Table 3.2.5.

Age-composition data by quarter 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 spawners in Divi-
sion ITIa (including transfers from the North Sea) were
calculated from data given by +the Herring Assessment Working
Group for the Area South of 62 N (Anon. 1990c).

3.2.4 Mean weights 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 Division 1IIIa (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 weights-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 IIIa, the Working Group decided to 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
Division 1IIIa. 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
to 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 Young 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 O 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 Herring in Division IITa and Sub-divisions 22, 23, and 24

3.2.6.1 Fishery-independent stock estimates

Three acoustic surveys were carried out during 1989 on this
stock:

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

2) A 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 coverage 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 3.2.6.,1. The coverage of survey 2 for 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 vepa

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 IIIa 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 described in
the following.

The acoustic estimates from 1987-1989 were used and corrected to
account for the variable amount of the catch taken before the
survey, i.e., from 1 January 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 year were
definitely taken before the survey.

2) For Division 1IIIa, half of the catch taken in the third
quarter of the year was assumed to be taken before the survey
in Division IIIa, 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 to be taken before 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 corrected 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 questioned
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 the catches taken
before the survey were found to be 82%, 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 (ssq) 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 final VPA results are given in Tables
3.2.6.12 and 3.2.6.13 and in Figures 3.2.6A and B.

The estimates of the VPA in 1989 differed only slightly
between the two tuning methods (%ables 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 F nax -
0.345. Thus, the 1989 fishing level was about 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 1 January 1990 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 period 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 IIIa and Sub-divisions 22-24, a half-
vearly 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 Division IIIa will be 101,761 t, of which
16,060 t will come from the catch of 0- and 1-ringers. The catch
in 1991 in Sub-divisions 22-24 will be 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 Reliability of F estimates for the Western Baltic herring

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 F (being about 0.8)
was a use of a too high S value. However, we have no firm evi-
dence of S being too high, neither from the fishery nor from the
acoustic surveys or other surveys.

3.3 Herring in Sub-divisions 25-29 (including Gulf of Riga and

Sub-division 32

3.3.1 catches

Catches have been remarkably stable in +this area since the
beginning of +the 1970s. They have varied between 325,000 and
250,000 t. In 1989, about 292,000 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 unit of Sub-divisions 25-29, Sub-division 32, and Gulf
of Riga. The 1989 data on catch-at-age were disaggregated by
quarters for Sub-divisions 25, 26, 27, 28 (and Gulf of Riga) and
29. Annual 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 at 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 Assessment

Tuning data. The results from the International Acoustic Surveys
of 1982-1989 were used to tune the VPA. They covered Sub-
divisions 25-295. 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
proportion of the catch taken before and after the survey are
fairly stable, only during 1985-1989 did the proportion of the
catch taken in the fourth quarter (for Sub-divisions 25-29s for
which quarterly data were easily available) 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 moxrtalities 1in Table 3.3.5 are the output from the
tuning procedure. The reference F (average for ages 3-8) shows a
slow Aincrease from about 0.22 in 1974 to 0.32 around 1984-1986
and then a slight decrease. The separable VPA with reference ade
= 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 used for the
final VPA (using terminal populations to determine terminal F
values). Table 3.3.8 and Figure 3.3.3A 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 in the paltic. 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 10°) which
was used for both the 1989 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 1987-1989 average
pattern, scaled to give a level of 0.29 for the reference F. Mean
weights at age for the catch and stock were taken as the 1987~
1989 average. Status guo catches are predicted for 295,000 t in
1990 and 293,000 t in 1991. 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 allocation of predicted
catches by areas, the following procedure was adopted: the pre-
dicted catches in number at age for 1990 and 1991 were distri-
buted among areas as the 1987-1989 average of catch in numbers at
age and multiplied with the mean weight at age for each area
(Table 3.3.12).

Comparison between this assessment and assessments on smallerxr
areas

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 in 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 autumn
Spawners 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 1in pre-
vious years - because data for tuning of VPA for that population
are missing.

3.3.8 Separation procedure

As 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 Danish laboratories, and
these countries presented catch as numbers at age for each
quarter of the year. Total catches of the German Democratic
Republic and USSR in the Swedish zone of Sub-division 25 were
separated into 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
Danish 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
+ 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).

Tt was assumed that the German Democratic Republic and USSR
weights 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 quarterly 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 VPA_for coastal herring

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

The CPUEs of Polish state-owned cutters in the first and second
quarters were used for tuning. These data were standardized Dby
GLM for the 1976-1989 period (Table 3.3.17). As coastal herring
constitutes almost 100% of Polish catches in the £first quarter,
and over 90% in the second quarter, the CPUE series is believed
to represent coastal herring stock. Fishing effort was calculated
as the ratio 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 1s 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 VPA are the same.

3.3.12 Recruitment and catch prediction

Recruitment data from Polish young fish survey in Gulf of Gdansk
and VPA estimates of year-class strength were analysed using
program RCRTINX2 (Table 3.3.13 and 3.3.14). The analysis showed
poor quality of recruitment data and indicated that 1988 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 in Table 3.3.15
and Figure 3.3.4.D.

If the fishing mortality in 1990 and 1991 is at the same level as
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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 0.60,
r@ggec—tivef§?hand FO g as 0.31.

3.4 Gulf of Riga

3.4.1 Catches

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 1986 1987 1988 1989
Total catch 20,318 19,679 20,187 18,180 17,676 19,779 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 Catch in numbers at age

Age compositions were available for trapnet and trawl catches
(Table 3.4.1).

3.4.3 Mean weight at age

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

Excluding +the 0- and 1-group fish, in 1989 average weight of the
Gulf of Riga herring by age groups was less 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 vpa

Natural mortality was taken equal +to that assumed previously
(0.2). For determination of the level of input Fs for 1989, the
same 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
(millions) of the 3-7-year-old herring in 1989 and the 2-6-year-
old herring in 1988 found in the Gulf of Riga during the acoustic



survey in November 1988 and January 1590.

Age
Year 2 3 4 5 6 7
1988 323 3,446 1,215 754 231 -
1989 - 252 2,142 504 252 38

7 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 1989 (0.43)
equals the average F for age groups 2-6. This 1is considerably
higher than F 1 (0.26). The VPA results are given in Table 3.4.4
and Figures 3.4.1A and B.

3.4.5 Recruitment _and catch prediction

As in recent years, the abundance of 1- 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

1975 1976 1977 1978 1979 1980 1981

Abundance of O-group 4,565 2,493 798 697 296 586 1,310
herring per haul

1-group (millions) 3,464 797 1,007 967 1,123 939 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 2,807 303 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 t@e abun-
dance of 1-group fish in 1989 from the VPA (1,707 x 10 fish)
indicate hat the 1988 vyear claass is above the average
(1,453 x 10" fish at age 1) of the year classes of 1975-1987. The
average O-group herring numbers in experimental trawl catches in
1989 were still higher than in 1988. Consequently, it can be
presumed that the 1989 herring year class in the Gulf of Riga is
well above the average too. To avoid possible overestimation, its
abundance was assumed equal to that of the 1988 year class
(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 vear 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 1988-1989.

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,
no 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 (26,989 t) increased by 10% 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 e compositions and weight at

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 SOP 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
weights 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 1974-1989 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-
division 30 is about 40% of the combined catch. In most age
groups, the SIGMA (overall) values were around 0.2 (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
1974-1989 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 1989 (F,_p = 0.153) than in the
tuned VPA (F, . = 0.202), based on the cdmBined CPUE data for
Sub-divisions §9N and 30, which was considered to be acceptable
taking into account the smaller catches and wider area in Sub-
division 30 compared to Sub-division 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

According 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 by 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 for 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 3.5.9). Fishing mortality in
1990 was assumed equal to that in 1989, resulting in predicted
landings in 1990 of 32,000 t (Table 3.5.10). Table 3.5.11 and
Figure 3.5.1D give the catch options for 1991 and SSB in 1992

with F_,., 1.2 x F g/ FO 1 and F . The predicted catches and
biomass are given in @able 3.5.12 b?egge groups for +the option
Fgg = Fgo = Foq-

with F91 = 1.2 x FB9' the SSB in 1992 is equal to SSB in 1989.

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 of a TAC based on this assessment could be justified.

3.6 Herring in Sub-division 31

Herring in this area is treated as one 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 from 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
previous year. The reasons for the small catches are marketing
problems and low CPUE, which may be connected to 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 SOP check
for 1989 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 fishing mortality

Catch numbers in age groups 1-10 and associated effort data Ffor
bottom trawl, pelagic trawl, and trap net were available for the
period 1974-1989 (Table 3.6.3) and were used for the VPA tuning.
In most age groups, the Sigma (overall) values were around 0.3
(Table 3.6.4). In the tuned VPA, F on the oldest age group (age
10) was set +to the mean of the five previous age groups (Table
3.6.5).

3.6.4 Virtual population 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 1974-1989 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 go 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 to 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 year classes 1989 and 1990 were assumed to be average.

3.6.6 Yield per recruit and catch forecast

The smoothed 1989 exploitation pattern was used for the yield-per
recruit analysis 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 yield 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 F
(0.218) 89 0.1

A catch forecast was run using the same input values as for the
yield-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
catch options for 1991 and SSB for 1992 with FB R FB . FO , and
Fm a The predicted catches and biomass are given in %able‘3.6.12
ang Figure 3.6.1D y age groups for the options F89 = FSO = F91.

With all predicted catch options, the spawning stock will be in-
creasing in 1991 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 Jjustified.
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3.7 Herri in Sub-division 32 (Gulf of Finlan 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 28,019

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 i
Preliminary.
Weights in t.

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 catches, 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 VPA

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 values in four
fisheries (the USSR pelagic trawl fishery, Finnish pelagic trawl,
bottom trawl and trapnet fishery) in 1982-1989 (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 S = 0.8 for age
group 9 was thought to best represent the fishing pattern in 1989
(Table 3.7.4). The resulting average F for the age groups 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 prediction

The 1989 year class was well represented in 1989 catches as O-
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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vear class in both the USSR and Finnish fishery. on account of
the high proportion of young herring in the catches, the USSR
trawl fishery for pelagic species was closed for period in some
i n&and and the northeast Baltic. Therefore,
its abundance (3200 x 10 fish at age 1) was taken as being above
the average for 1970-1987 (3066 x 10° fish at age 1). The 1990~
1992 year classes were assumed to be equal to the average for the
1970-1987 period. The prediction was run with a somewhat smoothed
average (1988-1989) exploitation pattern. M was taken equal to
the 1989 values (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 sSpawning stock
biomass of +the Gulf of Finland herring will probably increase
(Tables 3.7.8 and 3.7.9 and Figure 3.7.1D.

4 SPRAT
4.1 Introduction
4.1.1 Assessment 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 management.

The Working Group, therefore, continued to assess the Baltic
sprat as one unit. The assessment 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 27-29, and 32.

4.1.2 catches

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
year 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
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Country 1977 1978 1979 1980 1981 1982 1983
Denmark 7,167 10,815 5,549 4,738 8,359 6,787 6,202
German Dem.Rep. 2,214 1,090 924 114 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 173 569 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
USSR - - - - - -
Total 11,252 15,828 23,151 21,236 15,698 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 catch
of Denmark, but slight increases of catches also 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 Catch in number by age and year

The Federal Republic of Germany, the German Democratic Republic,
and Poland provided their total catches in numbers by age groups.
panish 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 countries 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 SOP 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 6,518 4,591 9,770 4,302
Sweden 28 35 65 66 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 25,529 17,770 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

2 Sweden 4,180 2,395 1,010 2,684 3,921 735

i 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 CPUE, t effort CPUE, t
26 11,182 1.66 3,258 4.67
1985 28 7,779 1.16
Total 18,961 1.45
| 26 8,466 1.18 3,711 3.68
i 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 1.00
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




25

4.3.2 Catch in number

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-divisions 26 and 28, and the resulting mean
weights at age were used as the average weights in the catches.
The average weight at age in the stock was taken equal to 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
equal to 0.5 for all ages in all years. However, the resulting
stock biomass appeared to be unrealistically high. So, the next
assessment 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 values, the estimg%gs of*Bi1tic Multispecies Working

M
Group ?Xgon., 1990a) were assumed.
The Mres was estimated using the following procedure:

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

b) The Z—MC values were regressed against effort data

od

Z—MCo + q Effort

a’” Mres

resulting in M = 0.12.
res

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 (0.5-0.9) 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 Figures 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 0-group data from
a pelagic trawl and Isaacs-Kidd trawl surveys in September-Octob-
er (Tables 4.3.13 and 4.3.14). The 1990-1991 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 for sprat in the Bal-
tic Sea in 1990, it 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 quo catch in 1991 is estimated at a level of about
80,000 t.

4.4 Sprat in Sub-divisions 27, 29-32

4.4.1 Catches

Country 1978 1979 1980 1981 1982 1983
Finland 6,373 7,125 6,311 8,580 4,550 3,355
German,

Dem.Rep. 1 37 12 - - -
Poland - - b - - -
Sweden 196 825 1,133 716 1,170 783
USSR 31,469 22,860 14,429 10,787 5,245 4,803
Total 38,039 30,847 19,885 17,353 10,965 8,944
Country 1984 1985 1986 1987 1988 1989
Finland 2,415 2,923 3,246 2,796 3,025 2,752
Sweden 985 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 t,
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 to the age composition of the
combined USSR and Finnish landings (Table 4.4.1).

4.4.3 Mean weight at age
Weighted mean weight-at-age data from the 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 _in the Total Baltic (Sub-Divisions 22-32)

4.5.1 catches

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

4.5.2 Catch in numbers at age

Catch in 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).

A 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 quite 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
24-29S 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 years. 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 0.085, 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 0.15 (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 its former
level of 600,000 t. Terminal populations were used for deter-
mining 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 catch prediction

Both +the 1988 and 1989 year classes are thought to be above
average. The value for the 1988 year class in the VPA was, how-
ever, regarded as too high, gnd the mean level of the good year
classes 1982 and 1986 (56 x 10 ) was used for both year 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 t in 1991.

The predicted status guo 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 CPUE

Effort and CPUE data from the herring fisheries have been partly
revised for 1988 (Table 5.1), and collected for 1989 (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.
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Table 3.1.1 HERRING catches in the Baltic Sea by countries and sub-divisions, 1987 and 1988 (t). By-catch of sprat in
directed herring fisheries excluded and by-catch of herring in sprat fisheries included. (Data as reported

to the Working Group.)

Sub-divisions

Year and Total

country catch 22 23 24 25 26 27 28 29s 29N 30 31 32
1388

Denmaxk 43,971 23,987 102 9,088 10,794 - - - - - - - -
Finland 91,122 - - - - - 115 1,869 1,600 35,424 24,478 8,501 19,135
German Dem. Rep 53,456 - - 49,488 3,866 102 - - - - - - -
Germany, Fed. Rep. 5,188 4,937 - 251 - - - - - - - - ~
Poland 63,746 - - 6,59 36,777 20,379 - - - - - - -
Sweden 41,540 - 117 4,586 16,941 24 14,366 1,319 100 648 3,172 267 -
USSR 122,849 - - - 9,051 26,767 4,795 36,673 22,423 - - - 23,140
Total 421,872 28,924 219 70,003 77,429 47,272 19,276 39,861 24,123 36,072 27,650 8,768 42,275
1989

Denmark 30,571 15,419 1,528 6,311 7,313 - ~ - - - - - -
Finland 83,170 - - - - - 450 1,586 1,692 30,799 26,989 3,783 17,871
German Dem. Rep 54,827 366 - 50,841 2,302 357 96 865 - - - - -
Germany, Fed. Rep. 5,166 4,943 - 223 - - - - - - - - -
Poland 60,278 - - 8,524 33,602 18,152 - - - - - - -
Sweden 66,499 - 102 6,327 10,676 146 35,552 1,263 84 675 3,242 432 -
USSR 121,784 - - - 8,756 21,495 5,858 40,164 27,127 - - - 18,384
Total 422,295 20,728 1,630 72,226 70,649 40,150 41,956 43,878 28,903 31,474 30,231 4,215 36,255

0¢
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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, 0,17
25a 18.5 , 21.5 18 , 22 17 , 20 , 23.5 17.5, 20

25b 0.14, 0.86 0.40, 0.59 0.18, 0.76, 0.06 0.47, 0.53

26a 17,19 , 21 16 , 20 14 , 17 , 19.5, 23 16 , 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 14 , 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

2% 15 , 17.5 15.5 5 , 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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Table 3.2.1 HERRING, catch in tonnes in Sub-divisions 22 and 24, as reported to
the Working Group.

country 1978 1979 1980 1981 1982 1983
Denmark 12,383 9,659 7,221 8,098 4,583 4,583
German Democratic Republic 40,678 46,749 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 10,151 12,010 7,660 6,536 6,536
Total 72,795 85,543 100,337 90,159 107,519 108,103
Country 1984 1985 1986 1987 1988 1989
Denmark 23,762 15,942 14,046 32,462 33,075 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 reported to the Working Group.

Country 1978 1979 1980 1981 1982 1983
Denmark 4,090 8,817 6,313 8,098 7,139 4,583
Sweden 1,000 1,860 2,400 2,000 2,460 2,416
Total 5,091 10,677 8,713 10,098 9,599 6,999
Country 1984 1985 1986 1987 1988 1989
Denmark 6,935 6,849 1,490 754 102 1,528
Sweden 800 1,113 1,365 172 117 102
Total 7,735 7,962 2,855 926 219 1,630




Table 3.2.3 HERRING, catch in tonnes in Division IITa (data from Anon.,

1990c) .
Country 1978 1979 1980 1981 1982 1983
Skagerrak
Denmark 7,753 8,729 22,811 45,525 43,328 54,102
Faroe Islands 1,041 8117 526 900 715 1,980
Germany, Fed. Rep. 28 181 - 199 43 40
Norway 4,131 4,719 4,145 7,230 11,700 3,334
Sweden 11,551 8,140 10,701 30,274 24,859 35,176
Sub-total 25,504 22,586 38,183 83,876 80,645 94,632
Katteqgat
Denmark 29,241 21,337 25,380 48,922 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 77,501 103,364
Division IIIa total 88,938 69,195 81,823 171,601 158,146 197,996
Country 1974 1975 1986 1987 1988 1989
Skagerrak
Denmark 64,421 88,192 94,014 105,017 144,421 47,393
Faroe Islands 891 455 520 - - -
Germany, Fed. Rep. - - 1 - - -
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 88,754
Katteqgat
Denmark 71,359 69,235 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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Table 3.2.4 HERRING. Catch by half-year and total
annual catch of 2 years and older

spring spawning herring in Sub-

divisions 22-24 and Division IIIa.

Year 1st 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 88,841
1978 84,678 39,510 124,196
1979 77,442 46,085 123,527
1980 87,487 55,173 142,660
1981 91,930 66,047 157,977
1982 82,233 68,442 150,675
1983 95,586 56,245 151,831
1984 104,931 86,361 191,292
1985 136,856 73,913 210,769
1986 116,299 47,588 163,887
1987 102,910 41,242 144,152
1988 120,851 108,617 230,223
1989 113,104 68,970 182,074
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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 IIIa in 1989. Transfers from the
North Sea are included.
Sub-divisions 22-24 Division IIIa Total
Age
N W N w N w
ist half-year
0 - - - - - -
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
8+ 2.3 159.2 0.3 195.1 2.6 163.4
2nd_half-vear
0] 129.7 13.5 - - 129.7 13.5
1 155.7 26.4 447.8 36.4 603.5 33.8
2 31.6 65.4 267.4 69.5 299.0 69.0
3 31.2 84.1 186.4 92.8 217.6 91.5
4 12.3 102.6 63.1 144.7 75.4 137.9
5 3.8 93.7 18.5 168.0 22.3 155.4
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
8+ 1.6 106.3 2.0 209.3 3.6 163.5




Table 3.2.5.1

HERRING IN FISHING AREAS 22 AND 24

CATEGORY: TOTAL

CATCH IN NUMBERS

FNOUIAWNRFO

@

—
o
=
>
=

+ OB WNRO

©

TOTAL

1982

99
391
245
496
124

70

15

1447

SUM OF PRODUCTS CHECK.

UNIT: millions

1971

23
175
135

1983

100
475
334
361
290

35

12

1612

1972

19
299
50
161
168
124
41
8

3

872

1973

25
165

152
227
119

24

797

1985

159

1479

1986

313
280
131
404
280

21

1532

1976

256
438
258
201
105
52
26
11

1349

1977

89
1310
156
228
128

1980

1981

40
110
302
279
211

17

1018

9¢



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 UNIT: gram

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981

9.00 9.00 9.00 9.00 9.00 8.00 9.00 9.00 9.00 9.00 13.40 13.40
16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 25.80 25.80
60.00 60.00 60.00 60.00 60.00 60.00 60.00 60.00 60.00 60.00 62.30 62.30
95.00 95.00 95.00 95.00 95.00 95.00 95.00 95.00 95.00 95.00 90.50 90.50
. . 125.00 125.00 125.00 125.00 125.00 125.00 125.00 125.00 135.80 135.80
155.00 155.00 155.00 155.00 155.00 155.00 155.00 155.00 155.00 155.00 156.50 156.50
187.00 187.00 187.00 187.00 187.00 187.00 187.00 187.00 187.00 187.00 187.00 187.00
210.00 210.00 210.00 210.00 210.00 210.00 210.00 210.00 210.00 210.00 214.60 214.60
223.00 223.00 223.00 223.00 223.00 223.00 223.00 223.00 223.00 223.00 236.70 226.20

TNV WN O
=
N
2
o
S
=
N
aq
o
o

@D

1982 1983 1984 1985 1986 1987 1988 1989

12,30 13.50 12,20 15.00 9.10 11.70 11.00 14.15
27.20 22,50 33,70 30.00 17.60 15.70 16.90 17.52
62.60 65.00 56.00 47.00 44.10 34.80 29.10 43.62
93.20 95.40 93.50 88.00 68.20 76.70 83.80 70.53
. 121.10 120.30 119.00 110.80 98.40 108.50 105.85
149.30 154.10 143.20 137.00 143.80 121.90 124.80 122.00
177.60 176.30 165.10 159.00 172.20 141.40 142.20 125.46
199.20 197.90 211.20 181.00 177.30 151.40 143.70 137.80
212.50 265.80 251.50 133.00 184.40 163.40 135.80 131.52

FNOUIBWN RO
-
N
~
[=)
o

@

LE
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Table 3.2.5.3

Analysis by RCRTINX2 of data from file RECRUIT-1
SD'22424, 1-GROUP RECRUITING POST 1977

Data for
REGRESSION TYPE = C

3 surveys over

TAPERED TIME WEIGHTING APPLIED

POWER =

3 OVER 20 YEARS

PRIOR WEIGHTING NOT APPLIED
FINAL ESTIMATES SHRUNK TOWARDS MEAN

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

13 years

MINIMUM S.E. FOR ANY SURVEY TAKEN AS

MINIMUM OF

Yearclass = 1983

Survey/ Index Slope
Series  Value

IYFs 2 7.5326  .415
GDRYFO  5.3149 -.600
GDRYF1  1.3584 1.463
HEAN

Yearclass = 1984

Survey/ Index Slope
Series  Value

IYFS 2 7.3544  ,395
GDRYFO  4.6298 -2,788
GDRYFL  1.2613 1,504
MEAN

Yearclass = 1985

Survey/ Index Slope
Series  Value

IYFS 2 7.9800 .640
GDRYFO  4,9273 -1.025
GDRYF1  1,3056 2.038
MEAN

Yearclass = 1986

Survey/ Index Slope
Series  Value

IYFS 2 8.9664  .548
GDRYFO 5,210l -1.998
GDRYF1  2.0744 2.106
MEAN

Inter-
cept
5.161
9.804
6.165

Inter-
cept
5.285

17.486
6.123

Inter~
cept
3.515

11.618
5.403

Inter-
cept
4.097

15.480
5.327

Rsquare

.9694
.0875
.2740

Rsquare
9686

0034
.2860

Rsquare
4342

.0314
. 2065

Rsquare

5 POINTS USED FOR REGRESSION

No.
Pts
5
6
6

No.
Pts
6
7
7

No.
Pts

No.
Pts

INCLUDED

Predicted Sigma
Value

8.2874  .05686

6.6131 1.02061
8.1526  .51437
7.9655  .28206

Predicted Sigma
Value

8.1891  .05556
4,5808 5.11421
8.0204  .47364

8.0015  .27290

Predicted Sigma
Value

8.6214  .35914
6.5674 1.74285
8.0636  .61555

7.9502  .28968

Predicted Sigma
Value

9.0073  .32114
5.0707 3.28550
9.6948 58716

7.9717  .27689

Standard Weight
Error

.07305  .60467
1.28211  ,01471
.56194 07659
.28206 30402

Standard Weight
Error

.06336  ,59036
5.69129  ,00073
.50714  ,09182
27290 31709

Standard Weight
Error

45452 ,25015
1.93787  .01376
.65559  .12024
.28968  .61585

Standard Weight
Error
.47186  .23703
3.65195  .00396
.86415  ,07067

.27689  .68834

cont'd.



Table 3.2.5.3 cont'd.

Yearclass = 1987

Survey/ Index Stope Inter- Rsquare

Series  Value cept

IYFS 2

GDRYFO  4.5506 6.517 -17.691 .0008

GDRYF1  1,3218 1.364 6.168 ,2760

HEAN

Yearclass = 1988

Survey/ Index Slope Inter- Rsquare

Series Value cept

IYFS 2 8.0687  .413 4.973 .4882

GDRYFO  4.7883 19.701 -71.584 .0001

GDRYF1  1.1939 1.431 6.058 . 2629

MEAN

Yearclass = 1989

Survey/ Index Slope Inter- Rsquare

Series  Vatue cept

IYFS 2

GDRYFO  5.2553 ****** 381.333 .0000

GDRYF1

MEAN

Yearclass Weighted Internal
Average Standard
Prediction Error

1983 - 8.15 3479.23 .16

1984 8.11 3332.49 .15

1985 8.11 3336.60 .23

1986 8.33 4136.07 .23

1987 8.00 - 2968.35 .24

1988 8.06 3160.18 .19

1989 7.97 2893.14 .25

No. Predicted Sigma Standard Weight
Pts Value Error
10 11.9648 10.39318 11.03659  .00047
10 7.9706  .47243  .49731  .23215
8,0009 .27353 .27353 .76738
No. Predicted Sigma Standard Weight
Pts Value Error
9 8.3085 ,30301 .33394 .32914
11 22.7519 29.16316 31.03771  ,00004
11 7.7669  .47074  .49815  ,14791
7.9823  ,26494  ,26494 52291
No. Predicted Sigma Standard Weight
Pts Value Error
12 -91.4885123.93578134,07904  .00000
7.9705  .25330 .25330 1.,00000
External  Virtual Ext.SE/
Standard Population Int.SE
Error Analysis
.14 8,21 3682.00 .88
.08 7.60 1999.00 .49
.20 8.14 3413.00 .86
.35 8.24 3786.00 -  1.53
.06 7.80 2444.00 .26
.12 7.85 2560.00 .64
.19 .74

39



Table 3.2.5.4 HERRING in Sub-divisions 22 and 24.

of .500 on age 3 and Terminal S of 2.000.

Matrix of Residuals

Years 0/71 71772
Ages
172 -.060 .915
2/ 3 1.450 .457
3/ 4 1.174 -.308
4/ 5 -.022 -.845
5/ 6 -1.157  -.517
6/ 7 -1.693  1.477
.000 .000
WTs .100 .100
Years 79/80  80/81
Ages
1/ 2 -.444  -.586
2/ 3 -.013 .180
3/ 4 .707 926
4/ 5 .543 179
5/ 6 -.930 -.661
6/ 7 -.363 -.379
.000 .000
WTs .100 .100

Fishing Mortalities (F)

70 71
F-values .2237  .2762

80 81
F-values .3806  .4669

Selection-at-age (S)

1 2
S-values <4563 .3992

72/73

1.539
-.548
-.457
-.203

.298
-.298

.000
.100
81/82
-1.353
-.119
-460
.260
.043
.285
.000

.100

72
.3499

82
.5113

3
1.0000

73/74

.193
-1.551
-.902
.286
.858
1.145

.000
.100
82/83
-.706
-.294
-.089
.144
.248
.568
.000

.100

73
.4327

83
. 4063

4
1.6115

74/75

.743
-.278
.305
.247
-.345
-.923

.000
.100
83/84
-.127
.594
.448
-.002
-.600
-.370
.000

.100

74
.3592

84
.4678

5
2.0366

75/76

~.100
-.082
-.036

.183
~.027
-.092

.000
-100
84/85
-.555
.094
-.113
-.265
477
.515
.000

1.000

75
.6282

85
-4723

6
1.9490

76/77

515
.478
-.043
-.195
-.432
-.019

.000
.100
85/86
-.086
-.014
-.073
-.113
.194
.176
.000

1.000

76
.6375

86
.4390

7
2.0000

77/78

.063
-.526
.361
.375
-.234
-.420

.000
-100
86/87
-.295
-.116
-.047
.273
.056
-.143
-000

1.000

77
. 7963

87
.4852

78/79
-.573
.187
.180
.645
-.350
-.750
.000

.100

-.174

1.000

78
5771

88
.5098

88/89

<435
.205
-.079
-.114
-.109
-.192

.000

1.000

79
.3956

89
.5000

.000
.000
.000
.000
.000
.000

-1.226

70-89 onages 1 to 7 with Terminal F

WTs

.497
.568
.688
1.000
.679
.469

0%



Table 3.2.5.5 VIRTUAL POPULATION ANALYSIS.

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

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981

.110 .114 .213 .176 .301 .386 .355 .562 .241 .166 .091 .056
.262 .127 .048 .048 .102 .234 .434 .231 .405 .265 .224 .167

1

2

3 416 .202 .246 .224 .462 .560 .643  1.016 .718 .734 .833 .644
4 .258 .262 .529 .745 .689  1.021 .853  1.431 .950 .756 .708 .898
5 266 .355 .987  1.071 .562  1.259 .965 1.322 .880 .361 .512 .982
6 .143  1.156 .628  1.154 .348  1.187 1.238 1.343 .861 .652 .622  1.060
7 .444  1.014 .444 1,177 .317  1.313  1.374 1.642 1.528 1.368 .922  1.168
8+ .444  1.014 444 1.177 .317  1.313 1.374 1.642 1.528 1.368 .922  1.168

(1-6)U .242 369 .442 .570 411 .775 .748 .984 .676 .489 .498 .635
(2-6)U .269 .421 .488 .649 .433 .852 .826  1.068 .763 .554 .580 .750

1982 1983 1984 1985 1986 1987 1988 1989 1980-87

.176 177 .125 .182 .134 .347 401 .290 .161
.190 .251 .203 .182 .157 .165 .208 .250 .192
.509 .532 .409 472 .427 .484 .503 .399 .539
.780 .737 .647 .703 .787 .797 771 .885 757
1.046 .601  1.275 1.046 .894 .818 .985  1.055 .897
1.009 .566 1.172 .940 .783 .865 .911  1.015 .877
.956 .393 .807 .803 .709 .989  1.085 1.097 .843
956 .393 .807 .803 .709 .989  1.085 1.097 .843

+~NOUTAEWN

[=2]

( 1- 6)U .618 477 .639 .588 .530 579 .630 .649
(2- 6 .707 .537 .741 .669 .610 .626 .675 721

184



Table 3.2.5.6 VIRTUAL POPULATION ANALYSIS.

HERRING IN FISHING AREAS 22 AND 24

STOCK SIZE IN NUMBERS UNIT: millions

BIOMASS TOTALS UNIT: tonnes

ALL VALUES, EXCEPT 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:
PROPORTION OF ANNUAL M BEFORE SPAWNING:

1970 1971 1972 1973

1 1958 1874 1788 1181
2 1349 1300 1239 1070
3 800 769 848 874
4 338 391 466 492
5 195 193 223 203
6 157 111 100 61
7 16 101 26 40
8+ 5 33 8 6

TOTAL NO 4819 4772 4698 3927
SPS  NO 1635 1696 1707 1629
TOT.BIOM 294654 309148 302341 280213
SPS BIOM 172561 186026 180123 171533

1982 1983 1984 1985

1 2787 3370 3296 1681
2 1632 1731 2091 2156
3 1420 1000 998 1264
4 260 632 435 491
5 122 88 224 169
6 26 32 36 46
7 7 7 13 8
8+ 5 11 5 10

TOTAL NO 6260 6870 7098 5826
SPS  NO 1912 1942 2044 2256
TOT.BIOM 356217 382050 378687 314274
SPS BIOM 164042 173430 172127 183342

1974

1501
734
756
518
173

52
14
8

3755
1393
245796
150763

1986

2580
1038
1331
584
180
44
13

7

5777
1959
229580
135840

.100
.250
1975 1976
1669 1680
823 841
491 482
353 208
193 94
73 41
27 16
4 5
3632 3367
1130 903

216751 175874
122720 89954

1987 1988
4267 2988
1672 2235
657 1050
643 300
197 215
55 64
15 17

7 10
7512 6879
1815 2047

268622 275843
141329 142496

1977

3476
873
403
188

66
27
9
5

5046
792
187954
74752

1989

3113
1483
1345
470
103
59
19

8

6600
1995
287495
146960

1978

3786
1468
513
108
33
13

5

8

5934
987
221304
81902

1979 1980
1799 3349
2205 1129
725 1253
185 258
31 64
10 16

4 4

1 3
4962 6075
1450 1489

261019 319682
117179 138101

1990 1980-87

0
1726
855
669
144
27
16
7

2957
1714
1074
463
142
35

9

7

1981

2330
2265
668
403
94
29

6

7

5802
1734
339488
155485

(44



Table 3.2.6.1 Acoustic estimates of HERRING number (in millions) at age in August-October 1989.

1

A B c D E = Total Western Baltic
Division IIIa
Spring spawn.herring Sub-divisions 23-24. Sub-divisions 22-24. Sub-divisions 23-24. Mean of herring stock
Age group Division IIIa + Swedish & German Germany, Fed.Rep. & Germany, Fed.Rep. & B and D
eastern part of Dem.Rep. survey Denmark survey. For Denmark survey. A+C+E
Sub-division IV Sub-divs. 23-24 only Depth > 20 m
depth <20 included
0 - 614 7,715 6,676 3,645 11,360
1 - 279 2,535 1,002 641 3,176
2 1,105 188 80 203 196 1,381
3 714 155 10 148 152 876
4 317 105.3 o] 33 69 386
5 81 23.4 0 0 12 93
6 54 4.4 o] 0 2.2 56.2
7 16 3.1 0 0 1.6 17.6
8+ 4.2 0.6 o] 0 0.3 4.5
Total 2+ 2,289 2,814
Biomass (t) 255,500

1Figures raised by 3210/3085 because the estimate was considfred to represent depths below 20 m (area
of the covered part of the Sub-division 24 was only 3085 nm° .

3210 nn?) and the area



Table 3.2.6.2 VIRTUAL POPULATION ANALYSIS.

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

CATOH DN NUMB

T mittions

1974 1875 1975 1977 1978 1979 1980 1281 1982 1983 1984 19385
D 31 228 256 0 204 236 2033 1032 1709 555
1 340 456 438 70z 239 635 551 1101 177 2101
2 138 301 585 931 1074 594 1005 572 850 1207
3 379 242 229 586 440 208 467 779 485 21
4 274 257 110 70 105 143 277 50 343 23
5 91 138 55 19 13 25 53 64 33 16z
5 22 51 27 8 4 7 18 18 1 24
7 G 19 11 4 3 2 4 4 2 3
8+ 3 2 4 5 1 2 4 3 3 2

ToTaL 1584 1557 1715 2400 2386 2083 2513 4517 3743 5227 4315 4410

1986 1987 1908 1989

0 1053 771 511 130
1 1020 1440 551 1153
2 468 988 2443 733
3 611 388 928 886
4 390 394 205 355
5 123 125 152 87
G o8 37 4l 45
7 10 10 il 16
e 3 4 ] 5

T BT
[RUNR ENRE

$i56 5258 3451

1A%



Table 3.2.6.3 VIRTUAL POPULATION ANALYSIS.

HERRING 1N THE WESTERN BALTIC AND KATTEGAT

MEAN WEIGHT AT AGE OF THE STOCK UNIT: gram

1974 1875 1976 1977 1978 1979 1980 1981 1982 1983 1984 1938

9.000  9.000  9.000  9.000  9.000
16.000 16.000 16.000 16.000 16.000
76.300 59.080 59.570 51.240 58.430

13.400 13.400 12,000 12.700 12,000 12.090
25.800 25.600 29,000 23.000 29.000 14.000
63,190 64,010 6£3.310 60,390 53.37D ]
111.000 94.190 93.380 96.320 94.050 95.620 96.320 100.510 97.030 105.680 )
37.200 127.190 126.650 126.710 126.580 i 126,630 127.1.90 127.500 128.400 131.890 135,330
172,900 145,850 145.620 148.090 145.350 147.070 145.980 146.830 149.420 147.070 147.590 153.730

[ I A S =}

£ 202.000 167.950 165,830 188.720 169.140 189.140 170.380 168.170 172.0230 167.900 172.410 173.030

7 236.200 190,520 190.440 191.090 190.840 191,390 189.290 190.870 190.870 192.443 204.490 200.140

€+ 240.800 192.610 183.870 183.870 185.620 192.510 192.510 183.870 180.960 160.950 197.210 194,720
1988 1987 1988 1989

0 11.000 13,500

1 16,900 24.s500

2 45,200 52,200

3 71,700 76,500

4 101,000 113.4020

5 124,800 134.700

i 114,400 141.700

7 135,100 157.300 145.700 160.000

8: 120,73 L4200 135,800 163.700

54
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Table 3.2.6.4 Analysis by RCRTINX2 of data from file RECBAL:SYMB.

WESTERN BALTIC AND DIV IITA 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 APFLIED

FINAL ESTIMATES SHRUNK TOWARDS MEAN

ESTIMATES WITH S.E.'S GREATER THAN THAT OF MEAN INCLUBED
WINIMUM S.E. FOR ANY SURVEY TAKEWN AS .

MINIMUM OF 5 POINTS USED FOR REGRESSION

Yearclass = 1986
Survey/ Index Slope Inter- Rsquare No. Predicted Sigma Standard
Series Value cept Pts Value Evror
IYFS 2 8.9864 707 2.817 L3850 8 9.1578  .45130  .68737
GDR 0 5.2101 1.817 1.022 .0524 8 9.4461 1.51763 1.78727
GDR 1 2.0744 2.773 4,357 . .1614 9 10.1101  .78060 1.23467
ACOUST  7.3218 1,793  -4.749 ,1857 9 8.3766 71701  .79400
MEAN 7.8409  ,31361  .31361
Yearclass = 1987
Survey/ Index STope Inter- Rsquare No. Predicted Sigma Standard
Series  Value cept Pts Value Error
IYFS 2 .6931  .523 4,090 L6504 9 4.4522  .32907 .96769
GDR O 4.5506 1.060 3,320 L1913 9 8.1429  .92280  .98837
GDR 1 1.3218 1.436 5.982 L4911 10 7.8798  .43556  .46313
ACOUST  7.0085 2.082 -6.767 ,2363 10 7.8234  ,76931  ,81849
MEAN 7.9372  ,39494  .39494
Yearclass = 1988
Survey/ Index Slope Inter- Rsquare No, Predicted Sigma Standard
Series Value cept Pts Value Error
IYFS 2 8.0687 .320 5.823 .2279 10 8.4060  .77954  ,84862
GOR O 4.7883 1.167 2,789 L1648 10 8.3779  .95353 1,02926
GDR 1 1.1939 1.489 5,888 (4799 11 7.6654  ,42445 45495
ACOUST
MEAN 7.9101  .37859  ,37859
Yearclass = 1989
Survey/ Index Slope Inter- Rsquare No. Predicted Sigma Standard
Series  Value cept Pts Value Error
1IYFS 2
GDR 0 5.2553 1.178 2.735 ,1630 10 8.9266  .97269 1.11504
GOR 1
ACOUST
ME AN 7.9114  .38122  .38122
arcl Weighted Internal External Virtua1' Ext.gE/
Vearclass Ave?age Standard Standard  Population Int.SE
Prediction Error Error Analysis
6 8.2 3715.10 .26 .32 8,58 5348.00 1.24
}333 7.67 2138.37 .26 45 7.70 2210.00 l.7§
1988 7.91  2714.65 .27 14 :53

1989 .02 3034.12 .36 V3L .86

Weight
.14263
,02110
.04421
.10689

.68518

Weight
07286
,06984
.31808
,10184

.43739

Weight

.09820
06675
34166

49339

Weight

. 10465

.89535
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Table 3.2 The catch (millions) of HERRING in Division IIIa and

Ssub-divisions 22-24 taken before the acoustic survey.

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 Division IIla 519 131 60 19 6.8 0.7 0.0 -
Total 722 358 382 124 36.4 10.0 4.2 -
1988 Sub-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 4.6 -
1989  sub-divisions 22-24 254 352 229 54 29.1 9.8 2.1 0.6
1989  Division IIIa 328 377 77 19 8.4 3.3 2.1 0.1
Total 582 729 306 73 37.5 13.1 4.2 0.7
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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
1 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 - -
1989 2,232 1,803 778 187 106 34.6 10.5 -

Table 3,2.6,7 Tuning file for Herring in
Division IIIa and Sub-divisions
22-24,

HERRING DIV TIIA + 22-24, SPARHOLT 1989
101

ACOUS. EST. DIV IIIA

1987, 1989

1,1

2,17

1,2824,1476,813,278.4,91.5,18.8
1,4925,2371,477,309,95,39.8
1,2232,1803,778, 187,106, 34.6,10.5



Table 3.2.6.8 Tuning results for herring in Division IIIa and Sub-divisions 22-24.

DIiSAGGREGATED Qs
LOG TRANSFORMATION
0 explanatory variate (fean used)

Fleet 1 ,ACOUS. EST. DIV IITA, has terminal q estimated as the mean

FLEETS COMBINED BY ** VARIANCE **

Regression weights

. .348, .893, 1,000,

Dldest age F = t.0DD"average of 3 younger ages.
Fisning mortalities

Age, 87, 83, 89,

.389, .895, .553,
603, .780, 1.020,
.830, .760, .802,
857, .938, .889,
935, 785, .828,
874, .828, .840,

~EG U s W

Log catchability estimates

Age 2
Fleet, 87, 88, 89

s 3 il

1, W11, .59, 46

Fleet , Pred.
s q

]

Fleets combined by variance of predictions

SUMMARY STATISTICS
» SE(9),Partial,Raised, SLorFE SE s INTRCFT,  SE
s - F . F »  Slope sIntrept

3

1,
Fbar
.553

Age 3
Fleet, 87, 88, 89

2 >

1., .83, .89, 73

45, .706,1.5758 , 5528,  .00DES00, LBO0EO0, I i
SIGMA(Ant.) SIGMA(ext.) SIGMA(overall) Variance ratio

206 0.000 .206 0.000

cont'd.

6%



Table 3.2.6.8 cont'd.
SUMMARY STATISTICS
Fleet , Pred. , SE(q),Partial,Raised, SLOPE SE ,INTRCPT, SE
s q s s F o, F ,  Slope sIntrept
1, 73, .060,2.0741 ,1.0192, .000E+00, .000E+00, .730, .033
Fbar SIsMA(int.) SIGMA(ext.) SIGMA(overall) Variance ratio
1.019 .E00E-01 0.000 .B00E~0L 0.000
Age 4
Fleet, 87, 85, 89
T, 55, 57, 5%
SUMMARY STATISTICS
Fleet , Pred. , SE(q),Partial,Raised, SLOPE , SE LINTRCPT,  SE
s q s f F s, F s Slope s sIntrept
1, .56, .014,1.7548 , .8007,  .000E+00,  .000E+00, 562, .00%
Fbar SIGMA(int.) SIGMA(ext.) SIGMA(overall) Variance ratio
.801 .137E-01 0.000 .137E-01 0.000
4ge 5
Fleet, 87, 88, 89
1.7 65, .65, .68
SUMMARY STATISTICS
Fleet , Pred. , SE(g),Partial,Raised, SLOPE B SE SINTRCPT, SE
s q s s F , F s : Slope sIntrept
1 .7 65 , .001,1.9092 , .8682, .OODE+00,  .000E+00, 647, 001
Fbar SIGMA(int.) SIGMA (ext.) Slema(overall) Variance ratio
.888 .144E-02 0.000 J144E-02 0.000
dge 6
Fleet, 87, 88, 89
1. 84, .50, .67

cont'd.

0s



Table 3.2.6.8 cont'd.

SUMMARY STATISTICS

Fleet , Pred. , SE(q),Partial,Raised, SLOPE ,  SE JINTRCPT, SE
s 9 » . F 5 F s Slope sIntrept
T .87 . 102.1.9483 , L5571,  .000E+00,  L0D0ET0D.  Lge7. 057
Fbar SIGMA(Ant.) SIGhA(ext.) SIGMA(overall) Variance ratio
.827 .102 0.000 102 0.000

18



Table3-2-6-9VIRTUAL POPULATION ANALYSIS from tuning.
HERRING IN THE WESTERH BALTIC AND KATTEGAT

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

1974 1975 1978 1977 1978 1979 1980 1981 1982

2 .561 445 .762 411 .708 .484 422 .429 .380
3 .616 .706 L7300 1.169  1.325 .898  1.014 .918 .703
4 .799 1,200 .841  1.572  1.059 938 .863  1.062 .894
5 .712 1.370 .939  1.297 1.017 564 .603 1,125
5
7
&

1.201

524 1.221  1.216  1.282 .743 .610 .687  1.276  1.533

678 1.264 1999 1.384 .940 .703 718 1.154  1.209

8 .678  1.264 .999  1.384 .940 .703 .718  1.154  1.209

(2= 8 .642 .988 897  1.146 .970 .698 .718 .962 .942
(2- 5)U 672 .930 .818  1.112  1.027 .720 .725 .884 794

1988 1987 1988 1989

371 .388 .894 .553
.542 603 779 1.019
.904 .830 .760 .801
.975 857 .937 .888
.878 .935 .785 .827
.929 .874 .828 .840
.929 .874 .828 .840

+ N0 B W

=5

- 6)U .734 723 831 .818
- 55U .698 .570 .843 .815

.20

1983

445
647
.810
.617
.648
.692
692

.634
630

1984

473
.544
770
1.222
1.015
1.002
1.002

.805
.752

e

1985

-390
.721
.902
.044
.005
.987
.987

A



Table 3.2.6.10 HERRING in the western Baltic and Kattegat.

3 and Terminal S of 1.300

from 74 to 89 on ages 2 to 7
with Terminal F of .710 on age
Tnitial sum of squared residuals was 2
final sum of squared residuals is
Matrix of Residuals
Years T8/ T5/76 78/77 771778
Aaes
2/ 3 .610 -.371 <447 ~1.004
3/ 4 098 -.212 -.122 .196
4/°5 J112 .204 -.154 .386
5/ 6 -.189 064 -.189  -.025
6/ 7 -.532 077 .303 -.073
.000 .000 .000 .000
WTS .010 .010 .010 .010
Years 79/80  80/81 81/82 82/83
Ages
2/ 3 =222 -,072  -.258 ~-.607
3/ 4 .441 .750 276 -.285
4/ 5 489 178 .007  -.p55
5/ 6 -.558 -.599 - 238 160
6/ 7 =392 -.275 .203 .668
.000 .000 .000 .000
WTs .010 01D .010 .010
Fishing Mortalities (F)
74 75 76 77
F-values 5566 8726  .7616 1.0706
80 81 82 83
F-values 6019 .8082  .7956  .5400
Selection-at-age (§)
2 3 4 5
S-values 6942 1.0000 1.2861 1.4339

1.314 and
7.867 after

78/79

-.067
.556
185

- 177

-.643

.000
.010
83/84
.361
.312
.081
-.398
-.237
.000
.010

78
8986

84
6558

6
1.3340 1

66 iterations

84/85

.000
-.278
-.185

.358

.154

.000

.010

79
.5289

85
.6965

7
.3000

85/86

-.135
-.003
-.019
.061
.061

.000
1.000

86
L6478

86/87

-.174
-.226
184
D37
.010

.000

1.000

87
6578

87/88

-.258
.007
027

-.020
173

.000
.000

88
L7167

88/89 WTs
.579 .000 445
. 205 .000 .617
-.204 .000 1.000
-.060 .000 .751
-.237 000 569
.000 -, 753
1.000
89
L7100

€9
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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.

Stock size
Fy

Acoustic
Year estimate 0.60 0.65 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
8849s
Year 0.65 0.70 0.71 0.72
1987 6 17 20 23
1988 7 10 18 27
1989 188 29 15 6
Sum 201 56 53 56




Table 3.2.6.12

vPA

HERRIMG IM THE WESTERN BALTIC AHD KATTEGAT

FI

—~

N

,
SH

InG MORTALIFY COEFFICIENT

o

+ NI W= O

w

~
<

1974

.014
.288
554
.618

1975

033
.301
L4495
715
.210
.347
215
.290
ce:hl

e e

487

1987

174
217
.397
sy
.B854
B84
.938
.832
.832

740

1976

.058
222
.763
734
.862
.962
1.148
.985
. 985

.893

1988

.122
L300
.690
.809
.829
1.008
.843
.833
.833

.836

UNIT: Year-1

1977

.018
.461
LA10
174
.601
-401
.382
.139
.139

L SR =N

1.194

1989

.166
.353
L491
.582
.872
1.098
.988
.992
.992

. 808

1978

024
.187
.705
1.320
1.071
1.082
922
1.192
1.192

1.020

1982-87

.166
353
L412
.632
855
.976
.934
.803
.803

NATURAL HORTALITY COEFFICIERT =

1979

04D
128
L4583
.891
. 926
577
.703
1.173
1.173

718

.018
.373
.436
.669
-905
1.033
.988
.850
.800

1980

.082
167
421
1.009
.B46
.590
.719
.968
.958

L717

1981

.349
.258
428
.916
1.047
1.070
1.206
1.302
1.302

.933

I

1982

.13¢
.324
.379
701
.B87
.152
. 285
.013
.013

.881

.20

1984

.149
.506
474
.544
767
.200
.979
.815
815

.793

)



Table 3.2.6.13
THE WESTERW BALTIC /MDD KATTEGAT

HERRING TN
STOCK SIZE

BIOMASS TO

IN NUMBERS

UKIT: tonnes

TALS

UNIT:

milTions

ALL VALUES, EXCEPT THOSE REFERRING TO THE SPAWNING STOCK ARE GIVEN FOR 1 JANUARY; THE SPAWNING

STOCK DATA

REFLECT TWE STOCK SITUATION AT SPAWNING TIME, WHEREBY THE FOLLOWING VALUES ARE

USED: PROPORTION OF ANNUAL F BEFORE SPAWNING:
PROPORTION OF ANNUAL W BEFORE SPAWNING:

U D

RE ivJ
ToT.610m
SPS BION

0
1
2
3
A
S
6
7

1475
55421
185097

1985

11067
5160
1621
1580

707
214
53
20

-

o
[SRIIRS

7171
1070
250968
121077

1987

5298
8112
3307

907

1976

5027
2423
1194

430

9497
824
252454

85400

1988

5866
3643
5345
1821
396
260
78
21
12
17442
2780
565

1977

5622
3885
1550
456
139
72
30
11

5

11861
816
296945
78877

1989

935
4252
2209
2194

664

141

78
28
10

10811
2618
511414

BRRORE:

1978

2737
4522
2008
854
1i5
31

[~ i

10305
1035
318700
91041

.100
.250

1979

5796
2187
3070
811
189

wr
P N

12100
1275
382814
108451

1980

4164
4551
1575
1551

273

12205
1578
470158
153358

15317
1599
546191
153158

186253

662660
190278

2196
698808
229032

1985

7581
3114
2860
1733
545
1s2

s

iR

15252
PR
539206
267337

99



Table 3.2.6.14

List of input variables for the ICES prediction program.

HERRING IN DIV IIIA AND 22-24
The reference F is the mean F for the age group range from 2

The number of recruits per year is as follows:

Year Recruitment
1990 5891.0
1991 5891.0
1992 5891.0

Proportion of F (fishing mortality) effective before spawning:
Proportion of M (natural mortality) effective before spawning:

Data are printed in the following units:

Number of fish: millions
Weight by age group in the catch: gram
Weight by age group in the stock: gram
Stock biomass: tonnes
Catch weight: tonnes

o Fom R B e e R o +
1

to 6

,1000
2500

) \ fishing) natural} maturity| weight in| weight inj|

b
1
| age] stock size| pattern] mortality]

———a

ogive! the catch] the stock]

R e +en e + +
10! 5891.0! .18! .20/ .00/ 13.500!  13.500!
oo 4973.,0! .37 .20} ,00f  24.5000 24,500
Y 2715.0! 44! .20! .20 52,2000 52,200
Y 1107.0! 67! .20 750 76,5000 76.500!
I 1004.0! 91! .201 90! 113.400!  113.,400]
Y 227,00 1.03! .20} 1,00]  134.700!  134.700!
[ 39.0! .99 .20} 1.00! 141,700!  141,700!
1 24,01 .85) .20 1.00}  160.000! 160.000!
Uogel 12.0! .85! .20! 1.00! 163.700!  163.700!
L S T T ——— S T —— [ - e e Fo e +

57
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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
REGRESSI

2 surveys over

ON TYPE = C

TAPERED TIME WEIGHTING APPLIED
3 OVER 20 YEARS
PRIOR WEIGHTING NOT APPLIED
FINAL ESTIMATES SHRUNK TOWARDS MEAN

POWER =

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

11 years

MINIMUM S.E. FOR ANY SURVEY TAKEN AS

MINIMUM OF 5 POINTS USED FOR REGRESSION

Yearclass = 1986

Survey/ Index Slope Inter- Rsquare

Series Value cept

GDRO 9.8098 2,681 -15.373 .0148

GDR1 6.5468 4,563 -16.974 .0230

MEAN

Yearclass = 1987

Survey/ Index STope Inter- Rsquare

Series Value cept

GDRO 9.1453 1.163 -1.978 1127

GDR1 5.6204 1,237 1.451 L2791

MEAN

Yearclass = 1988

Survey/ Index Slope Inter- Rsquare

Series Value cept

GDRO 9.3852 1.370 -3.902 .0898

GDR1 5.4424 1,316 .981 .2741

MEAN

Yearclass = 1989

Survey/ Index Slope Inter- Rsquare

Series  Value cept

GDRO 9.8552 1.486 -5.034 .0764

GDR1

MEAN

Yearclass Weighted Internal
Average Standard
Prediction Error

1986 8.47 4777.09 .27

1987 8.48 4823.33 .28

1988 8.42 4526.04 .28

1989 8.51 4973.34 .30

INCLUDED

20

No. Predicted Sigma Standard Weight
Pts Value Error
7 10.9250 2.47283 2.88057 ,00904
7 12.8986 1.97902 2.92560  .00876
8.4095 ,27628 ,27628  ,98221
No. Predicted Sigma Standard Weight
Pts Value Error
8 8.6594 1,01163 1.07734 ,06876
8 8.4029  ,57942 61656  .20993
8.4870  .33262 .33262 .72131
No. Predicted Sigma Standard Weight
Pts Value Error
9 8.9538 1.11720 1.19537 ,05496
9 8,1420 ,57100 .61253  ,20932
8.4560  .32672 ,32672 .73571
No. Predicted Sigma Standard Weight
Pts Value Error
10 9.6143 1.15012 1.27982 .05550
8.4471  .31023  .31023  .94450
External  Virtual Ext.SE/
Standard  Population Int.SE
Error Analysis
.34 9.00 8113.00 1.24
.04 8.20 3644.00 .15
.13 8.36 4253.00 46
.27 6.48 650,00 .89



Taﬁle 3.2.6.16

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

HERRING DIV IIIA AND 22-24

H Year 1990 1 Year 1991 ! Year 1992

\ fac-| ref.] stock| sp.stock! { fac-| ref.| stock! sp.stock! ! stock| sp.stock]
I tor] Fi biomass| biomass| catch! tor! Fl biomass| biomass| catch! biomass! biomass!
1 1.0} .81} 584 207, 217} 0] .00} 5451 206} 0} 780} 3691
' H | H ' 1 .1 .08! 1 205} 26| 7471 3431
! ! ! { ! 1 .21 .16} H 203 50] 715} 320}
! ! | 1 ! | R .324 { 200} 95, 657} 277
! ! ! H H ! .61 .48 | 197) 134} 605 2411
! ! ! i ! ! .81 .65] H 194} 168} 559 211}
i i i | i { 1.0} .81} H 1917 199} 518} 184}
1 H ) ! | 1.2} .97} ' 188 227! 4811 161}
: i ! ! | 1 1.4) 1.13} H 185; 251} 448 141!
1 ! ! 1 1 i 1.6) 1.29) ! 182} 274 418 124}
J ! ! ! { 1 1.8) 1.45! ] 179) 293} 391} 109
t 1 | i { I 2.0) 1.62) ! 176} 311} 367] 96|

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 mortality as for 1991.

The reference F is the mean F for the age group range from 2 to 6

+

66
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A A A RA KRR R A AR AR A AR AR AR AR AR A AR AR R AR RAR AR A ARNARKARRRR &

* Year 1990. F-factor

1.000 and reference F

.8080 *

A R AR AR R KA AR R AR RAN A AR AR AR A ARANARAARARAARARRARARARANANAS

Table 3.2.6.17 Detailed prediction for HERRING in Division IIIa and
Sub-divisions 22-24.

'
'

at 1 January|

at spawning time)

H \ 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|
I H .1800}  882.18; 11909; 5891.0; 79528 .00} 0} .00} 0t
S .3700) 1402.52} 34361} 4973,0, 121838} .00} 0! .00} 0}
Vo2 .44007  882.34) 46058  2715.0) 141723} 543,00! 28344) 494,28, 25801,
- H .6700)  495.35} 37894!  1107.0} 84685  830,25! 63514}  738.58; 56501,
HE Y .9100,  551.84) 62578! 1004.0) 113853 903.60) 102468 784.77! 88992
' 50 1.0300) 134,53} 18120, 227.0} 305767  227.00; 30576;  194.80! 26238,
HE Y .9900 22.57) 3198} 39.0} 5526 39.00} 5526 33.60] 4761}
R 8500 12,63} 2020} 24,0} 3840 24.00] 3840} 20,97} 3355
AN 8500} 6.31} 1033} 12,0} 1964 12.00} 1964} 10.48! 1716}
! Total | 4390.28) 217176 15992.0) 5B83536) 2578.85) 236234 2277.48! 207366!

.

AR AR AR AR AR AR ARAA AR AR A AR A AR RN RARARAARAAARRARARSRRRARRRS

Year 1991. F-factor

1.000 and reference F

.8080 *

A AR A RARARRAAAAARAARAA RN ARARRARARRRAARAARRARRRARARARAR

at 1 January|

at spawning time|

i  absolute} catch in} catch in| stock! stock] sp.stock) sp.stock| sp.stock! sp.stock!
| age| Fi numbers| weight} size! biomass; size} biomass!| size} biomass}
H H .1800)  882.18; 11909)  5891.0 79528 .00} 0} .00} 0}
S .3700} 1136.18] 27836)  4028.6) 98701} .00} 0} .00} 0}
V2 4400} 913,98, 47709  2812.4] 146805} 562.47) 29361) 512.01! 26726
HEH .6700)  640.60; 49006;  1431.6;, 109517} 1073.70; 82137}  955.15; 730681
HE N .9100;  254.91) 28907} 463.8| 525927  417.40; 47333]  362.51} 41108,
{5 1.0300) 196.09! 26413) 330.9; 44569)  330.88; 44569  283.94; 38246}
- .9900; 38.41; 5442} 66.4; 9401} 66,35} 9401 57.17} 8100
I .8500) 6.24} 998} 11.9] 1898 11.86} 1898 10,37 1658
H- 8500} 6.63} 1085 12.6; 2062, 12.60; 2062 11,01} 1801}
! Total t 4075.22) 199308} 15049.1) 545076! 2475.26! 216763! 2192.14! 190710}

* Year 1992. F-factor

AR MAAAAARAARARRAARARRAARAARARAAARRARARRARRRARARRRRRRARS

1.000 and reference F

.8080 *

R AR AR A AR RAR AR AR R AR ARAAAARARRRAARARARARRAARAAARARARKARR

at 1 January|

at spawning time|

H | absolute! catch in} catch in} stock] stock} sp.stock! sp.stock! sp.stock! sp.stock!
| age! {  numbers) weight| size] biomass! size, biomass! size! biomass|
N H .1800%  882.18| 11909  5891.0! 79528 .00} 0} .00} 0,
. .3700¢ 1136.18; 27836,  4028.6) 98701} .00! 'H .00} 0!
Vo2 .4400}  740.41; 38649  2278.3) 118926!  455.66! 23785;  414.78) 21651}
H 3 .6700! 663.58) 50763} 1482.9) 113444) 1112.20; 85083 989.40, 75688,
H 4, 9100 329.66; 37383, 599,8; 68014} 539.79] 61212! 468.81) 53162
H N 1.0300} 90.58! 12201} 152.8! 20587, 152.84} 20587 131.16) 17667}
HE 9900 55,98, 7932; 96.7; 13704} 96.71; 13704} 83,32, 11807
[ .8500} 10.621 1699 20.2} 3229 20.19; 3229; 17.64; 2821,
A .8500! 4.50] 737! 8.6} 1401 8.56] 1401, 7.48! 1224}
 Total 1 3913.70, 189112 14558.9; 517538; 2385,95; 209004 2112.58: 184023,




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 (tonnesg).

Sub-divisions 22-24

Division IIIa

Age N w C N W Cc

t lf-vea
0 - - - - -
1 541.7 14.2 7,692 - =
2 296.4 42.1 12,478 268.8 41.4 11,128
3 353.9 70.9 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 0.5 194.6 97
8+ 2.7 159.2 430 0.4 195.1 78
r 74,920 35,755
2nd half-vear
[¢] 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 8.8 102.6 903 45.3 144.7 6,555
5 8.6 93.7 806 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
8+ 1.9 106.3 202 2.3 209.3 481
L 22,453 66,006
Total catch 97,373 101,761
Predicted total catch in Sub-div. 22-24 + Div. IITa: 199,134
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Table 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: millions

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

0 27 56 21 20 86 51 81 68 66 31 60 30
1 2739 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 1390 1694 1398 915 1979 977 1077 792 927 2014 1538 1280
4 1674 987 1067 718 476 1502 580 698 403 703 1242 989
5 521 1032 536 657 391 361 788 395 355 272 431 739
6 352 379 639 381 380 298 193 508 218 269 198 264
7 632 277 250 300 190 288 213 154 275 178 181 139
8 99 374 140 218 238 182 226 132 97 185 137 118
9 88 78 262 122 117 170 104 157 96 79 119 76
10+ 102 99 98 206 129 132 223 242 231 179 177 159

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

1986 1987 1988 1989

0 44 10 38 123
1 530 990 480 854
2 1808 775 2289 588
3 2089 1555 859 2481
4 2014 1442 1122 723
5 735 682 994 917
6 369 493 393 749
7 134 243 282 273
8 87 91 115 206
9 61 36 45 81
10+ 86 69 56 55

TOTAL 7957 6386 6673 7050

4



Table 3.3.2

SUM OF PRODUCTS CHECK

HERRING IN THE AREAS 25-29 AND 32 PLUS GULF OF RIGA

CATEGORY: TOTAL

MEAN WEIGHT AT AGE IN THE CATCH

1974

7.100
27.500
32.100
39.000
43.300
.200
77.500
82.400
74.300
73.300
78.100

+tooONOANEWNEFO
RN
o

—
o

1986

6.200
18.300
25.300
32.400
.900
61.000
67.700
78.200
93.000
96.200

Vo~ aWwNnE o
&
@

1975

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
62.400
70.300
82.400
93.800

10+ 104.100 102.500

1976

6.200
21.400
35.000
35.900
55.000
55.100
54.900
78.900
70.700
89.900
67.500

1988

6.400
19.600
24.600
43.600
48.600
50.%00
62.800
69.900
84.500
87.800

UNIT:

1977

5.500
27.600
25.800
46.100
53.400
67.000
60.100
69.700
88.600
91.100
93.300

1989

7.450
22.300
33.700
33.100
45.900
53.800
56.900
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

1980

7.300
22.600
34.500
51.200
65.000
59.200
75.400
79.000
86.900
93.500

6

25.
33.
50.
65.
73.
71,
83.

87

97.

95.600 101.900 107

1981

.800
400
700
200
900
700
900
600
.500
900
.400

1982

6.100
20.500
38.200
459.600
60.000
70.100
78.700
77.300
89.700
99.000

106.000

1983

6.500 7.
18.400 16.
30.000 27.
53.900 41.

56.500 61

71.500 62.
83.900 75.
88.100 85.
89.200 89.
104.700 95.
115.400 111.

1984

000
200
800
500
.600
800
100
800
100
300

1985

5.330
15.600
21.600
39.200
53.900
66.400
72.600
83.300
93.000
99.700

600 107.800

€9



Table 3.3.3

HERRING 25-295 TUNING DATA:Acoustic estimates ARGOS and/or EISBAR
101

Internartional Acoustic Surveys 1982-89

1982, 1989

1, 1

1, 9

1, 4594, 6383, 2316, 1334, 1300, 994, 580, 379, 251
1, 3023, 4862, 4986, 2175, 1392, 1211, 1063, 670, 411
1, 5341, 4932, 5042, 4024, 1365, 844, 576, 376, 189
1, 2897, 6526, 3542, 2987, 1021, 470, 360, 202, 129
1, 3305, 7493, 8223, 3737, 2611, 830, 342, 205, 102
1, 5287, 2099, 4412, 4555, 1736, 1013, 321, 101, 32
1, 1172, 3753, 1875, 4168, 3506, 1435, 720, 210, 84
1, 4786, 2256, 6270, 2537, 3795, 2209, 897, 311, 69



e

. -

Table 3.3.4 HERRING in Sub-divisions 25-298 and 32 plus Gulf of Riga. Tuning analysis.

JISAGLGREGATED Qs
LNE TAIANSFOIMATION
«) exolenatory variate (Mean used)
Fleet 1 ,Internartional Acous,
FLEETS COMBIMRED 3Y %% VARIANCE %
az2ygr.ssion J2ights

, L0ND, 10900, 1,030, .00,
Oldest age F = 1.0NNxaverage of §
Fisuing mortaL1tlps

Ase, 82, g3, b, 85,
1. .073, U056, .n45, .n71
2, .239, .208, .125. 171
3. .255, .323, 255, 171
4, 2%5, L3183, .345, .?5¢Q
5, 246, 26N, 322, _.35%
6, 217, .?99, .307, .335,
7. .23%, 274, (337, 367
3, .227, .3n8, .35%5, .38%4,
9, 243, .291, .333, 340

Loy cateuability astimates

has terminal q estimated as the mean

1.0, 1.00n, 1.0nn, 1.n0N,
younger ages. Fleets combined by wvarianre of predictions
&5, &7, g, 9.,
61, L0049 LN70,  LN44,
<137 .118 -15°?. 115,
22N, 167 186, (244,
b0, 233 L1175, L7236,
.312, .261, .25n, 211,
.3n03, .357 -235, .377,
2R3, .335, <356, .255,
<414 317 <261, L4479,
350 .3nn .255, .297,
fge 1
Flezt, 22, 35, 84 . 85, R6, 87, °8, 89
______ L
Vo=, 1054, -1.27, =182, -.97, 21.35,721.75.°27.%%
SUMMARY STATISTICS
Fleet , Pr~d., , SF(g),Partial,Raised, SLOPF . SE LINTRCPT, SE
. 3 . ’ F , F . , Slope , SIntrept
T T35, TTI355, 71308, TIATEE. T T T IRAARRA ., TTTIARAERRRL TITIE93. TTTITAS
Fhar STEMACint.) STGMA(ext.) STGMA(nveryll) Variance ratio
Nh4 .36 n.nnn L3264 n.onn
Y 2
Fleet, 82, &3, 54, 35, &o, R7, 23, R9
YL TR, TTITRL, TTITRS, TTIINY TTITSRLTITINLLTITISS.TTITRS &

cont'd.



Table 3.3.4 cont'd.

Fleet

Aygz 3
Fleat, 32 35. 84, 85,

Ay2 4
Fleet, 82, 83, 34, 35,

1., =.21, =-.03, .11, - 85,

Age 5
Fleet, 32, 33, 34, 85,
______ e e # e e P

T, =210, <29, .22, =.71.

SUMMARY STATISTICS
, SF(a),Partial ,Raised,
F

SIFMA(1nt.)

SUMMARY STATISTICS
SECa),Partial ,Raised,

STGMA(lnt )

SUMMARY STATISTICS
SF(q),Partial,Raised,

(=)}
L)}
SLOPF . SF SINTRCPT, SE
Slope . ,Intrcot
- e o e T e oo e e e P em e o P o = ———
.NANE+DD, LONNELND,  =-_ R1A, . 119
GMACoverall) Varisnce ratio
.37R n.nnn
SLOPE , SE S THTRCPT, SE
Slope , ,Intrcot
TI3IL3. T IRAnEYOA. “TUIRRAERA, TTIIEF, TTTITA3
SIGMA(»xt.) STGMA(overall) Variance ratio
.31n 0.o00n
SLOPE . SE LINTRCPT, SE
Slone . LIntrcpt
____________________________________
nnDF*ﬂﬂ ToA00F¥AD,TTII787, .N59
SIGMACoverall) Variance ratio
176 0.nnn

cont'd.



Table 3.3.4 cont'd.
Age %
Fle=t, 82, 83, 34,
YT, TTIONG, T T oE, TR,
Age 7
Fleet, 32, 83, B4 .
e e P L, o ’
1, -.55, .50, N7,
Age 3B
Fleet, 32, 83, 84,
______ L P S 4
T, =-.12, 11, =-.n3,

e e

Fleet , Pred. , SF(g),Partial,Raised,
. ! ’ . F , F ,
TTTTYTTITTITIETTITTIREZELTIRFAST, I3,
Fbar STGMACint.) SIAMA(ext.)
211 .327 n.ann
85, 8o, 87, R8, 39
TTLlse, TTelEe, T TRlz, TTRis. TR0
SUMAARY STATISTICS
Fleet Pred. , SF(g),Partial,Raiced,
, a , . F ., F ,
e e P e e P e P P
, -T2, .311 8904 , .302N
Fbar SISMACint.) SIGMACe xt.)
.3n2 311 n.nnn
85, 84, 87, Rj], 29
______ e e e ® e ————
-.05 -.32, =.82, =-.1n, -.18
SUMMARY STATISTICS
Fleat , Pred » SFCa),Partial, Rajised,
q ’ - F ., F
AT, T TEURTT,TTUREN, T3, TUERAR, T
Fhar STAMACint.) STGMA(=xt.)
.255 42N n, nnan
85, &5, R7, £, 59
TolRR,TTIUAS, TSRS, TTIIRE. TR

SUMMARY STATISTICS

SLOPF , SE S INTRCPT, SE
. StLope , ,Intrcpt
TIAAREFAn, T IApAEFNN, TII13%, 70709
STGMACoveral!l) Variance ratio
.327 n.nnon
SLOPF . SF SJINTRCPT, SE
. Slope LIntrcpt
“IRARERAA. T TTTAAAETAR.TITITALTTTIAL
SIGMACoverall) Ver1ancn ratio
311 n.nnn
SLOPF , SFE S TNTRCPT, SE
Slope , ,Tntrept
TTRARETAR, T TTTRAAERAA. TIIT7R, TTTITEG
STGMA(overal!lt) Varijance ratio
L420 2.00n0
cont'd.

L9



Table 3.3.4 cont'd.

SUMNARY STATISTICS

Pred.

» S

A

F(g),Partial,Raised, SLOPE
B F . F . . Slope B

22 n.nnn

_— 2 e P e # e p
.422, 7?31 ., .479n, LONNE+NN, «NNNE+P,

SIGKACint.) SIGMA(2 xt.) SIGHACoverall) Varianee ratio
422 n.npn-

. SE SINTRCPT,

,

J—
24,

SE
Intrept

89



Table 3.3.5 VPA from tuning.

FERE L T THE AREAS 29-29 AND 32 PLUS GULF OF RIGA
FUS e MORTALLTY COEFFICIENT UNIT: Year-) NATURAL MORTALITY COEFFICIENT = .20
1874 1975 1975 1977 1978 1979 1980 1981 1982 19¢3 1984 1985
1 W28 L229 .148 151 133 08D L1130 097 073 L0535 045
2 L2729 L243 V234 .235 L230 2244 291 ,239 208 L125
3 .2 L 280 L257 . 268 LA6T .284 . 300 L2255 328 255
4 : .225 .227 207 .335 239 .301 245 L3153 .345
5 L221 211 .186 .238 294 L2564 L2446 L260 .322
6 .264 L2242 181 L2101 .194 314 .217 .299 .307
7 183 Llen .183 L2032 L230 .234 L2810 L2716 .337
2 J172 .241 227 L267 .243 J217 .227 .308 .355
9 L2113 222 L197 L252 L2341 V255 L243 .291 .333
10 213 .22 L197 .252 L241 . 265 .243 .291 .333
3 834 L2160 L230 L2224 .228 .209 252 . 247 L2700 L2495 297 L320 .312
198u 1987 1983 1989 1974-87
1 051 049 L0770 044 111
2 .137 L118 ,152 115 205
3 220 L1857 L1868 244 251
4 440 L233 L1758 235 279
5 L312 L2561 250 211 253
6 .303 L357 .235 302 257
{ .283 . 335 356 255 254
3 L4149 L3117 L2681 V479 269
9 350 L300 255 297 264
10+ . 350 300 L2558 297 264
[ ] 329 L278 L2A4 258

69



Table 3.3.6 VPA from tuning.
9 AND 32 PLUS GULF OF RIGA

HERRING TN THE AREAS 25-2

STOCK SIZE In NUMBERS

BIOKASS TOTALS

UNIT:

UnIT:

tonnes

miltions

ALL YALUES, EXCEPT 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:
PROPORTION OF AHNUAL M BEFORE SPAWMING:

1

2

3

4

5

6

7

38

9

10+
TOTAL MO
SPS D
TOT.BIO0M
SPS BIOM
2

3

4

5

6

7

8

9

10+
TOTAL NO
SPS D)

1974

14781
12998
7276
7737
3531
2214
3435
619
505
587

53585
29942
2270471
1494198

1956

9916
15566
11810

5195

3003

1550

596
281
226
319

49269
28938

1975

10592
9637
8959
4707
4829
2421
1498
2244

418
530

45343
27286
2039238
1393446

19387

22929
7641
11115
7625
3266
1802
938
368
152
292

56128
26115

1976

20207
6896
6277
5819
2966
3025
1641

975
1500
561

49869
23363
1918928
1209453

1988

7795
17879
5557
7699
4945
2061
1033
549
219
273

48011
30220

1977

10406
14274
4429
3882
3804
1946
1902
1119
672
1135

43571
24708
1837702
1234578

1989

21728
5949
12576
3776
5293
3155
1334
593
346
235

54984
26243

TOT.BIOM 1670548 1757410 1754933 1924715
SPS BIOM 1137943 1133179 1267924 1158821

1978

10251
7323
8248
2803
2532
2523
1250
1287

720
794

38731
22058
1712474
1163619

1990

0
17018
4341
8064
2441
3508
1910
846
300
354

.350
.300

1979

6925
7351
4739
5791
1867
1721
1724

853

840

652

32462
19547
1543520
1102718

1974-87

14684
10508
7194
4631
2760
1764
1298
846
564
743

1980

10273
5235
4784
3002
3392
1203
1141
1152

534
1146

31861
16522
1501294
1025947

1981

16512
7385
3358
2948
1936
2069

812
742
740
1140

37640
15837

1982

14823
12267
4522
2036
1786
1229
1238
526
489
1177

40093
18275

1983

16053
11282
7908
2868
1304
1143
810
766
343
778

43256
19698

1984

21510
12427
7505
4665
1717
823
694
503
461
685

50991
21652

1985

20402
16830
8975
4761
2704
1018
496
406
289
605

56485
26303

1650160 1656888 1675722 1687213 1716783
972723 1028725 1053624 1030301 1082425

oL



Table 3.3.7 HERRING in Sub-divisions 25-29S and 32 plus Gulf of Riga.

from 74 to 89 on ages

1 to

with Terminal F of .290 on age

Initial sum of squared residuals was
final sum of squared residuals is

Matrix of Residuals

Years 74/75  75/76
Ages
1/ 2 1.039 859
2/ 3 .107 .127
3/ 4 .204 .188
4/ 5 024 012
5/ 6 -.129  -.108
6/ 7 -.200 -,163
7/ 8 .089 .108
8/ 9 -.360 -.384
.000 .000
WS .010 .010
Years 79/80  80/81
Ages
1/ 2 -.242 192
2/ 3 .170 . 265
3/ 4 .303 287
4/ 5 .107  -.080
5/ 6 .10 -.013
6/ 7 -.181 -.,218
7/ 8 -.268 .041
8/ 9 -.116  -.237
.000 .000
WTs .010 .010

Fishing Mortalities (F)

74 75
F-values .3210 3440

80 81
F-values .2962  .3062

Selection-at-age (S)

1 2
S-values £2215  .5280

76/77

466
.333
459
-.044
-.175
.248
-.366
-.530

.000
.010
81/82
-.134
417
347
.028
-.041
-.012
-.157
-.468
.000

.010

76
.3213

82
2593

. 7544

9
4 and Terminal S§ of 1.000

77/78

373
145
2339
-.028
-.075
.082
-.376
-.152

.000
.010
82/83
-.028
261
.234
.038
-.066
-.131
070
-.285
.000

.010

77
L3174

83
L2911

1.0000

18.631 and
7.882 after 108 jterations

78/79

497
437
212
-.102
-.095
-.080
-.308
-.178

000
.010
83/84
.081
230
345

.033
-.126

78
.2760

84
3022

5
1.0035

84/85

-.435
.032
.288
047
.030

-.097

-.018

~.020

.000
1,000

79
3078

85
3119

1.0226

85/86

.184
091
-.652
-.222
.188
.180
-.024
.003

.000
1.000

86
.3084

7
1.0600

86/87

063
.003
.079
472
-.199
-.172
-.196
.133

.000

1.000

87
.2730

8

87/88

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

.000

1.000

88
. 2567

9

1.1217 1.0000

88/89

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

.000
1,000

89
.2900

.000
.000
.000
.000
.000
000
.000
.000

2.855

WTs

.247
632
. 409

1.000
.729
546
.546



Table 3.3.8 VIRTUAL POPULATION ANALYSIS
HERRING TN THE AREAS 25-29 AND 32 PLUS GULF OF RIGA

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

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

1 .241 .238 .146 .150 131 .078 . .130 .097 .069 .058 .046 .084
2 .188 .245 .255 .231 .232 .226 .240 .291 .237 .196 .129 175
3 .260 .262 .307 .275 .263 .253 .278 .292 .256 .325 .238 .176
4 .305 .298 .262 .256 .224 .327 .234 .293 .237 .314 .341 .237
5 .232 .313 .261 . 255 .216 .265 285 .248 .237 .249 .323 .350
6 .265 .264 .326 .300 .230 .253 .221 .301 .210 .285 .290 .336
7 .321 .344 .279 .250 .240 .273 .290 .276 .264 . 265 .316 .340
8 .294 .320 .293 .418 .322 .381 .357 .294 .280 .285 .336 .350
9 .320 .398 .388 -449 .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

6 .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 .319 .279 .249 293

L



Table 3.3.9 HERRING in Sub-divisions 25-29 and 32 plus Gulf of Riga.
STOCK SIZE IN NUMBERS UNIT: wmillions

EIOMASS TOTALS UHIT: tonnes
ALL WALUES, EXCEPT THOSE REFERRING TO THE SPAWNING STOCK ARE GIVEN FOR 1 JANUARY; THE SPAWNING
STOCK DATA REFLECT THE STOCK SITUATION AT SPAWNING TINME, WHEREBY THE FOLLOWING VALUES ARE
USED: PROPORTION OF ANNUAL F BEFORE SPAWNING: .350

FROPORTION OF ANMUAL M BEFORE SPAWNING: .300

1974 1975 1976 1977 1978 1979 1980 1921 1382 1983 1984 1985

114075 10224 20422 10503 10383 7037 10265 16600 15551 15650 21118 17343
211909 9059 6595 14450 7403 7458 5326 7379 12339 11878 12096 16508

k] 5569 8078 5805 4183 9391 4805 9872 3431 4516 7967 7992 8705

4 6982 4210 5090 3496 2602 5909 3055 3021 2097 2864 4714 5160

5 2755 4212 2560 3208 2216 1702 3488 1979 1846 1355 1713 2743

6 1661 1795 2521 1613 2035 1463 1069 2148 1285 1192 864 1015

7 2527 1043 1129 1490 979 1324 930 701 1302 840 734 530

8 427 1501 605 700 950 630 825 570 436 818 527 438

9 352 260 893 370 377 564 353 473 348 270 504 309

10+ 408 330 334 624 416 438 756 729 837 611 749 646
TOTAL WO 4777 40713 45953 40837 36753 31330 30939 37030 40535 43443 51011 53395
SPS MO 20377 23016 19574  zi804 20021 18423 15319 15166 17983 20081 22094 26394
TOT.BI0M 1949468 1743868 1670303 1511884 1550899 1439316 1406047 1574926 1631753 1678026 1714470 1687553
5PS BIOM 1220509 1132032 972845 1017301 1005885 999343 934237 898575 989842 1056383 1052997 1103079

1985 1987 1988 1989 1990 1974-87

1 8948 24032 7011 15134 0 14439
2 13062 6846 18782 5307 11820 10165
3 11347 8065 4907 13315 3815 6916
4 5974 7410 6022 3244 8668 4470
5 3334 3085 4769 3921 2006 2586
5 1582 2069 1913 3011 2386 1592
7 594 964 1251 1213 1792 1073
8 309 365 571 771 747 550
9 253 175 218 364 446 393
10+ 355 335 271 247 378 541

TOTAL N0 45757 54347 45715 46525
SPS MO 27271 23810 28594 24591
10T.BIOM 1601046 1677834 1650420 1682113
SPS BIOM 1107756 1GS7031 1180008 1072208

€L



Table 3.3.10

List of input variables for the ICES prediction program.

HERRING IN AREAS 25-29 AND 32

The reference F is the mean F for the age group range from 3 to

The number of recruits per year is as follows:

Year Recruitment
1990 14439.0
1991 14439.0
1992 14439.0

Proportion of F (fishing mortality) effective before spawning:
Proportion of M (natural mortality) effective before spawning:

Data are printed in the following units:

Number of fish:

millions

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

Stock biomass:
Catch weight:

tonnes
tonnes

.3500
.3000

.28}

+ + -+ + + + + +
! ! ! fishing) natural! maturity! weight in! weight in)
| age| stock size!| pattern! mortality| ogive| the catch| the stock]
1 14439.0) .07} .20} .00} 18.933) 18.933]
! 2} 11620.0] .15) .20} .70} 30.200} 30.200}
V3 3815.0} .23} .20} .90} 37.933) 37.933}
4 8668.01 .27} .20} 1.00} 45.567] 45,567
151 2006.0} .30} .20} 1.00} 53.467] 53.467|
H 6] 2386.0} .31 .20} 1.00} 60.700] 60.700}
7 1792.0} .32} .20} 1.00} 68.733) 68.733}
'8 747.0! .33} .20} 1.00} 80.500} 80.500]
- 446.0} .28 .20} 1.00! 88.667] 88.667|
110+ 378.0¢ 1.00¢} 101.533} 101.

.20}

+

533!

L



Table 3.3.11

Effects of different Tevels of fishing mortality on
catch, stock biomass and spawning stock biomass.

HERRING IN AREAS 25-29

+ + i i S e e et Fo +
! Year 1990 i Year 1991 1 Year 1992 '
FI— e + 4+ + + + T e e e R —— +
| fac-! ref.| stock} sp.stock] ! fac-! ref.{ stock| sp.stock] ! stock; sp.stock)
! tor) F! biomass! biomass| catch| tor}| Fi| biomass| biomass| catch| biomass| biomass;
4o + + + + * 4 + + + + + —
Vo 1.0} .29] 1677} 1106} 295, .0} .00} 1671 1192} 0} 1978} 1472}
! ! ! ! ! ! A .03} ! 1182} 331 1943 1427
: ! ! ! ! ¢.20 06! ! 11710 65!  1908| 1384}
! ! | ! ! ! .4 124 | 11507 126} 1843} 1302}
! ! ! ! ! H .6) .18} | 11307 184} 1780] 1225}
! ! ! ! ! ! .8! .23 ' 11107 240! 1720} 1153}
! ! ! ! H 1 1.0} .29} | 1090} 293} 1664 10871
! ! ! ! ! 1 1.2) .35) ! 1071 344) 1610} 1024
! ! ' ! H 1.4 411 ! 10527 392} 15581 966 |
| ! ! ! H 1 1.6} .47 1 1034} 438 1509 911}
j H ! | ! i 1.8! 531 ! 10157  482) 1462} 860
| ! ! ! H \ 2.0} .59 ! 998, 524 1418} 812}
B o + + + + + + + ———d o ——— e +

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 mortality as for 1991.
The reference F is the mean F for the age group range from 3 to

SL



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

and distribution of predicted catches.

Iﬁ&?~&9 average catch and mean weight at age

Toom

144708

S2912

ME&M | 25-27 290 32 TOTEL
_AGE W W M K W H w
1 26,4 16,8 45,7 72,3 12,9 2RE,7 12,4
Fd TEE,0 48,5 2 3.0 11,0 21,8 4420 15,9
3 490, % 56,6 335 2387 193,3 28,3 366,7 24,5
4 $e,7 65,0 401 15833 169,0 mE 1787 31,0
5 3433 71,8 ; 9,7 14,0 418 1137 38,4
6 27,7 TE LA 34 41,7 a3,0 48,1 69,7 471
? 106,0 81,0 &1 13,2 43,0 59,3 41,0 59,0
i 53,0 951 g 3.3 22,7 57,1 20,3 71,0
a 223 a0, 1m0 11 9,3 a0 11,0 a2
10 20,7 110,65 10 n,2 13,0 4,7 6,7 10E,2
SUM 23350 1193 5938 8637 1513,3
Liztribtion of SO0 1990 and 1991 on subunits
25-27
AGE SOAC 91 |50C 90 500 91 Sac 21
1 z 1958 4anz9
2 5385 9749
35 11374 3 GigE
4 3439 ' 2R97
5 12308 6417
[ 4063 1773
7 5140 Z2T0
[i] 174 2834
] 1582 1545
10 1983 1350)
_TOTAL 14902 N ELET Y

289320

9L



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 77,324 158,618 159,197
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 99,407 90,499 189,906 189,989
1980 103,218 71,794 175,012 174,662
1981 77,406 80,864 158,270 164,598
1982 97,748 68,394 166,142 179,624
1983 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 79,937 152,803 152,755




78

Table 3.3.14 Coastal spring spawners
herring year class strength
in the Gulf of Gdansk in
1976-1989 according to Polish
young fish surveys.

Iv I
Quarter Quarter
Year — —
class O~group 1-group
1976 6001( 9) 13025(16)
1977 1174(¢ 9) 333(16)
1978 1401(30) 644( 6)
1979 1521(17) 5221(20)
1980 3339(13)( ) 6745(18)

1981 27¢ 'Y 3139
1982 735(13) 9254(11)
1983 3274(17) 8649(10)
1984 11714(16) 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, (y) -
non representative value.



Table 3.3.15:  SOP check.
HERRING IN THE COASTAL AREAS 25, 26 AND 27
CATEGORY: TOTAL

CATCH IN NUMBERS UNIT: millions

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

0 352 320 52 20 73 123 49 36 86 71 21 39
1 782 651 703 304 96 421 388 173 80 166 229 250
2 393 543 440 786 522 369 387 783 306 213 219 342
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 42 32 59 91 71 55 42 48 193 137
6 25 7 8 27 23 26 31 26 32 22 38 37
7 10 8 6 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 11 23 17 8 1 7 4

TOTAL 2086 1942 1575 1536 1474 1622 1337 1420 1331 1126 1241 1291

1987 1988 1989

0 7 29 14
1 158 223 189
2 291 388 191
3 382 291 282
4 191 230 175
5 92 82 133
6 33 49 56
7 7 10 21
8 3 5 16
9+ 1 2 9

TOTAL 1165 1308 1087

6L



Table 3.3.16 SOP check.

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

MEAN WEIGHT AT AGE IN THE CATCH

O

0

+ O U WNREO

+ NN TT D WN = O

1975

12.300
18.400
66.400
98.600
121.600
155,400
153.400
171.400
169.100
183.300

1987

9.300
26.600
42.800
57.700
74.100
92.400

105,500
113.600
119.600
122.500

1976

12.300
18.400
66,400
98.600
121.600
155.400
153.400
171.400
169.100
183.300

1988

26.200
20.200
48.000
65.000
78.000
92.600
102.200
104.300
122.400
131.100

1977

12.300
18.400
66.400
98.600
121.600
155,400
153.400
171.400
159,100
183.300

1989

12.500
33.300
53.600
68.400
81.300
90.900
100.500
101,300
105.300
114.100

12.
18.
66.
98.
121.
155.
153.
171.
169,
183.

UNIT:

1978

300
400
400
600
600
400
400
400

300

gram

1979 1980

12.300 12.300
18.400 18.400
66.400 66.400
98.600 98.600
121.600 121.600
155.400 155.400
153.400 153.400
171.400 171.400

12.
18.
66.
98.
121.
155.
153.
171.
100 169.100 169.100 169.100

1981

300
400
400
600
600
400
400
400

183.300 183.300 183.300

12.
18.
66.
98,
121.
155.
153,
171.
169.
183.

1982 1983 1984

300  9.600 8.100
400 32.600 19.640
400 59.500 50.550
600 85.000 77.880
600 104.400 100.320
400 130.700 120.200
400 158.400 137.310
400 146.200 145.330
100 150.500 154.990
300 157.700 172.590

1985

11.870
19.660
45,160
67.810
84.230
98.940

1986

12.570
17.700
38.970
59.030
79.850
99.470

115.700 100.360
128.770 115.490
134.070 131.960
155.760 122.890

08



Table 3.3.17 Tuning dat

a.
WRING CU 25-27, TUNIRG ACC. TO POLISH mEAN CPUE IN 1 AND 2 QUARTER

101

CPUE 1 AND 2 QUARTER
1975,1989

1,1

1,8
59,732,393,318,121,66,25,
55,651,543,247,129,27,7,8
46,703,440,216,71,42,8,6,
43,304,766,261,83,32,27,7,5
63,96,522,491,187,59,23,11,4
51,421,369,384,180,81,26,13,4
40,368,387,203,164,71,31,14,6
38,173,783,233,72,55,26,156,9
39,80,306,644,113,42,32,14,6
32,166,213,272,316,48,22,10,8
32,229,219,272,240,193,38,15,7
36,250,342,259,207,137,37,86,9
31,158,291,382,191,92,33,7,3
37,223,388,291,230,82,49,10,5
44,189,191,282,175,133,56,21,16

10,2
»3
4

el



Table 3.3.18

8

DISAGGREGATED Qs
LOG TRAHSFORMATION
ND explanatory variate (Mean used)

Fleet 1 ,CPUE 1 AND 2 QUARTER, has terminal g estimated as the mean
FLEETS COMBINED BY ** WARIANCE **

Regression weights

, 007, .043, .116, .222, .3483, .482, .610, .725, .820, .893, .94
Oldest age F = 1.000%average of 5 younger ages. Fleets combined by variance of pre
Fishing mortalities

4, .976, .993, .999, 1.000,
dictions

Age, 75, 76, 77, 78, 79, 80, 81, 82, 83, 34, 85, 36, 87, 83, 82,
1, .341, .21, .210, .124, .060, .225, .094, .0GS, .036, .07, .081, .i2l, .079, .181, .1i0,
2, .413, 477, .316, .432, .384, .387, .375, .310, .183, .142, .152, .i85, .226, .318, .279,
3, .58z, .%67, .398, .353, .604, .567, .432, .459, .514, .274, .304, .304, .366, .417, .453,
4, .768, .569, .355, .293, .524, .531, .581, .299, .479, .587, .468, .451, .433, .443, .54Z,
5, .738, .43L, .412, .296, .397, .587, .489, .445, .323, .434, 1.052, .611, .423, .378, .570,
&, .551, .183, .24D, .569, .406, .347, .473, .352, .583, .316, .873, .672, .372, .475, .544,
7, 856, .373, .224, .412, .579, .466, .347, .558, .349, .398, .399, .521, .304, .169, L439,
8, .659, .424, .325, .384, .502, .502, .461, .422, .449, .402, .619, .512, .370, .375, .510,

Loy catcnability estimates
Ages 1
Fleet, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84,

1, 775.15, 5,35, 5.39, -5.85. -6.95, 5.43, 6,05, —6.35, <€.95. 5.04

85, 85, 87, 83, 83

5,98, "5.69, -5.96, -5.25, 5.99

SUMMARY STATISTICS

Fleet , Pred. , SE(q),Partial,Raised, SLOPE s SE , INTRCPT, SE
s q s s F 5, F s . Slope 5 SIntrept
1, -5.99 , .403, .1100 , .1101,  .OODE+QO, .00DE+00, -5.992, .126
Fbar SIGHA(int.) SIGHA(ext.) SIGHA(overall) Variance ratio
.110 L403 0.000 L403 0.000

hAge 2
Fleet, 75, 75, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 37, 38, 89

1, -4.96, -4.75, -4.98, -4.60, ~5.15, -4.88, ~4.67, -4.81, -5.36, -5.42, -5.35, -5.27, -4.92, -4.75, -5.00 cont'd.




Table 3.3.18 cont‘d. SUMMARY STATISTILS

Fleet , Pred. , SE(g),Partial,Raised, SLOPE s SE , INTRCPT, SE
B q N B F s F N 5 Slope R sIntrept
s s s > s s > >
1, -5.06 , .223, .2792 , .2793, .DOOE+00,  .DDDE+DD, -5.080,  .070
Fbar SIGHA(int.) SIGHA (ext.) S1GMA(overall) Varianhce ratio
.279 223 0.000 .223 0.000

Age 3
Fleet, 75, 75, 77, 73, 79, 80, 81, 82, 83, 84, 85, 85, 87, 88, 89

T i85, <457, 4,75, 4,80, 4.65, —4.50, —4.53, <4.42, -4.33, “4.75, -4.66, 4.7, -4.44, -4.43, -4.57

SUMMARY STATISTICS

Fleet , Pred. , SE(q),Partial,Raised, SLOPE . SE L INTRCPT, SE
5 q N B F , F 5 N Slope R S Intrept
1, -4.57 , .123, .4573 , .4580, .000E+00, L000E+00, -4.567, .038
Fbar SIGHA(int.) SIGMA (ext.) SIGMA (overally Variance ratio
458 .123 - 0.000 .123 0,000

foge 4
fleet, 75, 78, 77, 73, 79, 80, 81, 82, 83, 84, 85, 86, 87, a3, 29

T 437, 4,57, <4.857, <£.85, “4.79, 4,57, 4.23, A.84, ~4.40, -4.00, -4.22, -4.38, -4.27, -4.42, <4.40

SUMMARY STATISTICS

Fleet , Pred. , SE(q),Partial,Raised, SLOPE , SE S INTRCPT, SE
s q » » F s F B » Slope s sIntrept
1, -4.40 , .202, .5419 , .5415, L00DE+00, .000=+00, -4.397, .063
Fbar SIGMA(int.) SIGMA (ext.) SIGMA(overall) Variance ratio
542 202 0.00D .202 0.000
bge 5
Fleet, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 83, 82
1, -4.39, -4.85, -4.72, -4.97, ~5.07, -4.44, ~4.45, -4.45, -4.80. -4.30, -3.42, -4.07, -4.30, -4,58j -4,35
SUMMARY STATISTICS
Fleet , Pred. , SE(q),Partial,Raised, SLOPE . SE SINTRCRT,  SE
B q R B F , F ) R Stope R sIntrept
1, -4.3%5 , .337, .5690 , .5699, LO0DE+D0, L000E+D0, -4.348, 106
Fbar SIGMACINt.) STGMA (ext.) SIGMA(overall) Variance catio
570 V337 .000 L1337 0.000

cont A
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Table 3.3.18

Age  ©
Fleet, 75, 7%

cont'd.

77, 78, 79, 80, 81 82, 83, 34, 85, 8o, 87, 88, 89

> >
1, -4.69, -5.75

boe 7
Fleet, 75, 75,

3

~5.24, .31, ~5.04, "5.00, ~4.43, 4,69, 4,22, 4 53, 321, 355 A TE. i35, 04,39

SUMMARY STATISTICS

Fleet , Pred. , SE(q),Partial,Raised, SLOPE s SE SINTRCPT,  SE
s q s s F ., F, . Slope Jntrept
1 -4.39 , .332, .5466 , .5438, .000£+00, .000E+00, -4.388, 104

Fbar SIGMA{int.) SIGHA(ext.) SIGMA(overall) Variance ratio
.544 .332 0.000 332 0.000

77, 78, 79, 80, 81, 82, 83, 84, s, 86, 87, 88, 39

1.7-4.52, -4.95, 5.24, “4.69, 4.72, 4.6, 4.3, .3, 186, % T4.35, —4.76, -4.25, 5.35. —5.43

0

SUMMARY STATISTICS
Fleet , Pred. , SE(q),Partial,Raised, SLOPE s SE S INTRCPT, SE
R q R 5 F s F R R Slope N SIntrept
, 4062, .28, .4329 , .4390, .000E+00, LD00E+00, -4.622, .038
Fbar SIGHA(iInt.) SIGHA (ext,) SIGMA(overall) Variance ratio
L4389 L2581 0.000 .281 0.000

1

v8



Table
HERRLNG
FISHING

9
(- 6}
(2-3)
9
(2~ 6)
(2-8)

Py I N, S-S SP A R

[ ot wag

+ O~ N U W

o

3.3.19

Tuned VPA.
1IN THE COASTAL AREAS 25, 25 AMD 27

MORTALITY COEFFICIENT

1975

341
J413
.582
.768
.738
.551
556
559
559

.611
524

1987

.079
226
366
433
423
.322
.304
370
.370

. 354
.349

1976

.zl
477
LBn?
569
.431
183
.373
424
424

445
L432

1989

.110
.279
.458
.542
.570
.544
439
.510
.510

.478
L477

UNIT:

1975-87

.137
.305
440
.488
510
453
.430
.464
. 464

Year-1

NATURAL MORTALITY COEFFICIENT =

1950

£a W UT UT LT W N

Ul
o
N

Oy da D e O OO RO

[ e B e BN )

.502

I
o«
(=3}

[es]
w

1981

054
.375
.432
.581
469
L473
347
J461
L481

L4566
448

1982

L0568
310
459
.299
445
. 352
558
L422

422

.373
408

1983

.038
.183
.514
479
.323
.583
348
449
449

416
AL

.30

1984

076
142
.274
.587
434
316
.398
402
JA02

. 350
365

1985

L081
L152
304
468
1.052
873
L399
619
619

570

553

S8
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Table 3.3.20 -
Title : HERRING IN THE COASTAL AREAS 25, 26 AND 27
At 08.57.44 25 APRIL 1990
from 75 to 89 on ages 1 to 8
with Terminal F of .450 on age 3 and Terminal § of 1.000
Initial sum of squared residuals was 38.345 and
final sum of squared residuals is 12.667 after 106 iterations
Katrix of Residuals
Years 75/76  76/77  77/78  78/79
Ages
1/ 2 W291 418 .268 052
2/ 3 -.237 395 .383 529
3/ 4 -.321 .262 .405  -.028
4/ 5 046 -,060 070 -,213
5/ 6 .613  -,077  -.401 -.331
6/ 7 -.491 -1.118 -,898 085
778 153 146 -,465 $232
.000 .000 .000 .000
WTS .100 .100 .100 .100
Years 79/80  80/81 €1/82 82/83 83/84 84/85  85/86 86/87 87/88  88/89
Ages
172 ~.935 .283  -.516 -.160 -,637 .400 .019 2104 -.474 715 .000
2/ 3 169 « 247 174 <101 -.039  -.076 -.282 -.382 -,093 «347 .000
3/ 4 421 .055 .288 .230 158 -,106 -.261 -.385 .008 122 .000
4/'5 -.055  -,065 <145 -,143 .124 .082  -,161 -.078 161 -,029 .000
5/ 6 -.084 -.036 ~-.059 -.258 ~-,211 -.305 806 426 -,174  -,303 .000
6/ 7 -.402  -.574 -,540 -,261 201 -.226 .589 487 275 .039 .000
7/ 8 458 028 -.,237 559 .002 .150 003 442 -,047  -.836 .000
.000 .000 .000 .000 .000 .000 .000 .000 .000 .000 -1.194
WTS .100 .750 750 750 <750 1.000 1.000 1.000 1,000 1.000
Fishing Mortalities (F)
75 76 77 78 79
F-values 7838 .5419  .3817 3745  .4656
80 81 82 83 84 85 86 87 88 89
F-values 4960 4180  ,3356 ,3331L .3069 .4052 .4205 .3659 .3750  .4500
Selection-at-age (S)
. 1 2 3 4 5 6 7 8
S-values +2623  .6201 1.0000 1.1916 1.2371 1.1342 .8625 1.0000



Table 3.3_2]_VIRTUF\L POPULATION ANALYSIS

JERXING 1 THE COASTAL AREAS 25, 26 AHD 27

Final VPA resulting from separable VPA.

UMIT: Year-l HATURAL MORTALITY COEFF ICIENT .30

[

1975 1976 1977 1978 1979 1980 1981 1982 1983 1934 1985

L343 255 .208 121 060 .218 .091 068 037 079 .08z
JA16 .482 307 W428 L350 .388 .358 .297 .185 L144 .158
572 404 L339 555 534 L434 429 LA81 .279 309
805 L5563 .361 .298 L4893 .518 .525 301 L431 .525 V481

Bow N
L1
pay
(==

5 .B37 . 459 404 .302 409 .539 L451 378 .326 .370 .535
5 636 (247 .27 .553 L4183 .362 L401 .331 J451 .320 556
7 .728 A7L .329 .488 550 .439 .370 428 .321 270 L4006
8 763 .509 463 .678 667 460 L4387 L464 .300 . 356 L343
9+ L7659 508 463 678 657 . 460 V497 464 .300 .356 . 348
(2- 63U L6564 457 .349 .384 .453 LA68 J434 L3457 .375 .328 438
(2- 83 638 473 363 441 493 L470 .434 .375 . 356 .323 456
1987 1988 1989 1975-87
1 075 L154 .118 .135
2 .219 .299 .213 .302
3 373 L4015 .418 L435
4 465 455 .509 479
5 440 L421 .597 458
& 346 507 L5489 L4168
7 L1594 185 486 .409
g 183 .158 582 479
9+ .183 .159 ,582 A7
(2- 56U 369 417 477
{2- 83 L3110 347 494

L8



Table 3.3.22 Final VPA with age 1 in 1989 ado

HERRING 11 THE COASTAL AREAS 25, 26 AND 27

STOCK SIZE IN NUMBERS

BI0MASS TOTALS

ALL VALUES, EXCEPT THOSE REFERRING TO THE
STOCK DATA REFLECT THE STOCK SITUATION AT
USED: PROPORTION OF Ann

URIT:

UNIT: millions

tonnes

SPAWNING STOCK ARE GIVEN FOR 1 JANUARY; THE SPAWNING
HE FOLLOWING VALUES ARE

SPAWNING TIME, WHEREBY T
{UAL F BEFORE SPAWNING:

PROPORTION OF ANNUAL M BEFORE SPAWNING:

+ W ~IOUT W N

O

TOTAL WO
SRS o
TOT.BIOM
SPS BIOM

T OO UT S W N

pt=]

TOTAL NO
SPS MO
TOT.BIOM
SRS BI0NW

1975

3088
1322
825
249
128
61
22

4

36

5737
1903
256741
172108

1987

2505
1699
1409
587
297
129
60
19

7

6714
3293
315230

195505

1876

3326
1623
645
343
83
39
24

8

20

6112
2005
302299
175815

W2 L) g L

IO O g
T L Oy €2

()
WS
AR

1977

4299
1909
743
270
145
38
23
11
108

7545
2474
365784
220859

1978

3088
2585
1040
367
140
72
22
12
28

7354
3192
419247
275886

1990

0
2109
587
460
223
138
51
29
27

1973

1886
2028
1249
543
202

6047
3087
412284
282123

1975-87

1954
1067
482
210
88
39
18
34

.350
.300

1980

2477
1315
1058
510
248
99
37
13
34

5792
2468

1981

5180
1476
661
459
225
107
51
17
68

8244
2306

367877 389911
242007 223978

1982 1983
3016 2561
3505 2086
764 1930
317 369
201 174
106 102
53 57
26 26
51 35
8041 7338
3810 3707

1984

2519
1828
1284
884
177
93
48
30

2
6867
3451

472698 466743 442226
319783 298328 286200

7564
3275
347540
218111

pted as the average of 1975-1987 values.

1988

2581
2296
1091
633
330
124
35
25
11

7130
3550
305716
203527



Table 3.3.23 RCRTINX2 analysis for herring in Sub-divisions

TTHERRIAG, POLISH YOUWG FISH SURVEY - U AND 1 AGE GROUPS

Data for 2 surveys over 14 years

RE

[

LRESSION TYPE = C
R

ED TINE WEIGHTING NOT APFLIED

FRLIOR WETGHTIMG nNOT APPLIED

o

Index Slope
Value

7.4212  .607

QUARTL 5.7859 L8386

FEAN

Yearclass = 1989

Survey/ Index Slope
Series  Value

QUART4  3.0003  .607

QUARTL  8.4902  .838

MEAN

Yearclazs Weighted
Average
FPrediction

1988 8.00 2983,45

1988 8.01 3011.86

Irdl ESTIMATES SHRUNK TOWARDS MEAN
IWMATES WITH S.E.'S GREATER THAN THAT OF HEAN INCLUDED
S.E. FOR ANY SURVEY TAKEN AS

5 POINTS USED FOR REGRESSION

Inter- Rsguare
cept

3.594 L1091
1.218 ., 1050

Inter- Rsquare
cept

3.534 L1091
1.218 L1050

Inteirnal
Standard
Error

P
Aye:]

.28

.00

No. Fredicted Sigma
Pts Value

11 8.0968  .95120
11 8.5775  .97227

7.9423  .30338

Mo. Predicted Sioma
Pis Value

11 5.4482  .95120
11 8.3302  .97227

7.9423 30338
External Virtual
Standard  Population
Error Analysis

12

1
s

Standard Weight
Error

.98453  .07892
1.03444  .07294

.30335  .84514

Standard Weight
Error

1.00565  .07V718

1.02245 07465

.30336  .84815

Ext. S8/
Int.SE

L42
.41

25-27 coastal stock.

68



Table 3.3.24

HERRTHG 1n SUB-DIVISIONS 25-27 COASTAL STOCK
The reference F is tiie mean F for the age group range from 2 to 6

The number of recruits per year is as follows:

Year Recruitment
1590
1991
1992 3085.0

Proportion of F (fishing mortality) effective before spawning: .3500
Proportion of M (natural mortality) effective before spawning: 3000

Data are orinted in the following units:
dumber of fish: millions

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

Stock biomass: © tonnes

Catch weight: tonnes

R R . Fm o e o ———— B T +
| ! I Fishing!| natural| maturity! weight in| weight in!
| age| stock size! pattern; mortality! ogive| the catch! the stock!
B e, R - B Tt F e o e T +
L 3068.0! .13 .30} .00} 23,492 23.492!
I 2109.0| .30¢ 301 .90} 45,908 45,906
T3 687.0} 441 .30} 1.00| 63.588 63.588!
S 460.0! .48 .30! 1.00! 79.496] 79.496
Y 223.0! .50¢ .30] 1.00} 94.8582) 94,8621
V8l 38.0! 421 .30} 1.00)  104.852)  104.852!
T 51.0; W41 .30 1.000  112.6927 112.692!
V8! 29.0! .48 .30, 1.000  122.866)  122.656)
19+ 7.0} .48 .30! 1.000  129.270%  129.270:
E R R et T S U T e e e e ey
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Table 3.3.25° Status quo catch.

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

HERRING IN SUB-DIVISIONS 25-27 COASTAL STOCK

. + +

) Year 1990 ! Year 1991 H Year 1992 !
\ fac-] ref.} stock| sp.stock] ! fac~| ref.| stock! sp.stock! ! stock! sp.stock|
' tor! F| biomass| biomass| catch} tor| Fi biomass| biomass| catch| biomass| biomass|
S 471 298! 170} 77! .0} .00} 301! 201} 0} 391} 282
H ! ! H ! ! Y .04} H 198 8) 381} 270}
! | ! ! ! ! .24 .09} ! 195} 174 372§ 258}
H ! i H | ! .4 174 H 190} 32} 3551 2361
! | ! | | ! .61 .26 ! 185 46 339, 216}
i ! ! | ! ! .8! .341 ! 1801 60} 324! 1981
| | ! | ' ) 1.0} .43] H 175 72! 309} 182}
! ! ! H ! v .51} | 170} 84! 296 167}
| i i j 1 1.4 .60! H 166 95! 284 153}
i | | | ! 1 1.6 .68} ! 161} 105} 273) 141
! | ! { ! 1 1.8] 77 ! 157} 114! 262} 130}
! ' 1 i H 1 2.0} .85! H 152¢ 123} 252} 120}
B et + + + + + + + + ——— + b +

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 mortality as for 1991.
The reference F is the mean F for the age group range from 2 to 6
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Table 3.4.1 SUM OF PRODUCTS CHECK

HERRING IN THE GULF OF RIGA

CATEGORY: TOTAL

CATCH IN NUMBERS

+VoOoNOAEWNRFO

.
o

TOTAL

+F OO NNANUTBEWN=CO

=
o

TOTAL

1982

80
96
117
69
43
30
25

464

UNIT:

1971

4
795
628
131
114

36
13
15

0

0

0

1737

1983

50
225
138

78

39

23

16

581

milTions

1972

2
105
770
154

54
35
13

7

5
1
0

1147

1984

44
152
255
9
57
33
15
10

665

1973

294
578
60
17

OF N

1057

1974

303
303
299
326
38
9
13

1298

1986

107
247

1975

32
112
563
288
157
161

ONNN

1335

1987

70
49
110
205
75

O = o

549

1976

10
426
237

160

1977

70
885
141
110

35

16

1274

1989

15
61
47
493
143
76

o oOouUl~y

901

104
343

1980

19
101
126
100

55
133

1981

49



Table 3.4.2 SUM OF PRODUCTS CHECK

HERRING IM THE GULF OF RIGA

CATEGORY:

TOTAL

UNIT: gram

MEAN WEIGHT AT AGE IN THE CATCH

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981

1970

O O0OTORNANNMT O
T~ NA OO AL MO
TH NN M ST L0 OO

—HWD A MO MO O

T OTNAMON
NN M T WD P

MONNTWOWOOOMWLO

O N O™ OV \O WL
Heef NN N OO M

MO M AT O OO
WA T~ O WO LN
NN O ML LD

ANOMS-RARLIONTOOOD

NG NS Oyl Oy O 10
HA NN N NN

NN AN O

NN TN ONC DL
A NN MO o

ONMINNO~AMNOD

W=~ ™ LD
THA N OO T N

HOMO MMM MWLIN O

R Y N e =R =
AN O T DN

OMMNOANNTOOODO
NSO~ TN O
NN O T 0N

OTTOTANONT MO

™~ A~ OWO SO
AN ST T A0 WO

LNNIDOADLOOOO

TN ONAD RN ST D O 0
NN T O T WD

HPANNTNOOOOOO

WA Mo oOwm
HANCNM T g 0N

0123456789m
—

1983 1984 1985 1986 1987 1988 1989

1982

MNOOWWLUOULNONYT

T N Y ST A0 \0 I~ 0

O A N@®OOMN 0O

W NSO O MO0
HA NN ST IO WS 0

OO A M e N T OV
N OLW 0T N~ M=
HA NN TN ©

™WOMWAWLOOWMO

MNP~ O M
H e N O T W0 YLD

T A F TN TN O
O —HOWO~NDOoONT O
122334568”...

—t
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Table 3.4.3

Title : HERRING IN THE
25 APRIL 1990
89 on ayes

At 11.42.02

from 70 to
witn Terminal F of

Initial sum of squared residuals was
final sum of squared residuals is

Matrix of Residuals

Years
Ajes
1/
2/
3/
4/
s/
6/

~Now SN

WTS

Years
Ages
1/
2/
3/

5/
6/

WTS

70/71

753
.582
148
-.N78
~464
-1.n78

.ann
L1100
79/8n0
.379

.395
-.N56

.061.

-.2062
-.4R9

.non

Llnn

1 to

45N an age

71772

-973
1.127
-.N48
-.n72
-.47N

~1.195

.nan
.10
an/r1
LR1N
420
-.nn3
-.298
.133
-.404
.nna

1.0nn

Fisning Mortalities (F)

F-values

F~values

70
1.3361

80
4167

71
1.0909

81
.5N466

. Selection-at~age (S)

S~values

1
.NB95

2
4N76

72773

-.n71
.N28
-143
.N76

~.558
.113

.nnn
.10n
81/%2
.582
.353
-.N47
-.Nn71
-.3n4
-.057
.nnn

i.000

72
. R394

82
<4374

7622

GULF OF RTIGA

7

4 and Terminal S of 1.300

73/74

.153
.237
. 246
-.123
-.N66
-.759

.nan
.100
82783
.149
-.218
N70
046
-.n23
-.252
.nan

1.0nn

73
.7N38

33
<4482

4
1.0n0nNn

83,327 and
18.551 after 112 iterations

74/75

-630
101
~065
-.169
=155
-.N46

.nnn
.1n0
83/ 84
.250
- 189
175
~.066
-.322
-.312
. NNY

1.n0n

74
Y98N

84
.55N02

5
1.20n3

75/756

-525
662
-.155
.NN8
-.511
-.N75

.NNN
.11
B4/ RS
-.943
-.422
.104
276
-.ne2
- 158
. nnn

1.0nn

75
1.n123

&5
4120

6
1.4103

76177

<118
.123
112
.nes
~.544
-.h424

. N1
.1
85/%6
~.483
167
. 162
-.012
-.231
.N96
. NN

1.00n

76
1.220n

86
<3415

7
1.3000

777178

.3N8
.299
.20k
-.22n
-.181
~-.260

-.nnn

1.000

77
.219n

/7
.3186

TRIT79

.8n7
13?2
-.149
.nss
-.N26
-.612

.non
.1na
&7/ "R
.350
-.450
-.094
.113
. 335
- hh7

.nnn

1.000

7R
.5153

RR
.3735

2e/89

-.6A9
-.542
—-.340
-109
A
1.137

.nnn

1.00n

79
. 5545

89
L4500

. nnn
.noa
. non
.00n
.nnn
. NN

-551

76

WTS

. 2438
<357
.70
1.000
. 441
248



i~ 3.4.4 VTRTUAL POPHLATINA pMALYSTS
lnbte 2-%2-%

1€PFRT.s TN THF GULF NF RTHA

~

FISHT..6& nOPTALITY COFFFICIFNT UIT: Ymrar-1 VAPTARLE JATHURAL HORTALTTY COAFFFLIFTELT
1970 1771 1272 1973 1974 1275 1974 1977 197¢% 1977 198n 19¥1
1 302 . 259 <189 N76 -128 <163 L1472 .Nag -127 N4 07 N7 R
2 L1 TE 1.N14 L404 <354 -587 587 <554 ALY LTRG .30 .23 .23
3 1.00¢8 .R13 ./nn 568 .7nn 754 .91? 747 .36A =304 .293 -35?
4 lote? . R33 <713 <513 <475 954 1.1721 .749 o hhS . A0S L2779 L4572
5 1.051 1.027 «H?5 .708 -7 64 .2564 1.201 .73 . 5839 4 R3 .55/ 407
K 1.14N0 L RE2 1.4064 LAY R 1.225 1.359 1.51° 1.754% . 859 - AR?7 JATA 674
7 1.431 1.817 1.77? 1.0753 1.735 1.2°5% Fa5?y 1.687 -Q13 1.074 - 690 796
&+ 1.651 1.317 1977 1.n73 1,735 1.7248 1.52% 1.AR7 .913 1.N74 . 690 STYE
C b= 70 1.2450 1-.140 1.23) - 794 1.2N5 T.114 1.355 1.137 “A1A SRV 7 495 . 6N
2= 3)U 1.053 714 N .ons 794 <89y 1.1775 -?15 419 JLb4 Y Y 449
1942 19KrS 1784 Y &S 1986 1287 19 9% 1y 89
1 .1155 -4 - )24 -125 S111 N2 .22 .N&4n
2 174 227 L1ES L2110 154 N77 .1n3 .247
3 -335 2431 AR 413 .29 <736 . 254 394
4 AA A4 .633 <400 RN A LAN4 LAN2 .571
5 AR S4bd .232 J443 . 398 551 557 526
A el 554 . “F5 .39E .542 <33y 522 418
7 550 -352 -872 563 2414 .?5% .556 =194
it . 55N 842 .87 ¢ .563 RS .755 .55853 L1954
C 4= 7)u -512 562 -/57 -501 A .3R7 .535% 433
 2- AU A 415 557 “A13 <359 .222 <38 435

S6



fawLn_3 4.5 VIRTUAL FPOPULATION ANALYSTS
ASRRIM: Ia TdF GULF OF R1IGA

STUCK SIZE f. LURRERS UiIT: willinns

3TEMASS (0TALS UNIT: tonnes

ALL YALJES, EXCEPT THOSE REFEIRING TN THE SOAW., Tns STOCK ARE GIVEN FOP 1

S10CK CATA REFLECT THE STACK STTUATTAN AT SPAYNTNG TIMF,

JSED: PRIPORTION OF ANWUAL F BEFOPE SPAWGTWG: .10
PRUFORTTON OF ANMUAL ™M BFFORF SPAWNTNG: 309

19rn 271 1972 1973 1274 1975

1 1en2 3737 1337 127" 1599 an2

2 £n9 1044 2421 1153 1n13 1354

3 c¥é 25N 527 1424 235 592

4 227 218 EA 140 A2 5 272

5 a0 &N a1 33 65 297

] 62 24 1°v 357 13 21

7 2 19 2 4 1A 3

&+ 3 1 7 3 S 5

1AL .0 356y 5355% 4355A 3764 4541 3350

3¢S KO 1672 1332 2587 2557 2112 2171

ENT.3 10w 597N2 34335 72358 91558 R7 21 63242

3rS AIom 35773 32624 ols44h 41710 5342n L8546

Iy =2 1783 1784 1985 1/k6E 1957

1 1471 13006 205 123 393 2RN7

2 ATY 1247 ITA 1651 21 7?e

3 431 L4 3 774 AED 1N9s 574

4 25?2 257 224 405 357 AT5S

5 127 121 13?2 ?7 22? 193

3 73 61 &N 57 51 102

14 55 30 27 20 26 24

e+ @ 17 2? 15 19 n

tLTAL Mo 33358 34 R4 427+ 3934 3491 5135
RESS a0 is21 1564 1925 253N 2294 2085

[RANENER g 71425 75401 A7543 7491% 81240 RNE4LO
2 PSS Bi0wm L15n3 L3709 &Nyss S3ves 51913 £5514

WHFRERY

19746

34564
57
AL 32
245

9N
110
5

R

5155
1427
R339N
36A67

1782

503
2235
552
372
367
21
71
15

LY

325N
2057,
75411

IHE FOLLAMING VALUES ARcE

Lnns

273586
87735
Le2T77

17n7
243
1651
250
2ng
173
an
33

460>

2333
71157
VRN

FANUARY

197w

1nn7
621
14611
117
.; D

23

A

1n

52908
2040
50247
IR

17290

n
1343
1564
91N
159
93
3
42

THFE SPAWLING

967
765
445
R4 2
4>
44
114

3140
1867
626y
43125

1975-87

1453
1n37
435
335
1558
&5
21
11

1980

1124
6%
44N
284
35¢:

21
19

291+
1557
657923
43097

1031

939
784
424
?56
151
163
15
7

2740

1547
63257
L4745

96



Table 3.4.6

List of input variables for the ICES prediction program.

HERRING-RIGA PREDICTION

The reference F is the mean F for the age group range from

The humber of recruits per year is as foll
Year Recruitment
1990 1707.0
1991 1453.0
1992 1453.0

Proportion of F (fishing mortality) effective before spawning:
Proportion of M (natural mortality) effective before spawning:

Data are printed in the following units:

Number of fish: millions
Weight by age group in the catch: gram
Weight by age group in the stock: gram

OWS:

4 to

7

.1000
.3000

Stock biomass: tonnes

Catch weight: tonnes

+ + + R + + + +
! | t fishing| natural| maturity| weight in! weight in!
| age{ stock size| pattern! mortality| ogive| the catch| the stock!
Fommt + + + + + +
ro1 1707.0} .03! .20 .00} 11.850¢ 11.850]
[ 1343.0} 17! .20} .93} 16.700! 16.700}
3 156.0] .32} .20} .98} 18.800| 18.800]
o4 910.0} .50} .20 .98! 23.450} 23.450)
.Y 159.0 .54 .20} 1.00! 29.900} 29.900}
Y 99.0! 521 .20} 1.00! 37.450] 37.450}
I 93.0! .38 .20} 1,00} 48.400} 48.400]
P8+ 49.0! .38¢ .20} 1.00} 47.550 47.550¢
+- + Ean—— + + + + +

+

+

L6



Table 3.4.7

Effects of different levels of fishing mortality on

catch, stock biomass and spawning stock biomass.

HERRING-RIGA PREDICTION

+= + + +
! Year 1990 H Year 1991 | Year 1992 '
+ + + + + + + + + + + +
! fac-! ref.) stock! sp.stock! { fac-! ref.| stock| sp.stock] | stock! sp.stock]
! tori F! biomass] biomass| catch! tor! F| biomass| biomass| catch] biomass! biomass!
11,00 .49! 82! 54! 17y .0¢ .00} 82! 591 0} 100} 761
1 1 | 1 i i .1 .05 H 59} ra 98| 74]
i | i ) i Poo.2p .04 1 59} 4) 961 714
i 1 i 1 | i 40 194 | 58} | 92i 67}
i i i | i i .61 290 ; 58] 113 88] 63}
i | ] H ! i.8 .39) \ 58| 14} 85; 60}
| 1 i i i 11.00 .49) ! 57; 17! 82! 57,
i | | | | vo1.2¢ .58! } 57! 19! 79! 54!
! ' | H | 1 1.4} .68} i 561 22! 76! 511
| 1 | | | i 1.6) .78 i 561 24] 74; 49|
' 1 ' 1 ' t 1.8} .87} | 56, 27! 714 461
! ! ! ! ! V2,00 .97} ! 55 29! 69| 44,

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 mortality as for 1991.

The reference F is the mean F for the age group range from 4 to
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Table-3.4.8

11.58,25 25 APR
HERRING-RIGA PRE

IL 1990
DICTION

e e LT Y ¥ P

* Year 1990, F-f

actor

1.000 and reference F

4850 *

AR AR KRR KRR KKK KRR AR A KR KKK KRR A AR AR AR AR AR AR A A KAAR AR KR K k& &

99

e A +

' at 1 January! at spawning time!
B e R Fmmmmmees e B T TUN A ———— + + —d——— 4 +
! | absolute| catch in! catch in! stock! stock; sp.stock! sp.stock! sp.stock! sp,stock!
| age! Fl numbers! weight! size! biomass! size! biomass! size! biomass!
B e e + ——— - + ——t + o + —4— +
1 .0300] 45.748! 542.1; 1707.00{ 20227.9! .00} 0! .00} .01
r2) 1700} 190.834!  3186.9! 1343.00! 22428.1) 1248.99) 20858.1! 1156.43} 19312.3!
o3 .3200;  38.926! 731.8{ 156.00! 2932,8! 152.88! 2874.1) 139,44} 2621.5!
! H -5000] 327.219] 7673.3!  910.00! 21339.5{  891.80! 20912.7! 798.90° 18734.3)
o5 5400}  60.669] 1814.0!  159.00! 4754.1)  159.00{ 4754.1! 141.87! 4241.9}
. .5200]  36.697) 1374.3! 99,00  3707.5! 99.00)  3707.5! 88.51)  3314.7!
S .3800]  26.816f  1297.9! 93.00]  4501.2! 93.00f  4501.2! 84,321 4081.0!
18+l .3800) 14.129! 671.8) 49.00)  2330.0! 49.00)  2330.0! 44,437  2112.4)
B T +- ——t ——t- + ———— o + B R e +
! Total i 741,037} 17292.2! 4516.00! 82221.1! 2693.67 59937.8! 2453.90! 54418.2!
e +o—e- + —— —4 + ———— + Fomm e +
* Year 1991, F~factor 1.000 and reference F .4850 *
kkkkttxttkt&ktx*ttkk*kk&xk*tk**!kﬂ(*kk**k*xkkt&kxt!tkktkt

+ —— e +

! at 1 January! at spawning time!
B D Sttt oo —d——— e + S Sttt TP o Fm— + -+
| | absolute| catch in! catch in{ stock]| stock| sp.stock! sp.stock! sp.stock| sp.stock}
| age| Fi numbers! weight! size| biomass! size! biomass! size| biomass!
+ + + + - e + +e + + +
! ! .0300]  38.940! 461.4, 1453.00! 17218.1! .00} .0 .00 0!
o2y 17007 192.719]  3218.4] 1356.27! 22649.71 1261.33! 21064.2! 1167.85! 19503.1}
3 +3200) 231,474!  4351.7! 927.66! 17439.9}  909.10f 17091.1! 829.20) 15588,9!
4 .5000]  33.349! 782.0 92,75,  2174.9! 90.89)  2131.4! 81.42}  1909.4!
Y -5400} 172,427! 5155.6!  451.89! 13511.6]  451.89) 13511.6!  403,20! 12055.8}
t6 .52007  28.120f  1053.1! 75.86)  2841.0! 75.86!  2841.0} 67.82]  2540.0!
7 .3800; 13.895! 672,51 48,19,  2332.3! 48,19  2332,3! 43,69, 2114.,6|
1 8+! 3800} 22.925! 1090.1! 79.51}  3780.5! 79.511  3780.5! 72,08  3427.6!
+ + ——— + B e +-= + + ———t + -4
| Total i 733.849] 16784.8! 4485,12! 81948.01 2916.77} 62752.1! 2665,27! 57139.4}
+ + - et B T e e o Hmm o +




Table 3.4.8 cont'd.

KKK K K KKK K KKK K KK A AR R K AR RR KA R KKK KK KRR KKK IR KR KRR d ke ke k&

* Year 1992. F-factor

1.000 and reference F

.4850 *

e L LI ]

.

at 1 January|

at spawning time]

R + + + + + + +
! { 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!
1 .0300} 38,940/ 461.4) 1453.00f 17218.1| .00} .0} .00} .01
V2 .1700; 164.043] 2739.5{ 1154.46) 19279.4) 1073.65, 17929.9) 994.08! 16601.1!
I .3200} 233.761) 4394.7) 936.82{ 17612.2{ 918.09) 17260.0) 837.39! 15742.9!
[ .5000) 198.313]  4650.4{ 551.51) 12932.9! 540.48! 12674.3} 484.18! 11354.0!
I 5 .5400  17.573} 525.4} 46.06)  1377.1! 46.06)  1377.1) 41.09, 1228.7|
.Y .52007  79.920) 2993.0) 215.60) 8074.4] 215.60) 8074.4! 192.76! 7218.9!
7 .3800} 10.647; 515.3} 36.93F 1787.2} 36.93; 1787.2! 33.48, 1620.4)
18+ L3800 20.615] 980.3! 71.50}  3399.6) 71.50)  3399.6} 64.82]  3082.3)
ot + + + + + + + + +
i Total | 763.813] 17260.1} 4465.87) 81680.9) 2902.29! 62502.4) 2647.80! 56848.2!
B + ——— + + + + + + + +

+

+ +

001






