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1 INTRODUCTION 

1.1 Participants 

The following members participated in the meeting held at ICES 
Headquarters from 10-20 April 1988: 

o. Hagstrom (part-time) 
J. Horbowy 
J. Netzel 
T. Neudecker 
E. Ojaveer 
L.E. Palmen 
R. Parmanne 
o. Rechlin 
F.Shvetsov 
B. Sjostrand (Chairman) 
H. Sparholt 
K.J. Stæhr (part-time) 
T. JØrgensen (part-time) 

1.2 Terms of Reference 

sweden 
Pol and 
Pol and 
Germany, Fed. Rep. 
USSR 
sweden 
Finland 
German Dem.Rep. 
USSR 
Sweden 
Denmark 
Denmark 
Norway 

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

a) consider the report of the Working Group on Multispecies 
Assessments of Baltic Fish; 

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

c) assess the status of 
within safe biological 
stocks in the Baltic, 
spring-spawning herring 
22-24; 

and provide catch options for 1990 
limits for the herring and sprat 
including the combined stock of 
in Division IIIa and Sub-divisions 

d) provide quarterly catch-at-age and catch and stock mean 
weight-at-age data by sub-division for Baltic herring and 
sprat for 1988 as input to the multispecies VPA. 

e) compile the following information on the stocks of herring 
and sprat in the Baltic Sea (including the Kattegat) for the 
years 1979-1988 for use by the Helsinki Commission in its 
Second Periodic Assessment of the Baltic: 

i) a short review of the assessed status of each stock in­
cluding trends in recruitment, yield, mortality, and stock 
size, and their significance; 

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

iii) an explanation of the extent to which these stocks have 
reacted to environmental factors and to fishing activi­
ties, and what impact they have on zooplankton and benthos 
by predation. 
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2 GENERAL CONSIDERATIONS 

2.1 Correction of the Finnish Fisheries. Statistics 

The Finnish catch statistics for herring and sprat have been 
reestimated for 1974-1987 (Tables 2.1 .1 and 2.1.2). The correc­
tion is due to changes in the estimation procedures, which are 
now based on a more detailed survey of the number of active 
fishermen in the coastal fisheries. Hence, the correction of the 
herring catches affects mainly the trapnet and gillnet fishery, 
and trawlers less than 15 m. The catch figures of large trawlers 
(>15 m) are based on a complete census, and are unaffected by the 
change in the estimation procedure. The results of the new esti­
mation method indicate that the total herring catch in recent 
years has previously been overestimated by 12%. 

2.2 The International Hydroacoustic Survey 1988 

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

The coverage of Sub-division 29S was incomplete and the stocks in 
that area are, therefore, underestimated. 

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

The sprat estimate indicates a streng 1988 year class in all 
sub-divisions in the Baltic. The total biomass has continued to 
decrease since 1983. 

The results are given in Anon., 1989b 

2.3 The USSR Hydroacoustic Survey 1988 

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

The findings of the survey have revealed an exceptionally high 
abundance of young sprat in 1988, which was spread throughout the 
whole area under investigation. The abundance of the 1987 year 
class appeared to be the lowest on record. The abundance of 2-
year-old and older fish was the highest for the period of 1983-
1988. On the whole, the biomass of sprat (t)1) made up 304,000 t 
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and was 13% smaller than in 1987. The total stock of herring in 
Sub-divisions 26 and 28 was estimated to be 630.3 thousand t and 
was 30% higher than in 1987. 

2.4 Multispecies Assessments 

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

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

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

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

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

3 HERRING 

3.1 Catches 

In 1987, the total catch of herring in the Baltic (Table 3.1.1) 
was 383,377 t (final figures) and in 1988 about 408,000 t 
according to preliminary data. A slight increase could be noted 
mainly in catches from Sub-divisions 25 and 26. 
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3.2 Herring in Sub-divisions 22. 23. and 24 and in Division IIIa 

3.2.1 Introduction 

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

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

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

3.2.2 catch data 

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

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

Country 1977 1978 1979 1980 1981 1982 

Denmark 11,048 12,383 9,695 7,221 5,806 26,256 
German Dem.Rep. 37,237 40,678 46,749 58,178 54,501 49,832 
Grmany,Fed.Rep. 6,946 6,849 6 l 672 9,323 8,300 8 l 142 
Pol and 14,649 6,335 10,276 13,605 13,366 14,869 
Sweden 4 l 127 6,550 10 l 151 12,010 7,600 8,420 
USSR 586 

Total 74,007 72,795 83,543 100,337 90, 159 107,519 

Country 1983 1984 1985 1986 1987 19881 

Denmark 25,842 23,762 15,942 14,046 32,.462 33,075 
German Dem.Rep. 50,739 49,022 49,946 51 l 180 47,267 49,488 
Germany,Fed.Rep. 8,300 7,085 7,888 8,550 5,806 5 l 188 
Pol and 16,868 14,250 16,721 12,344 7,997 6,590 
sweden 6,536 7,689 11 l 373 5,946 7,814 4,586 
USSR 

Total 108,103 101 l 808 101,870 92 l 066 101,346 98,927 
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Sub-division 23 (The Sound) (tonnes): 

Country 1977 1978 1979 1980 1981 1982 

Denmark 581 4,091 8,817 6,313 8,098 7, 139 
sweden 511 1,000 1,860 2,400 2,000 2,460 

Total 1,092 5,091 10,677 8,713 10,098 9,599 

Country 1983 1984 1985 1986 1987 1988 1 

Denmark 4,583 6,935 6,849 1,490 754 102 
Sweden 2,416 800 1 l 113 1,365 172 117 

Total 6,999 7,735 7,962 2,855 926 219 

Division IIIa (Kattegat-Skagerrak) (tonnes): 

Country 1977 1978 1979 1980 1981 1982 

Denmark 49,027 41,801 34,551 48,751 93,987 81,937 
Germany,Fed.Rep. 32 28 181 199 43 
sweden 45,269 46,744 33,376 28, 961 69,145 63,751 
Others or 
unallocated 11,901 5, 172 13,653 24,724 65,270 47,759 

Total 106,229 93,745 81,761 102,436 228,601 193,490 

country 1983 1984 1985 1986 1987 19881 

Denmark 117,003 135,982 157,407 135,691 151,723 220,596 
Germany, Fed.Rep. 40 40 11 
sweden 75,639 94,222 80, 178 78,848 81,028 106,812 
Others or 
unallocated 5,314 2,376 4,880 2,057 1,209 6,674 

Total 197,996 232,620 244,465 216,607 233,960 334,082 

1 Preliminary. 

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

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

The reported catch in Division IIIa for 1988 is 334,082 t, a con­
siderable increase from last year's catch of 233,960 t. Danish 
catches were up by almost 70,000 t from 1987 and accounted for 
most of the increase in the total catch. Approximately 50% of the 
total catch in 1988 was 0- and 1-ringers of North Sea origin. 

An estimated catch of 23,306 t of spring spawners from Division 
IIIa and Sub-divisions 22 to 24 was taken in the North Sea in 
1988 (Table 3.1.1, Anon., 1989a). The total catches of 2-ringers 
and older spring-spawning herring in Division IIIa and Sub-divi­
sions 22 to 24 (including the transfers from the North Sea) are 
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shown in the text table below. The catch increased by 86,000 t 
from 1987 and approximately 2/3 was taken in Division IIIa (in­
cluding catches transferred from the North Sea). 

Year Jan-Jun Jul-Dec Total 

1975 74,786 31,433 106,219 
1976 58,593 26,974 85,567 
1977 56,426 32,248 88,841 
1978 84,678 39,510 124,196 
1979 77 l 442 46,085 123,527 
1980 87,487 55 l 173 142,660 
1981 91,930 66,047 157,977 
1982 82,233 68,442 150,675 
1983 95,586 56,245 151,831 
1984 104,931 86,361 191,292 
1985 136,856 73,913 210,769 
1986 116,299 47,588 163,887 
1987 102.910 41,242 144,152 
1988 120,951 108 l 617 230,223 

Weights in t. 

3.2.3 Catch in numbers at age 

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

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

Total catches in numbers at age of spring spawners in Division 
IIIa (including transfers from the North Sea) and Sub-divisions 
22 to 24 are given in Table 3.2.3. 

3.2.4 Mean weights at age 

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

The weighted average mean weights at age in the total catch from 
this management area are given in Table 3.2.4. Mean weights at 
age in the catch were also used in the VPA as estimates for mean 
weights at age in the stock. 
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3.2.5 Herrina in Sub-divisions 22 and 24 assessed as a unit stock 

The natura! mortality was chosen as 0.3, accounting for emigra­
tions from the area into Division IIIa, following the procedure 
of previous assessments. Terminal F values for the oldest age 
groups were evaluated from a separable VPA. Taking into account 
that the concentration on younger age groups continued also in 
1988 for a part of the fishery, age 4 was chosen as the reference 
age wi~h a fishing mortality in the starting year somewhat re­
duced 1n comparison to previous years. As in 1988, the terminal s 
value was chosen to be 1.00 (Table 3.2.5.1). 

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

The data presented to the Working Group already show that the 
heavy fishing pressure on young herring which began in 1987 
continued 1n the Western Baltic in 1988. The rather good re­
cruitment in recent years may have been attracting an industrial 
fishery to this area (see also Table 3.2.5.6). The impact of this 
fishery on the stock if continued in a situation with a decreased 
recruitment might be considered as serious. 

3.2.6 Herrinq in Division IIIa and Sub-divisions 22. 23. and 24 
assessed as one unit stock 

3.2.6.1 Fishery-independent stock estimates 

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

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

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

Three acoustic surveys were carried out during 1988 on this 
stock: 
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1) a Danish/Swedish survey in Division IIIa and the eastern part 
of the North Sea during August-September, 

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

3) a Norwegian survey in Division IIIa in December. 

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

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

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

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

3.2.6.2 VPA 

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

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

1) An SVPA was run with age 5 as age of unit selection, F = 
0.9, S = 0.9, and M = 0.2. Age groups 2-8+ were included. Rn 
identical fishing pattern was assumed for each year from 1984-
1988. F5 = 0.9 was chosen because this was approximately the 
mean value for the preceding years. S = 0.9 was chosen for 
1988 because this gave a dome-shaped selection pattern, which 
was assumed to be realistic, taking into account that a) old 
fish often reach and leave the spawning area at Rugen befare 
the fishery starts, b) the fishery in Division IIIa is mainly 
exploiting the younger age groups. However, this F = 0.7 must 
be regarded as rather uncertain. The results of t~e separable 
VPA are given in Table 3.2.6.4. 

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

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

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

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

5) Finally, the F values on the older age groups were chosen by 
using the separable pattern from the SVPA and using F = 0.9 
because the VPA stock number of age groups 4-8+ at 1 dctober 
then became identical to the acoustic estimate. 

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

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

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

The input data are shown in Table 3.2.6.8. Yield per recruit 
calculations show that F0 ~ = 0.218 and F = 0.527. Thus, the 
1988 fishing mortality was åoout 40% above ~ffi~x. 

3.2.6.4 Catch predictions 

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

Assuming average F 2 _6 = 0.76 as in 1988, a decrease in the catch 
of 2-groups and older herring from 225,000 t in 1988 to 159,000 t 
in 1989 is predicted, and the spawning stock biomass will 
decrease from 220,000 t in 1989 to 198,000 t in 1990. Continuing 
this level of F in 1990 will lead to a further slight reduction 
in both yield in 1990 and SSB in 1991, to 155,000 t and 
196,000 t, respectively. 

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

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

For 1988, this amounted to 22,749 t in Sub-divisions 22-24 and 
nil t in Division IIIa. Assuming the catch of 0- and 1-ringers in 
1989 and 1990 will be the same as in 1988, the total catch will 
be about 180,000 t in both these years. Whether the catch of O­
and 1-groups will be as high in 1989 and 1990 as in 1988 is, 
however, doubtful and will probably depend on the size of the 
1989 and 1990 year classes. 

3.2.6.5 Separation of the catch proiections 

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

The predicted catch in 1989 and 1990 by area is shown in Table 
3.2.6.12. In 1989, it lS about 86,000 t in Division IIIa and 
84,000 t in Sub-divisions 22-24, and in 1990 82,000 t in Division 
IIIa and 79,000 t in the Western Baltic. To this should be added 
the catch of the 0- and 1-groups. Assuming that the catch of the 
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O-and 1-groups in 1989 and 1990 will be identical to the catch in 
1988, the following predictions were made: 

Area 

Division IIIa 
Western Baltic 

1 Actual catch. 
Catch in tonnes. 

154,000 
99,000 

1989 

86,000 
110,000 

1990 

82,000 
102,000 

3.2.6.6 Are the·hiqh F estimates in the Western Baltic herrinq 
stock reliable? 

During the period 1974-1988, covered by the present VPA for the 
herring stock in Division IIIa and Sub-divisions 22-24, the mean 
Fc 2 _6 ) has been very high, about 0.8. Other herring stocks which 
have suffered such high fishing mortality during a lang period 
have all collapsed at same stage. Why does this not happen to the 
Western Baltic stock? 

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

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

Other possibilities for explaining the high F could be that the 
catch of older herring taken in Sub-area IV is underestimated. 
Only a few years aga did we become aware of the migration of the 
Western Baltic herring into the North Sea, and if this has been 
going on for a lang time we miss the North Sea catch of these 
herring in the assessment. 
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3.3 Herring in Sub-divisions 25.26 and 27 (Southern Central 
Bal tie) 

3.3.1 Catches 

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

3.3.2 Catch in numbers at age 

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

3.3.3 Mean weight at age 

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

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

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

3.3.4 VPA 

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

The estimates of stock numbers at age from the International 
Acoustic Surveys 1982-1987 were used as input CPUE values in the 
~ ~ tuning program (Table 3.3.3). Effort was put as 1.0 in 
all years. As the estimates are referring to the fourth quarter 
(October-November), they were used for the next calendar year, 
and consequently ages were shifted accordingly. The estimates of 
log catchabilities per age group, given in Figure 3.3.2, have 
standard errors around 0.3 and vary without a clear trend. The 
fishing mortalities resulting from the tuning process are given 
in Table 3.3.4. A separable VPA with age 3 as reference age, 
terminalS= 1.0, and terminal F = 0.4 (Table 3.3.5) resulted in 
the same mean F, 1_8 ) as was obtained by the~~ tuning pro­
cedure. The fishing mortalities are given in Table 3.3.6 and 
stock size estimates in Table 3.3.7. Estimates of SSB 1972-1976 
have been corrected for SOP discrepancies. 

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

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

3.3.6 Prediction 

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

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

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

It should be noted that the coastal herring includes autumn 
spawners which made up 4-8% of the total catch in Sub-division 25 
in 1975-1982. In 1987, the proportion of autumn spawners in 
Polish catches in Sub-divisions 25 and 26 amounted to 8.7% and 
2.0%, respectively. The corresponding figures for 1988 are 9% and 
4%. 

3.3.8 Separation procedure 

As in previous years, the Polish (Sub-divisions 25-27) and USSR 
(Sub-divisions 26-27) catches presented as numbers at age, were 
separated on the basis of otolith types into coastal and open-sea 
components. The Polish catches in the Swedish zone (Sub-divisions 
25, 26, and 27) were separated on the same basis. This method is 
still not adopted in the Swedish and Danish laboratories, and 
these countries presented catch as numbers at age for each 
quarter of the year. For catches in the Swedish zone (Sub-divi­
sion 25), the German Democratic Republic and USSR submitted data 
on catches in numbers at age. Since the seasons and fishing 
grounds of the German Democratic Republic and USSR fishermen 
overlap those of the Polish fishermen, their catches in numbers 
at age were separated according to the stock ratio of the Polish 
catches in the Swedish zone. 

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



14 

3.3.9 Catch trends 

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

3.3.10 Mean weiqht at aqe 

For both the coastal and open-sea herring stocks, data on mean 
weight at age were supplied by Poland (Sub-divisions 25-27) and 
the USSR (Sub-divisions 26-27). 

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

Sweden supplied the data on a quarterly basis for Sub-division 25 
and 27, and Denmark similar data for Sub-division 25. Swedish and 
Danish data from the first half year from Sub-division 25 were 
assumed to represent only the coastal stock, while the data from 
the second half year were assumed to represent both stocks. 
S~edish weights from Sub-division 27 were used for the open-sea 
stock. 

3.3.11 ~ 

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

Two series of effort data were available for tuning: 

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

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

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

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

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

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

3.3.12 Recruitment and catch prediction 

Coastal herring 

Correlation of recruitment data (Table 3.3.14) with VPA estimates 
is poor. The 1988 year class was assumed to be the mean of the 
1975-1987 year classes, i.e., 4,173 million herring. The same 
assumption was applied for the 1989-1991 year classes. The 1988 
mean weight-at-age data were used for the calculation of catch 
weight and biomasses. Input parameters for the projection are 
given in Table 3.3.20 and the results are shown in Table 3.3.21 
and Figure 3.3.60. 

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

Open sea herring 

The 1989-1991 year classes were set at the level of average 
(1980-1987) year-class abundance (1,820 million fish). Mean 
weights at age in 1988 were applied in the prediction as mean 
weights in catch and in stock. Input parameters for the projec­
tion are given in Table 3.3.27, and the results are shown in 
Table 3.3.28 and Figure 3.3.70. 

Unchanged level of fishing mortality in 
result in a catch of 61,000 t in 1990 and 
biomass remaining at the level of 260,000 t. 

3.4 Herring in Sub-divisions 28 and 29S 

3.4.1 Catches 

In the o pen part of the sub-divisions, 

1989 and 1990 would 
a spawning stock 

the catches in 1988 
remained at the level of the previous year. In the Gulf of Riga 
the y increased. 

O pen sea (Sub-divisions 28 and 29S) (tennes): 

Country 1976 1977 1978 1979 1980 1981 

Finland 5'7 119 352 18 66 30 
German Oem.Rep. 1,524 560 285 457 10 
Pol and 87 15 
Sweden 1,800 3,046 3,570 5,014 7,332 6,290 
USSR 36,704 28,890 35,380 35,593 32,793 28,804 

Total 40, 172 32,630 39,587 41,082 40,201 35,124 

ctd. 
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Country 1982 1983 1984 1985 1986 1987 1988 

Finland 168 44 11 451 2,436 2,289 
German Dem.Rep. 82 
Poland 24 
sweden 7,950 7,606 5,400 2,351 2,015 1 l 613 1 l 149 
USSR 35,845 39,990 39,334 37,669 36,698 43 l 720 42,305 

Total 43,963 47,640 44,745 40,028 38,164 47,793 46,095 

Gulf of Riga (tonnes): 

Category 1976 1977 1978 1979 1980 1981 

Total catch 311975 261544 231056 21,859 20,702 22,646 
Gulf of Riga herfing 271422 241186 16 l 728 17 l 142 141998 161769 
Open-sea herring 41553 21358 6,328 4,717 5,704 5,877 

Category 1982 1983 1984 1985 1986 1987 1988 

Total catch 171431 20,318 19,679 20,187 18,180 17,676 19,779 
Gulf of Riga herfing 12,777 15,541 15,843 15,575 16,927 12,884 16,791 
Open-sea herring 4,654 4, 777 3,836 4,612 11253 4,792 2,988 

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

3.4.2 Catch in numbe~s b~ age 

The USSR and Sweden presented catches in millions by age groups. 
Finnish (2,289 t) and the German Democratic Republic (82 t) 
catches were raised to the age composition of the combined USSR 
and Swedish catches in the open sea. The Gulf of Riga herring was 
assessed separately and accounted for directly by the USSR age 
composition from trapnet and trawl catches (Tables 3.4.1 and 
3. 4. 2). 

3.4.3 Mean weight at age 

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

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

3.4.4 VPA 

Natural mortality in the open sea stock was taken equal to that 
in previous years (0.3). In the Gulf of Riga herring, the same 
natural mortality as in 1987 (0.2) was assumed. 
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Gulf of Riga herring 

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

Year 

1987 
1988 

3 

1,062 

Age 

4 

844 
754 

5 

158 
231 

6 

46 
92 

7 

31 

Based on summed abundances of 3- to 6-year-old herring in 1987 
and 4- to 7-year-old herring in 1988, Z for age groups 4-7 in 
1988 was estimated as 0.65 and F = 0.45. The input Fs for the age 
groups were estimated from the separable VPA (Table 3.4.5). Age 
group 4 was chosen as the reference age. The selection factor was 
taken as 1.0 to keep the dome-shaped exploitation pattern assumed 
in previous years. The resulting average unweighted F for the 4-
to 7-year-old herring in 1988 (0.46) is considerably higher than 
F0 1 (0.20) and slightly below F (0.50). The VPA results are 
given in Tables 3.4.6 and 3.4.7, a~~xin Figure 3.4.1. 

Open sea herring 

The level of input Fs in the open sea stock was estimated by 
tuning of VPA using the acoustic survey data from both the 
international and the USSR surveys (Table 3.4.8). Fs were 
estimated from the separable VPA (F

3 
= 0.20, s = 1 .4) (Table 

3.4.9). The average F for age groups 2-7 in 1988 is less than 
F0 1 (0.33). The VPA results are presented in Tables 3.4.10 and 
3.4.11 and in Figure 3.4.3. 

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

3.4.5 Recruitment and catch prediction - Gulf of Riga herrinq 

As in recent years, the abundance of 1-group and 2-group herring 
for the prediction was estimated on the basis of a regression of 
year-class abundance from the VPA on the average number of 0-
group fish per haul with the experimental bottom trawl given in 
the text table below. 
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Year 
Category 

1975 1976 1977 1978 1979 1980 1981 

Abundance of 0-group 
herring per haul 4,565 2,493 798 543 296 399 1,587 

1-group (millions) 
from VPA 3,414 827 1,012 966 1,095 923 1 l 677 

Category 1982 1983 1984 1985 1986 1987 1988 

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

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

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

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

Open sea herring 

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

Continuation of the 1988 level of exploitation in 1989 and 1990 
results in same decrease in both spawning stock biomass and 
catches due to the poor 1985 and 1987 year classes (Tables 3.4.16 
and 3.4.17, Figure 3.4.3). 
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3.5 Herring in the Eastern Part of Sub-divisions 29N and 30E 

3.5.1 Catch trends 

A revision has taken place in the Finnish catch data in 1974-
1987. In recent years, catches have been on a higher level than 
in the 1970s. 

Country 1974 1975 1976 1977 1978 1979 1980 

Finland 37,694239,270 38,584242,902 44,842 45,122 52,153 
USSR 1,000 1,0002 1,000 1,000 1,000 1,000 1,000 

Total 38,694 40,270 39,584 43,902 45,842 46,122 53,153 

Country 1981 1982 1983 1984 1985 1986 1987 1988 1 

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

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

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

3.5.2 Catch in numbers at age 

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

3.5.3 Mean weight at age 

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

3.5.4 VPA 

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

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

From the tuned VPA the terminals (1.21) for separable VPA was 
taken (Table 3.5.5). The 0-group was omitted. Terminal F for age 
group 3 (0.164) was chosen in order toget the same mean F 
(0.182) in age groups 3-8 in the separable VPA as in the VPA 
tuning. Fishing mortalities and stock sizes calculated by separ­
able VPA are given in Tables 3.5.6 and 3.5.7 and Figure 3.5.1. 
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3.5.5 Recruitment and catch prediction 

The numbers of Copepoda adults (2.6 per cm~ in 1988), Q. nauplii 
(8.3), herring larvae ~10 mm (40 per 10m), 10-15 mm (15) , and 
L15 mm (2) in June, having a positive correlation with the year­
class strength (Parmanne and Sjoblom, 1984, 1987), were treated 
as recruitment indices and combined using the RCRTINX2 program 
(Table 3.5.8). The 1988 year class was thus set at 29% above the 
average in 1974-1986. This seems realistic compared to the catch 
of 0-group in 1988 (Table 3.5.1). The parameters used in the 
projection are given in Table 3.5.9. 

For the yield curve, mean weights at age in 1988 and average 
recruitment in 1974-1986 were used. The yield and stock biomass 
from different fishing mortalities in 1990 are g1ven in Figure 
3.5.1. The fishing mortality in 1988 (0.182) is at the level of 
F0 1 (0.197). If FR 8 (slightly smoothed) is maintained in 1989 
and 1990, a catcfi of 48,000 t is predicted for 1990 (Table 
3.5.10). The slight decrease of the expected catch compared with 
actual catches is due to the weak 1987 year class. 

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

3.6 Herring 'in the Eastern Part of Sub-division 31 

3.6.1 Catch trends 

A revision has taken place in the catch data in 1974-1987. 
Catches increased in the 1970s and have been rather stable in the 
1980s. 

Country 1974 1975 1976 1977 1978 1979 1980 1981 

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

Country 1982 1983 1984 1985 1986 1987 19881 

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

1 Preliminary. 
Weights in t. 

3.6.2 Catch in numbers at age 

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

3.6.3 Mean weiqht at age 

The mean weights are based on samples from trapnet, bottom trawl, 
and pelagic trawl catches. Mean weight at age in the stock are 
taken equal to the mean weights 1n the catch. Average mean 
weights at age for the actual year were used (Table 3.6.2). In 
1988, the nominal catch was 99% of the calculated catch. 
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0.15 was used for all years and age 

The VPA was tuned using effort and catch-at-age data of trapnet, 
bottom trawl, and pelagic trawl fishery in 1974-1988 (Table 
3.6.3) The 0-group was omitted. In the tuning output (Table 
3.6.4), in most age groups the sigma values were below 0.5 and 
the variance ratio below 0.9. 

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

3.6.5 Recruitment and catch prediction 

The numbers of Copepoda nauplii (5.0 per cm2 in 1988), Cladocera 
(13.3), and Rotatoria (7.0) in August, other zooplankton in July 
(0.0), and total numbers of zooplankton in August (27.2), having 
a positive correlation with the year-class strength (Parmanne and 
Sjoblom, 1984, 1987), as recruitment indices were combined using 
the RCRTINX2 program (Table 3.6.8). The 1988 year class was thus 
set at 81% of the average. 

For the yield curve, mean weights at age in 1988 and average 
recruitment in 1974-1986 were used. Table 3.6.9 shows the input 
parameters for the projection. The yield and stock biomass from 
different fishing mortalities in 1990 are given in Tables 3.6.10, 
3.6.11, and in Figure 3.6.1. The fishing mortality in 1988 
(0.128) is below F0 1 (0.161). If the level ofF in 1988 is main­
tained in 1989 and 1990, a catch of 8,700 t is predicted in 1990. 

3.7 Herring in the Western Part of Sub-divisions 29N. 30. and 31 

3.7.1 Catches 

Both the Swedish and Finnish catches increased by almost 61% in 
these areas from 1987 to 1988. Most of the catches are taken in 
Sub-division 30. 
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country 1977 1978 1979 1980 1981 1982 

Finland 816 1,370 1,806 298 328 198 
sweden 5,640 5,660 6,800 7,302 7,910 7, 311 

Total 6,456 7,030 8,606 7,600 8,238 7,509 

country 1983 1984 1985 1986 1987 1988 1 

Finland 274 20 7.30 371 452 726 
sweden 9,486 6,813 3,612 3,331 2,536 4,087 

Total 9,760 6,833 4,342 3,702 2,988 4,813 

1 Preliminary. 
Weight in tennes. 

3.7.2 Catch in numbers and mean weight at age 

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

3.7.3 Stock assessment 

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

3.8 Herring in Sub-division 32 (Gulf of Finland) 

3.8.1 Catches 

The catches have declined since 1983 and in 1988, this tendency 
continued. There was a revision of Finnish catch data for 1974-
1987. 
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Country 1974 1975 1976 1977 1978 1979 1980 1981 

Finland 11,579 8,321 12,525 12,317 13,791 10,929 10,207 12,781 
USSR 37,085 27 l 111 34,490 34,745 34,005 29,124 28,673 28,019 

Total 48,664 35,432 47,015 47,062 4 7 l 796 40,053 38,880 40,800 

Country 1982 1983 1984 1985 1986 1987 19881 

Finland 16,272 22,470 20,695 19,290 16,533 17,080 15,021 
USSR 23,589 27,795 24,692 24,899 25,520 21,462 23, 140 

Total 39,861 50,265 45,387 44,189 42,053 38,542 38 l 161 

1 Preliminary. 
Weights in t. 

3.8.2 Catch in numbers at age 

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

3.8.3 Mean weight at age 

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

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

3.8.4 VPA 

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

3 
= 0.27 and the terminal S = 0.6 was accepted (Table 

3.8.4). 

The resulting average F in 1988 for the age groups 2-5 of 0.25 
was somewhat higher than F0 1 (0.21) but less than Fm (0.44). 
The VPA results are shown 'ln Tables 3.8.5 and 3.8.6 a~~ Figure 
3. 8. 1. 

3.8.5 Catch prediction 

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

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

3.9 Herrinq in the Baltic Proper. Sub-divisions 25-29 (Combined) 

3.9.1 Introduction 

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

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

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

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

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

3.9.2 Catches 

The combined catches in the area have been remarkably stable 
during the period 1974-1988 included in the assessment files. It 
has varied between 207,000 and 267,000 t without any clear trend 
(Table 3.9.1). 

3.9.3 Catch in numbers at age 

Catch in numbers were summed for the three stocks (Table 3.9.1). 

3.9.4 Mean weiqhts 

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

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

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

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

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

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

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

The exploitation level seems to have been stable at about 0.20-
0.25 for 1974-1984 and thereafter increased to 0.30-0.35. The 
F0 1 level is calculated as 0.24. Spawning stock biomass, 
corrected for SOP deviations, has been around 1,100,000 t up to 
1984 and then decreased slightly. 

3.9.6 Recruitment and catch predictions 

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

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

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

3.9.7 Combined assessment vs. separate assessment of herrinq 
stocks in Sub-divisions 25-29 

A possible way of judging whether a combined assessment or sepa­
rate assessments are most appropriate might be to compare the 
standard errors of logarithmic catchability estimates (SE) from 
the effort tuning program. If we really have several stocks fluc­
tuating independently of each other, the SE (q) from the combined 
assessment should at least be as large as the (weighted) mean 
value of the SE (qs) from the separate assessments. If it is less 
than the mean, it indicates that a part of the variation in the 
qs in the separate assessments are caused by changed migration 
patterns from year to year. The following text table shows the SE 
(q) values obtained from tuning the VPA to the Swedish acoustic 
data. 
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Age Comb. assess. Sep. assess. 25-27 Sep. assess. 28-29S 

2 0.380 0.496 0.297 
3 0.190 0.399 o. 146 
4 0.202 0.246 0.207 
5 0.241 0.256 0.287 
6 0.301 0.314 0.261 
7 0.256 o. 307 0.468 
8 0.407 0.313 0.858 

Mean 0.282 0.333 0.361 

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

4.1 Catches 

Total catch of sprat in the Baltic amounted to 80,000 t in 1988 
(Table 4. 1) . This is slightly less than the year befare. 

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

4.2 SRrat in Sub-divisions 22, 24, and 25 

4.2.1 Catch trends 

Country 1977 1978 1979 1980 1981 1982 

Denmark 7 l 167 10,815 5,549 4,738 8,359 6,787 
German Dem.Rep. 2,214 1,090 924 114 78 1,022 
Germany,Fed.Rep. 766 784 691 541 564 632 
Pol and 19,984 8,281 5,735 6,217 4,300 4,439 
Sweden 173 569 1, 336 1, 185 747 1, 460 
USSR 6,000 360 135 2 3 

Total 36,304 21,899 14,370 12,795 14,050 14,343 

Country 1983 1984 1985 1986 1987 1988 

Denmark 6,202 2,957 4, 148 5,954 2,593 1,972 
German Dem.Rep. 2,692 2,761 1,950 2,514 1,307 1,234 
Germany,Fed.Rep. 619 663 879 473 1, 125 330 
Pol and 2,786 1,639 5,460 12,057 15,488 10,932 
sweden 1, 659 3,232 3,391 2, 153 723 1,230 
USSR 

Total 13,958 11,252 15,828 23, 151 21,236 15,698 

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

4.2.2 Catch in numbers by age and year 

The Federal Republic of Germany and Poland provided their total 
catches in numbers by age groups. The German Democratic Republic 
provided a proportion of the total catches, namely their catches 
for the period August-October in numbers by age groups. The re­
maining proportion of the total catch of this country was raised 
according to the age composition of the catches of Poland in the 
same sub-division at the same time. The same procedure was 
applied to the catches of Denmark. The Swedish catches were 
raised according to the age composition calculated for the other 
countries with catches in the assessment unit. Catch numbers are 
given in Table 4.2.1. 

4.2.3 Mean weight at age 

The countries providing catches in 
weights at age in their landings. 
calculated country by country on 
numbers by age groups provided 
mean weights at age (Table 4.2.2). 

numbers also supplied mean 
The age composition of catches 
the basis of the catch in 
was used to calculate weighted 

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

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

4.2.4 VPA 

As in previous assessments, the natura! mortality was assumed to 
be M = 0.4 and constant for all ages and years. By using the 
tuning module, fishing mortalities for the years 1984-1988 for 
ages 0-7 have been calcula~ed on the basis of acoustic surveys 
carried out in these years (Table 4.2.3). Each survey was given 
the same effort value, namely 1.00. The estimated amounts of 
sprat per age group were taken as CPUE. The resulting fishing 
mortality for age 3 was taken as starting fishing mortality in a 
separable VPA which was run on ages 1 to 5 (Tables 4.2.4). VPA 
output is shown in Tables 4.2.5 and 4.2.6 and Figures 4.2.1.A and 
4. 2. 1. B. 

4.2.5 Recruitment and catch prediction 

An analysis of sprat data from young fish surveys carried out in 
Sub-divisions 22 and 24 by the German Democratic Republic on the 
basis of the RCRTINX2 program was done. As the data base avail­
able for the analysis only included the period 1983-1988, the 
method could only be applied with a minimum of 4 points used for 
regression. The resulting prediction of the 1987 and 1988 year 
classes as 1-group can be taken as a rather conservative one 
taking into account that the predicted values are respectively 
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below and slightly above the lang-term average values (Table 
4.2.7), and that the number of 0-group sprat was high in the 
catches in 1988 and also in the acoustic survey. From this re­
cruitment prediction, the input values for ages 1 and 2 in 1989 
have been calculated. The average recruitment at age 1 amounted 
to 4,186 millions for the period 1970-1986. This value was 
appplied in the projection (Table 4.2.8). Weights at age in the 
stock were the averages of the period 1970-1986. Assuming an 
exploitation pattern similar to the average situation in 1970-
1986, the catch in 1989 could increase to 22,000 t with a fish­
ing mortality at the level of 1988, resulting in a total stock 
and a spawning stock in 1990 at about the same level as in 1989 
(Tables 4.2.9 and 4.2.10 and Figure 4.2.1.0). A continuation of 
this catch level in 1990 would again result in an unchanged total 
stock and spawning stock in 1991. This level of fishing mortality 
is below the biological reference points F0 . 1 (0.480) and Fmed 
(0. 915). 

4.3 Sprat in Sub-divisions 26 and 28 

4.3.1 Catch trends 

country 1977 1978 1979 

German Dep.Rep. 14,725 12,619 3,057 
Pol and 18,758 16,411 6,660 
sweden 28 35 65 
USSR 51,544 43,700 22,067 

Total 85,055 72,765 31,849 

country 

Finland 
Pol and 
sweden 
USSR 

Total 

1983 

4,302 
274 

8,919 

13,495 

1 Preliminary. 
Weights in tonnes. 

1984 1985 

7,615 13,023 
4,180 2,395 

19,354 27,560 

31,149 42,978 

1980 1981 1982 

15 
6,518 4,591 9, 770 

66 87 120 
18,990 13,093 13,618 

25,529 17 l 770 23,508 

1986 1987 1988 1 

21 11 
11,596 16,515 11,304 

1,010 2,684 3,921 
29,356 37,426 36,573 

41,962 56,646 51,809 

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

Polish CPUE of sprat in Sub-division 26 for the major part of the 
fleet (governmental fishery enterprises), and the calculated 
effort are shown in the text table below: 
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Category 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 

CPUE (t) 3.73 4. 77 4.09 4.13 3.46 6.07 5.12 6.31 4.63 4.43 4.80 4.08 
Standafdized 
effort 5,024 3,439 1,629 1,579 1,328 1,610 840 1,206 2,812 2,620 3,440 2, 772 

1 Days fished. 

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

Year Sub-division Trawling hours Catch per trawling ho ur (t) 

1983 26 3,415 2.26 
28 1,238 o. 97 

Total 4,653 1. 92 

1984 26 9,826 1. 03 
28 7,959 1.16 

Total 17,785 1. 09 

1985 26 11, 182 1. 66 
28 7,789 1 . 16 

Total 18,961 1. 45 

1986 26 8,466 1.18 
28 16,234 1. 19 

Total 24,700 1 . 19 

1987 26 22,263 1 . 15 
28 10,948 1. 08 

Total 33,211 1. 12 

1988 26 21,095 1. 10 
28 13,368 1 .00 

Total 34,463 1. 06 

Since USSR and Poland conduct sprat fishery by different types of 
vessels, their data on CPUE and effort values are incompatible. 
Sweden and Finland do not have statistical data on these indicators. 
For this reason to describe the fishery intensity in Sub-divisions 
26 and 28, USSR catch per trawling hour data were taken as standard 
ones. On this basis, the value of fishing effort and CPUE using 
equation: 
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c t h26+28 
a c total 

CPUE = Total effort 

The calculation results are 

Total effort and CPUE of 

Year 1983 1984 

Effort 6,839 28,781 
(hours) 

CPUE (t) 1. 98 1.08 

4.3.2 Catch in number 

catchsw + CatchFin 
28 

CPUEUSSR 

represented in the following table: 

sprat in Sub-divisions 26 and 28 

1985 1986 1987 1988 

28,871 35,376 50,057 48,671 

1. 49 1 . 19 1.13 1.06 

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

4.3.3 Mean weight at age 

Mean weights used were supplied by Poland and the USSR. These mean 
weights at age were weighted by catches in numbers of these 
countries in Sub-divisions 26 and 28, and the resulting mean weights 
at age were used as the average weights in the catches. Weights at 
age in the catch and in the stock were taken as being equal for 
recent years (Tables 4.3.2 and 4.3.3). The SOP based on weighted 
mean weights at age in 1988 was in very good agreement with the 
nominal catch (100%) (Table 4.3.4). 

4.3.4 VPA 

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

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

4.3.5 VPA tuned by tuning model (Assessment 1) 

A natural mortality level of 0.5 was applied for all years. Stock 
estimates from the two acoustic surveys were used as "CPUE" input 
(effort = 10 for all years) to the tuning module. survey results 
from 1983-1987 (fourth quarter) were used for 1 January estimates 
for 1984-1988 (Table 4.3.5). 
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The log catchabilities (Table 4.3.6) are stable for most age 
groups, especially for the USSR data. The fishing mortality for 
1988 was F 2_6 = 0.19. This level of exploitation was also 
achieved frhm Å separable VPA using reference age = 4, 
Ste m = 1.25, and Ft rm = 0.2 (Table 4.3.7). The resulting 
f1sfl1ng mortalities caiculated from terminal populations are 
presented in Tables 4.3.8 and the accompanying stock sizes in 
Table 4.3.9. 

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

4.3.6 Recruitment and prediction 

Year classes older than 1988 were taken from the VPA. The 1988 
year class was estimated from the USSR 0-gloup data from a trawl 
survey in September to be 47,760 x 10 at age 1 from the re­
gression shown in Figure 4.3.1. This corresponds to 2.2 times the 
1979-1986 average. The prediction run with average recruitment 
for year class 1989 (Table 4.3.10) and with a continuation of the 
1988 exploitation pattern gave a SQC of 45,000 t in 1989 and 
51,000 t in 1990 (Table 4.3.11). 

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

4.3.7 YPA tuned from the USSR acoustic surveys (Assessment 2> 

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

z ln N 87 - ln N 88 
t t 

F Z X 

M = Z - F 

C IX87 - IX88 
t 

where Nt is the abundance of the sprat of year class t according 
to 1987 and 1988 survey data. Results of the calculations are 
presented in text table below: 
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Calculated z, F, and M values for sprat in Sub-divisions 26 and 
28 from USSR acoustic data in September-October 1987-1988. 

Year c lass 
Total 

1986 1985 1984 1983 1982 1981 2.1980 

Na 1 

millions 23,035 2,246 2,992 2,489 2,341 11 o 122 33,335 

Naa 
millions 14,404 1, 251 1, 667 1 ,451 1, 301 59 60 20,193 

Ne 7._Na a 

millions 8,631 995 1,325 1,038 1,040 51 62 13, 142 

C(IX87-IX88) 
millions 2,463 552 706 477 421 19 19 4,658 

NB7 

Z=lnS'B 0.47 0.59 0.59 o. 54 0.59 0.62 0.71 0.50 
N 

c 
F=Z8'7Ba o. 13 0.33 0.32 0.25 0.24 0.23 0.22 o. 18 

N -N 

M = Z-F 0.34 0.26 0.27 0.29 0.35 0.39 0.49 0.32 

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



Year class 

Relative abundance 
of young sprat ac­
cording to pelagic 
trawl survey. 
Index N

0 

Mean weight of 
young sprat on 
pelagic trawl 
catches, w

1
, g 

Mean weight of 
young sprat in 
Isaacs-Kidd 
trawl, w

2
, g 
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1980 1981 1982 1983 1984 1985 1986 1987 1988 

0.90 0.36 2.64 4.56 0.80 0.10 9.22 0.01 6.90 

3.5 2.9 3.2 2.9 2.3 1.1 2.5 2.6 3.2 

1.7 2.0 2.5 1.3 1.7 1.7 1.2 0.43 2.0 

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

~ = 21675.5 + 1461.8 (Index N
0

) W
1 

+ 16747.5 ~ (r = 0.939) 

The est~mate for the 1988 year class at the age of 1 year is 
44 x 10 fishes. Taking that into account the terminal F for the 
0-groups was chosen to get the 1988 year class abundance close to 
the calculated one. The 1987 survey showed that in pelagic trawl 
catches the 0-group was almost absent (the index N = 0.01). 
In the Isaacs-Kidd trawl catches the 0-group weight wa~ very low 

i~~r=f~~!~ i~ea~~u~~=~~ew~~et~~ ~:~; c~~;;ee:!tno~1~~i~ul!~~~a=~d 
it was taken equal to the weakest year class in the last 19 year 
period, the 1977 year class. 

VPA results are presented in Tables 4.3.14 and 4.3.15 and Figures 
4.3.3.A and 4.3.3.8. 

Figure 4.3.2 shows the relationship between average F
2

_
6 

from VPA 
and the total effort for the period 1983-1988. The correlation 
coefficient between them is remarkably high (r = 0.95). 

4.3.8 Recruitment and catch prediction 

For the prediction, the 1989-1991 year classes were set at the 
average level for 1979-1986 (Table 4.3.15). The natural mortality 
level by age was taken as the average for 1984-1988. The fishing 
pattern for 1988 was applied (Table 4.3.14). Input data are given 
in Table 4.3.16. Long-term and short-term catch projections are 
given in Tables 4.3.17-4.3.19 and Figures 4.3.3.C and 4.3.3.0. 
Taking into account the TACs for sprat in 1989, it can be ex­
pected that the sprat catch in that year in Sub-divisions 26 and 
28 will be about 60,000-65,000 t if fishing mortality in 1989 is 
at the level of 1988 (that is considerably less than F = 
0.508; Table 4.3.17). The corresponding status gyQ catcR· 1in 
these sub-divisions in 1990 is about 70,000 t (Table 4.3.18). 
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4.4 Sprat in Sub-divisions 27. 29 - 32 

4.4.1 Catches 

Country 

Finland 
German Dem.Rep. 
Pol and 
Sweden 
USSR 

Total 

Country 

Finland 
German Dem.Rep. 
Pol and 
Sweden 
!JSSR 

Total 

1 Preliminary. 
Weights in t. 

1977 

71212 
302 

22 
227 

521180 

591943 

1983 

31355 

783 
41806 

81944 

1978 1979 

61373 7 l 125 
1 37 

196 825 
311469 221860 

381039 301847 

1984 1985 

21415 21923 

985 11325 
61531 6 443 

91937 101691 

1980 

61311 
12 

11 133 
141429 

191885 

1986 

31246 

67 
7 l 128 

101441 

1981 

51850 

716 
101787 

171353 

1987 

21796 

46 
71462 

101204 

1982 

41550 

11 170 
51245 

101965 

19881 

21985 

21194 
71608 

121787 

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

4.4.2 Catch in numbers by age and year 

The USSR and Finland presented catches in millions by age groups. 
The Swedish catch was raised to the age composition of the 
combined USSR and Finnish landings (Table 4.4.1). 

4.4.3 Mean weight at age 

Weighted mean weight-at-age data from the USSR and Finnish 
fisheries were applied for 1988 (Table 4.4.2). The nominal catch 
constituted 100% of the calculated one (Table 4.4.3). Weights at 
age in the catch and in the stock were taken as being equal. 

4.4.4 VPA 

A constant natural mortality rate (M = 0.3) was assumed for all 
age groups, as in the previous report. The input Fs for the 
oldest age groups for all years and for age groups 1 and older in 
1988 were estimated using the separable VPA. For calculations the 
terminal F value 0.104 for the 2-year-old sprat was assumed, at 
which age sprat is fully recruited. Taking into account that from 
1983 onwards directed fishing for sprat did not occur in that 
region and sprat was taken as by-catch in the herring fishery 
which has been comparatively stable, the terminal F value was 
selected close to the average for the period 1983-1987 (Table 
4.4.4). Runs with six different terminal S values (0.5; 1.0; 
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1.5; 2.0; 2.5, and 3.0) were made. After a comparison of the 
results, the terminal S value of 1.5 was selected as probably 
best reflecting the observed exploitation pattern (Table 4.4.5). 
The terminal F for 0-group sprat in 1988 was taken to be equal to 
the mean for 1983-1987 (Table 4.4.4). The VPA results are shown 
in Tables 4.4.6 and 4.4.7, and in Figures 4.4.1.A and 4.4.1.B. 

4.4.5 Recruitment and catch prediction 

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

owing to the good 1~88 year class, it is expected that sprat 
catches and spawn1ng stock in Sub-divisions 27, and 29-32 will 
increase. The long-term and short-term catch and stock projec­
tions are presented in Tables 4.4.9-4.4.11 and in Figures 4.4.1 .c 
and 4.4.1.0. 

4.5 Sprat in the Total Baltic CSub-divisions 22-32) 

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

4.5.1 Catches 

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

4.5.2 Catches in number at age 

Catches in number were summed from the existing files covering 
the stocks in Sub-divisions 22-25, Sub-divisions 26 and 28, and 
Sub-divisions 27, 29-32 (Table 4.5.1). 

4.5.3 Mean weight at age and maturity data 

Mean weight in the catches were obtained by weighting the means 
from the three stocks by catches in numbers (Table 4.5.2). A 
maturity ogive was calculated as an average of the existing 
ogives. 

4.5.4 VPA 

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

Results from the VPA based on the tuning are given in Tables 
4.5.5 and 4.5.6. The stock sizes from this analysis are compared 
with the stock biomasses estimated by the surveys in Figure 
4. 5. 1. 

A separable VPA with a terminal selection value of 1.0 1 a ter­
minal F of 0.2 1 and a reference age of 4 was performed (Table 
4.5.7). Terminal populations were used for determining the 
fishing mortalities shown in Table 4.5.8; stock sizes are given 
in Table 4.5.9. 

4.5.5 Recruitment and catch predicition 

The relative sizes of the year classes are of course similar to 
that of the Sub-divisions 26 and 28 stock: year classes 1985 and 
1987 below 1 and 1986 1 above average. The size of the 1988 year 
class was assumed to be 2.2 times the lang-term (1974-1988) aver­
age1 i.e. 1 the same relation ~o the mean as in Sub-divisions 26 
and 28 (2.2 x 25.9 = 57 x 10 fish; see Section 4.3.6). The pre­
diction was made with the 1989 year class assumed as average 1 
with a continuation of the 1988 exploitation pattern in 1989 and 
with mean weights taken as the 1984-1988 average (Tables 4.5.10 
to 4.5.13). The status ~ catches predicted are 72 1000 t in 
1989 and 89 1000 t in 1990. 

Under these assumptions 1 spawning stock biomass will increase 
from around 350 1000 t at 1989 spawning time to about 450 1000 t in 
1991. 

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

Area 

22-251 
26-282 
26-28 
271 29-32 

sum 

Total area 

SQC 

1 

2Assessment 1. 
Assessment 2. 

5 EFFORT AND CPUE 

('000 

1989 

22 
45 
65 
15 

82-102 

72 

t) 

1990 

21 
51 
67 
21 

93-109 

89 

Effort and CPUE data from the herring fisheries have been 
revised, particularly the Polish and Finnish data for 1987 (Table 
5.1). Data for 1988 are preliminary (Table 5.2). It is noted by 
the Working Group that the reporting of effort data is unre­
liable and that changes in fishing power (e.g. 1 by more powerful 
engines or better acoustic equipment) are not taken into account. 
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A standardization of effort data should make them more useful for 
assessment purposes. 

6 FUTURE WORK 

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

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

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

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

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

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

7 STOCK INFORMATION TO THE HELSINKI COMMISSION 

Reviews of the stocks of herring and sprat stocks in the Baltic 
were made and handed over to the ICES Secretariat. 
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Table 2.1.1 Finnish HERRING catches in the Baltic Sea by Sub-divisions in 1974-88 (tennes). By-catch 
------------ of sprat in directed herring fisheries excluded. Data for 1988 preliminary. 

1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 
Subdiv. 

Total 

27 o 
28 

29S 
29N 

30 
31 

o 
o 

20682 
17597 

5737 
32 11579 

o 5 45 148 o 5 o o o o o 89 344 81 
o o o o l 2 o 5 o o o 116 2111 1840 
o 57 119 352 17 64 30 163 44 11 8 335 325 449 

26308 19868 21188 23997 29469 33693 29736 31038 36559 33432 34883 32283 30557 31423 
13567 19315 22694 22215 17459 18758 12410 16117 16104 23228 24235 23988 22615 20928 

4802 7763 6580 9068 6275 8899 7206 7982 7011 8322 8595 8754 7788 7171 
8321 12525 12317 13791 10929 10207 12781 16272 22470 20695 19290 16533 17080 15021 

55595 52998 59471 62779 69571 64150 71628 62163 71577 82188 85688 87011 82098 80820 76913 

'->1 
'-0 
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Ta ble 2.1.2 Finnish SPRAT catches in the Baltic Sea by Sub-divisions in 1974-88 1 tonnes l. 
Bv-catch of sprat in herring fisheries included. Data for 1988 preliminary. 

1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 

Subdiv. 
27 o o o 1 7 o o o o o o o o o o 
28 o o o o o o o o o o o o o 21 11 
29 2238 2577 415 2578 2633 3823 3775 3900 2964 2413 1713 1862 2178 1776 1975 
30 18 6 o 101 162 38 234 8 16 o 33 3 5 4 3 
31 o o o o o o o 10 o o o o o o (l 
.-,.-; 2624 3835 4694 4022 3250 3175 2182 2034 1557 962 654 1046 1052 1016 1007 

Total 4880 6418 5109 6702 6052 7036 6191 5952 4537 3375 2400 2911 3235 2B17 2996 



Table 3.1.1_ HERRING catches in the Baltic Sea by countries and sub-divisions, 1987 and 1988 (t). By-catch of sprat in 
directed herring fisheries excluded and by-catch of herring in sprat fisheries included. 

Sub-divisions 
Year and Total 
country catch 22 23 24 25 26 27 28 29S 29N 30 31 32 
---
1987 
Denmark 33,973 22,555 754 6,506 4,158 
Finland 80,820 - - - - 344 2 l 111 325 30,557 22,615 7,788 17,080 
German Dem. Rep. 49,880 465 - 46,802 1 l 991 - 611 11 
Germany, Fed. Rep. 5,806 5 l 178 - 628 + - -
Pol and 63,490 - - 7,997 39,732 15,393 344 24 
sweden 35,564 - 172 7,814 15,602 88 7,738 1,606 8 311 1,905 320 
USSR 113,844 - - - 8,061 24,140 3,577 32,336 24,268 - - - 21,462 

Total 383 l 377 28,198 926 69,747 69,544 39,621 12,614 36,068 24,601 30,868 24,520 8 l 108 38,542 

19881 

Denmark 43,971 23,987 102 9,088 10,794 
Finland 76,913 - - - - - 81 1,840 449 31,423 20,928 7 l 171 15,021 
German Dem. Rep 53,456 - - 49,488 3,866 102 
Germany, Fed. Rep. 5 l 188 4,937 - 251 - -
Pol and 63,746 - - 6,590 36 l 777 20,379 
Sweden 41 l 540 - 117 4,586 16,941 24 14,366 1,319 100 648 3,172 267 
USSR 122,849 - - 9,051 26,767 4,795 36,673 22,423 - - - 23,140 

Total 407,663 28,924 219 70,003 77,429 47,272 19,242 39,832 22,972 32,071 24,100 7,438 38,161 
1 Preliminary data. 

..,.. 
i-' 
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Table 3.2.1 HERRING. Catch at age (millions) and mean weight 
at age (g) by half year from Sub-divisions 22-24 
in 1988. 

1st half year 2nd half year Total 
Age 

N w N w N w 

o 789.5 11.03 789.5 11.03 
1 658.3 13.76 153.8 32.38 812.1 17.29 
2 311.4 25.00 51.3 54.47 362.7 29. 17 
3 325.1 83.01 24.8 93.86 349.9 83.78 
4 122.8 110.31 15. 1 93.04 137.8 108.43 
5 104.2 126.98 10.8 102.67 115 .o 124.69 
6 27.6 152.34 4.6 102.19 32.2 145.20 
7 6.5 160.31 3.4 143.50 9.9 154.52 
8+ 2.5 152.55 3.0 122.63 5.6 136.26 

SOP(t) 76,242 22,655 98 897 

Table 3.2.2 HERRING. Catch at age (millions) and mean 
weight at age (g) of spring spawners in 
Division IIIa in 1988. Transfers from the 
North Sea are included. Source: Table 3.2.2 
Anon., 1989a. 

1st half 19881 2nd half 19881 Total 
Age 

N w N w N 

2 745 33 1330 55 2075 
3 343 65 221 94 563 
4 39 92 24 128 62 
5 18 128 15 147 32 
6 5 155 2 177 8 
7 1 170 

w 

47 
77 

106 
138 
156 

SOP (t) 53.767 99.650 154.072 

1 calculations based on quarterly values. 



Tab le 3 • 2 • 3 SUM OF PRODUCTS CHECK 

HERRING IN THE WESTERN BALTIC AND KATTEGAT 
CATEGORY: TOTAL 

CI>.TC H I r4 NU~iBfRS Ui'HT: rnillions 
---- -- ~-- ------·---

19/'LI 197S 1976 1977 

4313 301 585 488 
3 :;'42 229 291 
4 257 .110 140 
5 91 138 55 50 

22 51 27 2l 
6 19 11 7 

8+ 3 2 4 4 

TOTAL 1213 1010 1021 1001 

1986 1987 1988 

'2 468 988 2443 
3 oll 388 923 
4 3'!0 394 205 
5 123 J 25 152 
6 :28 37 41 

l.D JO 11 
8·1 3 4 6 

TOT1\L 1633 .1.945 3786 

1978 1979 1980 1981 

931 1074 t194 1005 
586 440 908 467 

70 105 143 277 
19 13 25 58 

8 4 7 18 
4 3 2 4 
5 .l 2 4 

1623 1640 1581 1833 

1982 1983 

572 850 
779 L185 
.150 3t18 

84 39 
18 14 

4 2 
3 3 

1610 1741 

1984 

1207 
521 
,(35 
162 

24 
8 
2 

2159 

1985 

849 
844 
353 
108 

35 
7 
6 

2202 

.j:>. 

'-"' 



Table 3.2.4 SUM OF PRODUCTS CHECK 

HERRING IN THE WESTERN BALTIC AND KATTEGAT 
CATEGORY: TOTAL 

MEAN WEIGHT AT AGE IN THE CATCH UNIT: gram 

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

2 75.300 59.080 59.570 61.240 58.430 61.720 63.190 64.010 63.310 60.390 63.370 62.860 
3 111.000 94.190 93.380 96.320 94.050 92.290 96.620 96.320 100.610 97.030 106.680 108.410 
4 137.200 127.190 126.650 126.710 126.580 126.500 126.630 127.190 127.500 128.400 131.890 l3u.390 
5 172.900 146.850 146.620 148.090 146.350 147.070 145.980 146.830 149.420 147.070 147.590 153.730 
6 209.000 167.950 166.890 168.720 169.140 169.140 170.380 168.170 172.030 167.900 172.410 173.030 
7 236.200 190.620 190.440 191.090 190.840 191.390 189.290 190.870 190.870 192.440 204.490 200.140 

8+ 240.800 192.610 183.870 183.870 185.620 192.610 192.610 183.870 180.960 180.960 197.210 194.720 

1986 1987 1988 

2 72.560 51.990 45.200 
3 91.260 80.290 71.700 
4 120.690 99.910 101.000 
5 152.000 127.070 124.800 
6 177.390 144.620 144.400 
7 184.100 157.800 145.700 

8+ 199.780 166.420 135.800 

.p. 

.p. 
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Tab le 3. 2. 5 .l Separable VPA. 

Tit le : HERR ING IN FISH!NG AREAS 22 AND 24 
At 16.13.48 24 APRIL 1989 
from 70 to 88 on ag•?s O to 7 
with Terminal F of . 400 on age 4 and Terminal S of l. 000 

Initial sum of squared reslduals was 175.287 and 
final sum of squared residtlal s is 47.946 after 109 iteration> 

Mat1·ix of Residuals 

Years 70171 71/72 72!73 73/74 74/75 75/76 76/77 77/78 
Ag es 
0/ l -1.115 -l. 085 -. 774 -1.486 -.977 -.443 -.350 -1.192 
1/ 2 .121 1.157 l. 736 .519 .968 .082 .672 . 334 
2/ 3 1.496 .563 -.487 -l. 378 -.211 -.068 .469 -.442 
3/ 4 1.191 -.225 -. 414 -. 756 . 328 -.075 -.100 .385 
4/ 5 ,033 -. 714 -.102 .489 . 315 .197 .• 194 .•158 
5/ 6 -1.038 -. 314 .478 1.152 -.196 .090 -. 327 -.027 
6/ 7 -l. 642 1.619 -.171 1.385 -.807 .003 .073 -.234 

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

WT5 .100 .100 .100 .100 .100 .100 .100 .100 

Years 78/79 79/80 80/81 81/82 82/83 83/84 84/85 85/86 86/87 87/88 WTS 
Ag es 
OI l -,540 .817 .922 -l. 003 -.598 .022 -.279 .400 -.119 • 759 .ooo .444 
1/ 2 -. 335 -. 383 -.585 -1.125 -.485 -.016 -. 381 -.021 -.227 .376 .ooo .468 
2/ 3 ,241 -.120 .033 -.048 -.237 .552 .113 -.092 -.173 -.380 .ooo .559 
3! 4 .143 .510 .719 .•192 -.085 .353 -.137 -.184 -.108 -.134 .000 . 714 
4/ 5 .623 . 348 -.002 .345 .189 -.063 -.242 -.174 . 284 -.004 .000 1.000 
5/ 6 -.285 -1.061 -. 775 .218 . 384 -. 585 .586 .218 .155 -.203 .ooo .570 
6/ 7 -. 717 -.533 -.532 .421 ,661 -.396 .584 .155 -.095 -.200 .000 .420 

.000 .ooo .000 .000 .ooo .000 .000 .000 .000 .000 .. 3.072 

WTS .100 .100 .100 .100 .100 1.000 1.000 1.000 1.000 1.000 

F ishing Mor tal it i es (f) 

70 71 72 73 74 75 76 77 78 
F-values .2696 • 3319 .4439 .5512 .5253 .9701 .9921 l. 2152 .9687 

79 80 81 82 83 84 85 86 87 88 
F-val ues . 7255 .6412 .6669 • 7655 .6373 .6914 .6953 .5716 .5495 .4000 

Se l ec ti on-at -age (S) 

o l 2 3 4 5 6 7 
S-values .0538 .2535 .2587 .6559 l.OOOO 1.1835 1.0983 1.0000 
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-'"_'i!'J"le 3,2,5.2 
Analysis bY RæTINX2 of data fron file RE::EJ\L \'l BAL-herring as 0-group: Post 1977, O, l and 2-qroup data. 

Data for 3 surveys over 12 years 
REGRE~Siot~ TYPE =- C 
TAPERED TIHE WE!GH!!HG APPL!ED 
POWER= 20VER 20YEARS 
PRIOR WE!GIITJHG HOT APPL!EO 
FINAL ESTIHATES SHRUNK TOWAROS HEAN 
ESTIHATESW!THS.E.'SGREATERTHANTHATOFHEAN !NCLUOlO 
H!N!HUH 3.E, FOR ANY SURVEV lAKEN AS .00 
HIIHHUH OF 5 PO!IITS USED FOR REGRESS!OII 

Vt:>arclass= 1982 

Survey/ Index Slope [nter·· RsquareNo. Predicted 5igma 
Series Va lue cept Pts Va lue 
IYSF2 7.2584 .000 .000 .oooo o .0000 ,00000 
GORO 3.0773 .000 .000 .oooo o ,0000 .00000 
GDR1 1.0818 1.042 6.914 .4867 5 0.0411 .35192 

Standard Wcight 
E!TOI" 

.00000 .ooooo 

.00000 .ooooo 

.39449 ,35843 

HE All 8.2274 .29486 .29486 .64157 

Vearclass= 1983 

Survey/ Index Slope Inter- Rsquare No. Predicted Sig111a Standard Weight 
Series Va lue cept Pts Va lue Er ror 
IYSF2 7.5326 .395 5.584 .9453 5 8.5589 ,07254 ,09353 .85222 
GOR O 5.3149 .766 5.407 .2619 5 9.4803 .50631 .85444 .01021 
GOR! 1.3584 1.231 6.746 .3596 6 8.4182 .40927 .44843 .03708 

HEAN 8.2508 .21218 .27238 .10050 

\'earclass= 1984 

Survey/ Index Slope lnler- Rsquare No, Predicted Sigma Standard Weight 
Series Va lue cept Pts Vi11Ue Er ror 
IYSF2 7.3544 .361 5.783 .0812 6 8.4350 ,09082 .11293 .74541 
GORO 4.6298 .504 6.149 .2711 6 8.5818 .44138 .50240 .01766 
GOR! 1.2613 1.212 6.763 .3693 7 0.2915 ,35953 .38601 .06380 

MEAN 6.2749 .24917 .24917 .15312 

Yearclass-=- 1905 

surve y/ Jndex Slope Inter- Rsquare No. Predictcd Slqmn Standifrd Welght 
Series Va lue cept Pts Va lue Error 
JYSF2 7,9800 ,380 5,609 .7168 7 8.6411 .15051 .19173 .47732 
GOR O 4.9273 .551 5.996 .2032 7 8,7098 .H422 ,54766 .05850 
GDR1 1.3056 1.249 6.702 .3541 8 6.3313 .33910 .36234 .13365 

HEAN 8.2615 .2.!040 .23040 .33053 

Vearclass=- 1986 

Survey/ Index Slope Inter- Rsquare No. Predicted Sigma Standard Weight 
Series Va lue cept Pts Va lue Er ror 
IYSF2 8.9664 .378 5.566 .5067 8 8,9543 .21236 .11608 .25036 
GORO 5.2101 .551 5.927 .1707 8 8.7984 .47444 .55336 .08166 
GOR1 2.0744 1.259 6.678 .3448 9 9.2887 .31515 .47644 .11019 

MEAN 8.2580 .21177 .21177 .55776 

Yearclass = 1987 

Surve y/ Inde)( Slepe Inter- Rsquare No. Predicted Sigaa Standard Welght 
5erles Va lue cept Pts Va lue Error 
IVSF2 
GOR O 4.5535 .542 5.957 .3009 9 8.4265 .43207 .46025 .12621 
GOR! 1.3218 .869 7.H4 .6127 10 6.2925 .22284 .23542 ,48239 

MEAN 8.3171 .26136 .26136 .39140 

Vearclass=- 1988 

Survey/ Indcx Slope Inter- Rsquare No, Predict~d Signa Standard Weight 
Series Val uP cept Pts Vnlue Error 
JVSF2 
GDR O 4.7883 .545 5.916 .2990 10 8.5444 .41)464 ,43401 .24297 
GDR l 

MEAN 8.325> .l458tl .14>08 .15703 

Vearclass Weighted Jnternal Ex terna l Virtual Ext.SE/ 
Average Standard Standard Population lnt.SE 
Prediction Er ror Et·ror Analysls 

1981 .00 1.00 .00 .oo 8.233757.00 .oo 
1982 8.16 3500.49 .24 .09 8.414496.00 .38 
1983 8.53 5079.15 ,09 .08 8,364287.00 .89 
1984 8.41 4477.01 .10 .04 8.173542.00 .43 
1985 8,48 4809.45 ,13 .11 8.23 3764.00 .81 
1986 8.59 5377.92 .16 .23 8.77 6441.00 1.42 
1987 8.32 4101.21 .16 .03 8.374324.00 .18 
1988 8.38 4353.14 .21 .09 .44 



Table 3.2.5.3 VIRTUAL POPULATION ANHLYSIS 

HERRING IN FISHING AREAS 22 AND 24 

CATCH IN NUMBERS UNIT: mill ions 
-------

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

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

8+ 2 19 3 4 2 2 4 4 5 l 1 4 

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

1982 1983 1984 1985 1986 1987 1988 

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

8+ 3 3 2 5 3 4 6 

TOTAL 1447 1612 1376 1479 1532 2750 2510 

:!:s 



Table 3.2.5.4 VIRTUAL POPULATION ANALYSIS 

HERRING IN FISHING AREAS 22 AND 24 

MEAN WEIGHT AT AGE OF THE STOCK UNIT: gram 

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

o 9.000 9.000 9.000 9.000 9.000 9.000 9.000 9.000 9.000 9.000 13.400 13.400 
1 16.000 16.000 16.000 16.000 16.000 16.000 16.000 16.000 16.000 16.000 25.800 25.800 
2 60.000 60.000 60.000 60.000 60.000 60.000 60.000 60.000 60.000 60.000 62.300 62.300 
3 95.000 95.000 95.000 95.000 95.000 95.000 95.000 95.000 95.000 95.000 90.500 90.500 
4 125.000 125.000 125.000 125.000 125.000 125.000 125.000 125.000 125.000 125.000 135.800 135.800 
5 155.000 155.000 155.000 155.000 155.000 155.000 155.000 155.000 155.000 155.000 156.500 156.500 
6 187.000 187.000 187.000 187.000 187.000 187.000 187.000 187.000 187.000 187.000 187.000 187.000 
7 210.000 210.000 210.000 210.000 210.000 210.000 210.000 210.000 210.000 210.000 214.600 214.600 

8+ 223.000 223.000 223.000 223.000 223.000 223.000 223.000 223.000 223.000 223.000 236.700 226.200 

1982 1983 1984 1985 1986 1987 1988 

o 12.000 12.000 12.000 12.000 1.000 5.500 11.000 
l 29.000 29.000 29.000 14.000 13.000 12.800 16.900 
2 59.000 59.000 50.000 40.000 28.500 33.700 29.100 
3 88.000 88.000 88.000 85.000 56.500 81.700 83.800 
4 115.000 115.000 115.000 124.000 92.500 101.200 108.500 
5 142.000 142.000 140.000 146.000 137.500 132.900 124.800 
6 167.000 167.000 160.000 165.000 188.500 162.500 142.200 
7 191.000 191.000 191.000 196.000 200.000 176.200 143.700 

8+ 221.000 221.000 214.000 221.000 230.000 185.400 135.800 

..,.. 
CD 



Table 3 2.5.5 VIRTUAL POPULATION A' VSIS 

HERRING IN FISHING AREAS 22 AND 24 

FISHING MORTALITV COEFFICIENT UNIT: Year-l 
-----------------
1970 1971 1972 1973 1974 

o .0064 .0109 .0137 .0142 .0158 
1 .1078 .1134 .2128 .1753 .3009 
2 .2530 .1249 .0479 .0480 .1017 
3 .3881 .1932 .2407 .2224 .4602 
4 .2280 .2383 .4984 . 7201 .6816 
5 .2218 .3015 .8318 .9416 .5273 
6 .1092 .8267 .4870 .7561 .2732 
7 .2688 .6582 .2370 .6938 .1517 

8+ .2688 .6582 .2370 .6938 .1517 

1- 6)U .2180 .2996 .3864 .4772 .3908 

1982 1983 1984 1985 1986 

o .0235 .0230 .0246 .0391 .0684 
1 .1704 .1668 .1110 .1511 .0995 
2 .1855 .2404 .1889 .1595 .1264 
3 .4970 .5144 .3849 .4270 .3577 
4 .7558 .7050 .6102 .6354 .6564 
5 .9967 .5660 1.1373 .9173 • 7249 
6 .9378 .5112 1.0188 .6964 .5845 
7 .7531 .3420 .6656 .5780 .3982 

8+ .7531 .3420 .6656 .5780 .3982 

1- 6)U .5905 .4506 .5752 .4978 .4249 

NATURAL MORTALITY COEFFICIENT = 

1975 1976 1977 1978 

.0451 .0610 .0199 .0278 

.3853 .3530 .5609 .2396 

.2342 .4325 .2292 .4033 

.5588 .6413 1.0086 .7099 
1.0119 .8477 l. 4222 .9331 
1.2233 .9420 1.3000 .8650 
1.0262 1.1282 1.2478 .8222 

.8162 .8948 1.1822 1.1730 

.8162 .8948 1.1822 1.1730 

.7399 . 7241 .9615 .6622 

1987 1988 

.2383 .1855 

.4003 .5155 

.1182 .2521 

.3627 .3240 

.5882 .4767 

.5705 .5340 

.5590 .4541 

.5486 .4515 

.5486 .4515 

.4331 .4261 

.30 

1979 1980 

.0502 .0298 

.1649 .0898 

.2642 .2215 

.7293 .8264 

.7371 .6994 

.3495 .4889 

.6286 .5890 
1.1980 .8527 
1.1980 .8527 

.4789 .4858 

1981 

.0118 

.0550 

.1638 

.6343 

.8810 

.9544 

.9626 
1.0296 
1. 0296 

.6085 

.j::>. 
\.0 



Table 3.2.5.6 VIRTUAL POPULATION ANALYSIS 

HERRING IN FISHING AREAS 22 AND 24 V1 
o 

STOCK SIZE IN NUMBERS UNIT: mi 11 i ons 
---------------------
BIOMASS TOTALS UNIT: tonnes 
--------------
ALL VALUES, EXCEPT THOSE REFERRING TO THE SPAWNING STOCK ARE GIVEN FOR 1 JANUARY; THE SPAWNING 
STOCK DATA REFLECT THE STOCK SITUATION AT SPAWNING TIME, WHEREBY THE FOLLOWING VALUES ARE 
USED: PROPORTION OF ANNUAL F BEFORE SPAWNING: .100 

PROPORTION OF ANNUAL M BEFORE SPAWNING: .250 

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

o 2559 2447 1618 2058 2293 2384 4996 5230 2517 4822 3306 3932 
1 1988 1884 1793 1183 1503 1672 1688 3482 3798 1813 3398 2377 
2 1390 1322 1246 1074 735 824 843 879 1472 2214 1139 2301 
3 847 799 864 880 758 492 483 405 518 729 1260 676 
4 377 426 488 503 522 355 208 188 109 189 260 408 
5 230 222 248 220 181 196 95 66 34 32 67 96 
6 202 136 122 80 63 79 43 28 13 11 17 30 
7 24 134 44 55 28 36 21 10 6 4 4 7 

8+ 8 44 14 8 16 5 7 6 9 1 3 7 

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

1982 1983 1984 1985 1986 1987 1988 1989 

o 4926 5084 2765 4789 5471 4185 4158 o 
1 2879 3565 3681 1998 3412 3785 2443 2559 
2 1667 1799 2235 2440 1273 2288 1879 1081 
3 1447 1026 1048 1371 1541 831 1506 1082 
4 266 652 454 528 663 799 428 807 
5 125 92 239 183 207 255 329 197 
6 27 34 39 57 54 74 107 143 
7 9 8 15 10 21 22 32 50 

8+ 6 12 6 13 lO 10 19 24 

TOTAL NO 11353 12272 10481 11390 12653 12249 10900 
SPS NO 1956 2012 2173 2503 2315 2396 2512 
TOT.BIOM 424226 458763 439881 40.6044 279777 349000 377635 
SPS BlOM 168210 179978 182962 '313 160813 185236 199766 



Table 3.2.6.1 Herring. Division IIIa and Sub-divisions 22- 24. Data for 
regression analysis of young fish indices against the com­
bined VPA on 2-group at 1 January. (The values shown for the 
GDRYFS O- and 1-group indices are exp of the log scale 
indices.) 

Spring spawners 

Year VPA IYFS GDRYFS GDRYFS IYFS IYFS 

51 

el ass 2-group (millions) 2-group 0-group 1-group 3-group 3+-group 

1977 3,066 2.61 147 162 
1978 1,574 307 22.65 1.58 315 349 
1979 3,159 1 l 318 98.49 5.99 183 196 
1980 1,982 445 27.11 1. 77 184 240 
1981 2,586 946 57.97 2.03 344 445 
1982 3,487 1,419 20.70 1.95 1,392 2,037 
1983 2,834 1,867 202.35 2.89 1,737 1,897 
1984 1,578 1,562 101.49 2.53 465 732 
1985 3,491 2,921 137.00 2.69 5,219 7,084 
1986 8,475 7,834 182.11 6.96 3,419 3,757 
1987 o 93.69 2.75 
1988 119.10 
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Table 3.2.2 2 HERRING in Division !Ila - Sub-divisions 22-24. The relation 
between acoustic estimates in Division !Ila, August/September in 
1979-1987 and VPA estimates at 1 January the following year by 
age group. 

Year 
Category 

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 

~ 

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

R2 = O. 31 a = 817 b = 0.44 x = acoustic y = VPA N = 8 

~ 

VPA 271 460 276 684 475 643 699 729 367 882 
Acoustic 93 473 44 221 413 756 73 317 665 761 

R2 = 0.11 a = 455 b = 0.25 

lli__j 

VPA 60 94 131 93 250 79 213 225 246 136 
Acoustic 13 84 22 31 122 126 11 77 310 87 

R2 = 0.04 a = 124 b = 0.31 

Age 5+ 

VPA 20 39 37 46 59 84 76 99 104 108 
Acoustic 4 31 26 9 13 36 1 10 160 94 

R2 = 0.00 a = 57 b = 0.04 
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Table 3.2 6.3 HERRING in Division IIIa and sub-divisions 22-24. The acoustic estimates 
of number at age (in millions) from the four acoustic surveys conducted 
in the area during 1987 and 1988. 

1987 

2 4 6 

Oct (Germany 
Aug - Sep De c Fed.Rep.- DK) Oct (Sweden) 

Div.IIIa and Div.IIIa Combination 
Age eastern part Sub-division Sub-division of 1 apd 

of North Sea 3 - 6 
(from Anon.1988b) 22 24 23 24 

o 10,192 418 1,517 346.6 2,077.1 2,562 
1 3,619 592 838 272.3 1,137.9 1,852 
2 958 312 163 652 166.7 294.6 1,761 
3 665 7 45 324 22.2 87.4 938 
4 310 5 4 9.8 45.9 345 
5 114 1.1 8.5 124 
6 43 1.1 0.9 45 
7+ 3 0.2 3 

Tonnes 252,459 311,000 36,863 108,407 26,200 61,800 

1 This combination is obtained by taking the mean of column 4 and 6 and ad ding 
columns 1, 3, and 5 to this mean. 

1988 

2 4 6 

oct (Germany 
Aug - Sep De c Fed.Rep.- DK) Oct (Sweden) 

Div. IIIa and Div. IIIa combination 
adjacent part Sub-division Sub-division of 1, 3~ 5, 
of North Sea 

222 
and 6 

(from Anon.1989) (from Anon.1989) 24 23 24 

o 2,257 598 No 5,084 2, 723 8,355 
2,803 426 surve y 443 820 1,689 

1,512 54 265 493 479 2,749 
3 761 23 117 240 227 1,345 
4 87 5 28 130 245 
5 74 10 59 143 
6 18 1 29 48 
7+ 22 19 21 

Tonnes 217,997 234,000 119,000 113,300 

2 3 was constructed based on 1987 data. It was assumed that the relative distribution in 
1988 between Sub-divisions 22 and 24 was the same as in 1987 by age. 
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Table 3.2.6.4 

Ti tie HEHR lr;C, Eh\l T IC ANC> 'A 1 fE bAr 
At l l/ 
from to 88 on ages 2 to 7 
with Trrm i nal f of .YOO or1 dfJt> 5 .1nd Terr.linn1 S of .900 

In it ia~l f,UOI Of .. quared 21.790 
t l nal ·:.Uftl of ':>quar ed ls 8.667 as lterot ions 

~atrix of Residuals 

-------

Years 74;75 75/7& 76/77 Tl/18 
Ag es 
2/ 3 . 757 -.188 .635 -' 788 
1/ ·l .205 -.068 .016 . 300 
4/ :, .082 .191 -.173 .370 
5/ 6 -.320 -.073 -.322 -.179 
6/ 7 -.651 -.045 .105 -.209 

.000 .000 .000 .000 

WTS .001 .001 .001 .001 

Yeat·s 78/79 79/80 80/81 81/82 82/83 83/84 84/85 85/86 86/87 87/88 WTS 
Ag es 
2/ 3 .113 -.082 .OBO -.075 -.427 .•197 .167 .021 -.042 -.147 .000 .444 
3/ 4 .696 .549 .864 .418 -.134 ,418 -.142 .127 -.109 .121 .000 .556 
4/ 5 .163 .440 .152 -.004 -.050 .059 -.186 -.024 .176 .033 .ooo 1.000 
5/ 6 -.327 -.695 -. 727 -.367 .047 -.521 .250 -.054 -.076 -.117 .000 .650 
6/ 7 -. 777 -.516 -.392 .087 .569 -.349 .057 -.043 -.094 .081 .000 .498 

.000 .000 .000 .000 .ooo .000 .000 .000 .000 .000 -.509 

WTS ,001 .001 .001 .001 .001 .001 1.000 1.000 1.000 1.000 

Fishing Mor tal it i es (f) 

74 75 76 77 78 
F-va l u es .9028 l. 3920 L 2125 l. 7066 L 4572 

79 00 81 02 83 84 85 86 87 88 
F-vnlues L0318 .9734 1.2911 l. 2769 .8762 1.0592 1.1002 .9986 .9490 .9000 

Se l ect ion-at-age (S) 

2 3 4 5 6 7 
S-values .3626 .5782 .8407 1.0000 .9259 .9000 



Table 3.2.6.5 
Analysis by RCR11NX2 of data from file RECBAL 
'IIESTERN Bt\LT!C AriD DIV IlJA HERRING RECRIJITMErH !Nlt!CES. 

Data fot 4 12 years 
RfGRE~SIUN TYI}t :; 
ft\PEREU TIMt WE!GHTING APPUE.D 

-"liWFR o l OVE!~ /.0 Yf.AI<S 
PRIOR WC:IGHf!NG NOT APPL!El> 
f lr,AL L~lt;;,t\lES ~i~lf<UrH: fUWMWS MI:AN 
ESTJMTES WITH S.E. 'o GREArER THAN THAT Or MEAN !rllLUOfu 
M!NfMUM S.f. FflH Mfl SUI1VfY lAKEN AS .00 
MINlMlJM OF 5 POJNfS USEU FOR RURESS!ON 

y~dl'(·: el">~~ 1935 

[nde .... Sl ore Inter- F'·:,quare rw. Prer.hcteG Sigmd 
Va lue t.ej)t Pt~ Va lue 

!YtS 7. 9800 .97•1 1.028 .2550 8. 8032 .63230 
GOR 4. 92"13 4. 5•)8 10.850 .001>7 ll.6536 •1.51783 
GDR l 1. 3056 2.641 11,495 .1593 7. 9433 .81636 
t\COUS f 6.8659 1.421 .? .2l3 .2710 7.5353 .58.'90 

MEMt 7. 7920 • 32208 

'iet1rc l ass = 198D 

~ttrVEy/ lndex s·l ope Inter- Rsquare No. Predicted Sigma 
St! l" les Val ue cept P to. Va lue 
l Yf~, 2 8.9664 . 735 2.621 .3882 8 9.2126 . 46795 
GOR O 5.2101 1.650 .886 .OS49 8 9.4810 l. 54641 
GOR 1 2.0744 2. 973 4.108 .lS24 9 10.2754 .84137 
ACOUST 7. 3218 2.047 -6.535 . 1546 9 8.4543 .83433 

MEAN 7.8426 • 32670 

Yearclass = 1987 

Sut·vey/ Index Slope Intet·- Rsquare No. Predicted Sigma 
Series Va lue cept Pts Va lue 
IYFS 2 .6931 .675 3.040 . 7003 9 3.5076 .39319 
GOR O 4.5506 l. 336 2.185 .2160 9 8.2641 1.14522 
GDR l l. 3218 l. 768 5.590 • 5780 10 7. 9275 .48854 
ACOUST 

~tanddrd l'le1ght 
Er ror 

.81843 .09983 
5.25844 .00242 

.8784 L . 08666 

.6h/7 .16648 

. 32208 .64461 

Standard Weight 
Et•t•or 

. 71273 .14718 
1.82116 .02254 
l. 33077 .04222 

.92392 .08758 

• 32670 . 70048 

Standard Weight 
Er ror 

1.15625 .08588 
l. 22659 .07631 

.51946 • 42547 

MEIIN 7. 9981 . 52766 . 52766 . 41235 

Yearclass = 1988 

Survey/ Jndex Slopc Inter- Rsquare No. Predicted Sigma Standard Weight 
Series Value c.ept Pts Value Error 
IYFS 2 
GOR O 4. 7883 1.3•15 2.140 .2147 9 8.5807 1.16801 1.27370 .14877 
GDR l 
ACOUST 

MEAN 8.0009 . 53248 .53248 .85123 

Yearcl ass Weighted Internal Externill Virtual Ext. SE/ 
AvHage Slandard Standard Popul at ion Jnt. SE 
Predict ion En·or Er ror Analysis 

1985 7.87 2624.80 . 26 .19 8.16 3492.00 • 74 
1986 8.24 3779.99 .27 .34 9.04 8•176.00 1.24 
1987 7.60 2003.68 • 34 • 73 2.14 
l988 8.09 3252.53 .49 .21 .42 
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Tab le 3.2.6.6 VIRTUAL POPULATION ANALYSIS 

HERRING IN THE WESTERN BALTIC AND KATTEGAT 

FISHING MORTALITY COEFFICIENT UNIT: Year-l 
---------------

1974 1975 1976 1977 1978 

2 .57 .45 .76 .41 .71 
3 .62 .72 .74 1.18 1.32 
4 .80 1.22 .87 1.62 1.08 
5 .73 1.37 .98 1.43 1.12 
6 .55 1.29 1.21 1.46 .98 
7 .80 1. 45 1.17 1.38 1.46 

8+ .80 1.45 1.17 1. 38 1.46 

( 2- 6)U .65 1.01 .91 1.22 1.04 
C 3- 6)U .67 1.15 .95 1.42 1.13 

1986 1987 1988 1981-86 

2 .36 .37 .70 .41 
3 .54 .59 .70 .68 
4 .91 .81 .72 .89 
5 .97 .86 .89 1.02 
6 .90 .92 .80 1.03 
7 .86 .92 .80 1.01 

8+ .86 .92 .80 1.01 

2- 6)U .73 .71 .76 
3- 6)U .83 .80 .78 

NATURAL MORTALITY COEFFICIENT = 

1979 1980 1981 1982 

.48 .42 .43 .38 

.90 1.01 .92 .70 

.94 .86 1.06 .89 

.59 .60 1.10 1.19 

.76 .76 1.28 1.42 
1.42 1.17 1.51 1.21 
1.42 1.17 1.51 1.21 

.73 .73 .96 .92 

.80 .81 1.09 1.05 

.20 

1983 1984 

.45 .47 

.65 .54 

.81 .77 

.61 l. 21 

.63 1.00 

.56 .94 

.56 .94 

.63 .80 

.67 .88 

1985 

.39 

.72 

.90 
1.05 

.98 

.96 

.96 

.81 

.91 

\J1 
0'\ 



Tab l e_l.2....6. 7 VIRTUAL POPULATION ANALYSIS 

HERRING IN THE WESTERN BALTIC AND KATTEGAT 

STOCK SIZE IN NUMBERS UNIT: millions 

Bl Ot11ASS TOTALS UN IT: tonn es 

ALL VALUES, EXCEPT THOSE REFERRING TO THE SPAWNING STOCK ARE GIVEN FOR l JANUARY; THE SPAWNING 
STOCK DATA REFLECT THE STOCK SITUATION AT SPAWNING TIME, WHEREBY THE FOLLOWING VALUES ARE 
USED: PROPORTION OF ANNUAL F BEFORE SPAWNING: .100 

PROPORTION OF ANNUAL M BEFORE SPAWNING: .250 

1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 

2 1109 915 1193 1588 2003 3066 1574 3159 1984 2591 3506 
3 896 516 479 455 862 809 1548 845 1685 1111 1359 
4 542 395 206 188 115 188 271 460 276 684 476 
5 192 200 96 71 31 32 60 94 131 93 250 
6 57 76 42 30 14 8 14 27 26 33 41 
7 12 27 17 10 6 4 3 6 6 5 14 

8+ 6 3 6 6 7 l 3 6 5 8 4 

TOTAL NO 2814 2131 2039 2347 3037 4108 3473 4597 4112 4524 5650 
SPS NO 1466 1062 827 811 1030 1270 1569 1592 1841 1878 2193 
TOT.BIOM 307817 200637 167349 183348 221863 294768 295679 362610 356349 373583 477531 
SPS BlOM 184522 119850 84389 78121 90364 107819 152524 152211 185218 189133 228350 

1986 1987 1988 1989 

2 1681 3539 5293 o 
3 1609 956 2011 2152 
4 711 770 435 817 
5 215 235 280 173 
6 51 67 81 94 
7 19 17 22 30 

8+ 6 7 12 12 

TOTAL NO 4292 5591 8133 
SPS NO 2204 2184 2967 
TOT.BIOM 401023 381116 4787411 
SPS BIOM ?28932 183926 218180 

1985 

2896 
1789 

647 
180 

61 
12 
11 

5595 
2449 

506884 
267709 

\J1 
-.J 



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

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

The number of recruits per year is as follows: 

Year Recruitment 

1989 2004.0 
1990 3253.0 
1991 2405.0 

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

Data are printed in the following units: 

Number of fish: 
Weight by age group 
Weight by age group 
Stock biomass: 
Catch weight: 

mill ions 
in the catch: gram 
in the stock: gram 

tonnes 
tennes 

: : : fishing: natural: maturity: weight in: weight in: 
: age: stock size: pattern: mortality: ogive: the catchl the stock: 
+----+-----------+--------+----------+---------+----------+----------+ 

2: 2004.o: .38: .2o: .2o: 45.2oo: 45.2oo: 
3: 2152. o: . 64: . 20: . 75: 71. 700: 71. 700: 
4 : 817. o: . 84 : . 20: . 90: 101. 000: 101. 000: 
s: 173.o: .96: .2o: 1.oo: 124.8oo: 124.8oo: 
6l 94.o: .97l .2o: 1.oo: 144.4oo: 144.4oo: 
7: 30.0: .95: .20: 1.00: 145.700: 145.700: 

8+ : 12. o: . 95: . 20: 1. 00: 135. 800: 135. 800: 

V1 
(l) 



·rable 3.2.6.9 

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

HERRING DIV.IIIA AND 22-24 

: Year 1989 : Year 1990 : Year 1991 : 
+-----+------+--------+---------+------+-----+------+--------+---------+------+--------+---------+ 
: fac-: ref.: stock: sp.stock: : fac-: ref.: stock: sp~stock: : stockl sp.stock: 
: tori F: biomass: biomassi catch: tor: Fl biomass: biomassl catch: biomass: biomass: 
+-----+------+--------+---------+------+-----+------+--------+---------+------+--------+---------+ 

1.0 .76 369 220 159 .o: .oo: 371 213: o: 5331 3701 
.l: . 08: 212: 21: 508 l 346 l 
.2 l .15: 210: 401 485: 324:\ 
.4: .3o: 2071 74l 4431 2841' 
• 6 : . 45: 204 : 105: 407 l 250: 
.a: .611 2011 131l 375l 221: 

1.0: .76l 1981 155l 347: 1961 
l. 2: . 91: 195 l 175: 322: 175: 
1.4: 1.06: 1921 1931 3oo: 156: 
1.61 1.21l 1891 2091 281: 1391 
1.81 1.36: 1861 224l 2631 125l 

l 2. o: l. 52: 184: 236: 248: 113: 
+-----+------+--------+---------+------+-----+------+--------+---------+------+--------+---------+ 
The data unit of the biomass and the catch is 1000 tennes. 
The spawning stock biomass is given for the time of spawning. 
The spawning stock biomass for 1991 has been calculated with the same fishing mortality as for 1990. 
The reference F is the mean F for the age group range from 2 to 6 

\.}'1 
\.0 
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Table 3.2.6.10 

HERR ING IN DIVISIONS I liA AND 22 ·24 

' Year 1989. f-factor 1.000 and teference F .lo80 ' 
•• l ~ •••• , "' • " •• "' ..... ~ ............. l •• ~ •••••••••• l ....... t ••••• 

+- --- -------- --- ----+-- ------- -·- --------+ 
at t January: dt ::.pawning time~ 

-- --+ ----- ----+ ------- --+- ------ -- --+---- ---- -+---------+--- ----- -+--- -- ----+ 
: : ab·~olutel catch in: catch in: stod,: >tock: sp.stock: sp.stockl sp.stockl sp.stock\ 

l..:~~l--- . ----~1- -~~~~~~~L--~=~~~: i--- __ ~~:: l--~~~~:=:i_ ----~~~=1--~~~~:::l-----=~~=l--~~~~:::l 
2: .38oo: 577.84: 26ua: 20o,1.oo: 9058o: 400.8o: 18116: 367.o4: 1659o: 

J! :~:~~: ~~~:~~: ~~~~~! zm:~~! l~~~i~! l~~~:~~! 1~~~~~ 1 1::~:~~ 1 l~~~~i; 
s: .96oo: 98.29: 12266: 173.oo: 2159o: 173.oo: 2159o: 149.so: 18657i 
6i .97oo: 53.74: 776o: 94.oo: 13573: 94.oo: 13573: 81.15: 11718: 
7' .9soo: 16.94: 2467: 30.oo: 4371: 3o.oo: 4371: 25.95: 3781: 

B+: .9soo: 6.77: 919i 12.oo: 1629: 12.oo: 1629: 10.38: 1409: 
+- -- -+ ------- --+ -------- -+--- -- ----+ --------- f ---- -----+---------+---------+----- ----+---------+ 
: To ta l : 2112.01: 159432: 5282.00: 368560: 3059.10: 249269: 2717.21: 220363: 
+ ------------- -+--- ------ +-------- -+-- ------- ._ __ - ------+ ------- --+-------- -+---------+---- ----- + 

• Year 1990. F-factor 1.000 and reference F .7580 • 
AI.AI.I.llAA4.t•a•AI!i-l!.t/I<A4..4444Aoi.4AI>IIItAi-4A44A/ItA···•iAA.IIAA.toi.A 

+-------------------+-------------------+ 
~ at 1 Januaryl at spawning time: 

+----+---------+ ---------+- --------+---------+---------+---------+---------+ ---------+---------+ 
l l absolutel catch inl catch in: stock~ stock! sp.stock: sp.stock~ sp.stock: sp.stockl 
: age! F: numbersl weightl sizel biomassJ size: biomassl size: biornass: 
+---- +--------- .. ---- -----+--------- .. ------ ---+----- -- --+---- -----+---------+---------+---------+ 

2: .3aoo: 937.98i 42396: 3253.oo: 147035: 650.60: 294o7: 595.79: 26929: 
3: • 6400: 485.82: 34833: 1122.04: 80450: 841.53: 60337\ 750.86: 53836: 
4: . 8400: 485.15: 49000: 929.04: 93833: 836.14: 84449: 731.28: 73858: 
s: .96oo: 164.07: 20475: 288.77: 36038: 288.n: 36038: 249.54: 31143: 
6: .97oo: 31.01: 4477: 54.23: 7831: 54.23: 783li 46.82i 676o: 
7: .9soo: 16.47: 2399: 29.17: 42so: 29.11: 42so: 25.24: 3676: 

, 8+: • 95oo: 7. 51: 1019: 13.30: 1805: 13. 3o: 1805: 11. 5o: 1562: 
i-----+---------+---------+---------+---------+--------- f ---------+---------+---------+ ---------+ 
: Total : 2128.01: 154602: 5689.56: 371245: 2713.74i 224121i 2411.04: 197768: 
+------- -------+---------+------ --- + ---- -----+- --------+- --------+------ ---+---------+---------+ 

' Year 1991. F-factor 1.000 and reference F • 7580 • 
,.. - .. # ..... i • * ••• # # *."' •• i i ' i •• " • *" ... ~ i ""' ••• Il. "It"." •• "'. * •• ,. ... 

+-------------------+-------------------+ 
: at l January: at spawning time: 

+ ----+-------- -+---------+- --------+---------+---------+---------+---------+---------+---------+ 
; \ absolute\ catch in: catch inl stockl stockl sp.stockl sp.stock: sp.stockl sp.stockl 
l agel Fl numbers: weight: sizel biomassl sizel biomassl _sizeL bio"massl 
+ ----+---------+ ---------+---------+ ---------+---------+ ---------+---------+---------+---------+ 

2: .38oo: 693.46: 31344: 24os.oo: 1087o6: 4B1.oo: 21741: 440.48: 19909: 
3: .64oo: 708.61: 56543: 1821.35: uosgo: B66.o1: 97943i 1218.83: 8739o: 
4: • 8400: 252.96: 25548: 484. 39: 48923: 435.96: 44031: 381.28: 38509: 
s: .96oo: 186.57: 23283: 328.37: 40981: 328.37: 409811 283. n: 35414: 
6' .97oo: 51.76: 7473: 90.53: 13on: 90.53: non: 78.15: 11284: 
1: .9soo: 9.so: 1384: 16.83: 24s2: 16.83: 24s2: 14.56: 2121: 

l 8+: • 9500: 7. 59: 1030: 13.45: 1826: 13.45: 1826: 11.63: 1579: 
+-- -- +---------+---------+----- -- --+- ------ --+---------+---------+---------+------ ---+---- -----+ 
: Total : 1990.45: 146609i 5159.92: 346552: 2732.15: 222047: 2428.71: 196210: 
+-- ------------+----- ----+--------- +- --- -·-----+---- -----+---------+ ------- --+---------+---------+ 



Table 3 2 6.11 HERRING.Division IIIa- Sub-divisions 22-
24. Separation of the 1988 fishing mort­
alities into the two areas, Division IIIa 
and Sub-divisions 22-24. 

Age Division IIIa Sub-divisions 22-24 Total 

2 o. 60 0.10 o. 70 
3 0.43 0.27 o. 70 
4 0.22 0.50 0.72 
5 0.19 o. 70 0.89 
6 o. 16 0.64 o. 80 
7 0.80 0.80 
8+ 0.80 o. 80 

Table 3 2 6.12 HERRING. 
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Division IIIa and Sub-divisions 22-24. Predicted 
catch at age (in millions) in 1989 and 1990 in Div­
ision IIIa and Sub-divisions 22-24, respectively. 

1989 1990 
Age 

Div. IIIa Sub-Divs. 22-24 Div. IIIa Sub-Divs. 22-24 

2 495 83 804 134 
3 572 359 298 187 
4 130 296 148 337 
5 21.0 77.3 35 129 
6 10.7 43.0 6.2 24.8 
7 16.9 16.5 
8 6.8 7.5 

SOP 
85 l 656 1 Tonnes 84,014 82,219 79,374 

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



'Il3ble 3.3.1 SUM OF PRODUCTS CHECK 0'\ 
1\) 

HERRING IN THE SOUTHERN CENTRAL BALTIC 
CATEGORY: TOTAL 

CATCH IN NUMBERS UNIT: millions 
---------------

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

o 64 125 173 214 537 57 48 106 83 115 23 104 
l 859 955 1959 1577 1085 963 640 206 466 815 235 215 
2 221 379 687 477 621 529 ~05 744 376 564 1070 419 
3 256 211 312 645 409 323 352 489 473 294 300 827 
4 83 279 291 258 375 221 140 264 256 318 127 167 
5 669 203 259 238 148 294 109 123 145 190 145 96 
6 86 619 202 209 125 101 170 114 80 122 99 130 
7 53 83 374 151 132 107 73 126 80 82 79 85 
8 38 37 40 198 46 141 58 80 97 56 55 62 
9 19 28 29 20 145 74 70 54 45 82 49 46 

10+ 11 20 32 21 6 94 47 60 102 141 113 96 

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

A) SOP 154798 195316 249018 239125 204020 190004 164111 167684 154516 181442 160684 172983 
B)NOMIN. 113455 149283 163809 179146 175350 189249 174007 194036 168216 164598 179624 174049 
(B/A) % 73 76 66 75 86 100 106 116 109 91 112 101 

o 76 23 44 7 23 
l 221 418 324 178 382 
2 348 440 474 358 500 
3 428 486 494 571 403 
4 474 416 404 431 482 
5 105 326 297 274 333 
6 76 96 127 175 179 
7 73 73 57 78 98 
8 56 70 48 35 42 
9 40 51 28 16 16 

10+ 93 93 47 23 15 

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



'lable 3.3.2 SUM OF PRODUCTS CHECK 

HERRING IN THE SOUTHERN CENTRAL BALTIC 
CATEGORY: TOTAL 

MEAN WEIGHT AT AGE IN THE CATCH UNIT: gram 

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

o 13.000 13.000 13.000 13.000 13.000 13.000 13.000 13.000 13.000 13.000 15.500 10.400 
l 33.000 33.000 33.000 33.000 33.000 33.000 33.000 33.000 33.000 33.000 33.400 34.700 
2 52.000 52.000 52.000 52.000 52.000 52.000 52.000 52.000 52.000 52.000 55.800 58.000 
3 78.000 78.000 78.000 78.000 78.000 78.000 78.000 78.000 78.000 78.000 78.500 81.200 
4 93.000 93.000 93.000 93.000 93.000 93.000 93.000 93.000 93.000 93.000 96.600 96.000 
5 97.000 97.000 97.000 97.000 97.000 97.000 97.000 97.000 97.000 97.000 98.000 105.000 
6 101.000 101.000 101.000 101.000 101.000 101.000 101.000 101.000 101.000 101.000 103.600 107.000 
7 102.000 102.000 102.000 102.000 102.000 102.000 102.000 102.000 102.000 102.000 107.300 107.000 
8 106.000 106.000 106.000 106.000 106~000 106.000 106.000 106.000 106.000 106.000 104.000 107.000 
9 112.000 112.000 112.000 112.000 112.000 112.000 112.000 112.000 112.000 112.000 112.400 115.000 

10+ 120.000 120.000 120.000 120.000 120.000 120.000 120.000 120.000 120.000 120.000 113.600 125.000 

1984 1985 1986 1987 1988 

o 8.200 12.000 11.800 9.300 13.500 
l 23.800 18.900 21.000 24.700 21.200 
2 47.100 38.500 41.300 44.400 45.100 
3 69.000 60.800 55.500 52.000 59.800 
4 91.300 77.000 71.000 60.900 66.000 
5 99.500 90.300 82.000 73.800 69.600 
6 104.300 98.200 86.700 74.300 78.600 
7 109.500 100.500 92.600 78.700 85.500 
8 111.100 105.400 104.500 92.600 104.700 
9 119.800 109.200 107.200 101.300 102.800 

10+ 128.100 120.000 117.000 103.600 115.000 

0"1 
\.>1 
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':rable 3.3.3 

HEkR!I<G IN THE 50UTHERN CENIRAL BALTJC 
INPUT FILE: TUN ING 

Mod1de run at 10.09.41 26 APRIL !989 
D!SAGGI<El;Af[IJ O:o 
LQ(, TRANSFURMAI!ON 
NO explattatory var-iate (Meall u<:.edJ 
f ieel j ,lnternartitJnal Acous, has ter·minal q estin~aled as the mean 
FLEf TS LOM~ l NED BY " V/lR l Milt " 

Rt!l)ressiou wei9ht::, 
, l. O Oil, l. 000, l. 000, l. 000, L 000 , l. 000 , 

rH)El' f ::: t.OOO'øvera9e of 5 younger age5. Fleets (ornblned by variance of predictions 
'11Qt tid it ie-::. 

/lqf! l tll, 84' 85. 8t). 87' 88, 

l, .u5ci, ,0'.·2. .11)6, '1·1~. .0'16, .010, 
.139, .Ill, .139, ,l(l::., .242, . 2J 8. 

J, ,)l)i), . .?Oi5, ,Jqc, .2?9, .)L', .470, 

''• .259, .400, . Jlb l . 3J3, .31''· .473, ., .ZJ8, . 25b. .::.H, ,)')l, . 395 . .43li, . .;, . 327 . . 269, , 39o, .•105, • 423, ,<189, 
7, . 2ob, • 3tj8, .4 119. .•llO, .47i, .4•13, 
8, . 286, . 280, • 548 • .GOO, . S~3, ,1)03, 
Y, .271, . 303, .•148, • 4l2' .427. .469, 

Lo0 cntchnbll )ty esHmate-:. 

:\9•' 2 
f lE-et, 63, 84' 85, 8o, 87' 88 

SUMMARY STAT!Sf!CS 
r leet , ~red. , Sf(q) ,Par·t i al ,Raised, SLOPE 

q F , . F 
SE , INTRCPT, SE 

Slope ,Intrcpt 

--1-:----:-:12 :-----:496:----:aii49: . 2182: • OOOE +00: , OOOE +00 :---::122:--:TSi 
fbar S!GMA(int.) S!Gio!A(ext.) S!GMA(overall) Variance ratio 
.218 .496 0.000 .496 o.ooo 

A9e 3 
Fl eet, 83, 84, 85, 86, 87, 88 

SUMMARY ST A TI S f J CS 
Fleet , f'red. , 5f(q) ,Par·tial ,Raised, SLOPE SE ,!NTRCPT, SE 

q F , F Sl ope ,Jntrcpt 

--r-:---:4i)":----:3§9:1.5855 ; .4703:- .OOOE+OO: .OOOE+Oo:--:46I:---:m 
Fbar SIGMA(int.) S!GMA(ext.) SJGMA(overall) Variance ratio 
. 4 70 . 399 o. 000 . 399 o. 000 

cont'd. 



Table 3.3.3 

Aqe 4 
ri eet, 83, 

Age '> 
Fleet, 

r\qe ti 

8.i, 

Fieet, 83, 

A9e 7 
Fleet, 83, 

Age 8 
Fi eet, 83, 
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cont'd. 

Hil, 85, 86, 87' 88 

SUI1MARY STAflSTICS 
Floet , f>1ed. , SE(q),Partial ,Raised, SLOPE SE , INTRCPT, SE 

q F , F Slope , lntrcpt 

---l -: ---:-8"6-: --:;>.16: :z:357j: -.4no·: . OOOE +00: -. OOOE +00 :-----:858: ----:o9:J 
fbal' SIGMA( int.) SlGMA(ext.) S!GMA(overall) Variance ratio 
.473 .2•16 0.000 .246 0.000 

84. ·~t) 1 Bi, 88 

SU.~Mt\I<Y STAT!Sl!CS 
Fleet, P1·ed, , ,,E(q),Partial,Raised, SLOPE SE , l NTRCPT, SE 

q F , F Sl ope , lntrcpt 

---~-:--1.()"1: .256:2.9197 : .4380: .OOOE+OO: .OOOE+00:1':07i:--:o9'J 
Fbar SIGM(illt.) SjGMA(ext.) SIGMA(overall) Variance ratio 
.431.1 .256 0.000 .256 0.000 

84, 85, 86, 87' 88 

SUMMARV STAT!ST!CS 
rleet, Pred, , SE(q),Partial,Raised, SLOPE SE , INTRCPT, SE 

q F , F Sl ope , Intrcpt 

--T-:--.9-7-:---:314:2.6341 : .4891: .OOOE+oo: .OOOE+00:---:969:~ 
Fbar S!GMA(int.) SIGMA(ext.) SIGMA(overall) Variance ratio 
.489 .314 0.000 .314 0.000 

84' 85, 86, 87' 88 

SUMMARV STATISTICS 
Fleet , Pred, , SE(q) ,Partial ,Raised, SLOPE SE , INTRCPT, SE 

q F , F Sl ape , Intrcpt 

--1-:--.9-4 -:---:To?: 2. 5554 : , 4431: • OOOE+OO: • OOOE+OO :---:938:----:iifi 
Fbar SIGMA(int.) SIGMA(ext.) S!GMA(overall) Variance ratio 
,4<13 .307 0.000 .307 o.ooo 

84, 85, 86, 87' 88 

SUMMARV STATIST!CS 
Fleet, Pred, , SE(q),Partial,Raised, SLOPE SE , INTRCPT, SE 

q F , F Sl ape , Intrcpt 

--1-:--.9-s-:---:313:2.6626 : .5025: .OOOE+OO: .OOOE+00:--;979:----:u8 
Fbar SIGMA(int.) SIGMA(ext.) S!GMA(overall) Variance ratio 
.503 .313 0.000 .313 0.000 



':rable 3.3.4 VIRTUAL POPULATION ANALYSIS 0\ 
0\ 

HERRING IN THE SOUTHERN CENTRAL BALTIC 

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

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

1 .20 .14 .41 .38 .26 .21 .16 .09 .17 .15 .06 .06 
2 .07 .13 .14 .16 .25 .20 .31 .27 .23 .33 .29 .14 
3 .07 .08 .14 .19 .20 .20 .20 .27 .28 .29 .29 .39 
4 .04 .10 .16 .17 .16 .16 .12 .22 .22 .31 .19 .26 
5 .14 .12 .12 .19 .14 .18 .11 .15 .18 .25 .23 .22 
6 .19 .19 .16 .14 .14 .13 .16 .16 .14 .23 .20 .33 
7 .15 .29 .17 .18 .12 .18 .14 .16 .16 .21 .23 .27 
8 .16 .15 .22 .13 .08 .18 .14 .21 .18 .17 .21 .29 
9 .14 .17 .17 .16 .13 .17 .13 .18 .18 .23 .21 .27 

10+ .14 .17 .17 .16 .13 .17 .13 .18 .18 .23 .21 .27 

C 1- 8)U .13 .15 .19 .19 .17 .18 .16 .19 .20 .24 .21 .24 

1984 1985 1986 1987 1988 

l .05 .11 .15 .06 .01 
2 .12 .14 .17 .24 .22 
3 .21 .25 .23 .31 .47 
4 .40 .32 .33 .32 .47 
5 .26 .53 .39 .40 .44 
6 .27 .40 .40 .42 .49 
7 .31 .45 .43 .47 .44 
8 .28 .55 .60 .52 .50 
9 .30 .45 .43 .43 .47 

lO+ .30 .45 .43 .43 .47 

1- 8)U .24 .34 .34 .34 .38 
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'ltlble 3o3o5 Separable VPAo 

Tit le : HERR ING IN THE SOUTHERN CENTRAL BALT IC 
At 08o45o48 20 APRIL 1989 
from 72 to 88 on ages l to 9 
with Terminal F of o 400 on age 3 and Terminal S of loOOO 

In it i al sum of squared residuals was 32 o054 and 
final sum of squared residuals is 18o524 after 103 iterations 

Matrix of Residuals 

Years 72/73 73/74 74/75 75/76 76177 77178 
Ag es 
l/ 2 1.528 o863 1.820 1.115 1.222 o281 
2/ 3 o309 o266 o001 -o129 o 703 ol71 
3/ 4 -ol46 -o579 -o208 -o073 o337 o274 
4/ 5 -1.004 -o235 -o248 -ollO -o083 o097 
5/ 6 -o045 -o316 -o251 - o036 o038 -o085 
6/ 7 -o068 o207 -o143 -o194 -o166 -o282 
71 8 o296 o451 o223 o561 -o357 o047 
8/ 9 o110 -o169 ol62 -o464 -o920 -o025 

oOOO oOOO oOOO oOOO oOOO oOOO 

WTS o010 o010 o010 o010 o010 oOlO 

Years 78/79 79/80 80/81 81/82 82/83 83/84 84/85 85/86 86/87 87/88 WTS 
Ag es 
1/ 2 o445 -o247 o 379 -o028 -o023 -o070 o070 o211 o316 -o550 oOOO o225 
2/" 3 o 760 o350 o357 o417 o358 -o072 - o047 -o273 -o267 -o144 oOOO o470 
3/ 4 o11l o219 ol84 o296 o362 ol77 -o014 -.322 -.291 -.208 .000 .539 
4/ 5 -.103 .116 .031 .189 .006 .035 .278 -.225 -.093 -.175 .ooo .523 
5/ 6 -.293 -.066 -.099 .049 -.177 -.213 -.026 o371 .030 -.022 .ooo .907 
6/ 7 .086 -.112 -.267 -.150 -.113 .159 -.044 -.018 .010 .165 .000 1.000 
71 8 -.272 -.181 .129 -.162 .007 .023 -.025 -.103 .027 .224 .000 .599 
8/ 9 -.277 -.018 -.206 -.569 -.212 -.101 -oll3 .268 .476 .268 .000 .433 

.ooo .000 .000 .000 .000 .000 .000 .000 .000 .000 5. 709 

WTS .010 .010 .010 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

Fishing Mortal i ties (f) 

72 73 74 75 76 77 78 
F-values .1641 .2187 .2498 .2526 .2006 .2192 .1781 

79 80 81 82 83 84 85 86 87 88 
F-values .2117 ;1975 .2313 o1944 .2236 .2238 .3293 .3224 .3435 .4000 

Selection-at-age (S) 

l 2 3 4 5 6 7 8 9 
S-va l ues .3450 • 7132 1.0000 l. 0502 1.0537 1.0415 1.0578 1.1070 1.0000 



':rable 3.3.6 VIRTUAL POPULATION ANALYSIS 

HERRING IN THE SOUTHERN CENTRAL BALTIC 0'\ 
CD 

FISHING MORTALITY COEFFICIENT UNIT: Year-l NATURAL MORTALITY COEFFICIENT = .20 
-----------------
1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 

1 .22 .14 .42 .37 .26 .20 .15 .09 .17 .14 .06 .06 
2 .08 .14 .14 .17 .25 .19 .29 .26 .22 .31 .28 .14 
3 .09 .10 .17 .19 .21 .20 .19 .26 .26 .27 .27 .35 
4 .os .14 .20 .20 .17 .17 .12 .21 .21 .28 .18 .24 
5 .19 .18 .18 .25 .17 .19 .12 .15 .17 .23 .20 .20 
6 .20 .26 .27 .22 .20 .17 .16 .17 .14 .21 .18 .27 
7 .20 .31 .25 .33 .21 .26 .18 .17 .18 .20 ,20 .24 
8 .19 .21 .24 .21 .15 .36 .21 .30 .19 .18 .20 .24 
9 .16 .21 .25 .18 .23 .40 .30 .32 .28 .24 .24 .27 

10+ .16 .21 .25 .18 .23 .40 .30 .32 .28 .24 .24 .27 

( 1- 8)U .15 .18 .23 .24 .20 .22 .18 .20 .19 .23 .20 .22 

1984 1985 1986 1987 1988 1977-86 

1 .06 .11 .13 .08 .14 .12 
2 .12 .15 .17 .22 .34 .21 
3 .20 .24 .25 .32 .40 .25 
4 .35 .31 .33 .37 .49 .24 
5 .23 .44 .38 .39 .54 .23 
6 .24 .35 .31 .40 .48 .22 
7 .24 .37 .36 .32 .41 .24 
8 .24 .38 .45 .39 .28 .28 
9 .25 .36 .25 .27 .30 .29 

10+ .25 .36 .25 .27 .30 .29 

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



'rable 3.3. 7 VIRTUAL POPULATION A~ 'SIS 

HERRING IN THE SOUTHERN CENTRAL BALTIC 

STOCK SIZE IN NUMBERS UNIT: mill ions 
--------------------

BIOMASS TOTALS UNIT: tonnes 
-------------

ALL VALUES, EXCEPT THOSE REFERRING TO THE SPAWNING STOCK ARE GIVEN FOR 1 JANUARY; THE SPAWNING 
STOCK DATA REFLECT THE STOCK SITUATION AT SPAWNING TIME, WHEREBY THE FOLLOWING VALUES ARE 
USED: PROPORTION OF ANNUAL F BEFORE SPAWNING: .330 

PROPORTION OF ANNUAL M BEFORE SPAWNING: .450 

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

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

lO+ 76 119 162 144 31 312 200 236 464 717 586 451 

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

SOP corr. 

1984 1985 1986 1987 1988 1989 1977-86 

l 4455 4503 2827 2510 3268 o 4472 
2 3390 3448 3310 2022 1894 2331 3388 
3 2579 2462 2426 2284 1334 1101 2217 
4 1742 1726 1579 1542 1357 730 1415 
5 553 1000 1039 929 876 679 1004 
6 398 359 527 584 515 419 670 
7 374 257 207 318 321 261 468 
8 286 241 145 119 190 175 348 
9 200 184 134 76 66 118 237 

10+ 467 335 230 107 63 78 400 
()'\ 

TOTAL NO 14444 14515 12425 10491 9883 \.0 

SPS NO 5545 5406 5197 4851 3715 
TOT.BIOM 855714 737463 649358 531191 486768 
SPS BlOM 495087 426173 373849 308678 261713 



'rable 3.3.8 

List of input variables for the ICES prediction program. 

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

The number of recruits per year is as follows: 

Year Recruitment 

1989 4472.0 
1990 4472.0 
1991 4472.0 

Proportion ofF (fishing mortality) effective before spawning: .3300 
Proportion of M (natural mortality) effective before spawning: .4500 

Data are printed in the following units: 

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

l : fishingl natural: maturityl weight inl weight inl l 

agel stock sizel patternl mortalityl ogivel the catchl the stockl 
---+-----------+--------+----------+---------+----------+----------i 

1l 4472.0 .12l .20l .oo: 22.3oo: 22.3oo: 
2l 2331.0 .34l .20l .oo: 43.6oo: 43.6oo: 
3: 1101.0 .40l .20l 1.00: 55.767: 55.767: 
4l 730.0 .49l .20l 1.oo: 65.967: 65.967l 
5l 679.0 .54 l .20l 1.oo: 75.133: 75.133l 
6: 419.0 .48l .20l 1.oo: 79.867: 79.867: 
7: 261. o .41l .20l 1.00: 85.6oo: s5.6oo: 
8l 175.0 .28l .20l 1.00: 100.600l 100.600l 
9l 118.0 .30l .20l 1.00: 103.767: 103.767: 

lO+ l 78.0 .30l .20l 1.00: 111.867: 111.86?: 

-.l 
o 



'Iable 3.3.9 

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

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

Year 1989 Year 1990 : Year 1991 
·--------+---------+------+-----+------+--------+---------+------+--------+-----

fac-: ref.: stock: sp.stock: : fac-: ref.: stock: sp.stock: l stock: sp.stock: l 

tor: F: biomass: biomass: catch: to1·: F: biomass: biomass: catch: biomass: biomass: 
----+------+--------+---------+------+-----+------+--------+---------+------+--------+-------·--i 
LO .38 456: 202 119 .o: 467 207: o: 615: 325: 

: .1: 204: 14: 6oo: 308: 
l .2: 201: 27: 585: 293: l 

: .4: 195: 53: 556: 263: 
: .6: 190: 76: 530: 237: 
l .s: 185: 98: 506: 213: l 

: Lo: J.so: us: 483: 192: 
: 1.2: 175: 137: 462: 173: 
l 1.4: 170: 155: 442: 156: l 

: 1.6: 165: 171: 423: 141: 
l 1.8: 161: 187: 406: 127: l 

: 2.o: 156: 201: 390: 114: 
-----+------+--------+---------+------+-----+·------+--------+---------+------+--------+---------i 

The data unit of the biomass and the catch is 1000 tonnes. 
The spawning stock biomass is given for the time of spawning. 
The spawning stock biomass for 1991 has been calculated with the same fishing mortality as for 1990. 
The reference F is the mean F for the age group range from 1 to 8 

-.l 
f-' 
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HERRING IN THE CENlRAL SOUTHERN BAL HC (SUB-OlV!SlONS 25-;7) 

t----- ·--··---- ---- .. +-------------------+ 
at t january: at spawnlng time: 

+---- +----------+-- ----- . - + --------- -+ --------- +- --- -- --- ~- --------- + ------- --+ -·· -------+ 
: l absolute: catch in: catch inl <;tock: sp.stoc~: sp.stock: sp,stockl sp.stock: 
: agel F: rturnbers: weight: sizel s.ize: biomassl sizel biomassl 
+----+-- --------+--- --- ---+-- ------- t- ----- .. -.. l -. --- --- +-- ---- -··- t--- ------ -+ --------- + 

1: .12oo: 459.25: 10241: 44n.a: 9972s: .oo: o: .oo: o: 
z: .34oo: 612.39: 267oo: 23.n.o: 101631: .oo: o: .oo: o: 
3: . 4000: 331.17: 18468: 1101. O: 61399: 1101.00: 61399: 881. Bl: 49175: 
4: .49oo: 258.39: t70•T4: 73o.o: 48155: 730.oo: 48155: 567.56: 3744o: 
s: .54ou: 259.08: 19465: 679.o: 51015: 679.oo: 51015: 519.27: 39014: 
6: .4800: 145.93: 1165•1: 419.0: 33464: <119.oo: 33464: 326.84: 26103: 
7: .4wo: 8o.u: 6857: 261.0: 22341: 26Loo: 22341: 208.35: 17834: 
a: .?aoo: 38.92: 3914: l75.o: 176o5: 175.oo: 176os: 14s.a2: 14669: 
9: .3ooo: 27.aG: 289o: 11s.o: 12244: ll8.oo: 12244: 97.68: 10135: 

, 10•: .3ooo: 1A.4t: 2os<J: 7s.o: ans: 7o.oo: ans: 64.s7: 1222: 
+----+---- -----+---- ----- +- ------ --+ ---------+ -------- -+- ------ --+ -·- -------+-- ------- f ---------+ 
: Total : 22ll.5o: 119297: l0364.o: 4563oo: 3;51.00: 254951: 2811.89: 201597: 
+-- ----- -------+---------+ ---------+--------- + --------- t-- ----- --+ ---- -----+- ------ --+-------- -+ 

• Year 199C. F-factor 1.000 and r·eference F . 3825 • 

+-------------------+-------------------+ 
at l Januaryl at spawning timel 

+---- t---- ----- +- ------- -+ ---------+----------+---- -- -- -+ ---------+--- ------+-- -------+---------+ 
l : absolutel catch ln: catch inl stockl stockl sp.stockl sp.stockJ sp.stockl sp.stockl 
l agel Fl numbersl weightl sizel biomass: sizel biomassl sizeJ biomassl 
+ -- - -+-- ------- + ---------+--- --- ---+---------+----- ----+---------+--------- .. - --------+------ ---+ 

1: .12oo: 459.25: 10241: 44n.o: 99725: .oo: o: .oo: o: 
2: .34oo: as3.12: 37196: 3247.3: 141583: .oo: o: .oo: o: 
3: .4ooo: 408.59: 22785: nsa.4: 75753: 1358.39: 75753: 1087.95: 60671: 
4: .49oo: 213.87: 141oa: 604.2: 3986o: 604.24: 3986o: 469.78: 3099o: 
5: .54oo: 139.71: 10496: 366.2: 275o9: 366.15: 275o9: 280.02: 21038: 

~~ ::~~~~ l~~:~~i m~l iii:~l i~~;~; m:~~i i~~~~i i~~:~~i i~~~~~ 
a: .2aoo: 31.54: 3172: 141.a: 14266: 141.81: 14266: 118.17: 11887: 
9: . 3000: 25.56: 2652: 108.3: 11236: 108.29: 11236: 09.64: 9301: 

10•: .3ooo: 2a.o1: 3139: 118.9: 13298: 118.88: 13298: 98.41: uoo8: 
+----+ ----- --- -+---------+---------+---------+------- --+---------+---------+---------+---------+ 
: Total : 2337.69: 118381: 10953.3: 467278: 3233.99: 225969: 2566.12: 179586: 
+--- -----------+------ --- + ---------+--- ------+----- --- -+-- . ----- -+----------+---------+-- ---- ---+ 

• Year 1991. F-factor l. 000 and reference F .3825 • 

+-------------------+-- ---------------- -+ 
at l Januaryl at spawning time: 

+----+---------+---------+---------+ ---------+---------+------- -· - +----- ----+---------+---------+ 
l : absolutel catch in: catch inl stockl stocK: sp.stockl sp.stock: sp,stockl sp.stock: 
l age: Fl numbers: weightl sizel biomass: sizel biomassl sizel biomassl 
+ --- -+---- --- -- t------ ---+- -------- .. ------- --+-- ------ -+--- ------ +- ---------+---- -----+----- ----+ 

1: .12oo: 459.25: 10241: 44n.o: 99725: .oo: o: .oo: o: 
2: ,3t100: 853.12: 37196: 3247.3: 141503l .oo: o: .oo: o: 
3: .4ooo: 569.21: 31743: 1892.4: 105532: 1892.38: 105532: 1515.64: s4s22: 
4: .49oo: 263.87: 1740ii: 745.5: 49178: 745.so: 49178: 579.61: 38235: 
s: .5400: ll5.64: 8688: 303.1: 22770: .103.07: 22770: 231.78: 17414: 
6: .48oo: 60.8•1: •1859: 174.7: 13952: 174.70: 13952: 136.27: 10883: 
7: .41oo: 50.37: 4312: 164.1: 14048: 164.12: 14048: 131.02: 11214: 
s: .zaoo: 25.65: 2sso: 115.3: 11603: 115.34: 116o3: 96.u: 966s: 
9' .3ooo: ~·o.n: 2149: 87.s: 9lo5: 87.75: 91os: 72.64: 7537: 

lo•: .3ooo: 32.53: 3638: l37.s: 1S4ll: 137.78: 15413: ll4.o6: 12759: 
+ --- --+ ----- ---- +- ------- -+-------- -+ -------- -+---------+-- -- ----- +- ------- -+- --------+---- -----+ 

: Total 2451.21: 122816: 1l340.o: 482914: 3620.65: 241605: 2877.11: 192235: 
'------------ --t- ------ --·-------·--;--- ---·---··- ··---- ---· +- ---------+ ---------+----------+---------+ 



Ig,ble 3,3,11 Catch (tonnes) of coastal and apen-sea 
HERRING in southern Baltic (Sub-divisions 
25-27) in 1972-1988. 

O pen Compiled Official 
Year coastal Sea catch catch 

1972 56,865 50,523 107,388 118,272 
1973 57,288 81,217 138,505 148,078 
1974 81,292 77 l 324 158,618 159,197 
1975 109,239 69,846 179,085 172,617 
1976 93,635 82,471 176,106 174,388 
1977 83,946 103,399 187,345 187,138 
1978 88,853 88,510 177,363 174,007 
1979 99,407 90,499 189,906 189,989 
1980 103,218 71,794 175,012 174,662 
1981 77,406 80,864 158,270 164,598 
1982 97,748 68,394 166,142 179,624 
1983 100,150 74,044 174,194 174,194 
1984 79,456 67,222 146,678 146,678 
1985 82,249 71,322 153,571 153,803 
1986 76,871 61,872 138,743 138,743 
1987 66, 114 55,644 121,758 121,779 
1988 74,995 68,948 143,943 

Table 3 3.12 Cpue of HERRING of Polish state-owned 
24 m cutters with pelagic pair trawl 
(t/day). 

Year sub-Division 
25 26 

1981 2.76 2.62 
1982 3.87 3.39 
1983 3.99 2.87 
1984 3.82 2.74 
1985 4.01 2.64 
1986 4.35 2.75 
1987 2.65 2.66 
1988 2. 12 2.20 
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Table 3.3.13 Cpue of HERRING in the species directed 
fishery of Polish state-owned cutters 
estimated by the the GLM (t/day). 

Table 3 3 14 

Fishing area 

Kolobzeg-Darlowo 
Ustka-leba 
Wladyslawowo 
Gdansk Gulf 

Year 

1984 
1985 
1986 
1987 
1988 

Sub-Division 
25 26 

3.29 
3.41 
2.70 
2.71 
2.68 

2.19 
2.27 
1.80 
1.80 
1. 78 

Mean CPUE of young HERRING (O-age group) caught 
in October-November 1983-88 by pelagic trawl type 
P 53/64 with 11 mm mesh size of cod end. 

Year class 
1983 1984 1985 1986 1987 

(kg per hour of towing) 

95 
4~ 
98 

133 

21 
44 

122 
129 

183 
617 

97 
330 

310 
328 
122 
174 

7 
16 

9 
39 

1988 

35 
7 
o 

142 



'Il3ble 3.3.15 VIRTUAL POPULATION ANALYSIS 

HERRING IN THE COASTAL AREAS 25, 26 AND 27 

CATCH IN NUI'·1BERS UNIT: millions 
---------------

1975 1976 1977 1978 

o 352 320 52 20 
1 782 651 703 304 
2 393 543 440 786 
3 318 247 216 261 
4 121 129 71 83 
5 66 27 42 32 
6 25 7 8 27 
7 10 8 6 7 
8 2 3 4 5 

9+ 17 7 35 12 

TOTAL 2086 1942 1575 1536 

1987 1988 

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

9+ 1 2 

TOTAL 1165 1308 

1979 1980 1981 1982 

73 123 49 36 
96 421 388 173 

522 369 387 783 
491 384 203 233 
187 180 164 72 

59 91 71 55 
23 26 31 26 
11 13 14 16 

4 4 6 9 
7 11 23 17 

1474 1622 1337 1420 

1983 1984 

86 71 
80 166 

306 213 
644 272 
113 316 

42 48 
32 22 
14 10 

6 8 
8 1 

1331 1126 

1985 

21 
229 
219 
272 
240 
193 

38 
15 

7 
7 

1241 

1986 

39 
250 
342 
259 
207 
137 

37 
8 
9 
4 

1291 

....:] 
\J1 



'rable 3.3.16 VIRTUAL POPULATION ANALYSIS 

HERRING IN THE COASTAL AREAS 25, 26 AND 27 -.J 
0'\ 

MEAN WEIGHT AT AGE OF THE STOCK UNIT: gram 

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

o 12.3 12.3 12.3 12.3 12.3 12.3 12.3 12.3 9.6 9.6 11.9 12.6 
1 18.4 18.4 18.4 18.4 18.4 18.4 18.4 18.4 32.6 32.6 19.7 17.7 
2 66.4 66.4 66.4 66.4 66.4 66.4 66.4 66.4 59.5 59.5 45.2 40.0 
3 98.6 98.6 98.6 98.6 98.6 98.6 98.6 98.6 85.0 85.0 67.8 59.0 
4 121.6 121.6 121.6 121.6 121.6 121.6 121.6 121.6 104.4 104.4 84.2 79.9 
5 155.4 155.4 155.4 155.4 155.4 155.4 155.4 155.4 130.7 130.7 98.9 99.5 
6 153.4 153.4 153.4 153.4 153.4 153.4 153.4 153.4 158.4 158.4 115.7 100.4 
7 171.4 171.4 171.4 171.4 171.4 171.4 171.4 171.4 146.2 146.2 128.8 115.5 
8 169.1 169.1 169.1 169.1 169.1 169.1 169.1 169.1 150.5 150.5 134.1 132.0 

9+ 183.3 183.3 183.3 183.3 183.3 183.3 183.3 183.3 157.7 157.7 155.8 122.9 

1987 1988 

o 9.3 26.2 
l 26.6 20.2 
2 42.8 48.0 
3 57.7 65.0 
4 74.1 78.0 
5 92.4 92.6 
6 105.5 102.2 
7 113.6 104.3 
8 119.6 122.4 

9+ 122.5 131.1 



'Iable 3.3.17 

Title : HERRING IN THE COASTAL AREAS 25, 26 AND 27 

from 79 to 88 on ages O to 8 
with Terminal F of .390 on age 3 and Terminal S of .800 

78.692 and Initial sum of squared residuals was 
final sum of squared residuals is 11.734 after 83 iterations 

Matrix of Residuals 

Vears 79/80 80/81 81/82 82/83 83/84 84/85 85/86 
Ag es 
OI 1 -.108 .261 .151 .747 .850 .664 -.810 
1/ 2 -.731 .484 -.276 -.012 -.446 .580 .264 
2/ 3 .168 .245 .214 .053 -.037 -.080 -.222 
3/ 4 .348 -.019 .257 .112 .094 -.171 -.259 
4/ 5 -.083 -.094 .157 -.221 .102 .060 -.111 
5/ 6 -.121 -.074 -.057 -.348 -.245 -.339 .845 
6/ 7 -.374 -.547 -.471 -.287 .229 -.203 .686 
71 8 .294 -.142 -.371 .332 -.175 -.026 -.103 

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

WTS 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

Fishing Mortalities (F) 

79 80 81 82 83 84 85 
F-values .5000 .5295 .4413 .3657 .3406 .3060 .3876 

Selection-at-age (S) 

o 1 2 3 4 5 6 
S-values .0298 .2082 .6040 1.0000 1.1434 1.1760 1. 0496 

86/87 87/88 WTS 

.028 -1.785 .000 .185 

.302 -.165 .000 .352 
-.370 .028 .000 .765 
-.433 .070 .000 .625 
-.079 .269 .000 1.000 

.414 -.076 .000 .400 

.533 .433 .000 .330 

.283 -.093 .000 .633 

.000 .000 -.002 

1.000 1.000 

86 87 88 
.4103 .3468 .3900 

7 8 
.8282 .8000 

-.1 
-.1 



'rable 3.3.18 VIRTUAL POPULATION ANALYSIS 
-.1 

HERRING IN THE COASTAL AREAS 25, 26 AND 27 co 

FISHING MORTALITY COEFFICIENT UNIT: Year-l NATURAL MORTALITY COEFFICIENT = .30 
-----------------------------

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

o .087 .062 .014 .009 .025 .020 .014 .012 .029 .018 .007 .011 
1 .343 .255 .208 .120 .060 .215 .089 .069 .037 .080 .081 .115 
2 .408 .481 .307 .425 .347 .382 .352 .292 .187 .144 .161 .186 
3 .569 .555 .404 .339 .590 .526 .424 .417 .470 .282 .310 .325 
4 .734 .547 .344 .298 .493 .509 .512 .291 • 413 .506 .488 .464 
5 .750 .397 .387 .283 .408 .539 .438 .363 .311 .347 .777 .657 
6 .601 .187 .215 .514 .382 .361 .401 .318 .424 .300 .593 .370 
7 .634 .429 .231 .354 .488 .425 .368 .428 .304 .248 .372 .269 
8 .400 .400 .400 .400 .400 .380 .400 .460 .300 .330 .310 .460 

9+ .400 .400 .400 .400 .400 .380 .400 .460 .300 .330 .310 .460 

2- 7)U .616 .433 .315 .369 .451 .457 .416 .352 ,352 .305 .450 .378 
3- 6)U .663 .422 .337 .359 .468 .484 .444 .347 .405 .359 .542 .454 

1987 1988 1975-87 

o .003 .008 .024 
l .065 .161 .134 
2 .213 .250 .299 
3 .367 .385 .429 
4 .480 .445 .468 
5 .442 .441 .469 
6 .361 .510 .387 
7 .130 .196 .360 
8 .150 .131 .368 

9+ .150 .131 .368 

2- 7)U .332 .371 
3- 6)U .413 .445 



'Iable 3.3.19 VIRTUAL POPULATION ANALYSIS 

HERRING IN THE COASTAL AREAS 25, 26 AND 27 

STOCK SIZE IN NUMBERS U~IIT: millions 
--------------------

BIOMASS TOTALS UNIT: tonnes 
--------------
ALL VALUES ARE GIVEN FOR 1 JANUARY 

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

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

9+ 59 24 121 42 25 40 81 52 35 2 32 13 

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

1987 1988 1989 1975-87 

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

9+ 9 14 39 41 

TOTAL NO 9512 10232 
SPS NO 4095 4120 
TOT.BIOM 350866 419246 ~ 

'-O 
SPS BIOM 244420 265091 



'Iable 3.3.20 

List of input variables for the ICES prediction program. ~ 

HERRING IN SUB-DIVISIONS 25-27 COASTAL STOCK 
The reference F is the mean F for the age group range from 2 to 7 

The number of recruits per year is as follows: 

Year Recruitment 

1989 4173.0 
1990 4173.0 
1991 4173.0 

Data are printed in the following units: 

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

: : fishing\ natural: maturity\ weight in\ weight in\ 
age\ stock size\ patternl mortality\ ogivel the catchl the stockl 

-+-----------+--------+----------+---------+----------+----------~ 

o: 4173.0\ .01\ .30l .oo: 26.200\ 26.200\ 
ll 3074.0\ .16\ .30l .oo: 20.200\ 20.200\ 
2: 1089. o : . 25: . 30 : . 90: 48. 000: 48. 000: 
3l 1163.0l .38l .30\ 1.oo: 6s.ooo: 65.ooo: 
4l 527.o: .44l .30\ 1.oo: 78.ooo: 78.ooo: 
5: 348. o: . 44: . 30: 1. 00 : 92. 600 : 92. 600: 
6: 125. o: . 51: . 30 : 1. 00 : 102. 200: 102.200: 
7: 63. o : . 20: . 30: 1. 00: 104. 300: 104. 300: 
8\ 39.0\ .13\ .30\ 1.00\ 122.400\ 122.400\ 

9+ l 39. O l .13: . 30 l L 00 \ 131.100 \ 131.100 \ 



·Table 2·2-21 

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

HERRING IN SUB-DIVISIONS 25-27 COASTAL STOCK 

-------··-----------------------+--------------------------------------+--------------
Year 1989 : Year 1990 l Year 1991 l 

-----+--------+---------+------+-----+------+--------+·---------+------+--------+---~-
fac-: ref. l stockl sp.stockl l fac-J ref. l stockl sp.stockl l stockl sp.stockl l 

torl Fl biomassJ biomassJ catchl torl Fl biomassi biomassJ catchl biomassJ biomass: 
----+------+--------+----·-----+------+-----+------+--------+---------+------+--------+---------~ 
l. O .37 402J 225 69 .o: .oo: 408 228J o: 496J 314l 

l .l: .04J l 8J 487J 305l l l 

: .2: .07J l 15J 479i 297i l 

: .4: .15J l 30J 463J 281l l 

: .6: .22: : 43J 447i 266i 
l .s: .30J l 56 l 433J 252l l l 
l l. O: .37i l 68J 419J 239l l l 
l 1.2: .44l l 79J 406J 226l l l 
l 1.4: .52 i l 89i 394i 215i l l 

: 1.6: .59 l l 99J 383J 204l l 
l 1.8: .67J l 108J 373i 194l l l 
l 2.o: .74l l 117l 363J 184l l l 

-----+------+--------+---------+------+-----+------+--------+---------~ 
The data unit of the biomass and the catch is 1000 tonnes. 
The spawning stock biomass is given for l January. 
The reference F is the mean F for the age group range from 2 to 7 

co 
f-J 



'Iable 3.3.22 VIRTUAL POPULATION ANALYSIS 
CD 

HERRING IN THE OPEN SEA OF AREAS 25, 26 AND 27 1\) 

CATCH IN NUMBERS UNIT: millions 
----------------

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

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

10+ 8 77 66 56 27 147 92 139 102 147 99 93 

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

1984 1985 1986 1987 1988 

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

10+ 88 99 48 23 15 

TOTAL 868 1143 950 977 1100 



'Il3ble 3.3.23 VIRTUAL POPULATION ANALYSIS 

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

MEAN WEIGHT AT AGE OF THE STOCK UNIT: gram 

1972 1973 1974 1975 1976 

o 16.0 16.0 16.0 16.0 16.0 
l 35.0 35.0 35.0 35.0 35.0 
2 54.0 54.0 54.0 54.0 54.0 
3 71.0 71. o 71. o 71.0 71. o 
4 86.0 86.0 86.0 86.0 86.0 
5 88.0 88.0 88.0 88.0 88.0 
6 94.0 94.0 94.0 94.0 94.0 
7 100.0 100.0 100.0 100.0 100.0 
8 108.0 108.0 108.0 108.0 108.0 
9 114.0 114.0 114.0 114.0 114.0 

10+ 119.7 119.7 119.7 119.7 119.7 

1984 1985 1986 1987 1988 

o 12.9 .o 8.8 .o 16.4 
1 33.9 18.2 29.9 23.9 31.0 
2 44.7 32.0 38.3 39.0 48.6 
3 58.4 50.0 45.9 42.3 55.3 
4 78.9 66.0 59.0 49.6 57.6 
5 84.6 73.0 61.6 63.1 64.9 
6 91.9 88.0 72.1 66.7 75.0 
7 105.2 94.5 86.9 73.2 82.0 
8 107.8 101.2 99.7 85.5 102.9 
9 115.7 105.2 105.4 91.5 103.3 

10+ 129.8 114.7 118.0 104.6 117.1 

1977 1978 1979 1980 

16.0 16.0 16.0 16.0 
35.0 35.0 35.0 35.0 
54.0 54.0 54.0 54.0 
71.0 71.0 71.0 71.0 
86.0 86.0 86.0 86.0 
88.0 88.0 88.0 88.0 
94.0 94.0 94.0 94.0 

100.0 100.0 100.0 100.0 
108.0 108.0 108.0 108.0 
114.0 114.0 114.0 114.0 
119.7 119.7 119.7 119.7 

1981 1982 

16.0 16.0 
35.0 35.0 
54.0 54.0 
71.0 71. o 
86.0 86.0 
88.0 88.0 
94.0 94.0 

100.0 100.0 
108.0 108.0 
114.0 114.0 
119.7 119.7 

1983 

17.0 
36.0 
54.0 
68.0 
79.0 
85.0 
90.0 
98.0 

103.0 
110.0 
125.3 

co 
\.>1 



'!:able 3.3.24 

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

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

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

Matrix of Residuals 

Years 79/80 80/81 81/82 82/83 83/84 84/85 85/86 
Ag es 
0/ l 1.226 1.220 -.298 -.756 1.606 -l. 582 -.617 
1/ 2 .668 -1.256 -1.849 .629 .658 .158 1.373 
2/ 3 .604 -l. 087 1.348 .478 -.307 .185 .006 
3/ 4 -.022 -.154 .672 .189 .022 .219 -.144 
4/ 5 -.033 -.139 .011 .087 -.154 .566 -.195 
5/ 6 -.132 .164 .112 -.028 -.202 .059 -.043 
6/ 7 -.059 .012 .066 -.o5i .105 -.176 -.012 
71 8 -.105 .147 -.285 -.035 .033 -.037 -.025 
8/ 9 .034 .095 -.6QO -.196 -.174 -.224 .382 

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

WTS 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

Fishing Mortalities (f) 

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

Selection-at-age (S) 

o l 2 3 4 5 6 
S·-val ues .0104 .2539 .6663 .8795 1.0000 1. 2157 1.3601 

86/87 87/88 

.581 -1.380 

.330 -. 711 
-.507 -.720 
-.304 -.480 
-.062 -.081 
-.006 .077 
-.032 .147 
-.015 .322 

.520 .163 

.000 .000 

1.000 1.000 

86 87 
.1819 .1894 

7 8 
l. 3414 1.3372 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

-.003 

88 
.1900 

9 
l. 0000 

WTS 

.082 

.093 

.130 

.289 

.424 

.830 
1.000 

.583 

.285 

CD 
..f:>. 



'rable 3.3.25 VIRTUAL POPULATION , YSIS 

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

FISHING MORTALITY COEFFICIENT UNIT: Year-l NATURAL MORTALITY COEFFICIENT = .lO 
------ -~-- -----~--

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

o .00 .00 .01 .00 .O.l .00 .00 .00 .00 .00 .DO .Dl 
l .01 .00 .11 .03 .03 .05 .04 .03 .03 .01 .04 .07 
2 .OD .03 .09 .06 .05 .08 .07 .12 .04 .38 .17 .07 
3 .03 .04 .08 .13 .12 .14 .09 .09 .09 .23 .10 .19 
4 .02 .14 .14 .12 .15 .18 .12 .12 .11 .17 .10 .12 
5 .22 .11 .13 .17 .15 .23 .15 .11 .16 .20 .14 .13 
6 .16 .24 .14 .15 .16 .16 .16 .14 .14 .21 .14 .21 
7 .06 .28 .18 .14 .14 .21 .12 .15 .15 .19 .13 .18 
8 .12 .12 .13 .13 .06 .22 .08 .15 .17 .18 .17 .17 
9 .12 .12 .12 .12 .12 .12 .12 .12 .11 .16 .16 .20 

10+ .12 .12 .12 .12 .12 .1.2 .12 .12 .11 .16 .16 .20 

C 2- 8)U .09 .14 .13 .13 .12 .17 .11 .13 .12 .22 .13 .15 
C 3- 6)U .11 .13 .13 .1.4 .14 .18 .13 .12 .13 .20 .12 .16 

1984 1985 1986 1987 1988 1980-87 

o .DO .DO .OD .00 .01 .00 
l .03 .09 .05 .03 .09 .04 
2 .09 .09 .06 .09 .16 .12 
3 .12 .13 .12 .14 .24 .14 
4 .21 .15 .18 .18 .25 .15 
5 .16 .21 .23 .24 .24 .18 
6 .17 .23 .25 .28 .25 .20 
7 .18 .27 .24 .26 .24 .20 
8 .16 .25 .30 .25 .18 .21 
9 .14 .21 .13 .14 .16 .16 

10+ .14 .21 .13 .14 .16 .16 

( 2- 8)U .16 .19 .20 .20 .22 
C 3- 6)U .17 .18 .19 .21 .25 

CD 
V1 



'TI3ble 3.3.26 VIRTUAL POPULATION ANALYSIS 
co 

HERRING IN THE OPEN SEA OF AREAS 25, 26 AND 27 0'\ 

STOCK SIZE IN NUMBERS UNIT: mill ions 
------------------

BIOMASS TOTALS UNIT: tonnes 
---·-~---------·~ 

ALL VALUES ARE GIVEN FOR l JANUARY 

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

o 3922 2033 1497 1894 1761 1741 1114 1223 1800 2114 2340 2878 
l 2003 3549 1840 1345 1714 1585 1570 1004 1102 1627 1909 2115 
2 1974 1799 3211 1496 1178 1503 1363 1368 880 971 1451 1657 
3 2637 1786 1582 2664 1273 1015 1257 1145 1093 763 603 1113 
4 2177 2307 1552 1316 2121 1025 797 1036 946 901 548 492 
5 4188 1938 1818 1218 1060 1656 777 639 828 769 689 450 
6 497 3036 1563 1440 927 829 1187 607 517 637 569 542 
7 336 383 2167 122$ 1120 713 637 912 475 405 467 448 
8 289 286 262 1643 963 885 523 509 712 369 305 370 
9 132 232 229 209 1311 824 646 437 395 545 280 233 

10+ 79 717 608 524 254 1366 858 1294 998 1076 686 530 

TOTAL NO 18233 18065 16330 14978 13682 13142 10729 10173 9745 10177 9846 10830 
SPS NO 10334 10684 9782 10243 9030 8312 6681 6578 5962 5465 4145 4179 
TOT.BIOM 1118399 1216362 1158397 1089893 1000847 972584 780584 763062 684021 673652 580158 590369 
SPS BIOM 878955 962467 896660 931724 849088 808093 634176 634468 569109 530448 397517 375789 

1984 1985 1986 1987 1988 1989 1980-87 

o 2444 1072 778 1131 1705 o 1820 
l 2588 2210 969 702 1023 1534 1653 
2 1785 2273 1824 838 617 844 1460 
3 1392 1476 1881 1551 695 475 1234 
4 834 1112 1168 1516 1225 495 939 
5 394 611 862 885 1145 860 686 
6 356 303 450 6J,.8 630 815 499 
7 398 272 217 318 425 444 375 
8 338 302 187 155 222 303 342 
9 282 260 213 125 109 167 292 

lO+ 695 545 421 183 105 166 642 

TOTI\L NO 11506 10437 8968 8022 7899 
SPS NO 4689 4882 7039 --351 4554 
TOT.BIOM 613243 477514 455826 ,448 401334 
SPS BIOM 414265 364615 413018 304987 31.1694 



'Iable 3.3.27 

List of input variables for the ICES prediction program. 

HERRING IN SUB-DIVISIONS 25-27 OPEN SEA STOCK 
The reference F is the mean F for the age group range from 2 to 8 

The number of recruits per year is as follows: 

Year Recruitment 

1989 1820.0 
1990 1820.0 
1991 1820.0 

Data are printed in the following units: 

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

: : fishing: natural: maturity: weight in: weight in: 
age: stock size: pattern: mortality: ogive: the catch: the stock: 
---+-----------+--------+----------+---------+----------+----------~ 

o 182o.o: .01 .1o: 16.4oo: 16.4oo: 
1534.0: .1o: 31.000: 31.000: 
844.0: .16 .1o: 48.6oo: 4B.6oo: 
475.o: .24 .1o: 55.3oo: 55.3oo: 
495.o: .25 .1o: 57.6oo: 57.6oo: 
86o.o: .24 .1o: 64.9oo: 64.9oo: 

6 Bl5.o: .25 .1o: 75.ooo: 75.ooo: 
7 444.0: .24 .1o: 82.ooo: 82.ooo: 
8 303.0: .18 .1o: 102.9oo: 102.900: 
9 167.o: .16 .1o: 103.300: 103.3oo: 

10+ 166.0: .16 .1o: 117.100: 117.100: 

CD 
-.J 



'Thble 3.3.28 

Effects of different levels of fishing mortality on CP 
CP 

catch, stock biomass and spawning stock biomass. 

HERRING IN SUB-DIVISIONS 25-27 OPEN SEA STOCK 

+--------------------------------------+--------------------------------------+--------------
Year 1989 l Year 1990 l Year 1991 l l 

----+------+--------+---------+------+-----+------+--------+---------+------+--------+-----
fac-- l ref. l stockl sp.stockl l fac-l ref.: stockl sp.stockl l stockl sp.stockl l 

tor· l Fl biomassl biomassl catchl torl Fl biomassl biomassl catchl biomassl biomassl 
---+------+--------+---------+------+-----+------+--------+---------+------+--------+---------i 
l. O .22 394 276 63 .o .oo: 399 257 o: 473 321: 

.l .o2: 7i 466 314: 

.2 .04l n: 459 308l 

. 4 .091 26l 445 2951 

.6 .13: 38i 432 283: 

.8 .18: 5o: 419 272: 
LO .22: 61: 407 261: 
1.2 .271 72l 395 250l 
1.4 .31i 82i 384 240: 
1.6 .361 92l 373 231: 
1.8 .4o: 102: 362 221l 
2.0 .45l 111: 352 212l 

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



Table 3.4.1 SUM OF PRODUCTS CHEa 

HERRING IN THE GULF OF RIGA 
CATEGORY: TOTAL 

CATCH IN NUMBERS UNIT: millions 
----------------

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

o 77 4 2 o 4 32 10 1 8 15 19 11 
1 546 795 105 87 303 112 426 70 112 77 101 63 
2 383 628 770 294 303 563 237 885 97 177 126 173 
3 410 131 154 578 299 288 364 141 404 104 100 112 
4 149 114 54 60 326 157 160 llO 39 343 55 83 
5 49 36 35 17 38 161 59 35 36 22 133 51 
6 45 13 13 17 9 15 81 16 9 19 11 72 
7 2 15 7 2 13 2 4 16 3 7 9 7 
8 l o 5 1 3 2 4 1 5 3 2 3 
9 2 o 1 1 1 2 2 o o 2 1 o 

lO+ o o o o o o o o o o o o 

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

1982 1983 1984 1985 1986 1987 1988 

o 1 3 2 4 1 1 l 
1 80 50 44 23 9 70 6 
2 96 225 152 284 107 49 198 
3 117 138 255 204 247 110 113 
4 69 78 96 122 111 205 112 
5 43 39 57 32 67 75 145 
6 30 23 33 24 20 32 39 
7 25 16 15 8 8 5 28 
8 2 9 10 4 4 1 4 
9 1 l 2 2 2 1 2 

lO+ 1 o 1 1 1 o o 

TOTAL 464 581 665 707 574 549 647 

CD 
\!) 



Table 3.4.2 SUM OF PRODUCTS CHECK 
\.0 

HERRING IN FISHJNG AREAS 28 AND 295 o 

CATEGORV: TOTAL 

CATCH IN NUMBERS UNIT: mill ions 
--------------

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

o 2 13 3 13 3 4 2 o 7 o 5 6 
J. 76 155 115 52 223 14 36 12 38 63 137 55 
2 465 318 199 256 104 241 126 69 92 187 316 302 
3 273 506 242 274 211 133 445 132 129 103 258 308 
4 127 203 263 170 182 157 90 323 90 82 80 166 
5 385 70 88 146 106 128 87 65 187 42 65 61 
6 49 171 44 69 105 64 45 65 26 117 27 45 
7 68 43 109 37 51 62 24 47 30 13 65- 28 
8 30 15 16 61 25 23 33 31 34 16 9- 40 
9 9 9 13 10 46 9 9 31 15 14 15 8 

10+ 8 6 12 13 12 22 15 14 32 18 25 15 

TOTAL 1491 1508 1104 1101 1068 857 912 789 680 655 1000 1034 

1984 1985 1986 1987 1988 

o 13 1 8 4 5 
l 89 63 30 166 14 
2 195 288 177 105 287 
3 267 165 251 213 113 
4 180 195 150 250 162 
5 103 115 181 113 229 
6 22 68 72 148 68 
7 23 21 26 52 84 
8 11 11 9 20 27 
9 .19 4 8 4 12 

10+ 16 15 6 9 10 

TOTAL 938 946 918 1082 1010 



Table 3.4.3 SUM OF PRODUCTS CHECK 

HERRING IN THE GULF OF RIGA 
CATEGORY: TOTAL 

MEAN WEIGHT AT AGE IN THE CATCH UNIT: gram 
---------

1970 1971 1972 1973 1974 

o 6.1 4.5 7.0 7.0 6.1 
l 12.7 12.2 15.4 16.3 13.8 
2 19.2 19.2 21.0 21.3 18.3 
3 24.3 26.5 31.4 28.0 26.0 
4 29.2 34.8 40.9 34.9 32.3 
5 33.0 42.9 46.2 42.4 37.7 
6 46.0 64.6 40.0 45.8 41.3 
7 45.0 45.0 68.2 45.0 54.3 
8 50.0 50.0 54.4 50.0 66.6 
9 55.0 55.0 60.3 55.0 50.5 

10+ .o .o .o .o .o 

1982 1983 1984 1985 1986 

o 5.4 5.7 5.4 6.0 6.0 
1 14.1 13.8 10.0 12.9 12.6 
2 21.4 19.3 15.0 17.2 19.8 
3 28.7 27.6 21.5 20.8 25.6 
4 35.7 37.9 28.1 27.8 31.4 
5 37.2 41.6 34.3 35.8 40.2 
6 45.1 50.9 39.1 48.7 46.2 
7 50.3 61. o 49.1 53.1 63.9 
8 62.4 93.6 51.2 59.1 65.3 
9 84.5 57.3 73.4 75.8 77.7 

10+ 143.0 .o 84.9 85.0 85.0 

1975 1976 1977 1978 

5.8 5.8 2.9 5.3 
14.2 12.2 13.2 9.8 
17.3 18.5 16.0 17.7 
22.5 24.1 22.7 21.9 
32.2 29.2 26.9 27.3 
33.8 30.5 29.5 31.1 
39.1 39.3 31.2 30.4 
47.3 38.3 29.4 38.1 
43.2 39.7 50.0 50.0 
55.0 65.8 55.0 55.0 

. o .o .o .o 

1987 1988 

6.0 6.6 
10.1 11.7 
15.4 18.6 
19.7 21. o 
26.3 27.3 
30.3 36.8 
37.9 43.4 
43.1 58.6 
40.6 61.1 

140.3 100.1 
.o 100.1 

1979 1980 

6.3 7.1 
12.2 14.5 
16.2 20.1 
23.4 24.1 
27.6 32.1 
29.8 39.3 
34.0 45.6 
36.8 53.3 
36,3 70.3 
35.6 72.3 

.o .o 

1981 

7.6 
12.1 
21.6 
28.8 
33.4 
39.0 
43.9 
49.9 
55.3 
83.4 
90.0 

\.0 
l-' 



Table 3.4.4 SUM OF PRODUCTS CHECK 

HERRING IN FISHING AREAS 28 AND 29S \,() 
I'V 

CATEGORY: TOTAL 

MEAN WEIGHT AT AGE IN THE CATCH UNIT: gram 
------------------

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

o 10.000 10.000 10.000 10.000 10.000 10.000 14.200 10.000 10.000 10.000 7.600 6.600 
1 19.000 19.000 19.000 19.000 19.000 19.000 15.300 21.800 28.400 21.400 18.400 12.600 
2 29.000 29.000 29.000 29.000 29.000 29.000 28.500 38.200 35.800 34.600 29.100 25.600 
3 39.000 39.000 39.000 39.000 39.000 39.000 38.600 44.500 48.800 49.600 44.000 41.900 
4 48.000 48.000 48.000 48.000 48.000 48.000 48.600 48.200 60.700 64.600 54.800 53.400 
5 57.000 57.000 57.000 57.000 57.000 57.000 57.900 65.600 68.500 83.500 64.100 64.000 
6 63.000 63.000 63.000 63.000 63.000 63.000 68.400 65.100 81.400 87.200 86.200 71.100 
7 69.000 69.000 69.000 69.000 69.000 69.000 74.900 68.100 89.500 83.000 85.000 86.700 
8 74.000 74.000 74.000 74.000 74.000 74.000 70.800 81.900 89.800 99.100 91.300 87.100 
9 78.000 78.000 78.000 78.000 78.000 78.000 104.000 72.800 101.500 107.300 93.300 114.400 

10+ 80.000 80.000 80.000 80.000 80.000 80.000 87.500 90.600 103.600 108.500 98.700 115.800 

1984 1985 1986 1987 1988 

o 7.900 6.500 4.800 4.500 8.000 
l 16.500 15.300 20.500 15.700 17.300 
2 29.800 21.000 25.100 27.000 26.500 
3 41.600 35.600 32.000 36.100 42.300 
4 57.700 46.200 42.300 43.400 45.300 
5 71.000 56.300 54.500 56.800 48.100 
6 82.400 67.000 70.400 63.400 58.800 
7 84.700 74.200 78.400 69.200 65.500 
8 95.400 92.100 93.800 88.700 78.200 
9 101.400 77.500 100.600 79.700 89.900 

10+ 117.900 95.300 100.900 110.200 80.000 
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Table 3.4.5 

1-lt.hf~ lN[, IN !Ill" (,lJif or RIC.t\ 

:run, rn·l iJ')('S l •.-, 9 
Hi Til ' ot ,·,,]!) Oil d•jf::' 4 dflll !"•"lotl'l\,1) ()i l,Uill) 

l nil id! :OI•il• ,,f ·.t~l!.11"f'tt !CC. J ;'l ·' j l~~ 
finn! ~·liT! of . qtldfCd i:i '.:1 .. ~ 4'j ,):t<-1 ~,-.-. itFottr.)Uit· 

,\l.::tri'l'1 o! r:f'.., i.:-:,J.:.i ~ 

----~~---

'tr'd(' 70/ /l ILfi;· 'l 2/?l n;-1·1 7,1//S 7S/it> 7G/77 77178 
Ag1··-
l/ L • '.t·, ~~ l .. :lt ? l~ .473 
,'/ ) 1.1'12 . ,0/ ./').? 

V •1 - '181 - .0:)0 .077 
Il/ ., .L0:1 .J.11 .046 
5/ (: ,:)Sl . . ~7S -. 335 
.,; l. itl2 - .2f<J ..• 525 
l l 8 -1.034 ,Ull U .053 -. 258 -1.008 
a; ·.) 1,:)2') . SS3 -l. Oil l. 541 -l. 77S 

.000 .000 .000 .000 ,(!00 .OI]U .000 .000 

ri fJ .OI 8 .010 .010 .010 .OitJ .O lO .010 .010 

Yt=-.::11 -. i'B/1~' ?q/80 80;'81 8'L/82 82/83 83/84 84/85 85/86 86/87 87/88 WTS 
flgc-3 
l/ l .062 .665 .973 .40•1 .473 -.585 -.713 -. 339 .570 ,000 1.000 
2/ l .166 .460 .369 -.150 .229 -.247 .249 .122 -.401 .000 1.000 
3/ 4 -.267 -.148 -.199 .017 .100 .164 .128 -.233 -.151 .000 1.000 
<11 5 .on .. 048 -. 508 - .oos -.137 . 339 -.054 -.191 .064 ,000 1.000 
5/ 6 -.112 -. 321 -.026 .• 003 -.322 .057 -.202 .140 .366 .000 1.000 
r.; ) -. 755 -.60•1 -.613 -' 264 -.347 .267 .099 .487 -.432 .ooo 1.000 
71 8 -! .126 - .001 ... 005 ·.024 -.437 .112 -.272 1.083 -. 412 .000 .010 
B/ q -. 310 -. 332 .293 .029 .8<\3 .582 -.352 .241 -l. 236 .000 .010 

.000 .000 .000 .000 .000 ,000 .ooo .000 .000 .000 -14.829 

Wl"-i .010 .O lO .010 .010 .010 1.000 1.000 1.000 1.000 1.000 

r ishin9 Mort a) it it>;. (F) 

70 Il 72 -,_; 74 76 77 78 
F val u es l. 4193 1.1946 .9377 . 7506 1.0209 l. 3004 1.0770 .6278 

79 80 81 :32 [l] 84 85 86 87 88 
l' vn11~es . G 7:~~J ,

1J290 .5G6tl ,ll')f,.' .4629 .S388 • 440S .3663 .3069 .3400 

Selection-at il9t' (S) 

l 2 3 4 6 7 8 9 
s-values .0642 .3797 .776•1 1.0000 1.1757 1.4740 1.4720 1.2720 1.0000 



Table 3.4.6 VIRTUAL POPULATION ANALYSIS 

HERRING IN THE GULF OF RIGA \.0 
+>-

FISHING MORTALITY COEFFICIENT UNIT: Year-l VARIABLE NATURAL MORTALITY COEFFICIENT 

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

1 .392 .258 .088 .076 .188 .164 .144 .095 .127 .094 .110 .079 
2 .863 1.013 .401 .352 .387 .590 .573 .466 .176 .299 .232 .292 
3 .991 .782 .698 .561 .689 .736 .922 .765 .378 .287 .291 .352 
4 1.109 .798 .833 .611 .679 .922 1.189 .757 .465 .638 .259 .447 
5 .995 .852 .575 .654 .955 .815 1.085 .888 .565 .518 .590 .432 
6 1.000 .770 .840 .593 .767 1.319 1.295 .929 .579 .682 .535 .805 
7 .887 1.142 1.242 .331 1.195 .428 1.355 .954 .454 1.163 .817 1.005 
8 1.002 .246 1.939 .764 .835 .647 3.222 .657 .953 1.100 .981 .834 
9 1.379 1.589 2.904 1.544 2.369 2.817 2.863 1. 667 1.905 1.945 1. 719 .850 

10+ 1.379 1.589 2.904 1.544 2.369 2.817 2.863 1.667 1.905 1.945 l. 719 .850 

4- 7)U .998 .891 .872 .547 .899 .871 1.231 .882 .516 .750 .550 .672 

1982 1983 1984 1985 1986 1987 1988 

1 .055 .041 .022 .024 .015 .027 .022 
2 .178 .230 .174 .191 .147 .104 .099 
3 .350 .443 .454 .373 .252 .222 .364 
4 .405 .441 .664 .409 .356 .343 .370 
5 .469 .449 .705 .481 .411 .436 .434 
6 .516 .538 .893 .739 .623 .355 .422 
7 .784 .596 .826 .573 .602 .315 .599 
8 .722 .822 1.011 .524 .534 .136 .421 
9 .815 .654 .339 .439 .508 .284 .358 

10+ .815 .654 .339 .439 .508 .284 .358 

4- 7)U .543 .506 .772 .550 .498 .362 .456 



Table 3.4.7 VIRTUAL POPULATION A~ .>IS 

HERRING IN THE GULF OF RIGA 

STOCK SIZE IN NUMBERS UNIT: mill ions 
---------------------
BIOf~ASS TOTAI..S UNIT: tonnes 
--------------
ALL VALUES, EXCEPT THOSE REFERRING TO THE SPAWNING STOCK ARE GIVEN FOR 1 JANUARY; THE SPAWNING 
STOCK DATA REFLECT THE STOCK SITUATION AT SPAWNING TIME, WHEREBY THE FOLLOWING VALUES ARE 
USED: PROPORTION OF ANNUAL F BEFORE SPAWNING: .200 

PROPORTION OF ANNUAL M BEFORE SPAWNING: .300 

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

1 1803 3755 1347 1268 1893 796 3414 827 1012 966 1095 923 
2 707 1048 2497 1062 1012 1349 581 2545 647 767 685 764 
3 693 257 328 1439 642 591 644 282 1375 467 443 423 
4 236 222 101 140 707 278 244 220 113 810 273 258 
5 82 67 86 38 66 309 95 64 89 61 334 164 
6 75 26 25 42 17 22 118 28 23 43 28 144 
7 4 24 lO 9 20 7 5 28 9 11 17 13 
8 1 1 7 3 6 5 4 l 9 5 3 6 
9 2 o l 1 l 2 2 o o 3 l 1 

lO+ o o o o o o o o o o o o 
TOTAL NO 3603 5400 4401 4001 4362 3358 5107 3994 3277 3134 2879 2696 
SPS NO 1367 1239 2502 2279 2020 2038 1309 2561 1957 1773 1495 1464 
TOT.BIOM 66700 86171 93676 92567 88832 68819 83048 67582 58855 61508 64691 62259 
SPS BlOM 33356 30814 59656 60002 51202 45785 31803 45786 42253 40608 40878 42176 

1982 1983 1984 1985 1986 1987 1988 1989 

l 1677 1398 2246 1076 680 2899 304 o 
2 664 1236 1045 1799 860 549 2310 244 
3 444 433 765 719 1217 608 405 1713 
4 232 244 217 398 405 774 399 230 
5 128 120 122 91 216 233 450 225 
6 83 63 60 49 46 .117 123 239 
7 50 39 28 20 19 20 67 66 
8 4 18 17 lO 9 9 12 30 
9 2 l 6 5 5 4 6 7 

lO+ l o 2 2 l o l 4 

TOTAL NO 3285 3551 4508 4169 3460 5213 4078 \.() 

SPS NO 1347 1783 1894 2620 2403 2008 3242 \.}'1 

TOT.BIOM 70489 76621 70082 78714 82651 83054 93275 
SPS BIOl~ 39199 47500 39640 54925 64046 46684 77059 
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Fli f: ;" IIJrllNb 

IHtPrnatiunal Acou-st 1c Surveys 

Mo<Jili<" <·un at l•1.3il.03 10 •\PRll. 1989 
[JJS,"\C.f:.Ptt,f,lElJ 
LOl1 11\t\U:,rii:<MAI 
NO e><plarr.::dory variate Otedtl u~.t:·d) 
f"lt.1el l , lrtt,;>rn.t\couo.:;tic , has tt>ll:linal q e•.timated as the mean 
rleet 2 ,U:J~R Sw·vey~. in :.u 2, has terrninal q est1mated as the mp.:-m 
l· l fi'fS I;UMI',fNLD B'/ " VAillANCI:' " 

Regre:..:s ion wei9hts 
, L 000, l. 000, l. 000 , l. 000, l. 000, 

Oldest age F = l.OOO'average of ~ younger ages, fleets combined by variance of predictions 
Fishing mortal i ties 

Age, 8~' 85, 86' 87. 88, 

], .019, .022, .030, .023, .040, 
2, .112, .087' .fH16, .154' .055, 
3, .152. .145, .113, .158, .275, 
4, • 273, .177, .213, .175, .194 • 
~. . j06, • 317. .277. .274, .269, 
6, • 261, .382, .375, .430, .297. 
7. . 314. .493. .276, .S82, .!)34' 
8, .458, .275, .456, .392' .816, 
9, .335, . 36? l .346, .420, .479. 

Age 2 
Fl eet, 8•1, 85, 86, 87. 88 

--1-:-·-=-:61: -Æ:---::-:62: ·--::-:47 :----:-:-46 
2 • • -1.52, -l.06, .22 

SUMMARY STATJSTICS 
Fl ~et , Pred. , SE(q) ,Partial,Raised, SLOPE SE ,JNTRCPT, SE 

q F , F Sl ope , Intrcpt 

--1-: ~:-:nr:---:6578:--:0579: . OOOE+OO: • OOOE+OO :----=-:419:--:127 
2 , -1.60 , 1.642, .2020 ., .0139, .OOOE+OO, .OOOE+OO, -1.600, .821 
fbar SIGMA(int.) SIGMA(ext.) SIGMA(overall) Variance ratio 
.oss .305 .261 .305 • 729 

Age 3 
Fleet, 84, 85, 86, 87' 88 

--~-:-----:41:----:82:--:45:~: . 59 
2 • .22, -2.47, .61 

SUMMRY STATISTICS 
rleet , Pred. , SE(q) ,Partial ,l<aised, SLOPE SE ,JNTRCPT, SE 

F , F Sl ope , Intrcpt 

-l-:~:---:J91:1.8188 : .2761 :~: .OOOE+Oo:--:598:-----:o78 
2 , • SS , l. 9 J3, . 5 775 , . 0866, . OOOE +00, • OOOE +00, -. 549, • 9ii 7 
fbar f,[CI1A( inl.) oTCMA(e;<t.) SIGMA(over·all) Variance ratio 
.2'/l . 190 . 113 .190 • 356 

cont'd. 



Table 3.4.8 

1\')•0 ·1 
Fl ret, >]4. BS. 

cont 'd 

87. 88 

-t'!.m:~·:--.~""c:-.-y<-.1ie 
l ' • 23. -2 .i_J 3. . .2'6 

Age 6 
Fleet, 84, 86, 

~IJ/'r!:r'l;\r~\' ~'i .•\ i 
fl c-et , 1'1 _•tL , ':1t(q'J ,!1 .1! ,\~ir"!::.ed, SlOPE SE , IN!RCf>f, SE 

F , f Sl ope , lntrcpt 

:-:19Ji( .OOOE>OG: .OOOE+00:---:873:-----:o53 
, .u732, .0001:+00, .OIJOE+OQ, -. 711, .960 

SIGMA(ext.) SIGMA(ove1·all) Variance ratio 
. 6ciOE -01 .131 . 255 

-----' -----
1.10, 1.01 
2.J3, .~7 

:;Ut1MARY STAlJST ICS 
Fleet , Pred. , SE(q) ,Partial ,Raiscd, SLOPE SE , INTRCPT, SE 

q F , F Sl ope , lntrcpt 

-l:~:-----:"355:2.8187 : .2766: .OOOE+OO: .OOOE+Oo:------r:o36:~ 
2 , -. 35 , l. 778, . 706•1 , .1073, .OOOE+OO, .OOOE+OO, -.348, .889 
Fbar SIGMA(int.) SIGMA(ext.) SIGMA(overall) Variance ratio 
.267 .348 .182 .348 .273 

87' 88 

--1-:·1:82:~: ----:<i6:l":Oi: l. 22 
2 ' .bl, -1.02, .76 

SUMMARY STAT ISTICS 
Fleet , P.-ed. , SE(q) ,Partial ,l?aised, SLOPE SE , l NTRCPT, SE 

q F , F Sl ope , lntrcpt 

-l:-1.!8 :--~;(J.-5889 : .3161: .OOOE+OO: .OOOE+OO:J:":278:~ 
; , .12 , 1.138,1.1256, .1566, .OOOE+OO, .OOOE+OO, .118, .569 
Fbu SJ(,f<IA(int.) SlGMil(ext.) Sl&MA(overall) Variance ratio 
.294 .363 .212 .363 .342 

Age 7 
Fl o et, 84, 85, 86, 87. 88 

--1-:l":b9:2:24:1:02:~:1":04 
2 ' .14' .04' l. 37 

SUMMAR'I STATISTICS 
Fleet , Pred. , SE(q),Partial,Raised, SLOPE SE , INTRCPT, SE 

q F , F Sl ope , Intrcpt 

--1-:1':41: . 589 :4.Jl45: . 7733: . OOOE+OO: . OOOE+OO :1":415:------:240 
2 , .Sl , .852,1.6731 , .2279, .OOOE+OO, .OOOE+OO, .515, .426 
rbar S!GNA(int.) SIGMA(ext.) SIGMA(overall) Variance ratio 
.521 .•185 .571 ,571 1.390 

Age il 
rleel, 84, 85, 86. 87' 88 

--~-:-2.77:~:7:79:~:~ 
;: , , l. S4, . 49, 1. S•l 

SLOPE SE , INTRlPT, SE 
Sl ape , lntrcpt 

--;-:]~<i":l:r.lJ:s.m: :1.4401: .OOOc•OO: .OOOE+OO:~:---.m 
: , 1.41 , ··~·•i'·.Llli17 , .49cto, .OOOE+OO, .OOOE+OO, 1.414, .463 

Hw.- ··.Jc.t·1A(int.) ·;rc,MA(eYt.) SIGMA(overall) Variance ratio 
. r307 . ;;81 . '} 30 . 683 . 003 

97 
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Table 3.4.9 

lille : HtRR l NC. IN FISHINf, AREAS 28 MW 29$ 

88 on ages l to 9 
f of o 200 Oil age l il ild f Prmina l s of 1.400 

Initial :.um or ;.quared 63.134 
t ll!dl '.:-LWI •)f ·~.quan•d \::. 13.541 128 i terttllon-::. 

Mat ri, ut Re~.idua l s 

-------

72/73 73/74 74/7'5 75/lb 7n/77 77/78 

-.444 . 335 o 39~. o 914 -1.235 
-.200 -. 2Sti . ?16 o 312 -. 718 
-.125 .134 .151 -.050 .013 

.ll7 ,}I)Q .177 
-. 245 -,1'17 .420 

.2ty1 -.tt)7 .3114 
-.055 .032 -o lL1 
-.lb~ o 307 .232 

.000 .000 .000 .liUO .000 .000 

wTS .100 .100 .100 .JO:J .100 .lOO 

Ycars 78/79 79/8tl 80/Hl 81/82 82/Hl 83/84 8•1;85 85/86 86/87 87/88 WT5 
Ag es 
1/ 2 o 588 -l. 010 - .6bL -o 413 o 370 -.415 o .149 .047 .002 o 567 .000 .195 
2/ 3 o .146 .. . 635 -.225 -.171 .l2C, -.088 .144 .169 -.003 -.026 .000 .439 
3/ 4 .247 .113 .071 .128 .268 ,051 .022 -.142 -.081 .038 .000 1.000 
4/ 5 ,211 .228 o 344 .079 .oss -.057 .110 -.202 .156 -.197 .ooo • 738 
5/ 6 -.031 . 395 -.169 .079 -.072 . 269 -.123 -.006 -.135 .010 .000 .566 
6/ 7 -.318 .272 .068 .2b6 -. 459 -,040 -.477 .515 .019 .097 .000 .378 
71 8 -.708 -.352 -.167 -.095 -.098 .051 .043 .231 -.207 -.001 .000 .431 
8/ 9 -.387 .056 .126 -.380 -.509 -.136 . 265 -. 23•1 .352 -.096 .000 .355 

.000 .000 .000 .000 .000 .000 .000 .ooo .ooo .ooo -3.094 

wrs .100 .100 .100 .lOO .lOO 1.000 1.000 1.000 1.000 1.000 

F'is.hlng ~10rtai i ties (F) 

12 73 74 76 77 78 
F--values . 2964 o 2617 .2052 , L941 .1653 .1392 

79 80 Bl 82 83 8'1 35 8b 87 88 
F-values .1674 .1670 .1418 .171'1 .1922 .1163 .1~08 .1543 .1865 .2000 

Se 1 ec ti on-at-age (S} 

l 2 3 4 5 6 7 8 9 
S-values .1569 .6478 1.0000 l. 2i82 l. 529•1 1.sa14 l. 7197 l. 5619 l. 4000 



Table 3.4.10 VIRTUAL POPULATION A~ SIS 

HERRING IN FISHING AREAS 28 AND 29S 

FISHING MORTALITY COEFFICIENT UNIT: Year-l 

1972 1973 1974 1975 1976 

l .04 .07 .06 .04 .05 
2 .19 .21 .12 .17 .12 
3 .28 .32 .24 .23 .21 
4 .30 .34 .27 .26 .24 
5 .40 .27 .24 .23 .26 
6 .31 .31 .27 .31 .26 
7 .61 .48 .33 .37 .39 
8 .55 .26 .33 .31 .46 
9 .41 .31 .37 .36 .41 

10+ .41 .31 .37 .36 .41 

2- 7)U .34 .32 .24 .26 .24 

1984 1985 1986 1987 1988 

l .02 .03 .02 .04 .03 
2 .11 .10 .10 .12 .11 
3 .14 .15 .13 .19 .20 
4 .21 .15 .21 .21 .24 
5 .26 .23 .23 .28 .35 
6 .20 .31 .24 .34 .30 
7 .26 .34 .21 .31 .38 
8 .27 .22 .27 .27 .30 
9 .22 .18 .25 .20 .28 

10+ .22 .18 .25 .20 .28 

2- 7) u .20 .21 .19 .24 .26 

VARIABLE NATURAL MORTALITY COEFFICIENT 

1977 1978 1979 1980 1981 

.01 .02 .01 .01 .02 

.07 .13 .06 .10 .10 

.22 .20 .21 .18 .18 

.23 .23 .24 .24 .18 

.26 .21 .30 .24 .19 

.25 .15 .26 .21 .26 

.25 .15 .25 .21 .17 

.30 .21 .32 .32 .19 

.29 .18 .34 .28 .23 

.29 .18 .34 .28 .23 

.21 .18 .22 .20 .18 

1982 

.03 

.14 

.22 

.24 

.24 

.20 

.25 

.18 

.28 

.28 

.21 

1983 

.02 

.10 

.22 

.24 

.31 

.29 

.37 

.27 

.30 

.30 

.26 

\.0 
\.0 



Table 3.4.11 VIRTUAL POPULATION ANALYSIS 
.... 

HERRJNG IN FISHING AREAS 28 AND 295 o 
o 

STOCK SIZE IN NUMBERS UNIT: millions 
--------------------

6 I Ot~ASS TOTALS UN IT: tonn es 
--~------------

ALL VALUES, EXCEPT THOSE REFERRING TO THE SPAWNING STOCK ARE GIVEN FOR l JANUARY; THE SPAWNING 
STOCK DATA REFLECT THE STOCK SITUATION AT SPAWNJNG TIME, WHEREBY THE FOLLOWING VALUES ARE 
USED: PROPORTION OF ANNUAL F BEFORE SPAWNING: .200 

PROPORTION OF ANNUAL M BEFORE SPAWNING: .300 

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

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

lO+ 27 23 41 47 40 98 102 57 151 101 115 66 

TOTAL NO 8974 8621 8044 6915 9502 8330 7894 6487 7253 8669 10923 10128 
SPS NO 4593 4355 4201 4143 3618 4699 4513 3760 3159 3310 3950 4787 
TOT.BI0~1 314868 303511 289770 269329 308669 301598 299402 283324 333864 345947 354546 322651 
SPS BIOM 199526 193345 190105 190637 174859 201892 211089 193666 195398 197662 190627 205470 

1984 1985 1986 1987 1988 1989 

l 4737 2937 1491 4645 528 o 
2 2117 3433 2122 1079 3299 379 
3 2426 1402 2297 1421 710 2199 
4 1091 1569 898 1487 871 430 
5 517 655 996 537 889 507 
6 140 295 387 583 302 464 
7 115 85 161 225 307 166 
8 53 65 45 97 123 156 
9 110 30 39 25 55 68 

10+ 93 105 31 57 46 57 

TOTAL NO 11399 10575 8466 10157 7129 
SPS NO 4771 5297 5070 4189 4492 
TOT.BIOM 390202 321705 296057 318380 264847 
srs sror~ 236593 209446 212439 19•' \_ 186435 



Table 3.4.12 
List of input variables for the IC~ rediction program. 

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

The number of recruits per year is as follows: 

Year Recruitment 

1989 1530.0 
1990 1230.0 
1991 1230.0 

Proportion ofF (fishing mortality) effective befare spawning: 
Proportion of M (natural mortality) effective befare spawning: 

Data are printed in the following units: 

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

.2000 

.3000 

: : fishing: natural: maturity: weight in: weight in: 
age: stock size: pattern: mortality: ogive: the catch: the stock: 

-+-----------+--------+----------+---------+----------+----------~ 
1: 153o.o: .o2: .2o: .oo: 10.900: 10.9oo: 
2: 84o.o: .1o: .2o: .93: 17.ooo: 17.000: 
3: 1720. o: .36: .2o: .98: 20.400: 20.4oo: 
4: 23o.o: .37: .2o: .98: 26.8oo: 26.8oo: 
s: 22s.o: .42: .2o: 1.oo: 33.soo: 33.soo: 
6: 239.o: .42: .2o: 1.00: 40.6oo: 40.6oo: 
7: 66.o: .6o: .zo: 1.00: 50.8oo: so.soo: 
8: 3o.o: .42: .2o: 1.00: 50.9oo: 50.900: 
9: 7.o: .36: .zo: 1.00: lOO.OOOi 1oo.ooo: 

lO+: 4.o: .36: .2o: 1.oo: .too.ooo: lOO.ooo: 
~---------+----------+----------+ 

..... 
o ..... 



Tab le 3. •1.13 

Effects of different levels of fishing mortality on f-l 
o 

catch, stock biomass and spawning stock biomass. 1\J 

HERRING GULF OF RIGA 

-------------------
Year 1989 l Year 1990 l Year 1991 l l 

----+------+--------+---------+------+-----+------+--------+---------+~-----+--------+-----

fac-: ref.: stock: sp.stock: : fac-: ref.: stock: sp.stock: : stock: sp.stock: 
tor: F: biomass: biomass: catch: tor: F: biomass: biomass: catch: biomass: biomass: 
---+------+--------+---------+------+-----+------+--------+---------+------+--------+---------; 
1.0 .45 95 68 21 .o: .oo: 93: 73: o: 111: 

.l: .os: : n: 2: 1os: 

.2: .o9: : n: 5: 106: 

.4: .18: l 71: 9: 101: l 

.6: .27: : ?o: 13: 97: 

.a: .36: : 69: 16: 93: 
1.0: .45: : 68: 20: sg: 
1.2: .54: l 67: 23: 85: l 

1.4: .63: l 66: 26: 82: l 

1.6: . n: l 66: 28: 79: l 

1.8: .s1: : 65: 31: 76: 51 
2.o: .9o: l 64: 33: 74: 49 l 

-----+------+--------+---------+------+-----+------+--------+---------+------+--------; 
The data unit of the biomass and the catch is 1000 tonnes. 
The spawning stock biomass is given for the time of spawning. 
The spawning stock biomass for 1991 has been calculated with the same fishing mortality as for 1990. 
The reference F is the mean F for the age group range from 4 to 7 
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Table 3.4.14 

ti(I(P!NG C.Ulf OF RIGA 

' Year 1989. f-·factot 1.000 ttlld n"ferente F .45/.S • 
• ~ ~ •• ~ J • l l •••• k • + ••• J •• l ••••••• l J. ~ • , J •••• l • ' •••••••••••• 

at l Jan11ary: at spdwni ng time: 
-- -- +-- ~ . -· ---- f. •• ----- ----l--------- t ---------+ ------- ··--+-- ----·---+ 

C:itch ·~p.storkl sp.stockl sp,stocK: 
bioma:~s: ~ize: biomoss: 

- ---- -+----------+ ------·-- ---+- -------- + 
l; .0200: 27 .468; 299' t~: 1S3o.oo: 16677 .LI: .oo; .o: .oo: .o: 
2; .1000: 72.571; 1233.1; 8•lo.oo; 142So.o: 781 .2o: 13280. •l: 721.14; 12259.4; 
3' .3600; 474.120; 9b/'2.1; 1720.00; 350:ltl.O; 1685.60; 34386.2: 1477.16: 30134.1; 
4; .3700; 64.8o6; 1738.•1: no.oo: 6164.0; 225.40; 6040. 7; 197 .13; 5283.2: 
5' . 4200; 70.426: 2359. 3; ns.oo: /S37. 5: 22s.oo: 7537 os: 194 .82; 6526.6; 
6: . 4200: 74 .aoa: 3037 .2; 2~~.oo; 9703.4: 239.00: 9703.4: 206.95; 8402.1; 
t: .oooo: 27 .258; 1384.7: Oc>.OO, 3352.8: G6.00; 3352.8; 55.13; 2800.5; 
8' .42011: 9.390: 478.0: Jo.oo: 1527 .o: 3o.oo: 1527 .o: 25.98; 1322.2; 
9; .3600; 1. 930: 193.0: 7 .oo: 700.0; 7 .oo: 7oo.o: 6.13; 613.4; 

lOt: .3600; 1.103; 110.3: 4 .oo: 40o.o: 4 .oo: 400.o: 3.51: 3so.5; 
+---- 1-- --------+---- -- ·- .. --------- + -------- -+- ------- -+ ----------+ ---- -----+----------+---------+ 
; Total ; 823.941; 20S06.o; 4891.00; 95429.7; 3263.20; 76928.1; 2887.95; 67691.9; 

... ---------- ----+ ------- --+---- -- ---+-----·-- -- +- --- -----+-------- -+---------+---------+---------+ 

• Year 1990. F-factor 1.000 and reference f .4525 ' 
.. "' * .. " , • * -"' l. •• ~ ••• ~ • ~ l • /L •• " •• J. • l l l ......... Jt ... "- " • i .......... J. 

+- ---------------- --+-- -----------------+ 
at. l Januaryl at spawning timel 

+----+---------{ ---------+------- -- t-- -------+------ ---- + ---------+---------+ ---------+---------+ 
: : absolute: cntch lnl catch in: ·;tock: stock: sp.stock: sp.stockl sp.stock: sp.stockl 
: age: Fl numbers: weight: size: biomass: size: biomass: size: biomassl 
+- -~-+ --------_,._ ______ ---i---------+---------+---------.__--------+---------+--------··+---------+ 

1; .o2oo: 22.082; 240.7; 123o.oo: 13407.o; .oo: .o: .oo: .o: 
2; .1000; 106.079; 1803.3; 1227.85; 20873.5; 1141.90; 19•112.4; 1054.11; 17919.9; 
3; .3600; 171.534; 3499.3; 622.29; 12694.7; 609.84; 12440.8; 534.43; 10902.4; 
4; .370o: 277.086; 7425.<1; 982.48l 26no.s: 962.83; 25803.8; 842.08; 22567.8; 
5; .4200; 40.713; 1363.9; 130.07; 4357.4: 130.07; 4357.4; 112.63; 3773.0l 
6; .4'200; 37.885; 1538.1\ 121.04; 4914.1; 121.04: 49cH.1: 104.80; 4255.1: 
7; .6000; 53.099; 2697.4; 128.57; 6531.3; 128.57; 6531.3; 107.39; 5455.4; 
a: .42oo: 9.232; 4n.s: 29.66: 1509.5; 29.66; 1509.5; 25.68; l307.o: 
9; .36oo: 4.449; 444.9; 16.14; 16B.8; 16.14: 1613.8; 14.14; 1414.3; 

10<: . !600; 1.732; 173.2; 6.28; 628.3; 6.28; 628.3; 5.51; 550.6; 
+ -- --+---- -----+ ---- ------ +- ------ ---t--- .. -----+-- ------- + ---------+ --------- +- ------ --+-- -------+ 
: Total : 723.94<': 19659.2; 4•19•1.37; 9286o.o: 3146.33; 77211.4; 2800.77; 68145.4; 
+--------··-----+-------- + --t -------- -+------ ·---} ---------+--------- t ---------+---------+---------+ 

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

.. -------------- ··---- +- ----- -------------+ 
: at l January: at spawning timel 

- ---+-------- -+-- -------+-- ------- + -- -- -·- -+ -- -------+-- -··---- -+ -- -------+---------+---------+ 
: abso111te\ catch in: catch ln\ stoc!-;: stocl~\ ~p.stoch\ sp.stock: sp.stock: sp.stockl 

age: F\ numbers: weight\ size; biuma·;s: size\ biomass: size: biomass\ 
--- l-----·---- t ---------+---- . ---- -t-- -- -----+---- ---·-- +--- ------ +--- ---- ---~ ---------+---------+ 

1: .0200l ?2.082; 240.7: 1230.oo: 13407.0; .oo: .o: .oo: .o: 
2; .1ooo: 85.279: 1449.7; 987.10: 16780.7: 91S.oo: 15606.o; 847.42; 14406.2; 
3; .3600; 250.737; 5115.0; 909,62; 18556.2: 891.42: 18185.1; 781.19; 15936.3; 
4: . ·1700: 100.248; .'636.7; 355.46; 9S26.2; 348.35; 9335.7; 304.66; 8164.9; 
5; .42GO; 173.911: 582b.O: S55.62: 18613.2: 555.62; 18613.2; 481.10; 16116.9; 
b: .4zoo: ;'J .'lot: 889.2: .o9.97; 2G4o.a: 69.97; 284o.s: 60.59; 2459.8; 
7: .6000; 26.891; l31i6.1: b5.li; 3307.7; 65.11: 3307.7; 54.39; 2762.8; 
g: .~Poo: 18.0;'32: 9.:0.4: S7.77~ J.94o.s: ~17.7?: .~94o.s: so.o2: 2546.ll 
g: .3ooo: 4.398/ 439.7: 15.95: 1sqs,3; JS.9s: J59S.3: J3.9B: 139a.o: 

10~: .3GUO: i.S30: 351.U: 12.81: 12!30.7: 1'2.81: 1280.7: 11.22l 1122.4/ 
----+--- ------ ~----· ----l-- ------+---------+---------

rural : 70/.o~o; 73705.0; 
- -----1---------1--



Table 3.4.15 

List of input variables for the ICES prediction program. 

HERRING IN FISHING AREAS 28 AND 295 
The reference F is the mean F for the age group range from 2 to 7 

The number of recruits per year is as follows: 

Year Recruitment 

1989 3194.0 
1990 3194.0 
1991 3194.0 

P1·oportion ofF (fishing mortality) effective befare spawning: 
Proportion of M (natural mortality) effective before spawning: 

Data are printed in the following units: 

Number of fish: mill ions 
Weight by age group in the catch: gram 
Weight by age group in the stock: gram 
Stock biomass: tonn es 

· Catch v1eight: tennes 

.2000 

.3000 

l : fishingl natural: maturityl weight inl weight ini l 

agel stock size: patternl mortalityi ogive: the catchl the stocki 
-+-----------+--------+----------+---------+----------+----------f 
1: 3194.0: .03i .30l .oo: 16.5oo: 16.5oo: 
2i 1191.0: .u: .3o: .60l 26.750l 26.750: 
3i 2199.0i .20l .30l .85i 39.200l 39.2oo: 
4i 43o.o: .24l .30l .95l 44.350l 44.350: 
5l 507.o: .35l .30i 1.00: 52.450l 52.450: 
6l 464.0: .30i .30i 1.00: 61.100: 61.100: 
7: 166.0i .38l .30i 1.00: 67.350: 67.350: 
s: 156.0l .30l .3o: 1.00: 83.450: 83.6oo: 
9l 68.o: .28l .3o: 1.00: 84.8oo: 94.950: 

lo+: 57.0: .28i .3o: 1.00: 95.100l 95.ooo: 

1-' 
o 
_",. 



Table 3.4.16 

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

HERRING IN FISHING AREAS 28 AND 295 

--------------------------------------+--------------------------------------+--------------
'l'ear 1989 l 'l'ear 1990 l 'l'ear 1991 l l 

----+------+--------+---------+------+-----+------+--------+---------+-------+--------+-----
fac-: ref. l stock\ sp.stock\ l fac-l ref. l stockl sp.stockl l stockl sp.stockl l 

torl Fl biomass: biomassl catchl torl Fl biomassl biomassl catchl biomassl biomass: 
----+------+--------+---------+------+-----+------+--------+---------+------+--------+---------~ 
1.0 .26 281 175 43 .o: .oo: 273 172: o: 318\ 209l 

.1: .03l 171l 4l 313l 204\ 

.2: .os: 170l 9l 309l 199l 

.4: .u: 168l 17: 300l 190l 

.6: .16l 167l 25l 292l 181l 

.8\ .21\ 165\ 32\ 284\ 173l 
l. o: .26l 163l 39l 277l 165l 
1.2: .32\ 162\ 46\ 270: 158\ 
1.4: .37l 160\ 52 l 263l 151l 
1.6: .42l 159l 58 l 257l 145l 
1.8: .47: 157l 64l 251l 139l 
2.o: .53\ 156\ 70\ 245\ 133\ 

-----+------+--------+---------+------+-----+------+--------+---------+------+--------+---------i 
The data unit of the biomass and the catch is 1000 tonnes. 
The spawning stock biomass is given for the time of spawning. 
The spawning stock biomass for 1991 has been calculated with the same fishing mortality as for 1990. 
The reference F is the mean F for the age group range from 2 to 7 

1-' 
o 
\.J1 
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Table 3.4.17 

'r• ,J! 1: 1·,,\..t•lt' l.·~:tH) rmrJ r·efprp· 11 ., t= .?'J'1 ' 
• ' ' •••••••• ~ •••• * ••• ' ' ' ....... ~ ' • ' ' •• l l ' ' ' • l ' • ' 

-t- -----·---- ·- --·-· ---+------··----- -------+ 

- +-- --- ~--- + • - _ -·--+--- dt l ./;mu~r~! __ :~-~~:~~~~~~-~~~=l 
nbsolul t': 

+-· 
Jl'14 .ou: "·2701: .oo: 
1191.00; 31859; 714 .no: 
2l9Y. OOl so2oo: 18ti9.15l 
43u.oo: t·1o/n: 40B.50l 
'>07 .on: 2ti592: 507 .oo: 
4G,1.00: /3350: 464 .oo: 
16b.OO/ 11180; 166.00: 
J5u.oo: ll04!; t56.oo: 
68.00/ 6456: b8.00l 
57 .no: 'i415l 57 .oo: 

sp. stock: 
biomass: 

. ----+----- --. -+---------+ 
o: .oo: o: 

19115: ti38.88l 17090: 
73270; 1641. 29l 64338: 
18116; 355.84: 15781: 
26592: 432.04: 22660: 
283so: 399.37: 24401: 
11180; 140.61l 9470l 
13041; l34.27l 11225: 
6456: 58. 76l 5579; 
5415l 49.26l 4679: 

+ -··----- --+----·--- -- ~- --------- -+ -- -------+- --------+ 
fota1 957.o0•1l 42%0./; 843?.oo: 280867; 4410.25; 201539; 385Q.33l 175226; 

+ . ---- --------+----·--- --+- ---- ---- ~-- --· .. --- ·+--- ------+--- ---- --·- -------·-+---------+--- ------+ 

• Year 1990. F-factor 1.000 ilnd reference r .2633 ' 
, , " " - •• , .... j l ...... ~ * , " ........ "" , • ' • ;l ....... l •• , ~ ~ ••• ' ..... ,.. 

+- ------------------ t ---- ------ ---------+ 
at l Januar y\ at spawning time: 

+---- +------- --- ._ _______ ---+------ ---+----- --- . l --- --··- ---+----- ----+··-------- +---------+---------+ 
: : absolute: catch in: catch lnl stock: sp.stock: sp.stockl sp.stock: sp.stock: 
l age: F: nwnbers: weigllt: biomass/ size: biomassl sizel biomassl 
+ ----+-------·--+--------- t--------- --l -------- -+------ --- +- --------+---------+---------+---------+ 

~! :~i~~! 2~~:~~;; ~~:~:~! ~~~~:~~: m~~l 1377:~~! 3685~! 1231:~~! 3294~! 
3' .2ooo: 124.4oo: 4876.5: 790.41: >0983: 671.85; 26336; 589.95; 23125; 

~~ :~~~~~ 2~~:~~~~ 1 ~~~~:~! ~m:~~~ i~i~~~ 1 ~~6:~~~ r~m; 1~~~:~~~ m~~~ 
til .3ooo: 59.710l 364S.3l 264.68: 1617'1: 264.68; 1617ll 221.a1: 13919l 
7' .Jsoo: 10.210: 4728.?: /S4.65l 17150; 254.65; 17150l 215.70l 14527; ai .3ooo: 18.972; 15B3.2l 84.10: 7030; 84.10; 7030l 72.38; 6051l 

' 9l .2800; 18.190l 1542.5l 85.61; 8129: 85.61; 8129l 73.98; 7024l 
: lO+: .28oo: l4.S7o: 1414.1: 69.99: 6648: 69.99: 6648: 6o.4a: 5745; 
+---- f ---------+------- --+----- ----- +- ------ --.f-- ------- t ----- .. --- t ------ ---+---------+---------+ 
: fotal l 907.009; 39034.8l 8624.02: 272535; 4326.27; 187659: 3789.35; 163494: 
+ --------- ------+ ------ ---+--- ----- ··+ ---------+--- -- ----+--- -- ----+--·--------+---------+---------+ 

• Year 1991. F-factor 1.000 and refererKe F .2633 ' 
' • ' ' ..... l .Ir ... .l ,. ... .Ir • .Ir :0- ... ' .Ir " "' ...... .o; ... l. • .Ir .. ._. ,. ..... * .Ir •• " .Ir ' ~ .Ir • ,. ... .l .Ir ..... ,. 

+--- -··- ---------- ---+--- --------- -------+ 
at l Januaryl at spawning timel 

+---- +-------··- +- -----··-- +---------+---- ---- -+- -- ----- ... -- ·- -----+---------+---------+---------+ 
: : abso1ute: catch in: catch in: stoch: :;.tock: sp.stock: ~p.stock: sp.stock: sp.stock: 
: age: F: numbers: weight: size: b·iomass: size: biomass: size: biomass: 
.----- f.------·· -· -+ ---------+---- ---- .. --------- t ---- -·· ---+--- ------+---- -·----+---------+---------+ 

.OJoo: 81.614: snoc o: .oo: o: 

.uoo: 2o7.2u: oi4?4: 36S'J4l 1n1. n: 32949; 

.zooo: 239.843; 59736: 50776; 1137.41l 44586; 
.2400: 88.904: 2126ll 20198; 396.73: 17594; 
.35oo: zoo.oJ:?; 4f!766: 40766l 662. 33; 34739; 
. 3ooo: 2~.su: 7992: 7992: U2.s9: 6879: 
.3Hoo: 4o.oso: q7s3; 9783l 123.04l 8286l 
,jOOO; ?9.1114: 1078S: l078'Jl Jll.04l 9282l 
.2ooo: J.8o6: lnB.:: 4382: J9.as: 37871 
.2800: lfLSlO; 13.?7G: 82/h: 75.29\ 7152: 

-l-----·---+--------·+---- -· ~- --··-----+---------+ 



Table 3.5.1 SUM OF PRODUCTS CHECK 

HERRING IN THE ARCHIPELAGO AND BOTHNIAN SEAS (BALTIC FISHING AREAS 29NE AND 30E) 
CATEGORV: TOH1L 

CATCH IN NUMBERS UNIT: mill ions 
-------------

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

o 2 9 3 1 2 10 19 51 8 15 44 11 
1 42 124 174 89 91 39 250 108 122 516 238 222 
2 276 249 204 292 149 82 190 188 317 355 282 674 
3 310 339 248 224 338 135 194 123 295 329 334 330 
4 330 233 217 232 200 302 148 131 124 214 244 213 
5 133 188 137 175 181 110 290 108 110 53 119 185 
6 96 Sl 147 128 127 103 110 187 98 66 33 86 
7 85 77 57 114 84 113 129 61 137 59 63 36 
8 43 76 68 71 88 49 93 61 42 95 65 33 
9 38 46 45 44 36 60 44 55 38 35 66 32 

lO 21 25 28 32 29 22 44 20 26 22 26 45 
11+ 18 31 42 35 44 33 32 44 44 38 46 36 

TOHL 1394 1476 1370 1437 1370 1057 1543 1138 1361 .1798 1558 1903 

1986 1987 1988 

o 22 1 18 
l 72 176 37 
2 716 127 357 
3 638 468 132 
lj 273 403 339 
5 144 183 288 
6 91 100 130 
7 39 66 70 
8 15 22 35 
9 18 12 13 

lO 19 15 9 
11+ 27 27 31 

TOTAL 2072 1599 1456 

f-J 
o 
--l 



Table 3.5.2 SUM OF PRODUCTS CHECK 

HERRING IN THE ARCHIPELAGO AND BOTHNIAN SEAS CBALTIC FISHING AREAS 29NE AND 30E) l-' 
o 

CATEGORV: TOTAL CD 

MEAN WEIGHT AT AGE IN THE CATCH UNIT: gram 
-----------------

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

o 7.0 5.0 5.0 6.2 4.3 5.3 5.5 5.6 5.1 6.5 6.2 5.6 
1 9.9 12.6 12.6 11.3 11.5 10.2 11.1 14 .l 10.9 9.0 12.7 12.4 
2 16.9 18.3 19.6 18.0 18.5 22.6 19.6 19.1 21.9 21.1 21.1 18.7 
3 24.2 24.5 24.7 24.7 25.1 28.6 27.3 26.6 26.8 32.8 32.1 27.8 
4 30.4 29.1 29.1 29.7 32.2 33.8 34.0 35.1 36.4 38.4 41.3 37.0 
5 34.5 34.1 33.4 34.6 35.9 41.1 38.5 42.3 43.6 47.1 46.1 43.9 
6 41.5 38.1 37.7 39.6 42.6 42.3 43.0 46.7 46.3 58.0 57.6 47.S 
7 41.8 40.1 40.0 42.3 49.7 50.6 48.0 51.1 49.0 58.3 66.6 57.8 
8 44.6 46.7 45.5 47.1 53.1 61.3 55.7 60.0 57.6 66.8 68.6 66.6 
9 48.4 50.3 49.0 51.4 60.7 63.4 67.1 71.6 65.5 76.7 68.0 70.4 

10 53.4 56.1 56.6 55.1 65.6 70.1 70.6 77.2 82.2 81.4 75.6 70.5 
11+ 60.6 62.8 64.8 62.7 73.0 74.0 78.1 87.5 99.2 100.6 86.4 83.1 

1986 1987 1988 

o 6.7 3.5 3.6 
l 11.0 10.1 13.0 
2 19.1 21.0 19.7 
3 25.7 28.2 28.9 
4 32.9 34.2 35.3 
5 41.5 40.2 40.6 
6 49.2 48.0 46.1 
7 53.1 57.6 54.6 
8 69.5 61.9 64.0 
9 7"7.8 75.8 66.2 

lO 72.3 82.6 76.7 
11+ 72.5 89.4 81.8 



TABLE 3.5.3 HERRING 29NE-30E. 
Io3 
Trapnet 
1974, 1988 
1,1 
l, 10 
1963,1.4,14.6,89.9,162.3,61.8,53.5,53.9,28.2,24.2,10.4 
1592,1.9,28.2,88.1,73.6,78.8,36.0,34.6,35.0,18.0,13.8 
1896,2.5,36.1,108.1,105.5,69.4,77.6,29.1,35.8,28.2,16.1 
2227,2.8,51.0,86.3,122.8,80.3,52.4,67.0,34.3,23.9,16.5 
2114,14.6,26.0,128.7,82.9,102.3,55.1,42.7,47.6,16.4,14.6 
1987,8.2,17.8,41.6,144.7,58.6,68.5,39.0,19.8,23.8,7.8 
1944,4.7,14.5,34.5,40.0,126.9,56.8,61.3,33.8,15.5,19.0 
1848,3.2,33.1,22.7,38.7,35.1,67.1,28.8,18.4,14.1,7.8 
1682,3.9,41.9,91.2,30.0,35.5,38.7,56.5,20.1,15.6,6.1 
1544,0.4,31.2,52.6,63.1,15.9,17.1,21.6,31.6,10.9,7.6 
1667,4.3,17.5,79.1,36.9,38.8,11.6,13.3,18.4,21.2,5.8 
'523,3.5,33.2,58.9,76.7,26.7,31.3,10.1,11.6,10.3,17.0 
.433,0.2,33.9,111.6,58.5,44.3,15.7,11.6,5.8,3.5,3.8 
1142,0.7,13.3,72.1,107.8,48.3,36.0,17.4,8.4,3.7,5.8 
1127,0,27.6,26.4,67.4,90.5,42.5,27.6,9.7,5.5,4.6 
Bottom trawl 
1974, 1988 
1,1 
1' 10 
4233,16.5,169.6,153.5,110.6,43.4,28.8,18.5,10.6,11.2,7.4 
4816,146.5,169.1,183.1,116.2,77.4,23.3,30.9,17.5,13.6,5.5 
2843,117.2,109.5,85.5,75.6,36.0,28.0,14.5,13.0,8.3,6.6 
3106,41.2,137.6,69.6,52.7,54.6,43.1,23.3,19.0,9.5,10.6 
3076,78.3,107.3,142.3,62.5,42.9,35.4,15.1,14.3,6.8,3.1 
2799,11.0,28.3,46.7,60.9,18.0,21.7,19.6,7.3,9.9,2.8 
3451,120.3,103.1,94.1,49.8,64.2,18.9,19.0,11.6,8.1,2.5 
2647,41.6,22.8,31.0,44.7,30.7,51.8,14.0,15.0,13.7,5.1 
2736,37.9,46.6,49.3,18.7,19.7,19.4,26.1,7.9,4.6,8.8 
2741,359.1,112.2,47.7,41.5,8.5,8.7,5.9,9.4,7.5,2.0 
1943,51.8,42.6,46.4,33.0,14.9,9.4,11.1,6.3,13.5,3.8 
1377,43.2,79.6,30.0,25.2,29.4,10.1,2.1,4.2,2.5,3.5 
1531,0.5,89.8,53.4,26.2,15.5,13.1,4.8,3.5,2.6,3.3 
2089,43.5,29.3,73.6,58.0,26.1,8.9,6.2,2.0,0.8,2.0 
2062,16.3,70.2,17.5,48.5,36.6,16.1,10.3,2.8,1.2,1.4 
Pelagic trawl 
1974, 1988 
:1,1 
1, 10 
782,34.0,64.8,34.0,23.4,6.2,4.1,2.6,1.4,0.5,0.9 
799,4.3,15.9,2:1.7,15.5,12.7,8.1,7.7,7.8,5.1,2.9 
682,34.3,20.4,17.2,28.0,22.2,24.9,10.8,10.5,4.5,2.7 
086,45.4,45.4,26.8,23.6,45.9,16.1,14.9,17.4,7.4,3.7 

... 437,31.9,30.5,60.3,39.1,37.3,35.4,17.3,17.4,13.0,6.5 
2374,38.8,73.4,71.7,111.0,40.5,45.2,49.0,22.3,23.3,8.1 
2879,38.9,31.4,32.5,37.6,68.9,31.0,42.0,44.1,18.6,19.3 
2485,60.7,91.9,47.5,35.2,28.6,42.7,14.1,19.8,29.0,7.5 
2858,67.1,131.3,61.0,32.5,26.5,31.7,49.5,14.8,23.5,15.0 
3208,137.5,144.5,182.0,83.9,24.4,34.4,30.5,45.5,15.8,14.1 
4767,189.4,170.3,153.5,148.7,55.5,16.4,25.5,38.2,31.6,19.6 
3590,283.1,596.5,217.1,101.2,118.6,37.2,18.9,15.1,12.8,22.1 
3909,60.3,507.3,402.3,166.9,85.2,66.2,24.1,8.0,12.6,17.7 
5316,77.5,74.4,270.3,220.7,99.0,56.4,43.0,11.6,7.5,7.2 
5247,18.7,231.8,73.3,196.8,161.9,75.8,40.0,27.3,7.7,5.1 
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1.or.o~ 1 .c~r~~~, 1 .ooo. l.OGO, l. 000' l. 000' l. 000' 

''"='"'• )4' 7~·· 76, 77, /'3, i9, 80, 81, &2, 83' 84' 85, 86, 87, 88, 

(), .001' .002' ,1})11 • .JOO, .Olll, .005) .00')1 .011, .0!)2' .002, .007' .006, .004, .002' .004, 
L, ,rJU, .Otl:,, ,0J5, ,•:IJt), .04'J, .on, • l!J8, .o \b, .03•1' .1!3, .035, .044, .052, .043, .090, 
! • .098, . o~:s. .0:14, .07~'"51 .078, .051, .180, .111, .142, .132, .091, .130, .195, .121, .114' 
3, '186, .158, .126' .l4i' .116, .094, '166' .171, .255, .215' .177, .146, .175, .188, .177 l 
4, .194, .196, . 141, .l i7 . .l82, .144, .141, .161, .258, .295, .245, .164, .173, .159, .203, 
5, .17S, '1.53, .1~5, . )61, .190' .14~' .201, .145, . )96, .169, .266, .296, .159, .168, .163, 
15, .l S2, .147' . 167' .221)1 .167' .157' .210, .194, .189, .17•1, .148, . 312' .231, .158, .173, 
7, .l/~ l 'lb·1, .141, .189, .2JU, .Ul, . 301, .171' .n2, .166, .24Y, . 240, .230, .264' .158, 
8, .l36, .2)b, . 209, .262' .218, . .?OS, . .?SS, .228, .173, .222, .277' .203, .148, .195, .220, 
':1, .195' .J9U, .19}), .203, .206, .i.27, .284, .?.74, . 217' .212, . 238, .211, .158, .171, .168, 

JO, . t67, .178, .17~. ..'09, . !02' .191, .256, . 202, .198, .189, .236, .253, .186, .191, .176, 

Log catchi!bil it y est )mat.es 

A9e' o 
Fl eet, 74' 75, 76, 77, 78, 79, BO, Bl, B2, 83, 84, 85, 86, 87. 88 __ , __ , ___ , __ , __ . __ , __ , __ . __ , __ , __ , __ , __ , __ , __ , __ 

l , No data for this fl eet at thi s age 
2 • -15.97.-14.28' -15.65,-17.09 '-18. 72' -19.15 '-12. 88.-13. 38,-16.52' -18.58' -14.24.-12. 41,-19 .lO, -13.49.-13,89 
3 • -13.27' -17.70 '-13. 73.-17.14' -13.87' -12. 91l.- \3. 73, .. 12. 56' -13.88,-14 .21,-13.53, -12.90,-13.55,-17 .13,-15. 22 

Aqe l 
Fi eet, 74' i'S, 76, 

SUHMARY ST AT l S fl CS 
Fleet , P1·ed. , SE(q) ,Partial,Raised, SLOPE SE , INTRCPT, SE 

q F , F Sl ope , Intrcpt 

--1-: No data 'FO"rttlis fleet'fitthi~-a-g-e --'----•--•--
2 ,·15.69 , 2.470, .0003 , .0006, .OOOE+OO, .OOOE+00,-15.690, .617 
3 ,-14.36 , 1.709, .0030 , .0089, .OOOE+OO, .OOOE+00,-14.360, .427 
Fbar !ilGMA( int.) SIGMA(ext.) SIGMA(overall) Variance ratio 
.004 1.41 1.24 1.41 .783 

77, 78, 79. 80, 81, 82, 83, 84, 85, 86, 87, 88 

--1-: -1s. 32:-14.65: -1s .1s: -14.49:-12.60:-12 .Ts:::J3-:77:=14:36: -14.24:-16.-60: .. 14.79:-14. 6o: -16.12:-15. n: -16. 2s 
2 '-13 .62,-11 '•11' 11.71' -12.14' -11.29.-12. so. -11.10, -l2 .15,-12. 45,-10.33' -12.46.-11.99' -15.27.-12.19.-10.84 
3 '-11. 21,-13.15' -11.51,-10.99 .-11. •13. -11.37.-12.05 '-11. 71,-11. 93,-11.50' -12.06,-11.06' -11.41,-12. 55,-11.64 

SUMMARV ST A TI S Tl CS 
Fleet, Pred. , SE(q),Partial,Raised, SLOPE SE , INTRCPT, SE 

q F , F Sl ope , lntrcpt 

--1-:~: 1.206:-:ooD.J: .4007: .OOOE+OO: .OOOE+00:-14.761:----:302 
2 ,-12.12 , 1.232, .0112 , .0252, .OOOE+OO, .OOOE+00,-12.120, .308 
l ,-11.70 , .593, .0433, .0848, .OOOE+OO, .OOOE+00,-11.704, .148 
Fbar SIGMA(int.) SIGMA(ext.) SIGMA(overall) Variance ratio 
.0'10 ,488 .S58 .558 1.304 

Age 2 
Fleet, /•1, 75, 77, 78' 79, 80, 81, 82, 83, 84, 85, 86, 87. 88 

--1-:-=12. os:=11:9o:·-1T:61:= 12 .os >u:-:%·; -1z. o9:-=ll:86:-.:.tl:46: ·11. 4o:-=Tt:80: -12. sg: -12.38:-11.95:-11.41:-11. 7s 
2 , ··l l. ~6, -l!. 2?, -lO. 94, -!l. j9, -lO. 92, -l l. '17, -lO. 47,-12. l 9, -11. 7B ,-11.09, •11. 86,-11. 40,-11.05, -11.22,-11.42 
3 .-10. •n, J 1. 78,-11 .l'", -11.44,-11. 41,-10 .Bs,-u. 48 ,··lO. 73,-10. 79,· 10.99,-11.37 ,-10. 35,-10.25,-11.23,-11.16 

',IJ~IIAPY SlAI!f,ffC'' 
fleet , p,·ed. , ~.t(q),?arti.;LRalsed 1 ~.LUPE , lNTRCPT, SE 

q F , F , lntrcpt 

-~:- tl.94 :~:~1/4: .0951: ~GOOE+OO: .OOOE+OO:-ll.939:-.108 
! ,-J\.34 •. t,70, .0246, .lZ47, .OOOE+OO, .OOOE+00,-11.338, .118 
3 ,-11.0.1 , .•h9, ,iJCJ•19 , ,]]tjo, .OOOE+OO, .0001'>00,-11.031, .117 
f·ba, ~.IC~A(int,) :oJf,MA(e;<t.) :>IGM(ovorall) Variance ratio 
.114 .203 • :o2 .263 .149 cont'd. 



Table 3.5.4 cont'd. 

/4, 76, 7?. 78, 79, 80, 81, 82, 83, 84, os, 66' 87' 88 

--1: -l u. sa: -!Q:<;"G:-to. •ls: 1 o.61:- Hl. n: -11.14:-11. w:-Jo.9s:~n: -10. n :~59-:-=10. 97 :-:J0.?6: -10. sa: -10.36 
, \1.1.74. ltl.'l•l,-ll.li),-ll.16,·1l.O'i, ll.i7,-10.67,-ll.Ol,-ll.07,-1J.l8,-ll.28,-ll.55,-ll.56,-ll.l6,-1l.38 
, J,j. 'i'J. -u. n ,-i 1.2o, 11.06,-11 .1s,-1o. n, -11.55,-10.54 ,-Jo .90 ,-to .20, -10.93,--10.53.-10.48 ,-1o.so, -10 .sa 

:OdMMAI<'I STAT JST[CS 
f lret , Pred. , St(q) ,Partiul,Rd)s(>d._ SLOPE SC ,INTRCPT, SE 

~ F , F ~l ope , J ntrc:pt 

--~-~:-l.j.l,?-:---:-fi5: .0262 : .1303: .OOOE .. Otl: .0VIifi00:-10.671:--:o79 
2 , ll.J6 , .213, .0L93 , .2203, .OOOE+OO, .OOOE+00,-11.161, .068 
3 ,-10.11" , .175, .1006, .!;JO~. .OOilttOO, .OOOE+00,-10.862, .094 

SIGMA(int. ~-lbMI\(~•t.i S!GMA(ovPrall) Variance ratio 
. 131 . lo l . l :31 . 796 

Age 4 
Fl eet, 74, ?o, 77. /':J, 81, v.:. l 83, 84, 85, R6, 87, 88 

--1-:-~~ :w:t~f~ -·Jo-:-23:-=Io-:-14·: ~o:-:!4: ~ici:To~::-w.S?·:~o:2o:if:?8: -1o. 12 :-·10.16: -1o. s6 :=1D.20: -1o. 24 
2 • -IL 08 '--10. 30' -lO. •)7' -u. 32 •. 10.90 '-ll . 4 7 '-l l . 20' . l o. 79 '-11 .16 '-10. 77.-10.98.-11 .17.-11. 43.-11.42.-11.17 
3 , --lO. 95,-11.02, -10. '..4, -11.07, -10.61, ·Hi. 71,-11. 30,-JO. 96, -10.65,-JO. 23, ·lO. 37,--10.74,-10 .52, -11.0.?, -10.71 

';UMMAI<'I SfATISI!(S 
flt~F.:t , Pr~d. , SE(q) ,P.1r llal,R.~Jl<:ied, SLOPE Sf , !NfRCPT, SE 

f , F Sl ope , lntt·cpt 

--1-:·-!0.!a :~: .0386 :-~: .OOOE+OO: .OOOE+00:-10.281:-----:o73 
2 ,-U.ll , .c•l',, .03G9 , .21Gi, .OOOE+OO, .OOOE+00,-11.108, .061 
3 , 1".76 , .300, .lll7 , .1924, .OOOE+OO, .OOOE+00,-10.758, .075 

SIG~/•( i rot. i S!GMA(ext.) SJGMA(overall) Variance ratio 
.159 .388E--01 .159 .060 

Aye 5 
fl eet, 74, 75J 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87. 88 

--1-:-10 ,og: -10.12:-10.03:-10.32: -9.89:-1 o.16: -10. oo: -10. sa: -10. 1a: -10.33: -9.86: -1o. 48:-10.28:-10.15; -10. oo 
2 • -11.21' -11.25 '--11. 09.-11.03. -11.13.-11.68. -11.26,-11.07 '-11. 26,--11.53,-10.97.-10. 28. -l l. 40,-11.37' -11.51 
3 • -11.4 7. -11.26' -10.15,-10.16. -10.51,-1 o. 71' -11.01,-11.08' -11.01' -10.63,-10. 55, -9. 85,-10.63.-10. 97.-10.95 

SIJMMARY STt\T ISTICS 
Fleet , Pred. , St(q) ,Partial,Raised, SLOPE SE , INTRCPT, SE 

q F , F Sl ope , Intrcpt 

--1-:-10.17 : .211:~: .1379: .OOOE+OO: .OOOE+00:-10.165:---:o53 
2 ,-11.20 , .33'i, .0281, .2209, .OOOE+OO, .OOOE+00,-11.204, .084 
3 ,-10.73 , .157, .1149 , .2042, .OOOE+OO, .OOOE>00,-10.729, .114 
ib;,r S!GMA(illt.) SJGMA(ext.) SJGM(overall) Variance ratio 
. 16 3 .l6o .153 .166 • 848 

t\ge l) 

fleet, 74, 76, 77, 78, 79, 80, 81' 82, 83, 84, 85, 86, 87, 88 

--1-:-1o.o6:-1c..u: -9.9s:-1o.oa:-1o.28: -9.ss: -9.ao:-10.19:-1o.o2:-10.44:-10.36: -9.so:-1o.4a: -9.91: -9.90 
2 , -Il, 44, -11.65, -l l. 40, ·10, 61,- l l. 09,-11. 35, -l l. 47, ··10. 81,-11. 20,-11.69, -10.73,-10. 53,-10.73, -11.91,-11.47 
3 • -11' 70,-10. 91, -lO .09. -10.54.-10.33. -10.45' -10.79' -10.94 '-10. 75,-10, 48,-11.07 ,-10.18, -10.05. -11.00,-10.86 

SU!<MARY STATISTICS 
Fleet , Pred. , SE(q) ,Partial,Raised, SLOPE SE , INTRCPT, SE 

q F , F Sl ope , Intrcpt 

--1-:-10.06 :---:-m:----:o480: .1467: .OOOE+OO: .OOOE+00:-10.063:~ 
2 ,-11.21 , .447, .0281 , .2261, .OOOE+OO, .OOOE+00,-11.205, .112 
J ,-10.68 , .453, .1212 , .2075, .OOOE+OO, .OOOE+00,-10.676, .113 
Fbar SlGMA(int.) SJGMA(ext.) SJGMA(overall) Variance ratio 
.173 .207 .138 .207 .444 

111 
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cont'd. 

SU~toARY Sft\TlST!CS 
Fieet , Pred. , SE.(q) ,Partial ,Raised, SLOPE SE , INTRCP f, SE 

q F , F Sl ape ,lntrcpt 

--1-:-~: .223:~: .1366: .OOOE+OO: .OOOE+OO: -9.946:---:osG 
2 ,-11.27 , .308, .0262 , .1773, .OOOE+OO, .OOOE+00,-11.275, .077 
3 , -10.59 , .475, .1319 , .2301, .OOOE+OO, .OOOE+00,-10.591, .119 
Fbar SIGMA(int.) SIGMA(ext.) SIGMA(overall) Variance ratio 
.158 .169 .130 .169 .597 

;,9P. a 
Flret, 74, 75, 7G, 77, 78, 7•), 80, 81, 82' 83, 84. 85, 86, 87. 88 

--1-:-1o.oo: -0.63:--Q,76: -9.77: -9.so:To:D9: -9.84:-10.20; -9.93: -9.9S: -9.96: -9.98:-10.12; -9.64; -9.83 
2 , 11.75,·11.4,, ll.l8, -10.70,-ll. 37, ·ll,43,-ll.4B,-10. 77,-11.35,-11.73,-11.19,-10.90,-10.69,-11.68,-11.68 
3 '-12. 09.-10.44. -9.96' -9.73.-10. 4~·. -lO .15. -9.97.-10. 43,-10.76' -10.31,-10.28. -10.58,-10.80.-10. 85,-10.34 

~·UMMAR'I :>TATIST!CS 
Flt•et , flreJ. , SE(q),Partial ,Raised, SLOPE SE , INTRCPT, SE 

q F , F Sl ope , Intrcpt 

·--~-:~:----:t74: .0566 : .2059: .OOOEtOO: .OOOEtOO: -9.900:-:o.i'J 
2 ,-11.29 , . ;oti, .0258 , .3257, .OOOE+OO, .OOOE+00,-11.287, .097 
1 , loJ.4? , .5b6, .1484 , .1919, .OOOE+OO, .OOOE+00,-10.473, .142 
fbar S!P;A( int.) SIGMA(ext.) SIGMA(overall) Variance ratio 
• 220 .153 .120 .153 . 618 

Age 9 
Fleet, 74, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88 

---1-: -9.67:~93: -9.63: -9.92:-1o.o2:-1o.oo: -9.a7:-lo.18: -9.85:-10.06; -9,99:-1o.oo:-1o. 74; -9.98; -9.67 
2 '-Il. 21. -11.32. ·Il. 26,-11.17' -11.28,-11.22.-11.09' --10.57' -11.56,-11.01,-10 .60,-11.32, -11.10,-12 .12, -11.79 
3 • -12.63' -lO. 50,-10.45' -10.37. -9.87' -lO. 20, -10.08, -9. 76, -9.97' -10.42' -10.64,-10.64,-10. 46,-10.81,-10.87 

SUMI1ARY 'STAT !STICS 
Fleet , Pred, , SE(q),Partial ,Raised, SLOPE SE , ItHRCPT, SE 

q F , F Sl ope , Intrcpt 

--1-:~:---:m: .0528 : .1239: .OOOE+OO: .OOOE+OO: -9.968:------;Q6S 
2 ,-11.24 , .405, .0271 , .2903, .OOOEtOO, .OOOE+00,-11.241, .101 
3 ,-10.51 , .694, .1427 , .2391, .OOOE+OO, .OOOE+00,-10.512, .174 
Fbar S!GMA(int.) SlC·MA(ext.) S!GMA(overall) Variance ratio 
.168 .21'i .278 .278 1.676 
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Table 3.5.5 

Tit l l' ' HERR ING IN TrlE ARCHIPEL!ICO AND BOTHNIAN ~E1\S (BALT IC FISHIN(, AREAS 29NE ANIJ 300 

from 74 to 83 on l to 10 
wi th fPrm1na1 F of on d•JP i ilr•d l>:'nnin<1l S of 1.210 

In it id 1 .um of ·::;:qiU:H't•cl 31.070 and 
f1n,tl '.•.n·l of ·:qli.:JI'Ert :,s 9. o?~ aftPr 104 l ter.=.t. 10n·: 

M.-,tri" or-- Re-::. i•JIIdl s 

Yern .... i'4i75 7Sj76 ?6/77 Ii/lR 

t .OY9 .061 • Z47 . L':' 
-.ObO ,0Jl 15 '14/ 

'113 .. 063 . '15~ 
'300 .1·11 .035 -.on 
'182 ·, l8'i . '161 .044 
.088 .093 .191 .liO 
.Jt,b -.384 -.518 -. !80 

- .415 .048 '164 .2o1) 

. 218 .}4q .2!7 . 136 

.000 .000 .000 .000 

WTS .001 .001 .00! .OOl 

Year:'J 78/79 79/80 80/81 81/82 82/83 83/84 84/85 85/86 86/87 87/88 WTS 
Age c. 
l/ 2 .640 -. 571 .695 -. 329 -.527 l. 214 -.392 -. 707 ,001 -.115 .000 .198 
2/ 3 .002 - .•195 .194 -.343 -.1•13 .021 -.158 -.130 ,352 -.083 .000 .591 
3/ 4 -. 252 .010 -.121 -.170 -.058 -.014 .173 -.272 .113 .002 .000 .888 
4/ 5 '183 .oss -.255 -.041 .402 .216 -.056 -.122 -.002 -.037 .000 .690 
5/ 6 .095 -.003 -.180 -.170 .020 .076 -.054 .142 -.086 -.080 .000 1.000 
6/ 7 -.188 -.062 .148 . 206 .191 --.205 --.311 .377 .037 .101 .000 .638 
71 8 -.006 .127 .051 . 012 -.198 -.595 .174 . 236 .055 .131 .000 .464 
8/ 9 -.129 .078 - .l•lol .158 • 341 -.099 .294 .019 -.283 .069 .000 .556 
9/10 .105 .415 .262 .591 .153 -.008 .098 .059 -.169 .019 .000 .664 

.000 .000 .000 .000 .000 .000 .000 .000 ,000 .000 -.679 

WTS .001 .001 ,001 .001 .001 1.000 1.000 1.000 1.000 1.000 

Fl~l1ing Mortaliti.:;s (F) 

74 75 76 77 78 
F-va)ues . 1381 .1•101 .1281 .1478 .1500 

79 80 81 82 83 84 85 86 87 88 
F -va l nes .1370 .20r:i} .171)6 • 1987 .1884 .1901 .2005 .1744 .1673 .1640 

Sel ect ion-at-age (S) 

l 2 3 4 5 6 7 8 9 10 
S-ya]l/OS .2989 . 7309 l. 0000 1.0748 1.1032 l. 0803 l. 2637 1.1735 1.1109 1.2100 



Table 3.5.6 VIRTUAL POPULATION ANALYSIS 
l-' 

HERRING IN THE ARCHIPELAGO AND BOTHNIAN SEAS (BALTIC FISHING AREAS 29NE AND 30E)" l-' ..,.. 

FISHING MORTALITY COEFFICIENT UNIT: Year-l VARIABLE NATURAL MORTALITY COEFFICIENT 

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

1 .014 .045 .034 .037 .046 .029 .104 .034 .038 .132 .037 .040 
2 .094 .099 .094 .074 .079 .053 .190 .107 .131 .147 .098 .140 
3 .170 .152 .131 .141 .114 .095 .171 .182 .242 .195 .201 .160 
4 .179 .177 .134 .175 .181 .141 .144 .168 .279 .277 .216 .191 
5 .162 .139 .146 .153 .201 .142 .196 .148 .206 .186 .245 .253 
6 .140 .133 .150 .197 .157 .168 .208 .188 .195 .184 .165 .280 
7 .154 .149 .127 .166 .192 .205 .329 .169 .204 .171 .268 .275 
8 .126 .189 .186 .230 .186 .164 .259 .256 .171 .212 .289 .222 
9 .173 .182 .159 .177 .175 .187 .215 .242 .252 .208 .224 .223 

10 .167 .154 .158 .161 .172 .157 .202 .144 .169 .227 .230 .234 
11+ .167 .154 .158 .161 .172 .157 .202 .144 .169 .227 .230 .234 

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

1986 1987 1988 

1 .050 .046 .049 
2 .173 .116 .124 
3 .191 .163 .170 
4 .192 .177 .171 
5 .190 .191 .185 
6 .190 .195 .201 
7 .200 .205 .203 
8 .175 .164 .161 
9 .177 .210 .137 

10 .198 .219 .226 
11+ .198 .219 .226 

( 3- 8)U .190 .183 .182 
C 3·- 8)W .191 .176 .180 
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Table 3.5.7 VI~Tt!i\L PUJOIJLATTON liNt\LYSI~ 

;,[;(RING IN iht At<CHIPfl.tiCO Arl(J BlJi,JtiJArl :,[A':i (8t\lf!C f!SH!NG AREAS 29NF AN~ .301:) 

o l DCK o l Zt l N NllMbERS UNIT: mill ion::: 

lJfj fl : t Ollt~IJ' 

ALL •/:\•_:_,, ::, f:XCEPf l"OSE RtfEI<iO.INf, !0 fHic Sl't\WNINC. c.fOCh t\Rl' [,IVEN FOR l .JANUARY; !HE ,PAWNING 
~lOt \, ,.-,·,!i~ •..;u-1 f (l l iF J fO(K ~. f lUt\ f IOrl tH 5PAW~ ING WilLJ\t-HY i hE l Oll 0~1! NG VALUES Ai?f 
UJE .-.: f-'IWPO~· TI [Jf, ~ · M~t1U/1L 1~ 8ffURt Sf'lfWN l Nf•: 

PIWf•ORf ION Ul- t\NrluAI M 5Cfu,,'c C•~i\WrHNG: 

J 9/4 1975 197o 1977 1078 1Li7S• L'tl)U 1981 1982 1983 lq84 198S 

3347 304•1 ·~i 11 n•r: .2.?35 1SJ6 .~ 777 JGOO 362t 46ii8 718 j 6303 
3291 2842 2510 4536 .-~ lo·~ 1747 12[16 2U49 21350 2855 3308 5666 
2127 .~S78 22ltJ !2/l I<!Sll 1637 1357 817 1508 20•18 2017 2454 
2161 1544 1905 1591 t3JO 2520 1:-19 936 558 909 1330 1351 

955 l)S') 1114 13611 ltjqJ 9(·8 1791 81jll 646 345 bOl 910 
t> 794 699 1164 788 Y 59 73? o4S 1205 610 432 235 385 
7 1Jj9 SJ4 52G 821 ',3(1 671 506 •129 818 4Jl 294 163 
8 3'12 472 441] J80 ~o9 358 447 298 297 546 284 184 
9 258 297 33G 299 24/ 337 2<19 283 189 205 362 174 

10 149 187 213 235 20S 170 263 164 182 120 136 237 
11• 121 231 312 L 55 l<l•1 2·16 190 360 311 207 246 189 

TOTAL N•J 1·1238 14047 16•169 14882 J 3087 10893 11006 11591 12747 16045 18016 
~PS NO 177-l 8159 8033 8012 3281 7308 5361 5291 5262 5745 6647 
TUT .BlOM 35312'1 363~79 J9i'rf7S 381428 Ja/483 JiiS/92 341602 340702 339780 386588 439451 
SPS lHOM 249351 267699 270909 263~1L9 293772 290525 237870 23l717 217206 231761 249622 

1986 1987 1988 1989 

l 1634 4298 844 o 
2 4960 1273 3360 658 
3 4031 3416 928 7421j 
4 1712 2726 2376 641 
5 9l4 1156 1869 1640 
6 579 619 782 J 271 
7 239 392 417 524 
8 101 160 261 279 
9 121 70 lll l8.' 

10 114 83 46 7~1 

l!> 166 150 166 139 

TOTAL NO 14571 14343 11160 
5PS NO 8154 nsn 6885 
ror .e1o~ 388398 393953 363765 
Sf15 13 lOM 264883 2855~3 270169 
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Table 3.5.8 

Analysls by RCRTJNX2 of data from file SURVEY 
HERRING 29-NE-30-E AS 0-GROUP 

Data for 5 surveys over 15 years 
REGRESSION TYPE = C 
TAPERED TIME WEIGHTING APPLIED 
POWER = 1 OVER 20 YEARS 
PRIO~ WEIGHTING NOT APPLJED 
FINAL ESTIMATES SHRUNK TOWARDS MEAN 
ESTIMATES WITH S.E. 'S GREATER THAN THAT OF MEAN 
MINIMUM S.E. FOR ANY SURVEY TAKEN AS .20 
MINIMUM OF 5 POINTS USED FOR REGRESSION 

INCLUDED 

Yearclass = 1988 

Survey/ Index 
Series Va lue 
COADJN 1.2809 
CONAJN 2.2300 
LARSJN 3. 7136 
LARMJN 2. 7726 
LARBJN 1.0986 

MEAN 

Yearclass 

1988 8. 48 

Slope Inter- Rsquare No. Predicted Sigma 
cept Pts Value 

2.148 5.457 .2910 14 8.2081 1.11427 
1.819 4.136 .3995 14 8.1924 .87517 
3.425 -3.389 .3771 14 9.3300 .91742 
1.584 
1.809 

Weighted 
Avet·age 
Prediction 

4816.34 

4·.289 .4464 14 8.6804 .79490 
6.959 .3970 14 8.9462 .87974 

Internal 
Standard 
Er ror 

.36 

8.0156 .67030 

External 
Standard 
Er ror 

.21 

Virtual 
Population 
Analysis 

Standard Weight 
En·ot· 

1.17325 
.92168 

l. 03691 
.85532 
.96225 

.67030 

Ext. SE/ 
lnt. SE 

.56 

.09678 

.15682 

.12391 

.18210 

. .14388 

.29651 



Table 3.5.9 

List of input variables for the ICl rediction program. 

HERRING 29NE-30E 
The reference F is the mean F for the age group range from 3 to 8 

The number of recruits per year is as follows: 

Year Recruitment 

1989 4816.0 
1990 3719.0 
1991 3719.0 

Proportion ofF (fishing mortality) effective before spawning: .1500 
Proportion of M (natural mortality) effective before spawning: .3300 

Data are printed in the following units: 

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

: : fishing: natural: maturity: weight in: weight in: 
age: stock size: pattern: mortality: ogive: the catchl the stockl 

-+-----------+--------+----------+---------+----------+----------i 
1: 4816.o: .os: .2o: .oo: 13.ooo: 13.ooo: 
2: 658.o: .12: .20l .22: 19.7oo: 19.700: 
3l 2429.o: .17: .20: .92: 28.9oo: 28.900: 
4: 641.0: .17: .20l .97: 35.3oo: 35.300: 
s: 164o.o: .19: .2o: 1.00: 40.6oo: 40.6oo: 
6: 1271. o: .2o: .20: 1.00: 46.1oo: 46.100J 
7: 524.o: .20l .20: 1.oo: 54.6oo: 54.6oo: 
8l 279.o: .20l .20J 1.00: 64.000l 64.0oo: 
9l 182.0l .20l .20: 1.oo: 66.2oo: 66.200l 

lO l 79.0l .20: .20l 1.00: 76.7oo: 76.7oo: 
11+: 139.0J .20: .20: 1.00: 81.800: 81.800: 

~----------+----------+ 
..... ..... 
-..J 



Table 3.5.10 

Effects of different levels of fishing mortality on f-1 
f-1 

catch, stock biomass and spawning stock biomass. en 

HERRING 29NE-30E 

+-------------------------·-------------+--------------------
Year 1989 : Year 1990 l Year 1991 l 

-------+---------+------+-----+------+--------+---------+------+--------+-----
fac-: ref.: stock: sp.stock: : fac-: ref.: stock: sp.stock: : stock: sp.stock: 
tor: F: biomass: biomass: catch: tor: F: biomass: biomass: catch: biomass: biornass: 

----+------+--------+---------+-·-----+-----+------+--------+---------+------+--------+---------f 
1.0 .19 370 264 so: .o: .oo: 367 242: o: 426: 303: 

l .l: .02: 241: s: 421: 297: l 
l .2: .o4: 240: 1o: 415: 291: l 

: .4: .os: 239: 20: 404: 280: 
: .6: .u: 238: 30: 394: no: 
: .s: .15: 236: 39i 384: 260: 
l LO: .19i 235i 48: 374: 25o: l 
l l. 2i .23: 234i s7: 364: 240: l 

: 1.4: .26: 233: 65: 355i 231: 
l 1.6: .3o: 231i 74: 346: 222: l 

: 1.8: .34i 230: 82: 338: 214: 
l 2.o: .38: 229: 89: 329: 206: l 

-----+------+--------+---------+------+-----+------+--------+---------+------+--------i 
The data unit of the biomass and the catch is 1000 tonnes. 
The spawning stock biomass is given for the time of spawning. 
The spawning stock biomass for 1991 has been calculated with the same fishing mortality as for 1990. 
The reference F is the mean F for the age group range from 3 to 8 
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Table 3.S.ll 

• YPrlr l•i8U, f··(dtlor 1.000 ~tlni 1elerem.e f .188'3 ~ 
' ••• l •• ~ ....... * •••••• ~ ••••• ~ ••••• o • ' ........ * * ••••• J •••••• 

+---- --------····-· --- j.---··------ ··- ------- +-

.";l l Jdnue:wy: at spawnlng time: 
- .. ---+- ··---- -- +. ·------. l---··------4------· ____ .., _________ + 

sp.stod .. : sp.stock: 
blowd:::s: size/ 

~--- t--. • ----- -t 

11 .o500t ,;lJ.oo: 2769.3: 4816.o: 62ooa: .oo: o: .oo: o: 
~~ :t;:~~~ 3~~:;~; ~J~!:~l ?~~~:~! g;"~ii 2~~~:~~! 6~m1 26~~:~~~ 5~~~~! 
~! :i~6~f 2~~:~~! 16~~~~:;; 1~~6:~; i~~~~; l~~~:t~bl ~~~~:; l~~;:i~i ~~~~~; 
~~ :~~~~~ 2~ng: m~:~i 1;;!:~! ~~~icii 1g!:~~~ ~~mi 1!~~:~~1 ~~~m 
s: .2ooo: 45.99: 2943.~1: z7g,o~ 17SS6: 279.oo: 17856: 253.46l 162211 

~~~ :~~~~~ i~:~~! l~~Ul 1~~:~! ]~~~~! 1~;:~~! l~~~~~ l~i:~ii 1~~6~! 
, 11+; .2ooo: 22.n: 1874.3: l39.o: 1137o: 139.oo: 11370: 126.28: 10329: 
+-~·- .. 1-------- ___ .,._ _________ +----------+-- ----- --+---------+-·--------+---------+--------- +----------+ 
: Total : l382.7o: 49943.9: 1265a.o: 369517: 7115.21: 290503: 6479.44: 264388: 

------ -t--- ------+-- --- ----+ ------- --+ -- ------ --+ --------- .. ___ -------+------ ---+--- ------+ 

• Year 1990. F-fnctor 1.000 and reference F .1883 • 
l< l< l< ~ l< 1 A • .o * .o-' *..Il 1< ""' .o- • .t. J. t * J. l .l .O 1< ~ :11 l It 1t t 1- It J l • • * ._ _. ._ .O t ..-O ~ l et <* O o f 

+-------------------i-------------------+ 
at 1 January: at spawning time~ 

t- ---+----- ---- + -------- -+ --------- + ----- ----+-- ----- --+ ---------+------ ---+---------+ ---------+ 
: : absolutel catch inl catch in: stock: stockl sp.stockl sp.stockl sp.stockl sp.stock: 
: age: Fl numbers: 1veightl size: biomass: size: biomass: size: biomassl 
+----1----- -----+------ ---t --------- t---- -- _ .. -+--- ---- --+---------+---------+----··----+---------+ 

l; .osoo: 164.53; 2138.9; 3719.0; •18341: .oo: o: .oo: o: 
2: .12oo: 385.18: 758a.o: 3750.7: 73Ss8: 825.15: 16255; 758.67: 14945: 
3; .17oo: 67.89; 1962.1: 477.B: nso8: 439.5o: 12703: 401.15: 11593: 
4; .1700: 2"lB.41: 8415.?: 1677.8: 59226: 1627.46; 57449; 1485.16; 52426: 
5' .19oo: 69.66: 2828.2; 442.8; 17976; 442.76; 17976; 402.84: 16355; 
6: .2ooo: Js3.o3: 8437.9: 1110.4: s11a8: 1110.37: 51188; 1008.73: 4G5o2: 
7: .2ooo: 140.44: 7668.o: as2.o: 46517; 8SJ.9s: 46517; 773.99: 42259; 
s: .2ooo: 57.9o: 37os.G: 351.2: 22479: 351.25; 22479; 319.10: 20422: 
9: .2ooo: 30.83: 204o.a: 187.o: lZJso: 187.o2: 12380; 169.90; 11247: 

10: .2ooo: 20.11: 1542.s: tn.o: 9357: 122.oo: 9357; uo.s3: ssoo: 
, n•: .2ooo: 24.09: 1970.4: 146.1: 11953: 146.13: 11953; 132.75: 10859; 
+ ---- t ------- --·-+ ---- -----+ -- -------+--- --- ---+---------- t -------- -+------ ---+----- -- --+---------+ 
: fota l : 1382.06: 48298. O: 12836.8: 367124: 6103. 70: 258262: 5563.12: 235112: 
+------ ------ ---+ ------- --+- --------+-- -------+-------- -+- ------ --+------- --+-- ----- --+-- -------+ 

• Yeat· 1991. F-factor 1.000 and reference F .1883 • 
~ .............. J .. l • l l • l •• l J ............ l " .... j ......... l •••• .l • l ...... ._ .. . 

t-------------------+----------- ------- -+ 
: at l Januar y\ at spawn ing time\ 

+-- ---.f- ------ -+-- --··----+----- ----+---- ----- +---------+---------+-------- -+---------+---------+ 
: : absolutel catch inl catch in: stock: stoch: sp.stockl sp.stockl sp.stock\ sp.stock\ 
: agel F: numbers: \ieight: =:ize: biomBssl sizel biomass: sizel biomassl 
+ ----+-- ------- +- ------ --+ ------- --- .. ______ ---+--------- t---------+·----·-----+---------+----------t 

1: .o5oo: 164.5'!: 2118.9: 3719.o: 48347: .oo: o: .oo: o: 
2: .1200: 297.44: 5859.5: 289b.4l '37053: 637.20: 12552l 585.86: 11541: 
J: .1i'OO; 387.01: 11184.5; 2723.G: 787ll: 2505.68: 72414: 2286.59: 66082: 
4; .17oo: 46.90: lG5S.5: 33o.o; uGso: 320.14: 113oo: 292.14: 10312: 
s: .1900: 182.33: 7402.7; 1158.9: 47051: 1158.91: •17051: 1054.41: 42808: 
6; .zooo: 49.41: ?278.0: 299.8: 13819: 299.77: 13819: ?72.33: 12554: 
1, .2000: 122.69: o/)93.9: 1•14.:<: 40639; 744.31: 40639: 676.17; 36919: 
s: .2ooo: ~14.14: G024.9l s71.1: lbSso: :)7L1o: 365so: s1a.s2: 33204l 
9l .~uoo: 3B.tn: 2569.3\ 2?.s.4: "L~''J86\ 23~. 115: 1S5B6: 213.90: 14159l 

to: .zooo: zo.oG: i58s.o: 125.4: 9615: us.3o: 961s: tl3.89: Bns: 
11': .7ooo: 29.G3: 2'123.~: 179.i': l'17oz: 11~1.73: 14702; 163.28; 13356: 

-- - ·- ~-- -- -----+ ----------- .. -~---- ---- -t 

: Total 249675: 



Table 3.6.1 SUM OF PRODUCTS CHECK 

HERRING IN THE BOTHNIAN BAY (FISHING AREA 31, EASTERN PART) 1--' 
1\) CATEGORY: TOTAL o 

CATCH IN NUMBERS UNIT: millions 
----

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

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

lO 3 2 3 2 7 3 6 4 3 3 2 7 
11+ 2 1 3 1 4 2 1 5 4 2 3 4 

TOTAL 168 142 21$ 230 261 171 279 220 217 178 287 276 

1986 1987 1988 

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

10 6 3 3 
11+ 13 5 4 

TOTAL 224 203 178 



Table 3.6.2 SUM OF PRODUCTS CHECK 

HERRJNG IN THE BOTHNIAN BAY CFISHING AREA 31, EASTERN PART) 
CATEGORY: TOTAL 

~EAN WEIGHT AT AGE IN THE CATCH UNIT: gram 
----------------

1974 1975 1976 1977 1978 1979 

l 15.0 13.0 12.2 13.3 14.8 14.5 
2 20.5 21.3 21.7 20.9 22.8 23.9 
.3 28.3 30.3 29.6 29.9 31.0 32.0 
4 34.1 36.2 34.5 34.3 36.4 35.7 
5 37.9 38.8 40.1 38.4 37.8 39.0 
6 40.3 44.5 41.6 41.2 42.1 41.0 
7 42.7 45.7 44.0 44.4 43.3 45.2 
8 45.4 <19.5 46.1 46.9 46.3 48.7 
9 46.5 51.6 50.5 48.0 49.7 49.6 

10 60.2 61.3 49.6 51.0 50.0 51.5 
11+ 50.0 63.0 57.7 56.3 63.1 50.7 

1986 1987 1988 

l 12.3 14.3 9.2 
2 18.7 23.8 23.7 
3 29.4 32.4 35.2 
4 36.7 38.9 41.4 
5 41.4 44.2 45.7 
6 45.3 48.9 50.5 
7 49.0 53.5 54.6 
8 50.7 56.7 60.7 
9 59.2 59.4 59.5 

lO 58.0 61.3 61.9 
11+ 64.9 68.8 73.5 

1980 1981 1982 

11.9 14.1 16.0 
22.3 21.5 24.5 
31.1 29.0 31.3 
37.5 35.2 37.2 
39.7 39.7 42.3 
41.8 42.4 46.9 
43.9 45.7 48.2 
46.7 47.3 50.9 
49.3 50.7 54.7 
57.7 51.8 57.2 
55.6 57.3 60.6 

1983 1984 

13.0 16.1 
25.1 23.4 
34.7 35.0 
39.8 41.0 
42.9 43.8 
47.8 46.6 
52.7 53.1 
55.7 53.4 
59.0 56.7 
60.0 56.5 
63.6 61.8 

1985 

13.0 
22.1 
30.7 
38.3 
43.5 
45.8 
52.2 
53.9 
57.8 
57.2 
62.9 

1-' 
1\) 
1-' 
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Table 3.6.3 HEI<RING 31E ---------

Herring Botnbay VPA Tuning-luodule, FlLE: TUN ING-ALL 
103 
Trapnet 
1974, 1988 
1,1 
1,10 
529, 0.2, 8.9, 10.2, 14.1, 14 .l, 14.9, 17.3, 6.2, l. 9, 1.5 
554, 2.2, 15.4, 19.6, 4 .l' 6.1, 3.9, 4.S, 3.7, 0.9, 0.7 
695, 0.4, 9.8, 16.6, 17.3, 6.1, 9.3, 10.5, 9.2, 3.8, 1.4 
48<1, 0.6, 16.7, 5.8, 9.6, 7. 4' 3.5, 6.6, 3.9, 2.5, 0.8 
424, 0.0, 2.1, 25.2, 2.7, 5. 3, 4.9, 3.1, 6.2, 2.2, 1.3 
556, 2.8, 0.6, 1.1, 12.3, .1.6, 2.2, 2.3, 1.1, 1.5, 0.3 
424, 0.8, 8.4, 0.6, 0.8, 13.2, 1.8, 2.8, 1.9, 0.9, 1.8 
.370, 0.4, 16.6, 3.6, 0.5, J.. O, 8.5, 1.6, 1.5, 0.9, o.s 
272, O.l, 4.8, 17.8, 3.2, 0.8, 2.4, 3.6, 0.9, L l, 0.7 
233, 0.8, 2.3, 2.1, 6.8, 0.6, 0.3, 0.9, 1.5, 0.4, 0.6 
232, 0.8, 17.3, 3.2, L 7, 6.6, 0.9, 0.9, 0.3, 2.0, 0.4 
203, 0.3, 7 .a, 14.2, 3. 4 J 1.5, 4.4, 0.5, 0.7, 0.6, 1.8 
292, 1.3, 2.3, 4 .9, 7.9, 1.1, LO, 2.5, 0.6, 0.3, 0.4 
263, O.l, 2.8, 2.3, 3.7, 6.5, 1.0, 0.9, LO, 0.4, 0.4 
242, 0.0, 6.1, 2.3, L4, 2.3, 3.3, 0.6, 0.6, 0.7, 0.2 
'Bot tom t1·awl 
1974, 1988 . 
1,1 
1,10 
1022, 7.3, 8.8, 3.1, 3.5, 4.1, 3.6, 2.3, L O, 0.8, 0.3 
2004, 3.2, 16.2, 10.5, 5.9, 7 .l, 5.2, 4.1, 3.7, 0.6, 0.7 
2232, 15.7, 5.2, 16.2, 15.2, 8.7, 8.0, 9.6, 6.5, 2.9, 1.6 
2245, 3. 4' 45.9, 7.7, 9.5, 8.0, 7.0, 10.1, 6.5, 2.6, 1.5 
2821, 4 .o, 3.7, 54.7, 11.8, 19.1, 15.5, 7.8, 17.6, 3.7, 3.5 
6419, 5.0, 5.9, 6.2, 49.2, 10.4, 16.3, 10.2, 7.1, 8.3, 2.0 
7510, 43.3, 39.1, 5.0, 9.7, 56.8, 13.5, 21.9, 11.8, 5.5, 2.9 
6957, 14.4, 41.1, 11.8, 2.8, 9.5, 29.9, 10.7, 9.7, 4.9, 2.2 
7196, 0.0, 4.6, 71.3, 13.0, 4.6, 11.9, 27.4, 6.1, 8.4, 2.3 
5573, 2G.7, 10.0, 16.7, 50.7, 8.7, 8.0, 6.7, 8.7, 2.0, 0.7 
5071, 36.9, 62.6, 15.2, 6.9, 25.7, 3.3, 2.6, 1. 2, 8.1, 0.5 
3122, 1.4' 28.3, 55.7, 10.5, 11.2, 19.2, 4.2, 1.8, 0.7, 6.6 
2663, 7.0, 10.0, 31.4, 39.8, 6.1, 8.5, 17.5, L8, 2.7, 3.6 
2546, 12.7, 26.4, 19.6, 25.7, 25.6, 5.2, 6.9, 4.9, 2.5, 1.1 
2345, 5.9, 26.2, 15.8, 1L 7' 20.6, 19.3, 4.5, 3.8, 3.1, 2.0 
Pelagic trawl 
1974, 1988 
1,1 
1,10 

44. 3.5, 0.4, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0 
108, o.o, 0.0, 0.1, 0.0, o.a, 0.0, o.o, 0.0, 0.0, 0.0 
731, 2.2, 1. 3, L l, 1.8, 1.4, L6, 0.7, 0.7, 0.3, 0.2 
705, 0.9, 11.9, 2.0, 2.5, 2.1, 1.8, 2.6, 1. 7' 0.7, 0.4 

1003, 1. O, 0.9, 13.9, 3.0, 4.9, 3.9, 2.0, 4.5, 0.9, 0.9 
1056, 0.8, 0.9, 1.0, 7.9, 1. 7' 2.6, 1.6, 1.1, L 3, 0.3 
1365, 20.8, 5. 4' 1. 4, 2.4, 2.4, 1. O, 0.3, 0.3, 0.0, o.o 
1139, 4.0, 31.4, 4. 4' O.l, 0.4, 1. 7' 0.6, 0.4, 0.8, 0.9 
945, 5.1, 7.3, 6.5, 1. 7' 0.3, 0.3, O.l, 0.0, 0.0, 0.0 

H28, 16.8, 1.8, 1.9, 5.7, 0.9, 0.8, 1.6, 2.3, l. l, 0.7 
1542, 21.2, 34.4, 2.3, 1.5, 10.1, 2.6, 1.0, 0.0, 1.1, 0.2 
1177, 6.3, 28.9, 27.1, 3.3, 2.3, 5.6, 0.7, 0.9, 0.6, 1.7 
1349, 0.0, 9.2, 18.1, 23.8, 4. 4' 4.1, 7.2, 1.3, 1.2' 1.3 
1249, 0.9, 5.3, 6.8, 10.4, 11.9, 3.0, 2.9, 1.9, O.l, 1.3 
1150, 0.0, 4.9, 5.6, 6.6, 7.9, 8.8, 1.6, 1. 8, 1. 3, 0.4 



Table 3.6.4 

I{EfWINt, 3lt 

Module nw. at 11. 34.18 13 APRIL 1989 
OI <,AGGREGATEC• Qs 
•.eiG IPAN~,ffiRMAI!ON. , 

(''PI.-JIJ,HOI y 'IJr•nte (Mf-an w;ed) 

! !r .. lprwt , ha::. ter·minal q estirualed as l~t' mean 
2 trawl , ~~a:; te,·mlndl q a:. the mean 

tr.twi , •1:1"; terminal q d!:' L he mean 
.w .. 'lt\ki>\Nt l: ,, 

~~'greso;;:h"l weigllt'", 
. l. OUO. l. 000, 1.0,;, ·, ' . 000, J. 0110, i 

ilt•it1 :=:t a9e f"' l.OOU' ... i·.'etagF of S ,-onn·1e1· 2•.12::, 
f t~Jn.-,g ~~ror·t.3l-~t-ie~ 

1.000. 1.000, 
h)" v;wianc:f of 

l .ooo. 1.000, 1.000, l.OOO, 1.000, 
01 el'ict lons 

l' .019 
,O/l' 

J, ,LI9l, 
4' • 119, 
.,, .1!37' 

''• .211. 
l, ,t).(tl, 

o, .t;3<L 
9, .lt2, 

lO, . 315, 

75, 7b, 

,01)8, 
.109' 
.123, 
• 079 J 

.095, 

.153, 

.155, 

. ]til, 

. 159, 

.l%, 

LnSI catchabll i ty estimatc-·-. 

75, 76, 

77, 78, l ~l • 80. 81' 

.uos, .013, .040, 

. 116, .033, ,140, 

.157' .2i3, .160, 
,]il, . l~ l' ,Q•1D, 

.liS, .193, .092 t 

. 186, .24~ • . 228, 

. ..:;:6, .186. ,3')1), 

.377' ,tl,-)7 l • 332 • 

. 209, ,jl)3, ,1i10, 

.234, ,27q, .!.77' 

77. )8, !9, 80, 81, 

8!' 83, 8~. 8~l l sol 8/) Ba, 

.0?7' .025, .046, .010, .009, .011, ,,q6, 

.067' .Oo3, .160, .1L'4, .OSG, .099, .061, 

.. ~ 64 l .Jl5, .141, .141), . 104, .105, .079, 

.196, .147' .on . .154, .1:.2. .107, .099, 
JJli:, .Ill. .283, .107' .153, .138, .109, 
.182' .204' .J30, .269, .196 • .173, .132, 
.207, .171, .165, .108, .416, .243, .164, 
• L 51, .150, .026, . 097' .129, .209, .18~ • 
.371, . 203, .171' .066, .224, .174' .164' 
.217' .173, .157' .129, .223, .187' .151, 

82' 83' 84' 85' 86' 87' 88 

-1-; -13. 9b; -11. o6: -14. 4o: -12. 2,): -14.98: -lo. s5 :-=IT.'~; -12. 39:-13. 2s: -12. G7: -12.33:-12.49:-11.58:-14.49; -13.38 
2 ,-!1.02' -11.98,-11 '91), -!2 .00, ·ll.'i8, -12. 7?' -11.77' -11. 7•1,··17 .07' -12 .59,-11.58,-13.69,-12.11,-11.91, -9.96 
3 ' -8.61, -14.13,-12. 75,-1;~.17 ,-11 '93, -12' 75, -10.80,- l l. 21, -10.60,-11. 20,-10.95,-11.21,-17 .28,-13.85, -14.93 

SUMMt\RY SfAI H;I!CS 
rleet, Preet. , ~E(q),l'drtiai,Ralsed, SLOPE SE , INTRCPT, SE 

r • F Sl ope , Jntrcpt 

--~-: -12, a.; :-1-:-m: .t!tlOfi :--:2446: .OOOE+OO: .OOOE+00:-12 .863:--:TlS 
2 ,-J?.:·' , t.6l3, .0113 , ,()150, .OOOE+OO, .OOOE+00,-12.240, .403 
3 ,-12.29 , 2.178, .0053 ,2.0613, .OOOE+OO, .OOOE+00,-12.290, .545 
Fbar SIGMA( int. i SJGMA(ext.) SIGMA(overall) Variance ratio 
.146 .907 1.22 1.22 1.817 

75. 76, 77. 78, 79. 80, 81, 82, 83, 84, 85, 86, 87' 88 

--~-:-=9.'86: -9.45: 9.~o: lo.J0:-10.64:-11.68: -9.21: -9.46:-~: -9.so: -9.35: -9.79:-10.64:-1o.so:-1o.n 
2 , -lO. 53,-10.69, -ll. •i O,- l 0.6?, -11.97,-11 .o4. -lO. 5•1, -1 l .48,-12. 71,-11.50, -11. l 5,-11.13, -11.38,-10. 53,-10.92 
.J '-lO. 47' -14.46.-11.67. -lO. 81 '-12. 35,-1 l. 91 '-10.82' -9.94 '-10. 21,-11.62' -10.55' -10.13 '-10. 78,-11.42' -11.88 

SUMMARY Sl A fiS r !CS 
r·leet , Pred. , SE(q) ,Partial ,Raised, ~LOPE SE , 1NTRCPT, SE 

q F , F Sl ope , Intrcpt 

--1-: -9.97 :- .687:--:oiTJ': .0696: .OOOE+OO: .OOOE+OO: -9.970:---:17'2 
2 ,-11.23 , .649, .0313 , .0448, .OOOE+OO, .OOOE+00,-11.225, .162 
3 , 11.27 , 1.18S, .0147 , .U22, .OOOE+OO, .OOOE+00,-11.270, .296 
Fba1- SJf,MA( int.) SIGMA(ext.) SIGMA(overall) Variance ratio 

123 

.061 .438. .225 .438 .265 cont • d 
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Table 3.6.4 cont'd. 

r\qe 4 
Fleet, /4, 75, 76, 

d:rt~lfll~'/ ;, JA f J :~ f J ~.:-; 

f.)! ~·l , Pn1u. , >:,E(LJ) ,PrJrt i al .Ruised, ·~LO::>f SE ,INTRCPT, ~;E 

• l' Sl ope , lntrcpt 

--l-:--=9.7J-:-.rn•;:--:oJ.i4:-:-T5iQ:- .OOOE•OO: .OOOE+OO: -9.733:---:209 
,-lO.BB , .541, .0440 , ,0675, .OOOE+OO, ,OOOE+00,-10.883, .135 
.-11.31 , ,82'), .0141 , ,06013, .OOOE>OO, ,OOOE+00,-11.311, .206 

5 lhMA( in l.) SIGMr\(ext.) SIGMA(overall) Variance ratio 
. l9U , 250 , 398 , 394 

71, 78, 79, 80, 81, 83, 84' 85, 86. 87' 88 

----f-:-=9.o3:---:9.aa:--=-s-:-w:- -9.22:---9:81: -9.as:-u.zo:-11.os: -9.o4: -9.13: -9.78: -s.n: -9.72:-1o.17:-lo.46 
2 , -11.09,-10.80,-10.19,-10, 76,-10. 23,-10. 9~, -11. i8, -12. 2o, -lO. 92,-10.30, -11.46,-10.33, -10.31,-10. 50,-10.61 
3 , -13.11,-13. S6, -11.21,-10.94,- l o. 57,-10.97, -11.27,-13.78, -10.92,-10.89, -11.80,-10.51,-10.14,-10.69, -10.47 

SUMMARY STATISt ICS 
Fieet , P red. , SE(q) ,Partial ,Raised, SLOPE SE , l NTRCPT, SE 

q F , F Sl ope , lntJ·cpt 

--1--: -9.73-: .780: .0143: ,2059: .0001:+00: .OOOE+Oo: -9.734:--:-195 
2 ,-10.82 , .606, .0469 , .0806, .OOOE+OO, ,OOOE+00,-10.819, .152 
3 ,-1l.i9 , 1.197, .0130, .0396, .OOOE+OO, .OOOE+00,-11.389, .299 
fbar Slbi'>A( in l.) SJGMA(ext.) SIGMA(overall) Variance ratio 
.099 .'1•1<1 .39~ .444 .791 

1\qe '.l 
: ieet, 74, 75. 7o. 77, 78, 79. 80, 86, 87' 88 

--~:~:---::g:-66: -9.43: -'l.o3:- -<J.37:-w-::rr: -9.17:-1o.6o:·-1o.Oti:-1o.24: -8.74: -9.53: -9.91; -9.s1:-1o.3o 
2 , -lO. 33,-10 .BO, -1tl.24, -10, •1~1. ·9. 98, -10.89, -10.58,-11. 29, -ll, 59,-10.74,-10.47,-10. 25,-10. 41,-10. 41,-10.38 
3 '-12. 51' -13. 75' -10.96' -10.6 i' -10.31 ,-10. 90' -12.04,-12.64 '-12 .29 '-11. 42,-10.21 '-10 .86,-10 .os' -10.46,-10.63 

SUMMARY STATISTICS 
Fleet, Pred. , SE(q),Partial,Raised, SLOPE SE , INTRCPT, SE 

F , F Sl ope , Intrcpt 

--1-:~:~: .0160 : .2155: .OOOE+OO: .OOOE+OO: -9.622:-----:TiiT 
2 ,-10.59 , .431, .0590 , .0885, .OOOE+OO, ,OOOE+00,-10.590, .108 
3 , -11.31 , 1.123, .01•10 , ,0549, .OOOE+OO, .OOOE+00,-11.313, .281 
Fbar SIGMA(int.) SIGMA(ext.) SIGMA(overall) Variance ratio 
.109 .341 .317 .341 .866 

Age 6 
Fl eel, 74, /5, 76, 77, 73, 79, 80, 81' 62, 83, 84, 85, 86, 87, 88 

---1-:---::-a:n-:~s:'T.w:--=-9.30: -8.96:-1o.l7: -9.6o: -9.o7: -9.13:-1o.6o: -9.s5: -8.s8:-1o.oo: -9.59; -9.82 
2 , -lO. 41,-10.45, -lO. 50, -lO .14, -9,/0,-10. 62, -ll1. 4ti ,-10. 74,-10.81,- JO .49 ,-11.34, -9.84,-10.07,-10 .21,--10.33 
J '-l 2. 45' -13.09' -lO ,qg, -10.34 '-10 .04' -10.65.-11. 36,-11. 80,-12. 46,-11. 20,-10. 38,-10.10' -10.12,-10.05' -10.40 

S•J)!;"A:,y ~fAflSTJC~ 
f·le~t 1 f1 rP.d. , SE(q) .Part1al ,Rai5ed, SLOPE SE , INTRCPT, SE 

F , f Slope ,lntrcpt 

--~-:--::;1-:-;12-:---:-ou:---:o~:---:1958: .OOOE+OO: ,OOOE+OO: -9.422:-------:T53 
l ,-10.41 , .414, .0709 , .1212, .OOOE+OO, .OOOE+00,-10.407, .104 
:< ,·ll.03 , J.037, .0187 , ,tJ700, .OOOE+OO, .OOOE+00,-11.029, .259 

fIl or ,,!(.MA( int.) Sff,~A(ext.) SIGMA(overall) Variance ratio 
.. tH .12:> .210 .326 ,415 
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Table 3.6.4 cont'd. 

Age 7 
1- ieet, 74, 75, 76, 77, 7H, 7•j, ::{o, 81' 82' 83, 84' 85, 86, 87, 88 

--~-: -7.39:-=9:24: ·8.25: -s.s1: -8.95: -9.ss:-=-9.zs: -9.15: .. g,z5: -9.63: -9.16: -9.74:-..:g;(j}: -9.63: -9.70 
2 ,-10.06,-10.61, -9.51, -9.92, -9.92,-10.5•1,-10.07,-10.19,-10.49,-10.80,-11.19,-10.34, ··9.29, -9.87, -9.95 
3 '-11. 66' -13.02' -11.01'- \0.12' -10.25' -10.59' -12.65' -11.26,-14.08' -10.64 '-10. 95, -11.16, -9.50' -10.02,-10.27 

oUMMARY ST Af IS Tl C~ 
Fleet , Pred. , 5E(q) ,Parlii!l ,Raised, SLOPE SE , INTRCPT, SE 

r • F Slope , lntrcpt 

---,-:--::-;~-:12':·-:;y,(-:-oz6ti :--:2921: .OOOE+OO: .OOOE+OO: -9.117:----:-iGO 
l , ·JO.l8 , .509, .0886 , .1299, .OOOE+OO, .OOOE+00,-10.184, .127 
l ,-1!.14 , 1.291, .0166 , .0685, .OOOE+OO, .OOOE+00,-11.145, .323 
rbar o!GMA( int.J 5Jf,MA(ext.) SIGMA(ov~trall) Variance ratio 
.164 . 301 . 327 . 381 . 739 

A9•0 8 
f ! eet, 74, 7S, 77, 78' 79, u o. 81, 82, 83, 84' 85, 86, 87, 88 

-~-: -7.53: -8.37: -8.33:~:;:: ··R,26:--=9.s8:-::ii:o2: -9.26:-=8.96: -9.64:-to.48:--=9.oo: -9.65: -9.37: -9.59 
2 , -1o. 02. -9 .6o, .. q. e•,. -9. ·,,1, ·9. 11. -l o. •16, -10 .on, -10.32,-1 o, 33, -11.06,-12.11, -10.79,-10. 76,-10.05,-10.01 
3 '-10' 78' -11 '96' -10.90' -9.52' -9' 44' -10.51' -12.03' .. 11. 70' -14.02,-10. 79,-15.08' -lO' 51,-10' 41' -10' 28, -lO' 05 

SUMMt\RY STAT!Sf!CS 
fle,,t , Pred. , SE(q),Partial ,Raised, SLOPE SE , INTRCPT, SE 

q F , l· Slope , Intrcpt 

--l-:~:--.796:---:oT86": .ms: .OOOE+OO: .OOOE+Oo: -9.043:~ 
2 ,-10.27 , .770, .0816 , .1439, .OOOE+OO, .OOOE+00,-10.266, .193 
3 ,-11.20 , 1.523, .0157 , .0584, .OOOE+OO, .OOOE+00,-11.203, .406 
rbar Slf,MA(int.) SIGMA(ext.) SIGMA(overall) Variance ratio 
.185 .521 .385 .524 .541 

1\ge 9 
r; •;et, 7•1. 7S, 7o, 77, 79, 80, 81, 82, 83, 84, 85, 86, 87' 88 

---- i-:-=s.;;-o: -:g:o~:·-=T.9': -:u;:-R:26:~:---:-q:n: -9.o7:-=-a.7ti: -9.24; -9.o3: -9.4s: -9.9o: -9.65: -9.30 
2 , ··9 .'"'l,-10 .l·l, -9, 36, .. 10. 32, .. g .6•1 ,-10. 11) ,-1 l. j9. -ltl. jO, -IO.O•l,-10.81 ,-10. 72 ,-12.03, -9.92,-10.09,-10.09 
3 '-Ill. r.7. -11 '?l' l :l, c,,' t': .4 7' -10.02,-10.1 •,, -14 .. il , .. [Q, 31' -14.01' -9.81,-11.53,-11.21 ,-10.05,-10.65,-10. 24 

SLOPE SE , I NTRCPT, SE 
Slope , lntrcpt 

--1-:~: .sc,l:-~02013 : .2136:·---:ooOf+OO: .OOOE+OO: -9.038:------:TIS 
,-10.30 , .646, .0792 , ,1329, .OOOE+OO, .OOOE+00,-10,296, .161 
,-ll.iJ!l , 1.,117, .0191, .0771, .OOOf>OO, .OOOE+00,-10.997, .354 

:·,1f.MA(iot,) Sl(.MA(e•t.) SJGMA(overall) Variance ratio 
, .,-," • U•1 • 407 . 310 
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~ 
fitle rlER«!NG Jr~ IllE f:UihN]tiN Sr\Y (fJ~,tllNL• AREA 31, lA~.JtRN PAll!) 

l to lO t·iL.lfll 

·~i rh \\,·, •'~•)"":' ) ,-md ff'l'nlinal "::of 1.}50 

ln.rt't-11 -.um of '-,qt~.::lr~;.G rt~ ... :,c,ll.t-1"' 

fin,-,) ,l/ni ot ·· ,~,:,··: e(l 'c ·l' lid l·· i. 

.000 ,11011 ,(tOO 

W15 .OOt .OOJ ,001 

Vears 73/79 79/80 80/8) 
Ag es 
l/ 2 .363 -. 300 1.086 
2/ 3 -' 178 '324 .598 
3/ 4 .026 -. 546 -.139 
•1/ 5 .066 .118 -.163 
5/ 6 -.026 .041 .191 
6/ 7 -.0:35 - .Ou2 -. 587 
7/ 8 -1.126 -. 595 -.084 
8/ 9 . 760 '707 .629 
9/10 .236 .824 • 334 

,OGO .000 ,1]00 

WH. .001 .001 .001 

F1shlng Mortal ith's (t'i 

7•1 76 
1- -values .1 >sa .Hn<l 

19 80 Ul 
f-vi.llues .1440 .2Hl .!71ll 

Sel ec ti on-at-age (S) 

l ). 3 
S-values . u~o • 7 o8G 1.0000 

/), 705 Clt(i 

!O.:.S/0 ,-,fu·t l .c.C• ILPi"· i ; .. .111~ 

.Of>ll 

.001 

61/82 Si/63 83/84 84/85 

1.410 '759 -.279 '759 
-.267 -. 435 -' 753 .13•1 
-.228 -.037 .076 -, i75 
- .4~2 . 332 -.142 •. 309 
-.587 -l. 090 -.060 .292 

.lti2 -.063 .051 '142 
-.n1 -. "38 .979 -.150 

. 525 • 'iS O .G74 -.628 
• 781 .813 . 150 • 365 

.uoo .000 .000 .000 

.001 .001 l.OOO 1.000 

t12 84 85 
.l32i .l2'}0 .1164 

'i ,; 7 
1.0731 l. 2~>57 l.3J92 

85/86 Bo/87 87/88 WTS 

.186 -.604 -.064 .000 • 328 

.621 -. 348 .346 .000 .443 

. 364 -.092 -.172 .000 1.000 

.291 .236 -.075 .000 .887 
-. 310 .046 .033 .ooo .580 
-.061 -.098 -.033 .000 .966 
-.663 • 261 -.421 .000 .381 
-.224 .174 .596 .ooo .398 
-.973 .345 .109 .000 .389 

.000 .000 .000 4.487 

1.000 1.000 1.000 

86 87 88 
.1336 .1349 .1150 

8 9 10 
.7230 1.1189 1.2500 



Table 3.6.6 VIRTUAL POPULATION ANALYSIS 

HERRING IN THE BOTHNIAN BAY CFISHING AREA 31, EASTERN PART) 

FISHING MORTALITY COEFFICIENT UNIT: Year-l NATURAL MORTALITY COEFFICIENT = .15 
---------

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

l .020 .008 .012 .010 .012 .020 .066 .044 .025 .023 .047 .013 
2 .064 .111 .094 .113 .039 .041 .253 .111 .063 .060 .145 .125 
3 .086 .108 .152 .155 .208 .050 .054 .164 .199 .108 .132 .168 
4 .102 .074 .196 .134 .149 .172 .111 .042 .202 .174 .072 .143 
5 .143 .081 .161 .146 .199 .132 .266 .113 .067 .142 .186 .099 
6 .166 .112 .147 .171 .196 .208 .212 .216 .232 .186 .136 .156 
7 .285 .118 .299 .180 .169 .193 .344 .345 .194 .231 .147 .113 . 
8 .246 . 159 .273 .217 .344 .250 .301 .352 .242 .139 .037 .085 
9 .151 .077 .208 .134 .150 .251 .318 .227 .406 .194 .162 .094 

10 .170 .125 .156 .053 .163 .107 .184 .221 .114 .194 .149 .117 
11+ .170 .125 .156 .053 .163 .107 .184 .221 .114 .194 .149 .117 

3- 8) u .171 .109 .204 .167 .211 .168 .215 .206 .189 .163 .118 .127 
3- 8)W .145 .102 .188 .158 .207 .160 .217 .185 .192 .157 .139 .154 

1986 1987 1988 

l .012 .016 .014 
2 .070 .134 .087 
3 .105 .134 .111 
4 .132 .108 .130 
5 .141 .117 .no 
6 .180 .157 .109 
7 .206 .218 .146 
8 .136 .087 .162 
9 .193 .185 .061 

10 .341 .157 .162 
11+ .341 .157 .162 

3- 8)U .150 .137 .128 
3- 8)W .134 .122 .117 

f-1 
1\J 
~ 
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~ 'i lR IUAL f'OPliLAT ION ANAL YSI S 

r.:::.·;<lr,r, Hl flit=- ,HHrli1ui1"1 t)A·f \F IScllNG t\PEt\ 5lJ Cr\:>iL~rl PAIH) 

·~: (JI_ K iN NUMRRS ut~ r 1 : ru i l !·ion·~· 

f!IUeASS TOlt\LS UN l l! tOl!l"lt: _, 

M.L 1 r:o~E RCFfHRINf; IG 1 Hf ~)l ft(!( 

tJ.Lfl i r 1 !Hl' ·.;llllk :;l 1 'JA 1 Il!~ A l l IMF, 
OF I•NNUAL f U C FORE ~:P,WNJNt;: .l ~>0 

l-'!<0:--ut~' 1 i ·n~ \JI ArtN·.If\1. M tit- l- (il~ l: ~JPAWN l t~h: • iidt_l 

jCJ/4 1 ~-, ?~. ~~nr-1 197/ t·l?S l9?9 l ~8· t9:=;J 1987 19f3 1984 1985 

,-::,,J :u ll·l: ~-- -~·J i/i) ."" iG )!}j ;•1'1 noz 851 344 
402 14', 'J / ~ ,,._, 8.?S _!•18 209 1U9b 6Q<1 

2l7 j~''} ,,_\o) tlj') r'-ii i')') U•l l S7 l;3Q 200 169 Sl 6 
294 111 .F"~i ?}rJ !-)7 S:?3 llu JOl 114 4GB 155 128 
1::• 228 ll• 1/!l jl)'} 101 3/(f !Oil B1 80 324 124 
172 139 Hl! lO O 132 l LO 76 .tJO n 67 60 232 
litl 1.2~ lO/ lj'J IJ 94 04 Sl 173 53 48 45 

8 (,7 78 96 68 91 53 6G 51 32 123 36 36 
\] 2v " '>7 l}1 ·17 '·9 l~ 42 31 22 92 30 

lO 21 19 25 40 47 35 40 22 29 18 16 67 
il+ 12 il 28 19 5 29 3S lO 25 39 

IUT.~L NO !966 179q 2559 nos 184o l590 2197 1931 1707 2532 2871 2559 
SI•S NO 1114 1144 1132 1202 1371 lG~hi 916 973 1151 984 1131 1468 
lOT .H10M 55758 56073 642t12 62471 61215 527i/ 55462 54439 56808 66243 80706 78173 
5PS BlOM 39253 42768 42280 41671 496% 41936 35886 346'i8 43604 41434 44307 54788 

1986 1987 1988 1989 

386 569 0,90 o 
?.92 3?8 487 ~01 
~31 2JS 247 38tl 
S94 412 177 190 

9') •H3 na 134 
ti 97 71 343 245 
7 111 70 '>2 26') 
8 35 119 48 39 
'] 2:3 26 9•1 3') 

lO 23 20 19 76 
11• •17 38 27 J3 

lOT AL IlO 2299 2336 2397 
SPS NO 1526 1421 1392 
fOT ,BIOfoi 72140 78101 19LOO 
SPS BlOM 50925 60086 615•13 



Table 3.6.8 

Analysis by RCRTJNX2 of data from file SURVEY 
HERRTNG 31-E AS l-GROUP 

Data for 5 surveys over 15 years 
REGRESSION TYPE = C 
TAPERED TIME WEIGHTING APPLIED 
POWER = 1 OVER 20 YEARS 
PRIOR WEIGHTING NOT APPLIED 
FINAL ESTIMATES SHRUNK TOWARDS MEAN 
ESliMATES WITH S.E.'S GREATER THAN THAT OF MEAN 
MINIMUM S.E. FOR ANY SURVEY TAKEN AS .20 
MINIMUM OF 5 POINTS USED FOR REGRESSION 

INCLUDED 

Yearclass = 1988 

Survey/ lndex Slope Inter- Rsquare No. Predicted Sigma 
Series Value 
CONAAU 1.7918 
CLAAUG 2.6603 
ROTAUG 2.0794 
OTHJUL .0000 
TOPLAU 3.3393 

MEP,N 

Yearclass 

1988 6.09 

2.268 
1.199 
l. 653 
3.058 
1.388 

Weighted 
Ave rage 
Prediction 

439.94 

cept Pts Va lue 
1.845 .1779 14 5.9078 l. 43349 
3.166 .2146 14 6.3557 1.27603 
2.984 .1563 14 6. 4215 l. 54936 
4.701 .11.13 14 4.7010 l. 88443 
l. 401 .275314 6.0356 1.08212 

6.1551 .62622 

Internal 
Standard 
Er ror 

Externa1 
Standard 
Er ror 

Vi rtua l 
Population 
Analysis 

.45 .15 

Standar·d Weight 
Errot· 

1.50967 
1.34343 
1.63174 
2.04429 
1.13855 

.62622 

Ext.SE/ 
lnt. SE 

.34 

.08902 

.11241 

.07620 

.04855 

.15650 

.51733 

129 



Table 3.6.9 

L~st of ~nput var~ables for the JCES pred~ct~on program. 

HERRING 31E 
The reference F is the mean F for the age group range from 3 to 8 

The number of recruits per year is as follows: 

Year Recruitment 

1989 440.0 
1990 540.0 
1991 540.0 

Proportion ofF (fishing mortality) effective befare spawning: 
Proportion of M (natural mortality) effective befare spawning: 

Data are printed in the following units: 

Number of f~sh: millions 
Weight by age group in the catch: gram 
Weight by age group ~n the stock: gram 
Stock biomass: tonnes 
Catch we~ght: tonn es 

.1500 

.4000 

: : fishingl natural: maturityl weight in l weight in l 
agel stock sizel patternl mortalityl ogivel the catchl the stockl 
---+-----------+--------+----------+---------+----------+----------i 

l l 44o.o: .01: .15l .oo: 9.2oo: 9.2oo: 
2l 501. o: .D9l .15l .39l 23.700l 23.700: 
3l 3Bo.o: .11: .15: .97l 35.2oo: 35.2oo: 
4l 19o.o: .u: .15l .99l 41.400: 4:1.. 400: 
s: 134.0l .11: .15l 1.oo: 45.700l 4S.7oo: 
6l 24s.o: .u: .15l 1.00: 5o.soo: so.soo: 
7l 265.0l .15l .15l 1.00: 54.600l 54.600l 
s: 39.0l .16l .15l 1.oo: 60.700l 60.7oo: 
9l 35.0l .16l .15l 1.oo: 59.soo: 59.soo: 

1o: 76.0l .16l .15l 1.oo: 61.900: 61.900: 
ll+l 33.0l .16l .15l . 1.00: 73.56o: 73.5oo: 

f-:' 
"-N 
o 



Table 3.6.10 

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

HERRING 31E 

+--------------------------------------+--------------------------------------+--------------
Vear 1989 l Vear 1990 : Vear 1991 l 

-------+---------+------+-----+------+--------+---------+------+--------+-----
fac-: ref.: stock: sp.stock: : fac-: ref.: stock: sp.stock: l stock: sp.stock: l 

tor: F: biomass: biomass: catch: tor: F: biomass: biomass: catch: biomass: biomass: 
---+------+--------+---------+------+-----+------+--------+---------+------+--------+---------~ 
1.0 .12 82 65 8 .o: .oo: 83 

l' • l .01: 
2' • l .o3: 

.4: .os: 

.6: .os: 

.s: .1o: 
1.0: .12: 
1.2: .15: 
1.4: .18: 
1.6: .2o: 
1.8: .22: 
2.o: .25: 

The data unit of the biomass and the catch is 1000 tonnes. 
The spawning stock biomass is given for the time of spawning. 

68: o: 92: 75: 
68: 1: 91: 74: 
68: 2: 90: 73: 
68: 4: 89: 71: 
67: s: 87: 69: 
67: 7: ss: 68: 
67: 9: 83: 66: 
66: 10: 82: 64: 
66: 12: 80: 62: 
66: 13: 78: 61: 
66: 15: n: 59: 
65: 16: 75: 57: 

The spawning stock biomass for 1991 has been calculated with the same fishing mortality as for 1990. 
The reference F is the mean F for the age group range from 3 to 8 

..... 
\.N ..... 
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~~!"-}:fi·l.!_ 
r-it"f<f\ {Ut, )Jt:: 

' 'l,~,11 1·)}:::9. ~~ ·id•.f•J• l.OGO .wd t·t.:!f,.~rt=·/!(e !- • L...,'~!) ...... _. .......... ,, ............................. . 

----f---

1! .ntuu: ~Lo:-,o: 

i! :~~g~; ·~~:~~~! 
4: , UOO: t8.·H1(1: 

~i :i~~~! g:~~~j 
1: .15oo: 34.342/ 
8: .l bOO: S. j65: 
9: ,]600: •1.815: 

JO: ,1600: 10,•156: 
t 11•: .tooo: 4.54o: 
+----+----- .. ---+--- --- -

37,41: 
~hll.t)7: 

1295.64: 
7bl.92: 
593.17l 

ll98.4.i: 
Hl75.o5: 
32s.os: 
286.50: 
647,21: 
333.69-: 

--t-­

J.itll).OC., 
~~,,-,! . 011: 
3Bo.oo: 
l'lo,oo: 
l3t1 .oo: 
}4'1.00: 
265.00: 

39.00: 
Js.oo: 
76.oo: 
33.oo: 

l· 

4,),HLG: 
!l.-;,•;.,i: 
133/u,o: 

7&66.o: 
ol23.B: 

L'11'2.s: 
14469.0: 

2367' l: 
2082.5: 

~7·~~' 4: 
L4~o.5, 

.•lO: 
EP1.19: 
368 .&o: 
188.10: 
134.oo: 
24'i,OO! 
265.oo: 

J9.oo: 
3s.oo: 
76.1)0: 
33.oo: 

.o: 
4030.7: 

12974 '7: 
7787.3: 
6123,8: 

12177.,5: 
14469,0: 

2367' J: 
2082.5: 
<170•1.4: 
242s.s: 

.oo: 
!Bl.Stl: 
341.45: 
l7t1. 25: 
124, B: 
226,96: 
244.02: 

35.86: 
32.18: 
69.ao: 
30.34: 

.o: 
t1)02.6: 

12019.2: 
7213,0: 
5672.3: 

ll46L3: 
13323.2: 

2176,6: 
1914.7: 
4325.4: 
2230.1: 

; Total : 195,594; B304,7B: 233B.oo: B170s.7: 157".09: 69937.o: 1460.6o: 64639.6: 

• Year 1990. F-tact.or 1.000 ilnd reference F .\250 • 
" ... ' ,. ' • "' •• ,.. ......... t ......................... J ..... ~ •••••••••••• ~ ••• 

. --- +--------- ----------+ 
: at l January: at spawning time: 

+----+- -- -·----- +---- ---- --+- ------ --+----- --- +---- ----- +- -T- ---·-- ·-- -------+------- --+ --- ------+ 
:.toe!--: ~~-tochl sp.stock~ sp.stock: sp.stoc!~: sp.stockl 
sizt•; biol1ld·.-:.l size: blomass: size: biomass: 

.. ---- .. ---··----- +--- - ------ l--- ----- -· +- ------ --+---------+---------+--------- + 
1: .0100: 4.99o: 45.91! '>4o.oo: 49tis.o: .oo: .o: .oo: .o: 
2: .o9oo: 3o,ooJ: 111.02: 374.94: 8886.2: 146,23: 3•165.6: 135.87: 3220.0: 
3: .1100: 38.174: 1343,71: 391.10; 13872.3: 382.28: 134SG,2: 354,12: 12465,2: 
4: .Jloo: ?8.381: il74,9G: 293.oo: l2t3o.z: 290.o7: 12oos.9: 268.71: 11124.5: 
5: .noo: 14.190: 64s.so: 146.so: 6695.o: 146.5o: 6695.o: 135.71: 6202.0: 
G: .1100: 10.008: 505,40: l0l.32: ')217.7: 103,32: 5217.7: 95.71: 4833.4: 
7: .1soo: 24.481: 1336.65: wu.91: 10314.4: 188.91: 10314,4: 173.95: 9497,6: 
8' .1600: 27.C08: 1639,41: 196.32: 11916.•1: 196.32: 11916.4: 180,50: 10956.3: 
9: .1600: 3.935; 234.15: 7.8.60; 1702.0; 28.60; 1102.o: 26.3o: 1564.e: 

10: .16oo: 3,532: 218.61: 25.67: 1589,o: 25.67: 1589.o: 23.6o: 1461.o: 
, 11': .16oo: 10.999: ooo.4o: 79,95: 5876.o: 79,95: 5876.o: 73.5o: 5402.6: 
.. ---- .. _______ --.f. -- -------+--- ------+- --- ----- +··- ------- t --- -- ----+- -------- + ---------+---------+ 
: Total : 195.698; 8666.72: 2371.31: 83167,2: 1587.84: 72241.2: 1467.97: 66727.4: 
t -··-- --- ---·---- f ··-·------ -+--- ---- --+ -- . - -------+ ---------- + -- ------- f- --- •• - ----+-----·---- +"---------+ 

+--- ------------ ----4---------· -·--------+ 
: at l January: at spnwning tlmel 

---·-+---- ----- --· --- ---+------- -- --- --·· -· - +··-- ·-----+-- --- -----+------ ---+---··-----+----- -- __ ,.. 
: ab·:;olute catch 1n; catch in stocl'-l stock: sp.stock~ sp.:.::tock\ sp.stod,: sp.stockl 

nge: F nuntbers: weight size: biomas~.: size: biomass: size: biomassl 
-·· --+··------ -- --------- -+--------- ---- _____ ,.. ____ --- --+- --- -----+---------+-----------+--------- t-

1: .0100 11.'190: 45.91 5•10,oo: 496u.o: .oo: .o: ,oo: .o: 
2 .0900 16,819: 872 ,G2 460.16: 10905,7: 179.46: 4253.2: 166.74: 3951.8: 
.1: . : HIO 28.569: JOO'i.G2 294.9'i: 10381.9: 286.09: 10070.5: 265.oz: 9328.8: 
4' .1100 29.434: 1218.56 103.Tt: i 2_SGO. 1 ~ 3011.81: 12•1'i4 .s: 27;3.68: 11537.3: 
5: . 1100 21. 8~J3: LOCI.!.OS 2.?5.92: 10324. •1: 225.92: 10324' 4: 209.28: 9564,1: 
6' .1100 lO, ~i42: 557 '55 112 .•Jti: 5704.4: ll/'.96: 5704 '4: 104.64: 5;>84.1: 
7' .1500 10. 32'.: 563,69 79, 6;·: 4349.8: 79.67; 4349,8: 73. 36; 400S. 3: 

~i 
.lt.O.J 19. 2S1: llbl3,67 ) 39. ~J·,: i~·lq11, 7: 11t).9'): (1494. 7: 128.67: 7RJ0. 1: 
,[(;(JO 19 .8u9; 11 78.6') l43.9'1: 85ti7. 3: 143.99: 8567.3: 132.39: 78/7 .o: 

.. ~1; .h}•JO 2.6(;6: l/G. :'.·, ~o. gn: 1.?93. 7: L'Q,Gr): J 298,7: 19.29: \l'l4 .o: 
llt; ,j.._lo)J) 10. c;Sj; 78l. 3u 77. ~G! 56~t.Lti; il ,11G: "if.19],1;; 71. 2?: 5234.9l 

Total iSS, r;bl; 8568' ?9 



l 

l 
l 

l 

· Tab le 3. 7 .l HERRING. Catch at age ( thousands) and mean weight at 
age (g) by quarter in 1988 from the Swedish catches in 
the Western part of Sub-divisions 29N, 30 and 31 and 
the Swedish and Finnish catches in tonnes. 
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6320 48_.1, 
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~.::., ... •1 
580 58 .. 9 
630 64_.91 
5!0 66,8 
890 66,9 
690 67_.2 
210 88,7 
170 61,3 

2350 
560 

S9lfl ~ 

4850 
1720j 

2101 
290 

2601 
220 

57! 
25 

1 

310 
'>;l' 4144 
44~-~:37·,. 3380 

' ·;·1'.2fl 
.. l 26ss(,l 50,1 

52,1 ~~~t~l 76,4 
70,8 2310 
75J9 25701 
85.,2 4320 
91_,9 3197 
87,8 1105 

105,3 790 

24,9 
36,9 

·-.· 
44,4 
~~~~, 

49,9 
59_,1 
63_.9 
65)4 
65,9 
66,3 
80,9 
61,5 

l 14 11! 51 t17,~1 20 117,0 10 121,3 3 122,31 38 118,6 
15 8 119,7 26 122,5 14 118,6 3 113,2 511 120 4 

! Total l 15066 44,6• 32666 48,51 20504 50,6 16649 48,9 84885 48A 
l 
l Tonne$ 698 1576 1012 801 4087 

I:N*W (t) 672 1584 1037 815 4108 
SOP% 96 101 102 102 101 
lfinni3h 
Catch (t) 139 o 67 519 726 
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