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1 INTRODUCTION 

1 . 1  Partici~ents 

J. Horbowy 
T. Jcdrgensen 
Th. Neudecker 
E. ojaveer 
L:E. PalmCn 

Poland 
NorWaY 
~ederil Republic of Germany 
USSR 
Sweden 

R. Parnanne Finland 
0. Rechlin German Democratic Republic 
5. SjBstrand (Chairman) Sweden 
F. Shvetsov USSR 
H. Sparholt Denlnark 

1.2 Terms of Reference 

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

The Working Group on Assessment of Pelagic Stacks in the Baltic 
(Chairman: Mr 8. SjBstrand) will meet at ICES HeadquaIters from 
17-27 April 1990 to: 

a) consider the Report of the Working Group on Multispecies AS- 
sessments of Baltic Fish; 

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

C )  evaluate the validity of the present gtock unit definitions 
for assessment and management purposes for herring and sprat 
in the Baltic and in Division IIIa; 

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

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

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

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

h) produce a report for ACMP at its 1990 session on the effect of 
hypoxia in particular, and other forms of pollution, on the 
relevant Baltic fish stocks based on a review to be produced 
by MI E. Nielsen and Dr 0. Bagge. 



2 5ENERU CONSIDERATIONS 

2.1 EezU.C3 f m Acoustic Suvevs 1989 

2.1.1 T h e T n t  Hvd- ust ti tic Survev 1989 

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

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

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

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

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

2.1.2 J D i n t - G n i m a n  hvdro-stic survev in the western 
ESlk iG  

The second hydroacoustic survey in the Western Baltic in November 
1989 covered very well ICES Sub-divisions 22 and 23 and, to a 
minor extent, Sub-division 24. The fishery showed the occurrence 
of younger herring of age groups 0 and 1 in the Belt Sea and 
Western Baltic, whereas older fish were absent. They were found 
in limited numbers in Sub-division 24 only. 

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

2.1.3 The USSR hvdroacoustic sllrvev 1982. 

The latest hydroacoustic survey, which was conducted from 25 
September up to 30 October 1989, covered Sub-divisions 26, 28, 
29, and 32. It included the economic zones of Poland, Sweden, and 
Finland. 



The major tracks were passing through from east to west, starting 
from 20-30  m depth off the soviet coast and finishing off the 
border of the 12-mile Swedish and Finnish zones. 

The abundance of l-year-old and older fish was the highest for 
the period 1983-1989. On the whole. the biomass of sprat (age 1 
and older) was 453,000 t in Sub-divisions 2 6  and 28. and 
171,000 t in sub-divisions 29 and 3 2 .  Biomass of herring was 
324,800 t in Sub-division 26, 655,200 t in Sub-divisions 28 and 
295. and 265,200 t in sub-division 3 2 .  

2.2 W e c i e s  Assessments 

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

The catch-at-age and mean weight-at-age data by quarter for 1977- 
1979 and for 1988 have been added to the Previous data for 1980- 
1987 for both the Western Baltic MSVPA and the Central Baltic 
MSVPA. 

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

Estimates of the geographical distribution of cod in the Baltic 
by quarter (based on the bottom trawl surveys) have improved 
considerably since the meeting reported in Anon. ( 1 9 9 0 ) .  Accord- 
ing to a working document presented to this Working Group by 
Sparholt, Aro, and Modin, the weighting of the stomach data from 
the various sub-divisions against each other can now be done on a 
firm basis. 

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

The Baltic Multispecies Working Group felt that the estimates of 
natural mortality are still not sufficiently reliable to replace 
the values used at present by this Working Group in the single 
species assessments. For the Western Baltic MSVPA, the sprat ter- 
minal Fs were the main problem, and for the Central MSVPA, the 
uncertainties about the precision in the stomach data were the 
main problem. However, this Working Group ran into problems when 
trying to apply constant natural mortalities over the years 1974- 
1989 in the sprat VPAs. Therefore. this Working Group used mean 
predation mortalities over ages 1 to 3 for the sprat stock in 
Sub-divisions 2 6  and 28 as estimated by the MSVPA. 

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

. 3 6  .A9 5 2  5 8  . 5 1  .52  4 3 8  3 2  2 7  2 5  2 7  



Thus, the M values used (for 1977-1988) were those from the 
MSVPA, variable by year, for 1974-1976 the value M = .40 was 
used. and for 1989 the value M = .27. These M values were con- 
sidered as conservative estimates, because the residual mortali- 
ties were not included and because the values were taken from the 
sprat stock with the lowest predation mortality according to the 
MSVPAs. Time did not allow the Working Group to apply these M 
values to all the sprat assessments but only to the combined 
as5essment for Sub-divisions 22-32. 

The Multispecies Working Group asked this Working Group for 
advice on how to get sensible input Fs for sprat in the MSVPA 
models. A3 the F level on sprat is low in the Baltic and the 
number of age groups is small in the stock, the VPA does not 
converge very well. The present Working Group recommends that 
acoustic stock estimates for sprat could be used. These are 
available for 1987 and 1989 for Sub-division 22, and for 1977 to 
1989 for sub-divisions 24-29. The relative distribution between 
sub-divisions 22 and 24 has not changed signiticantly in the 
period 1977-1989 and, therefore, the mean for 1987 and 1989 could 
be used to get the relative distribution, and this could make up 
for the lacking data for Sub-division 22 for the years before 
1987. Also, sprat catch rates in the German Democratic Republic 
bottom trawl survey could be considered in this context, but 
these data were not available to this Working Group. 

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

3.1 nssesslnent Units and G r o a  

3.1.1 Assessment units for Baltic herrinq 

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

Three stockslassessment units in the marginal area could easily 
be distinguished: 

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

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



21 Herrlng in Sub-division 30, the Bothnian Sea 

Tagging experiments (Otterlind. 1966 and 1976;  Parmanna and 
Sjoblom , 1982 and 19861 show that the vast majority of fish 
tagged in this area is also recaptured there. Only taggings close 
to the southern border have given some recaptures from the Baltic 
proper. 

3 1  Herring in Sub-division 31, the Bothnian Bay 

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

The splitting (in 19801 of these two areas into eastern and 
western parts was based on the distribution of fishing areas and 
on management considerations. The herring spawn and are fished 
along both the eastern and western coasts, but move after 
spawning to the deeper waters in the middle of these areas. 

The situation is more complicated concerning stocks and asseas- 
ment units in the Baltic proper and the Gulf of Finland (Sub- 
divisions 25-29 and 3 2 ) .  

Herring spawn (Anon., 1979)  all along the Swedish and Finnish 
coasts, particularly in the archipelagos. On the sa?dy, open 
coast5 of the southern and southeastern Baltic, spawnlng occurs 
along parts of the Polish and USSR coastlines. Large spawning 
grounds are also situated in the Gulf of Riga and in adjacent 
Estonian waters continuing in the Gulf of Finland. 

Spawning occurs more or less all year round, with the main season 
for 5pring spawners from March to 3uly and for autumn spawners 
from August to November. 

5tOC115 

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

Also size and form of the otoliths differ between spawning areas 
and are used to allocate herring to different stocks (Ojaveer et 
al., 1981;  Anon., 19861.  - 

Other morphometric and meristic characters have not been of great 
help when separating Baltic herring into stocks. The amount of 
genetic differentiation seems, however, to be small between 
"stocks" of herring, not only in the Baltic. Ryman &el. ( 1 9 8 4 )  
Studied allele frequencies for polymorphic loci of various m- 
Zymes on herring from 17 localities in Scandinavian waters. More 
than 99% of the total gene diversity was found within popula- 
tions. 

It is pointed out by Smith and Jamieeon (19861  that a rather 
moderate gene flow between neighbouring spawning aggregations 



would be sufficient to prevent genetic differentiation. 

Wisrations 

Herring make spawning, feeding, and winter migration5 between the 
coasts and the open sea (Anan., 1979; Aro. 1989). Tagging has de- 
monstrated that, for instance, herring along the Swedish coast 
Spend the ~econd half of the year in the waters east and south- 
east of Bornholm, and that fish from the northern parts of the 
Baltic proper can move to Gdansk Bay and the Bornholm area. Also, 
tagged herring from the Gulf of Finland (at least from the 
western parts) have been recaptured in the Baltic proper. The 
migrations have been shown to vary from time to time in both 
frequency and in range, probably in response to changing 
environmental conditions. 

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

Assessment units 

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

The herring in the Baltic proper have been separated into five 
855essment units: Sub-divisions 25-27. 28-29s. Gulf of Riga. 29N- 
30 and Sub-divisan 32. This split was done mainly to reflect 
spawning areas, fishing areas, and management areas, but does not 
take the mixing and the distribution pattern during summerjautumn 
into account. 

One result of this procedure has been the creation of a very big 
and lightly fished "stock" In Sub-division 28-29s (total biomass 
= 700,000 t, average F = 0.1). The reason is that the acoustic 
surveys in these are& do register large amounts of fish emana- 
ting from other areas (such as Sub-division 29N, parts of sub- 
division 32. and from the Gulf of Riga). 

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

A consequence of this "all herring in one bag" approach is that 
separate entities cannot be monitored, and that one or the other 
of these could get lost through over-exploitation andfor recruit- 
ment failure. 

The tentative solution 
whole area assessment, to 

for this year was, in addition to 
continue to assess separately the 

the 
en- 



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

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

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

In future years, more effort should be made to analyze basic 
catch data. such as length at age (length frequency distribution) 
in order to identify and follow components with different growth 
zate5. Also, the results from the acoustic surveys should be 
studied for distributions of length groups according to areas and 
to depth. Such studies can give an insight into migration and 
mixing rates on which detailed data are now missing. The results 
should be compared with the data from the otolith classification. 

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

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

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

3.1.2 G?xxtb 

3.1.2.1 chanses in qrowth of herrins 

The Working Group initially intended to perform an analysis of 
growth changes for herring at its 1990 meeting, but due to lack 
of time it was decided to postpone the analysis to the 1991 
meeting. However, the Federal Republic of Germany presented data 
on estimated length of 1- and 2-year-old herring, obtained by 
back-calculation from otoliths of herring collected in the 
western Baltic (Sub-division 22) in the first quarter of 1989. A 
total of 134 otoliths was sampled. 

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

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



Length-at-age data collected during the acoustic surveys in 
October showed bimodal and, sometimes, polymodal length distri- 
butiuons (Figure 3.1.3), suggesting a mixture of herring from 
different stocks. The length distributions were split into nor- 
mally distributed components, using the Mix program. Mean length 
and Proportion of each comoonent are oiven in Table 3.1.2. The 
nunbe; of components and the ielative coitribution of each were 
hlghly variable between years. Moreover, mean length at age of 
the various components differed by 2-5 cm. 

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

3.2 m r n a  m sub-QIY1519ns 22. 23. and 24 and i n  u . . . . . . . . .  

3.2.1 LaLroduction 

As in previous years, two assessments were made, one for herring 
in Sub-divisions 22 and 24, and one for herring in the combined 
Division IIIa and Sub-divisions 22 to 24. Due to the considerable 
migration of herring from the western Baltic into Division 111.3, 
the latter assessment seems to be the more appropriate approach 
from a biological point of view. Both assessments were made on an 
annual basis. 

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

3.2.2 catch data 

Reported landings for 1989 are shown by countries in Tables 3.2.1 
-3.2.3 for sub-divisions 22 and 24, sub-division 23. and Division 
IIIa, respectively. 

The landings in Sub-divisions 22 and 24 in 1989 were 92,954 t, 
which is at approximately the same level as in the previous years 
(6,000 t less than the landings in 1988). The major change was in 
the Danish catches. which were reduced by 10.000 t. 

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

In Division 111a the estimated catch in 1989 was 172,043 t, a 
reduction of 50% compared with 1988. The 1989 landings were the 
lowest since 1982. Approximately 70% of the total catch was taken 
in the human consumption fishery, the rest in the small-meshed 
clupeoid fishery. Danish industrial landings of herring from 
Division 1 1  were reduced by approximately 135,000 t from 1988 
to 1989, partly due to change in fishing effort from small 
clupeoids to N ~ E Q P Z .  Swedish landings in 1989 were 60,000 t 
lower than in 1988. 

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



22-24 in the North Sea in 1989 was est~mated at 19.869 t. com- 
pared wrth 23,306 t i n  1988. 

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

3.2.3 catch in numbers at ase 

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

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

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

Half-yearly catch in numbers at age of spring spawners in Divi- 
sion 1 1  (including transfers from the North Sea) were 
calculated from data given by the Herring Aseessment Working 
Group for the Area South of 62% [Anon. 1990~). 

3.2.4 Ween weishts at aae 

For each half-year, weighted average mean weights-at-age in the 
catch in Sub-divisions 22 to 24, in the catch of spring spawners 
in Division IIIa (includins transfers from the North seal. and ~ ~ ~~. . ~~~~~~ 

for the combined management a;ea are presented in Table 3.2.5. 
mean weights-at-age in the catch were also used in the VPA as 
estimates for mean weights-at-age in the stock. 

3.2.5 nexuag 1 . . 
n Sub-dlv15 . . 

ions 22 and 24 assessed 85 a unit stock 

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

Following the procedure in ~revious "ears. the natural mortalitv 
was chosen as 013, accountini for emiiratihn from the area into 
Division IIIa. For the separable VPA, age 3 was chosen as refer- 
ence age for the combined assessment, in order to get as compa- 
rable results as possible. Trial runs showed the terminal S =2.00 
to best reflect the selection pattern for older ages (Table 
3.2.5.41. 

Recruitment data from the International Young Fish Surveys in 
Division IIIa and from the German Democratic Reoublic Youna Fish 
Surveys in Sub-divisions 22 and 24 were anaiyzed by using the 
RCRTINX2 program (Table 3.2.5.3 and Figure 3.2.51. The predicted 
year-class strength for the 1988 and 1987 year classes gave the 
basis for calibrating the final VPA (Tables 3.2.5.5 and 3.2.5.6). 
The estimate of age 1 in 1987 from separable VPA is very close to 
the strength predicted by RCRTINXZ for this Year class. Catch in 



numbers and mean weights at age are given in Tables 3.2.5.1 and 
3.2.5.2. 

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

3.2.6 HerrBIls in Division IIIa and Sub-divisions 22. 23, and 24 

3.2.6.1 

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

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

2) A SwedishIGDR survey in Sub-divisions 23 and 24 in October 

3) A DanishIFederal Republic of Germany survey in Sub-divisions 
22-24 in October. 

As in 1987 and 1988, the coverage of the area was good in 1989. 
The area below depths of 20 m in Sub-division 24 was covered by 
both surveys 2 and 3, and a mean estimate for these two surveys 
was calculated and used in combination with survey 1 and 3 as 
indicated in Table 3.2.6 1 The coverage of survey 2 fpr Sub- 
division 24 was 3.085 nmi ;ad this was raised to 3,210 nm , which 
is the area of the depth stratum with depth below 20 a. 

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

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

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

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

2) For Division IIIa, half of the catch taken in the third 
quarter of the year was assumed to be taken before the survey 
in Division IIIa, which is conducted in August/September. 



3) All the catch taken in the three first quarters of the year in 
Sub-divisions 22-24 was assumed to be taken before the survey. 

All the catch taken before the survey was assumed 
at the mid-date between 1 January and 1 October. 

taken 

5 )  The natural mortality was assumed to be 0.075 between 1 
January and the mid-date as well as between the mid date and 1 
October. 

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

The ICESIACFM tuning Procedure was used regarding the acoustic 
data as effort data. The input diagnostics and results are shown 
in Tables 3.2.6.7, 3.2.6.8, and 3.2.6.9. A run with no weighing 
instead of a tri-cubic weighing put on the regression gave almost 
identical results. The reliability of this tuning was questioned 
on the same grounds as for the North Sea herring assessment 
(Anon., 1990~1. 

Therefore, an & LQC tuning was also done using the acoustic es- 
timates of 2+ ringers. As the proportions of the catches taken 
before the survey were found to be 82%. 73%. and 82%. respec- 
tively, for 1987, 1988, and 1989, it was assumed that the percen- 
tage of numbers dying before the survey were the same as the 
Percentage of the catch taken before the survey. First a separ- 
able VPA was done, and the diagnostics are given in Table 
3.2.6.10. A VPA using the terminal population size from the svPA 
was then made. The level of F was chosen to give the last sum of 
squared residuals (5.79) for all three years. The 559'5 for 
various levels of F (F is the age of unit selection) are given 
in  able 3.2.6.11. The &nal VPA results are given in Tables 
3.2.6.12 and 3.2.6.13 and in Figures 3.2.6A and 8 .  

The estimates of the VPA F in 1989 differed only slightly 
between the two tuning methods2i@ables 3.2.6.9 and 3.2.6.121. As 
can be seen from Tables 3.2.6.8 and 3.2.6.11, the acoustic data 
seem surprisingly precise, although it must be taken into account 
that the tine series is very short. 

3.2.6.3 Yield oer recruit 

The input data are given in Table 3.2.6.14. Yield-per-recruit 
callculations (Figure 3.2.6C) show that Fo = 0.188 and Fmax = 
0.345. Thus, the 1989 fishing level was about twice Fmax. 

3 . 2 . 6 . 4  Catch medictions 

The recruitment figure for the 1988 year class as 2-ringers 1 
January 1990 was obtained by RCRTINX2 of VPA 2-ringers compared 
to GDRO, GDRI, and IYFS2 indices (Table 3.2.6.41. The recruitment 
figure for the 1989 year class as l-ringers 1 January 1990 was 
obtained by RCRTINXZ of VPA l-ringers compared to the GDRO index 
(Table 3.2.6.151. The recruitment figure for the 1990 year class 
as O-ringers 1 January 1990 was taken as the mean from the VPA 
over the period 1974-1987 (Table 3.2.6.13). The fishing mortality 
pattern was taken as the mean for 1982-1987. Fishing mortality in 
1990 was assumed to be at the same level as in 1989. The welght 
at age from the catches in 1989 were adopted for 1990-1992. The 
results of the prediction are given in Tables 3.2.6.16 and 



3.2.6.17 and Figure 3.2.6D. 

3.2.6.5 -n of the catch vro,ectlons . . 

The projected catch at age in numbers for 1991, assuming the same 
fishing level in 1991 as in 1989, was separated into half-yearly 
catches by area. Due to differences in the seasonality in the 
fisheries between Division IIIa and Sub-divisions 22-24, a half- 
yearly separation is preferable to a yearly separation. The sepa- 
ration was done using the proportion of the catches by half year 
and area found in the 1989 data. Mean weights by half year and 
area were applied to give the catch in tonnes (see Table 
3.2.6.171. 

The catch in 1991 in Division IIIa will be 101,761 t, of which 
16,060 t will come from the catch of 0- and 1-ringers. The catch 
in 1991 in sub-divisions 22-24 will be 97.373 t, of which 23.622 
t will come from the catch of 0- and I-ringers (Table 3.2.6.181. 

3.2.6.6 RSAiabilitv of E est-s for the Western Baltic 

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

3.3 Hezzu~s m Sub-uuzgas 2 . . . . . 
5-29 I i n c W s  Gulf of Riaa m 

Catches have been remarkably stable in this area since the 
beginning of the 1970s. They have varied between 325,000 and 
250.000 t. In 1989, about 292,000 t were caught. 

3.3.2 Catch in numbers at ase (Table 3.3.11 

For the period 1974-1988, catch-at-age data were combined for the 
assessment unit of Sub-divisions 25-29. Sub-division 32, and Gulf 
of Riga. The 1989 data on catch-at-age were disaggregated by 
quarters for sub-divisions 25, 26, 27, 28 land Gulf of Riga1 and 
29. Annual data from Gulf of Riga and Sub-division 32 were taken 
from the separate assessment for those areas and added. About 85% 

~~~~~~ ~~~ 

of the catches were sampled for age composition. c he remaining 
catches were distributed on ages according to quarter and sub- 
division. 

3.3.3 m n  weishts at ase u 
Mean weights from Sub-divisions 25-29, 32, and the Gulf of Riga 
were weighted together by catches in numbers for 1974-1988. The 
weights for 1989 were weighted together by sub-division and 
quarters. 



3.3.4 A5se55.ent 

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

The acoustic estimates obtained in October-November each year 
were regarded as indices of the average stock size that year. The 
proportion of the catch taken before and after the survey are 
fairly stable, only during 1985-1989 did the proportion of the 
catch taken in the fourth quarter (far Sub-divisions 25-29s for 
which quarterly data were easily available) vary between 18 and 
25%. Therefore, no correction was made for pre-survey catches nor 
for natural mortality. 

Table 3.3.3 gives the input data for the tuning, and Table 3.3.4 
the output. ~og-transformated catchabilities~ (q) were used. The 
1989 q-values were estimated as the 1982-1988 means. These means 
were rather similar for age groups 3-8. but lower for the 2-group 

~ ~ 

and more so for the 1-group, thus indicating that the iouni 
herring are not well covered by the Iurveys (Figure 3.3.1). 

Fishins mortalities 1982 

The fishing mortalities in Table 3.3.5 are the output from the 
tuning procedure. The reference F (average for ages 3-81 shows a 
slow increase from about 0.22 in 1974 to 0.32 around 1984-1986 
and then a elight decrease. The separable VPA with reference age 
= 4, terminal selection value = 1.0 and a F of 0.29 for the 4- 
group in 1989 are given as Table 3.3.7. This was used for the 
final VPA (using terminal populations to determine terminal F 
values). Table 3.3.8 and Figure 3.3.3A give fishing mortality, 
and Table 3.3.9 and Figure 3.3.38 stock sizes. 

According to this assessment, both the exploitation level (0.25- 
0.32) and spawning stock size (898,000-1.220.000 t) have been 
very stable since 1974. The observed variations are without a 

Recruitment 

A5 ha5 been stated in earlier reports, the recruitment data for 
herring are poor in the Baltic. The available data from young 
fish surveys (Gdansk Bay in Sub-division 26 and the Gulf of Riga) 
were not thought to be representative for the whole areag Conse- 
quently, it was the long-term (1974-1987) mean (14.4 x 10 which 
was used for both the 1989 and 1990 year classes. 

Input fishing mortalities were from the 1987-1989 average 
pattern, scaled to give a level of 0.29 for the reference F. Mean 
weights at age for the catch and stock were taken as the 1987- 
1989 average. S+LS ~ Y Q  catches are predicted for 295,000 t in 
1990 and 293,000 t in 1991. This will be accompanied by a slight 
drop in spawning stock from 1,106 in 1990 to 1,087 in 1992. 



3.3.6 Allocations of catches on areas 

In order to give a picture of the likely allocation of predicted 
catches by areas, the following procedure was adopted:-the pre- 
dicted catches in number at age for 1990 and 1991 were distri- 
buted among areas as the 1987-1989 average of catch in numbers at 
age and multiplied with the mean weight at age for each area 
(Table 3.3.121. 

-n between this assessment 1 ass-- 
&?=@.a 

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

3.3.7 SeDaratWn of her- stocks in Sub-divisions 25-27 

As in previous years, the Working Group separated the total 
catches in the area into the two main stocks present, i.e., the 
test-growing, short-lived coastal herring spawning along the 
southern coast in Sub-divisions 25-26 (from Ran@ Bay to Gdansk 
Bay1 and the slow-growing, long-lived open-sea herring spawning 
along the coast in Sub-division 27. 

It should be noted that the coastal herring includes autumn 
spawners which make up 4.8% of the total catch in Sub-divisions 
25 and 26. It was decided. however. not to perform independent 
assessment of the open-sea herring - which was the case in pre- 
vious years - because data for tuning of VPA for that population 
are missing. 

3.3.8 Se~aration cedure 

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

811 Swedish catches in Sub-division 25 in the first half-year and 
33% of the second half-year catches were assumed to be coastal 
herring, while 67% of the second half-year catches were allotted 
to the sea stock. The same rule was applied for the separation of 
Danish catches in Sub-division 25. A11 catches in Sub-division 27 
Were assumed to be open-sea herring. 



3.3.9 Catch trends 

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

3.3.10 Mean weisht at 

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

It was a55umed that the German Democratic Republic and USSR 
weights at age in Sub-division 25 were the same as those in the 
Poli~h catches in the Swedish fishery zone. 

Sweden supplied the data on a quarterly basis for Sub-divisions 
25 and 27, and Denmark supplied similar data for Sub-division 25. 
Swedish and Danish data from the first half of the year from Sub- 
division 25 were assumed to represent only the coastal stock, 
while the data from the second half year were assumed to repre- 
5ent both stocks. 

3.3.11 YE& for coastal herrinq 

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

The CPUEs of Polish state-owned cutters in the first and second 
4uartezS were used for tuning. These data were standardized by 
GLM for the 1976-1989 period (Table 3.3.171. As coastal herring 
constitutes almost 100% of Polish catches in the first quarter, 
and over 90% in the second quarter, the CPUE series is believed 
to represent coastal herring stock. Fishing effort was calculated 
85 the ratio of total catch to arithmetic mean CPUE in the first 
and second quarters. As catchability estimates in age groups did 
not show any time trend, the Laurec-Shepherd tuning method was 
applied. Standard error of predicted catchability is less than 
0.3 or slightly higher than 0.3 for most age groups, except age 1 
where it equals 0.4 (Table 3.3.181. separable VPA with reference 
age of 3 and terminal selection equal 1 was then run (Table 
3.3.201, to obtain terminal populations for the final VPA (Tables 
3.3.21 and 3.3.22 and Figure 3.3.48 and 81. Mean Fs for ages 2-6 
from tuning module and from final VPA are the same. 

3.3.12 Recruitment and catch   re diction 

Recruitment data from Polish young fish survey in Gulf of Gdansk 
and VPA estimates of year-class strength were analysed using 
program RCRTINXZ (Table 3.3.13 and 3.3.141. The analysis showed 
poor quality of recruitment data and indicated that 1988 and 1989 
YeaT-Cla55 strength is slightly 12-35] below the average, and so 
average values were assumed. Weight at age in the catch and in 
the stock were taken to be means from the period 1985-1989. The 
fishing pattern was determined as the averages of the 1975-1987 
fishing mortalities. Input parameters for the projection are 
given in Table 3.3.24, and the results are shown in Table 3.3.15 
and Figure 3.3.4.0. 

If the fishing mortality in 1990 and 1991 is at the same level as 



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

F and F . estimates are estimated as 0.28 and 0.60. 
r8Z$ec-ti~eP$?~and FO. as 0.31. 

3.4 W f  of Risa 

3.4.1 G&&ex 

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

Catches in tonnes 

Category 1916 1977 1978 1979 1980 1981 1982 

Total catch 31.975 25,544 23.056 21.758 20,702 22,646 17,431 
Gulf of Riga herring 27,422 24,186 16.728 17,142, 14,998 16.769 12,777 
open-sea herring 4.553 2.358 6,328 4,717 5,704 5,877 4.654 

- -  -- 

Total catch 20,318 19,679 20.187 18,180 17,676 19,779 22.676 
Gulf of Rlga herring 15,541 15,843 15,575 16.927, 12.884 16.791 16,783 
Open-sea herring 4,777 3,836 4,612 1,253 4,792 2.988 5,893 

3.4.2 Catch in numbers at aoe 

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

3.4.3 mean weisht at ase 

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

Excluding the 0- and 1-group fish, in 1989 average weight of the 
Gulf of Riga herring by age groups W85 1855 than in previous 
years, and in several age groups the lowest on record tor the 
period 1970-1989 (Table 3.4.2). 

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



survey in November 1988 and January 1990 

Age 

Year 2 3 4 5 6 7 

Z for the age groups 2-6 in 1989 was estimated as 0.63 and F = 
0.43 (M = 0.20). Input Fs for the age groups were derived from 
the separable VPA (Table 3.4.3). with age group 4 as the 
reference age and the selections factor 1.3 for age 7. The 
average ""weighted F for the 4-7-year-old herring in 1989 (0.43) 
equals the average F for age groups 2-6. This is considerably 
higher than Fo (0.26). The VPA results are given in Table 3.4.4 
and Figures 3.4.1A and 8. 

3.4.5 Becruitment and catch arediction 

As in recent years, the abundance of 1- and 2-group herring for 
the prediction was estimated on the basis of a regression of year 
class abundance from the VPA on the average number of O-group 
fish per haul with the experimental bottom trawl given in the 
text table below: 

Year 

1975 1976 1977 1978 1979 1980 1981 

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

l-group (millions) 3,464 797 1,007 967 1,123 939 1,691 
from VPA 

Abundance of 768 1,694 806 454 3.315 358 1,601 2,228 
O-group herring 
per haul 

1-group 1.306 2.065 1.028 899 2,807 303 1,707 . 
(millions1 
from VPA 

The corresponding equation is y = 616 + 0.582 x; r = 0.86. Both 
abundance of O-group herring from the 1988 survey and t&e abun- 
dance of 1-group fish in 1989 from the VPA (1,707 x 10 fish) 
indicate $hat the 1988 year claass is above the average 
(1.453 x 10 flsh at age 1) of the year classes of 197551987, The 
average O-group herring numbers in experimental trawl catches in 
1989 were still higher than in 1988. Consequently, it can be 
presumed that the 1989 herring year class in the Gulf of Riga is 
well above the average too. To avoid possible overestimation, its 
abundance F a s  assumed equal to that of the 1988 year class 
(1,707 x 10 flsh at age 1). The prediction was made using the 



average of the exploitation patterns for 1988-1989 (Table 3.4.6). 
The 1991 and 1992 Year classes were assumed to be of average 
strength (1,453 x 10' fish at age 1). Mean weights at age were 
taken as the averages for 1988-1989. 

Input parameters for the projection are listed in Table 3.4.6 and 
the results in Tables 3.4.7 and 3.4.8 and Figure 3.4.10. 

3.5 Herrino in Sub-division 30 

The herring in this area are treated as one unit. At the meeting. 
no age and weight data from the western part of this area were 
available. The assessment is, therefore, based on data from the 
former unit Sub-division 30E. 

3.5.1 Landinos. effort and CPUE trends 

According to the preliminary figures, the landings in the eastern 
Part of the sub-division (26.989 t) increased by 10% from the 
Previou~ year. In the autumn of 1989 there were some discards of 
small herring due to marketing problems. Of the annual catch. 54% 
is taken with pelagic trawls and 33% by trap nets. 

3.5.2 Ace comnositions and weiohf at aoe 

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

3.5.3 Estimation of fishins mortalitv 

Catch numbers in age groups 1-10 and associated effort data for 
bottom trawl, pelagic trawl, and trap net were available for the 
period 1974-1989 for Sub-divisions 29N and 30 combined fi able 
3.5.31, but not split for the two Sub-divisions. Therefore, the 
tuning was based on the combined data. The catch taken in Sub- 
division 30 is about 40% of the combined catch. In moot age 
groups, the SIGMA (overall) values were around 0.2 (Table 3.5.4). 
In the tuned VPA, F on the oldest age group (age 10) was set to 
the mean of the five previous age groups (Table 3.5.5). 

3.5.4 Virtual ~ o ~ u l a t i o n  analvsis 

The natural mortality of M = 0.20 was used for all years and age 
9rOUp5. 

Catch numbers and mean weights in age groups 1-10C for the period 
1974-1989 in Sub-division 30 were used as input to the VPA. For 
the separable VPA, terminal F of 0.16 on age 3 and terminal s of 
0.8 were applied (Table 3.5.6). This resulted in a lower fishing 
mortality in Sub-division 30 in 1989 IF = 0.153) than in the 
tuned VPA (F = 0.202), based on the cgigined CPUE data for 
sub-divisions2-$9~ and 30, which was considered to be acceptable 
taking into account the smaller catches and wider area in Sub- 
division 30 compared to Sub-division 29N. Fishing mortalities, 
stock size, and biomass estimates generated by the separable VPA 
are shown in Tables 3.5.7 and 3.5.8 and Figure 3.5.1A and 8 .  



3.5.5 Recruitment 

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

3.5.6 Lield Der recruit and catch forec~t 

The slightly smoothed 1989 exploitation pattern was used for the 
yield-per-recruit analysis and prediction. The inputs to these 
analyses are summarised in Table 3.5.9 The yield per recruit 
curve derived is shown in Figure 3.5.1C and has a maxlmum with F 
= 0.632. 

A catch forecast was run using the same input values as for the 
yield-per-recruit analyses (Table 3.5.9). Fishing mortality in 
1990 was assumed equal to that in 1989, resulting in predicted 
landings in 1990 of 32,000 t (Table 3.5.10). Table 3.5.11 and 
Figure 3.5.10 give the catch options for 1991 and SSB in 1992 
with F , 1.2 x F , Fo and F . The predicted catches and 
biamass8&e given in 4%ble 3.5.12 bye& groups for the option 
Fag = Fgo = Fgl. 

With Fgl = 1.2 x Fag, the SSB in 1992 is equal to SSB in 1989. 

Catches taken in the western part of the Sub-division are less 
than 10% of the total catch (Table 3.5.13). In order to account 
for that part of the catch not included in the assessment, an 
increase of a TAC based on this assessment could be justified. 

3.6 Herrins in Sub-division 31 

Herring in this area is treated as one unit. At the meeting no 
age and weight data from the western Part of the area were avail- 
able. The assessmnt is, therefore, based on data from the former 
unit Suh-division 31E. 

3.6.1 Landinss. effort and CPUE trends 

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

3.6.2 Aae com~asitions and weisht at acre 

Quarterly age compositions were available for bottom trawl, pe- 
lagic trawl, and trap net fisheries. Quarterly numbers at age 
Were summed, and a VPA was made on an annual basis. The SOP check 
for 1989 was 100%. Catch weight at age was assumed for weight at 
age for the stock. Tables 3.6.1 and 3.6.2 give catch numbers and 
weights at age. 



3.6.3 Estimation of fishins mortalite 

catch numbers in age grDUP5 1-10 and associated effort data for 
bottom trawl, pelagic trawl, and trap net were available for the 
period 1974-1989 (Table 3.6.3) and were used for the VPA tuning. 
In most age groups, the Sigma (overall) values were around 0.3 
(Table 3.6.4). In the tuned VPA, F on the oldest age group (age 
101 was set to the mean of the five previous age groups (Table 
3.6.5). 

3 . 6 . 4  Virtual nonulation analysis 

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

Catch in numbers and mean weights for age groups 1-10+ for the 
period 1974-1989 were used as input to the VPA. For the separable 
VPA, terminal F of 0.10 on age 3 and terminal S of 0.7 were 
applied (Table 3.6.6) This resulted in a slightly lower fishing 
mortality in 1989 (F -0.101) t h a n i n t h e t u n e d V P A  (0.1041, 
which was considerekgo-be acceptable. Fishing mortality, stock 
size, and biomass estimates generated by the separable VPA are 
shown in Tables 3.6.7 and 3.6.8 and Figures 3.6.1A and B. 

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

3.6.6 Yield ~ e r  recruit and catch forecast 

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

The yield per recruit curve derived is shown in Figure 3.6.1C 
and has a maximum at F = 0.467. Fag (0.096) is lower than FO,l 
(0.218). 

A catch forecast was run using the same input values as for the 
yield-~er-recruit analysis (Table 3.6.91. Fishing mortality in 
i990 ;as assumed eqial to that in 1989, resulting in predicted 
landings in 1990 of 4.000 t (Table 3.6.10). Table 3.6.11 gives 
catch options for 1991 and ssB for 1992 with F and 

The predicted catches and biomass are giv~~'inf8~;bf~.~:6.12 
% ~ ~ i i g u r e  3.6.10 y age groups for the options Fag = Fgo = Fgl. 

with all predicted catch options, the spawning stock will be in- 
creasing in 1991 and 1992 from the present low level. 

catches taken in the western part of the Sub-division are less 
than 10% of the total catch (Table 3.5.131. In order to account 
for tnat part of the catch not included in the assessment, an 
increase in the TAC based on this assessment could be justified. 



3.7 m.ixlna in Sub 
. . 

-division 32 (Gulf of Finland1 C-hes 

3.7.1 Landings 

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

Country 1974 1975 1976 1977 1978 1979 1980 1981 

Finland 11,579 8,321 12,525 12,317 13.791 10,929 10,207 12,781 
USSR 37,085 27,111 34.490 34.745 34,005 29,124 28,673 28,019 

Total 48,664 35,432 47.015 47,062 47,796 40,053 38,880 40,800 

Country 1982 1983 1984 1985 1986 1987 1988 1989' 

Finland 16,272 22,470 20.695 19,290 16,533 17.080 19,135 17,871 
USSR 23,589 27.795 24,692 24,899 25,520 21,462 23.140 18,384 

Total 39,861 50,265 45,387 44,189 42.053 38,542 42,275 36,255 

'Preliminary. 
Weights in t. 

3.7.2 Catch in numbers at ase 

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

3.7.3 weicht at aae 

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

3.7.4 YEA 

The same constant natural mortality rate (M = 0.2) for all age 
groups as at 1988 was applied. The F level was estimated by 
tuning VPA against the yearly effort and catch values in four 
fisheries (the USSR pelagic trawl fishery. Finnish pelagic trawl, 
bottom trawl and trapnet fishery) in 1982-1989 (Table 3.7.3). The 
terminal F for the oldest age group in 1989 was calculated as the 
average for the 4 oldest age groups. Input fishing mortalities 
for the age groups in 1989 were estimated from a separable VPA. 
The version having the reference F = 0.23 and S = 0.8 for age 
group 9 was thought to best represint the fishing pattern in 1989 
(Table 3.7.4). The resulting average F for the age groups 2-5 of 
0.218 is higher than Fo (= 0.179). The VPA results are presen- 
ted in Tables 3.7.5 and 3.7.6. and Figures 3.7.1A and 8 .  

3.7.5 Catch   re diction 

The 1989 year class was well represented in 1989 catches as 0- 
group (Table 3.7.1). Information an catch composition in the 
first quarter of 1990 confirms a rather high abundance of that 



year class in both the USSR and Finnish fishery. On account of 
the high Proportion of young herring in the catches, the USSR 
trawl fishery for Pelagic species was closed for period in some 
areas in the Gulf of Finland and the northeast Baltic. Therefore, 
its abundance ( 3 2 0 0  x 106 fish at age 1 )  was taken as being above 
the average for 1970-1987 ( 3 0 6 6  x 10' fish at age 1 ) .  The 1990- 
1992  year classes were assumed to be equal to the average for the 
1970-1987 period. The prediction was run with a somewhat smoothed 
average (1988-1989)  exploitation Pattern. M was taken equal to 
the 1989 values ( 0 . 2 ) .  The average for 1988-1989 weights at age 
were applied. Input data are shown in Table 3 . 7 . 7 .  

The results indicate that from 1989 to 1992 the spawning stock 
biomass of the Gulf of Finland herring will probably increase 
(Tables 3 . 7 . 8  and 3 . 7 . 9  and Figure 3 . 7 . 1 0 .  

4  SEBBT 

4 . 1  Introduction 

4 . 1 . 1  Assessment units 

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

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

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

Catches at age and mean weight are presented according to the 
former assessment units sub-divisions 22-25,  and 27-29,  and 3 2 .  

4 . 1 . 2  !X&ka 

The total catch of sprat in the Baltic amounted to 8 5 , 8 1 8  t in 
1989 (Table 4 . 1 ) .  This is an increase by 6 . 8 %  as compared to the 
year before. The catch mainly increased in Sub-divisions 2 8 ,  2 5 .  
and 2 2  and diminished in Sub-divisions 2 4 ,  26 ,  and 2 7 .  

4 . 2  D r a t  in Sub-dlvls . . ions 22 .  2 4 ,  and 25 

4 . 2 . 1  sXdu2~ 



Country 1977 1978 1979 1980 1981 1982 1983 

Denmark 7,167 10,815 5.549 4.738 8.359 6.787 6.202 
German Dem.Rep. 2,214 1.090 924 114 ' 78 1;022 2,692 
GermanY.Eed.Rep. 766 784 691 541 564 632 619 
Poland 19,984 8,281 5.735 6,217 4.300 4.439 2.786 
Sweden 173 569 1,336 1;185 .747 1;460 1;659 
USSR 6.000 360 135 . 7 2 . ,~~~ ~~~ . - . - 

Total 36,304 21,899 14,370 12.795 14.050 14,343 13,958 

country 1984 1985 1986 1987 1988 1989 

Denmark 2.957 4,148 5,954 2.593 1.972 5,239 
German Dem.Rep. 2.761 1,950 2,514 1.307 1,234 1,166 
GermanY,Fed.Rep. 663 879 473 1,125 330 565 
Poland 1,639 5,460 12,057 15,488 10.932 11,902 
Sweden 3,232 3,391 2,153 723 1,230 1.993 
USSR - - . - . 

Total 11,252 15,828 23,151 21,236 15,698 20.865 

Weights in t. 

The total catch from the a55essment unit increased by 33% in 1989 
as compared with 1988. The major increase appeared in the catch 
of Denmark, but slight increases of catches also appeared for the 
other countries fishing in the area except for the catch of the 
German Democratic Republic. Swedish catches were used mainly for 
industrial purposes. 

4.2.2 Catch in number bv ase and year 

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

4.2.3 Mean weiqht at ase 

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

h he SOP of catches in number is in accordance with the nominal 
catch taken from the assessment unit in 1989. Mean weights at age 
in the stock estimated in 1988 were also used in this year's 
asse5sment. 

4.2.4 lTA 

NO separate assessment was made 



4.3 SDrat in Sub-divisions 2 6  and 28 

4 .3 .1  ratch trends 

Country 1977 1978 1979 1980 1981 1982 1983 

German Dep.Re~. 14.725 12 .619  3.057 15 - . - . . 
Poland 18;758 16;411 6;660 6,518 4,591 9 ,770  4 , 3 0 2  
Sweden 28 35 65 66 87 120 274  
USSR 51,544 43.700 22,067 18,990 13 ,093  13.618 8,919 

Total 85,055 72,765 31,849 25 ,529  17,770 23,508 13,495 

Country 1984 1985 1986 1987 1988 1989 

Finland . - . 2 1 11 2 
Poland 7,615 13,023 11,596 16,515 11,304 6.749 
Sweden 4.180 2.395 1 . 0 1 0  2,684 3 , 9 2 1  735 
USSR 19,354 27,560 29,356 37 .426  36,573 50.258 

Total 31,149 42,978 41 ,962  56,646 51,809 57,744 

Weights in tonnes. 

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

USSR Poland 

Sub- Trawling Standardized 
Year division hours CPUE. t effort CPUE.t 

26 11 ,182  1 . 6 6  3.258 4 . 6 7  
1985 2 8  7,779 1.16 

Total 18,961 1 . 4 5  

26 8,466 1.18 3,711 3 .68  
1986 28 16,234 1 . 1 9  

Total 24,700 1.19 

26 21,975 1 . 1 0  3,440 3 . 8 1  
1988 28 12,750 1 .OO 

Total 34,725 1 . 0 5  

- ~ 

Total $31940 1.3 



4.3.2 Catch in number 

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

4.3.3 Mean weisht at aae 

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 Suh-divisions 26 and 28, and the resulting mean 
weights at age were used as the average weights in the catches. 
The average weight at age in the stock was taken equal to the 
weight of fish of the same age group in the first quarter of the 
year based on the USSR and Polish data (Tables 4.3.2 and 4.3.3). 
The SOP based on weighted mean weights at age in 1989 waz in very 
good agreement with the nominal catch (Table 4.3.4). 

In the flrst run of VPA, the natural mortality was assumed to be 
equal to 0.5 for all ages in all years. However, the resulting 
stock biomass appeared to be unrealistically high. So, the next 
assessment was based on varlahle M in years (but constant at age) 
natural mortality (Tahle 4.3.5). Thls mortality was assumed to 
consist of two COmDonents: a cod  reda at ion comoonent and a 
residual component. 

M = M 
For M c d + M r  s' 

values, the estima?es of Ealtic Multispecies Working 
Croup CX8on.. 1990a) were assumed. 

The Mres was estimated using the following procedure: 

a) total mortality (2) estimates were obtained from USSR acoustic 
data as Z = In(Ny/Nycl) for years (y) 1984-1988. 

b) The 2-Mcod values were regressed against effort data 

Z.MCOd = Mres + q Effort 

resulting in M = 0.12. res 

In the tuning module, the USSR acoustic surveys were used as CPUE 
input (Tahle 4.3.6). The log catchabilities (Table 4.3.71 did not 
vary with clear trend and sigma values were less than 0.3 for 
ages 1-3 and higher (0.5-0.91 for other age groups. The separable 
VPA with reference age of 3 and terminal S equal to 1.6 was run 
to estimate terminal populations for the final VPA (Tables 
4.3.10-4.3.12 and Figures 4.3.1A and B), which indicated that 
spawning stock in 1988-1989 was at a level of about 280,000 t. 

4.3.5 pecruitment and catch mediction 

Year classes older than 1988 were taken from VPA. The 1988 and 
1989 "ear classes were estimated from the USSR 0-orouv data from . . 
a pelagic trawl and Isaacs-Kidd trawl surveys in September-octob- 
er (Tables 4.3.13 and 4.3.14).   he 1990-1991 year classes were 
set at the averaoe level for 1980-1987 (Tables 4.3.9 and 4.3.12). 
A natural mortaiity level of 1989 was applied for all years. All 
input data are given in Table 4.3.15. The results of the predic- 



tions are given in Tables 4 . 3 . 1 6 - 4 . 3 . 1 7  and Figures 4.3.1C and 
4 . 3 . 1 0 .  Taking into account the IBSFC TACS for sprat in the Bal- 
tic Sea in 1990, it can be expected that the sprat catch in Sub- 
divisions 26 and 28 in that year will be abou* 65,000 t. In 1991. 
continuation of the increase in the sprat stock is expected. 

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

4.4 Sprat in Sub-divisions 27.  29-32 

4 .4 .1  ratches 

Country 1978 1979 1980 1981 1982 1983 

Finland 6,373 7,125 6 . 3 1 1  8,580 4,550 3,355 
German. 
0em.Rep. 1 37 12 - - - 
Poland - . - . . - 
Sweden 196 825 1 ,133  716 1,170 783 
USSR 31,469 22 ,860  14.429 10,787 5,245 4,803 

Total 38,039 30,847 19,885 17,353 10,965 8,944 

Country 1984 1985 1986 1987 1988 1989 

Finland 2,415 2 ,923  3 , 2 4 6  2,796 3,025 2 . 7 5 2  
Sweden 985 1.325 67 46 2,194 694 
USSR 6,537 6,443 7,128 7.462 7 .608  13,939 

Total 9,937 10,691 10,441 10,204 12,827 17,385 

Weights in tonnes. 

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

4.4.2 Catch in numbers by ase end 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 weiaht a t  aae 

Weighted mean weight-at-age data from the USSR and Finnish 
fisheries were applied for 1989. Weights at age in the catch and 
in the stock were taken as being equal (Table 4.4 .21 .  The nominal 
catch constituted 100% of the calculated one. 

NO separate assessment was made. 



4 . 5  Sorat i n  the Total Baltic (sub-~ivision~ 2 2 - 3 2 1  

4 . 5 . 1  Catches 

The catches (Table 4 . 1 )  increased from 8 0 , 3 0 0  t in 1988  to 
8 5 , 0 0 0  t in 1 9 8 9 .  

4.5.2 Catch in numbers at ase 

Catch in numbers at age were summed from the existing files 
covering the ~tocks in Sub-divisions 22-25 ,  Sub-divisions 26  and 
2 8 ,  and Sub-divisions 2 7 ,  29-32 (Table 4 . 5 . 1 ) .  

4 . 5 . 3  m n  veisht at ace and maturitv data 

Mean weight in the catches were obtained by weighting the means 
from the three units by catches in numbers (Table 4 . 5 . 2 ) .  

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

4 . 5 . 4  VPpI 

Preliminary trial assessments, using constant values of natural 
mortality over the period 1977-1989 ,  resulted in quite unreali- 
stic levels of F and stock size. It was, therefore, decided to 
apply the yearly average values as given by the Working Group on 
Multispecies Assessment of Baltic Fish and calculated as an aver- 
age over ages 1-3 (Figure 4 . 5 . 1 ) .  

Results from the International Acoustic Survey in Sub-divisions 
24-29s  in October and from the USSR Acoustic Surveys in Sub-divi- 
=ion5 26  and 2 8  in september-October were used for tuning the 
VPA. The values of the estimated stock in numbers at age were 
treated as CPUE data and accompanied by an effort level of 1 . 0  
for all years. Survey data from 1983-1989 were taken as indices 
of the stock for the corresponding years. Tuning data are shown 
in Table 4 . 5 . 3 .  Catchability estimates (logged) at age are given 
in Table 4 . 5 . 4 .  Sigma values for age groups 1-3 are around 0 . 2  
but for age groups 4-6 between 0 . 5 - 0 . 8 .  

Results from the VPA based on the tuning are given in Table 
4 . 5 . 5 .  A separable VPA with a terminal selection value of 1 . 3 ,  a 
terminal F of 0 . 0 8 5 .  and a reference age of 3 was performed. The 
resulting fishing mortalities show high values (about 0 . 4 5 )  up to 
1 9 8 0  and were thereafter at a level of about 0 . 1 5  (Table 4 . 5 . 7 1 .  

Spawning stock biomass declined to just below 1 0 0 . 0 0 0  t in 1981 
but then increased and appears now to have reached its former 
level of 6 0 0 . 0 0 0  t. Terminal populations were used for deter- 
mining the fishing mortalities shown in Table 4 . 5 . 7  and Figure 
4 . 5 . 2 A ;  stock sizes are given in Table 4 . 5 . 8  and Figure 4 . 5 . 2 8 .  

4 . 5 . 5  Recruitment and catch mediction 

Both the 1988 and 1989  year classes are thought to be above 
average. The value for the 1988 year class in the VPA was, how- 
ever, regarded as too high, end the mean level of the good year 
classes 1982 and 1986  ( 5 6  x 1 0  ) was used for both ye$= classes 
in the   re diction. The Ion.-term averaoe ( 2 7 . 1  x 1 0  1 was used 
for the 1991  year class. 



The prediction was made with a continuation of the 1989 
exploitation pattern in 1990 and with mean weights taken as the 
1984-1989 average (Tables 4.5.9- 4.5.111. The 91?1~ catches 
are 82,000 t in 1990 and 99,000 t in 1991. 

The predicted akauu! - catches for 1990 and 1991 were distri- 
buted on sub-areas according to catch in numbers and mean weighta 
in these areas (Tables 4.5.12 and Figure 4.5.2Dl. 

5 EFFORT AND CPUE 

Effort and CPUE data from the herring fisheries have been partly 
revised for 1988 (Table 5.11, and collected for 1989 (Table 5.21. 

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

Anon. 1979. The biology, distribution and state of exploitation 
of fish stocks in the ICES area. Coop.Res.Rep., 86 (part 11) 
201 pp. 

Anon. 1986. Report of the Workshop on Herring Age Reading and 
Stock Differentiation. sopot, 12-16 May 1986. ICES, DOC. 
C.M.l986/J:25. 

Anon. 1987. Report of the Working Group on Assessment of Pelagic 
Stocks in the Baltic. Copenhagen, 30 March - 9 April 1987. 
ICES, Doc. C.M.l987/Assess:20 

Anon. 1990a. Report of the Working Group on Multispecies 
Assessments of Baltic Fish. ICES, Doc. C.M.l990/Assess:l. 

Anon. 1990b. Report of the Planning Group for the Hydroacoustic 
SUZY~YS in the Baltic. ICES, Doc. C.M.l990/H:36. 

Anon. 1990c. Report of the Herring Assessment Working Group for 
the Area South of 62 N. ICES, Doc. C.M.l990/Assess:14. 

A m .  Ero 1989. A review of fish migration patterns in the Baltic. 
Rapp. P.-v. ROun. Cons. int. Explar. Mer, 190: 72-96. 

Biester, E. 1979. Der Fr"hjahrsherin9 Rdgens - seine Rolle in der 
Fischerei der Ostsee und den Obergangsgebieten zur Nordsee. 
1naug:diss. R O S ~ O C ~  1979. 238 pp. 

JBnsson, N. and Biester. E. 1981. Herring tagging experiments 
1980-1981 along the coast of GDR. ICES, Doc. C.M.l981/J:29. 
10 PP. 

ojaveer, E., Jevtjukhova, B., Rechlin. 0. and Strzyzewska, K. 
1981. Results of investigation of population structure and 
otoliths of Baltic spring spawning herring. ICES. Doc. 
C.M.l981/J:19. 

Otterlind, G. 1961. On the migrations of the Baltic herring. 
ICES, Doc. C.M.1961lHerring Committee No. 61. 7 pp. 



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

Parmanne, R. and SjBblom, V .  1982. Recaptures of Baltic herring 
tagged off the coast of Finland in 1975-1981. ICES, Doc. 
C.M.l982/J:19. 

Parmanne, R. and SjBblom, V .  1986. Recaptures of Baltic herring 
tamed off the coast of Finland in 1982-1985. ICES, Doc. 
C.M.l986/J:28. 

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

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





Table 3.1.2 Separation of length distributions of HERRING (age 21 from acoustic survey 
into mean lengths and ProPortions in total distribution by sub-division. 

a - mean length. 
b - Proportions in total distribution 



TBble UHERRING, catch i n  tonnes i n  Sub-divisions 22 and 24, as reported t o  
the working Group. 

country 1978 1979 1980 1981 1982 1983 

Denmark 12.383 9.659 1.221 8.098 4.583 4.513 - . ~ ~ ~  ~,~~~ ~ .,... . , ~ ~ ~  .,... 
German Democratic Republic 40,678 46,749 58,501 54.501 50,739 50,739 
Germany, Fed. Rep. 6.849 6,672 9,323 8,300 8.300 8,300 
Poland 6.335 10.276 13.605 13.366 16.868 16.868 

Total 72,795 85.543 100.337 90.159 107,519 108,103 

Denmark 23,762 15,942 14,046 32,462 33,075 21,730 
German Democratic Republic 49,022 46.749 51.180 47.267 49,488 51,207 
Germany, Fed. Rep. 7.085 7,888 8,850 5,806 5.188 5.166 
Poland 14,250 16,721 12.344 7.997 6,590 8,524 
Sweden 7.689 11,373 5,946 7.814 4,586 6.327 

rota1 101,808 101,870 92,066 101,346 98,927 92,954 

HERRING, catch i n  t o n n e s  i n  S u b - d i v i s i o n  
23, as reported t o  the Working Group. 

Countxy 1978 1979 1980  1981  1982 1983  

Denmark 4 .090  8,817 6.313 8,098 7,139 4.583 
Sweden 1 .000  1,860 2 ,400  2 ,000  2.460 2,416 

T o t a l  5 .091  10.677 8.713 10.098 9.599 6.999 

country 1984 1985 1986 1987 1988 1989  

Denmark 6,935 6,849 1 ,490  754  102 1,528 
Sweden 8 0 0  1,113 1,365 172 117 102 

T o t a l  7,735 7,962 2,855 926  219 1 .630  



a b l e  3.2 .3  AERRING, catch in tannes in Division IIIe (data from Anon., 
1 9 9 0 ~ ) .  

Country 1978 1979 1980 1981 1982 1983 

Denmark 7,753 8,729 22,811 45.525 43.328 54,102 
Faroe Islands 1,041 8 1 1  526 900 715 1,980 
Germany. Fed. Rep. 28 181 199 43 40 
Norway 4,131 4,719 4,145 7,230 11,100 3.334 
Sweden 11,551 8.140 10,701 30,274 24.859 35.176 

Sub-total 25,504 22,586 38.183 83,876 80,645 94,632 

u,&.q& 

Denmark 
Sweden 

Sub-total 64,434 46,609 43,640 87,833 77,501 103,364 

Division IIIa total 88,938 69,195 81.823 171.601 158,146 197,996 

Denmark 64,421 
Faroe Islands 891 
Germany, Fed. Rep. 
Norway 1.494 
Sweden 59.195 

Denmark 71,359 
Sweden 35,021 

Sub-total 106.386 

Division 111s total 232,587 242,485 212,349 233,931 333,082 172,043 



mle 3.2.4 "BRRING. Catch by half-year and total 
annual catch of 2 years and older 
spring spawning herring in Sub- 
divisions 22-24 and Division 111a. 

Year 1st half-year 2nd half-year Total 



Table 3.2.5 HERRING. Estimated catch at age (millions) and mean 
weight at age (g) of spring s~awners in Sub-divisions 
22-24 and Division IIIa in 1989. Transters from the 
North Sea are included. 

Sub-divisions 22-24 Division IIIa Total 
Age 

N W N W N W 

1st half-vear 



Table 3.2.5.1 SUM OF PRODUCTS CHECK. 

HERRING I N  FISHING AREAS 22 AND 24 
CATEGORY: TOTAL 

CATCH I N  NUM8ERS UNIT: m i l l i o n s  

TOTAL 829 726 872 797 987 1279  1349 1 9 8 1  1512  1325 1305  1018 

1982 1983 1984 1985 1986 1987 1988 1989 

TOTAL 1447 1612 1376 1479 1532 2750 2510 1884 



T a b l e  3.2.5.2 SUM OF PRODUCTS CHECK. 

HERRING I N  FISHING AREAS 2 2  AN0 24 
CATEGORY: TOTAL 

MEAN WEIGHT AT AGE I N  THE CATCH UNIT:  gram ............................... 

1 9 7 0  1 9 7 1  1 9 7 2  1973 1 9 7 4  1 9 7 5  1976 1 9 7 7  1 9 7 8  1 9 7 9  1 9 8 0  1 9 8 1  



h a l y r i s  by RCRTINX2 o f  data from f i l e  RECRUIT-I 
50'22624, 1-GROUP RECRUITING POST 1977 

Data f o r  3 surveys over 13 years 
REGRESSION TYPE = C 
TAPERED TIHE WEIGHTI~G APPLIED 
POUER = 3 OVER 20 YEARS 
PRIOR UEIGHTING NOT APPLIED 
FINAL ESTIIIATES SHRUNK TOUARDS XEAN 
ESTIMATES UITH S.E.'S GREATER THAN THAT OF SEAN INCLUDED 
MINIMUM S.E. FOR ANY SURVEY TAKEN 1 .20 
MINIMUM OF 5 POINTS USED FOR REGRESSION 

Sur rcY l  Index Slops In fe r -  Rrguarc No. P red i c ted  Signa Standard Weight 
Ser ies va lue  cepf P t f  va l ve  E r r o r  
I Y F S 2  7.5326 4 1 5  5.161 ,9694 5 8.2874 ,05686 .07305 ,60467 
GORYFO 5.3149 -.600 9.804 ,0875 6 6.6131 1.02061 1.23211 ,01471 
GDRYFl 1.3584 1.463 6.165 ,2740 6 8.1526 ,51437 ,56194 ,07659 

MEAN 7.9655 ,28206 ,28206 ,10402 

Yearclass = 1984 

Sv rvsy l  Index s lope l n f e r -  Rrqvare No. P red i c ted  Sigma Standard weight 
Sa r i a r  Valva r c p t  P t s  value E r r o r  
1YFS2 7.3544 ,395 5.285 ,9686 6 8.1891 ,05556 ,06336 ,59036 
GDRYFD 4.6298 -2.788 17.486 ,0034 7 q.5808 5 . 1 U l l  5.69129 ,00073 
GDRYFl 1.2613 1.504 6.123 ,2860 7 8.0204 ,47364 ,50714 .09182 

SEAN 8.0015 .27290 ,27290 ,31709 

Survey/ Index Slooe I n t e r -  Rsqvare No. P red i c ted  Sigma Standard Weight 
s e r i e s  va lue C D P ~  P t r  va lue E r r o r  
I Y F S 2  7.9800 ,640 3.515 ,41342 7 8.6214 .35914 ,45452 ,25015 
GDRYFO 4.9273 -1.025 11.618 ,0314 8 6.5674 1.71285 1.93787 .OU76 
GDRYF1 1.3056 2.038 5.403 ,2065 8 8.0636 ,61555 ,65559 ,12024 

MEAN 7.9502 ,28968 ,28968 ,61585 

Yearclass = 1986 

Suivev/ Index s lope inter- Rrquare No. P red i c ted  Signa Standard ue lgh t  
Ser ies Value cept PtT  Valve Error 
I Y F S 2  8.9664 ,543 4.097 ,4645 8 9.0073 ,32114 ,47186 ,23703 
GDRYFO 5.2101 -1.998 15.480 ,3081 9 5.0707 3.28550 3.65195 .00396 
GDRYFI 2.0744 2.106 5.327 ,2041 9 9.6948 ,58716 ,86415 ,07067 

MEAN 7.9717 .27689 ,27689 ,68834 



Table 3.2.5 .3  cont'd. 

Yearclass = 1987 

Survey/ Index Slope i n t e r -  Rsquare No. P r e d i c t e d  Sigma standard weight 
S a r i e r  Valve C C P ~  Pts Value E r r o r  
IYFS 2 
GDRYFO 4.5506 6.517 -17.691 ,0008 10 11.9648 10.39318 11.03659 ,00047 
GDRYFI 1.3218 1.364 6.168 ,2760 10 7.9706 ,47243 ,49731 ,23215 

MEAN 8.0009 .27353 ,27353 ,76738 

Surrey/ lndex Slope inter- Rrquarc No. Predicted sigma standard weight 
Ser ies Value cepf Ptr Val"= E r r o r  
IYFS2 8.0687 4 1 3  4.973 ,4882 9 8.3085 ,30301 ,33394 ,32914 
GDRYFO 4.7883 19.701 -71.584 .0001 11 22.7519 29.16316 31.03771 ,00004 
GDRYFl 1.1939 1.431 6.058 ,2629 11 7.7669 ,47074 ,49815 ,14791 

Yearclass = 1989 

Survey/ lndex Slope I n t e r -  Rrquare No. Predicted Sigma Standard weight 
Ser ies Value c e ~ f  P t r  Value Er ro r  
TYFC 7 - 
GDRYFO 5.2553 """ 381.333 .OOOO 12 -91.4885123.93578134.07904 .OOOOO 
GDRYFI 

MEAN 7.9705 ,25330 ,25330 1.00000 

yearclass Weighted I n t e r n a l  External v i r t u a l  Exf.SE, 
Average Standard Standard Populat ion 1"f.SE 
P r e d i c t i o n  E r r o r  Er ro r  ~ n a l y s i r  
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Table 3.2.5.5 VIRTUAL POPULATION ANALYSIS. 

HERRING IN FISHING AREAS 22 AND 24 

FISHING MORTALITY COEFFICIENT UNIT: Year-1 NATURAL MORTALlTY COEFFICIENT = .30 
..----....---.....---....~.~~ 

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



Table  3.2.5.6 VIRTUAL POPULATION ANALYSIS. 

HERRING I N  FISHING AREAS 22 AND 24 

STOCK SIZE I N  NUMBERS UNIT: nillions ..................... 
BIOMASS TOTALS UNIT: t o n n e ~  
............-- --- 

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: . I00  

PROPORTION OF ANNUAL M BEFORE SPAWNING: ,250 

TOTALNO 4819 4772 4698 3927 3755 3632 3367 5046 5934 4962 6075 5802 
SPS NO 1635 1696 1707 1629 1393 1130 903 792 987 1450 1489 1734 
TOT.8IOM 294654 309148 302341 280213 245796 216751 175874 187954 221304 261019 319682 339488 
SPS 8lOM 172561 186026 180123 171533 150763 122720 89954 74752 81902 117179 138101 155485 

TOTALNO 6260 6870 7098 5826 5777 7512 6879 6600 
SPS NO 1912 1942 2044 2256 1959 1815 2047 1995 
70T.BIOM 356217 382050 378687 314274 229580 268622 275843 287495 
SPS BIOM 164042 173430 172127 183342 135840 141329 142496 146960 
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T a b l e  3.2.6.2 VIRTUAL POPULATION ANALYSIS. 
HERRING I N  THE WESTERN BALTIC AND KATTEGAT. 1980-1989 includes estimated numbers of 
rpring.spawnerr 0- and 1-groups i n  D iv is ion  I I I a .  

:,?;Lo it* r(lrMBFR5 J n l r :  r i l l  iar is 

TOTAL 1584 1567 1715 2400 2386 2083 2513 4517 3743 5227 4815 4410 



T a b l e  3.2.6.3 VIRTUAL POPULATION ANALYSIS. 

H C X ~ I I I ' G  1N l l i E  YESTERN B A L T I C  AND X A T T E G A l  

PiiEAN WEIGHT A i  AGE OF T H E  STOCK U E i I I :  srali~ 



4 6  
Tab le  3.2.6.4 Ana l ys i s  by  RCRTINX2 o f  da ta  from f i l e  REC8AL:SYMB. 

WESTERN BALTIC AND DIV I l I A  tlERRIN6 REC%UIT!IENT INDICES 

Data f o r  4 suiwevs over 13 "ears  
REGRESSION TYPE = f 
TAPERED TlHE WEIGHTING APPLIED 
POWEK = 1 OVER 20 YEARS 
PRIOR WEIGHTING NOT APPLIED 
FINAL ESTIMATES SHRUflX IOdARDS VEAN 
ESTIMATES WIlH S.E.'S GREATER THAN THAT OF NEAN INCLUDED 
WINIMUY S.E. FOR AflY SURVEY TAKEN AS .20 
IIhINUM OF 5 POINTS USED FOR REGRESSION 

Yearc lass  = 1986 

Survey/ Index Slope I n t e r -  Rsquare No. P r e d i c t e d  Signla Standard We ig t~ t  
Se r i ez  V i . 1 8 ~ ~  CPO+ P t -  Yal#>r F ? m r  . - .. . ..r. . . - . - . - - -. . -. 
IYFS-2 8.9664 ,707 2.817 ,3850 8 9.1578 ,45130 ,68737 . I4263 
GDR 0 5.2101 1.617 1.022 ,0524 8 9.4461 1.51763 1.78727 ,02110 
GDR 1 2.0744 2.773 4.357 . ,1614 9 10.1101 ,78060 1.23167 ,04421 
ACOUST 7.3218 1.793 -4.749 ,1857 9 8.3766 ,71701 ,79400 ,10689 

MEAN 7.8409 ,31361 .31361 ,68518 

Yearclass = 1987 

Survey/ Index Slope I n t e r -  Rsquare No. P r e d i c t e d  Sigma Standard Weight 
Se r i es  Valzie ?PO+ P + s  Valsw F,-mp- - ~. ..?. . . . . . . . . .. . -. 
I Y F S ~ Z  ,6931 ,523 4.090 ,6504 9 4.4522 .32907 ,96769 ,07286 
GDR 0 4.5506 1.060 3.320 . I913 9 8.1429 ,92280 ,98837 ,06984 
GDR 1 1.3218 1.436 5.982 ,4911 1 0  7.8798 ,43556 ,46313 .31808 
ACOUST 7.0085 2.082 -6.767 , 236310  7.8234 ,76931 ,81849 ,10184 

MEAN 7.9372 ,39494 ,39494 ,43739 

Survey/ Irldex Slope I n t e r -  Rsquare lia. P r e d i c t e d  Sigma Standard Weight 
Se r i es  Value cep t  P t s  Valce E~TOI- 
IYFS 2 8.0687 ,320 5.823 ,2279 10 8.4060 ,77954 ,84862 ,09820 
GDR 0 4.7883 1.167 2.789 ,1648 10 8.3779 ,95353 1.02926 ,06675 
GDR 1 1.1939 1.489 5.888 ,4799 11 7.6654 ,42445 ,45495 .34166 
ACOUST 

MEAN 7.9101 ,37859 ,37859 ,49339 

Yearc lass  = 1989 

Survey/ Index Slope I n t c r -  Rsquarr No. P r e d i c t e d  Sigma Standard Weight 
Set-ies Value i e p t  P t s  Value El-#.or 
IYFS 2 
GDR 0 5.2553 1.178 2.735 ,1630 10 8.9266 ,97269 1.11504 ,10465 
GUR 1 
ACOUST 

MEAN 7.9114 ,38122 ,38122 ,89535 

yearclass weighted In te l -na l  Ex te rna l  V i i ' tua l  E X ~ ; S E /  
Average Standard Standard Popu la t io r i  In t .SE 
PI -ed ic t ion  E r r o r  I -  A t i a l y s i s  



Tsble The catch (millions) of HERRING in Division IIIa and 
Sub-divisions 22-24 taken before the acoustic survey. 

Age 
year Area 

2 3 4 5 6  7 8 9 t  

1987 Sub-divisions 22-24 203 227 322 105 29.6 9.3 4.2 - 
1987 Division IIIa 519 131 60 19 6.8 0.7 0.0 - 

Total 722 358 382 124 36.4 10.0 4.2 - 

1988 Sub-divisions22-24 323 329 130 109 30.4 8.7 4.6 - 
1988 Division IIIa 1283 421 48 23 6.0 1.0 0.0 

1989 Sub-divisions 22-24 254 352 229 54 2 9 1  9.8 2.1 0.6 
1989 Division IIIa 328 377 77 19 8.4 3.3 2.1 0.1 

Total 582 729 306 73 37.5 13.1 4.2 0.7 



Tsble The corrected acoustic estimates (in millions) 
arrived at by assuming that the acoustic 
Survey is conducted at 1 October, that the 
catches taken before the survey (see Table 
3.2.6.3) are taken at the mid-date between 
1 January and 1 October, that M=0.075 from 
1 January to this mid-date, and also from 
the mid-date to 1 October. 

Year 2 3 4 5 6 7 8 9+ 

Tuning file for Herring in 
Division IIIa and Sub-divisions 
22-24. 

HERRING DIV IIIA t 22-24. SPARHOLT 1989 
101 
ACOUS. EST. DIV IIIA 
1987, 1989 
1.1 
2. 7 





T a b l e  3 .2 .6 .8  cont'd. 

SUMMARY STATISTICS 
F l e e t  , Pred. , SE(q),Par.tiai ,Raised, SLOPE , SE ,INTRCPT, SE 

. q ,  , F , F  , , Slope , . l r i t , -cp t  
-,-%-.-Sp, I-__3__ 

1 , .73 , ,060.2.0741 ,1.0192, .OOOE+00, .DOOE+OO, ,730, ,033 
Fbar SIGnA(int .)  SIGUA(eut.) SIGMA(averai1) Var iance r a t i o  

1.019 ,600E-01 0.000 .boo€-01 0.000 

Age 4 
F l e e t ,  87, 88, 89 

p2p,psp 

1 ,  .54, .57, .56 

SUMMARY STATlSTICS 
F l e e t  , Pred. , SE(q),Pai.tial,Raised, SLOPE , SE ,lNI8CPT, SE 

1 9 .  , F , F .  , Slope , , i r l t r ~ ~ t  
I S I - 3 - 3  3-9- 

1 , .56 , .014,1.7548 , .8007, .000E+00, .000E+00, ,562, ,008 
Fbar SIG*IA( int . )  SlGnA(ext.) SIGlrA(ovel-all) Var iance v a t i a  
.801 .137E-01 0.000 ,137E-01 0.000 

Age 5 
F l e e t ,  87, 88, 89 

-3-,-<- 

1 , .65, .65, .65 

SUMMARY STATISTICS 
F l e e t  , Pt.ed. , SE(q),Pal.tial,Raised, SLOPE , SE ,INTRCPT, SE 

, q ,  F , F s  , Slope , , I n t r c p t  
-,-3-2-,-3 5-3- 

1 , .65 , .001,1.9092 , ,8882, .000E+00, .000E*00, .647, ,001 
Fbar SlGEIA(int.) SIGIIA(ext.) SlG*IA[avel-all) Var iance i - a t i o  
,888 ,144E-02 0.003 ,144E-02 0.000 

Age 6 
i i e e t ,  87, 88, 89 

--,-.-sp 

1 . .84, .SO. .67 
cont'd. 



Table 3.2.6.8 cont'd. 

SUMMARY STATISTICS 
F l e e t  , Pi-ed. , SE(q),Pal.tial,Raised, SLOPC , SE ,INTRCPT, SE 

3 9  , i F , F s  , Slope , , I i i t r c p t  
-,-3-. -3-. 3-,- 

1 , .67 , .102,1.9483 , ,8271, .000€+00, .OOOE*OO, ,667, ,057 
Fbai- SIGhA( in t . )  SIGl iA(ext.)  S IbNA(ovr l -a l l )  Var iance r a t i o  
,827 ,102 0.000 ,102 0.000 



T a b i c  3 . 2 . 6 . 9 V I R T U A L  POPULATION AkALYSIS from tuning. 

HERRING I N  THE WESTERN BALTIC AND KATTEGAT 

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



Table  3 . 2 . 6 . 1 0  HERRING i n  the western B a l t i c  and Kattegat. 

i r on ,  74 t o  89 aii ages 2 t o  7 
w i t ! ,  Terminal F o f  ,710 on e g e  3 and Tel-minal S o f  1.300 

l r l i t i a l  sun,  o f  squared r e s i d u a l s  was 21.314 and 
f i n a l  sum of squared r e s i d u a l s  i s  7.867 a f t e r  66 i t e l - a t i a n s  

Ages 
2 1  3 ,610 , 3 7 1  ,447  -1.004 -.067 
3/ 4 ,098  -.212 - . I 2 2  ,196 ,556  
4/  5 . I12  ,204 - . I54  ,386  ,185  
5 / 6  - . I 8 9  ,064 - . I 8 9  - .025 - . I 7 7  
6 /  7 -.532 ,077 , 3 0 3  - .a73  - .643  

.on0 ,000  ,000 .on0 ,000  

WTS ,010  ,010 ,010 ,010  ,010  

Years 79/80 80/81 81/82 82/83 83/84 84/85 85/86 66/87 87188 88/89 
A"-- 

,000 ,000 ,000  .ooo ,000 .no0 ,000  ,000  ,000 ,000  - .753  

WTS ,010 ,010 ,010  ,010  ,010  ,010  1.000 1 .000 1 .000 1 .000 

F i s h i n g  M o r t a l i t i e s  (F)  

74 75 76 77 78 79 
F-ualtles ,5566 ,8726 ,7616 1.0706 ,8966 ,6289 

80 8 1  82 83 84 8 5  86 87 88  89 
F-va lues  ,6019 ,8082 ,7966 ,5400 ,6668 ,6965 ,6478 ,6578 ,7167 ,7100 

S e l e c t i o n - a t - a g e  ($1 



Tsble HERRING in Division IIIa and Sub-div- 
isions 22-24. Estimated stock size at 
the time of the acoustic survey. 

Acoustic F3 

Year estimate 0 . 6 0  0 . 6 5  0 . 7 0  0 . 7 1  0 . 7 2  

1987 3,216 3 .392  3,138 3 .084  3 , 0 7 3  3 , 0 6 3  
1988 4 ,551  4 ,846  4 . 6 3 4  4 , 4 5 0  4,418 4,385 
1989 2 ,814  3 .556  3 , 2 4 8  2 .985  2 ,938  2 , 8 9 0  

Year 0 . 6 5  0 . 7 0  0 . 7 1  0 . 7 2  





Table 3 . 2 . 6 . 1 3  

H E R I P G  I N  TIHE VESTLR:I 8ALT iC  iidD KATTEGAT 

STOCK S IZE  I N  NUXBERS UNIT:  m i l l i o n s  
....................... 
BIOYASS i O l A L S  UNIT:  tonnes  
............... 
ALL VALUES, EXZEPT T W S E  REFERRIN6 TO THE SPAWING STOCK ARE GIVEN FOR 1 JANUARY; THE SPA8NlaG 
STOCK DATA REFLECT THE STOLX S l T U A l I O N  AT SPAWNIIIG : lhE,  UHE:IEaY TiiE FOLLOaING VALUES ARE 
USEO: PROPORTION OF ANNLJAL F BEFORE SPAWNING: . I 0 0  

PXOPORTIOd OF ANNUAL !4 BEFORE SPAWNING: . 250  

TOTRLf iO 6758  7 1 7 1  9497  1 1 8 6 1  1 6 3 0 5  i 2 3 0  1 2 2 5 6  15317  1 7 2 3 ~  19757  i 5 6 5 C  1 6 2 6 2  
.;C's 1 - 
:-? 

. d  1 4 7 5  1070  834  8 1 6  1 0 3 5  1 2 7 5  1 5 7 6  1599  iS;9 i 8 6 6  2 i 9 6  ;+il 
. b . b l D a  355421  260968  252454  295945  319700  382814  470158  5 4 6 1 9 1  539186  662660  698808  639206  
SPS &ION 186097  121077  85400  78877  9 1 0 4 1  1 0 8 4 5 1  153358  153158  1 8 6 2 5 3  19G278 229032  267337  

TOiAL NO 20427  18693  1 7 4 4 2  1 0 5 1 1  
SPS NO 2169 2 0 8 1  2780  2 6 1 8  
T I 0  '162367 523607  586565  511414 



Table 3.2 .6 .14 

L i s t  o f  i n p u t  v a r i a b l e s  f a r  t h e  ICES p r e d i c t i o n  program. 
.-.~-~~-....................----------.~------~--....... 

HERRING I N  D I V  I I I A  AND 22-24 
The t -efwence F i s  t h e  mean F f o r  t h e  age group range from 2 t o  6 

The number o f  r e c r u i t s  per  year i s  as f o l l ows :  

Year Recru i tment  
..-- ........... 

P r o p o r t i o n  o f  F ( f i s h i n g  m o r t a l i t y )  e f f e c t i v e  b e f o r e  spawning: ,1000 
Propo l - t ion  o f  N ( na tu ra l  m o r t a l i t y )  e f f e c t i v e  b e f o r e  spawning: ,2500 

Data a r e  p r i n t e d  i n  t h e  f o l l o w i n g  u n i t s :  

Number of  f i s h :  m i l l i o n s  
Weight by age group i n  t h e  ca t ch :  gram 
Weight by age gi.oup i n  t h e  stock: gram 
Stock biomass: tonne* 
Catch weight:  tonnes 

...................................................................... 
m ,  , , 1 f i s h i n g 1  n a t u r a l  1 m a t u r i t y 1  we ight  i n 1  weight i n 1  
1 age1 s tock  s i r e !  pa t t e rn1  m o r t a l i t y 1  o g i v e i  t h e  ca t ch ;  t h e  s t o c k ;  

1 01 5891.0: ,181 ,201 ,001 13.500: 13.500: 
i l i  4973.01 ,371 ,201 ,001 24.5001 24.5001 
1 2 :  2715.01 . 44 i  ,201 .20: 52.2001 52.2001 
1 31 1107.0i  ,671 ,201 ,751 76.500: 76.5001 
1 41 1004.01 .911 ,201 ,901 113.4001 113.4001 
i 51 227.01 1.031 ,201 1.00: 134.7001 134.700: 
1 61 39.01 ,991 .20: 1.001 141.7001 141.700: 
1 71 24.01 ,851 ,201 1.001 160.0001 160.0001 
I 8+1 12.01 ,851 ,201 1.00: 163.7001 163.7001 



58  
Table 3 .2 .6 .15  HERRING in Division IIIa and Sub-divisions 22-24 

A n a l y s i s  by RCRTINXZ data. VPA - 1 ringers. 

D a t a  f o r  2 surveys  over 11 years  
REGRESSION TYPE = C 
TAPERED TIME WEIGHTING APPLIED 
POWER = 3 OVER 20 YEARS 
PRlnR WFlCHlING 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 .20 
MINIMUM OF 5 POINTS USED FOR REGRESSION 

Yearc lass  = 1986 

Survey/ Index Slope I n t e r -  Rsquare No. P red i c t ed  Sigma Standard Weight 
S e r i e s  Value cep t  P t s  Value E r r o r  
GDRO 9.8098 2.681 -15.373 ,0148 7 10.9250 2.47283 2.88057 ,00904 
GDRl 6.5468 4.563 -16.974 .a230 7 12.8986 1.97902 2.92560 ,00876 

MEAN 8.4095 ,27628 ,27628 .98221 

Yearc lass  = 1987 

Survey1 Index Slope I n t e r -  Rsquare No. P r e d i c t e d  Sigma Standard Weight 
Se r i es  Value c e p t  P t s  Value E r r o r  
GDRO 9.1453 1.163 -1.978 ,1127 8 8.6594 1.01163 1.07734 ,06876 
GDRl 5.6204 1.237 1.451 .2791 8 8.4029 .57942 ,61656 ,20993 

MEAN 8.4870 .33262 ,33262 ,72131 

Yearc lass  = 1988 

Survey/ Index Slope I n t e r -  Rsquare No. P r e d i c t e d  Sigma Standard  Weight 
~ e r i e ;  Value cep t  P t s  Value E r r o r  
GDRO 9.3852 1.370 -3.902 .0898 9 8.9538 1.11720 1.19537 .05496 
GDRl 5.4424 1.316 .981 ,2741 9 8.1420 .57100 .61253 .20932 

MEAN 8.4560 .32672 .32672 .73571 

Yearc lass  = 1989 

Survey/ Index S lope I n t e r -  Rsquare No. P r e d i c t e d  Sigma Standard  Weight 
Se r i es  Value c e p t  P i s  Value E r r o r  
GDRO 9.8552 1.486 -5.034 .0764 1 0  9.6143 1.15012 1.27982 .05550 
GDRl 

MEAN 8.4471 ,31023 ,31023 ,94450 

Yearc lass  Weighted I n t e r n a l  Ex te rna l  V i r t u a l  Ext.SE/ 
Average Standard Standard Popu la t i on  Int .SE 
P r e d i c t i o n  E r r o r  E r r o r  Ana l ys i s  



Table 3:2.6.16 

E f f e c t s  o f  d i f f e r e n t  l e v e l s  o f  f i s h i n g  m o r t a l i t y  on 
catch, stock biomass and spawning stock biasass. 

HERRING DIV I I I A  AND 22-24 

+__________________--------------------+----------.....-....--.---------------*---------...-.-.--+ 

Year 1990 Year 1991 1 Year 1992 1 
+-----+------+--------+---------*------*-----+------+..-.----,---------+------+-----..~+.~~~~~~~~+ 
1 fac-1 re f . :  s tock:  sp.stock1 1 fac-1 re f . ;  stack1 sp.stock1 1 stock1 sp.stock1 
1 t o r 1  F1 biomass; biomass1 catch1 t o r 1  F1 biomass; biomass1 catch1 biomass: biomass! 
+.....+......+--..-.-.+.....---.+..---.+-----+------+----....+.....~~~~+~-~~~~+~~~~~~..*.~.....~~4 

1 1 . 0 1  ,811 5841 2071 2171 .01 .OD1 5451 
1 .11 ,081 
1 .21 . I61 
1 .41 .321 
1 .61 .481 
1 .81 .651 
1 1.01 .811 
1 1 . 2 1  .971 
1 1.41 1.131 
1 1.61 1.291 
1 1.81 1.451 
1 2.01 1.621 

................................................................ 

The data u n i t  o f  the biomass and the catch i s  1000 tonne*. 
The spawning stock bionass i s  g iven fo r  t he  t ime o f  spawning. 
The spawoing stock biomass f o r  1992 has been ca l cu la ted  w i t h  the  
The reference F i s  the  mean F f o r  t he  age group range from 2 t o  

same f i s h i n g  nor 
6 

' t a l i t y  as f o r  1991. 
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Table 3 . 2 . 6 . 1 7  Detailed prediction for HERRING in Division IIIa and 
Sub-divisions 22-24.  

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

........................................................ 
Year 1991. F-factor  1.000 and reference F ,8080 ' ........................................................ 

*.. ....................................... 
at 1 January; at spawning fme1 .............. + ......... ......... ......... ..------- + ......... ......... .........+......... * 

1 1 ab~olufel catch i n :  catch in1 stock1 stock: sp.rfock1 rp.rt.ck1 sp.st.ck1 sp.sf.ck1 
1 age1 F1 numbers1 weight: size1 biomass: size1 biomass; size1 bianasr; 

......... ..... ......... ......... ......... ................... -------.. + ......... ......... 
: 0: ,18001 882.18; 119091 5891.01 795281 .OD: 01 ,001 01 
1 1, ,3700; 1136.18; 278361 4028.61 987011 .On, 0: ,001 

0; 1 21 ,4400, 913.98, 47709, 2812.4: 1468051 562.47: 293611 512.011 26726, 
1 31 ,67001 640.601 490061 1431.6; 1095171 1073.701 821371 955.15; 730681 
1 41 ,91001 254.911 28907; 463.8: 52592: 417.401 473331 362.51, 411081 

1 5: 
1.0300: 196.091 26413: 330.9: 44569; 330.881 445691 283.941 382461 

1 6 ,  .99001 38.411 5442, 66.4, 9401, 66.351 94011 57.17: 81001 
1 7: ,85001 6.241 9981 11.91 18981 11.861 18981 10.371 16581 
18.1 ,85001 6.63: 10851 12.61 20621 12.601 20621 11.011 18011 

a t  1 January1 a t  spawning fine1 
......... .... ................... * ......... * ......... ......... ................... ......... 

1 1 ab~oIufe1 catch in1 catch in1 st~Fk1 ~toch1 s ~ . ~ t ~ c k i  5D.5tock1 s~.stockl s~.sfockl 
1 age1 F1 nuabersl weight1 sire: biomass; size1 biomaar; size1 biomass: 

......... .... * ......... ......... * ......... ......... ......... ......... ......... ......... * 



Table 3-2.6.18 HERRING. The prediction of catch at age in 1991 
by area and half-year. N=catch in numbers 
lmillionsl, w=mean weight at age (grams), 
C=catch ltonnes). 

Age 

Sub-divisions 22-24 Division IIIa 

N W C N w r 

Total catch 97.373 101.761 

Predicted total catch in Sub-div. 22-24 + Div. IIIa: 199.134 



yable 3 . 3 . 1  SUM OF PRODUCTS CHECK 

HERRING I N  THE AREAS 25-29 AND 32 PLUS GULF OF RIGA 
CATEGORY: TOTAL 

CATCH I N  NUMBERS UNIT: m i l l i o n s  

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

1986 1987 1988 1989 

~ - ~ - .. 
1 0 1  86 69 56 55 

TOTAL 7957 6386 6673 7050 



Table 3.3 .2  

SUM OF PROOUCTS CHECK 

HERRING I N  THE AREAS 25-29 AND 32 PLUS GULF OF R I G A  
CATEGORY: TOTAL 

MEAN WEIGHT AT AGE I N  THE CATCH U N I T :  gram 
- - - - - - - - - -~-~-~~~~~~.~. . .~~~~~~ 

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



HERRING 25-295 TUNING 0ATA:Acoustic est imates  ARGOS and/or EISBAR 
1 0 1  
I n t e r n a r t i o n a l  Acoustic Surveys 1982-89 
1982,  1989 
1. 1 
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-ble 3 . 3 . 4  cont'd. 
rn 
rn 

F U A t W R V  S T A T I S T I C S  
F l e e t  , P l e d .  , S E ( q ) , P a r t i a L , R ~ i c ? L  S L n P F  . SF ,TNT:ICPT, S  E  

, 4 ,  . F F ,  . C l o p -  , , I n t r c , t  
------- ,________ .___--- .-------, ------.-----------, +---------- * ...-... , --..--- 

I. , -.82 . .JZR. . ~ 4 ? i  , .r i5?,  . o n n ~ + q n ,  . n n ? ~ + n o ,  - . X I ~ ,  . i g 9  
F h a r  S I G n l ( i n t . >  c l G M 4 C e x t . )  S I G F h ( o v e r ? l L )  V a r i ; . n c ~  r a t i o  
.f15 .37~ O. nnn  .37a  r .nnn  

1 3 8  3 
F l p $ t ,  82, a;. 8 4 ,  84 ,  86, .  8 7 ,  8 8 .  RP 

_____.l______l____ .-.------, ------. ------, ------, ------ ------ 
' I ,  -.55, -.?1, -.1?. -.75, -.14, - . 7 5 .  -.91, -.La 

SURII~V S ~ A T I S T I C S  
F l e e t  , " r - d .  , S E ( a > , P a r t i * l , l r i s e d ,  S L O P E  , SE . IBTQCPT,  SE 

. q p  . F , F ,  . S l o o e  , , T n t r c o t  
_______._.______I__ ----.-....----.------ * ----------- - -----------, ------- - ------- 

I , -.&a , . ~ , T O .  .617s , .z1.43. . n n o ~ + n n .  . n n n ~ + n n ,  - . b e ,  . l o 3  
~ h ; t c  S T G Y A ( i n t . >  STGNU(-x t . )  S T G l A ( o v e r a l 1 )  V a r i a n c e  r a t i o  
. 2 4 ,  3 1 0  x o n n  . $ l o  O.POO 

A j ?  4 
F l e e t ,  82, 13, 8 4 ,  8 5 ,  86. 57, RR, 89 _.___...__---. ---- _-. ------, ------ - ------, ------, ------.------ 

1 , -.21, -.03, . ? I ,  -.25, - . z o ,  -.>I, - . L 3 ,  - . I ?  

FUFNA9Y S T I T I S T I C S  
F l e e t  . P r e d .  , S F f q > . P a r t i a l , R a r + e i ,  SLOPE . CE , INT(CPT,  C E  

, a r  . F  F ,  , % L o p e  , , I n t r c + f  
* ..... _. 

I , -.IT .. .n&. .??PO . . z 6 3 ,  . n n o ~ + m .  . n n o ~ + n n ,  -.IS/, .n59 
Fhlr  S I G 1 4 C i n t . l  C I G N # ( e r t . )  S l & L A ( o v ~ r a l l )  V a r i a n c e  r a t i o  
.236 .176 n.nw .176 n . ~ o o  

cont'd. 
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Table  3 .3 .5  VPA from tuning. 

;:li%:,l 11. JIV !:i ALEAS 25-29 AND 32 ".US SOL: 0: RIGA 

. i ? 8 u l .  f i O B T h l . I i Y  C O E F F I C I E N l  U N i T :  Year-1 N A I U R A L  R 0 R I A i . l l Y  L O L F I I C l l i l ( I  : . 20  
. .  .. ~~- 

1974  14E 1 9 7 6  1 9 7 7  1978  1 9 i l  1980  1981 I 9 8 2  19i.3 1984 1985  



  able 3 . 3 . 6  VPA from tuning. 

HEXRING I ? )  In? AREAS 25-29 AND 3 2  PLUS GULF OF RIGA 

STOCK S i l E  Iii NUMBERS U;<IT: n~i l l io i l s  
..................... 
810hASs TOTALS UNIT: tannes 
............... 
ALL VALUES, EXCEPT TtlOSE REFERRING TO THE SPAWNING STOCK ARE GIVEN FOR 1 JANUARY; THE S:'AWNINb 
STOCK D A T A  REFLECT TliE STOCK SITUATIOi i  AT SPAWNING TIME, WHEREBY THE FOLLOWlNG VALUES ARE 
USED: PROPORTIO":F AkXUAL F FEEORE S?AANING: .350 

PROPORTi03 OF ANlUAL M BEFORE SPAWIIING: ,300 

T0TAI.NO 53685  a5843 49869  4 3 5 7 1  3 8 7 3 1  32462  3 1 8 6 1  37640  40093  43256  5 0 9 9 1  56485  
SPS NO 29942  27286  23363  24708 22058  1 9 6 4 7  1 5 5 2 2  1 5 8 3 7  1 8 2 7 5  1 9 6 9 8  21652  26303 
TOT.Bl0': 2 2 7 0 4 7 1  2039238  1919928  1837702  1712474  1543520  1501294  1650160  1656888  1676722  1687213  1716783  
SPS BiOM 1494198  1393446  1209453  1234578  1 1 6 3 6 1 9  1102718  1025947  972723  1028725  1053624  1 0 3 0 3 0 1  1082425  

TOTAL NO 49269  56128  4 8 0 1 1  54984  
SPS NO 28938 26115  30220  26243 
ToT.bIOM 1670648  1 7 5 7 4 1 0  1754933  1924715  
SPS BiO"11137943 1133179  1267924  1 1 5 6 8 2 1  



- 
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Table 3.3.7 HERRING in Sub-divisions 25-298 and 32 p l u s  Gulf of Riga. 

from 74 t o  89 on ages 1 Lo 9 
with Terminal F o f  ,290 on age 4 and Terminal S o f  1.000 

Initial sun of squared residuals was 18.631 and 
final sum of squared residuals is 7.882 after 108 iterations 

Matrix of Peaidualr 

Years 74/75 75/76 
Ages 
I/ 2 1.039 ,859 
21 3 ,107 ,127 
3/ 4 ,204 ,188 
4 1  5 ,024 ,012 
5/ 6 -.I29 -.I08 
61 7 -.200 -.I63 
7/ 8 .089 ,108 
8/ 9 -.360 -.384 

,000 ,000 

WTS ,010 ,010 

Fishing Mortalities ( f )  

74 75 
F-values ,3210 ,3440 

80 81 
F-values ,2962 ,3062 

Selection-at-age ( 5 )  



- 

Table 3 . 3 . 8  VIRTUAL POPULATION ANALYSIS -- 
HERRIdG I N  THE AREAS 25-29 AdD 32 PLUS GULF OF RIGA 

F I S H I N G  MORTALITY COEFFICIENT U N I T :  Year-1 NATURAL MORTALITY COEFFICIENT = . 2 0  
-...........--------...-..... 



T a b l e  3 . 3 . 9  HERRING in Sub-divisions 2 5 - 2 9  and 3 2  p l u s  G u l f  of Riga. 

ST05K SIZE I N  kl!b!SERS UN:T: n ~ i l l i o i l s  

8ION.ASS TOTALS UNIT:  toriries 

ALL VALUES, CXCEPT T ~ I O S E  REFERRING T O  THE SPAWNING S rucX  ARE GIVEN FCR 1 JANUARY; T ~ I E  SPAU~I~ I~G 
STOCK DATA REFLECI THE STOCK S17UATIOtl AT SPAWIYJNG IiSE, WiiERLBY THE :ULLOWING VALUES ARE 
tlSfD: PROPORTIOlC OF Aklr%L F BEFORE ESPWl<lNG: , 350  

PR0PORTIO?I OF ANKUhL M SEFORE SPAWNING: , 3 0 0  

TOTALNO 47775  40713 45953 40637 36753  31330  30939  37030  40536 43443 5 1 0 1 1  53396  
SPS RO 25377 23016 19574  21804 2 0 0 2 1  18428  1 5 9 1 9  1 5 1 6 6  1 7 9 8 3  2 3 0 8 1  22094  2639q  
T0T.aiOM 1949468  1743868  1670303  1 6 1 i 8 8 4  1550899  1439316  1405047  1574926  1631753  16'78026 1714470  1687553  
SPS b lob!  1220509  1132032  972845  1 0 1 7 3 0 1  1005885  999883  934237  898576  989842  1056383  1062997  1103079  

~ ~ . 
SPS NO 2 7 2 7 1  2 3 8 i C  28594 2 4 5 9 1  
1 0 i . B I O M  1601046  1677834  1650420  1682113  
8PS Bi0M 1107756  1 0 5 7 0 3 1  1180008  1072205  





*able 3.3.11 

E f f e c t s  o f  d i f f e r e n t  l e v e l s  of f i s h i n g  m o r t a l i t y  on 
catch, stock biomass and spawning stock biomass. 

HERRING I N  AREAS 25-29 

.................................................................................................. 

Year 1990 Yea(. 1991 1 Yeat. 1992 1 
.................................................................................................. 

1 fac-1 r e f .  1 s tock ;  sp.stock1 I fac- !  re f . :  stock1 sp.stock1 1 stock1 sp.stock1 
1 t o r !  F1 biomass! biomass! catch;  t o r 1  F1 bionlassl bioniass; catch; bioniassi biomass; 
+-----+------*-------- &---------+------~-----~------+--------L.........L.....~~~~~~~~~.L..~......~ 

The data u n i t  o f  the biomass and the catch i s  1000 tonne*. 
The spawning stock biomass i s  g iven f o r  the t ime o f  spawning. 
The spawning stock biomass fo r  1992 has been ca lcu la ted  w i t h  the same f i s h i n g  m o r t a l i t y  as f a # .  1991 
The reference F i s  the  mean F f o r  the age group range from 3 t o  8 



Table 3.3.12 Herring i n  Sub-divisions 25-29 and 32 end Gulf of Biga. Catches by area for 1987-1989 
and distribution of predicted catches. 

Dir t t - ibut ion ofSQC 1 9 9 0  and 1991 on subunits 

14523 
1504 

9 4049 
I0 3159 

TnlhL 149028 -. . -- 
I"" 



TBble3.3.13 Catch itonnesl of coastal and open-sea 
HERRING in Southern Baltic (Sub-divisions 
25-27] in 1972-1989. 

Year - 
1972 
1973 
1974 
1975 
1976 

Official 
catch 

118,272 
148.078 
159,197 
172,617 
174.388 
187,138 
174.007 
189,989 
174,662 
164,598 
179,624 
174,194 
146.678 
153,803 
138,743 
121,779 
143,977 
152.755 



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

IV I 
Quarter Quarter 

Year - - 
class 0-group I -group 

1986 no data no data 
1987 556(13)  2241(27) 
1988 1670(14) 6538(28)  
1989 2981(15) 4866(14) 

Note: No of of hauls are given in brackets, ( y )  - 
non representative value. 



T a b l e  3.3.15i. SOP check. 

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

CATCH IN NUMBERS UNIT: millions 

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

TOTAL 1165 1308 1087 



Table 3.3.16 SOP ~hepk. 
H E R R I N G  I N  T H E  COASTAL AREAS 25, 26 AND 27 
CATEGORY:  TOTAL 

MEAN W E I G H T  A T  AGE I N  T H E  CATCH U N I T :  s ran  



Table  3 .3 .17  Tuning  data.. 
, . ?  LU ~ 5 . ~ 7 ,  TUNIN,, R C C .  i n  PlJLlSH kih, i  i P U L  iil I A X  2 i l lJA:?ii-,? 

iOi 
LPUE 1 AlqD 2 P U A r i E R  
19 i5 ,1989 
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T a b l e ' 3 . 3 . 1 8  cont'd. SUMIARY STATIST ILS  
F l e e t  , P r e d .  , S E ( q ) , P a r . t i a l , R a i i e d ,  SLOPE , SE ,INTKCPT, SE 

. ' 4  , , F , F  , I S l o p e  , , T n t ~ c p t  
~ 3 - s p S ~ , - ,  ,->- 

1 , -5 .06  ,223,  ,2792 , ,2793, .000C*00, .000E*00,  -5 .060 ,  , 070  
Fbar  s i i ~ ~ ( i n t . 1  S IGMb(ex t . )  S I G M R ( o v e r a i 1 )  V a r i a n c e  r a t i o  
,279 ,223  0 .000  ,223 0 . 0 0 0  

SUM8ARY STATISTICS 
F l e e t  , P r e d .  , S E ( q ) , P a r t i a i , R a i s e d ,  SLOPE , SE ,INTRCPT, SE 

2 9  1 , F , F ,  , S l o p e  , , l i ~ t i c p t  
-.-3p>p>p% 3-3- 

1 , -4 .57  , ,123 ,  , 4573  , ,4580,  .000Eb00,  . 0 0 C i + 0 0 ,  -4 .567,  , 038  
Fbar S IGnA( i r , t . )  S IGMA(ex t . )  S IGMA(ove ra11 )  V a r i a n c e  r a t i o  
,958 ,123 0 . 0 0 0  ,123  0.020 

Age 4 
F l e e t ,  75, 76, 77, 78, 7 9 ,  80, 81,  62, 83,  84 ,  85, 86,  87, 88, 8 9  

- - , ~ , p , p , ~ s p , ~ s ~ 3 d - . p % p 2 p , p ~ L ~  

1 , -4.34, -4 .57,  -4.87, -4 .99,  -4 .79 ,  -4.57, -4 .23,  -4.84, -4 .40,  -4 .00,  -4 .22,  -4 .38,  -4 .27,  -4 .42,  -4 .40  

SUMMARY STATISTICS 
F l e e t  , P r e d .  , S E ( q ) , P a r t i a l , R a i s e d ,  SLOPE , SE ,INTRCPT, SE 

. 4 ,  , F , F ,  I S l o p e  , , I n t r c p t  
- % ~ % p > ~ > p ,  %-'- 

1 , -4 .40  ,202, , 5419  , ,5415, .000C*00, .OOOL+OO, -4 .397 ,  , 063  
Fbar. S l t ~ b ( i i l t . )  S IGMA(eu t . )  S I G M A ( o v e r a l 1 )  V a r i a n c e  r a t i o  
, 542  ,202  0 .000  ,202  0 . 0 0 0  

4 5 
F l e e t ,  75, 76, 7 7 ,  78, 79,  80 ,  81, 82 ,  83, 84 ,  85, 86, 87 ,  88, 8" 

SUMMARY STbTlSTiCS 
F l e e t  , P r e d .  , S E ( q ) , P a r t i a l , d a i s e d ,  SLOPE , SE ,INTRCPT, SE 

* 9 ,  , F , F ,  , S l i ~ p e  , , l n t t . c p t  
-sp,-,-3ps 3-3- 02 

1 , -4 .35  , ,337 ,  , 5690  , , 5 6 9 9 ,  .000E+00,  .000E100,  -4 .363 ,  . I 0 6  LL 

F b a r  S i G i i A ( i n t . )  S IGMA(en t , )  S I G K A ( o v e r a l 1 )  Va r - i anc?  i . a t i o  
, 570  . l ? i  0 .000  , 3 3 7  13.000 

cnnt ' 4  



Table 3 . 3 . 1 8  cont'd. 

Ago L, 

F l e e t .  75, 76, 77, 78, 79, 80, S1. 82, 83. 84, 85, 86, 87, 88, 89 
-,-,->p,-,-,-,-sL-3->->-.d->- 

1 , -4.69, -5 .76 ,  -5.24, -4.31, -5.04, -5.00, -4.43, -4.69, -4.22, -4.63, -3.61, -3.99, -4.56, -4.36, -4.39 

SURlARY SiATISTICS 
F l e e t  , Pred. , SE(q),Part ia l ,Raised, SLOPE , SE ,INIRCPT, 5: 

, 9  I , F , F ,  , s l o p e  , , I n t r c p t  
-%-#-%p%p* s-3- 

1 , -4.39 ,332, ,5466 , ,5436, .000E*00, .000E+00, -4.368, ,104 
Fbar  s ~ t f l ~ ( i n t . )  SlGMA(eut.) SIGFA(overal1) Var iance r a t i o  
,544 ,332 0.300 ,332 0.000 

Age 7 
F l e e t ,  75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89 

I ~ % ~ I - I ~ I - l - . - l - , - l - . - l ~ l - l d -  

1 . -4.52, -4.98, -5.21, -4.69, -4.72, -4.66, -4.73, -4.23, -4.68, -4 .38 ,  -4.35, -4.26, -4.69, -5.38, -4.62 

SUMLARY STATISTICS 
F l e e t  , Pi-ed. , SE(q) ,Par t ia i ,Ra ised,  SLOPE , SE ,INTRCPT, SE 

, q  , , F , F .  , Slope , , IIILI.CP~ 
-,->-,-,-% 3-3- 

1 , -4.62 , ,281, ,4329 , ,4390, .000E+00, .000Ei00, -4.622, ,088 
Fbar SIGh!A(int.) SIGMA(ext.) SiGMA(oueral1) Varibnre r a t i o  
,439 .281 0.000 ,281 0.000 



Table 3.3.19 Tuned VPA. 

H C R Z l i u G  1 N  i l i E  C O A S I A L  AREAS 25, 26 AND 27 

FISiliNG M O K i A L I i Y  C O t F F I C I E I I l  U N I T :  Year-1 RAIdRAL M O R T A L I l Y  C O E F F I L l E I i l  :. .30 
. .... . .. .~~ ~ - 

1.975 1976 i977 1978 i979 1980 1981 1982 1983 1984 1985 1986 



9f8'-  Lb0'- 
6CO' 512' 
60s'- 111'- 
620'-  191' 
I 800' 
LPE' E60'- 
5 I L '  P1b'- 

ZOO 655' 
102' 192'- 
I -  852'-  
I 6 P I ' -  
851' OEZ' 
6 f 0 ' -  TOT' 
LE9'- 091'-  





Table 3 . 3 . 2 2  F ina l  VPA with age 1 in 1 9 8 9  adopted as the average of 1 9 7 5 - 1 9 8 7  v a l u e s .  

IIER?IPIG li4 THE COASTAL AREAS 25 ,  2 6  APID 27 

STOCK S IZE  I N  NUMBERS UNIT: m i l l i o n s  

bIOMASS TOTALS U k I l :  tonnes 
.~~~ .--....... 
ALL VALUES, EXiEPT THOSE REFERRING TO THE SPAWNING STOCX ARE GIVEN FOR 1 JANUARY; THE SPAlNING 
STOCX DATA REFLECT THE STOCX S1TUATIO'N AT SPAWNING TIME, WHEREBY TIiE FOLLOWING VALUES ARE 
USED: PROPORTION OF ANNUAL F BEFORE SPAWNING: ,350 

PROPORTI014 OF ANNUAL h BEFORE SPAUNING: , 300  

T O i R i K O  5 7 3 7  6 1 1 2  7545  7354 6047  5 7 9 2  8244  8 0 4 1  7338  6867  7564 7130  
SPS 110 1 9 0 3  2005  2474  3192 3087  2468  2306  3810  3707  3 4 5 1  3275  3550  
TOi.61OM 2 9 6 7 4 1  302299  365784  419247 412284 367877  3 8 9 9 1 1  472696  466743  442226 347540  306716  
SPS 810% 172108  175815  220869  275685  282123  212007  223978  319783  298328  286200  2 1 8 1 1 1  203527  

TOTAL #O 6714  5728  6259  
SPS NO 3293 3063 2450  
TOT.8IOM 315290  2934% 326579  
tPS ZIOh 135606  19%13 171677  



. ~ 

Table 3.3.23 RCRTlNX2 analysis for herring in Sub-divisions 25 -27  coastal stock. 
Xi i E R F I N G ,  ?OL!S:i YOb,s!G FISH SUhVEY - C ANPI? 1 AGE LROUPS 

INCLUDED 

S14rvey/ I n d e x  S l o p e  I n t e r -  Rsquarc No. P r e d i c t e d  Signla S t a n d a r d  Xle ight  
. . ..i i i z  Value  c e p t  P t s  Value El-i-or 
QUART4 7.4212 ,607 3.594 ,1091 11 8.0968 ,95120 ,99453 .C7a92 
il.A?ii 8.7855 ,358 1.213 ,1050 I1 8.5715 ,97227 1.03444 ,07294 

Sui.vey/ I r i dex  S lope  I n t e r -  Rsquare t io. P r e d i c t e d  Signla S t a t i d a i d  Weight  
Sei-iei Value  i a p t  Pis Value  Ei-1-01, 

QUARi4 8.0003 .607 3.594 ,1091 11 8.44RZ ,95120 1.00565 ,07718 
UUAHi i  8.6902 ,838 1.218 ,1050 11 8.3302 ,97227 1.02245 ,07466 

Y e a r c l a s s  U e i g h t i d  I n t e r n a l  E x t c ~ n a l  V i r t u a l  Ext.SL-/ 
Average S t a n d a r d  S t a n d a r d  P o p u l a t i o n  I n t . S E  
P r e d i c t i o n  E r r o l -  E r r o r  A i 8 a l y s i r  



Table  3 . 3 . 2 4  
L l s t  o r  7nput variables foi- the ICES p r e d i c t i o n  orogran. 

I iEWir iG 1d SllS-D1VIS:ONS 2 5 - 2 7  COASTAL STOCK 
The refevenre F i s  trie nrean F f o r  the age group range f r o b  2 t o  6 

The nuuber a i  i - e ~ r . o i i s  pet. yea(- i s  as foilows: 

Propor t ion o f  F ( f i s i i i n g  m o r t a l i t y )  e f f e c t i v e  before spawning: , 3500  
PI-opor'tian o f  K ( n a t ~ i r a l  n ~ o r t a l i t y )  effective be fo re  spawning: , 3000  

Cjata are  p r i n t e d  i n  the f o l l o w i n g  un i t s :  

;iiinbel. o f  i i s h :  m i l l i o n s  
$e igh t  by age group i n  the catch: gram> 
Meigilt by age gl.oup i n  the slock: gram 
Stock bioniass: tolines 
Catc:? weight: tonnes 

, , , ! 1 f i s h i n g ;  natui.al1 ma tu r i t y :  weight i n /  weig:lt i n ;  
1 age; stock s i r e :  pat tern1 ~ o r t a l i t y :  og i ve l  the catch1 t i le  s lock :  



Table 3 . 3 . 2 5  "' Status auo catch. 
Effects of d i f ferent  l eve ls  of . f ishing morta l i ty  on 
catch, stock b~omass and spawning stock biomass. 

HERRING I N  S U B - D I V I S I O N S  25-27 COASTAL STOCK 



=able 3 . 4 . 1  SUM OF PRODUCTS CHECK 

H E R R I N G  I N  THE G U L F  OF R I G A  
CATEGORY: T O T A L  

CATCH I N  NUMBERS U N I T :  aillions 

TOTAL 1662 1737 1147 1057 1298 1335 1346 1274 714 769 555 575 

1982 1983 1984 1985 1986 1987 1988 1989 

T O T A L  464 581 665 707 574 549 647 901 



T a b l e  3 . 4 . 2  SUM OF PRODUCTS CHECK 

H E R R I N G  I N  THE G U L F  OF R I G A  
CATEGORY: T O T A L  

MEAN WEIGHT AT AGE I N  THE CATCH U N I T :  gi-as 
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T a b l e - 3 . 4 . 8  

* 11.58.25 25 APRIL 1990 
HERRING-RIGA PREDICTION 

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

-----....+ 

absolute: 
F1 ......... 

,03001 
,1700: 
.32001 
,5000: 
,54001 
.5200: 
,38001 
,3800: 

catch i n 1  
numbers; 

. - - - - - - - - - +. 
45.7481 

190.8341 
38.9261 

327.2191 
60.6691 
36.6971 
26.8161 
14.1291 

catch i n1  
weight;  

. - - - -. . -. +- 
542.11 

3186.91 
731.81 

7673.31 
1814.01 
1374.31 
1297.91 

671.8: 

s tock ;  
biomass! 

a t  1 January: a t  spawning t-inel 
....................................... + 

sp.stock1 sp.stock1 sp.st?ck: sp.stock1 
s i ze :  biomass: s l z e l  biomass: 

.........+ .........+.........*......... + 

................................................................... ..+ 

1 Tota l  1 741.0371 17292.2; 4516.001 82221.11 2693.671 59937.81 2453.90: 54418.21 
................................................................................................ 

^ Year 1991. F- factor  1.000 and re ference F ,4850 ' ........................................................ 
a t  1 January: a t  spawning t i r e ;  

+....I... ...................................................................................... + 

I 1 absolute;  catch i n 1  catch i n1  stock1 s tock:  sp.stock1 sp.stock: sp.stock1 sp.stockj 
1 age1 F1 numbers: weight! s i ze :  biomass; s i ze ;  biomass; s i r e :  biomass; 

+ ..................................................................................... ......... & 

1 Tota l  : 733.8491 16784.81 4485.121 81948.01 2916.77: 62752.1: 2665.271 57139.41 
I...... ........................................................................................ + 

oant'd. 




