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1 INTRODUCTION

1.1 Participants

The following

members

Headquarters from 10-20 April 1988:

HATOHOXEEHEWYO

Hagstrom (part-time)
Horbowy

Netzel

Neudecker

Ojaveer

.E. Palmen

Parmanne

Rechlin

.Shvetsov

Sjdstrand (Chairman)
Sparholt

.J. Stazhr (part-time)

1.2 Terms of Reference

The Working Group on Assessment of Pelagic Stocks in the Baltic
met with the following terms of reference (C.Res.1988/2:4:10):

a) consider the

Assessments

b) compile

fishing

report of the
of Baltic Fish;

possible use in assessments;

c) assess the
within
stocks in

spring-spawning herring

22-24;

d) provide qua

weight-at-age

safe

status
biological
the Baltic,

limits

rterly catch-at-age
data by

Jgprgensen (part-time)

of and provide catch options for
including the

in Division IIIa

catch and
sub-division

participated in the meeting held at ICES

Sweden

Poland

Poland

Germany, Fed., Rep.
USSR

Sweden

Finland

German Dem.Rep.
USSR

Sweden

Denmark
Denmark

Norway

Working Group on Multispecies

effort and catch-per-unit-effort data for

1990
the herring and sprat
combined stock of

and Sub-divisions

stock mean
for Baltic herring and

sprat for 1988 as input to the multispecies VPA.

e) compile the following information on the

stocks of herring

and sprat in the Baltic Sea (including the Kattegat) for the

years 1979-

1988 for use by the

Helsinki

Commission in its

Second Periodic Assessment of the Baltic:

i) a short

review

of the assessed status of each stock in-

cluding trends in recruitment, yield, mortality, and stock
size, and their significance;

ii) oraphs

iii) an expl

reacted to environmental factors and to

showing +the trends in the above parameters for 1)
all available years and 2) the period 1979-1988;

anation

of the extent to which these stocks have

fishing activi-

ties, and what impact they have on zooplankton and benthos

by preda

tion.




2 GENERAL CONSIDERATIONS
2.1 Corxection of the Finnish Fisheries Statistics

The Finnish catch statistics for herring and sprat have been
reestimated for 1974-1987 (Tables 2.1.1 and 2.1.2). The correc-
tion is due to changes in the estimation procedures, which are
now based on a more detailed survey of the number of active
fishermen in the coastal fisheries. Hence, the correction of the
herring catches affects mainly the trapnet and gillnet fishery,
and trawlers less than 15 m. The catch figures of large trawlers
(>15 m) are based on a complete census, and are unaffected by the
change in the estimation procedure. The results of the new esti-
mation method indicate that +the total herring catch in recent
years has previously been overestimated by 12%.

2.2 The International Hydroacoustic Survey 1988

The 1988 survey was performed in the same way as in previous
years, i.e., with the same target strength regression and way of
determining the area covered. An intercalibration between R/V
"Argos" and R/V "Eisbdr" gave a regression that was used to con-
vert the acoustic signals from "Eisblr" to "Argos" units. All the
acoustic data from both vessels could thus be wused in the
calculations of fish density.

The coverage of Sub-division 295 was incomplete and the stocks in
that area are, therefore, underestimated.

The herring estimate indicates an increase of juveniles in the
western part of the Baltic and an increase in the total biomass
of about 25% for the total Baltic. The trend of decreasing mean
weight at age has now been halted.

The sprat estimate indicates a strong 1988 year c¢lass in all
sub-divisions in +the Baltic. The total biomass has continued to
decrease since 1983,

The results are given in Anon., 1989b
he USSR Hydroacoustic Surve:

Soviet autumn hydroacoustic surveys have been conducted since
1983 (Shevtsov et al., 1987). The latest hydroacoustic survey,
which was conducted from 1 October up to the 30 October 1988,
covered Sub-divisions 26 and 28 (Shvetsov et al., 1988). It
included the economic zone of Poland and excluded the 12-mile
zone of Sweden and Poland. The major tracks were passing through
from east to west, starting from 20-30 m depth off the Soviet
coast and terminated off the border of the 12-mile Swedish zone.
Not less than 2 trawl hauls were normally accomplished in each
ICES statistical rectangle.

The findings of the survey have revealed an exceptionally high
abundance of young sprat in 1988, which was spread throughout the
whole area under investigation. The abundance of the 1987 year
class appeared to be the lowest on record., The abundance of 2-
year-old and older fish was the highest for the period of 1983-
1988. On the whole, the biomass of sprat (t>1) made up 304,000 t



and was 13% smaller than in 1987. The total stock of herring in
Sub-divisions 26 and 28 was estimated to be 630.3 thousand t and
was 30% higher than in 1987.

2.4 Multispecies Assessments

The report by the Working Group on Multispecies Assessment of
Baltic Fish (Anon., 1989c) was presented to this Working Group.
Since last year, the work has been concentrated on improving the
data bases for the MSVPA programs. The catch-at-age and mean
weight-at-age data by quarter are now worked up and implemented
in both the western and the central Baltic MSVPA programs for the
years 1980-1987. The data requested by the Multispecies Working
Group on the distribution of cod by sub-divisions and gquarters
are now available from trawl surveys and from effort data from
commercial fleets. These data are waiting for a critical exa-
mination with the purpose of using them in the compilation of the
stomach data. Important inconsistencies in the analysis of the
stomach data were discovered, and a meeting of an ICES ad hoc
Study Group on Cod Stomach Data for the Baltic was held in Gdynia
in January 1989 to sort out these problems.

The estimates presently used on cod consumption rates are very
uncertain. The ICES Study Group on Stomach Evacuation Rates in
Fish met in Lowestoft in April 1989 with the purpose of evalua-
ting the evacuation experiments made so far. The results of these
experiments will be thoroughly examined by various scientists and
will be reported to the ICES Symposium on Multispecies Models
Relevant to Management of Living Resourxces in October 1989 in The
Hague.

The Baltic Multispecies Working Group felt that the estimates of
natural mortality were not sufficiently reliable at present to
replace the values used by the Baltic Pelagic Working Group.

The stomach data are at present undergoing a standardized ana-
lysis in the various national laboratories and are expected to be
ready for international compilation by the end of July 1989. This
compilation will be made by the Danish Institute of Fisheries and
Marine Research, Charlottenlund, and will hopefully be implemen-
ted into the MSVPA programs before the meeting of the Working
Group on Multispecies Assessment of Baltic Fish in Moscow in
September 1989.

The quarterly catch-at-age and mean weight-at-age data for 1977-
1979 are made available by the Baltic Pelagic and the Baltic
Demersal Working Groups and will be implemented before the Moscow
meeting.

3 HERRING

3.1 Catches

In 1987, +the total catch of herring in the Baltic (Table 3.1.1)
was 383,377 £ (final figures) and in 1988 about 408,000 t

according to preliminary data. A slight increase could be noted
mainly in catches from Sub-divisions 25 and 26.




3.2.1 Introduction

As in previous years, assessments were made of both the combined
Division IIIa and Sub-divisions 22 to 24 stock and the Sub-divi-
sions 22 to 24 stock alone, although a combined assessment seems
to be the more appropriate approach from a bioclogical point of
view, taking into consideration the migration pattern of spring
spawners in the western Baltic. Both assessments were made on an
annual basis.

In Division IIIa, the catch of 0- and 1-ringers, and to some
extent 2-ringers, is generally a mixture of spring spawners and
North Sea autumn spawhers. In 1988, however, the total catch of
O-and 1-ringers was classified as North Sea autumn spawners. The
bulk of 2-ringers of North Sea origin was caught in the first
quarter., Classification of herring as spring or autumn spawners
was based on a combined analysis of vertebral counts and length
frequency distributions. Details are given in Anon. (1989%a).

The assessment for the combined Division IIIa and Sub-divisions
22 to 24 stock was based on the catch-at-age data of spring
spawners in the area, including transfers of spring spawners from
the North Sea. Only catch figures for 2-ringers and older fish
were used in the analysis.

3.2.2 catch data

The reported catches in 1988 from Sub-divisions 22 and 24 (the
Belt Sea and Western Baltic), Sub-division 23 (the Sound), and
Division IIIa (Skagerrak-Kattegat) are given in the text table
below.

Sub-divisions 22 and 24 (Belt Seas and Western Baltic) (tonnes):

Country 1977 1978 1979 1980 1981 1982

Denmark 11,048 12,383 9,695 7,221 5,806 26,256
German Dem.Rep. 37,237 40,678 46,749 58,178 54,501 49,832
Grmany,Fed.Rep. 6,946 6,849 6,672 9,323 8,300 8,142

Poland 14,649 6,335 10,276 13,605 13,366 14,869
Sweden 4,127 6,550 10,151 12,010 7,600 8,420
USSR - - - - 586 -
Total 74,007 72,795 83,543 100,337 90,159 107,519
Country 1983 1984 1985 1986 1987 1988’
Denmark 25,842 23,762 15,942 14,046 32,462 33,075

German Dem.Rep. 50,739 49,022 49,946 51,180 47,267 49,488
Germany,Fed.Rep. 8,300 7,085 7,888 8,550 5,806 5,188

Poland 16,868 14,250 16,721 12,344 7,997 6,590
Sweden 6,536 7,689 11,373 5,946 7,814 4,586
USSR - - - - - -

Total 108,103 101,808 101,870 92,066 101,346 98,927




Sub~division 23 (The Sound) (tonnes):

Country 1977 1978 1979 1980 1981 1982
Denmark 581 4,091 8,817 6,313 8,098 7,139
Sweden 511 1,000 1,860 2,400 2,000 2,460
Total 1,092 5,091 10,677 8,713 10,098 9,599
Country 1983 1984 1985 1986 1987 1988"
Denmark 4,583 6,935 6,849 1,490 754 102
Sweden 2,416 800 1,113 1,365 172 117
Total 6,999 7,735 7,962 2,855 926 219

Division IIIa (Kattegat-Skagerrak) (tonnes):

Country 1977 1978 1979 1980 1981 1982
Denmark 49,027 41,801 34,551 48,751 93,987 81,937
Germany, Fed.Rep. 32 28 181 - 199 43
Sweden 45,269 46,744 33,376 28,961 69,145 63,751
Others or

unallocated 11,901 5,172 13,653 24,724 65,270 47,759
Total 106,229 93,745 81,761 102,436 228,601 193,490
Country 19863 1984 1985 1986 1987 1988’
Denmark 117,003 135,982 157,407 135,691 151,723 220,596
Germany, Fed.Rep. 40 40 - 11 . B
Sweden 75,639 94,222 80,178 78,848 81,028 106,812
Others or

unallocated 5,314 2,376 4,880 2,057 1,209 6,674
Total 197,996 232,620 244,465 216,607 233,960 334,082

1Preliminary.

In Sub-divisions 22 and 24, the catch for 1988 is 98,927 t, which
is about the same as that taken in previous years.

The catch in 1988 in Sub-division 23 was only 219 t, compared to
926 t in 1987. It is not known to which extent the reduced catch
is a result of lower abundance of herring or reduced effort.

The reported catch in Division IIIa for 1988 is 334,082 t, a con-
siderable increase from last year's catch of 233,960 t. Danish
catches were up by almost 70,000 t from 1987 and accounted for
most of the increase in the total catch. Approximately 50% of the
total catch in 1988 was O- and 1-ringers of North Sea origin,

An estimated catch of 23,306 t of spring spawners from Division
IITa and Sub-divisions 22 +to 24 was taken in the North Sea in
1988 (Table 3.1.1, Anon., 1989%a). The total catches of 2-ringers
and older spring-spawning herring in Division IIIa and Sub-divi-
sions 22 to 24 (including the transfers from the North Sea) are




shown in the text table below. The catch increased by 86,000 t
from 1987 and approximately 2/3 was taken in Division IIIa (in-
cluding catches transferred from the North Sea).

Year Jan-Jun Jul-Dec Total

1975 74,786 31,433 106,219
1976 58,593 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 120,951 108,617 230,223

Weights in t.

3.2.3 Catch_in numbers at

The half-yearly and total catches in numbers at age in Sub-divi-
sions 22 to 24 are shown in Table 3.2.1. Age composition data
were available from all countries fishing in the area, except
Sweden. For the Swedish catches in Sub-divisions 22 and 24,
numbers at age were estimated wusing the pooled samples from
Denmark, the Federal Republic of Germany, the German Democratic
Republic, and Poland. In Sub-division 23, the catch was distri-
buted according to the age distribution of 2-ringers and older
herring in the Division IIIa catch.

The catches in numbers at age of sSpring spawners in Division IIIa
including transfers from the North Sea were given by thg Herring
Assessment Working Group for the Area South of 62 N (Anon.,
1989a) and are presented in Table 3.2.2.

Total catches in numbers at age of spring spawners in Division
IIIa (including transfers from the North Sea) and Sub-divisions
22 to 24 are given in Table 3.,2.3.

3.2.4 Mean weights at age

Weighted average mean weights at age in the catch in Sub-divi-
sions 22 to 24 and in the catch of spring spawners in Division
IIIa (including transfers from the North Sea) are shown in Tables
3.2.1 and 3.2.2, respectively.

The weighted average mean weights at age in the total catch from
this management area are given in Table 3.2.4. 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

The natural mortality was chosen as 0.3, accounting for emigra-
tions from the area into Division IIIa, following the procedure
of previous assessments. Terminal F values for the oldest age
groups were evaluated from a separable VPA. Taking into account
that the concentration on younger age groups continued alsoc in
1988 for a part of the fishery, age 4 was chosen as the reference
age with a fishing mortality in the starting year somewhat re-
duced in comparison to previous years. As in 1988, the terminal S
value was chosen to be 1.00 (Table 3.2.5.1).

An analysis of recruitment data from International Young Fish
Surveys carried out in Division IIIa and of the German Democratic
Republic young fish surveys in Sub-divisions 22 and 24 was then
made, using the RCRTINX2 program (Table 3.2.5.2). The resulting
prediction of the 1986, 1987, and 1988 year classes was used to
calibrate +the final VPA (Tables 3.2.5.5 and 3.2.5.6). The catch
in number per year and mean weight at age in the catches are
shown in Tables 3.2.5.3 and 3.2.5.4.

The data presented to the Working Group already show that the
heavy fishing pressure on young herring which began in 1987
continued in the Western Baltic in 1988. The rather good re-
cruitment in recent years may have been attracting an industrial
fishery to this area (see also Table 3.2.5.6). The impact of this
fishery on the stock if continued in a situation with a decreased
recruitment might be considered as serious.

3.2.6 Herring in Division IITa and Sub-divisions 22, 23, and 24
assessed as one unit stock

3.2.6.1 Fishery-independent stock estimates

As in last year, the International Young Fish Survey in February
~in Division 1IIIa provided an index of 2-group spring-spawning
herring (IYFS-2). Like in previous years, the IYFS 1-group index
was not available because it was impossible to separate it into
autumn and spring spawners (Anon., 1989b). This year, also IYFS
3-group and 3+-group indices were available for the 1977-1986
year classes.

From the German Democratic Republic, young fish surveys in
November-December, O-group (GDRYFS-0), and 1-group (GDRYFS-1)
indices were available from Sub-divisions 22 and 24. All young
fish indices are shown in Table 3.2.6.1.

The acoustic surveys carried out each year since 1979 in Division
IIIa in August-September have been shown to underestimate the
amount of old herring (» 3-group) (Anon., 1986). The possibility
that the acoustic estimates could be used as indices for each age
group was investigated. Table 3.2.6.2 shows the correlation be-
tween the VPA estimates from this year's VPA and the acoustic
estimates by age group. The correlation was only significant for
2-group herring which indicates that this acoustic estimate is of
potential use in the tuning of the VPA in the future.

Three acoustic surveys were carried out during 1988 on this
stock:




1) a Danish/Swedish survey in Division IIIa and the eastern part
of the North Sea during August-September,

2) a Swedish survey in Sub-divisions 23 and 24 in October,

3) a Norwegian survey in Division IIIa in December.

The acoustic surveys of the stock seem to have improved consider-
ably in 1987 and 1988 compared with previous years, because of
improved coverage and improved quality of the trawl catch data.

The Danish/Swedish survey in Division IIIa in August-September
covered for the second time the eastern part of the North Sea,
where a significant part of the present herring stock is present
during the summer. This was clearly demonstrated for age group 3
and older by vertebral count analysis (Anon., 1988b). Further-
more, the +trawl stations in 1987 and 1988 were more properly
placed geographically, with a reasonable amount of +trawl hauls
made in depth strata below 300 m where the o0ld herring are mainly
found. The underestimates of older herring in previous years were
probably due to the fact that very few trawl hauls were done in
this depth strata.

In 1987, Sub-division 22 was for the first time properly covered.
This was done by the use of a small research vessel ("Solea") and
mobile hydroacoustic equipment. In this way, it was possible to
cover the shallow water areas. However, this survey was not
repeated in 1988. The survey will be done again in 1989.

The Norwegian survey in December had mainly young herring as
target species. Furthermore, the estimates from this survey were
not directly comparable to the estimates from the other surveys
because the herring had partly left the area and moved to the
overwintering areas in Sub-divisions 22-24. Estimates from the
various surveys are shown in Table 3.2.6.3.

3.2.6.2 VPA

The data available to tune the VPA were: 1) the IYFS 2-group in-
dex (February) for Division IIIa (Table 3.2.6.1), 2) the German
Democratic Republic O- and 1-group indices (December) for Sub-
divisions 22 and 24, 3) an index of 2-group from the acoustic
survey in Division IIIa (August-September) (Table 3.2.6.2), and
4) an acoustic estimate of absolute stock numbers based on two of
the three acoustic surveys carried out in the area during 1988
(Table 3.2.6.3). The December survey im Division IIIa was not
used in the combined acoustic estimate because of uncertainties
about double counting when combining this survey with the other
surveys.

It is, of course, difficult to make an ad hoc tuning of a VPA to
both young fish indices for year-class strength and acoustic
estimates of absolute stock numbers. The proper procedure to
adopt would probably be to make a one-step estimation using
stochastic integrated models as suggested by the Methods Working
Group (Anon., 1987¢). However, since a model for this stock using
the data presented above has not been developed, the Working
Group could do no better than try'to do what it could imagine
would be the outcome of such an integrated one-step model. The
same procedure was adopted last year.



The following tuning procedure was used:

1)

2)

3)

4)

5)

6)

An SVPA was run with age 5 as age of unit selection, F_.=
0.9, S =0.9, and M = 0.2. Age groups 2-8+ were included. Rn
identical fishing pattern was assumed for each year from 1984~
1988. F. = 0.9 was chosen because this was approximately the
mean value for the preceding years. S = 0.9 was chosen for
1988 because this gave a dome-shaped selection pattern, which
was assumed to be realistic, taking into account that a) old
fish often reach and leave the spawning area at Riligen before
the fishery starts, b) the fishery in Division IIIa is mainly
exploiting the younger age groups. However, this F_ = 0.7 must
be regarded as rather uncertain. The results of tEe separable
VPA are given in Table 3.2.6.4.

The year-class strengths from this SVPA of 2-groups were used
for regression analysis against the young fish indices.

The regression analysis was carried out using the program
RCRTINX2. Predictions of year-class strength as 2-group at 1
January were obtained for the 1985-1988 year classes. The
options used for the analysis are given in Table 3.2.6.5,
together with the weighted average prediction of year-class
strengths.

F = 0.7 for 2-group in 1988 was chosen in order to get the
predicted year-class strength of the 1986 year class at 1
January 1988. Actually, the F_ should have been much higher
than 0.7 to exactly match tﬁe estimated year-class strength,
but it was assumed unrealistic that the fishing mortality on
this age group could be higher than 0.7. However, even with
this high F2 the year class 1986 becomes strong in the VPA and
this correSponds to information given to the present Working
Group that the catch of 3-groups in the Riigen herring fishery
this spring has been very high.

The predicted year-class strength of the 1985 year class as 2-
group at 1 January 1987 was different from that obtained from
the above SVPA. In order to approach the predicted year-class
strength, the fishing mortality on 3-group in 1988 should be
increased to a very high level. As for the 2-groups, it was
assumed unrealistic to have an F higher than 0.70.

Finally, the F values on the older age groups were chosen by
using the separable pattern from the SVPA and using F. = 0,9
because the VPA stock number of age groups 4-8+ at 1 actober
then became identical to the acoustic estimate.

The reliability of these Fs were supported by the fact that
the acoustic estimates for 1987 and the VPA estimated for 1
October 1987 were very similar for ages 2-8+.

Terminal Fs for the oldest true age groups were taken from the
SVPA using F5 = 0.9 and 5 = 0.9.

The results of the VPA are given in Tables 3.2.6.6 and 3.2.6.7.
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3.2.6.3 Yield per recruit

The input data are shown in Table 3.2.6.8. Yield per recruit
calculations show that F = 0.218 and F = 0.527. Thus, the

1988 fishing mortality wasoégout 40% above FaZx.

3.2.6.4 Catch predictions

Recruitment figures for the 1987 and 1988 year classes were taken
from the regression analysis above, and for the 1989 year class
as the mean of the 1975-1984 year classes. The fishing mortality
pattern was taken as the mean for 1981-1986. Fishing mortality in
1989 was assumed to be at the same level as in 1988. The low mean
weights at age from the last 2-3 years were adopted for 1989-
1991. The results of the catch predictions are given in Tables
3.2.6.9 and 3.2.6.10.

Assuming average F, . = 0.76 as in 1988, a decrease in the catch
of 2-groups and oldér herring from 225,000 t in 1988 to 159,000 t
in 1989 1is predicted, and the spawning stock biomass will
decrease from 220,000 t in 1989 to 198,000 t in 1990. Continuing
this level of F in 1990 will lead to a further slight reduction
in both vyield in 1990 and SSB in 1991, to 155,000 t and
196,000 t, respectively.

Last year's prediction of an increase in the -catches in 1988 was
correct but the increase was much larger than predicted. However,
as stated in last year's report, the estimate of the 1986 year
class was probably conservative, and this year class is larger
than predicted last year, constituting a large proportion of the
total catch in 1988. The catch can be regarded as going back to
normal levels except for +the aspect of low mean weight at age
which is expected to be unchanged in the coming two years. If the
mean weights increase to the 1985 level, the expected catch will
be greater by about 50,000 t in 1989 and 1990.

A likely catch of 0- and 1-ringers should be added to +this pre-
dicted catch.

For 1988, +this amounted to 22,749 t in Sub-divisions 22-24 and
nil t in Division IIIa. Assuming the catch of O- and 1-ringers in
1989 and 1990 will be the same as in 1988, the total catch will
be about 180,000 t in both these years. Whether the catch of O-
and 1-groups will be as high in 1989 and 1990 as in 1988 is,
however, doubtful and will probably depend on the size of the
1989 and 1990 year classes.

3.2.6.5 arati the catc jections

The separation of +the catch projections into a Division IIIa
component and a Western Baltic component was done by assuming the
same separation of the fishing mortality between the two areas in
1989 and 1990 as in 1988. This was done by separating the total
fishing mortality according to the catch in numbers in each area
(Table 3.2.6.11).

The predicted catch in 1989 and 1990 by area is shown in Table
3.2.6.12. In 1989, it 1is about 86,000 t in Division IIIa and
84,000 t in Sub-divisions 22-24, and in 1990 82,000 t in Division
ITIa and 79,000 t in the Western Baltic. To this should be added
the catch of the O- and 1-groups. Assuming that the catch of the
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O-and 1-groups in 1989 and 1990 will be identical to the catch in
1988, the following predictions were made:

Area 1988 1989 1990
Division IIIa 154,000 86,000 82,000
Western Baltic 99,000 110,000 102,000

1Actual catch.
Catch in tonnes.

3.2.6.6 Are the high F estimates in the Western Baltic herring
stock reliable?

During the period 1974-1988, covered by the present VPA for the
herring stock in Division IIIa and Sub-divisions 22-24, the mean
F 2-6) has been very high, about 0.8. Other herring stocks which
hdve ‘suffered such high fishing mortality during a long period
have all collapsed at some stage. Why does this not happen to the
Western Baltic stock?

To be sure about the estimated F level from the VPA, catch curves
were made for both the catch in the combined Division IIIa/Sub-
divisions 22-24 stocks and for the separate catches in Sub-divi-
sions 22+24 (Figure 3.2.6.1). These catch curves both show that 2
is about 1.0, which means that F is about 0.8 if natural morta-
lity is assumed to be 0.2. A small difference between the curve
for the combined catch and the curve for Sub-divisions 22-24
catch alone was observed. For ages 1 to 3, the mortality was
smaller in the separate catch data than in the combined ones.
This can, however, be ascribed to the fact that herring recruit
to the fishery in Sub-divisions 22-24 at a later stage than in
Division IIIa.

These catch curves are not proof of a high mortality rate on
older herring because it is implicitly assumed in the catch curve
method that the herring are sampled representatively. This is not
correct if +the F on older herring is really lower than on, say,
age 3-5, because then the reduction in catches by age observed in
the catch curves is only a reflection of the decreased ability of
the fishermen to catch these o0ld herring. It could, therefore,
very well be that F on older herring is less than we assume at
present. An S = 0.5 is probably just as likely as S = 0.9 used
now in the SVPA., If S = 0.5, the mean F would be reduced to about
0.5.

Other possibilities for explaining the high F could be that the
catch of older herring taken in Sub-area IV is underestimated.
Only a few years ago did we become aware of the migration of the
Western Baltic herring into the North Sea, and if this has been
going on for a long time we miss the North Sea catch of these
herring in the assessment.




12

3.3 Herring in Sub-divisions 25,26 and 27 (Southern Central
Baltic)

3.3.1 catches

The total catch in 1988 was around 144,000 t, which is an in-
crease of 18% from 1987.

3.3.2 Catch in numbexrs at age

For most of the catches, catch in numbers at age per gquarter of
the year and per sub-division was applied. About 14,000 t in Sub-
division 25 was given only as catch per quarter and sub-division
and was distributed on age groups according to the total of the
appropriate quarters and sub-divisions (Table 3.3.1).

3.3.3 Mean weight at age

From quarterly national mean weight-at-age data, in some in-
stances given per fleet and per spawning type, an average
weighted by catches in numbers was calculated for each age group
(Table 3.3.2).

The decrease in mean weight at age observed since 1984 seems to
be halted in 1988, according to information from both catches and
the 1988 International Acoustic Survey (Figures 3.3.1 a and b).
The mean weights are still about 30% below the 1982-1983 level.

The SOP shows that nominal catches for the years 1972-1976 were
around 75% of the sum of products (see Table 3.3.1).

3.3.4 VPA

As 1in previous assessments, natural mortality was assumed to be
0.2 for all age groups.

The estimates of stock numbers at age from the International
Acoustic Surveys 1982-1987 were used as input CPUE values in the
ad hoc tuning program (Table 3.3.3). Effort was put as 1.0 in
all years. As the estimates are referring to the fourth quarter
(October-November), they were used for the next calendar vyear,
and consequently ages were shifted accordingly. The estimates of
log catchabilities per age group, given in Figure 3.3.2, have
standard errors arxound 0.3 and vary without a clear trend. The
fishing mortalities resulting from the tuning process are given
in Table 3.3.4. A separable VPA with age 3 as reference age,
terminal S = 1.0, and terminal F = 0.4 (Table 3.3.5) resulted in
the same mean F 1-g) as was obtained by the ad hoc tuning pro-
cedure. The fishiné mo%talities are given 1in Table 3.3.6 and
stock size estimates in Table 3.3.7. Estimates of SSB 1972-1976
have been corrected for SOP discrepancies.

The level of exploitation has been around 0.2 during 1974-1984,
increasing to 0.3 in 1985-1987 and is estimated as 0.38 in 1988.
Spawning stock size has fluctuated between 450,000-600,000 t
during 1972-1984 and thereafter decreased to below 300,000 t.
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3.3.5 Recruitment

The VPA indicated that both the 1985, 1986, and 1987 year classes
have been below the 1977-1986 average of 4,477 million. No infor-
mation on recruitment was presented and, therefore, the average
was applied for the 1988-1990 year classes.

3.3.6 Prediction

The 1988 exploitation level and pattern was applied on the 1989
stock. The mean weights for both the catch and the stock were
taken as +the 1987-1988 average. Input values for the prediction
are given in Table 3.3.8, +the catch options in Table 3.3.9 and
in Figure 3.3.3. Detailed prediction for the status gquo option is
given in Table 3.3.10. The catch in 1989 1is calculated to be
119,000 t and in 1990 118,000 t at the same level of F. Spawning
stock biomass is predicted to decrease.

3.3.7 Separation of herrin ocks in -divisi

As in previous years, the Working Group separated the total
catches 1in the area into the two main stocks present, i.e., the
fast-growing, short-lived c¢oastal herring spawning along the
southern coast in Sub-divisions 25-27 (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 c¢oastal herring includes autumn
spawners which made up 4-8% of the total catch in Sub-division 25
in 1975-1982. In 1987, the proportion of autumn spawhers in
Polish catches in Sub-divisions 25 and 26 amounted to 8.7% and
2.0%, respectively. The corresponding figures for 1988 are 9% and
4% .

3.3.8 Separation procedure

As in previous years, the Polish (Sub-divisions 25-27) and USSR
(Sub-divisions 26-27) catches presented as numbers at age, were
separated 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. For catches in the Swedish zone (Sub-divi-
sion 25), the German Democratic Republic and USSR submitted data
on catches in numbers at age, Since the seasons and fishing
grounds of the German Democratic Republic and USSR fishermen
overlap those of the Polish fishermen, their catches in numbers
at age were separated according to the stock ratio of the Polish
catches in the Swedish zone.

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

In 1988, catches increased in the coastal herring stock by 13%
and 1in the open-sea herring stock by 24% (Table 3.3.11). Part of
this increase was due to the higher number of fish caught (12%
for every stock), while some part can be attributed to the
greater weight at age (especially for the open-sea stock, in the
case of which mean weights were 17% higher on average than in
1987).

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 25-27) and
the USSR (Sub-divisions 26-27).

It 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-division 25
and 27, and Denmark similar data for Sub-division 25. Swedish and
Danish data from the first half year from Sub-division 25 were
assumed to represent only the coastal stock, while the data from
the second half year were assumed to represent both stocks.
swedish weights' from Sub-division 27 were used for the open-sea
stock.

3.3.11 VPA

Natural mortality was assumed to be 0.3 for the coastal herring
stock and 0.1 for the open-sea herring.

Two series of effort data were available for tuning:

1) CPUE of Polish state-owned 24 m cutters with pelagic pair-
trawls for 1981-1988 (Table 3.3.12);

2) CPUE of Polish state-owned cutters (Table 3.3.13) estimated by
GLM for 1984-1988.

In this model, type of cutter gear, month, year, and area effects
are taken into account. The GLM model accounted for 75-80% of
CPUE variation. As the data on the share of the coastal and open-
sea herring in Polish catches in previous years were not avail-
able at the meeting, it was assumed that this share was approxi-
mately constant. Catches of the coastal and open-sea herring were
divided by CPUE values to obtain rather rough effort indices.

The tuning procedure was based on CPUE of Polish 24-m cutter
data, as the GLM estimate series was found to be too short. The
separable VPA terminal numbers were used to estimate terminal Fs
in a conventional VPA.

It was possible to tune the VPA, but the 1relationship between
fishing mortality and fishing effort index was poor (r = 0.2 for
coastal herring and r = 0.53 for open-sea herring) (Figure 3.3.4-
3.3.5). It was noted that for 1985-1988, Polish CPUE data were
probably overestimated due to the herring fishing season begin-
ning later than in previous years and thus omitting less effi-
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cient months. This effect was not taken into account in
estimating effort indices.

The VPA 1is documented for the coastal stock in Tables 3.3.15 to
3.3.19, and in Figures 3.3.6A and B. The corresponding infor-
mation for the open sea stock is given in Tables 3.3.22-3.3.26
and in Figures 3.3.7A and B.

3.3.12 Recruitment and catch prediction

Coastal herring

Correlation of recruitment data (Table 3.3.14) with VPA estimates
is poor. The 1988 year class was assumed to be the mean of the
1975-1987 year classes, i.e., 4,173 million herring. The same
assumption was applied for the 1989-1991 year classes. The 1988
mean weight-at-age data were used for the calculation of catch
weight and biomasses. Input parameters for the projection are
given in Table 3.3.20 and the results are shown in Table 3.3.21
and Figure 3.3.6D.

If the fishing mortality in 1989 and 1990 is at the same level as
in 1988, the spawning stock biomass will remain at the 1level of
about 230,000 t in these years. Catches in 1989 and 1990 are pro-
jected to be at a level of 69,000 t.

Open sea herring

The 1989-1991 year classes were set at the 1level of average
(1980-1987) vyear-class abundance (1,820 million f£fish). Mean
weights at age in 1988 were applied in the prediction as mean
weights 1in catch and in stock. Input parameters for the projec-
tion are given in Table 3.3.27, and the =results are shown in
Table 3.3.28 and Figure 3.3.7D.

Unchanged level of fishing mortality in 1989 and 1990 would

result in a catch of 61,000 £t in 1990 and a spawning stock
biomass remaining at the level of 260,000 t.

3.4 Herring in Sub-divisions 28 and 29S

3.4.1 Catches

In the open part of the sub-divisions, the catches in 1988
remained at the level of the previous year. In the Gulf of Riga

they increased.

Open sea (Sub-divisions 28 and 29S) (tonnes):

Country 1976 1977 1978 1979 1980 1981
Finland 57 119 352 18 66 30
German Dem.Rep. 1,524 560 285 457 10 -
Poland 87 15 - - - -
Sweden 1,800 3,046 3,570 5,014 7,332 6,290
USSR 36,704 28,890 35,380 35,593 32,793 28,804
Total 40,172 32,630 39,587 41,082 40,201 35,124

ctd.
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Country 1982 1983 1984 1985 1986 1987 1988
Finland 168 44 1 8 451 2,436 2,289
German Dem.Rep. - - - - - - 82
Poland - - - - b 24 -
Sweden 7,950 7,606 5,400 2,351 2,015 1,613 1,149
USSR 35,845 39,990 39,334 37,669 36,698 43,720 42,305
Total 43,963 47,640 44,745 40,028 38,164 47,793 46,095

Gulf of Riga (tonnes):

Category 1976 1977 1978 1979 1980 1981
Total catch 31,975 26,544 23,056 21,859 20,702 22,646
Gulf of Riga herfing 27,422 24,186 16,728 17,142 14,998 16,769
Open-sea herring 4,553 2,358 6,328 4,717 5,704 5,877
Category 1982 1983 1984 1985 1986 1987 1988
Total catch 17,431 20,318 19,679 20,187 18,180 17,676 19,779
Gulf of Riga herfing 12,777 15,541 15,843 15,575 16,927 12,884 16,791
Open-sea herring 4,654 4,777 3,836 4,612 1,253 4,792 2,988

"Included in the table of open-sea herring catches.
In the Gulf of Riga, herring are fished only by the USSR.

3.4.2 catch in numbers by age

The USSR and Sweden presented catches in millions by age groups.
Finnish (2,289 t) and the German Democratic Republic (82 t)
catches were raised to the age composition of the combined USSR
and Swedish catches in the open sea. The Gulf of Riga herring was
assessed separately and accounted for directly by the USSR age
composition from trapnet and trawl catches (Tables 3.4.1 and
3.4.2).

3.4.3 Mean weight at age

Weighted mean weight-at-age data from the USSR and Swedish
catches (Table 3.4.4) were applied for the open sea herring. For
the Gulf of Riga population, the corresponding information from
the USSR trapnet and trawl fishery was used (Table 3.4.3). The
SOP check showed that the nominal catches in 1988 constituted 92%
of the calculated catches in the Gulf of Riga stock and 104% in
the open sea stock.

As compared with the previous year, in 1988 in the Gulf of Riga
herring weights at age were higher. They were generally also
higher in the younger herring of the open sea stock but lower on
5-year-old and older herring,

3.4.4 VPA
Natural mortality in the open sea stock was taken equal +to that

in previous years (0.3). In the Gulf of Riga herring, the same
natural mortality as in 1987 (0.2) was assumed.
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Gulf of Riga herring

The level of input Fs for 1988 was estimated on the basis of the
abundances estimates (millions) of 3-7-year-old Gulf herring from
the acoustic surveys in November 1987 and 1988 (see text table
below) .

Age
Year 3 4 5 6 7
1987 1,062 844 158 46 -
1988 - 754 231 92 31

Based on summed abundances of 3- to 6-year-old herring in 1987
and 4- to 7-year-old herring in 1988, Z for age groups 4-7 in
1988 was estimated as 0.65 and F = 0.45. The input Fs for the age
groups were estimated from the separable VPA (Table 3.4.5). Age
group 4 was chosen as the reference age. The selection factor was
taken as 1.0 to keep the dome-shaped exploitation pattern assumed
in previous years. The resulting average unweighted F for the 4-
to 7-year-old herring in 1988 (0.46) is considerably higher than
F (0.20) and slightly below F (0.50). The VPA results are
ggvén in Tables 3.4.6 and 3.4.7, afld¥in Figure 3.4.1,

Open sea herring

The level of input Fs in the open sea stock was estimated by
tuning of VPA using the acoustic survey data from both the
international and the USSR surveys (Table 3.4.8). Fs were
estimated from the separable VPA (F, = 0.20, S = 1.4) (Table
3.4.9). The average F for age groups 2-7 in 1988 is less than
FO 1 (0.33). The VPA results are presented in Tables 3.4.10 and
374,11 and in Figure 3.4.3.

This assessment gives stock estimates that are about 50% lower
than those made by the Working Group 1984-1987. The difference is
caused by the different ways of wusing the acoustic data for
tuning. The Working Group has more confidence in this year's
assessment.

3.4.5 Recruitment and catch prediction - Gulf of Riga herring

As in recent years, the abundance of 1-group 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.
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Year

Category
1975 1976 1977 1978 1979 1980 1981

Abundance of O-group

herring per haul 4,565 2,493 798 543 296 399 1,587
1-group (millions)

from VPA 3,414 827 1,012 966 1,095 923 1,677
Category 1982 1983 1984 1985 1986 1987 1988

Abundance of 0-group
herring per haul 768 1,694 806 454 3,316 656 1,601

1-group (millions)
from VPA 1,398 2,246 1,075 680 - - -

The corresponding equation is y = 719 + 0.51x, r = 0.82. The
analysis indicates the 1987 year class to be poor with 840 mil-
lion age-2 herring at the beginning of 1989. The 1988 year class
at age 1 is estimated to be of average size, i.e., 1,530 million
herring. Natural mortality was estimated to be 0.2. The predic-
tion was run with the smoothed 1988 exploitation pattern (Table
3.4.12). The 1990 year class at age 1 was assumed to be 1,230
million herring, the average over the period 1978-1986. Mean
weights at age were used as mean of the 1987 and 1988 estimates
(somewhat smoothed).

Input parameters for the projection are listed in Table 3.4.12,
and the results of the short-term and medium-term projections are
given in Table 3.4.13 and Figure 3.4.1. A detailed output based
on a stable fishing mortality in 1989 and 1990 at the 1988 level
is presented in Table 3.4.14.

Open sea herring

The abundance of the 1986 and 1987 year classes were estimated
from a regression of VPA year-class abundances at age 1 in the
period 1972-1985 versus the percentage of 1-group fish in annual
catches (Figure 3.4.2). They were used as input values for the
projection and correspond to 2.199 million fish at age 3 and
1.191 million fish at age 2 at the beginning of 1989. The
abundance of the 1990 and 1991 year classes was set at the aver-
age of the 1979-1986 year classes, i.e., 3.194 million fish at
age 1. The projection was run with +the 1987-1988 average mean
weights and the 1988 exploitation pattern. The parameters used
for the projection are given in Table 3.4.15.

Continuation of the 1988 level of exploitation in 1989 and 1990
results in some decrease in both spawning stock biomass and
catches due to the poor 1985 and 1987 year classes (Tables 3.4.16
and 3.4.17, Figure 3.4.3).
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Herring in the Eastern Part Sub-divisions 29N and 30E
3.5.1 catch trends
A revision has taken place in the Finnish catch data in 1974-

1987. In recent years, catches have been on a higher level than
in the 1970s.

Country 1974 1975 1976 1977 1978 1979 1980
Finland 37,694239,270238,584242,902 44,842 45,122 52,153
USSR 1,000 1,000 1,000° 1,000 1,000 1,000 1,000
Total 38,694 40,270 39,584 43,902 45,842 46,122 53,153
Country 1981 1982 1983 1984 1985 1986 1987 1988’

Finland 41,818 46,957 52,389 56,640 58,388 55,900 52,720 51,625
USSR 971 - - - - - - -

Total 42,818 46,957 52,389 56,640 58,388 55,900 52,720 51,625

1Preliminary. 2 assumed amounts for 1974-1976.
Weight in t.

3.5.2 Catch in numbers at age

The age composition is based on the Finnish trapnet and trawl
catches. The USSR landings were raised to the age distributions
of the Finnish pelagic trawl catches (Table 3.5.1).

3.5.3 Mean weight at age

The mean weights are based on samples from the Finnish trapnet,
trawl, and winter seine catches. In many age groups the mean
weights have increased until 1983, and then decreased (Table
3.5.2). Mean weights at age in the stock are taken equal to the
mean weights in the catch. Due to changes in weights, +the mean
weight at age of the actual year was used. In 1988, the nominal
catch constituted 101% of the calculated one.

3.5.4 VPA

The natural mortality of M = 0.15 was used in the years 1974 and
1975, and that of M = 0.2 from 1976 onwards in all age groups.

The VPA was tuned using effort and catch-at-age data of Finnish
trapnet, bottom trawl and pelagic trawl fishery in 1974-1988
(Table 3.5.3). In the +tuning output (Table 3.5.4), the sigma
values in older age groups were below 0.3 and the variance ratio
usually below 0.9.

From the +tuned VPA the terminal S (1.21) for separable VPA was
taken (Table 3.5.5). The O-group was omitted. Terminal F for age
group 3 (0.164) was chosen in order to get the same mean F
(0.182) in age groups 3-8 in the separable VPA as in the VPA
tuning. Fishing mortalities and stock sizes calculated by separ-
able VPA are given in Tables 3.5.6 and 3.5.7 and Figure 3.5.1.
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3.5.5 Recruitment and catch prediction

The numbers of Copepoda adults (2.6 per cm2 in 1988), C. nauplii
(8.3), herring larvae <10 mm (40 per 10 mz), 10-15 mm (15) , and
>15 mm (2) in June, having a positive correlation with the vyear-
class strength (Parmanne and Sjoblom, 1984, 1987), were treated
as recruitment indices and combined using +the RCRTINX2 program
(Table 3.5.8). The 1988 year class was thus set at 29% above the
average in 1974-1986. This seems realistic compared to the catch
of O-group in 1988 (Table 3.5.1). The parameters used in the
projection are given in Table 3.5.9.

For the yield curve, mean weights at age in 1988 and average
recruitment in 1974-1986 were used. The yield and stock biomass
from different fishing mortalities in 1990 are given 1in Figure
3.5.1. The fishing mortality in 1988 (0.182) is at the level of
FO 1 (0.197). 1If F 8 (slightly smoothed) is maintained in 1989
and 1990, a catcg of 48,000 t 1is predicted for 1990 (Table
3.5.10). The slight decrease of the expected catch compared with
actual catches is due to the weak 1987 year class.

A detailed projection for a stable fishing mortality in 1989 and
1990 at the same level as in 1988 is given in Table 3.5.11.

3.6 Herring 'in the Eastern Part of Sub-division 31
3.6.1 Catch tre
A revision has +taken place in the «catch data in 1974-1987.

Catches increased in the 1970s and have been rather stable in the
1980s.

Country 1974 1975 1976 1977 1978 1979 1980 1981

Finland 5,737 4,802 7,763 6,580 9,068 6,275 8,899 7,206

Country 1982 1983 1984 1985 1986 1987 1988"

Finland 7,982 7,011 8,322 8,595 8,754 7,788 7,171

1Preliminary.
Weights in t.

3.6.2 Catch in numbers at age

All catches were given in numbers by age and year (Table 3.6.1).

3.6.3 Mean weight at_age

The mean weights are based on samples from trapnet, bottom trawl,
and pelagic trawl catches. Mean weight at age in the stock are
taken equal to the mean weights in +the catch. Average mean
weights at age for the actual year were used (Table 3.6.2). In
1988, the nominal catch was 99% of the calculated catch.
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3.6.4 VPA

The natural mortality of M = 0.15 was used for all years and age
groups.

The VPA was tuned using effort and catch-at-age data of trapnet,
bottom trawl, and pelagic trawl fishery 1in 1974-1988 (Table
3.6.3) The O-group was omitted. In the tuning output (Table
3.6.4), in most age groups the sigma values were below 0.5 and
the variance ratio below 0.9.

From the +tuned VPA, the terminal S (1.25) for the separable VPA
was taken (Table 3.6.5). Terminal F for age group 3 (0.115) was
chosen 1in order to get the same mean F (0.128) in age groups 3-8
in the separable VPA as in the VPA tuning. Fishing mortalities
and stock gsizes calculated by separable VPA are given in Tables
3.6.6 and 3.6.7.

3.6.5 Recruitment and catch prediction

The numbers of Copepoda nauplii (5.0 per em® in 1988), Cladocera
(13.3), and Rotatoria (7.0) in August, other zooplankton in July
(0.0), and total numbers of zooplankton in August (27.2), having
a positive correlation with the year-class strength (Parmanne and
Sj6blom, 1984, 1987), as recruitment indices were combined using
the RCRTINX2 program (Table 3.6.8). The 1988 year class was thus
set at 81% of the average.

For the yield curve, mean weights at age in 1988 and average
recruitment in 1974-1986 were used. Table 3.6.9 shows the input
parameters for the projection. The yield and stock biomass from
different fishing mortalities in 1990 are given in Tables 3.6.10,
3.6.11, and in Figure 3.6.1. The fishing mortality in 1988
(0.128) is below F (0.161). If the level of F in 1988 is main-
tained in 1989 and 1990, a catch of 8,700 t is predicted in 1990.

3.7 Herring in the Western Part of Sub-divisions 29N, 30, and 31
3.7.1 Catches
Both the Swedish and Finnish catches increased by almost 61% in

these areas from 1987 to 1988. Most of the catches are taken in
Sub-division 30.



22

Country 1977 1978 1979 1980 1981 1982
Finland 816 1,370 1,806 298 328 198
Sweden 5,640 5,660 6,800 7,302 7,910 7,311
Total 6,456 7,030 8,606 7,600 8,238 7,509
Country 1983 1984 1985 1986 1987  1988"
Finland 274 20 730 371 452 726
Sweden 9,486 6,813 3,612 3,331 2,536 4,087
Total 9,760 6,833 4,342 3,702 2,988 4,813

1Preliminary.
Weight in tonnes.

3.7.2 Catch in numbers and mean weight at age

The sampling intensity has previously been very low for this area
but improved +this year. Swedish catches for 1988 as numbers at
age as well as the mean weights per gquarter of the year and
Finnish catches per quarter of the year are given in Table 3.7.1.

3.7.3 Stock assessment

The Working Group could not make an assessment due to the short
data series available for this stock. The high mean age in the
catches 1indicates +that the exploitation level is low in these
areas.

3.8 Herring in Sub-divisjon 32 (Gulf of Finland)
3.8.1 Catches

The c¢atches have declined since 1983 and in 1988, this tendency
continued. There was a revision of Finnish catch data for 1974-
1987.
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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
Finland 16,272 22,470 20,695 19,290 16,533 17,080 15,021
USSR 23,589 27,795 24,692 24,899 25,520 21,462 23,140
Total 39,861 50,265 45,387 44,189 42,053 38,542 38,161
1Preliminary.

Weights in t.

3.8.2 Catch in numbers at age

Both Finland and the USSR supplied catch in numbers data by age
groups in 1988 (Table 3.8.1). Finland revised its data for 1974-
1987.

3.8.3 Mean weight at age

From mean weights at age supplied by the USSR and Finland, an
average weighted by catches in numbers was calculated (Table
3.8.2). The nominal catch was 99% of the calculated one in 1988.
As compared with the previous year, in 1988 the mean weights
decreased in most age groups.

Mean weights at age in the stock were taken equal to the mean
mean weights in the catch.

3.8.4 VPA

As last year, the constant natural mortality rate (M = 0.2) for
all age groups was used in 1988. The F level was estimated by
tuning VPA against the yearly effort and catch values in five
fisheries: Finnish trapnet, bottom trawl and pelagic trawl
fisheries (1974-1988), Soviet trapnet fishery (1978-1988), and
Soviet pelagic trawl fishery (1982-1988) (Table 3.8.3). Input Fs
were estimated from a separable VPA. The version having the refe-
rence F3 = 0.27 and the terminal S = 0.6 was accepted (Table
3.8.4).

The resulting average F in 1988 for the age groups 2-5 of 0.25
was somewhat higher than F (0.21) but less than Fm (0.44).
The VPA results are shown "~1n Tables 3.8.5 and 3.8.6 ST Figure
3.8.1.

3.8.5 Catch prediction

The abundance of the 1987 year class was estimated on the basis
of the regression (y = 329 + 141x, r = 0.821) of the year-class
abundance in VPA in 1970-1985 on the percentage of 1-group f£fish
in the yearly catches. It was calculated to be 540 million at age
2 in 1989. Smoothed mean weights at age for 1987-1988 and the
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1988 fishing mortality pattern were applied (Table 3.8.7). M was
taken as 0.2 as in previous years. The 1988-1990 year classes
were set at the average 1level for 1978-1986 (2910 million
herring at age 1).

Owing to the good 1986 and average 1988 year classes, it is
expected that the total herring biomass and SSB wil be rather
high in 1989-1991. The short-term catch projections for the Gulf
of Finland herring are presented in Tables 3.8.8 and in Figure
3.8.1. A detailed projection is given in Table 3.8.9.

3.9 Herring in the Baltic Proper, Sub-divisions 25-29 (Combined)

3.9.1 Introduction

The herring in this area has for a long period been divided into
three assessment units: Sub-divisions 25-27, Sub-divisions 28 +
295, and Sub-divisions 29N-30. The assessments 1in the two
southern areas have been based on the stock estimates obtained
from acoustic surveys and on effort/CPUE tuning in the northern
unit.

It has been observed that the distribution of herring in relation
to the borders between units varies from one year to the next.

The observed decrease in mean weights during the last five vyears
seems partly to be due to migration of slow-growing herring from
Sub~divisions 27, 28, and 29 southwards down to the fishing areas
in Sub-divisions 25 and 26.

Acoustic surveys have always found large amounts of herring in
Sub-divisions 28 and 295 during the fourth quarter, which has
consequently increased stock size estimates in these areas con-
siderably. It is, however, possible that part of these herring
are emanating from Sub-division 29N and overwintering in the
deeper parts of Sub-divisions 28 and 29S.

Based on this, the Working Group decided to also assess all
herring in the Baltic Proper (Gulf of Riga excluded) as one unit.

3.9.2 cCatches
The combined catches in the area have been remarkably stable
during the period 1974-1988 included in the assessment files. It

has varied between 207,000 and 267,000 t without any clear trend
(Table 3.9.1).

3.9.3 Catch in numbers_at age
Catch in numbers were summed for the three stocks (Table 3.9.1).
3.9.4 Mean weights

Data on mean weights at age were weighted together with by-
catches in numbers.

The SOP was low in 1974-1976, but within + 10% for the 1977-1988
period (Table 3.9.1).
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3.9.5 Assessment

The natural mortality was taken as 0.2 for all years and age
groups.

Stock estimates from the International Acoustic Surveys for the
period 1982-1987 and from the USSR acoustic surveys in Sub-
divisions 26 and 28 for 1985-1987 were used for tuning the VPA.
Table 3.9.2 contains the input data, and it should be noted that
the survey results are applied to the calendar year after the
survey and that ages are shifted accordingly. Effort is taken as
1.0 for all years.

Log catchability estimates given in Table 3.9.3 are surrounded by
low combined standard errors and low variance ratios.

The VPA results from the tuning procedure appear in Tables 3.9.4
and 3.9.5.

These results were compared to the outcome of separable VPAs with
reference age 4 and S, = 1.0. The version with F = 0.35 was
chosen and is given in Tables 3.9.6 to 3.9.8.

The exploitation 1level seems to have been stable at about 0.20-
0.25 for 1974-1984 and thereafter increased to 0.30-0.35. The
F level 1is calculated as 0.24. Spawning stock biomass,
corrected for SOP deviations, has been around 1,100,000 t wup to
1984 and then decreased slightly.

3.9.6 Recruitment and catch predictions

Year-class strengths are accepted as they are estimated in the
VPA. The 1988 and 1989 year classes are assumed to be at the
long-term average level of 8778 million individuals.

Input parameters for the projections are given in Table 3.9.9.
Results of the projections are given in Table 3.9.10 and Figure
3.9.1. A detailed projection is shown in Table 3.9.11.

Status gquo catches in 1989 and 1990 are calculated to be 186,000
and 181,000 t, respectively.

3.9.7 Combined assessment Vvs. separate assessment of herring

stocks in Sub-divisions 25-29

A possible way of judging whether a combined assessment or sepa-
rate assessments are most appropriate might be to compare the
standard errors of logarithmic catchability estimates (SE) from
the effort tuning program. If we really have several stocks fluc-
tuating independently of each other, the SE (q) from the combined
assessment should at least be as large as the (weighted) mean
value of the SE (gs) from the separate assessments. If it is less
than the mean, it indicates that a part of the variation in the
gs in the separate assessments are caused by changed migration
patterns from year to year. The following text table shows the SE
(g) values obtained from tuning the VPA to the Swedish acoustic
data.
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Age Comb. assess. Sep. assess. 25-27 Sep. assess. 28-295
2 0.380 0.496 0.297
3 0.190 0.399 0.146
4 0.202 0.246 0.207
5 0.241 0.256 0.287
6 0.301 0.314 0.261
7 0.256 0.307 0.468
8 0.407 0.313 0.858
Mean 0.282 0.333 0.361

Although SE(g) fluctuates somewhat from age group to age group,
the mean of the BSE(gs) for the combined assessment is smaller
than the separate assessments. Thus, the combined assessment
seems to be preferable.

4 SPRAT

4.1 catches

Total catch of sprat in the Baltic amounted to 80,000 t in 1988
(Table 4.1). This is slightly less than the year before.

Most of the decrease is caused by a drop in the Polish catches
(-10,000 t) in Sub-divisions 25 and 26.

4.2 Sprat in Sub-divisions 22, 24, and 25
4.2.1 Catch trends

Country 1977 1978 1979 1980 1981 1982
Denmark 7,167 10,815 5,549 4,738 8,359 6,787
German Dem.Rep. 2,214 1,090 924 114 78 1,022
Germany, Fed.Rep. 766 784 691 541 564 632
Poland 19,984 8,281 5,735 6,217 4,300 4,439
Sweden 173 569 1,336 1,185 747 1,460
USSR 6,000 360 135 - 2 3
Total 36,304 21,899 14,370 12,795 14,050 14,343
Country 1983 1984 1985 1986 1987 1988
Denmark 6,202 2,957 4,148 5,954 2,593 1,972
German Dem.Rep. 2,692 2,761 1,950 2,514 1,307 1,234
Germany, Fed.Rep. 619 663 879 473 1,125 330
Poland 2,786 1,639 5,460 12,057 15,488 10,932
Sweden 1,659 3,232 3,391 2,153 723 1,230
USSR - - - - - -
Total 13,958 11,252 15,828 23,151 21,236 15,698

Weights in t.
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The total catch in 1988 decreased by 26.1% as compared with 1987
to about +the catch 1level at the beginning of the 1980s. Major
decreases appeared for the catches of the Federal Republic of
Germany and Poland. The catch of Denmark decreased by the same
relative amount as the total catch and the catch of Sweden in-
creased. Danish and Swedish sprat catches were mainly taken as
by-catch in the herring fishery.

4.2.2 catch i umbers age- an

The Federal Republic of Germany and Poland provided their total
catches in numbers by age groups. The German Democratic Republic
provided a proportion of the total catches, namely their catches
for +the period August-October in numbers by age groups. The re-
maining proportion of the total catch of this country was raised
according to the age composition of the catches of Poland in the
same sub-division at the same time. The same procedure was
applied to +the «catches of Denmark. The Swedish catches were
raised according to the age composition calculated for the other
countries with catches in the assessment unit. 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. The age composition of catches
calculated country by country on the basis of the catch in
numbers by age groups provided was used to calculate weighted
mean weights at age (Table 4.2.2).

The SOP of catches in numbers of age groups and the weighted mean
weight per age group 1is in accordance with the nominal catch
taken in the assessment unit in 1988.

The mean weights at age in the stock were estimated from weight-
at-age data in the catches from the two guarters of the year.

4.2.4 VP2

As 1in previous assessments, the natural mortality was assumed to
be M = 0.4 and constant for all ages and years. By using the
tuning module, fishing mortalities for the years 1984-1988 for
ages O-7 have been calculated on the basis of acoustic surveys
carried out in these years (Table 4.2.3). Each survey was given
the same effort value, namely 1.00. The estimated amounts of
sprat per age group were taken as CPUE. The resulting fishing
mortality for age 3 was taken as starting fishing mortality in a
separable VPA which was run on ages 1 to 5 (Tables 4.2.4). VPA
output is shown in Tables 4.2.5 and 4.2.6 and Figures 4.2.1.A and
4.2.1.8B.

4.2.5 Recruitment and catch prediction

An analysis of sprat data from young fish surveys carried out in
Sub-divisions 22 and 24 by the German Democratic Republic on the
basis of the RCRTINX2 program was done. As the data base avail-
able for the analysis only included +the period 1983-1988, the
method could only be applied with a minimum of 4 points used for
regression. The resulting prediction of the 1987 and 1988 year
classes as 1-group can be taken as a rather conservative one
taking into account that the predicted values are respectively
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below and slightly above the long-term average values (Table
4.2.7), and that the number of O-group sprat was high in the
catches in 1988 and also in the acoustic survey. From this re-
cruitment prediction, the input values for ages 1 and 2 in 1989
have been calculated. The average recruitment at age 1 amounted
to 4,186 millions for the period 1970-1986. This value was
appplied in the projection (Table 4.2.8). Weights at age in the
stock were the averages of the period 1970-1986. Assuming an
exploitation pattern similar to the average situation in 1970-
1986, the catch in 1989 could increase to 22,000 t with a fish-
ing mortality at the level of 1988, resulting in a total stock
and a spawning stock in 1990 at about the same level as in 1989
(Tables 4.2.9 and 4.2.10 and Figure 4.2.1.D). A continuation of
this catch level in 1990 would again result in an unchanged total
stock and spawning stock in 1991. This level of fishing mortality
is below the biological reference points FO 1 (0.480) and F a
(0.915) . : me

4.3 Sprat in Sub-divisions 26 and 28
4.3.1 Catch trends

Country 1977 1978 1979 1980 1981 1982
German Dep.Rep. 14,725 12,619 3,057 15 - -
Poland 18,758 16,411 6,660 6,518 4,591 9,770
Sweden 28 35 65 66 87 120
USSR 51,544 43,700 22,067 18,990 13,093 13,618
Total 85,055 72,765 31,849 25,529 17,770 23,508
Country 1983 1984 1985 1986 1987 1988’
Finland - - - - 21 11
Poland 4,302 7,615 13,023 11,596 16,515 11,304
Sweden 274 4,180 2,395 1,010 2,684 3,921
USSR 8,919 19,354 27,560 29,356 37,426 36,573
Total 13,495 31,149 42,978 41,962 56,646 51,809
1Preliminary.

Weights in tonnes.

The catch decreased in 1988 by 7,719 t in Sub-division 26 and
increased by 2,822 t in Sub-division 28. Polish catches in 1988
as compared with 1987 decreased by 5,211 t and those of the USSR
by 853 t. Swedish catch during this period increased by 1,237 t.
The reduction of catches of Poland and the USSR was largely due
to the termination of the sprat fishery in the autumn because of
large by-catch of small fish of the 1988 year «c¢lass. The young
fish by-catch taken by Soviet fishermen in some fishing grounds
even exceeded 50% of the total catch.

Polish CPUE of sprat in Sub-division 26 for the major part of the
fleet (governmental fishery enterprises), and the calculated
effort are shown in the text table below:
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Category 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988
CPUE (t) 3.73 4.77 4.09 4.13 3.46 6.07 5.12 6.31 4.63 4.43 4.80 4.08
Standa;dized

effort 5,024 3,439 1,629 1,579 1,328 1,610 840 1,206 2,812 2,620 3,440 2,772

1Days fished.

Fishing effort and catch per unit effort in the USSR sprat fishery
are given in the following text table:

Year Sub~-division Trawling hours Catch per trawling hour (t)

1983 26 3,415 2.26
28 1,238 0.97
Total 4,653 1.92
1984 26 9,826 1.03
28 7,959 1.16
Total 17,785 1.09
1985 26 11,182 1.66
28 7,789 1.16
Total 18,961 1.45
1986 26 8,466 1.18
28 16,234 1.19
Total 24,700 1.19
1987 26 22,263 1.15
28 10,948 1.08
Total 33,211 1.12
1988 26 21,095 1.10
28 13,368 1.00
Total 34,463 1.06

Since USSR and Poland conduct sprat fishery by different +types of
vessels, their data on CPUE and effort values are incompatible.
Sweden and Finland do not have statistical data on these indicators.
For this reason to describe the fishery intensity in Sub-divisions
26 and 28, USSR catch per trawling hour data were taken as standard
ones. On this basis, the value of fishing effort and CPUE using
equation:
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Catch Catch Catch,.
Total Effort22+28Effor%6+28 + Pol + 5w ¥ Fin
USSR CPUEzG CPUEZB
USSR USSR
26+28
Catchtotal

CPUE = T5¢al effort

The calculation results are represented in the following table:

Total effort and CPUE of sprat in Sub-divisions 26 and 28

Year 1983 1984 1985 1986 1987 1988

Effort 6,839 28,781 28,871 35,376 50,057 48,671
(hours)

CPUE (t) 1.98 1.08 1.49 1.19 1.13 1.06

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 composition 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. Weights at
age 1in the catch and in the stock were taken as being equal for
recent years (Tables 4.3.2 and 4.3.3). The SOP based on weighted
mean weights at age in 1988 was in very good agreement with the
nominal catch (100%) (Table 4.3.4).

4.3.4 VPA

This stock was assessed by two methods, both based on acoustic stock
estimates. In one assessment (Assessment 1) the stock at age
estimates were regarded as CPUE values and used as input +to the
standard tuning module. Data from both the international survey and
the survey done by the USSR in Sub-divisions 26 and 28 were used.

The other assessment (Assessment 2) was solely based on the USSR
data and they were treated in the same way as in last year's
assessment: total mortality for the period 1 October 1987 - 1
October 1988 was obtained from the two stock estimates and split
into fishing and natural mortality according to the «catches in
number.

4.3.5 VPA_tuned by tuning model (Assessment 1)

A natural mortality 1level of 0.5 was applied for all years. Stock
estimates from the two acoustic surveys were used as "CPUE" input
(effort = 10 for all years) +to the tuning module. Survey results
from 1983-1987 (fourth gquarter) were used for 1 January estimates
for 1984-1988 (Table 4.3.5).
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The log catchabilities (Table 4.3.6) are stable for most age
groups, especially for the USSR data. The fishing mortality for

1988 was = 0.19. This level of exploitation was also
achieved frém & separable VPA using reference age = 4,
s = 1,25, and = 0.2 (Table 4.3.7). The resulting

flsﬁlng mortalltles cgfculated from terminal populations are
presented in Tables 4.3.8 and the accompanying stock sizes in
Table 4.3.9.

Spawning stock biomass shows an increase from a very low level in
1981 of 24,000 t to around 300,000 t for 1985-88.

4.3.6 Recruitment and prediction

Year classes older than 1988 were taken from the VPA. The 1988
year class was estimated from the USSR O-group data from a trawl
survey 1in September to be 47,760 x 10° at age 1 from the re-
gression shown in Figure 4.3.1. This corresponds to 2.2 times the
1979-1986 average. The prediction run with average recruitment
for year class 1989 (Table 4.3.10) and with a continuation of the
1988 exploitation pattern gave a SQC of 45,000 t in 1989 and
51,000 t in 1990 (Table 4.3.11).

The 1988 year class makes up 5,000 t of the SQC in 1989 and
22,000 £t in 1990 (Table 4.3.12). This year class is at present
not estimated with any precision.

4.3.7 VPA_tuned fro he USSR acoustic sur s_(Assessmen

F and M values for the 1980-1986 year classes in 1988 were de-
rived from USSR acoustic survey data collected in September-
October 1987 and 1988. For calculations the following equations
were applied.

- 87 _ 88
7z = 1ln Nt 1n Nt
IX87 ~ IX88
C
F=2x 57 88
N - N
M =2 - F

where Nt is the abundance of the sprat of year class t according
to 1987 and 1988 survey data. Results of +the calculations are

presented in text table below:
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Calculated 2, F, and M values for sprat in Sub-divisions 26 and
28 from USSR acoustic data in September-October 1987-1988.

Year class

Total
1986 1985 1984 1983 1982 1981 21980
N8 7
millions 23,035 2,246 2,992 2,489 2,341 110 122 33,335
N%8
millions 14,404 1,251 1,667 1,451 1,301 59 60 20,193
URN:Y
millions 8,631 995 1,325 1,038 1,040 51 62 13,142
C(IX87-IX88)
millions 2,463 552 706 477 421 19 19 4,658
N87
Z=1n—§i 0.47 0.59 0.59 0.54 0.59 0.62 0.71 0.50
N
C
F=f——— 0.13 0.33 0.32 0.25 0.24 0.23 0.22 0.18
87 _ 88
N " -N
M = 2-F 0.34 0.26 0.27 0.29 0.35 0.39 0.49 0.32

The F and M values were applied in VPA for age groups 2-8+ (year
classes 1986 - <1980) in 1988 (Tables 4.3.13-4.3.14). Natural
mortality of O- and 1-group sprat was set equal to the average M
values for these age-groups in 1984-1987 (C.M.1988/Assess:18,
Table 4.3.4). In the following text table, data on the USSR young
sprat (t = 0) surveys that have been carried out yearly in
September with pelagic commercial trawl and the Isaacs-Kidd
trawl, are shown:
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Year class 1980 1981 1982 1983 1984 1985 1986 1987 1988

Relative abundance

of young sprat ac-

cording to pelagic

trawl survey.

Index N 0.90 0.36 2.64 4.56 0.80 0.10 9.22 0.01 6.90

Mean weight of

young sprat on

pelagic trawl

catches, Woo g 3.5 2.9 3.2 2.9 2.3 1.1 2.5 2.6 3.2

Mean weight of
young sprat in
Isaacs-Kidd

trawl, w g 1.7 2.0 2.5 1.3 1.7 1.7 1.2 0.43 2.0

2!

Based on 1-year-old sprat abundances of the 1980~-1986 vyear
classes from VPA (Table 4.3.15) and the data on young sprat sur-
veys the following equation was derived for the estimation of 1-
year-old numbers from the young sprat survey data:

N2 = 21675.5 + 1461.8 (Index NO) W1 + 16747.5 W2 (r = 0.939)

The est&mate for the 1988 year class at the age of 1 vyear 1is
44 x 10 fishes. Taking that into account the terminal F for the
O-groups was chosen to get the 1988 year class abundance close to
the calculated one. The 1987 survey showed that in pelagic trawl
catches the O-group was almost absent (the index N = 0.01).
In the Isaacs-Kidd trawl catches the O-group weight was very low
(w, = 0.43 g) and these were in fact whitebait (large larvae).
Thérefore, the abundance of the year class was not calculated and
it was taken equal to the weakest year class in the last 19 year
period, the 1977 year class.

VPA results are presented in Tables 4.3.14 and 4.3.15 and Figures
4.3.3.A and 4.3.3.B.

Figure 4.3.2 shows the relationship between average Fz-s from VPA
and the total effort for the period 1983-1988. The  correlation
coefficient between them is remarkably high (r = 0.95).

4.3.8 Recruitment and catch prediction

For the prediction, the 1989-1991 year classes were set at the
average level for 1979-1986 (Table 4.3.15). The natural mortality
level by age was taken as the average for 1984-1988. The fishing
pattern for 1988 was applied (Table 4.3.14). Input data are given
in Table 4.3.16. Long-term and short-term catch projections are
given 1in Tables 4.3.17-4.3.19 and Figures 4.3.3.C and 4.3.3.D.
Taking into account the TACs for sprat in 1989, it can be ex-
pected that the sprat catch in that year in Sub-divisions 26 and
28 will be about 60,000-65,000 t if fishing mortality in 1989 is
at the level of 1988 (that is considerably less than F 1.
0.508; Table 4.3.17). The corresponding status gquo catcg‘ in
these sub-divisions in 1990 is about 70,000 t (Table 4.3.18).
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4.4 Sprat in Sub-divisions 27, 29 - 32

4.4.1 Catches

Country 1977 1978 1979 1980 1981 1982
Finland 7,212 6,373 7,125 6,311 5,850 4,550
German Dem.Rep. 302 1 37 12 - -
Poland 22 - - - - -
Sweden 227 196 825 1,133 716 1,170
USSR 52,180 31,469 22,860 14,429 10,787 5,245
Total 59,943 38,039 30,847 19,885 17,353 10,965
Country 1983 1984 1985 1986 1987 1988"
Finland 3,355 2,415 2,923 3,246 2,796 2,985
German Dem.Rep. - - - - - -
Poland - - - - - -
Sweden 783 985 1,325 67 46 2,194
USSR 4,806 6,537 6 443 7,128 7,462 7,608
Total 8,944 9,937 10,691 10,441 10,204 12,787

1Preliminary.
Weights in t.

Swedish catches in 1988 as compared with 1987 increased by 2,148
t. Finnish and USSR catches practically remained on the 1987
level. The catches were mainly taken in the mixed herring-sprat
fishery as herring by-catch.

4.4.2 Catch in numbers by age and year

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 1988 (Table 4.4.2). The nominal catch
constituted 100% of the calculated one (Table 4.4.3). Weights at
age in the catch and in the stock were taken as being equal.

4.4.4 VPA

A constant natural mortality rate (M = 0.3) was assumed for all
age groups, as in the previous report. The input Fs for the
oldest age groups for all years and for age groups 1 and older in
1988 were estimated using the separable VPA. For calculations the
terminal F value 0.104 for the 2-year-old sprat was assumed, at
which age sprat is fully recruited. Taking into account that from
1983 onwards directed fishing for sprat did not occur in that
region and sprat was taken as by-catch in the herring fishery
which has been comparatively stable, the terminal F value was
selected close to the average for the period 1983-1987 (Table
4.4.4). Runs with six different terminal S values (0.5; 1.0;
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1.5; 2.0; 2.5, and 3.0) were made. After a comparison of the
results, the +terminal S value of 1.5 was selected as probably
best reflecting the observed exploitation pattern (Table 4.4.5).
The terminal F for O-group sprat in 1988 was taken to be equal to
the mean for 1983-1987 (Table 4.4.4). The VPA results are shown
in Tables 4.4.6 and 4.4.7, and in Figures 4.4.1.A and 4.4.1.B.

4.4.5 Recruitment and catch prediction

The average recruitment amounted +o about 4.665 millions for
1979-1986 (Table 4.4.7). This value was applied for the pro-
jection. The weights at age in the stock and in the catch used
for the projection were the averages of the period 1979-1988. For
the prediction calculations, the 1988 F pattern was used (Table
4.4.8).

Oowing to the good 1988 year class, it 1is expected +that sprat
catches and spawning stock in Sub-divisions 27, and 29-32 will
increase. The long-term and short-term catch and stock projec-
tions are presented in Tables 4.4.9-4.4.11 and in Figures 4.4.1.C
and 4.4.1.D.

4.5 Sprat in the Total Baltic (Sub-divisions 22-32)

The Working Group made, for the first time, an assessment for the
total sprat in +the Baltic. This was done partly in order to
discover if migrations in the time between the acoustic surveys
and fishing season had caused double counting. It is also
possible that catches in the deeper parts of Sub-division 28 can
contain older sprat coming from the Northern and Southern stocks;
the so-called "pool of seniors" in the Gotland Deep area.

4.5.1 Catches

The catches have shown large fluctuations, a decrease from about
250,000 t in 1974 down to below 50,000 £ in 1981-1983. Thereafter
an increase to 80,000-90,000 t.

4.5.2 Catches in number at age

Catches in number were summed from the existing files covering
the stocks 1in 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 stocks by catches in numbers (Table 4.5.2). A
maturity ogive was calculated as an average of the existing
ogives.

4.5.4 VPA

Natural mortality was assumed to be constant over years and age
groups. A value of M = 0.4 was used as a rough mean over the
three stocks. Results from the International Acoustic Survey in
Sub-divisions 24-29 in October and from the USSR Acoustic Surveys
in Sub-divisions 26 and 28 in September were used for tuning the
VPA. The values of estimated stock in number at age were treated
as CPUE data and accompanied by an effort level of 1.0 for all
years. Survey data from 1983-1987 were taken to <represent the
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stock at 1 January 1984-1988. 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 2-4 are around 0.2, and for
age groups 5-6 about 0.6.

Results from the VPA based on the tuning are given in Tables
4.5.5 and 4.5.6. The stock sizes from this analysis are compared
with the stock biomasses estimated by the surveys in Figure
4.5.1.

A separable VPA with a terminal selection value of 1.0, a ter-
minal F of 0.2, and a reference age of 4 was performed (Table
4.5.7). Terminal populations were used for determining the
fishing mortalities shown in Table 4.5.8; stock sizes are given
in Table 4.5.9.

4.5.5 Recruitment and catch predicition

The relative sizes of the year classes are of course similar to
that of the Sub-divisions 26 and 28 stock: year classes 1985 and
1987 below, and 1986, above average. The size of the 1988 vyear
class was assumed to be 2.2 times the long-term (1974-1988) aver-
age, i.e., the same relation to the mean as in Sub-divisions 26
and 28 (2.2 x 25.9 = 57 x 107 fish; see Section 4.3.6). The pre-
diction was made with the 1989 year class assumed as average,
with a continuation of the 1988 exploitation pattern in 1989 and
with mean weights taken as the 1984-1988 average (Tables 4.5.10
to 4.5.13). The status guo catches predicted are 72,000 t in
1989 and 89,000 t in 1990.

Under these assumptions, spawning stock biomass will increase
from around 350,000 t at 1989 spawning time to about 450,000 t in
1991.

A comparison with the sum of single assessments concerning SQC
for 1989-1990 is shown below:

SQC ('000 t)

Area 1989 1990
22—251 22 21
26—282 45 51
26-28 65 67
27, 29-32 15 21
sum 82-102 93-109
Total area 72 89

1Assessment 1.
Assessment 2.

5 EFFORT AND CPUE

Effort and CPUE data from the herring fisheries have been
revised, particularly the Polish and Finnish data for 1987 (Table
5.1). Data for 1988 are preliminary (Table 5.2). It is noted by
the Working Group that the reporting of effort data is unre-
liable and that changes in fishing power (e.g., by more powerful
engines or better acoustic equipment) are not taken into account.
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A standardization of effort data should make them more useful for
assessment purposes.

6 FUTURE WORK

Changes in length at age of the order 10-15% (Rechlin, 1984) and
in weight at age of the order 30-40% (Anon., 1988a) have been
observed for some herring stocks in the Baltic. Moreover, marked
changes have also been reported for herring stocks in the North
Sea and to the west of the British Isles in recent years (Anon.,
1988b) .

The Working Group, therefore, recommends that a review of growth
changes be undertaken to consider:

1) indication of a dependency of growth rate on stock abundance
(i.e., density dependence);

2) if a similar pattern in growth changes were observed in
different stocks and in different geographical areas, thus
indicating general environmental influence;

3) implications of growth changes +to +the management of the
herring stocks.

The Working Group stressed the need for careful selection of data
in order not to confuse real growth changes with apparent changes
caused by a change in gear selectivity, changes in time of samp-
ling between vyears or by not sampling the same stock across the
years studied. Standardized growth rates should be wused (Iles,
1967) and the analyses carried out for both young and fully re-
cruited herring.

7 STOCK INFO TION TO THE HELSINKI COMMISSION

Reviews of +the stocks of herring and sprat stocks in the Baltic
were made and handed over to the ICES Secretariat.
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Table 2-1.1

Total

1975 1976
Q 5
Q a
0 57

26308 19868
13567 19315
4802 7763
8321 12525

52998 59471

1977

45

9]

- 119

21188
22694
6580

12317

62779

1978

148

8]

352
23997
22215
o068
13791

69571

1979

0

1

17
29469
17459
6275
10929

64150

1980

S5

2

64
32692
18758
8899
10207

71628

1981

0

0

20
29736
12410
7206
12781

621632

1982

o]

5

163
31028
16117
7982
16272

71577

Finnish HERRING catches in the Baltic Sea by Sub-divisions in 1974-8&8
of sprat in directed herring fisheries excluded.

(tonnes) .

Data for 1988 preliminary.

1983

o]

Q

44
36559
16104
7011
22470

821828

1984

0

Q

11
33422
23228
8322
20695

as5688e

1985

0
Q

w

34882
242385

8595
19290

87011

1986

89
116
3238

32283
22988

8754
16533

22098

1987

344
2111
325
30557
22615
7788
17080

20820

By-catch

1988

81
1840
449
21423
20928
7171
15021

76912

6¢



Table 2-1.2 Finnish SPRAT catches in the Baltic Sea by Sub-divisions in 1974-88 (tonnes).
Bv-catch of sprat in herring fisheries included. Data for 1988 preliminary.

1974 1975 1976 1977 1978 1979 19380 1981 1982 1983 1984 1985 1986 1987 1988

Subdiv.
27 o] o] Q 1 7 0 0 Q Q Q 4] Q ¢ 0 ¢]
28 ¢} Q Q Q Q o] 9] o 0 a o] ¢} 0 21 11
29 2238 28577 415 2578 2633 3823 23775 2900 2964 2413 1712 1862 2178 1776 1975
20 18 =} 0 101 162 38 234 a 16 o] 33 3 & 4 2
31 ¢ a ¢] 0 Q Q 0 10 0 Q 0 Q ¢] 8] s]
32 2624 3835 4694 4022 3250 2175 2182 20324 1557 262 654 1046 10852 1016 1007

Total 4880 6418 5109 6702 6052 7036 6191 5952 4537 3375 2400 2911 3235 2817 2996

oy



Table 3.1.1 HERRING catches in the Baltic Sea by countries and sub-divisions, 1987 and 1988 (t). By-catch

directed herring fisheries excluded and by-catch of herring in sprat fisheries included.

of sprat in

Sub-divisions

Year and Total

country catch 22 23 24 25 26 27 28 298 29N 30 31 32
1987

Denmark 33,973 22,555 754 6,506 4,158 - - - - B = - =
Finland 80,820 - - - - - 344 2,111 325 30,557 22,615 7,788 17,080
German Dem. Rep. 49,880 465 - 46,802 1,991 - 611 11 - - - - -
Germany, Fed. Rep. 5,806 5,178 - 628 + - - - - - - - -
Poland 63,490 - - 7,997 39,732 15,393 344 24 - - - - -
Sweden 35,564 - 172 7,814 15,602 88 7,738 1,606 8 311 1,905 320 -
USSR 113,844 - - - 8,061 24,140 3,577 32,336 24,268 - - - 21,462
Total 383,377 28,198 926 69,747 69,544 39,621 12,614 36,068 24,601 30,868 24,520 8,108 38,542
1988'

Denmark 43,971 23,987 102 9,088 10,794 - - - - - - - -
Finland 76,913 - - - = . 81 1,840 449 31,423 20,928 7,171 15,021
German Dem. Rep 53,456 - - 49,488 3,866 102 - - - - - - -
Germany, Fed. Rep. 5,188 4,937 - 251 - - - - - - - - -
Poland 63,746 - - 6,590 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 407,663 28,924 219 70,003 77,429 47,272 19,242 39,832 22,972 32,071 24,100 7,438 38,161

1Preliminary data.

a4
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Table 3.2.1 HERRING. Catch at age (millions) and mean weight
at age (g) by half year from Sub-divisions 22-24

in 1988,
1st half yeax 2nd half year Total
Age — — —
N w N w N w
(o] - - 789.5 11.03 789.5 11.03
1 658.3 13.76 153.8 32.38 812.1 17.29
2 311.4 25.00 51.3 54.47 362.7 29.17
3 325.1 83.01 24.8 93.86 349.9 83.78
4 122.8 110.31 15.1 93.04 137.8 108.43
5 104.2 126.98 10.8 102.67 115.0 124.69
6 27.6 152.34 4.6 102.19 32.2 145.20
7 6.5 160.31 3.4 143.50 9.9 154.52
8+ 2.5 152.55 3.0 122.63 5.6 136.26
SOP(t) 76,242 22,655 98 897
Table 3.2.2 HERRING. Catch at age (millions) and mean

weight at age (g) of spring spawners in
Transfers from the

Division IIIa in 1988,

North Sea are included. Source: Table 3.2.2
Anon., 1989a.
1st half 1988' 2nd half 1988’ Total
Age — ~ =
N w N w N w
2 745 33 1330 55 2075 47
3 343 65 221 94 563 77
4 39 92 24 128 62 106
5 18 128 15 147 32 138
6 5 155 2 177 8 156
7 1 170 - - - -
SOP (t) 53.767 99.650 154.072

Tcalculations based on quarterly values.



Table 3:2-3  SuM OF PRODUCTS CHECK
HERRING TN THE WESTERN BALTIC AND KATTEGAT
CATEGORY: TOTAL

CATCH I MUMBERS UMIT: millions

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

2 435 301 585 438 931 1074 494 1005 572 850 1207 843
3 379 242 229 291 586 440 908 467 779 485 521 844
4 274 257 119 140 70 105 143 277 150 343 235 353
5 31 138 55 50 19 13 25 58 84 39 162 108
6 22 51 27 21 8 4 7 18 18 14 24 35
7 & 19 11 7 4 3 2 4 4 2 8 7
B+ 3 2 4 4 5 1 2 4 3 3 2 6

TOTAL 1213 1010 1021 10m 1623 1640 1581 1833 1610 1741 2159 2202

1986 1987 1938

2 458 985 2443

3 611 388 923

4 390 394 205

5 123 12" 152

6 28 37 41

7 10 10 11

81 3 4 6
TOTAL 1533 1945 3788

117



Table 3.2.4 SUN OF PRODUCTS CHECK

HERRING TN THE WESTERN BALTIC AND KATTEGAT
CATEGORY: TOTAL

HEAN WEIGHT AT AGE TN THE CATCH UNIT: gram

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

2 76.300 59.080 59.570 61.240 58.430 61.720 63.190 64.010 63.310 60.390 63.370 62.360
3 111.000 94.190 93.380 $6.320 94.050 92.290 96.620 96.320 100.610 97.03D 106.680 108.410
4 137.200 127.190 126.650 126,710 126.580 126.500 126,630 127.190 127,500 128.400 131.890 13v.390
5 172.900 146.850 146.620 148.090 146.350 147.070 145.980 146.830 149.420 147.070 147.590 153.730
6 209,000 167.950 166.890 168.720 169.140 169.140 170.380 168.170 172.030 167.900 172.410 173,030
7 236,200 190.620 190.440 191.090 190.840 191.390 189.290 190.870 190.870 192.440 204.490 200.140
8+ 240.800 192.610 183.870 183.870 185.620 192.610 192.610 183.870 180.960 180.960 197.210 154,720

1986 1987 1988

72.560 51.990 45.200
91.260 80.290 71.700
120.690  99.810 101.000
152.000 127.070 124.800
177.390 144.520 144.400
184,100 157.800 145.700
199.780 166.420 135.800

+ G O B0 N

(o]
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Table 3.2.5.1 Separable VPA.

Title : HERRING IN FISHING AREAS 22 AND 24

At 16.13.48 24 APRIL 1989

from 70 to 88 on ages 0 to 7

with Terminal F of ,400 on age 4 and Terminal $ of 1.000

Initial sum of squared residuals was 175,287 and
final sum of squared residuals is 47.946 after 109 ijterations

Matrix of Residuals

Years 0/721 71/72 72/73 73774 74/75 75/76 76/77
Ages

0/ 1 ~1.115 -1.085 -.774 -1.486 ~-.977 -.443 ~-.350
1/ 2 Jd210 1,157 1,736 518 .968 082 672
2/ 3 1.496 .563  -.487 -1.378 -.211 -.068 .469
3/ 4 181 -.225 -.414  -.756 .328  -,075 -.100
4/ 5 033 -.714 -,102 489 .315 197 -.194
5/ 6 -1.038  -.314 A78 1,152 -.196 090 -.327
6/ 7 -1.642 1.619 -.171 1.385 ~.807 003 .073

.0oo .000 .000 .000 .000 .000 .000

WTs .100 .100 .100 .100 .100 100 .100
Years 78/79  79/80  8O/8L  81/82 82/83 83/84 84/85
Ages
0/ 1 -.540 817 .922 -1.003 -.598 .022 -.279
1/ 2 -.335 -.383 -.585 -1.,125 -.485 -.016 -.381
2/ 3 .241 -.120 .033  -.,048  -.237 .552 W113
3/ 4 .143 .510 L7199 .492 -,085 .353 0 -.137
a5 .623 .348  -,002 345 .18 -.063  -.,242
5/ 6 -.285 -1.0681  -.77% .218 .384 -,58% .586
7

- 717 -.533 -.532 421 661 -.396 584
000 000 .000 .000 000 .000 000
His 100 .100 .100 . 100 100 1,000 1.000

Fishing Mortalities (F)

70 71 72 73 74 76
F-values L2696 .3319  .4439 5512 .5253  .9701  .992f

79 80 81 82 83 84 85
F-values L7255 .6412  ,6669 7655  .6373  .6914  .6953

Selection-at-age (S)

0 1 2 3 4 5 6
S-values 0538 ,2535  ,2687  .6559 1.0000 1.1835 1.0983

77/78

-1.192
.334
~.442
385
458
-.027
-.234

.000
.100
85/86
400

-.021
-.092

77
1.2152

86
5716

7
1.0000

86/87

-.119
~.227
-.173
-.108

284

155
-.095

.000

1.000

78
.9687

87
5495

87/88
759 .000
376 .000
-.380 .000
-.134 .000
-.004 .000
-.203 .000
-.200 .000
000 ~3.072
1,000
88
4000

45



“=Sle 3,2.5.2
“nalysis by RCRTINX2 of data from file RECBAL W BAL-herring as O-group: Post 1977, 0.1 and 2-group data,
Data for 3 surveys over 12 years

REGRESSION TYPE = C

TAPERED TIME WEIGHIING APPLIED

POWER = 2 OVER 20 VEARS

PRIOR WEIGHTING NOT APPLIED

FINAL ESTIMATES SHRUNK TOWARDS KEAR

ESTIMATES WITH S.E.'S GREATER THAN THAT OF MEAN JHCLUDEG
HINIHUK 5.E. FOR ANY SURVEY TAKEW AS .00

MINIMUH OF  § POINTS USED FOR REGRESSION

Yearclass = 1982

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

1YSF2 7.2584  .000 000 .0000 0 .0000 ,00000 .00000 .0000O
GOR 0 3,0773  .000 000 .0000 0 .0000  .000D0  .00000 00000
G0R 1 1.0818 1.042 6.914 4867 5 0.0411  ,35192  .39449 35843

HEAN 8.2274 ,29486 .29486 64157

Yearclass = 1983

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

1YSF2 7.5326  .395 5.584 19453 5 8.5589 07254 ,09353  .85222
GOR O 5.3149 766 5.407 12619 5 9.4803  .50631  ,B5444 01021
GOR 1 1.3584 1.231 6.746 \3596 6 8.,4182  ,40927  .44843 03708

KEAN 8.,2508 ,27238  ,27238  .10050

vearclass = 1984

Survey/ Index Slope lInter- Rsquare No, Predicted Signa Standard Weight
Series  Value cept Pts  Value Error

1YsF2 7.3544 361 5.783 8812 6 8.4350 09882 .11293  .74541
GOR O 4,6298  ,504 6.249 W2711 6 8.5818  ,44138 50240  .03766
GOR 1 1.2613 1.212 6.763 3693 7 8.2915 35953 38601  .06380

HEAN 8.2749  ,24917 24917 15312

Yearclass = 1985

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

1YsF2 7.9800 .380 5.609 7168 7 8.5411  .15051 19173 47732
GOR 0 4,9273 551 5,996 £2032 7 8,7098  .47422 54766 .05850
GOR 1 1.3056 1.249 6.702 .3541 8 8.3323 .33910 ,36234  ,13365

HEAN 8.2615  ,23040 ,23040 33053

Yearclass = 1986

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

1YSF2 8.9664 .378 5.566 .5067 8 8.9543  ,21236 ,31608  ,25036
BOR O 5.2101 551 5.927 .1707 8 B.7984  .47444 55336  .08168
GDR 1 2.0744 1,259 6.678 23448 9 9.2887  .31515 .47644 11019

MEAN 8.2580 ,21177 21177 55776

Yearclass = 1987

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

1YSF2

GOR 0 4.5535 542 5.957 .3009 9 8.4265  .43207 46025  ,12621
GOR L 1.3218 .869 7.144 6127 10 8.2925 .22284  ,23542 48239

HEAN 8.3171  ,26136  .26136  .39140

Yearclass = 1988

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

1Y5F2

GOR 0  4.7883 545  5.935 2990 10 €.5444 40464 43401 24297
GOR 1

HEAN 8.3256  .24588 24588 .75703
Yearclass Weighted Internal External  Virtual Ext.SE/
Average Standard  Standard  Population Int.SE
Prediction  Error Error Analysis
1981 .00 1.00 .00 .00 8.23 3757.00 .00
1982 B.16 3500.49 il 09 8.41 4496.00 .38
1983 8.53 5079.15 .09 .08 8.36 4287.00 .89
1984 8.41 4477.81 10 W04 8.17 3542.00 43
1985 8.48 4809.45 .13 a3 8.23 3764.00 .81
1986 8.59 5377.92 .16 W23 8.77 6441,00 1.42
1987 €.32 4101.21 .16 03 8.37 4324.00 .18

1988 8.38 4353.14 W21 .09 .44



Table 3.2.5.3 VIRTUAL POPULATION ANuLYSIS
HERRING IN FISHING AREAS 22 AND 24
CATCH IN NUMBERS UNIT: millions

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

0 14 23 19 25 31 91 256 89 60 204 84 40
1 176 175 299 165 340 466 438 1310 703 239 253 110
2 270 135 50 44 62 150 258 156 426 447 197 302
3 238 122 161 152 244 185 201 228 231 - 332 625 279
4 67 78 168 227 227 200 105 128 59 87 115 211
5 40 50 124 119 65 123 52 43 17 8 23 52
6 18 68 41 37 13 45 26 18 7 4 7 17
7 5 57 8 24 3 18 11 6 4 3 2 4
8+ 2 19 3 4 2 2 4 4 5 1 1 4

TOTAL 829 726 872 797 987 1279 1349 1981 1512 1325 1305 1018

1982 1983 1984 1985 1986 1987 1988

0 99 100 58 159 313 771 611
1 391 475 335 243 280 1090 861
2 245 334 334 312 131 221 364
3 496 361 292 416 404 220 363
4 124 290 182 218 280 311 142
5 70 35 144 97 94 97 119
6 15 12 22 25 21 28 34
7 4 2 7 4 6 8 10
8+ 3 3 2 5 3 4 6

TOTAL 1447 1612 1376 1479 1532 2750 2510

Ly



Table 3.2.5.4 VIRTUAL POPULATION ANALYSIS
HERRING IN FISHING AREAS 22 AND 24

MEAN WEIGHT AT AGE OF THE STOCK UNIT: gram

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

0 9.000 2.000 95.000 9.000 9.000 9.000 9.000 9.000 9.000 9.000 13.400 13.400
1 16.000 16.000 16.000 16.000 16.000 16.000 16.000 16.000 16.000 16.000 25.800 25.800
2 60.000 60.000 60.000 60.000 60.000 60.000 60.000 60.000 60.000 60.000 62.300 62.300
3 95.000 95.000 95.000 95.000 95.000 95.000 95.000 95.000 95.000 95.000 90.500 90.500
4 125.000 125.000 125.000 125.000 125.000 125.000 125.000 125.000 125.000 125.000 135.800 135.800
5 155.000 155.000 155.000 155.000 155,000 155.000 155.000 155.000 155.000 155.000 156.500 156.500
6 187.000 187.000 187.000 187.000 187.000 187.000 187.000 187.000 187.000 187.000 187.000 187.000
7 210.000 210.000 210.000 210.000 210.000 210.000 210.000 210.000 210.000 210.000 214.600 214.600
8+ 223.000 223.000 223.000 223.000 223.000 223.000 223.000 223.000 223.000 223.000 236.700 226.200
1982 1983 1984 1985 1986 1987 1988
0 12,000 12.000 12.000 12.000 1.000 5.500 11.000
1 25.000 29.000 29.000 14.000 13.000 12.800 16.900
2 59,000 59.000 50.000 40.000 28.500 33.700 29.100
3 88.000 88.000 88.000 85.000 56.500 81.700 83.800
4 115.000 115.000 115.000 124.000 92.500 101.200 108.500
5 142.000 142.000 140.000 146.000 137.500 132.900 124.800
6 167.000 167.000 160.000 165.000 188.500 162.500 142.200
7 191.000 191.000 191.000 196.000 200.000 176.200 143.700
8+ 221.000 221.000 214.000 221.000 230.000 185.400 135.800
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Table_3.2.5.5 VIRTUAL POPULATION A" VSIS
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

0D .0064 .0109 .0137 .0142 .0158 .0451  .0610 .0199  .0278 .0502 .0298 .0118
1 .1078  .1134 .2128 .1753  .3009 .3853  .3530 .5609  .2396 .1649 .0898  .0550
2 ,2530 .1249  .0479 .0480 .1017 .2342  .4325 .2292  .4033  .2642 .2215 .1638
3 .3881 .1932  .2407 .2224  .4602 .5588  .6413 1.0086 .7099  .7293  .8264 .6343
4 ,2280 .2383  .4984 .7201 .6816 1.0119 .8477 1.4222 .9331 .7371  .6994  .8810
5 .2218 .3015 .8318 .9416 .5273 1.2233 .9420 1.3000 .8650 .3495  .4889  .9544
6 .1092 .8267  .4870  .7561 .2732 1.0262 1.1282 1.2478 .8222 .6286 .5890  .9626
7 .2688  .6582 .2370 .6938 ,1517 .8162  .8948 1.1822 1.1730 1.1980 .8527 1.0296
8+  .2688  .6582 .2370 .6938 .1517 .8162 .8948 1.1822 1.1730 1.1980 .8527 1.0296

(1-6)U .2180 .2996 .3864 .4772 .3908 .7399 .7241 .9615 .6622 .4789  .4858  .6085

1982 1983 1984 1985 1986 1987 1988

0 .0235 .0230 .0246 .0391 .0684 .2383 .1855
1 .1704  .1668  .1110 .1511 .0995 .4003 .5155
2 ,1855  .2404  .1889  .1595 .1264  .1182  .2521
3 .4970 .5144  .3849  .4270 .3577 .3627  .3240
4 .7558  .7050 .6102 .6354 .6564 .5882  .4767
5 .9967 .5660 1.1373 .9173  .7249  .5705 .5340
6 .9378 5112 1.0188 .6964 .5845 .5590  .4541
7 .7531  .3420 .6656 .5780 .3982  .5486  .4515
8+ .7531 .3420 .6656 .5780 .3982 .5486  .4515

( 1-8)U .5905 .4506 .5752  .4978  .4249  .4331  .4261

6%



Table 3-2-5-6 yIRTUAL 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: .100

PROPORTION OF ANNUALL M BEFORE SPAWNING: .250

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

0 2559 2447 1618 2058 2293 2384 4995 5230 2517 4822 3306 3932
1 1988 1884 1793 1183 1503 1672 1688 3482 3798 1813 3398 2377
2 1390 1322 1246 1074 735 824 843 879 1472 2214 1139 2301
3 847 799 864 880 758 492 483 405 518 729 1260 676
4 377 426 488 503 522 355 208 188 109 189 260 408
5 230 222 248 220 181 196 95 66 34 32 67 96
6 202 136 122 80 63 79 43 28 13 11 17 30
7 24 134 44 55 28 36 21 10 6 4 4 7
8+ 8 44 14 8 16 5 7 6 9 1 3 7

TOTAL NO 7625 7415 6439 6060 6100 6042 8384 10295 8476 9815 9453 9836
SPS WO 1801 1848 1808 1696 1438 1152 914 800 996 1460 1502 1763
TOT.BIOM 346159 358560 334896 310839 275389 242416 223171 236511 245504 306159 367378 397831
SPS BIOM 195756 210064 196151 182827 158943 126740 92026 75900 82964 118196 139579 158236

1982 1983 1984 1985 1986 1987 1988 1989

4926 5084 2765 4789 5471 4185 4158 0
2879 3565 3681 1998 3412 3785 2443 2559
1667 1799 2235 2440 1273 2288 1879 1081
1447 1026 1048 1371 1541 831 1506 1082
652 454 528 663 799 428 807
125 92 239 183 207 255 329 197
27 34 39 57 54 74 107 143
9 8 15 10 21 22 32 50
6 12 6 13 10 10 19 24

+ NOUOTB WO
~N
(A}
()

8

TOTAL NO 11353 12272 10481 11390 12653 12249 10900
SPS  NO 1956 2012 2173 2503 2315 2396 2512
TOT.BIOM 424226 458763 439881 406044 279777 349000 377635
SPS BIOM 168210 179978 182962 313 160813 185236 199766

04
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Table 3.2.6.1 Herring. Division IITIa and Sub-divisions 22- 24. Data for
regression analysis of young fish indices against the com-
bined VPA on 2-group at 1 January. (The values shown for the

GDRYFS 0- and 1-group indices are exp of the log scale

indices.)
Spring spawners
Year VPA IYFS GDRYFS GDRYFS IYFS IYFS
class  2-group (millions) 2-group O-group 1-group 3-group 3+-group
1977 3,066 - - 2.61 147 162
1978 1,574 307 22.65 1.58 315 349
1979 3,159 1,318 98.49 5.99 183 196
1980 1,982 445 27.11 1.77 184 240
1981 2,586 946 57.97 2,03 344 445
1982 3,487 1,419 20.70 1.95 1,392 2,037
1983 2,834 1,867 202.35 2.89 1,737 1,897
1984 1,578 1,562 101.49 2.53 465 732
1985 3,491 2,921 137.00 2,69 5,219 7,084
1986 8,475 7,834 182.11 6.96 3,419 3,757
1987 - 0 93.69 2.75 - -
1988 - - 119.10 - - -
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Table 3.2.6.2 HERRING in Division IIIa - Sub~divisions 22-24. The relation

between acoustic estimates in Division IIIa, August/September in
1979-1987 and VPA estimates at 1 January the following year by
age group.

Category

Year

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

Age 2

VPA
Acoustic

Age 3

VPA
Acoustic

Adge 4

VPA
Acoustic

Age 5+

VEA
Acoustic

1,548 845 1,685 1,109 1,355 1,773 1,558 872 1,971 4,746
1,067 434 1,260 989 1,160 2,069 1,132 1,473 958 1,512

RE =0.31 a=817 b=0.44 x =acoustic y = VPA N = 8

2N 460 276 684 475 643 699 729 367 882
93 473 44 221 413 756 73 317 665 761

2

R® =0.11 a =455 b =0.25

60 94 131 93 250 79 213 225 246" 136
13 84 22 31 122 126 1" 77 310 87

R" =004 a=124 b=0.31

20 39 37 46 59 84 76 99 104 108
4 k)| 26 9 13 36 1 10 160 94

R" =0.00 a=57 b=0.04




Table 3.2.6.3

53

HERRING in Division IIIa and Sub-divisions 22-24. The acoustic estimates

of number at age (in millions) from the four acoustic surveys conducted

in the area during 1987 and 1988.

1987
1 2 3 4 5 6
Ooct (Germany
Aug - Sep Dec Fed.Rep.~ DK) Oct (Sweden)
Div.IIZa and Div.IIIa Combination
Age eastern part Sub-division Sub-division of 1 a*d
of North Sea 3 -6
(from Anon,1988b) 22 24 23 24
0 - 10,192 418 1,517 346.6 2,077.1 2,562
1 - 3,619 592 838  272.3 1,137.9 1,852
2 958 312 163 652  166.7 294.6 1,761
3 665 7 45 324 22.2 87.4 938
4 310 5 - 4 9.8 45.9 345
5 114 . - B 1.1 8.5 124
6 43 - - - 1.1 0.9 45
7+ 3 - - - - 0.2 3
Tonnes 252,459 311,000 36,863 108,407 26,200 61,800

'This combination is

columns 1, 3, and 5 to this mean.

obtained by taking the mean of column 4 and 6 and adding

1988
1 2 3 4 5 6
Oct (Germany
Aug - Sep Dec Fed.Rep.- DK) Oct (Sweden)
Div. IIIa and Div, IIla Combination
adjacent part Sub-division Sub-division of 1, 3 5,
of North Sea 2 and 6
(from Anon.1989) (from Anon.1989) 22 24 23 24
0 - 2,257 598 No 5,084 2,723 8,355
) - 2,803 426 survey 443 820 1,689 i
. 1,512 54 265 493 479 2,749
3 761 23 117 240 2217 1,345
4 87 5 - 28 130 245
5 74 - - 10 59 143
6 18 - - 1 29 48
7+ 22 - - - 19 21
Tonnes 217,997 234,000 - 119,000 113,300

23 was constructed based on 1987 data. It was assumed that the relative distribution in
1988 between Sub-divisions 22 and 24 was the same as in 1987 by age.




Table 3.2.6.4

Title : HERRIAG [n Tdt WESTERA BALTIC AND RATTEGAT
At 11.15.98 1/ AL 1969

from 74 to &3 on ages 2 to 7

with Terminal F of .900 on age S and Termina) 5 of

Initial sus of .quared residuals was 21,790 and
Final sum of squated residuals is 8,087 after

hatrix of Residuals

Years 74775 18/t 76/77 71718
Ages

2/ 3 L757  -.i88 635 -,768
Rl 2205 -.068 016 +360
4/ 5 .08z 2191 -.173 W370
5/ 6 -.320 -.073  -.322 -.179
6/ 7 -.651  ~.045 .185  -.209

000 000 000 000

WTs .G01 .001 .001 001
Years 78/79 79/80 80/81 B1/82 82/83
Ages
2/ 3 £113 -.082 .080  -.075  -.427
3/ 4 696 549 864 LAl -.134
4/ 5 <163 +440 W152 -.004  -.050
5/ 6 =327 -.695 =727 -.367 2047
6/ 7 =77 -.516 -.392 .087 569

.000 000 000 .000 000
WIS 001 .001 .001 +001 001
fishing Mortalities (F)

74 75 76 77 78
F-values .9028 1.3920 1.2125 1.7066 1.4572

79 80 8l 82 83
F-values 1.0318 .9734 1.2911 1.2769 .8762 1

Selection-at-age (S)

2 . 3 4 5 &
S-values 23626 .5782  .8407 1.0000 .9259

900

85 iterations

83/84
497
418
059

-.521

-.349
.000

001

84
0592

7
9009

84/85

.167
-.142
-.186

250

.057

.000

1.000

85
1.1002

85/86
<021
127

~.024

-.054

-.043
.000

1.000

86
19986

86/87

~.042
-.109

176
-.076
~.094

000
1.000

87
9490

88
9000

.000
.000
.000
.000
.000

-.508




Table 3.2.6.5

Analysis by RIRTINXZ of data from file REUBAL
WESTERN BALTIC AND OIV TTJA HERRING RECRUITMENT INDICES.

Data for 4 surveys over

REGRESS fUN TYPE

TAPERED TIME WEIGHTING APFLIED

MR =
PRIOR WEIGHT I
FINAL LS11RATES

AINTMUK 5.6,
HINTAUK OF

L OVER

70 YEAKS
NOT APPLIED

SHRUHK  TUMARDS REAN

ESTIRATES WITH S.E."L GREATER THAN THAT OF HtAN
FOR ANY SURVEY 1AKEN AS .

5 POINES USED FOR REGRESS1OM

12 years

Yearciass = 1935

Survey/  ladex Slope Inter- Faguare

Series Value Lept

Lyeks 27,9500 Ja74 1,028 2550

UOR O 4.9273 4.508 -10.850 00h7

GUR L 1.3056  2.04L 4,495 £1583

ACOUST  5.8659 1,421 -2.218 L2710

HEAN

Yearciass = 1980

Survey/ index Slope Inter- Rsquare

Series  Value cept

1YFs 2 8.9064 735 2,821 .3882

GOR O 5.2101 1.650 836 L0549

GOR 1 2.0744 2,973 4.108 L1524

ACOUST  7.3218 2.047 -6,535 L1546

MEAN

Yearclass = 1987

Survey/ Index Slope Inter- Rsquare

Series Value cept

1YFg 2 (6931 675 3.040 7003

GOR O 4,5506 1.336 2.185 L2160

GOR 1 1.3218 1.768 5.590 5780

ACOUST

MEAN

Yearclass = 1988

Survey/ Index Slope Inter- Rsquare

Series  Value cept

IYFS 2

GDR O 14,7883 1.345 2.140 2147

GOR 1

ACOUST

MEAN

Yearclass Weighted Internal
Average Standard
Prediction Error

1985 7.87 2624.80 W26

1986 8.24 3779.99 .27

1987 7.60 2003.68 34

1988 8.09 3252.53 .49

to.  Predicted

Pl Value
7 8,8032
7 tL.G586
8 7.9433

3 7.5358

7.7920

0.
te Value
8 9.2126
3 9.4810
9  10.2754
9 8.4543

7.8426

THCLUDED

Sigma

63230
4.51783
131636
58290

32208

Predicted Sigma

46795
1.54641
84137
83433

32670

No. Predicted Sigma

Pts Value
9 3.5076
9 8.264]

10 7.9275

7.9981

.39319
1,14522
48854

52766

No. Predicted Sigma

Prs Value

9 &.5807

8.0009

External
Standard
Error

.19 8.16 3492.00
234 9.04 8476.00

W73
21

1,16801

.53248

Virtual
Population
Analysis

Standard
Error
81843
5.25844
87841
53377

132208

Standard
Error
71273
1.82116
1.33077
92392

32670

Standard
Error
1,15625
1.22659
51946

52766

Standard
Error

1.27370

53248

Ext.SE/
Int.SE

.74
1.24
2.14

.42

Weight
09983
00242
08666
.16648

.64461

Weight

(14718

08758
.70048

Weight

.08588
07631
42547

41235

Weight

.14877

,85123

55



Table 3.2.6.6 VIRTUAL POPULATION ANALYSIS
HERRING IN THE WESTERN BALTIC AND KATTEGAT

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

1974 1975 1976 1977 1978 1979 1980 1981 1982

2 .57 .45 .76 .41 .71 .48 .42 .43 .38

3 .62 .72 .74 1.18 1.32 .90 1.01 .92 .70

4 .80 1.22 .87 1.62 1.08 .94 .86 1.06 .89

5 .73 1.37 .98 1.43 1.12 .59 .60 1.10 1.19

6 .55 1.29 1.21 1.46 .98 .76 .76 1.28 1.42

7 .80 1.45 1.17 1.38 1.46 1.42 1.17 1.51 1.21

8+ .80 1.45 1.17 1.38 1.46 1.42 1.17 1.51 1.21
(2-6)U .65 1.01 .91 1.22 1.04 .73 .73 .96 .92
( 3- 6)U .67 1.15 .95 1.42 1.13 .80 .81 1.09 1.05

1986 1987 1988 1981-86

2 .36 .37 .70 Al
3 .54 .59 .70 .68
4 .91 .81 .72 .89
5 .97 .86 .89 1.02
6 .90 .92 .80 1.03
7 .86 .92 .80 1.01
8+ .86 .92 .80 1.01
(2- 6)U .73 .71 .76

(3- &)U .83 .80 .78

.20

1983

.45
.65
.81
.61
.63
.56
.56

.63
.67

1984
.47
.77
.94
.94

.80
.88

1985

.39
72
.90

.98
.96
.96

.81
.91

96



Table3.2.6.7 VIRTUAL POPULATION ANALYSIS

HERRING IN THE WESTERN BALTIC AND KATTEGAT

STOCK SIZE IN NUMBERS

UNIT: tonnes

UNIT:

mitlions

4LL 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

PROPORTION

1974

2 1109

3 896

4 542

5 192

6 57

7 12

3+ 6

TOTAL NO 2814
SPS NG 1456
TOT.BIOM 307817
SPS BIOM 184522
1986

2 1681

3 1609

4 711

5 215

6 51

7 19

8+ 5

TOTAL NO 4292
SPS NO 2204
TOT.BIOM 401023
SPS BIOM 228932

OF AMNUAL F BEFORE SPAWNING:
OF ANNUAL M BEFORE SPAWNING:

1975

915
516
395
200
75
27
3

2131
1062
200637
119850

1987

3539
956
770
235

57
17
7

5591
2184
381116
183926

1976

1193
479
206

96
42
17

]

2039
827
167349
84389

1988

5293
2011
435
280
81
22
12

8133
2967
478744
218180

1977

1588
455
188

71
30
10

6

2347
811
183348
78121

1989

2152
817
173

94
30
12

1978

2003
862
115

31
14
6
7

3037
1030
221863
90364

.100
.250

1979

3066
809
188

32
8
4
1

4108
1270
294768
107819

1980

1574
1548
271
60
14

3

3

3473
1569
295679
152524

1981

3159
845
460

94
27
6
6

4597
1592
362610
152211

1982

1984
1685
276
131
26

6

5

4112
1841
356349
185218

1983

2591
1111
684
93
33

5

8

4524
1878
373583
189133

1984

3506
1359
476
250
41
14

4

5650
2183
477531
228350

1985

2896
1789
€47
180
61
12
11

5595
2449
506884
267709

Lg



Table 3.2.6.8
List of input variables for the ICES prediction program.

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

The number of recruits per year is as follows:

Year Recruitment
1989 2004.0
1990 3253.0
1991 2405.0

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

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

At + [T + + + ————
| ! 1 fishing] natural} maturity| weight in| weight in}
| age| stock size!| pattern| mortality| ogive, the catch| the stock|
ot + + + +- + +
V20 2004.0} .38} .20} .20} 45.200] 45.200!
! 3 2152.0¢ .64] .20} .75 71.700; 71.700)
! 4, 817.01 .84} .20 .90} 101.000! 101.000]
1 51 173.0} .96! .20) 1.00f 124.800] 124.800}
6 94.01 9714 .20} 1.00} 144.400, 144.400}
! ! 30.0! .95! .20} 1.00} 145,700} 145,700}
i

1

8+ 12.04 .95¢ .20¢ 1.00f 135.800; 135.800%

B et et + e s +

84



Table 3.2.6.9

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

HERRING DIV.IIIA AND 22-24

! Year 1989 H Year 1990 H Year 1991

+ + + + + + + + + + + + +
! fac-| vref.] stock} sp.stock] ! fac-| ref.] stock! sp.stock! ! stock! sp.stock!

! tor| Fi biomass| biomass| catch| tor] F| biomass| biomass| catch{ biomass| biomass|

b + + + + + + + + + + +
! 1.0} .76} 369 220; 159 .0} .00} 371 213} 'H 533} 370}

| | ! H i ! W4 .08¢ | 212} 21 508} 346

{ i i i i {2y .15 ' 2107 40 4851 3244
| | | H H H .4) .30! H 207, 741 443} 2847¢
1 ! H | ! H .61 .45] ' 204} 105} 407 2501

! ! H H H H .81 .61} ! 201} 131} 3754 221}

! ! H H } i 1.0} .76] H 198)  155) 3471 196}

! ! ! 1 ! v1.2) .914 1 195 175§ 322! 175}

) | ! H H i 1.47 1.06} ! 192f 193} 300, 156}

! j H H ! vo1.60 1.21% ' 189 209} 281} 139}

| ! ! i ! t 1.8} 1.36! ! 1867 224} 263} 1251

H ' H | | 12,00 1.52% ' 1847 236} 248! 113}

+ + + + + + + + + + + + ————t

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 1991 has been calculated with the same fishing mortality as for 1990.

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

65
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Table 3.2.6.10

HERRING IN DIVISIONS [1IA AND 22-24

R P T L T L T T T R YR PR TP URN

* Year JQSQ F factor

1.000 and reference F

758G

[T YTRITR

I —

H at 1 January)

b b e TR O RN [ T FORRR e
' | absolute} catch in} catch in! stoch| stock) sp.stock| sp.stock| sp. stcck sp.stock}
' age} Fi weight size] biomass| size! biomass| size{ biomass}
R P—— B [ + +
b2 38007  577.84} 26118} 2004.00} 90580,  400.80} 18116, 367.04} 16590!
H 3 .6400;  931.78) 66808! 2152.00) 154298} 1614.00) 115723} 1440.10;} 103255,
- .8400)  426.65} 43081}  817.00} 82517V  735.30} 74265;  643.09] 64951}
) 5 L9600 98.29} 122667 173.00} 21590}  173.00! 21590,  149.50} 18657}
6 9700 53.74) 7760} 94,00 135734 94.00} 13573 81.15} 11718}
H 7 9500} 16.94) 2467} 30.00; 4371} 30.00 43714 25.95] 3781}
1B+ +9500; 6.77} 919} 12.00% 1629, 12,004 1629} 10.38} 1409
R e n bl Rttt DR DL DDt Sl it
| Total { 2112,01) 159432) 5282.00; 368560 3059.10} 249269} 2717.21} 220363}
-~ ———3
P
* Year 1990 F factor 1 000 and veference F 7580 *
axransancas et Aksasanshanaianns
H at 1 January} at spawning time}
H | absolute| catch in{ catch in} stock} stock! sp.stock} sp.stock{ sp.stock! sp.stock}
i age! Fi} numbers! weight! size] biomass] size! biomass| size] biomass|
HE .3800] 937.98! 42396! 3253.00) 147035, 650.60] 29407 595,79 26929}
F ,6400;  485.82} 348337 1122.04} 804507 841,53} 60337,  750.86} 53836}
HEE H .8400,  485.15] 49000!  929.04) 93833]  836.14] 84449;  731.28] 73858
[ .9600{ 164,07} 20475} 288,77} 36038) 288.77) 36038; 249,54} 31143}
. 9700} 31,01} 4477) 54.23) 7831} 54,23} 7831} 46.82) 6760}
VN ,9500; 16.47] 2399¢ 29.17} 4250} 29.17} 42504 25,24} 3676)
A 9500 7.51§ 1019} 13.30] 1805} 13.30} 1805 11.50) 1562}
bemme
) Tatal { 2128.01% 154602) 5689.56\ 371245} 2713.74) 224121) 2411.04] 197768
Hmmmmae + -

AP AR ARA AR MRS ARARAAA SRS B AAARAR AL AR SRR RA S RARR R ARARARRRA

. Year 1991 F factor
aar

PEPYRY

1 000 and reference F

Axcaannan

580 *

cakdrrnsan

H at 1 January!

at spawning time!

H | absolute! catch in} catech in} stock! stock] sp.stock} sp.stock! sp.stnck' sp.stock}
| age! Fi numbersi! weight{ size] biomass| size! biomass!} sizel biomass|
b2l .3800) 693,46} 31344} 2405.00) 108706{  481.00!} 21741} 440.48; 19909}
V3 .6400]  788.61} 565431 1821.35) 130590, 1366.01} 97943 1218.83) 87390,
H H .8400;  252.96; 25548] 484,39, 48923  435.96) 44031;  381.28; 38509
HEH .9600f 186,57} 23283}  328.37) 40981} 328.37} 409814  283.77! 35414}
Y 97004 51.76} 7473} 90.53! 13071} 90,53} 13071} 78.15} 11284}
v 9500 3.50] 1384} 16.83} 2452} 16. 83‘ 2452} 14.56} 2121}
|84} 9500 7.59] 1030] 13.45; 1826} 13.45] 1826 11.63) 1579
S S e

| Total i 1990.45;  146609! 5159.92]  346552{ 2732.15) 222047, 2428.71) 196210}
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Table 2.6.1 HERRING.Division IIIa - Sub-divisions 22-
24. Separation of the 1988 fishing mort-
alities into the two areas, Division IIIa
and Sub-divisions 22-24.

Age Division IIIa Sub-divisions 22-24 Total
2 0.60 0.10 0.70
3 0.43 0.27 0.70
4 0.22 0.50 0.72
5 0.19 0.70 0.89
6 0.16 0.64 0.80
7 - 0.80 0.80
8+ - 0.80 0.80

Table 3.2.6.12 HERRING.

Division IIIa and Sub-divisions 22-24. Predicted
catch at age (in millions) in 1989 and 1990 in Div-
ision IIIa and Sub-divisions 22-24, respectively.

1989 1990
Age
Div. IIIa Sub-Divs. 22-24 Div. IIIa Sub-Divs. 22-24
2 495 83 804 134
3 572 359 298 187
4 130 296 148 337
5 21.0 77.3 35 129
6 10.7 43.0 6.2 24.8
7 - 16.9 - 16.5
8 - 6.8 - 7.5
S0P
Tonnes 85,656 84,014 82,219 79,374

1Due to rounding errors in the catch numbers and mean weights
these tonnes do not correspond exactly to the figures given in
the prediction table.



Teble 3.3.1 SUM OF PRODUCTS CHECK
HERRING IN THE SOUTHERN CENTRAL BALTIC
CATEGORY: TOTAL

CATCH IN NUMBERS UNIT: millions

1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983

0 54 125 173 214 537 57 48 106 83 115 23 104
1 859 955 1959 1577 1085 963 640 206 466 815 235 215
2 221 379 687 477 621 529 905 744 376 564 1070 419
3 256 211 312 645 409 323 352 489 473 294 300 827
4 83 279 291 258 375 221 140 264 256 318 127 167
5 669 203 259 238 148 294 109 123 145 190 145 96
6 86 619 202 209 125 101 170 114 80 122 99 130
7 53 83 374 151 132 107 73 126 80 82 79 85
8 38 37 40 198 46 141 58 80 97 56 55 62
9 19 28 29 20 145 74 70 54 45 82 49 46
10+ 11 20 32 21 6 94 47 60 102 141 113 96

TOTAL 2359 2938 4358 4007 3628 2905 2612 2368 2202 2780 2294 2247

A)  SOP 154798 195316 249018 239125 204020 190004 164111 167684 154516 181442 160684 172983
BYNOMIN. 113455 149283 163809 179146 175350 189249 174007 194036 168216 164598 179624 174049

(B/&) % 73 76 66 75 86 100 106 116 109 91 112 101
0 76 23 44 7 23
1 221 418 324 178 382
2 348 440 474 358 500
3 428 486 494 571 403
4 474 416 404 431 482
5 105 326 297 274 333
6 76 96 127 175 179
7 73 73 57 78 98
8 56 70 48 35 42
9 40 51 28 16 16
10+ 93 93 47 23 15

TOTAL 1989 2492 2342 2147 2473
A)  SOP 144285 156993 137017 122994 140249
BINOMIN. 146677 153803 138743 121779 143943
B/8) % 102 98 101 99 103

9



Teble 3.3.2

SUM OF PRODUCTS CHECK

HERRING IN THE SOUTHERN CENTRAL BALTIC
CATEGORY: TOTAL

MEAN WEIGHT AT AGE IN THE CATCH

-
o

=
o

+FLONNUTRWNEO

+ OO~NGUTER WO

1972

13.000
33.000
52.000
78.000
93.000
97.000
101.000
102.000
106.000
112.000
120.000

1984

8.200
23.800
47.100
69.000
91.300
99.500

104.300
109.500
111.100
119.800
128.100

1973

13.000
33.000
52.000
78.000
93.000
97.000
101.000
102.000
106.000
112.000
120.000

1985

12.000
18.900
38.500
60.800
77.000
90.300
98.200
100.500

13.
33.
52.
78.
93.
97.
101.
102.
106.
112.
120.

11
21
41
55
71
82
86
92

1974

000
000
000
000
000
000
000
000
000
000
000

1986

.800
.000
.300
.500
.000
.000
.700
.600

105.400 104,500

13.
33.
52.
78.
93.
97.
101.
102.
106.
112.
120.

9.
24.
44.
52.
60.
73.
74.
78.
92.
109.200 107.200 101.
120.000 117.000 103.

UNIT:

1975

000
000
000
000
000
000
000
000
000
000
000

1987

300
700
400
000
900
800
300
700
600
300
600

gar

13.
33.
52.
78.
93.
97.
101.
102.
106.
112.
120.

13.
21.
45,
59.
66.
69.
78.
85.
104,
102.
115.

am

1976

000
0oo
000
000
ooo
000
000
000
000
000
000

1988

500
200
100
800
000
600
600
500
700
800
000

13.
33.
52.
78.
93.
97.
1o01.
102.
106.
112.
120.

1977

000
000
000
000
000
000
000
000
000
000
000

13
33
52
78
93
97
101
102
106
112
120

1978

.000 13.
.000 33.
.000 52.
.000 78.
.000 93.
.000 97.
.000 101.
.000 102.
.000 106.
.000 112.
.000 120.

1979

000
000
000
000
000
000
000
000
000
000
000

13.
33.
52.
78.
93.

101.
102.
106.
112.
120.

1980

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

13
33

52.
78.
93.
97.
101.
102.
106.
112.
120.

1981

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

15.
33.
55.
78.
96.
98.
103.
107.
104.
112.
113.

1982

500
400
800
500
600
000
600
300
000
400
600

1983

10.400
34.700
58.000
81.200
96.000
105.000
107.000
107.000
107.000
115.000
125,000

€9
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Table 3.3.3

HERRING IN THE SOUTHERN CENIRAL BALTIC
THPUT FILE: TUNING

Modute run at 10.09.41
DISAGOREGATED Us

LOG TRANSFORMATION

NO explanatory variate (Hean used)

Fleet 1 ,Internartional Acous, has terminal q estimetled as the mean
FLET TS COMBINED BY ** VARIANCE **

26 APRIL 1989

Regression weights
0

., 1.000, 1.000, t.090, 1.000, 1.000,

Gldest age F o= o

Vianing adrtal il

Ao, Y4, 84, 85, a6, 87, 88,
Lg%, .8%2,  Lin, L1AR, L0586, 010,
4y 139, 121, 1 o 2242, .218,
E i PETPIN PON
4, .259, 319,473,
N, 218, £395, .43,
G327, L423, 489,
7. 2ub, 473, 443,
8, .286, 523,503,
9, 270, L3030 048, 432, 427, 409,

Log catchability

estimates

00 average of 5 younger ages. Fleets combined by variance of predictions

Age 2
Fleet, 83, 84, 85,
RSN F AT My M
SUMNARY STATISTICS
Fleet , bred. , SE(q),Partial,Raised, SLOPE ,  SE  ,INTRCPT, SE
»q N . F » »  Slope , sIntrept
Tz .498, L8849, L3182, .000EY0D,  .O00ES00, <122, 187
Fbar SIGHA(int.) S1GMA(ext.) SIGMA{overall) Variance ratio
.218 496 0.000 436 0.000
Age 3
fleet, 83, 84, 85 8, &7, 88
_ — s , . . . .
63,00, .18, .34, .95, .45
SUMMARY STATISTICS
Fleet , Fred. , SE(q),Partial,Raised, SLOPE s SE s INTRCPT, SE
s q , s F s F 3 N Slope B sIntrcpt
T8 . ,399,1.5655 , 4703,  .000E+00, .000E+00, 461, 151
Fbar SIGHA(int.) SIGHA(ext.) SIGMA(overall) Variance ratio
470 .399 0.0 . .

cont'd.



Table

3.3.3

Age 4
Fleet,

Age 9
Fleet,

[

Age b
Fleet,

T

Age 7
Fleet,

_—
1,

fAge 8
Fleet,

s

1,

65

cont'd.
83, B4, 85, 86, 87, 88
I T Ry R N WA
SUMMARY STATISTICS
Fleet , Pred. , SE(q),Partial,Raised, SLOFE , SE »INTRCPT,  SE
P f , F , F ,  Slope 5 Intrept
‘ f . P — s
t ., .8 , .246,2,3573 , .4730, .000E+00, .OODE+00, .858, .093
Fbar SIGMACint.) S16MA(ext.) SIGHA(overall) Variance ratio
473 .286 13.000 246 0.000
83, 84, 26, 37, 3
75 T3, 18, R, L, Lav
SUMMARY STATISTICS
Fleet , Pred. , SE(q).Partial,Raised, SLOPE s SE JINTRCPT, SE
s q N B F . F N s Slope sIntrept
, , . . e s ’
Vo, 1.07 , .256,2.9197 , .4380, 4000E000: .0D0E+00, 1.07%, .097
Fbar SIGHACint.) STGHACext.) $IGMA(overall) Variance ratio
438 256 0.000 .256 0.000
83, 84, 85, 86, 87, 88
S T Y R S
84, 1,10, 1.00, .51, 1.39, .87
SUMMARY STATISTICS
Fleet , Pred. . SE(q),Partial,Raised, SLOPE , SE JINTRCPT, SE
yoq ) s F s F N s, Slope sIntrept
. ) ) ) s s ) ,
P, .97, .314,2.6341 , .4891, .000E+00, +000E+00, 969, 119
Fbar SIGMA(int.) SIGMA(ext.) SIGMA(overall) Variance ratio
489 314 0.000 +314 0.000
83, 84, 85, 86, 87, 68
. . s f . -
.80, 1.21, .99, L47, 1,23, .94
SUMMARY STATISTICS
Fleet , Pred. , SE(q),Partial,Raised, SLOPE , SE s INTRCPT,  SE
N q N s F s F 3 y Slope N s Intrept
e
V94 ,T.307,2.5554 , 4431, .000E+00,  .000E+00, .938, 116
Fbar SIGHA(int.) SIGHA(ext.) SIGMA(overall) Variance ratio
443 .307 0.000 .307 0.000
83, 84, 85, 86, 87, 88
s , s s s
.59, 1.19, 1.04, .72, 1.36, .98
SUMMARY STATISTICS
Fleet , Pred, , SE(q),Partial,Raised, SLOPE , SE » INTRCPT, SE
PR , s F 4 F s Slope , . sIntrept
, P S ' , ,
T, .98 .313:2‘6526 : .5025: .000E+00, .000E+00, .979, .118
Fbar SIGHA(int.) SIGMA(ext.) SIGMA(overall) Variance ratio
.50 .313 0.000 .313 0.009



Ieble 3.3.4 VIRTUAL POPULATION ANALYSIS

HERRING IN THE SOUTHERN CENTRAL BALTIC

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

1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983

1 .20 .14 .41 .38 .26 .21 .16 .09 .17 .15 .06 .06
2 .07 .13 .14 .16 .25 .20 .31 .27 .23 .33 .29 .14
3 .07 .08 .14 .19 .20 .20 .20 .27 .28 .29 .29 .39
4 .04 .10 .16 .17 .16 .16 .12 .22 .22 .31 .19 .26
5 .14 .12 .12 .19 .14 .18 .11 .15 .18 .25 .23 .22
6 .19 .19 .16 .14 .14 .13 .16 .16 .14 .23 .20 .33
7 .15 .29 .17 .18 .12 .18 .14 .16 .16 .21 .23 .27
8 .16 .15 .22 .13 .08 .18 .14 .21 .18 .17 .21 .29
9 .14 .17 .17 .16 .13 .17 .13 .18 .18 .23 .21 .27
10+ .14 .17 .17 .16 .13 .17 .13 .18 .18 .23 .21 .27
(1- 8y .13 .15 .19 .19 .17 .18 .16 .19 .20 .24 .21 .24
1984 1985 1986 1987 1988
1 .05 11 .15 .06 .01
2 .12 .14 .17 .24 .22
3 .21 .25 .23 .31 .47
4 .40 .32 .33 .32 .47
5 .26 .53 .39 .40 .44
6 .27 .40 .40 .42 .49
7 .31 .45 .43 .47 .44
8 .28 .55 .60 .52 .50
9 .30 .45 .43 .43 .47
10+ .30 .45 .43 .43 .47
(1-8U .24 .34 .34 .34 .38

99



ble 3.3.5  geparable VPA.
Title : HERRING IN THE SOUTHERN CENTRAL BALTIC

At 08,45.48 20 APRIL 1989

from 72 to 88 on ages

1to

with Terminal F of ,400 on age

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

Matrix of Residuals

Years 72/73 73/74
Ages
i/ 2 1.528 .863
2/ 3 <309 1266
3/14 -.146  ~.579
45 -1.004 -.235
5/ 6 -.045  -.316
6/ 7 ~.068 .207
8 4296 .451
8/ 9 A10 -.169
.000 .000
Wis 010 .010
Years 78/79  79/80
Ages
1/ 2 445 -.247
2/ 3 760 .350
3/ 4 J11 219
4/ 5 -.103 116
5/ 6 -.293  -.066
6/ 7 .086  -,112
778 =272 -.181
8/ 9 -.277  -.018
.000 .000
WIS .010 .010

Fishing Mortalities (F)

72 73
F-values 1641 .2187

79 80
F-values 211701975

Selection-at-age (S)

1 2
$-values 23450 7132

74/75

1.820
001
-.208
-.248
-.251
-.143
.223
182

000
010
80/81
379
‘184
.031
-1099
1267
129
- 206
.000

.010

74
2498

81
2313

3
1.0000

9

3 and Terminal $ of 1.000

75/76

1.115
-.129
-.073
~.110
-.036
-.194

.561
~. 464

.000
.010
81/82
-.028
A17
.296
189
.049
-.150
-.162
-.569
000

1.000

75
2526

82
.1944

4
1.0502

32.054 and
18,524 after 103 iterations

6/77  71/78

1.222 281
.703 171
.337 2274

-.083 097
.038  -.085

-.166  -.282

-.357 047

-.920 -.025
.000 .000
.010 010

82/83 83/84 84/85

-.023  -.070 070
.358  -.072 -.047
.362 L1770 -.014
006 035 2278

-.177  -.213  -.026

-.113 .159  -.044
.007 .023  -.025

-.212  -,101  -,113

000 000 .000

1,000 1.000 1.000

76 77 78
.2006  .2192  .1781

83 84 85
«2236 ,2238  ,3293

5 6 7
1.0537 1.0415 1.0578

85/86

$211
-.273
-.322
-.225
371
-.018
-.103
268

.000

1.000

86
+3224

8
1.1070

86/87

87
+3435

9
1.0000

88
4000

67




Teble 3.3.6 VIRTUAL POPULATION ANALYSIS
HERRING IN THE SOUTHERN CENTRAL BALTIC

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

1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983

1 .22 .14 .42 .37 .26 .20 .15 .09 .17 .14 .06 .06
2 .08 .14 .14 .17 .25 .19 .29 .26 .22 .31 .28 .14
3 .09 .10 .17 .19 .21 .20 .19 .26 .26 .27 .27 .35
4 .05 .14 .20 .20 .17 .17 .12 .21 .21 .28 .18 .24
5 .19 .18 .18 .25 .17 .19 12 .15 .17 .23 .20 .20
6 .20 .26 .27 .22 .20 .17 .16 .17 .14 .21 .18 .27
7 .20 .31 .25 .33 .21 .26 .18 17 .18 .20 .20 .24
8 .19 .21 .24 .21 .15 .36 .21 .30 .19 .18 .20 .24
9 .16 .21 .25 .18 .23 .40 .30 .32 .28 .24 .24 .27
10+ .16 .21 .25 .18 .23 .40 .30 .32 .28 .24 .24 .27
(1- 8 .15 .18 .23 .24 .20 .22 .18 .20 .19 .23 .20 .22
1984 1985 1986 1987 1988 1977-86
1 .06 .11 .13 .08 .14 .12
2 .12 .15 .17 .22 .34 .21
3 .20 .24 .25 .32 .40 .25
4 .35 .31 .33 .37 .49 .24
5 .23 .44 .38 .39 .54 .23
6 .24 .35 .31 .40 .48 .22
7 .24 .37 .36 .32 .41 .24
8 .24 .38 .45 .39 .28 .28
9 .25 .36 .25 .27 .30 .29
10+ .25 .36 .25 .27 .30 .29

(1-8) .21 .29 .30 .31 .38

89



Tsble 3.3.7  YIRTUAL POPULATION Al 'SIS -
HERRING IN THE SOUTHERN CENTRAL BALTIC
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: .330

PROPORTION OF ANNUAL M BEFORE SPAWNING: .450

1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983

1 4778 7976 6310 5534 5283 5815 5099 2784 3327 6859 4670 4378
2 3192 3139 5670 3409 3115 3350 3894 3598 2093 2304 4881 3611
3 3231 2414 2229 4023 2362 1992 2266 2375 2277 1376 1379 3034
4 1778 2415 1786 1544 2713 1565 1341 1538 1504 1439 862 859
5 4301 1381 1726 1200 1032 1884 1082 972 1022 1002 892 591
6 518 2919 947 1180 769 712 1278 788 684 706 649 600
7 323 347 1833 594 777 517 492 893 542 488 468 442
8 242 217 209 1165 351 517 327 337 617 372 326 312
9 141 163 144 135 776 246 297 216 204 418 254 218
10+ 76 119 162 144 31 312 200 236 464 717 586 451

TOTAL NO 18579 21089 21017 18927 17210 16911 16275 13736 12734 15680 14967 14497
SPS  NO 9271 8590 7711 8506 7563 6594 6297 6253 6229 5495 4606 5397
TOT.BIOM 1293982 1358853 1350813 1269237 1157761 1094310 1048257 960367 903524 977818 953798 978687
SPS BIOM 846866 801542 722651 774261 705148 618905 585609 579578 583704 532878 447170 513092
SPS BIOM 618000 609000 477000 581000 606000

SOP corr.

1984 1985 1986 1987 1988 1989 1977-86

1 4455 4503 2827 2510 3268 0 4472

2 3390 3448 3310 2022 1894 2331 3388

3 2579 2462 2426 2284 1334 1101 2217

4 1742 1726 1579 1542 1357 730 1415

5 553 1000 1039 929 876 679 1004

6 398 359 527 584 515 419 670

7 374 257 207 318 321 261 468

8 286 241 145 119 190 175 348

9 200 184 134 76 66 118 237
10+ 467 335 230 107 63 78 400

TOTAL NO 14444 14515 12425 10491 9883
SPS  NO 5545 5406 5197 4851 3715
TOT.BIOM 855714 737463 649358 531191 486768
SPS BIOM 495087 426173 373849 308678 261713

69



Teble 3.3.8

L1 t of input variables for the ICES prediction program.

HERRING IN THE CENTRAL SOUTHERN BALTIC (SUB-DIVISIONS 25-27)
The reference F is the mean F for the age group range from 1 to 8

The number of recruits per year is as follows:

Year Recruitment
1989 4472.0
1990 4472.0
1891 4472.0

Proportion of F>(fishin9 mortality) effective before spawning: .3300
Proportion of M (natural mortality) effective before spawning: .4500

Data are printed in the following units:

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

+ + + +

! ! { fishing| natural| maturity] weight in| weight in]
]
{

age| stock size) pattern. morta11ty, ogive| the catch| the stock!
B it e L B e s + - + +
[ 4472.0/ .12} .20} .00} 22.300, 22.300}
P2 2331.0} .34 .20} .00} 43.600} 43.600}
T3 1101.0/ .401 20! 1.00} 55.767, 55.767!
N 730.0} .49 .20} 1.00} 65.967| 65.967
i 5] 679.0} .54} 207 1.00} 75.133} 75.133]
I 419.0) .48 .20} 1.00} 79.867, 79.867;
v 261.0, .41, .20} 1.00} 85.600} 85.600}
\ B 175.0} .28) .20} 1.00! 100,600 100.600}
V9 118.0} .30 .20} 1.00} 103.767) 103.767|
v 10+ 78.0] .30/ .20} 1.00) 111. 867' 111.867!
. + + +

+ BT T +

oL



Table 3.3.9

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

HERRING IN THE CENTRAL SOUTHERN BALTIC (SUB-DIVISIONS 25-27)

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 1991 has been calculated with the same fishing mortality as for 1990.
The reference F is the mean F for the age group range from 1 to 8

. - ——— + - —— + - +
' Year 1989 i Year 1990 | Year 1991

+ ot + + + + B et 1 + T N T +

\ fac-| ref.! stock|] sp.stock} \ fac-| ref.| stock} sp.stock! | stock| sp.stock|

i tor! F! biomass] biomass) catch| tor] Fl biomass! biomass| catch| biomass| biomass|
- et + o + + + + + + e +

1 1.0} .38! 456 202} 119} .0} .00} 467, 207 0! 615} 325} .
! ! ! ) | ! L1 .04} | 204! 14| 600 308

! ! ! ' ! H W28 .08} | 201} 27} 585 2931

! ! ! | | ! A .15 | 195 531 556 263

! } H | H ! 6! .23) 1 190} 76! 5301 237

: ! 1 H ! H .81 .31} ! 185 98 506 213}

! ! ! ! ! 1 1.0} .38) | 180 118! 483} 192}

! ! ! | ' o1.2) .46 t 175,  137{ 462 1731

! ! ! ! ! 1o1.4) .54 . 1707 1554 442 1561

H H ! | i i 1.6} L6114 | 1657 171} 4231 141}

H : 1 | | i 1.8} .69 H 161} 187 406 127

' ! ! | ! { 2.0} 76 ! 156{ 201! 390} 114}
tom——— o e s o Fo e Fom + + + + ———t + ———e— +

192
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Table 3.3.10

HERRING TN THE CENTRAL SOUTHERN BALTIC (SUB-DIVISIONS 25-:7)

¢ Year 1989 f farrol 1.000 and reference F

Chaaasases

.3825

D R T TR e +
B 1 January, at spamnng time}
Bl ST Hmmme o b mm e $ommmmaee 4 S b --
H | absolute! catch in} catch in) stock) sp.stoch) sp.stock) sp. stock' sp.stock)
| age! F! numbers! weight} size! sizei biomass| size! biomass
B et e St et LT DR B e pm e boe o R Rt
Y L1200} 459,25} 10241}  4472.0} .00} H 00} 0}
3 3400} 612.39} 267007  2331.0; .00} 0 .00} 0
! 3] .4000}  331.17} 18468,  1101.0; 1101.00; 61399;  881.81} 49175
HEE L4800} 258,39, 17048 730.0} 730,00} 48155,  567.56) 37440}
- 5400 259,08} 19465, 679.0) 679.00} 51015  519.27{ 39014}
L 4800 145,93} 11654} 419,0} 419,00} 33464 326.84} 26103
1 7 4100} 80,11} 6857 261.0) 261.00} 22341,  208.35; 17834
N 7800} 38.92; 3914} 175.0, 175.00} 17605) 145,82 14669
H 9 3000 27.86} 2890, 118.0} 118.00} 12244; 97.68} 10135
} 1044 +3000; 18.41) 2099} 78.0} 78.00; 8725} 64,57} 7222}
—— fom e +
i Total § 2231.50} 119297} 10364.0; 3561,00F  254951; 2811.89} 201597

e P I T Y T YT T Y DTN

* Year 199C, F- factar 1.000 and reference F

AR AN AS NN A AL AR AN AR AR A RAS AL ARAR

sansransas

825 ¢

Cranseran

'
i

at 1 January|

at spawning time}

absolute} catch in} catch in} stock] stock! sp.stock} sp.stock] sp.stock] sp.stock]
£} numbers] weight] size| biomass| size} biomass} size} biomass
1200} 459,25} 10241} 44720} 99725, .00} 0] .00} 0}
.3400;  853.12; 371967  3247.3] 141583} .00} 0} .00} 0}
.4000]  408.59} 22785  1358.4} 75753} 1358.39) 75753} 1087.95} 60671}
.4900;  213.87) 14108, 604.2; 39860,  604.24; 39860;  469.78) 30990}
.5400! 139,71} 10496} 366.2) 27509)  366.15} 27509)  280.02} 21038}
.4800; 112,83} 9011} 324,04 25873} 323.96; 25873}  252.70] 20182}
4100} 65.15] 5577, 212,3; 18170) 212.27) 18170}  169.45] 14505}
2800} 31.54; 3172 141.8; 14266,  141.81) 14266}  118.17} 11887}
<3000, 25.561 2652 108.3; 11236  108.29] 11236} 89.64] 93014
3000} 28,07} 3139; 118.9; 13298}  118.88} 13298} 98.41} 11008
V2337.69)  118381) 10953.3} 467278 3233.99] 225969 2566.12] 179586}
R R Y R L L L L T R T T e
* Year 1991, F-factor 1.000 and reference F .3825 ¢
P N T T,
H at 1 January] at spawning time}
H i absolute} catch in) catch inj stock) stock; sp.stock] sp.stock] sp.stock] sp.stock;
| agel Fi numbers] weight) size| biomass! size| biomass) size} biomass}
D1 12000 459.25;  10241) 4472.0f  99725! .00; 0! .00 o
P20 3400 853,120 37196)  3247.3)  141583! .00} 0} .00} 0!
L3 ,40000 569.21%  31743] 1892.4} 105537 1892,38) 105532} 1515.64)  84522!
P4l .4900)  263.87;  17406) 745,50 49178  745.50{ 49178} 579.61}  38235!
;50 L5400 115.64!  @688)  303.1}  22770! 303,07,  22770; 231.78] 17414}
!o6l .48000  60.84! 48507 174.7)  13952! 174.70!  13952! 136.27! 10883}
!77 .4l00f  50.37)  4312)  164.17  14048! 164.12! 14048} 131,02}  1i21a!
{8l .2800!  25.65 25800 115.3! 11603}  115.340 L1603}  96.11! 9668 ¢
io9 30000 wm.72) 2149 B7.8 9105  87,75!  9105] 72,64} 7537
D1o+] 30000 32.53! 3638 137.8! 15413} 137.78]  1S413] 1)4.06)  12759!
o +
! Total | 2051200 1228161 11340.00 479141 3620650 241805} 2877.111 1922351
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Table 3.3,11 Catch
HERRING in Southern Baltic (Sub-divisions

25-27) in 1972-1988.

(tonnes) of

coastal

and open-sea

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 -

Table 3.3.12 Cpue of HERRING of Polish state-owned
24 m cutters with pelagic pair trawl

(t/day).
Year Sub-Division
25 26
1981 2.76 2.62
1982 3.87 3.39
1983 3.99 2.87
1984 3.82 2.74
1985 4.01 2.64
1986 4,35 2.75
1987 2.65 2.66
1988 2.12 2,20
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Table 3.3.13 Cpue of HERRING in the species directed

fishery of Polish state-owned cutters
estimated by the the GLM (t/day).

Year Sub-Division
25 26
1984 3.29 2.19
1985 3.41 2.27
1986 2.70 1.80
1987 2.71 1.80
1988 2.68 1.78
Table 3.3.14 Mean CPUE of young HERRING (0O-age group) caught

in October-November 1983-88 by pelagic trawl type
P 53/64 with 11 mm mesh size of cod end.

Year class

Fishing area 1983 1984 1985 1986 1987 1988
(kg per hour of towing)
Kolobzeg-Darlowo 95 21 183 310 7 35
Ustka-leba 49 44 617 328 16 7
Wladyslawowo 98 122 97 122 9 (o]
Gdansk Gulf 133 129 330 174 39 142




Teble 3315 yIRTUAL POPULATION ANALYSIS
HERRING IN THE COASTAL AREAS 25, 26 AND 27

CATCH IN MUMBERS UNIT: millions

1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986

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
] 7 29
1 158 223
2 291 388
3 382 291
4 191 230
5 92 82
6 33 49
7 7 10
8 3 5
9+ 1 2

TOTAL 1165 1308

Gl



Teble 3.3.16 YIRTUAL POPULATION ANALYSIS
HERRING IN THE COASTAL AREAS 25, 26 AND 27
MEAN WEIGHT AT AGE OF THE STOCK UNIT: gram

1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986

0 12.3 12.3 12.3 12.3 12.3 12.3 12.3 12.3 9.6 9.6 11.9 12.6
1 18.4 18.4 18.4 18.4 18.4 18.4 18.4 18.4 32.6 32.6 19.7 17.7
2 66.4 66.4 66.4 66.4 66.4 66.4 66.4 66.4 59.5 59.5 45,2 40.0
3 98.6 98.6 98.6 98.6 98.6 98.6 98.6 98.6 85.0 85.0 67.8 59.0
4 121.6 121.6 121.6 121.6 121.6 121.6 121.6 121.6 104.4 104.4 84.2 79.9
5 155.4 155.4 155.4 155.4 155.4 155.4 155.4 155.4 130.7 130.7 98.9 99.5
6 153.4 153.4 153.4 153.4 153.4 153.4 153.4 153.4 158.4 158.4 115.7 100.4
7 171.4 171.4 171.4 171.4 171.4 171.4 171.4 171.4 146.2 146.2 128.8 115.5
8 169.1 169.1 16%9.1 169.1 169.1 169.1 169.1 169.1 150.5 150.5 134.1 132.0
S+ 183.3 183.3 183.3 183.3 183.3 183.3 183.3 183.3 157.7 157.7 155.8 122.9
1987 1988
0 9.3 26.2
1 26.6 20.2
2 42.8 48.0
3 57.7 65.0
4 74.1 78.0
5 92.4 92.6
6 105.5 102.2
7 113.6 104.3
8 119.6 122.4
9+ 122.5 131.1
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Teble 3.3.17

Title

from

with Terminal F of

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

Matrix

79 to >88 ohra;es 0to 8
3 and Terminal § of .800

of Residuals

Years
Ages
0/
1/
2/
3/
4/
5/
6/
7/

WA B WN

WTs

79/80  80/81
-.108 .261
-.731 .484
.168 .245
.348  -.019
-.083 -.094
=121 -.074
-.374  -.547
.294  -.142
-000 .000
1.000 1.000

Fishing Mortalities (F)

79 80

F-values .5000  .5295

Selection-at-age (S)

0 1

S-values .0298 .2082

.390 on age

81/82

.151
-.276
214
.257
.157
-.057
-.471
-.371

.000

1.000

81
.4413

2
.6040

82/83

747
~-.012
.053
112
-.221
-.348
-.287
.332

.000

82
.3657

: HERRING IN THE COASTAL AREAS 25, 26 AND 27

78.692 and
11.734 after

83/84

.850
-.446
-.037

.094

.102
-.245

.229
-.175

.000
1.000

83
.3406

84/85

.664
.580
-.080
-.171
.060
-.339
-.203
-.026

.000
1.000

84
.3060

5

3 4
1.0000 1.1434 1.1760

83 iterations

85/86

-.810
.264
-.222
-.259
-.111
.845
.686
-.103

.000
1.000

85
.3876

6
1.0496

86/87

.028
.302
-.370
-.433
-.079
414
.533
.283

.000
1.000

86
.4103

.8282

87/88

-1.785
-.165
.028
.070
.269
-.076
.433
-.093

.000
1.000

87
.3468

8
.8000

88
.3900

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

.002

WTS

.185
.352
.765
.625
.000
.400
.330
.633
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Teble 3.3.18

HERRING IN THE COASTAL AREAS 25, 26 AND 27

VIRTUAL POPULATION ANALYSIS

FISHING MORTALITY COEFFICIENT

+FONOEWNE O

0

(2-7U
( 3- &)U

+ OO WNFPO

=]

(2-7NU
(3-8

1975

.087
.343
.408
.569
.734
.750
.601
.634
400
.400

.616
.663

1987

.003
065
.213
. 367
480
.442
.361
.130
.150
.150

.332
.413

1976

062
.255
.481
.555
.547
.397
.187
.429
.400
.400

.433
422

1988

.008
.161
.250
.385
.445
L4471
.510
.196
.131
.131

.371
.445

1977

.014
.208
.307
.404
.344
.387
.215
.231
400
.400

.315
.337

1975-87

.024
134
.299
.429
.468
.469
.387
.360
.368
.368

UNIT: Year-1
1978 1979
.009 .025
.120 .060
.425 347
.339 .590
.298 .493
.283 .408
.514 .382
.354 .488
.400 .400
.400 .400
.369 .451
.359 .468

NATURAL MORTALITY COEFFICIENT =

1980

.020
.215
.382
.526
.509
.539
-361
425
-380
.380

.457
.484

1981

.014
.089
.352
.424
.512
.438
-401
.368
-400
-400

.416
.444

1982

.012
.069
.292
.417
.291
.363
.318
.428
460
.460

.352
.347

1983

-029
.037
.187
.470
.413
.311
.424
.304
.300
.300

.352
-405

.30

1984

.018
.080
.144
282
.506
.347
.300
.248
.330
.330

.305
.359

1985

.007
.081
161
.310
.488
777
.593
.372
.310
.310

.450
.542

1986

.011
115
.186
.325
.464
.657
.370
.269
460
.460

.378
.454
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Teble 3.3.19 VIRTUAL POPULATION ANALYSIS
HERRING IN THE COASTAL AREAS 25, 26 AND 27

STOCK SIZE IN NUMBERS UNIT: millions

ALL VALUES ARE GIVEN FOR 1 JANUARY

1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986

0 4896 6196 4261 2600 3471 7221 4098 3493 3454 4666 3595 3963
1 3089 3326 4316 3112 1909 2508 5244 2994 2557 2485 3396 2645
2 1342 1624 1909 2598 2045 1333 1499 3553 2070 1826 1699 2320
3 836 661 743 1040 1258 1071 674 782 1965 1272 1171 1072
4 265 350 281 368 549 517 469 327 381 910 711 636
5 143 94 150 148 202 248 230 208 181 187 406 323
6 64 50 47 76 82 100 107 110 107 98 98 138
7 25 26 31 28 33 42 51 53 59 52 54 40
8 7 10 13 18 15 15 20 26 26 32 30 27
9+ 59 24 121 42 25 40 81 52 35 2 32 13

TOTAL NO 10727 12361 11872 10030 9590 13094 12474 11598 10836 11531 11191 11178
SPS  NO 2607 2677 3104 4058 4006 3232 2982 4755 4618 4197 4030 4338
TOT.BIOM 369179 385879 426238 459160 461280 462746 449240 523034 505288 490382 392866 359283
SPS BIOM 243198 237690 281736 352663 369877 318926 292387 401387 376469 353719 275753 253378

1987 1988 1989 1975-87

0 2339 4183 0 4173
1 2903 1727 3074 3114
2 1746 2016 1089 1967
3 1427 1045 1163 1075
4 573 732 527 487
5 296 263 348 217
6 124 141 125 92
7 71 64 63 43
8 23 46 39 20
9+ 9 14 39 41

TOTAL NO 9512 10232
SPS NO 4095 4120
TOT.BIOM 350866 419246
SPS BIOM 244420 265091
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Teble 3.3.20

List of input variables for the ICES prediction program.

HERRING IN SUB-DIVISIONS 25-27 COASTAL STOCK
The reference F is the mean F for the age group range from 2 to

The number of recruits per year is as follows:

Year Recruitment
1989 4173.0
1990 4173.0
1991 4173.0

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
dom b ———— + + +

j | , fishing! natural| maturity| weight in} weight in|

; age, stock size] pattern. mortality| ogive| the catch] the stock]
ot -— + + —+= + +
N 4173.0}% .01{ .30 .00} 26.200! 26.200}
1 3074.0/ .16 .30 .00 20.200} 20.200}
3 25 1089.0} .25 .30} .90 48,000} 48.000}
3 1163.0} .38} .30} 1.00} 65.000} 65.000}
] 527.0} 441 .30} 1.00} 78.000} 78.000
T 348.0} .44 .30 1.00! 92,600/ 92.600}
N 125.0} .51 .304 1.00f 102.200} 102.200}
Y 63.0} 201 .301 1.00; 104.300{ 104.300]
1 8! 39.0! 13} .30! 1.00) 122.400% 122.400]
P9+ 39.0! 13} 304 1.00% 131.100; 131.100]
R et T oo o o o o +
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‘Table 3.3.21

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

HERRING IN SUB-DIVISIONS 25-27 COASTAL STOCK

i e e e e e e o e e e e e e e e e e +
1 Year 1989 ' Year 1990 t Year 1991

e o dom—— o e + + + e droe e e 3 -+
i\ fac-| ref.] stock! sp.stock] \ fac-| ref.| stock| sp.stock! H stock| sp.stock]
I tor! F} biomass] biomass| catch] tor] ! biomass| biomass! catch! bjomass| biomass]
e R B o P + ———t ——— ' o +
V1.0 .37 402! 225 691 .04 .00} 408 2281 0} 496 314}
i i | i i pooLl .04y i 1 81 487! 305!
| i 1 | | Pooe2p 07 { i 154 479} 297)
i i i : i v .40 .15 t ' 30] 463! 281!
i i i | i P60 .22 i ' 43] 447! 266,
i i i i i | .81 .30, 1 | 561 433] 252,
; ! j ! H 1 1.0} L3710 ' ! 68! 419! 239
i ! ! ! ! 1.2y .44 ! ! 79! 406 226,
| H ] : : V1.4 .52} ! ! 89| 394 215}
! 1 ! ! ! ¢ 1.6) .59} ! ! 99! 383 204}
H 1 H ' ! 1 1.8) .67) ! ' 108! 373 194}
! H ! ! ! ! 2.0) .74 1 117 363) 184
+ Fmm - + + + + + + + + +

The data unit of the biomass and the catch is 1000 tonnes.
The spawning stock biomass is given for 1 January.
The reference F is the mean F for the age group range from 2 to 7
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Teble 3.3.22  yRTUAL POPULATION ANALYSIS
HERRING IN THE OPEN SEA OF AREAS 25, 26 AND 27

CATCH IN NUMBERS UNIT: millions

1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983

0 0 0 11 0 8 6 4 4 3 4 2 18
1 14 0 177 40 50 74 55 30 28 22 74 135
2 0 48 253 85 54 108 94 153 35 291 211 113
3 83 67 122 305 134 128 106 95 93 151 56 182
4 34 283 196 137 278 159 87 116 91 133 48 54
5 794 200 216 184 137 328 101 65 118 134 85 54
6 70 611 197 193 133 119 171 78 66 115 70 97
7 20 90 334 156 135 128 71 120 64 65 55 71
8 31 32 30 186 50 164 38 70 105 57 45 56
9 14 25 25 22 141 89 70 47 40 75 41 41
10+ 8 77 66 56 27 147 92 139 102 147 99 93

TOTAL 1069 1432 1626 1366 1147 1450 888 915 745 1193 786 916

1984 1985 1986 1987 1988

0 1 1 2 1 9
1 72 185 41 20 86
2 146 186 105 66 87
3 155 177 196 188 141
4 151 152 181 239 262
5 56 109 170 180 232
6 53 60 93 142 133
7 61 62 44 70 85
8 49 64 46 33 36
9 36 47 24 16 15
10+ 88 99 48 23 15

TOTAL 868 1143 950 977 1100
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Teble 3.3.23 VIRTUAL POPULATION ANALYSIS
HERRING IN THE OPEN SEA OF AREAS 25, 26 AND 27
MEAN WEIGHT AT AGE OF THE STOCK UNIT: gram

1872 1973 1974 1975 1976 1977 1978 1979 1980 © 1981 1982 1983

0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 156.0 17.0
1 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 36.0
2 54.0 54.0 54.0 54.0 54.0 54.0 54.0 54.0 54.0 54.0 54.0 54.0
3 71.0 71.0 71.0 71.0 71.0 71.0 71.0 71.0 71.0 71.0 71.0 68.0
4 86.0 86.0 86.0 86.0 86.0 86.0 86.0 86.0 86.0 86.0 86.0 79.0
5 88.0 88.0 88.0 88.0 88.0 88.0 88.0 88.0 88.0 88.0 88.0 85.0
6 94.0 94.0 94.0 94.0 94.0 94.0 94.0 94.0 94.0 94.0 94.0 90.0
7 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.C 100.0 98.0
8 108.0 108.0 108.0 108.0 108.0 108.0 108.0 108.0 108.0 108.0 108.0 103.0
9 114.0 114.0 114.0 114.0 114.0 114.0 114.0 114.0 114.0 114.0 114.0 110.0
10+ 118.7 118.7 118.7 119.7 11%.7 119,7 118.7 119.7 119.7 119.7 119.7 125.3
1984 1985 1986 1987 1988
0 12.9 .0 8.8 .0 16.4
1 33.9 18.2 28.9 23.9 31.0
2 44.7 32.0 38.3 39.0 48.6
3 58.4 50.0 45.9 42.3 55.3
4 78.9 66.0 59.0 49.6 57.6
5 84.6 73.0 61.6 63.1 64.9
6 91.9 88.0 72.1 66.7 75.0
7 105.2 94.5 86.9 73.2 82.0
8 107.8 101.2 99.7 85.5 102.9
9 115.7 105.2 105.4 91.5 103.3
10+ 129.8 114.7 118.0 104.6 117.1
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Table 3.3.24
Title : HERRING IN THE OPEN SEA OF AREAS 25, 26 AND 27

from 79 to 88 on ages 0 to 9
with Terminal F of .190 on age 4 and Terminal S of 1.000

Initial sum of squared residuals was 151.377 and
final sum of squared residuals is 27.309 after 118 iterations

Matrix of Residuals

Years 79/80 80/81 .81/82 82/83 83/84 84/85 85/86
Ages
0/ 1 1.226 1.220 ~-.298 ~-.756 1.606 -1.582 -.617
1/ 2 .668 -1.256 -1.849 .629 .658 .158  1.373
2/ 3 .604 ~1.087 1.348 .478  -.307 .185 .006
3/ 4 -.022 -.154 .672 .189 .022 .219 -.144
4/ 5 -.033 -.139 .011 .087 -.154 .566  -.195
5/ 6 -.132 .164 2112 -,028 -.202 .059  -.043
6/ 7 -.059 .012 .066 -.051 105 -.176 -.012
7/ 8 -.105 .147 -.285 -.035 .033  -.037 -.025
8/ 9 .034 .095  -.600 ~.196 -.174 -.224 .382
.000 .000 .000 .000 .000 .000 .000
WTs 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Fishing WMortalities (F)

79 80 81 82 83 84 85
F-values .1146  .1168  .1583 .1082 .1389 .1298 .1780

Selection-at-age (S)

0 1 2 3 4 5 6
S-values .0104  .2539  .6663  .8795 1.0000 1.2157 1.3601

-

86/87

.581
.330
-.507
-.304
-.062
-.006
-.032
-.015
.520

.000
1.000

86
.1818

7
1.3414

87/88

-1.380
-.711
-.720
-.480
-.081

.077
.147
.322
.163

.000
1.000

87 88
.1894  .1900

8 9
1.3372 1.0000

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

-.003

WTS

.082
.093
.130
.289
.424
.830
.000
.583
.285
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Teble 3.3.25 YIRTUAL POPULATION ,  'YSIS
HERRING IN THE OPEN SEA OF AREAS 25, 26 AND 27

FISHING MORTALITY COEFFICIENT UNIT: Year-1 NATURAL MORTALITY COEFFICIENT = .10

1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983

0 .00 .00 .01 .00 .0L .00 .00 .00 .00 .00 .00 .01
1 .01 .00 L11 .03 .03 .05 .04 .03 .03 .01 .04 .07
2 .00 .03 .09 .06 .05 .08 .07 .12 .04 .38 .17 .07
3 .03 .04 .08 .13 .12 .14 .09 .09 .09 .23 .10 .19
4 .02 .14 .14 .12 .15 .18 .12 .12 W11 .17 .10 .12
5 .22 W11 .13 .17 .15 .23 .15 A1 .16 .20 .14 .13
6 .16 .24 .14 .15 .16 .16 .16 .14 .14 .21 .14 .21
7 .06 .28 .18 .14 .14 .21 .12 .15 .15 .19 .13 .18
8 .12 .12 .13 .13 .06 .22 .08 .15 .17 .18 .17 .17
9 12 .12 .12 .12 12 .12 .12 .12 11 .16 .16 .20
10+ .12 .12 .12 .12 12 .12 .12 .12 .11 .16 .16 .20
(2-8)U .09 .14 .13 .13 .12 .17 L1 .13 .12 .22 .13 .15
(3- 63U 11 .13 .13 .14 .14 .18 .13 .12 .13 .20 .12 .16
1984 1985 1986 1987 1988 1980-87
0 .00 .00 .00 .00 .01 .00
1 .03 .09 .05 .03 .09 .04
2 .09 .09 .06 .09 .16 .12
3 .12 .13 .12 .14 .24 .14
4 .21 .15 .18 .18 .25 .15
5 16 21 .23 .24 .24 .18
6 .17 .23 .25 .28 .25 .20
7 .18 .27 .24 .26 .24 .20
8 .16 .25 .30 .25 .18 .21
9 .14 .21 .13 .14 .16 .16
10+ .14 .21 .13 .14 .16 .16
(2-8)U .16 .19 .20 .20 .22
(3- 6)U .17 .18 .18 .21 .25

[4¢]



Teble 3.3.26

VIRTUAL POPULATION ANALYSIS

HERRING IN THE OPEN SEA OF AREAS 25, 26 AND 27

STOCK SIZE IN NUMBERS

UNIT:

millions

ALL VALUES ARE GIVEN FOR 1 JANUARY

TV WNRO

-
o

TOTAL NO
SPS NO
TOT.BI0OM
SPS BIOM

+ ORI B WNPO

-
o

TOTAL NO
SPS NG
TOT.810H
SPS BION

1972

3922
2003
1974
2637
2177
4188
497
336
289
132
79

18233
10334
1118399
878955

1984

2444
2588
1785
1392
834
394
356
398
338
282
695

11506
4689
613243
414265

1973

2033
3549
1799
1786
2307
1938
3036
383
286
232
717

18065
10684
1216362
962467

1985

1072
2210
2273
1476
1112
611
303
272
302
260
545

10437
4882
477514
364615

1974

1497
1840
3211
1582
1552
1818
1563
2167

262

229

608

16330
9782
1158397
896660

1986

778
969
1824
1881
1168
862
450
217
187
213
421

8968
7039
455826
413018

1975

1894
1345
1496
2664
1316
1218
1440
1228
1643

209

524

14978
10243
1089893
931724

1987

1131
702
838

1551

1516
885
618
318
155
125
183

8022
7351
448
304987

1976

1761
1714
1178
1273
2121
1060

927
1120

963
1311

254

13682
9030
1000847
849088

1988

1705
1023
617
695
1225
1145
630
425
222
109
105

7899
4554
401334
311694

1977

1741
1585
1503
1015
1025
1656
829
713
885
824
1366

13142
8312
972584
808093

1989

0
1534
844
475
495
860
815
444
303
167
166

1978

1114
1570
1363
1257
797
777
1187
637
523
646
858

10729
6681
780584
634176

1980-87

1820
1653
1460
1234
939
686
499
375
342
292
642

1979

1223
1004
1368
1145
1036
639
607
912
509
437
1294

10173
6578

1980

1800
1102
880
1093
946
828
517
475
712
395
998

9745
5962

1981

2114
1627
971
763
901
7639
637
405
369
545
1076

10177
5465

1982

2340
1909
1451
603
548
689
569
467
305
280
686

9846
4145

763062 684021 673652 580158
634468 569109 530448 397517

1983

2878
2115
1657
1113
492
450
542
448
370
233
530

10830
4179
590369
375789
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Teble 3.3.27

List of input variables for the ICES prediction program.

HERRING IN SUB-DIVISIONS 25-

The reference F is the mean

27 OPEN SEA STOCK
F for the age group range from 2 to

The number of recruits per year is as follows:

Year Recruitment
19839 1820.0
1990 1820.0
1991 1820.0

Data are printed in the following units:

Humber 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

s b m e ————e o o e +
! H ! fishing| natural| maturity| weight in| weight in]
| age| stock size) pattern| mortality) ogive| the catch| the stock!
et 4 —————t ———— + + + -+
! 0! 1820.0] .01} .10} .00} 16.400] 16.400}
v 1534.0] .09} BUH .00} 31.000] 31.000}
! 21 844.0} .16 .10} .00} 48.600 48.600]
! 31 475.0} .24 .10} 1.00} 55.300] 55.300}
4 495.0! 25! .10} 1.00] 57.600] 57.600]
.- 860.0) .24 .10} 1.00} 64.900] 64.900/
| 6} 815.0} .25} .10} 1.00} 75.000] 75.000¢
! 71 444.0} .24 .10} 1.00¢ 82.000] 82.000}
! 81 303.0¢ .18} .101 1.00% 102.900f 102.900!
: 9! 167.0, .16} .10} 1.00) 103.300; 103.300!
10+ 166.0] .16 .10 1.00; 117.100} 117.100;
B ettt L o - oo e o e e +

pXe]



Table 3.3.28

88

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

HERRING IN SUB-DIVISIONS 25-27 OPEN SEA STOCK

D - o ——— e +
! Year 1989 ! Year 1990 ! Year 1991 !
e o o e B o m—— o tm————— = + —— e fom e ——— +
\ fac-| ref.) stock| sp.stock] ! fac-| ref.] stock| sp.stock| 1 stock| sp.stock]
! tor) F} biomass} biomass! catch| tor! F| biomass| biomass| catch! biomass| bionass|
o e o o e B o + + + ————— + +
1.0} .22} 394, 276! 63} .0t .00} 399 257 0} 473 3211

i i | i CooWlp .02y { 1 7 4661 3143

| H 1 ! ! .21 H j J 13! 4591 308!

! ! ! ! i 4] .09 { ! 26 445 2951

| | ) } | .61 134 | | 38 432 283)

! H ! ! H .81 .18) ! ! 50] 419) 272,

! ! ! ! v 1.0} .22} ! ! 61} 407} 261}

| : ! ! 1.2} .27! ! ! 72! 395} 250/

) | \ ) Vo1.4) .31 | | 82| 3841 240}

! ! ! ! 1 1.6} .36 ! ! 92] 373 231}

H i : ' 1 1.8) .40} ! 1 102) 362 2214

' ! ! ! 2.0 45! ! v 111y 352] 212)

+ + o + + + + et + + o e +

The data unit of the biomass and the catch is 1000 tohnes.
The spawning stock biomass is given for 1 January.
The reference F is the mean F for the age group range from 2 to 8



Table 3.4.1 SUM OF PRODUCTS CHECI
HERRTNG TN THE GULF OF RIGA

CATEGORY: TOTAL

CATCH IN NUMBERS

+WVWO~NOU & WO

.
fes]

TOTAL

+ OO B WNFEO

fury
o

TOTAL

1970

77
546
383
410
149

49

B
QNN

1662

1982

80
96
117
69
43
30
25

464

UNIT: millions

1971

4
795
628
131
114

36
13
15

0

0

0

1737

1983

50
225
138

78

39

23

16

581

1972

2
105
770
154

54
35
13

7

5
1
0

1147

1984

44
152
255

96

57

33

15

10

665

1973

87
294
578

60

17

e
SR PN

1057

1974

303
303
299
326

38

13

1298

1986

107

1987

70
43
110
205
75

O B = Ul

549

1976

10
426
237
364
160

59

1346

1988

198
113
112
145
39
28

647

fed
O N & B

1977

70
885
141
110

35

16

16

1274

1978

OO UTWwO

714

1979

15
77
177
104
343
22

—
ON WO

769

1980

19
101
126
100

55
133

O N

555

1981

11
63
173
112
83
51

~
OO W~NN

575

68



Table 3.4.2

SUM OF PRODUCTS CHECK

HERRING IM FISHING AREAS 28 AND 295
CATEGORY: TOTAL

CATCH IN NUMBERS

FOWONNCTEWN O

iy
o

TOTAL

465
273
127
385

1984

13
89
195
267
180
103
22
23
11
19
16

938

UNIT:

1973

13
155
318
506
203

70
171

43

15

9
6

1508

1985

63
288
165
195
115

68

21

11

15
946

millions

1974

3
115
199
242
263

88
44
109
16
13
12

1104

1986

30
177
251
150
181

72

26

918

1975
13

256
274
170
146
69
37
61
10
13

1101

1987

166
105
213
250
113
148

52

20

1082

1976

223
104
211
182
106
105
51
25
46
12

1068

1988

14
287
113
162
229

68

84

27

1z

10

1010

1977

14
241
133
157
128

64

62

23

22
857

1978

36
126
445

90

87

45

24

33

15
912

1979

12
69
132
323
65
65
47
31
31
14

789

1980

38
92
129

187
26
30
34
15
32

680

1981

63
187
103

82

42
117

16
14
18

655

1982

137
316
258
80
65
27

65-

15
25

1000

1983

55
302
308
166

45
28
40
15

1034

06



SUM OF PRODUCTS CHECK

Table 3.4.3

HERRING TN THE GULF OF RIGA

TOTAL

CATEGORY:

UNIT: gram

MEAN WEIGHT AT AGE IN THE CATCH

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981

1970

V—HOOTOAAOMT O

PPN AOOOMO AN OO
THNNON T TN oD

AN H A MO MMM O

NTOINALMON
—H NN OO~

MNNT\OOOOMWOO

WL NW MO W0 \O LW
HANNNOOOMOM

MO~ MEAT A0 OO
WA I~ D 0O
HNNOMMOIWLWN

ANONAOANT OO O

236&691905
Href NN N N0 N

O N A NINDM MM 0O

A NN O MWD

ONNMOUONOAMNMNC O

WIS NNMD AT M
HAEA N O ST TN

HOMOHO MM o

THA NN T W0

DOMNONNT VOO0

PO A0S N WD OLW
H NN T ST T 00N

OTOTANONT MO

M A A QWO 0T O
N O T T T \O 0O

NN OA VOSSO OD

NS TN T 0 O
HeA N SO T 00

=HINNONOODODOOOOD

WCWNATO MO0
A NN S TN

01234510789m
—

1983 1984 1985 1986 1987 1988

1982

OO0 OMET WO
WA D HAINOMO 40O
112«/_345,me
—

oA MO O MO
WOoOIONOO~S-MOoOo
11123344“

DQDOOOTNNOMNO

OLNAOANAHOWMUWUMNW
N T T DD O

OANGDOOMS OO

O NN O IN WM AL L0
—H A NN NS 0

FTOOW AN AN N

0O L0 0T OOy ) T
—Heel NN NSNS

NOMOAODNANOWOVMO

WMOAMSDS O M
AN T 0O WD

LA TSN T 0 O
O 4O~ OoONT M
1‘.\427)34568M

0123456789%
—t

91



Table 3.4.4

SUM OF PRODUCTS CHECK

HERRING IN FISHING AREAS 28 AND 29S

CATEGORY: TOTAL

MEAN WEIGHT AT AGE IN THE CATCH

1972

10.000
19.000
29.000
39.000
48,000
57.000
63.000
69.000
74.000
78.000
80.000

+WO~NOUTERWN RO

.
o

1984

7.900
16.500
29.800
41.600
57.700
71.000
82.400
84.700
95.400

9 101.400
10+ 117.900

coO~NONUT WO

1973

10.000
19.000
29.000
39.000
48.000
57.000
63.000
69.000
74.000
78.000
80.000

1985

6.500
15.300
21.000
35.600
46.200
56.300
67.000
74.200
92.100

1974

10.000
19.000
28.000
39.000
48.000
57.000
63.000
69.000
74.000
78.000
80.000

1986

4.800
20.500
25.100
32.000
42,300
54.500
70.400
78.400
93.800

77.500 100.600
95.300 100.900 110.200

UNIT:

1975

10.000
19.000
29.000
39.000
48,000
57.000
63.000
69.000
74.000
78.000
80.000

1987

4.500
15.700
27.000
36.100
43.400
56.800
63.400
69.200
88.700
79.700

gram

1976

10.000
19.000
29.000
39.000
48.000
57.000
63.000
69.000
74.000
78.000
80.000

1988

8.000
17.300
26.500
42.300
45.300
48.100
58.800
65.500

89.900
80.000

1977

10.000
19.000
29.000
39.000
48.000
57.000
63.000
69.000
74.000

14.

15

28.
38.
48.
57.
68.
74.
70.

78.000 104
80.000 87.500

1978

200
.300
500
600
600
900
400
900
800
.000

10.
21.
38.
44.
48.
65.
65.
68.
81.

90.

1979

000
800
200
500
200
600
100
100
900

10.
28.
35.
48.
60.
68.
81.
89.
83.
.800 101.
600 103.

1980

000
400
800
800
700
500
400
500
800

1981

10.000
21.400
34.600
49.600
64.600
83.500
87.200
83.000
99,100

500 107.300
600 108.500

7.
18.
29.
44.
54.
64.
86.
85.
91.
93.
98.

1982

600
400
100
000
800
100
200
000
300

6.
12.
25.
41.
53.
64.
71.
86.
87.
300 114
700 115

1983

500
600
600
900
400
000
100
700
100
.400
.800

26



Table 3.4.5
HLRRING M THE GUED OF RITA

fron 70 te 68 o0 ages 1o 9

with le @l root L0 on age 4 amd Teraenal Soar Lound
Initial - SRR
final L% abter 1P7 drEanion

Malrix of fesiduals

ISR

~
<
o

i8/49 79/80 80781

172 1,062 565 L973
2/ 3 166 460 369
3/ 4 -.267 0 -.148 0 -,199
4/ 5 -.079  -.048  -.508
5/ & -G =328 -.026
6/ 7 ~.755  -,604  -.613
78 -1.126 -.000  -.005
3/ 9 -.31000 -.332 .298

000 000 000
Wiy o .G10 010

Fishing Mortalities (F)

70 1 72
F values  1.4193 1,195  ,9377

a0 81
LH290 L5664

Fovaluves

Selection-at age (&)

1 2 3
S-values L0642 L3797 L7764

4
1.0000

-1.073
L000
010

62/83
.404

-.150
017

74
1.0209

83
L4679

5
1.1757

1.000

75
1.118L

84
5288

6
1.4740

84/85

-.585
-.247
164
.339
057
267
112
582

7
1.4720

010

85/86

-.213
£248
128

-.054

-.202
099

-.272

-.352

000
1.000

77
1.0770

86
3663

8
1.2720

86/87

-3

A22
-.233
~.191

.140

487
1,083

.241

.000
1.000

78
.6278

87
3069

9 .
1,0000

88
3400




Table 3.4.6  VIRTUAL POPULATION ANALYSIS
HERRING IN THE GULF OF RIGA
FISHING MORTALITY COEFFICIENT UNIT: Year-1 VARIABLE NATURAL MORTALITY COEFFICIENT

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

1 .392 .258 .088 .076 .188 .164 .144 .095 127 .094 .110 .078
2 .863  1.013 401 .352 . 387 .590 .573 466 .176 .299 232 .292
3 .991 .782 .698 -561 .689 .736 .922 . 765 .378 .287 .291 .352
4 1.109 .798 .833 .611 .679 .922 1.189 .757 .465 .638 .259 447
5 .995 .852 .575 .654 .955 .815 1.085 .888 .565 .518 .530 432
6 1.000 .770 .840 .593 L7670 1.319  1.295 .929 .579 .682 .535 .805
7 .887  1.142  1.242 .331 1.195 .428  1.355 .954 .454  1.163 .817  1.005
8 1.002 .246  1.939 .764 .835 .647  3.222 .657 .953  1.100 .981 .834
9 1.379 1.589 2.904 1.544 2.369 2.817 2.863 1.667 1.905 1.945 1.719 .850
10+ 1.379 1,589 2.904 1.544 2.369 2.817 2.863 1.667 1.905 1.945 1.719 .850

(4= DU .998 .891 .872 .547 .899 871 1.231 .882 .516 .750 .550 672

1982 1983 1984 1985 1985 1987 1988

1 .055 .041 .022 .024 .015 .027 .022
2 .178 .230 174 .191 . 147 .104 .093
3 .350 .443 454 .373 .252 .222 .364
4 405 .441 .664 .409 .356 .343 .370
5 .469 .449 .705 .481 411 .436 434
6 .516 .538 .893 .739 .623 .355 L422
7 .784 .596 .826 .573 .602 .315 .599
8 .722 .822  1.011 .524 .534 .136 -421
9 .815 .654 .339 .439 .508 .284 .358
10+ .815 .654 .339 -439 .508 .284 .358

(4- MU .543 .506 772 .550 .498 .362 . 456

v6



Table 3.4.7 VIRTUAL POPULATION AN, IS

HERRING IN THE GULF OF RIGA

STOCK SIZE IN NUMBERS

UNIT:

UNIT:

tonnes

milTlions

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:

1

2

3

4

5

6

7

8

9

10+
TOTAL NO
SPS  NO
TOT.BIOM
SPS BIOM
1

2

3

4

5

6

7

8

9

10+
TOTAL NO
SPS ND
TOT.BIOM
SPS BIOW

1970

1803
707

66700
33356

1982

1677
664
444
232
128

83
50
4
2
1

3285
1347
70489
39199

1971

3755
1048
257
222
67
26
24

5400
1239
86171
30814

1983

1398
1236
433
244
120

39
18

3551
1783
76621
47500

1972

1347
2497
328
101
86
25
10

7

1

0

4401
2502
93676
59656

1984

2246
1045
765
217
122
60
28
17

6

2

4508
1894
70082
39640

1973

1268
1062
1439
140
38
42

9

3
1
0

4001
2279
92567
60002

1985

1076
1799
719
398
91
49
20
10

5

2

4169
2620
78714
54925

1974

1893
1012
642
707
66
17
20

6

1

0

4362
2020
88832
51202

1936

680
860
1217
405
216
46
19

3460
2403
82651
64046

.200
.300

1975

796
1349
591
278
309
22

7

5
2
0

3358
2038
68819
45785

1987

2899
549
608
774
233
117

20

5213
2008
83054
46684

1976

3414
581
644
244

118

ON & U

5107
1309
83048
31803

1988

304
2310
405
399
450
123
67
12

4078
3242
93275
77059

1977

827
2545
282
220
64
28
28

3994
2561
67582
45786

1989

244
1713
230
225
239
66
30

1978

1012
647
1375

1979

966
767
467
810
61
43
11

3134
1773
61508
40608

1980

1095
685
443
273
334

28
17
3
1
0

2879
1495
64691
40878

1981

923
764
423
258
164
144

13

2696
1464
62259
42176

13



96

1ABLE €4, Open sea.

RERR M
12>
Tatere Acoust ic
33

Gy MUNING DATAY tuternational Acoustic Surveys

10330 2329, 1039, 592, 572, A%b,
G4, B, 1315, 8w, Y23, 398, 382
WG tafo. SSA0y 166S, U/, 40b. 215
oo 1816, 1220, 800, 760, 197
420, 6, ste8. 1237, 940, 540 79
IS4, AN, 2D, 2334, 771, A48, 99

Surveys i ab o Jd, 295
,otese

r,o %91, 1090, 354, (06, Lk
2,0 114, 10%, 49, 124, 93, 3¢
4164, 750, 10%0, 1508, 488, 618, 226

Aodule inn at 14,358,038 19 APRIL 1982

DISALGRENATED T

LOG TRARSE DAY TON

NO e<planatery variate (Mean used)

Fleet | ,Intern.Acoustic , has terminal g estimated as the mean
Fleet 2 USSR Surveys ia %0 2, has terminal q estimated as the mean
FEFETS COMBINGD BY " VARJARCE *°

Regression weights

4+ 1.000, 1,000, 1.000, 1.000, 1.000,
Oldest age F = 1.000'average of 1 younger ages, Fleets combined by variance of predictions
Fishing mortalities

Age, 84, 85, 86, 87, 88,

1. .019, .022, .030, .023, .040,
2, .12, .087, .@686, .154, ,055,
300 0182, .145, (113, 158, 275,
4, .273, 177, .23, .17%, ,194,
S, .306, 317, 277, .274, .269,
6, .261, .382, .375, .430, .297
7, 314, .493, 276, .582, 5
8, .458, .275, .456, .392, .816,
9, 335, .367, .246, .420, .479.

LP
W
=

Log catchability estimates

Age 2
Fleet, 84, 85, 86, 87, 88

S VS S T S
T1.-er. 07, -.62,7 -7, <46
2, N » -1.52, -3,06, -.22
SUMMARY STATISTICS
Fleet , Pred. , SG(q),Partial,Raised, SLOPE , SE s INTRCPT, SE
N q . . F , F N » Slope N sIntrept
S S S S S > s s
1, -.42 , .311, .6578 , .0579, ,000E+00, .000E+00, -.419, 127
2, -1.60 , 1.642, .2020 , .0139,  .00DE+0Q,  .0OOCE+00, -1.600, .821
Fbar SIGMA(int.) SIGHA(ext,) SIGMA(overall) Variance ratio
.055 .305 261 .30 .
Age 3
Fleet, 84, 85, 86, 87, 88 f
s , B » s
1, .41, 82, .45, 72, 59
2. . f 22, -2.47, 61

SUMMARY STATISTICS
fleet , Pred. , SE(q),Partial,Raised, SLOPE , SE JINTRCPT, SE
voq ’ . B F > Slope sIntrept
s , . s ) . s ,
i, 60, .191,1.8188 , .2761, .000E+00, .000E+00, .598, 078
2 W55, 1.933, .5775 , .0866, .000E+00, .000E+00, -.549, L9567
thar STCHALINLL) STGHALext.) S16MA(overall) Variance ratio
273 L1983 113 .190 .356

cont'd.



Table 3.4.8 cont'd
Mgz 4
Fleet, 34 &5 fn, 87, 88

SURRARY SiATISHICS

Floet , Fred,s , SE(q),0orLial Ratzed,  SLOPE N GE JINYRCPT,  SE
. q N N F . F ' s Slope s yIntrept
S B S U S O S
F R .87 42,38 . 1835, .000E+0C, .000£+00, 873, .053
2, 2 . , .A911, 0732, . 000E+00, <000E+00,  -.711, 960
Foar SIGMA(INE L) SIGhA(ext.) SIGHA(overall) Variance ratio
Li93 LA +oG0E-01 L131 .255
i
1.00
.57
GUMMARY STATISTICS
Fleet , Pred. , SE(q),Partial,Raised, SLOPE s SE SINTRCPT, SE
s qQ ) , F 4 F ’ s Slope sIntrept
s P — s s ,
, 1.04 , .355,2,8187 , .2766, .ODOE+00, .O00QE+00, 1.036, .145
2, -.35 , L.778, ,7064 , .1073, .000E+00, 000E+00, -.348, .889
Fbar SIGMACint,) SI6MA(ext.) SIGMA(overall) Variance ratio
267 .348 182 +348 273
Age 6
Fleet, 34, 35, 36, e7, a8
TS S U SO S
1, 1.82, 1.38, .96, 1.01, 1.22
2., ’ ) b1, -1.02, 76
SUMMARY STATISTICS
Fleet , Pred. , SE(q),Partia),Raised, SLOPE SE S INTRCPT, SE
s q . ) F , s ,  Slope sIntrept

. . . . .
1178 . .387,3.5889 , 3161,  .0006+00, .000E+00, 1.278, 156
;. 2 . 138.1.125 . 1565, .000E+00, .000E+00, .18, .569

Fhar SIGMA(iInt.) SIGHA(ext.) S1GMA(overall) Variance ratio
294 .363 212 .363 .342
Age 7
Fleet, 84, a5, 86, 87, &8
1.7 T8, 2,24, 1.00, 1.69. 1.04
2, , s W14y 04, 1,37
SUMMARY STATISTICS
Fieet , Pred. , SE(q),Partial,Rajsed, SLOPE , SE sINTRCPT, SE
s qQ , , B, F » Slope sIntrept
T 14T, 589.4.1145 , 7739, .000E+00, .000E+00, 1.415, 240
2 W51, .852,1,5731 , .2279, .000E+00, .000E+00, 515, 426
tbar SIGRA(int.) S1GHA(ext.) S1GMA(overall) Variance ratio
.521 L4385 571 571 1.390
Age 8
87, 88

SUMMARY STATISTICS
Fleet , frad., . SE(q).Pattial,Raised, SLOPE
P B s F . F

) B LINIRCPT, SE
N N Slope N sIntrept

\1.A401,  .000E 00,  .O0DEY00, 1.653, 413

P s 24906, .000E+0D, .D0OE+00, 1.414, 463
thar L16HA(ext,) SleMAtoverall) Variance ratio
BT 330 683 .603

97
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Table 3.4.9
Iithe : RERR

from 77 to

ING [N FISHING AREAS 28 AND 2GS

88 on ages

1 to

with Terminat F of 200 on age

Initial sum of wquared residuals was
fingl sum ot squared residuals is

Matrix of Re

WIS

Fishing hor

F-values

F-values

Selection-a

§-values

iduals

72/73 73774

=444 037
-.200 077
-.125 168
052 V282
086 -.314
-.an3 -292
022 L0955
359 .70
i 009
Jo 100

78/7% 19/30

588 1,010
.146 -.B35
247 L1113
211 $228
-.031 . 395
-.318 272
-.708  -.352
-.387 . 056
. 000 .000
1100 +100

talities (F)

2 73
2964 2617

79 80
L1674 L1670

t-age ($)

1 2
L1569 .6478

74
.2052

8]
L1475

3
1.0000

9
3 and ferminal § of 1.400

75770

L 395
L
151
BEL]
W17

-0 187

iy

00

.000

1.2382

63,134 and
13,541 after 128 iteralions

™/

BuL)
L2
-.050
-.046
Rt
=057
032
307

000
100
82/33

.370
2125
.268
058
-.072
-.459
-.098
~.509

000

L 100

7/78

~1.235

Bul

83/84

-.415
-.088
L051
-.057
269
-.040
.051
-.136

.000

1.000

77
L1653

84
L1963

[
1.5814

84/85

~.149
L1ad
022
L1110
-.123
- 477
.043
. 265

.000

1.000

78
L1392

85
1508

7
1.7197

85/86

047
.169
-,142
-,202
-.006
.515
.231
-.234

000

1.000

86
L1543

8
1.5619

86/87

002
~.003
-.081

.156
-.0135

019
~.207

352

000
1.000

87
.1865

9
1.4000

87/88
567 000
-.026 .000
.038 .000
-.197 000
010 .000
097 .000
~.001 .000
-.096 .000
.000 -3.094
1.000
88
.2000



Table 3.4.10 VIRTUAL POPULATION AN SIS
HERRING IN FISHING AREAS 28 AND 29S
FISHING MORTALITY COEFFICIENT UNIT: Year-1 VARTABLE NATURAL MORTALITY COEFFICIENT

1972 1973 1974 1975 1976 1977 1978 1979 1980 . 1981 1982 1983

1 .04 .07 .06 .04 .05 .01 .02 .01 .01 .02 .03 .02
2 .19 .21 W12 .17 .12 .07 .13 .06 .10 .10 .14 .10
3 .28 .32 .24 .23 .21 .22 .20 .21 .18 .18 .22 .22
4 .30 .34 .27 .26 .24 .23 .23 .24 .24 .18 .24 .24
5 .40 .27 .24 .23 .26 .26 .21 .30 .24 .19 .24 .31
6 .31 .31 .27 .31 .26 .25 .15 .26 .21 .26 .20 .29
7 .61 .48 .33 .37 .39 .25 .15 .25 .21 .17 .25 .37
8 .55 .26 .33 .31 .46 .30 .21 .32 .32 .19 .18 .27
9 A1 .31 .37 .36 .41 .29 .18 .34 .28 .23 .28 .30
10+ W41 .31 .37 .36 .41 .29 .18 .34 .28 .23 .28 .30
(2- N .34 .32 .24 .26 .24 .21 .18 .22 .20 .18 .21 .26
1984 1985 1986 1987 1988
1 .02 .03 .02 .04 .03
2 .11 .10 .10 12 .11
3 .14 .15 .13 .19 .20
4 .21 .15 .21 .21 .24
5 .26 .23 .23 .28 .35
6 .20 .31 .24 .34 .30
7 .26 .34 .21 .31 .38
8 .27 .22 .27 .27 .30
9 .22 .18 .25 .20 .28
10+ .22 .18 .25 .20 .28
(2-7NU 20 .21 .19 .24 .26

66



Table 3.4.11 VIRTUAL POPULATION ANALYSIS
HERRING TN FISHING AREAS 28 AND 29S

STOCK SIZE IN MUMBERS UNIT: millions

BIOMASS TOTALS UNIT: tonnes
AaLL 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: .200 .

PROPORTION OF ANNUAL M BEFORE SPAWNING: .300

1872 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983

1 2382 2619 2325 1323 4828 1514 1826 1457 3062 3893 5050 2922
2 3019 1882 2004 1799 1036 3751 1227 1322 1069 2236 2830 3624
3 1243 2053 1255 1461 1243 754 2854 801 920 714 1497 1827
4 545 772 1226 809 949 828 498 1735 480 572 441 889
5 1287 332 450 768 509 613 536 292 1010 279 353 258
6 204 708 208 289 498 322 387 323 161 589 171 207
7 163 123 426 131 174 313 206 248 184 97 337 104
8 76 73 63 251 74 97 201 132 144 111 60 194
9 28 36 46 37 151 38 59 121 71 77 68 37
10+ 27 23 41 47 40 98 102 57 151 101 115 66

TOTAL NO 8974 8621 8044 6915 9502 8330 7894 6487 7253 8669 10923 10128
SPS NO 4593 4355 4201 4143 3618 4699 4513 3760 3159 3310 3950 4787
TOT.BIOM 314868 303511 289770 269328 308669 301598 299402 283324 333864 345947 354546 322651
SPS BIOM 199526 193345 190105 190637 174859 201892 211083 193666 195398 197662 190627 205470

1984 1985 1986 1987 1988 1989

1 4737 2937 1491 4645 528 0
2 2117 3433 2122 1079 3299 379
3 2426 1402 2297 1421 710 2199
4 1091 1569 898 1487 871 430
5 517 655 996 537 889 507
5 140 295 387 583 302 464
7 115 85 16l 225 307 166
8 53 65 45 97 123 156
9 110 30 39 25 55 68
10+ 93 105 31 57 46 57

TOTAL NO 11398 10575 8466 10157 7129
SPS  NO 4771 5297 5070 4189 4492
TOT.BIOM 390202 321705 296057 318380 264847
SPS BIOM 236593 209446 212439 19771 186435

00T



Table 3.4.12 -

List of input variables for the ICE_ /;ediction program.

HERRING GULF OF RIGA
The reference F is the mean F for the age group range from 4 to 7

The number of recruits per year is as follows:

Year Recruitment
1989 1530.0
1990 1230.0
1991 1230.0

Proportion of F (fishing mortality) effective before spawning: .2000
Proportion of M (natural mortality) effective before spawning: .3000

Data are printed in the following units:
Humber 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 —— + ————t + e et +
| J \ fishing] natural! maturity] weight in| weight in!
| age! stock size! pattern! mortality! ogive!| the catch| the stock!
ek + ————— + + + +
' 1 1530.0¢ .02} .20} .00} 10.900] 10.900]
1 24 840.0) .10) .20} .93} 17.000} 17.000}
3 1720.0; .36 . 20! .98] 20,400/ 20,400}
i 4] 230.0] .37 .20} .98 26.800] 26.800]
/ 51 225.0} .42 L2074 1.00; 33.500} 33.500}
! 6 239.0} .42 .20} 1.00} 40.600] 40.600}
I 66.0] .60, .20} 1.00} 50.800] 50.800]
\ 81 30.0} L4214 .20} 1.00} 50.300} 50.900}
: 91 7.0 .36 .20} 1.00} 100.000} 100.000]
P10+ 4.0} .36, .20} 1.00} 100.00D; 100.000}
e e b e e ~+ + B e B e +

10T




Table 3.4.13

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

HERRING GULF OF RIGA

o e + - b e +
! Year 1989 H Year 1990 H Year 1991

o R o e e B + + + o + + e e + ————
\ fac-| ref.| stock! sp.stock! t fac-! ref.| stock} sp.stock] H stock] sp.stock]
1 tor) F! biomass| biomass! catch| tor! F! biomass| biomass} catch| biomass! biomass!
+—= + + + + + + + + + + +
1.0 .45 951 68) 21} .0} .00} 93} 731 0 1114 90}
! ! H H H | 1 .05} ' 72! 24 108, 871
P ! : : b2y .09 ! 72; 51 106! 84!
b : ! ! VIt | ! 7 9 101 791
' H H ! ! i .6} .27 ! 701 13 971 74
i | | | | po .81 .36) 1 69] 161 93} 691
' ! H ! : 1 1.0} .45} ! 68 20} 891 651
1 : ! J H 1.2} 541 ! 67! 23} 85} 61}
| ' ! ! H V1.4 .63} ! 66| 26 82! 581
| H ! ! ! i 1.6) .72} ! 66 28| 791 54
1 i i : ] ! 1.8] .81} ! 65! 311 76! 511
H ! | ! ; { 2.0} .90! H 64! 33} 741 49}
R el B ettt e + -- + + + -—4 + + +

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 1991 has been calculated with the same fishing mortality as for 1990.
The reference F is the mean F for the age group range from 4 to

20T
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Table 3.4.14.
HERRING GULF OF RIGA

' Year 1989, F-factor  1.00G and reference F LA575 ¢

PR R D D R T TR

B e e fmm e +
H at 1 January} at spawning time)

S - - S +
v abzolute teh by K1 sp.stock) sp.stock) sp.stock)

L tiomass! size! biomass!

weight.}
el e

1630.00)  16877,0!

‘
3352.8} 66,00} 3352.55
1527.0} 30.00} 1527.0} 25.981 1322,
o
o

0200] 299.4,

L1500 £40.00; 14280.0; 781 ’0' 13280.4;  721.14) 12259.4

3600, 1720.00) 35088.0, 1685.60) 34386.2} 1477.16] 30134.1

. 3700} 230,00} 6164.0)  225.40) 6040.7) 197.13} 5283.2

4200} ?/S 00} 7537.5) 225,06  7537.5; 194.82] 6526.6

4200} 9703.4]  239.00; 9703.4 206.95;  8402.1
5
2
4

700.0; 7.00} 700,
400.04 4,004 400.

N L T T T PR

* Year 1990, F-factor 1 000 and reference F 4525 4

T R T P PRI EYIN

5.51} 550.
+

-—— + - et Hmm e

97860.0} 3146.33}

4 +
H at 1 January} at spawning time)
ben -t

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 .0200) 22,082, 240.7} 1230.00; 13407.0;} .00} .0} .00} NH
A .1000} 106.079; 1803.37 1227.85) 20873.5; 1141,90{ 19412.4) 1054.11] 17919.9}
T .36000 171.534; 3499.3!  622.29! 12694.7! 609.84} 12440.8) 534.43] 10902.4|
HECH .3700% 277,086}  7425.91 982.48! 26330.5! 962,83 25803.8) 842.08) 22567.8|
i5) 4200 40,713} 1363.9! 130.07; 4357.4] 130.07; 4357.4] 112.63} 3773.0}
Y6y 42004 37.885) 1538.1%  121.04})  49)4.1) 121,04} 4914.1}  104.80} 4255.1}
[ L6000F  53.099) 2697.4) 128,57] 6531.3; 128,57} 6531.3] 107.39] 5455.4]
V8 <4200} 9,232 72,5} 29,66 1‘30‘1 5) 29.66) 1509.5} 25.68) 1307.04
I .3600] 4,449} 444.9! 16.14;  1613.8; 16,14} 1613.8) 14,147  1414.3
1104y . 36001 1,732} 173,23 6.28] 623.3} 6.28} 628.3} 6}
+ + + +
a H |

| Total Vo723, 942. 19659.2) 4494,37
+

R AR AR AR A NN A r R KA KABA AN AN PR a AR AR e s A s s i rar

* Year 1991. F-factor 1.000 and reference f 4525 *

T,

+ - -+

H at 1 January) at spawmng time!

O e s dom e P Bt DT e TS +
' ! abeolute} catch in! catch in} stock) stock) ,p‘sto«_H sp.stock) sp.sto(k: sp.stock]
Fi numbers} weight| size, biomass! size| biomass; size] bionmass]

[,

L0200 22.082} 240,7) 1230.00) 13407.0; .00} 0 .00} .0}
L1000)  85.279)  1449.7)  987.10! 16780.7) 918,00} 15606.0) 847.42) 14406.2)
.3600) 250.737) 5115.0f 909.62; 18556.2) £91.42, 781,19} 15936.3}
L7000 1002481 2686.7) 355,461 9526.2) 348,35 304.86)  8164.9)
.4200) 173.911) 5820.0]  ©55.62] 18613.2, 555.62} 481,107 16116.9;
.4200) 21,9010 59.9 EH 69.97) 60.59;  2459.8;
60007 29.891) 65.11) 54.39)  2762.8]

00 520 MRy 50,02  2546.1}

600 | 4.398) 5 13.98)  1398.0}

GO0 3.5304 11,22 1122.4)

PSR

L 707,060

PP

2604.58] 64913.5]




HERRING IN FISHING AREAS 28 AND 29S
The reference F is the mean F for the age group range from

The number of recruits per year is as follows:

Year Recruitment
1989 3194.0
1990 3194.0
1991 3194.0

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
B et e ST o ———— b —— Fm———— +

1 | '

| 1 i fishing|

+

2 to

7

.2000
.3000

+

natural| maturity! weight in| weight in}

| age| stock size| pattern| mortality] ogive| the catch} the stock|
ot + + + + -+ +
T1 3194.0! .03] .30} .00 16.500] 16.500]
2y 1191.0; L1 .30 .60 26.750] 26.750!
T3 2199.0} .20} .30} .85 39.200} 39.200]
I 430.01 .24 .30} .95 44,350} 44.350}
T 5 507.0} .35] .30¢ 1.00} 52.450/ 52.4501
- H 464.0] .30 .30} 1.00} 61.100} 61.100]
. 166.0] .38 .30 1.00} 67.350] 67.350!
. 156.0] .30} .30¢ 1.00} 83.450] 83.600)
N 68.0| 281 .30 1.00! 84.8001 94.950]
| 10+ 57.0} .28} .30} 1.00} 95,100, 95.000]
S O — drm e [ o ——— e +

0T



Table 3.4.16

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

HERRING IN FISHING AREAS 28 AND 29S

e e L T T +
! Year 1989 | Year 1990 H Year 1991

S o Fom e e Fmm A —— I - dmm————— ISR P T ——— +
\ fac-| ref.] stock} sp.stock] | fac-! ref.| stock] sp.stock| ! stock] sp.stock]
I tor) F{ biomass| biomass| catch| tor| Fi biomass| biomass| catch] biomass| biomass!|
e e - e 4 + + + B T + + + ——
o1.0% 26! 281} 1751 43} .0} .00} 2731 172} 0! 318} 209}
! ! ! ! ! ! L1 .03] ! 1714 41 313) 204
H ' H | ' i .24 .05, | 170} 91 309/ 199
! ! ; ! ! ! .41 AL H 168 17! 300} 190}
i ! ! ' ! ! .61 161 ! 167} 251 292! 181}
| . | H | 1 .81 W21 ! 165} 32} 284} 173}
! | ! | | i 1.0} 261 ! 163] 394 277 165
| 1 1 H | Vol.2 .32 ! 162} 46 2704 158}
1 | ! ! ! T1.4) .37) ! 160! 521 2631 1514
i i i i ; 1 1.6) .42 ! 1591 58 257 145}
! ' | | ! 11.8) 471 ! 157, 641 251, 139
1 | ! H ! Vo 2.0) 53] ! 156 70! 2451 133}
R o + —————t + + + e e Fo——— Fomm e 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 1991 has been calculated with the same fishing mortality as for 1990.
The reference F is the mean F for the age group range from 2 to

6ot
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Table 3.4.17

and ref,

B
Y “p. sLDck, sp.stock]
weaght | 7el biomass)
e e B
1346.6; 2701, Q) NiTH 0}
28745.01 . 31859} 19115} 533,88 17090}
12566.97 2199, UU‘ 85200, 732707 1641.29) 64338]
3536.5)  43u.00) 19070 181161  355.84; 15781}
6843,8, 507,00 26592} 26592)  432.04} 22660}

104,676 5395,7! 464,000  28350)
738001 45,7691 3082.5! 166.00] 11180
30 .30000  35.19% 150,000 130413
kN 28000 14,447 6456 |

283507  399.370 24401}
11180} 140,61} 9470}
13041 134,270 11225!
64561  58.76! 55791

10+ 8007 12.110] '3-115' 5415] 49.26} 4679‘
D T TS ST B e i R SESEE ST B $ommmm e
V Total H 42900, 7} 2808b7’ 4410, 25' 201539; 3850.33) 175?26'

.............. + e e - B

© Year 1930. F-factor  1.000 and reference T .2633

T I RN R R T T P T N N P e

Fommmem e bomm e +
H at 1 January|  at spawning time)

SRR +-

catch in} stock) stock! sp.stock| sp.stock| sp.stock} sp.stock}

NElght. size] biomass! size} biomass| size} biomass|

—mm e —— e » ------------------ fmmmm ————i
1} L0300 81.614] 1346.6: 3194.00; 52701} .00} 0 .00} [
2} L1100} 207,213} 5543.0f 2296.24; 61424} 1377.75) 36854 1231.77} 32949]
3; .2000] 124,400}  4876.5}  790.41) 30983,  671.85% 26336  589.95} 23125}

i

HEH 224007 247,340, 10909.5) 1333.76; 99152} 1267.07; 56194} 1103.75} 48951
5 .3500,  64.490%  3382.5;  250.58; 13143} 250.98] 13143] 213,53} 11199}
) £30005 59,7107  3648,3]  264.68) 16171% 264,68 16171%  227.810 13919
I L3800, 70.2107  4728.77  254.65, 17150)  254.65; 17150}  215.70; 14527}
8y .30007  18.972;  1583.2} 84.10; 70303 84,104 7030} 72.38) 60511
HEH .2800)  18.190;  1542.5} 85.61] 8129] 85.61} 8129 73.98] 7024,
1104} .2800)  14.870)  141l4.1% 63.99 b648‘ 69,99} 6648} 60.48'. 5745‘

—+

39034.8]

8624.02) 187659} 3789, 35‘ 163404'

____________

R LT T T T T T R LT T T

* Year 1991, F- factor 1. 000 and reference F (2633 *

NS AP RRANAS A beAARKARARAAASRERS saaaxieraes

S

H at 1 January!  at spawning time)
f e B et et T TR S .
H 1 absolute} catch in} catch in| stock) stock! :p.stock‘ sp,stock] sp.stock] sp.stock]
' age) H numbers. weight| size] biomass) size! biomass) size} bmmass,
L e L P memmmeae— o R e +
HE. L0300} 01.614: 1346.56) 3194.00; .00} 0} .00{ 0}
oo L1003 207,213 5543.00  2296.24, 1377,75) 368547 1231.77) 32949}
H 3 .2000) 239.843)  9401.9 1295,32] 50776) 1137.41} 44586
H a; .2400; 83,904, 3942.9) 455,49 20198 396.73) 17594
V5t .35000 200,032; 10491.7) 777,25} 40766  662.33] 34739)
Y L3000) 23,910 5031 130.824 7992} 112.59) 6879}
I 23800} 40.050)  2697.3% 145,26 9783} 123.04] 8286
H 8y L3000, 29,3104, AR, 7 179,01, 10785} 111,047 9282
. <2800 q6,15) 4382) 39.88¢ 3787}
BRI L2800 37.12 715,
[ S 4een + S e - b e e PR 3

A a1 a02ay, l‘ 8091 : 7\I0‘ 4444,10] 165258,

B e B et T - g




Table 3.5.1  sUM OF PRODUCTS CHECK
HERRING IN THE ARCHIPELAGO AND BOTHNIAN SEAS (BALTIC FISHING AREAS 29NE AND 30E)
CAHTEGORY: TOTAL

CATCH IN NUMBERS UNIT: millions

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

0 2 9 3 1 2 10 13 51 8 15 44 11
1 42 124 174 89 91 39 250 108 122 516 238 222
2 276 249 204 292 149 82 190 188 317 355 282 674
3 310 339 248 224 338 135 194 123 295 329 334 330
4 330 233 217 232 200 302 148 131 124 214 244 213
5 133 188 137 175 181 110 290 108 110 53 119 185
6 96 81 147 128 127 103 110 187 98 66 33 86
7 85 77 57 114 84 113 129 61 137 59 63 36
8 43 76 68 71 88 49 93 61 42 95 65 33
9 38 46 45 44 36 60 44 55 38 35 66 32
10 21 25 28 32 29 22 44 20 26 22 26 45
11+ 18 31 42 35 44 33 32 44 44 38 46 36

TOTAL 1394 1476 1370 1437 1370 1057 1543 1138 1361 1798 1558 1903

1986 1987 1988

0 22 1 18
1 72 176 37
2 716 127 357
3 638 468 132
4 273 403 339
5 144 183 288
6 91 100 130
7 39 66 70
8 15 22 35
9 18 12 13
10 19 15 9
11+ 27 27 31

TOTAL 2072 1599 1456
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Table 3.5.2

SUM OF PRODUCTS CHECK

HERRING IN THE ARCHIPELAGO AND BOTHNIAN SEAS (BALTIC FISHING AREAS 29NE AND 30E)

CATEGORY ¢

TOTAL

WEAN WETGHT AT AGE IN THE CATCH

.
OV NAUTEWNEFO

11+

Jury
OWVWONOUTERWNEFEO

11+

1974

QWO EFFPL,EODRANOY
AN DBDOOUTUTENWOO

NUOTH & DWW =

1986

11.
19.
25
32
41
49.
53.
9.
77.
72.
72.

CTWOUIFRNUIWONRFON

1975

12.
18.
24.
29,
34.
38.
40.
46.
50.
56.
62.

O WNRRPPRPRRPRUTWAO

o
~
BNV ORARONND

1976

12.
19.
24.
29
33.
37.
40.
45.
49.
56.
64.

OO UIONBRFRE NGO

1988

3.6
13.0
19.7
28.9
35.3
40.6
46.1
54.6
64.0
66.2
76.7
81.8

UNIT:

1977

6
11.
18.
24.
29.
34.
39.

B WANNNOWN

gram

1978

.

NORNUT B EWWN
WUOIO WOSNHUITN U R B
OAOANPFP N ONR T W

e
A0
Resl
o

11.
19.
27.
34.
38.
43.
48.
55.

70.
78.

POARNNOOONMO WX,

1981

O~ UT B D WN

NNPFPFORPOAOANOOW SO

NN OPRP~NWEE OO

1982

WORNUTE BAWNN
ONNNOAAWAAHOWU,
NNUTONO WO & 00 W0

1983

OFRP NNV NON OO
ABENODWOR 2R OO

OWNAONCTU W WN

=

1984

12.
21.
32.
41.
46.
57.
66.
£8.
68,

NOOANRFR WER F ~dN

86.4

1985

12.
18.
27.
37.
43.
47.
57.
66.
70.
70.
83.

PO N0 @W O~ 2M

80T
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L RERRING NG St

hodute rui st 13,07.31 14 APwit 1989

DISAGERELATED Yo

LOG TRA ORKATION

Tanaory variste Glean sed)

J o rapnet o« has terminal q esUimated as the mean
arrom Lyaw) s onan teoaingd q estidabed as the wma2an
3 49|L frawt o hoo termingl q estimated as the mean
COMARTADLT CT

3

09, 1.00G, 1.000, 1.0G0, 1.000, 1.00G, 1.000, 1.000, 1.000, 1.000,
J i nvrva;n ul 5 /Quhgil «gp=, Fieats combined by variance of prediction:

Ave, 14, 70, H:n 77, 74, 3, 80, e1, 52, a3, 84, 8s, 86, 87, 38,

0, .Go1, 002,
Lo 013, 045,
2, .098, .0%%,
3, 186, .158,
4, 194, .19,
S5, 179, 153,
6, .15z, 147,
7y W1FAL Lied,
&, 136, 226,
4, (195, 198,
W, W7, .78,

01, L0063, .005, .04, .0d2, .92, .007, .006, .004, .002, 004,
«045, 027, .08, (Db, 034, 123, ,035, .044, .0S52, .043, .0¢0,
.07, .051, .180, .1l1, .142, .132, .091, .130, .195, .l21, ,114,
(116, .0%4, 166, .171, ,255, .215, .177, .l46, .175, .188, .171,
L182, .44, L14), L leY,  .238, (295, .245, .164, 173, 158, .203,
L1890, 144, 201, 145, 196, 169, .2648, .296, .159, .168, .165,
167, .157, .210, .48, 312, .233, 158, 173,
23,0220, 0 .30L, .249, .240, .230, .264, 158,
.218,  .205, 285, L277, 0203, .148, 195, .220,
L206,  .227, .284, .238, .211, .158, .1i71, 168,
.202, .191, .25, .202, .198, .189, .236, .253, .186, .191, .176,

Log catchability estimates

Age 1)
Fleet, i, 75, 76, 77, 78, 9, 80, 81, 82, 83, 84, 85, 86, 87, 88

s
1, No data for th1s fleet at th1s age

2 ,-15.97,-14.28,-15.65,-17.09,-18.72,-19.15,-12.88,-13.38,-16.52,-18.58,-14.24,-12,41,-19.10,-13.49,-13,89
3 ,-13AZ7.~17‘7D,—13.73.'17.14.*13‘87,‘12.93,-13,73-'12‘56.~13.38,—14.21,~l3.53,‘12.90,~13.55,—17,l3.-15.22

SUMMARY STATISTICS
Fleet , Pred. , SE(g),Partial,Raised, SLOPE , SE ,INTRCPT, SE
»oA '  F, F o, s Slope JIntrept

1 , No data for this fleet at this age

2 ,-15.69 , 2,470, .0003 , .0006, .000E+00, .000E+00,-15.690, 617

3 ,-14.36 , 1.709, ,0030 , .008%, .O0DE+CO, .0OOE+00,-14.360, ,427
Fbar SIGHA(int.) SIGMA{ext.) SIGMA(overall) Variance ratio
004 Lo 1.24 1.41 .783

Age 1

Fleet, 74, 75, 76, 77, 78, 79, 80, 81, 82‘ 83, 84, 85, 85, 87, 88
1 ~13.32 -14, 65 -15.15 9 .75 4.36, —14 24 -1 .E_, -14., 79 -14. 60, -16. 12 .72,-16.25
2 ,-13.62,-11,41, 11.71,-12.14, -ll 79 -12.80, -1l 10,-12.15,-12.45,-10,383,-12.46,-11.99,~15.27,~12.19,-10.84
3 ,'ll.21,—13.15,'11‘51,-10 99,-11,43,-11.37,-12.05,-11.71,-11.93,-11.50,-12,06,-11.06,-11.41,-12.55,-11.64

SUMMARY STATISTICS
Fleet , Pred. , SE{q),Partial,Raised, SLOPE , SE JINTRCPT, SE
s 9 ) , F . F , Slope , sIntrept

. . > By s By . ,

1 ,-14.76 , 1.206, .0004 , .4007, .000E+00, .000E+00,-14.761, .302

2 ,-12.12 , 1.232, .0112 , .0252, «000E+00, .000E+00,-12,120, .308
3 ,-11.70 , .593, .0433 , .0848, .000E+00, .000E+00,~11.704,  .148
Fbar SIGMACint.) SIGMA(ext.) SIGMA(overall) Variance ratio
.09 438 .558 .558 1.304

Fleat, 14, 5, 76, 77, 8, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88

I S S N SR
T, 712,65, 711,90, T1.64,-12.05, 11,88, 712,99, 3186, -11.96, -11.40, 1(.80,717.59, -12.38, -11.05,-11.41,-11.75
2 1-11036,-11.22,-10.94,-11.39,-10.92,-11.97,-10.47,-12.19,-11.78,-11.09,-11.86,-11 .40, -11.05,-11.22,-11,42
3010043 11780110002 1uA4, - 11,41 1-10.85, 11,48, -10.73,-10.79,-10.99, -11.37,-10.35, -10.25,-11.23,-11.16

SHAMARY STATISTICS
. BE(qg),Partial,Raised, GLOGPE » SE JINTRCPY,  SE
y F, F o, . Siope JIntrept

. s s s 5
,dii: 74, 0951, <LDOE+Q0, .Q00E+00,-11.939, 108
L6470, 0245, 1[47 LOO0E+0T, .000€+00,-11.338, .118

<A, GO0E+00, .000£+00,-11.,031, JA17
SlerACing, ) SIGHA{overall) Variance ratio
263 263 149

cont'd.



-Table 3.5.4  cont'd.
Age 3
Fleat, 7a, ., 76, 77, 78, 79, 80, 81, 82, 83, 84, 8s, 86, 87, 88

D74 94, 511,69, - 11016, 111,05, 911, 37,-10,67,-11 .03, 11,07, -11.38,-11.28,-11.55,-11.56, -11.16,-11.38
313,99, -11.27,-1120,-11.06,-11.15,-10.77,-11.,55,-10.54,-10.90,-10,20,-10.98,~10.53,-10.48,-10.80,-10.68

GURMARY STATISTICS

Fleet | Pred. , St(q),Partial.Raised. SLOPE S JINTRCPT,  GE
s 4 . F L F . Slope sIntrept
177 )35, 0282, 1303, .GG0E+O0, | .00GE100, 10.571, 079
2 bbb .2/J L0293, ,2203, +000E+00, .000E+00,-11.161, .068
3 ,-10.89 375, L1006, L1805, G0E+00, L000E+00, -10.862, .094
thar S}GMA(inL41 STeMACext, ) SIGMA(overall) Variance ratio
77 L1831 ot BER 736
Age 4
Fleet, 74, 70, 7?. 8. M, 80. 82, 33, 34, 85, 86, 87, 88

S Y S S S S S,
1 4 -10. 2D 10,84, 84 ~16.57,710.20, 9.78:710.72,~10‘16.710.56.710‘20,—10.24
2 ,-11.08,-19, O,-IU.”/. lX 52.'!U 90,-11.47,-11.20,-10.79,-11.16,-10.77,-10.98,-11.17,-11,43,-11,42,-11,17
3 ,~10.95.—1l,02.*lﬂ;uﬂ‘-11.07.-10.61"10.71.~11.3 ,~10.96,-10.65,-10,23, -10.37,-10,74,-10.52,-11,02,-10.71

SUMMARY STATISHICS

Fleer , Pred. , SE(g),Partial,Raised, SLOPE N SE s INTRCPT, SE
N q ) . F . F B 3 Slope ) sIntrept
1 ,-10.78 v'Ql. 386, 1944, OOUE*DO‘ ‘OODt*OU -10., 281, 073
2 .-i1.11 ., .24%, 0309 , .216i, .000E+00, .000€+00,-11.108, 061
30,000.75 L300, L1117, .1924, .D00E+00, .000E*00,—10.758, 075
Foar SIGRA(int .} S1GkA(ext.) SIGMA(overall) Variance ratio
J203 153 +382E-01 159 .060

Fleet, 74, 75, 76, 77, 78, 79. 80, 81, 82, 83, 84, BS, 86, 87, 88

B .32, -9, 89 -10. 16 -10. 00,'10 58, 10, 18 -10. 33, -9. 86 -10, 48 -10. 28 -10. 15 -10,00
,-1b.2L, 'll 25 11, 09 -11.03,-11.13,-11,68,-11.26,-11.07,-11.26,~11.53,-10.97,~10.28,-11.40,-11.37,-11.51
5-11,47,-11.26,-10.15,-10,16,-16,51,-10,71,-11.01,-11,08,-11,01,-10.63,-10.55, -9,85,-10.63,-10.97,-10.95

SUMMARY STATISTICS

Fleet , Pred. , St(q),Partial,Raised, stepe SE » INTRCPT, SE
y > s F s F N , Slope , sIntrept
s . 3 s s s
1 ,-i0.17 , .2ll, (D434, ‘1379: .00DE+00,  .000E+00,-10,165,  .053
2 ,-11,20 , .335, .0281 , .2209, ,0Q0E+00, .O0OE+00,-11.204, .084
3 ,-10.73 , .457, 1149, ,2042, .000E+00,  .O00E+00,-10.729, .114
Thar STGMACInt.) SIGHA(ext.) §1GMA(overall) Variance ratio
163 . 166 153 166 848
Age 15
Fleet, 74, ten N 77, 78, 79, 80, Sl, 82, 83, 84, 85, 86, 87, 88

JE— EN——)
1 ,-10.06, *lﬁ ll¢ - 98 -10. 08 -10. 28, -9. 85, -9. 80 -10. 19 -10, DZ -10, 44 -10. 36, -9. 50 -10.48, -9,91, -9.90
2 ,-11.44,-11.65,-11.40,-10.64,-11.09,~11,35,-11.47,-10.81,-11,20,-11.69,-10.73,-10.53,~10.73,~11.91,-11.47
3 .~11‘70.—10‘91,—10‘09,—10.54,-10.33.—10,45,'10.79,—10,94.-10.75,—10>48,-11.07,~10A18,~10‘05,—11.00,—10.86

SUMHARY STATISTICS
Fleet , Pred. , SE(Q),Partial,Raised, SLOPE SE SINTRCPT, SE
B q s N F s F N s Slope . sIntrept

) » ) . ) f , ,

1 ,-10.06 , .272, .0480 , .1467, .000E+00, .000E+00,-10.063, .068

2 ,-11.21 , .447, .0281 , .2261, 000E+00, .000E+00,-11.205, 112

3 ,-10.68 , .453, .1212 , .2075, .000£+00, .000E+00,-10.676, .113
Fhar SIGHA(int.) SIGMA(ext.) S1GMA(overall) Variance ratio
173 .207 138 207 444

111
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Table 3.5.4
cont'd.

13, -9 W) -3, u”, [V 17: -9, 52 -10. 03, -9, 67 -10. 14 -10, 36 -10, DZ -9. 96, -9. 71 -9.80
0, 11.28,-11,30,-11,22,-11,20,-11, 25, -11.11,-11,13,-12.01,~10.70,~11.49,-10.90,-11.34,-11.33
,~10.14,-10.69,~LO«32.~LG.JZ,~lD.JQ.»11.04.~10.53“10.53,*10.76"10.25,~10.23,-10.34,~ID.97

SUMMARY STATISTICS

Fieet , Pred. , SE(q),Partial,Raised, SLOPE , SE s INTRCPT, SE

j q 3 . F s F N N Slope , yIntrept

T T995 ) 773, .0540 , L1366,  .000E+00,  .000EY00, -5.946, .06
2 .-11.27 . .308, .0262 , 1773, .000E+00, .000E+00,-11.275, .077
3 ,-10.50 , .475, .1319 , .2301, .000E+00, .000E+00,-10.591, .119
Fbar SIGHA(int.) SIGHA(ext.) SIGMA(overall) Variance ratio
158 .169 .130 1169 \597

hge B

Flest, 7, 75, 0 3w p AL 6 83, 84, 85, 86, 87, 88

PO S S MY S T S SN SN NN SUS SO S S S

1 ,-10.00, -9.63, -9,76, -9, 7/. -9, 80 -10. 09, -9, 84 ~10, 20. -9.93, -9, 95. -9. 96. -9.98,-10,12, -9.64, -9,83
2, 1L.79,- 11,43, 11.18,-10.70,-11.37,-11,43,-11.,48,-10.77,-11,35,~11.73,-11.19,~10,90,-10.69,-11,68,-11.68
3 ,-12.09,-10.14, -9.96, —9.73,-10.Q7,—10.15, -9.97,-10.43,-10.76,-10.31,-10.28,-10.58,-10.80,-10.85,-10.34

GUNMARY STATISTICS

Fieet , fired. , %E(qg),Partial,Raised, SLOPE SE s INTRCPT, SE
yq s s, F, F s Slope yIntrept
. . . s ; ' , s
[P e , 0566 , 2059, .000£+00, .000E+00, -9.900, .043
2 ,-11.22 .0258 , .3257,  .0DOOE+00,  .000E+00,-11.287, .097
3, 19.47 1484 , 1919, .000E+00, .000E+00,-10.473, .142
fhar SlokAlint.) SI1GMA(ext.) SiGMA(overall) Variance ratio
220 W153 120 153 .618

Age O
F\aet, 74, 75, 78, 77, 78, 79, 80. 81, 82, 83, 84, 85, 86, 87, 88
B 1, -9, 67. -9, 5;, -9, 63 -9, 92 -10. 02‘ 10, 00, -9, 87 -10. 18, -9, 85 -10. 06 -9. 99 -10. 00 -10. 74 -9, 98, -9.67
2 ,-11.21,-11.32,-11.26,~11.17,-11,78,-11.22,~11.09,~10.57,-11,56,-11.01,-10.60,-11.32,-11,10,-12.12,-11.79
3 ,-lZ.63.~1U.50‘~10.4S.~10,37. -9.87,-10.20,-10.08, -9.76, —9.97,—10.42,*10.64,le.64,*10.46,—10.81,~10.87

SUMNARY ‘STATISTICS

Fleet , Pred. , SE(a),Partial,Raised, SLOPE ,  SE  ,INTRCPT, SE
» o4 ) s F s By, , Slope ,Intrcpt
T 9,57 .27, .0538 , 1239, .000E+00, .000E+00, -9.068, 068
2 .-11.24 , 405, .0271 . .2908, .000E+00, .OQOE+00,-11.241, .101
3 0-10.51 . .63, .1427 , .2391, .0GDE+D0,  .000E+00,-10.512, .17
G

SIGHA(int.) SiGHALext.) $1GKA(overall) Variance ratio
.188 219 .278 .278 1.676
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Table 3.5.5
Title @ HERKING [N THE ARCHIPELAGD AND BOTHNIAN SEAS (BALTIC FISHING AREAS 29dE AN 30£)

from 74 to B3 on ages | to 10
with ferminal F of 164 an age 3 and Terminal $ of 1,210

Initici wum of squared residuals was 31.070 aud
final =un of squared reziduals is 9,625 after 104 iteration:

Mateix of Reziduals

Year e 14775 75/76 k]
7K 1,095  L061 bs)
2/ L0 -.060 147
34 028 L3 L1595
il s L3000 L1472 =072
5/ b .82 -.18% 044
[/ 083,093 22
7/ 8 LIpe -.384 -. 180
8/ 4 <415 048 265
9/10 218 L 1a9 135

L0000 000 .000  .00D
Wis .00} .01 L0001 .001
Years 78/79  79/80 80/81 81/82 82/83 83/84 84/85 85/86 B86/87 87/88 WIS
Age’
172 640 -.571  .695 -.329 -.,527 1.214 -,392 -.707  .001 -.115 .000 ,198
2/ 3 002 -.495  .194  -,393  -.143  .021 -,158 -,130  .352 -,083 .000 .591
3/ 4 -.252  ,010 -.121 ~,170 -,058 -.014 173 -.272  .113 002 .000 .888
4/ 5 183 .088 -.255 -.04) 402 .26 -.056 ~-,122 -.002 -.037 .000 ,690
5/ 6 .095 -.003 -,180 -.170  .020  .076 -.054  .142 ~-.086 ~-.080 .000 1.000
6/ 7 -.188  -.062  .148  .206  .191 ~-.,205 .31l  .377  .037  .l01 .000 .638
7/ 8 -.006  .127 051 .012 ~-.198 -.595 174  ,236  .055  .131 .000 464
8/ 9 -.129 078 -.tdd 158 .341  -.099  ,294  .019 -.283  .069 .000 .556
/10 J105 415,262 591 .I53  -,008  .098  .059 -.169  .019 .000 .664

.000  .000  .000  .000 .00  ,000  .0OO  .000  .000  .0OO -.679
WIS .01 ,001 .00l  .001  .00L 1,000 1.000 1,000 1.000 1.000

Fiching Hortalities (F)

74 75 75 7 8
F-vatues 380 140l 1281 L1478 L1500

3 80 81 82 83 84 85 6 87 88
F-values L1370 ,2062 L1706 ,1987  .1884 1901 L2005 L1744 L1673 .1640
Selection-at-age (S)

1 2 3 4 5 [ 7 8 9 10
S-values .2989  .7309 1.0000 1.0748 1.1032 1.0803 1.2637 1.1735 1.1109 1.2100




Table 3.5.6  VIRTUAL POGPULATION ANALYSIS
HERRING IN THE ARCHIPELAGO AND BOTHNIAN SEAS (BALTIC FISHING AREAS 29NE AND 30E)-
FISHING MORTALITY COEFFICIENT UNIT: Year-1 VARIABLE NATURAL MORTALITY COEFFICIENT

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

1 .014 .045 .034 .037 .048 .029 .104 .034 .038 132 .037 .040
2 .094 .099 .094 .074 .079 .053 .190 .107 L131 .147 .098 .140
3 .170 .152 131 .141 .114 .095 W171 .182 .242 .195 .201 .160
4 .179 .177 .134 175 .181 141 .144 .168 .279 277 L2186 .191
5 .162 .139 .146 .153 .201 142 .196 .148 .206 .186 .245 .253
6 .140 .133 .150 .197 .157 .168 .208 .188 .195 .184 .165 .280
7 .154 .149 .127 .166 .192 .205 .329 .169 .204 171 . 268 .275
8 .126 .189 .186 .230 .186 .164 .259 .256 71 .212 .289 .222
9 .173 .182 .159 177 .175 .187 .215 .242 .252 .208 .224 .223
10 .167 .154 .158 .161 172 .157 .202 .144 .169 .227 .230 2234
11+ .167 .154 .158 .161 172 .157 .202 .144 .169 .227 .230 .234

( 3-8y .155 157 .146 177 .172 .153 .218 .185 .216 .204 .231 .230
(3-8 .164 .155 .140 .166 .153 .141 .197 .178 .223 .210 .218 .197

1986 1987 1968

.050 046 .049
.173 .116 .124
L191 .163 .170
.192 177 .171
.190 191 .185
.180 .195 .201
.200 .205 .203
.175 .164 .161
177 .210 .137
10 .198 .219 .226
11+ .198 .219 .226

DO ~NOYU B W N

(3-8 .190 .183 .182
( 3- 8w 191 .176 .180

yTT



Table 3.5.7
HERRING IR

WIDEK 517t

3 PROPONT IO
PROPORTIOM UF

1

2

3

4

5

6

7

8

9

10

1
TOTAL N
5P ND
TOT.BIOH
$PS BIOK
1

2

3

4

5

6

7

8

9

10

1+
TOTAL NO
SPS NO
TOT, 810K

SPS BLO0K

1874

3347
3291
2127
2161
955
794
539
392
258
149
127

14238
773
353129
249351

1986

1634
4960
4031
1712
914
579
239
101
121
114
166
14571
8154
388398
264583

THE ARCHIPELALG AND

IN NUMBERS

URTT:

LT tonnes

VIRTUAL POPULATION ANALYSIS

millione

ANGUAL £ BEFORE SPAWNING: 150
ANNUAL 1t BO U SPABRTNG: L3360
1975 1976 1977 1973 1oeve
3042 N3z 2792 1516
2842 510 4535 747
2578 210 1271 1637
1544 1305 1591 2520
55% 1114 1384 K8
699 1164 788 732
924 520 821 Hh71
472 440 380 358
297 336 299 387
187 213 235 176
231 312 255 2%
14047 16463 14832 13087 10833
8033 8012 3281 7308
397475 381428 331483 355732
270909 2634¢8 293772 290525
1987 1938 1989
4298 844 0
1273 3360 658
3416 928 2429
2726 2376 641
1156 1869 1640
619 782 1271
392 417 524
160 261 279
70 11 182
83 46 79
150 166 139
14343 11160
7756 6685
393953 363755
285543 270169

L

2277
1206
1357
1219
1791
645
506
447
249
293
190

10651
6259

1981

3600
2049
817
936
854
1205
129
298
283
164
360

11006
5361
341602
237370

BOTarIAN SEAS (BALTIC FISHING AREAS Z3NE AND 30E)

TROSE REFEREING TO THE SPAWNING GTOTR ARE GIVEN FOR L JANUARY; [HE
VAR LTOCK SEIUATION AT SPAMNING Till, whikc®Y PhE POLLOWENG YALUES ARE

1962

3621
2350
1508
558
648
610
818
297
189
182
3

11591
5291
340702
231717

1983

4608
2855
2048
969
345
432
411
546
205
120
207

12747
5262
339780
217206

SPAWNING

1984

7183
3308
2017
1380
01
235
294
284
362
136
248

16045
5745
386588
231761

1985

5303
5666
2454
1351
910
385
163
184
174
237
189

18016
6647
435451
249622

115
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Table 3.5.8

Analysis by RCRTINX2 of data from file SURVEY
HERRING 29-NE-30-E AS 0-GROUP

Data for 5 surveys over 15 years

REGRESSION TYPE = C

TAPERED TIME WEIGHTING APPLIED

POWER = 1 OVER 20 YEARS

PRIOR WEIGHTING NOT APPLTED

FINAL ESTIMATES SHRUNK TOWARDS MEAN

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

MINIMUM OF 5 POINTS USED FOR REGRESSION

Yearclass = 1988

Survey/ Index Slope Inter- Rsquare No. Predicted Sigma Standard Weight
Series Value cept Pts Value Error
COADIN  1,2809 2.148 5.457 .2910 14 8.2081 1.11427 1.17325 .09678
CONAJN  2.2300 1.819 4,136 .3995 14 8.1924  .87517 .92168  .15682
LARSIN  3,7136 3.425 -3.389 \3771 14 9.3300 .91742 1.03691  .12391
LARMIN ~ 2,7726 1.584 4,289 4464 14 8.6804  .79490  .85532  .18210
LARBIN  1.0986 1.809 6.959 .3970 14 8.9462  .87974  .96225  ,14388
MEAN 8.0156  .67030 ,67030  ,29651
Yearclass Weighted Internal External Virtual Ext.SE/
Average Standard Standard  Population Int.SE
Prediction Error Error Analysis

1988 8.48 4816.34 .36 21 .56



Table 3.5.9

List of input variables for the ICL

HERRING 29NE-30E

rediction program.

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

The number of recruits per year is as follows:

3 to

8

Year Recruitment

1989 4816.0

1990 3719.0

1991 3719.0

Proportion of F (fishing mortality) effective before spawning: .1500

Proportion of M (nhatural mortality) effective before spawning: .3300

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

+ + + + Hoe + ————t +
| | { fishing| natural | maturity| weight in| weight in]
| age| stock size| pattern| mortality) ogive| the catch| the stock|
+ + + + + + -+ +
T 4816.0! .05} .20! .00} 13.000; 13.000!
P2t 658.0! L1214 .20 .22} 19.700] 19.700]
T3 2429,0} 174 .20} .92} 28.900! 28.900}
o4l 641.0} 178 .20} .97} 35.300¢ 35.300}
5] 1640.0] .19) .20 1.00} 40.600/ 40.600/
i 6] 1271.0} .20 .20} 1.00} 46.100] 46.100]
H— 524.0} .20 .20 1.00} 54.600! 54.600)
T 8| 279.0} .20} .20} 1.00} 64.000] 64.000]
. 182.0} .20] .20} 1.00} 66.200} 66.200}
y 104 79.0} .20} .20} 1.00} 76.7001 76.700}
P11+ 139.0! .20} .20} 1.00; 81.800; 81.800!
B s S T + e + B et +

LTt



Table 3.5.10

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

HERRING 29NE-30E

e + i b e
| Year 1989 ! Year 1990 i Year 1991
o e e o e + + + + + —— + oo e e +
| fac-] ref.| stock} sp.stock] o stock| sp.stock] stock| sp.stock|
1

1

-+
o
(3]
i
-
o
-

1
t
tor| F! biomass! biomass! catch| tor! Fi bjomass| biomass! catch! biomass! biomass|
Fp— e e e e e e + —t s + + + + o +
V1.0 .19 370 264 50 .0} .00} 367, 242} 0] 426 303
H ! ! ! ' ] W1 .02) ! 2414 5] 4211 297
1 H H H H t W21 .04} ' 2401 10} 4151 291}
' ! : ! : P4 .08! { 239! 20! 4041 280!
! ' ! ! H V6 W1, ! 238! 30) 394 270!
' ' ! i ! ©o.8l .15! 1 2361 39] 384! 260!
! ! ! ! 1 ¢ 1.0} .19} ! 2351 48 374 2501
! ! ' ! H Vo120 .23 ! 234! 57! 364! 240}
! ' ! ! ! Co1.40 26! ! 233! 65! 3551 231!
! ‘ : ' ! ©o1.60 .30! : 2310 74l 346! 222!
i i i ] i To1.87 .34 ! 230! 82!} 338! 214}
H | | i | V2.0 .38 ! 229} 89 329 206}
e dmm e + + + + + + + —d e 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 1991 has been calculated with the same fishing mortality as for 1990.
The reference F is the mean F for the age group range from 3 to 8

8TT
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Table 3.5.11

HERRING 29N 30E

A8, F-faclor d relerence [ .1883 *

B B I

(ST S

}oabsoiate] o

aae, Fio s Dicwass)

I

e U N s SO B

Vo 0500) 713,06} 461 62608, .00}

HEH V1200 67.57)  1331.2} L:SS U' 129620 144,76,

PN .1.00, 345.157  9974.8;  2429.0} 70198} 2234.68}

. L1700 9l.06)  3215.2) 641.,0, 22027y 621,77, g

N .1900;  258.027 10475.7)  1640.0} 66584)  1640.00} 66584, 1492.12} 60579
I 2000  709.5i;  96%8.5;  1271.0) 58533} 1271.00} 58593) 1154.66) 53229,
[ L2000 85.36;  47i6.1) 524.0} 286107 524.00; 28610,  476.04; 25991}
T 2000} 45,99} 2943.4} 279.0] 17856}  279.00; 17856}  253.46) 16221}
[N 2000} 30.00;  1986.1} 182.G) 12048; 182,00} 12048}  165.34; 10945}
Vo 10} 2000 13.02) 998.8} 79.0! 6059} 79.00} 6059 71.77) 5504}
S 2000, 22,911 1874.3) 139.04 11370} 139.00} 113707 126.28 10329}
PR S O o SOOI SIS +
i Total §o1382. 70’ 49943.9] 12658.0; ]69517' 7115.217 290503} 6479.44}  264388)
+ T Hemmme e T D [P e mm e +

P R T T Y T e T

* Year 1990, F-factor 1.000 and reference F .1883 *

T D S P LT TR Y P PO R R YOOI

H at 1 January!| at spawning time}
Hement
H ) absolute} catch in! catch in} stock! stock]| . sp.stock| sp.stock] sp.stock}
| age} Fi numbers; weight] size, biomass; size] biomass| size! biomass| |
e e e
o1 .05007  164.53}  2138,9} 3719.0} 18347} .00} 0} .00} 0} i
P2 .1200)  385.18;  7588.0]  3750.7} 73888)  825.15} 16255  758.67| 14945} |
Y3y 1700} 67.89)  1962.1} 477.8} 13808,  439.58; 12703}  401.15) 11593}
I L1700 238.41) 8415.7{ 1677.8] 59226 1627.46; 57449] 1485.16 52426}
5 1900} 69.66,  2828.2 442.8} 17976,  442.76}% 17976 402.84) 16355]
N .2000}  183.03} 8437.9} 1110.4} 51188 1110.37] 51188 1008.73| 46502,
. .20007  140.44) 7668.01 852.0 46517 851,98} 465174  773.99} 42259}
N 2000} 57.90,  3705.6] 351,27 22479)  351.25) 22479) 319,10} 20422
N 2000} 30.83)  2040.8) 187.0! 123805 187.02} 12380%  169.90) 11247}
RN 2000} 20,111 1542.5) 122.0; 9357)  122.00; 9357,  110.83] 8500}
HE YN +2000} 24,09] 1970.4} 146.1} 11953  146.13) 11953} 132.75! 10859}
- e
i Total v 1382,06) 48298.0) 12836.8) 367124) 6103.70) 258262{ 5563.12} 235112}

Ty P T PR
- Yea! 1991 F factm 1,000 and reference F .1883 *
B it eaasaknsaxsasiinss

PRYPRE araiiarens

+
B at 1 January) at spawning time!

R R T S - - e
H i absolute} catch in} catch in} stack] stock| sp.stock| sp.stock] sp.stock} sp.stock)
) age} Fi numbers| weight| size! biomass) size! biomass! size| biomass|
--+ +
3719.0! 48347 .00} [N .00} ['H

2895.4 57053 637.20! 12562!  585.86) 11541}
2723.6; 75711, 2505.68) 72414} 2286.59; 66082}
330,04 11650) 320,14} 11300  292.14} 10312}
1158.9; 47051) 1158.91) 47051} 1054.41} 42808)
239.8} 13819} 799.77; 13819)  272.33} 12554}
7943} 40639 744,311 140639  676.17; 36919;
571‘\: 369507 371,103 36550)  518.82) 33204}
225,43 1h986, 735,45 15586} 213,90} 14159,
Jz'i K W15]  175.38) 96157  113.89} 5735;
'4707' 179,73} 14702{ 163 28' 13356}




Table 3.6.1  SUM OF PRODUCTS CHECK

HERRING IN THE BOTHNIAN BAY (FISHING AREA 31, EASTERN PART)
CATEGORY: TOTAL

CATCH IN NUMBERS UNIT: millions

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

1 9 2 13 2 2 5 61 12 6 27 36 4
2 23 39 20 97 7 6 49 80 14 11 137 76
3 17 31 40 25 131 7 6 22 107 19 20 117
4 27 11 42 26 18 77 13 4 20 67 10 16
5 23 17 19 22 28 12 82 10 5 10 51 11
6 25 14 23 15 22 21 14 45 15 11 7 31
7 28 13 26 21 11 15 23 15 29 10 6 5
8 10 11 21 12 26 11 16 14 7 15 1 3
9 3 2 10 7 6 12 9 8 10 4 13 3
10 3 2 3 2 7 3 6 4 3 3 2 7
11+ 2 1 3 1 q 2 1 5 4 2 3 4

TOTAL 168 142 219 230 261 171 279 220 217 178 287 276

1986 1987 1988

1 4 9 8
2 18 38 38
3 49 27 24
4 68 39 20
5 12 46 31
6 15 10 33
7 30 13 7
8 4 9 7
9 5 4 5
10 6 3 3
11+ 13 5 4

TOTAL 224 203 178

0zt



Table 3.6.2  SuM OF PRODUCTS CHECK
HERRING IN THE BOTHWIAN BAY (FISHING AREA 31, EASTERN PART)
CATEGORY: TOTAL

MEAN WEIGHT AT AGE IN THE CATCH UNIT: gram

1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984

1 15.0 13.0 12.2 13.3 14.8 14.5 11.9 14.1 16.0 13.0 16.1
2 20.5 21.3 21.7 20.9 22.8 23.9 22.3 21.5 24.5 25.1 23.4
3 28.3 30.3 29.6 29.9 31.0 32.0 31.1 29.0 3L.3 34.7 35.0
4 34.1 36.2 34.5 34.3 36.4 35.7 37.5 35.2 37.2 39.8 41.0
S 37.9 38.8 40.1 38.4 37.8 38.0 39.7 39.7 42.3 42.9 43.8
6 40.3 44.5 41.6 41.2 42.1 41.0 41.8 42.4 46.9 47.8 46.8
7 42.7 45.7 44.0 44.4 43.3 45.2 43.9 45.7 48.2 52.7 53.1
8 45.4 49.5 46.1 46.9 46.3 48.7 46.7 47.3 50.9 55.7 53.4
9 46.5 51.6 50.5 48.0 49.7 49.6 49.3 50.7 54.7 59.0 56.7
10 60.2 61.3 49.6 51.0 50.0 51.5 57.7 51.8 57.2 60.0 56.5
11+ 50.0 63.0 57.7 56.3 63.1 50.7 55.6 57.3 60.6 63.6 61.8
1986 1987 1988
1 12.3 14.3 9.2
2 18.7 23.8 23.7
3 29.4 32.4 35.2
4 36.7 38.9 41.4
5 41.4 44.2 45.7
6 45.3 48.9 50.5
7 49.0 53.5 54.6
8 50.7 56.7 60.7
9 59.2 5%.4 59.5
10 58.0 61.3 61.9
11+ 64.9 68.8 73.5

fury
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w
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Herring Botnbay VPA Tuning-module, FILE: TUNING-ALL

Table 3.6.3 HERRING 31E
103
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1974, 1988
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Table 3.6.4

HERRING 31t

foditle run at 11.59.38 13 APRIL 1989
OISACGREGATED Qs

LG TPANSFORMATION

0 esplanatory variate (Hean used)

tlest U drapnet . has terminal q estimated as the mean
e 2 Batton tirawl B teyminal q ated as the mean
3 \Pelagic trawl . x5 terminal q estimaced as the m2an

Loris DOmBladh BY T WARIANCE ¢

regress i waiglits

« 1,000, L.000,
indest age £ = 1,000
Fivhing mortalities

00, 1000, F.00D0 100G, 1.0906, 1,000, 1.000, 1.000, 1.000, 1.000, L.00O, 1.00Q,
ot S younzer as Flovks compined by variance of orecictions

Ane, Ty 75, 78, I 78, 9, 80, &1, 82, 83, 84, 785, 86, 87, 83,
o019, 008, 012, 036, 046, 01D, .009, 011, .46,
doo.avy, L1000 6 140, L1680, L1z4, .USG, .0%9, .061,
do0 .09ty 123, 1no, .141, 180, .j04, 105, .079,
4, 119, 079, 040, L077. .154, 152, 107, .099,
b, .187,  .095, 092, .288, .107, 153, .138, .109,
b, 211, 193, . 228, .J30, .269, .19, .173, .132,
T 526, 1553, Lada, 335, L165, 108, .416, .243, .164,
8, 438, .37, 385, L332, W026,  .097, 129, .209, .18,
9, W2%2, 159, (684, V380, JA77, 0 .066,  .224, 174, (164,

16, 315, 146, s, 277, .157, .129, .223, .187, .151,

Loy catchability estimates

1
f 75, 76, 77, ”, 9, 80, 81, 82, 83, 84, 85, 86, 87, 88
1 ,’ 3.96,-11. Ob,‘H 40, 12.2 5,-L4 98,~1Ll BS,*lZ @,-12 39 ~13. 28 -12. 6], 49 ,~13 38
2 ,~11.02,-11,98,-11.90,-12,00, -11.58,-12.72,-11.77,-11.74,~17.07,-12.59,~11. 58 -13.69,-12.11,-11.91, -9.96
3, -8.61,-14.13,-12.75,-12.17,-11.93,-12.75,-10,80,-11. 21, 10.60,~11.20,-10.95,-11,21,-17.28,-13, BS,-14.93
SUMMARY STALISIICS
Fleet , Pred. , 4E(q),Partial,Raised, SLOPE N SE ,INTRCPT, SE
s Q B . F . F s s Slope sIntrept
:’ii’“??. 0%, 2996, .000E00,  .000700,-12.683, 318
, t.6i3, .0113 , ,0150, .000E+00, .000E+00,-12.240, <403
, 2.178, .00S3 ‘2.0613, .000E+00, .000£+00,-12.290, 545
Fbar SIGHA{int.) SIGMA(ext.) SIGMA(overall) Variance ratio
145 307 1.22 1.22 1.817
Age 2

“leet, 74y 75, 75, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88
1 : -9. %ﬁ. -9, 45, -9, nU 10, 10, -10, 64,*11 68. -9.21, -9.46, -9, 39, -9. 80, -9, 35, -9.79 4,-10, 50, 10,11
2 ,-10.53,-10.69,-11,49,-10.62,-11,97,-11.34,-10,54,-11,48,-12,71,-11,50,-11.15,-11,13, -11 38,-10.53,-10,92
3 ,-10.47,-14,46,-11.67,~10.81,-12.35,-11.91,-10.82, -9.,94,-10.21,-11.62,-10.,55,-10.13,-10.78,~11.42,-11.88

SUMMARY STATISTICS

Fieet , Pred. , SE(y),Partial,Raised, SLOPE SE yINTRCPT, SE

P ' s F F + Slope ,Intrept
, R , , s s ) s

1, -9.97 , .687, .0113 , .0696, .000E+00,  .0OCE+00, -9.970, .172

2 ,-11.23 , .649, .0313 , .0448,  .000E+00, .000E+00,-11.225, .162

3, 11,27 , L.18%, .U147 , .1122,  .000E+00,  .00QE+00,-11,270, .296

Fbar SIGHA(int.) SIGKA(ext.) S1GMA{overall) Variance ratio

.061 .438, 225 .438 1265

cont'd
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Table 3.6.4 cont'd.

e 8 79 30, at,y 82, 53, 3‘!, 85, 86, 87, 48

—_ —
o 73, -9.82, ~9.21 BECNTEN -10 5 -16, JD, “10.38
IO Re e Y ey L3S 10082, 010092, 010,74, -10.45,-10.60,-10.43,-10.72
S10.93, 710,70, W21, o193, -10,48, - 10, 93, -11,50,-11.44, -10,20,-10,47,-10.73,-11.05

anaie SIATELTELS
Fleeb , Preo.  , SE(ys,Partiat Raised, SLOPE SE ,INTRCPT,  SE
R N COF R . Slope sIntrept
— — P ' . '
1, -3, rn). L0134, 1510, .G0DE+00, .000¢ +00, -3.733, .209
2 ,-10.88 , .54, .D440 , .0675, .D00E+0D, .000E+00,-10,883, W135
3 ,-1103b o, 825, .0tdy , 0608, «O00E+ND, .000E+00,-11.311, 206
toar SinmA{inL.) SIGHALext. ) SIGMA(overall) Variance ratio
079 398 . 250 398 .394

Age 4
Fleet, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88

77, 759.03, <9.88, -6.90, <9.22, 9,81, 9.89,-11.20,-11.05, -9.04, -9.13, =9.78, -8.72, 6.72,-10.17,°10.46
3 1-11.09,-10.80,-10. 19,10, 76,-10.23,-10.94,~11.58,-12. 26.~10.92,-10.30,-11.46,-10. 33, -10.31,-10.50,-10.61
3 -13011,-13.56,-11.21.-10.94,-10.57,-10.97,-11.27,-13.78,-1G.92,-10.89,-11.80,-10.51,-10.14,-10.69, 10,47

SUMMARY STATISIICS
Fleet , Pred. , $E(q),Partial,Raised, SLOPE , SE s INTRCPT, SE
yoq i s F, F o, , Slope s Intrept
s . s s f s > PN,
Lo, -9.73 , .780, .0143, ,2059, .000E+00, .OO0CE+00, -9.734, .195
2 ,-10.82 , .606, .0469 , .0806, .0OOE+00,  ,000E+00,-10.819, .152
3 ,-11.39 , 1,187, .0130 , 0395, «000E+00, .000€+00,-11.389, .299
Fbar SiehA{int.) SIGhMA(ext.) SIGMA(overall) Variance ratio
099 444 395 444 791

Nge 5

Heet, 76 75 Te. 7h 7w w, snowh 866,
T TR, 5,66, 9,43, 9,03, 6.3 3T, -9.17, 0.6,-16,24, -8.74, 9.53,

2 ,-10.33,-10.80,-10.24, -10,49, -9.58,-10.89,-10.58,~11.29,-11.59,-10.74,~10,47,-10.25,-10.41,-10.41,-10.38
3 1-12.51,-13.75,-10.96,-10.67,-10.31,-10.80,-12,04,-12.64,-12,29,-11.42,-10.21,-10.86,-10.05,~10.46,-10.63

SUMMARY STATISTICS

fleet , Pred. , SE(q).Partial,Raised, SLOPE , SE ,INTRCPT, SE
voq » sy B F o, ,  Slope sIntrept
1,

" PR O S S
-9.62 , ,643, 0160 , ,2155, .000E+00,  ,ODOE+00, -9.622, .161
2 ,-10.59 , .431, .0590 , .0885, +000E+00, .000E+00,-10.590, .108
3 ,-11.31 , 1.123, .0l40 , .0549, .000E+00, ,000E+00,-11,313, .281
Fbar SIGHA(int.) SIGMA(ext.) SIGMA(overall) Variance ratio
L1089 W341 317 .3a1 .866

Age 6

mex, 7, IS, 76, 1., 18,79, an, 81. 82, ea, 94, ss, 8, 87, 88
T 8,33, 59,45, 9,18, <9.30. 8.96,°10.17, ~6.60, -9.07, -9.13,-10.60, -9.55, -8.58,-10.00, =9.59, -9.82
2 ,-10.41,-10.45,-10,50,-10,14, -9,70,-10.57,-10.45,-10,74,-10.81,-10.49,-11.34, -9.84,-10.07,-10,21,-10.33
3 1-12.45,-13.09.-10.99,-10.34,~10.04,-10.65.-11 .36, ~11.80,-12.46,-11.20,-10.38.,-10.10,-10.12,-10.05,-10.40

SUMRARY LTATISTICS
fleet , fred, , SE(q),Partial,Raised, SLOPE , SE , INTRCPT, SE
s 1 i , F . F N s Slope N ,Intrept

R SN ST SN
, .613, .0196 , 1953, ,OG{)E*OD: 4000E0001 -9,422: L1563
s 414, 0709 , 1212,  .00CE+00,  .BOOE+00,-10.407, .104

7 ,-10.41
X ,-11.03 , 1.037, .0187 , 0700, +000E+00, .000€+00,-11.029, .259
tbar SIGMA(int.) SIGKA(ext.) S1GMA(overall) Variance ratio
LA LA2s 210 .326 JA15
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Table 3.6.4 cont'd.
Age 7
iieet, m, 75. 75. 77, 79, 77, RU. 81, 82, 83, 8&, 85, 85, 87, 88
1, -7, 39. -9, 74 .ZS -8, 81, -8. 95 -9.58, v:? 15 -9, 15 25, -9. 63 -9, 16 -9.74, -9.,03, -9.63, -9.70
2 ,-10,06,-10.61, -9.51, -9.92, -9, M‘—lﬂ.ﬂ,-w 07,-10.19,-10.49,-10.80,-11.19,-10.34, -9.29, -9,87, -9.95

3 ,-11.66313.02;11.01,»10.1?,'10.25,—10.59,412.65,~11,ZB.‘M.06,-10.64,—10.95.*11.16,

SUMMARY STATISTICS

-9.50,-10,02,-10.27

Fleet , Pred. , SE(a),Parlial,Raised, SLOPE ,  SE  ,INTRCPT, SE
9 . . L F s ,» Slope yIntrept
. . . . .
VT2 T eal, L0266 . 2921, .000E+00,  .000E+00, 9,117, 160
2 .-10.16 , .50%, .0886 , .1299, .000E+00, .000E+00,-10.184,  .127
3 .-11.04 . 1.291, 0156 , .0685, .O0OE+00,  .00OE+00,-11,145, .323
tbar SIGMA(INE.) SIGMA(ext.) S1GMA(overall) Variance ratio
164 L331 .32 381 \739
Age B
freet, 74, 78, 79, @0, 81, 82, 83, 84, 65, 8, 87, 88
. =7.53, ¢ TR, \775,02,7-9.26, 8,96, -9.64,-10.48, -9.00, <9.65, -9.37, -9.59

2 ,-10.02, -9.

3.,-10.78,~-11. belO,, . -3.52,

Fleet

-9.11,-10.46

SUMHARY
, Pred.
’ Q , »

’ e

STATISTICS
, SE{q),Partial,Raised,

SLoPE SE

N Slope R

10.06,-10.32,-10,33,-11.06,-12.17,-10.79,-10.76,-10.05,-10.01
-9.44,-10.52,-12.03,-11.70,-14,02,-10.79,-15.08,-10.51,-10,41,-10.28,~10.05

+INTRCPT, SE
sIntrept

Age 9

Fiest, m,

0,5,

-IU "7.—11 ?/.'!

3,10
« U0,47,-10,02,-1G.19

S
W796,

1o, -9.04
2 L2770,

,-10.27
ERER S O]
tbar
185

s 1823,
SIGHACint.
524

.33,
-9, b’]\“lﬂ ‘U.',)AZQ.*
,-14.31,

~10.31,-14.01,

.0286 , .3195,
.0816 , .1439,
0157 , 0584,
) SIGMA(ext.)
.385

82,

.50 -10.09,-10,

SHMMARY STATINTICS

3.76, 9.

.000E+00:
.000E+00,
.000E+00,

2524

83, a4, 85,

74,775.03, <9.45,
81,-10.72,-12.03,

.000E+00, -9.043,
+000E+00,-10.266,
.000E+00,-11.203,
SIGHA(overall)

.199

193

.406

Variance ratio
541

87, 88

.90: -9.65: -9.30
-9.92,-10.09,-10.09

-9.81,-11.53,-11.21,~10.05,~10.65,-10.24

fleet , Pred. , S€(y).Partial,Raised, SLOPE SE ,INTRCPT, SE

P . P R N s Slepe s Intropt
, . . s s ,

T, -9.94 , .S5i, 0248 , .‘Ub, L000E+00, .000€E+00, -2.033, .138
2 ,  .b45, 0792, ,1329, .000E+00, .000E+00,-10,296, 161
3 Chaarz, a1, 9771t L000E +00, L00E+00,-10.997, .354

SIGMACTE,) SIhhA(ext.) SI6MA(averall) Variance ratio

402 L1324 LA0? L3100
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Table 3.6.5

Title @ AER/ING IW (HE EUInNIAN BAY (FISHING AREA 3i, EASIURN PARD)

from 74 to 43 on
With Termisal F of

tnitiat
Firal

“um of squ,
oot -

e

Hatrix of Reuionals

Years 74709 7
Ayes
[V 44

e
304 B
a7 5
5/ 8
6/ 7
8
8/ 2
9/10
G030
Wis 00
Years 73773
Agés
1/ 2 .383
2/ 3 -.178
3/ 4 .026
4/ 5 .066
5/ 6 ~.026
&/ 7 -.085
8 -1.126
8/ 9 760
9/10 235
Buvg
WIS 001

Fishing Mortalitics

anes

LHES o0 age

o ore

5076

001

F)

74 75
F-values L1358 L0592
9 30
F-yalues L1430 L2143
Selection-at-age (S)
1 2
S-values JL266 L7386

Loto 10

reg resional e
RUSTE N

3
1.0000

3 and Terminal $ of 1,750

73

LE7
79
RITAN
W32

S 1.G8E

L9039
-.038

L0060
N
61/82

1.410
-1267
-.228
-.442
-.587
. 162
-.134
525
781

L705 and
0,590 after foe ateiciions
82/83  £3/84  84/85
L7530 -.27% .759
A3 -.753 134
-.037 076 -.175
2332 -.142 -.309
-1,090  -.050 292
-.063 051 .192
-.432 973 -.150
550 G740 -.68
613 150 +359
000 000 000
L0010 1,000 1.000
i
L1831

i

§3 84
L1575 L1250

5 5
1.0781 1.2567

85
L1164

7
1.3392

85/86

186
622
364
.29)
-.310
-.061
-.663
~.224
-.973

000

000

86

L1336

8
7239

86/87

-.604
~.348
-.082
236
1046
-.098
261
174
4345

.000

1.000

87
1349

G
1.1189

88
.1150

10
1.2500

000

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

4,487



Table 3.6.6  yIRTUAL POPULATION ANALYSIS
HERRING TN THE BOTHNTAN BAY (FISHING AREA 31, EASTERN PART)

FISHING MORTALITY COEFFICIENT UNIT: Year-1 NATURAL MORTALITY COEFFICIENT = .15

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

020 .008 012 .010 .012 .020 .066 .044 .025 .023 .047 .013
.064 L1111 .094 .113 .039 .041 .253 L1111 .063 .060 .145 125
.086 .108 L1582 .155 .208 .050 .054 .164 .199 .108 .132 .168
.102 .074 .196 .134 .149 172 111 .042 .202 174 .072 .143
.143 .081 161 146 198 L132 . 266 .113 .067 .142 .186 .099
.166 J112 147 171 .196 .208 212 .216 .232 .186 136 .156 -
.285 .118 .299 .180 .169 .193 .344 .345 .194 .231 .147 L1113

.246 .159 273 .217 .344 .250 .301 .352 .242 L1339 .037 .085
.151 077 .208 .134 .150 .251 .318 .227 406 .194 .162 .094
.170 .125 .156 .053 .163 .107 .184 .221 114 .194 .149 L117
11+ 170 125 .156 .053 . 163 .107 .184 .221 .114 .194 149 117

-
D0~ UT 3w N

(3-8 J171 .109 .204 .167 .211 .168 .215 .206 .189 .163 118 .127
(3~ 8)W .145 .102 .188 .158 .207 .160 .217 .185 .192 .157 .139 .154

1986 1987 1988

1 .012 .016 .014
2 .070 134 .087
3 .105 134 Jd11
4 .132 .108 .130
5 .141 J117 .110
6 .180 .157 .109
7 .206 .218 .146
8 .136 .087 162
9 .183 .185 .061
10 .341 .157 .162
11+ .341 157 .162

(3-8)u .150 .137 .128
( 3- 8)u .134 122 L117

Lzt
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Table 3.6.7 VIRIUAL PUPULATION ANALYSIS

SwRinh TH TAF 00Tl AN 2AY (FISHING AREA 31, EASILRN PART)

0Lk Sl7t TR NUMBERS Unliy midtions
BLORASS TGTALS UNIT: tonnes
LFT 1H0SE ROFERRING 10 tHE SPAMNING 61

TUER DATA BLFUECT EHE CHm R SEIUATTOR A1 SPAWNNG 1T
E PROPORTION GF ANNUAL T GEFORE GPAWNING: L1050

FURE D ue Andal M BEEORE SPARNIRG: Laad
1974 1075 1R 1977 IRYe) 1979 (R
3 5.5 220 W3
2 0z 235
3 9 124
4 255 130
S /8 3
6 Loo 7
7 (&5 24
8 68 66
9 63 35
Lo 40 40
i+ i3 5
1UTAL HD 1966 1799 2559 2205 1846 2197
SPS HD 1114 1144 1132 1202 1371 916

107.8104 55758 56073 64242 62477 61215  S27:7 55482
SPS BION 29253 42768 42280 41671 49696 41936 35886

1 386 569 590 0
2 292 378 482 501
3 531 235 247 380

4 594 41z 177 190
S 9% 443 13 134
& 97 71 343 245
7 171 70 52 26%
8 35 119 48 39
9 s 6 BL] 35
10 23 a0 19 75
11+ az 38 27 33

10TAL NO 2299 2336 2397
SRS MO 1526 1421 1392
T0T.BION 72140  78Y01 79200
SPS BION 56925 60085 61543

1931
973
54439
34658

K OARL GIVEN FUR 1 JANUARYS
. WHEREBY THE FOLLOWING WALUES ARE

1983

1302
209
200
448

2532
984
66243
41434

THE SPARNING

2871
1131
80706
44307



Table 3.6.8

Analysis by RCRTINX2 of data from file SURVEY
HERRING 31-E AS

Data for

POWER =

MINIMUM OF

Yearclass = 1988

Survey/ Index Slope

Series Value

CONAAU  1.7918 2.268

CLAAUG  2.6603 1.199

ROTAUG ~ 2.0794 1.653

GTH3UL .0000 3.058

TOPLAU  3.3393 1.388

MEAN

Yearclass Weighted
Average

1988

1-GROUP

5 surveys over 15 years
REGRESSION TYPE = C
TAPERED TIME WEIGHTING APPLIED

1 OVER 20 YEARS

PRIOR WEIGHTING NOT APPLIED

FINAL ESTIMATES SHRUNK TOWARDS MEAN
ESTIMATES WITH S.E.'S GREATER THAN THAT OF MEAN INCLUDED
MINIMUM S.E. FOR ANY SURVEY TAKEN AS

6.09

439,94

5 POINTS USED FOR REGRESSION

Inter- Rsquare

cept

1.845 L1779

3,166 .2146

2.984 L1563

4,701 L1113

1,401 2753
Internal
Standard

Prediction Error

.45

.20

No. Predicted Sigma
Pts Value

14 5.9078 1.43349
14 6.3557 1.27603
14 6.4215 1.54936
14 4,7010 1.88443
14 6.0356 1.08212

6.1551  .62622

External  Virtual
Standard  Population
Error Analysis

.15

Standard Weight
Error
1.50967  .08902
1.34343  .11241
1.63174  .07620
2.04429  .04855
1.13855  .15650
.62622  .51733
Ext.SE/
Int.SE
.34

129



Table 3.6.9

izt of input variables for the ICES prediction program.

HERRING 31E
The reference F is the mean F for the age group range from 3 to 8

The number of recruits per year is as follows:

Year Recruitment
1989 440.0
1390 540.0
1991 540.0

Proportion of F (fishing mortality) effective before spawning: .1500
Proportion of M (natural mortality) effective befare spawning: .4000

Data are printed in the following units:
Number of fish: millions

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

Stock biomass: tonnes

Catch weights tonnes

b — e fmm————— e ———— e ———— e ————— fome— e ——— +
1 ! } fishing) natural} maturity| weight in| weight in)
| age, stock size| pattern] mortality) ogive| the catch!| the stock]
R P e Fom R et e + Fom———— +
! 11 440.0} .01 .15} .00} 9,200} - 9.200}
1 21 501.0] .09} .15 .39 23.700] 23.700}
1 34 380.0} W1 .15} .97, 35.2001 35.2004
! 4! 190.0} W11 .15} .99} 41.400! 41.400}
| 51 134.0; 114 15! 1.00} 45,700, 45.700]
LBy 245.0} W11 15} 1.00; 50.500] 50.500}
HE— 265.01 .15 15} 1.00} 54.600} 54,600}
: Y 39.04 .16 .15} 1.00} 60.700} £0.700}
o9 35.0) 16! .15} 1.00} 59.500} 59.500!
1104 76.0} .16} .15 1.00} 61.900; 61.900]
to11+! 33.0} .16} .15¢ -1.00} 73.500; 73.500,
e o e + + + e = b +

0gT



Table 3.6.10

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

HERRING 31E

o e e e e i - b e ———
' Year 1989 1 Year 1990 H Year 1991

e O o R Fmm—— o e P + + + e ——— +
| fac-{ ref.] stock} sp.stock] { fac-] ref.| stock| sp,stock] { stock| sp.stock)
I tor| Fi biomass| biomass| catch| tor| Fi biomass! biomass! catch| biomass! biomass!
ek et + e + + + + B S et e e +
V1.0 W12 82} 65 81 .0} .00} 831 68! 0! 92} 751
H } 1 H 1 S S A O 1 68} 1) 91| 74
i | i 1 1 pe2p .03 : 681 24 90{ 734
i i i i i p -4 .05 i 68 4 89 71i
i i i i i P W6 .08 i 67; 51 871 69
i 1 i i i P8y 104 ] 67, 7 85, 68
i { i i H pL.0p .12 i 67, 9] 831 66
H H | | | 1.2 L1514 ' 66! 10} 82) 64,
! ! H | ! i 1.4 .184 ! 66| 12} 80| 62!
E E i E i ; 1.6; .20} H 661 13} 78} 61)
| i i i 1 i 1.8 .22} ! 66, 15§ 771 591
i i ; | i 12,04 .25] | 65] 164 751 57]
b men o e e e R o - e + B it R o ————— B R ] +

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 1991 has been calculated with the same fishing mortality as for 1990.
The reference F is the mean F for the age group range from 3 to 8

6T
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Table 3.6.11
HERRIML 31E

tYear b

fontor l.\'JOD .md .nf\xunu F‘

bmuaﬂm
ey

'
1R, ‘rl‘ 4302.6}
34L.450 12019.2)
L74.25)  7213.8)
124.13] 5672.8;
226.96) 11461.3}
244.02; 13323.2}
35.86!  2176.6}
32.18] 1914.7}
69.88;  4325.4]
30.34)  2230.1}

D T e R T R T
B Doabuainteg H umh il

y age; £

B 1 OO0

C 2y L0900) 40,087 950,07 S01.00] :

HEE 1100} 3u,808) 1295.64) 380,00} 13j7u [ 12974.7;
H 4 L1100} 18.404} 761,92} 190,00;  7866.0; 7787.3;
H 51 L1100} 12.980] 593,17} 134,00} ©123,8; 6123.8]
6y L1100 23.23v) 1196.43)  245.00; 12372.5) 12372.5}
HE 1500} 34,342) 1875.05;  265.00; 14469.0; 14469.0,
HEH BLOH 5.365]  375.68) 39,007 2357.3) 2357.34
R . 16804 4,815 286.50; 35.00f  2082.5) 2082.5!
vo10) L1600 10.458]  647.21) 7b.00: 47044} A704.43
bl 1600} 4,540] 333.69] 33,007  2425.5] 2425.5!
Ao e -

1 Total H 8!

-+
1460.60; 64639.6}

____________________

R T R T TR

¢ Year 1920, F-tactor 1.000 and reference F L1250

P Y P TR

e e e ek

at 1 January}
.......... bommmmm et

H L absolutel cateh Inj caten ing sp.stock) sp.stock)
i age} Fl nuabers) wmqht‘ stze! biomass}
S5 S G S R S

———t

at pam-hg Une.
sp. stoc.\‘ 3P, stock‘
size| biomass|

HEE 0100} 1,990} 45‘91:
ra L0900  30.601)  711.02) 374,94  8886,2} 146.23]  3465.6}
EH .1100% 38,374} 1343.711  394.31G 13972.3)  382.28; 13456.2)
41 L1100} 28,3810 1174.960 293,007 12130.27  290.07) 12008.9}
5} L11000 14,1907 648.50) 146,50,  6695.0] 146.50]  6695.0}
61 L11007 10,008  505.40) 103.320  S217.7) 103,327 S217.7)

540,00}  4968.0] BiH il

8, LLE0R} 27,008 1639.41)  196.32) 1i216.4}

91 1600 3,935 234.15% 28.600  1702.0}

10; 1600} 3.532)  218.611 25.67;  1589.0)

1+ L1608} 10,999  808.40; 79.95; 5876.0;
- +

.00! .0
135.87¢  3220.0}
354.12; 12465.2!
268,711 11124.5}
135,717 6202.0}

95,711  4833.4!
173.95! 6}
3
81
-0}
-6

Total 1 195.6087

H
:
:
:
;
:
i
!
E
§70 0 aS000 24,4817 1336.65! 168,91 10314.4;
:
|
!
:
;
:
i
:
: 666,72
b —+

P T R TR T

* Year 1991, l"factm 1.000 and reference F 250

Caeasasaianesas TSPV PR VTS IOTR P Se

e e + -

H at 1 January! at spawning time|
fmmem b e B R S - -+
H  absolute] catch in) catch inj stock] stock! sp.stock} sp.stock) sp.stock) sp.stock}
1 aqe) Fi numbers| weight] size| tbiomass; =ize} biomass} size; biomass]
Etahuied Aeteiaibed i e ——— -t
[ .0100} 4,920} 45,91, 540.00;  4968.0; .00} .0} .00} .0}
\ 2; G900} 372,62, 160,16} 10905.7; 179, ab‘ 4253,2} 166.74) 3951.8)
H 3 RGN 1005.62} 10381.2]  286.09, 10070.5; 265.02] 9328.8)
N L1100, 1218,56 12550.3) 300.837  1245%4.5) 273.68) 11537.3)
HEN 1100} 1000, 05! 10324.41  225.92) 103z4.4; 209.28;  9564.1}
HE N L1100} 552.551 57044} 112,96} 5704.4} 104.64)  5784.3)
i N L1500} 563.69] 4349.8] 79.67; 4349.8} 73,36, 400%.3]
H 5 L1809} llbb.ﬁ?’ “(Q‘M 71 139.95; 8499.7] 128.67 7810. 3}
: 143,99,  8567.3] 132,39 7877.0}
| 0.9 1 R TLEN
H 4 5234.9]
O S s SOV SO -

7‘¢llll’

R

8%8 ?ﬂ'

-

1449200 w578

B e
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-Table 3.7.1 HERRING. Catch at age (thousands) and mean weight at

age (g) by quarter in 1988 from the Swedish catches in
the Western part of Sub-divisions 29N, 30 and 31 and
the Swedish and Finnish catches in tonnes.

13t quarter Z:nd quarter Zord quarter d:th quarter Total
ARE W W ia W Wil N[ ig) Mo 1w (g} W (g}
i
1 1200 24,8 1900 25,00 310) 249
Z 4 275 3G0p za, 0 tdBly 39,8 23500 37,7 4idd) 36,9
3 3g0p 35,7 1780 31,8 0 42,3 Se0) 42,3 26,2
4 42200 40,60 SE80) 382 SI000 4&5) S9i0 427 2 43 4
5| &0zn 39,5] 9650 42,2) 6320] 45,1 4850 50,1 44,4
& 18I0 47,17 BA20p 48,6) 2874 S2el 1720 521 49,9
F 300) 594l 1570 56,80 S80) S8, 2100 76,4 26800 591
&l 1zol 53,8 1z70) e2,9  aZ0| 64,90 2900 70,8 2310 63,9
9 59 60,50 t210f 65,00 S10) 86,8 260] 75,90 25700 65,4
1af 890 s0,20 22200 85,91 890l 66,90 z20f 85,21 4320) 65,9
B 4500 61,6 1970{ 66,3 630 67,2 59 9,3 3197 66,3
12 600 66,31 510 57,8 zZ10] 88,7 25| ®7.8] 110s] 80,9
13 59y ?5,0; 560y &0,0 170{ 61,3 1 105,% 7300 61,5
14 g t172.5 200 1170 12,3 3 1223 38 118,86
15 8 1197 26| 1225 14 118,86 3] 1132 S51] 120,4
Total 15066 44,6 32666] 48,5 20504] 50,6 16643 43,9 64835 48,4

Tonnes 698 1576 1012 a0t 4087

¥ () 672 1584 1037 215 4108

SOP % 96 101 102 102 101

Finnish

Catch () 139 0 57 519 726







