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2. TERMS OF REFERENCE 

At the 70th Statutory Meeting, the Council decided 
(C.Res.1982/2:5:14): 

"that the Arctic Fisheries Working Group should meet 
at ICES 

headquarters from 21-28 September to: 
(i) assess catch options for 1984, inside safe 

biological limits,for cod and haddock in 
Sub-areas I and II, 

(ii) advise on the distribution of cod in and around 
the "mentella box", 

( iii) review which data are available in the Working 
Group files for evaluating density dependence in 
the parameters of the models used in fish stock 
assessments, 

(iv) specify deficiencies in data required for the 
assessments". 

2.1. Timing of the meeting 

The original dates proposed for the meeting were changed to 
15-22 September at the request of the two main fishing 
nations ln the area on the grounds that a symposium on 
North-East Arctic cod and haddock was scheduled by the USSR 
to start on the 26 September in Leningrad. For that reason 
and probably due to some communication problems, scientists 
from the USSR could not participate in the meeting of the 
Working Group. DP Babayan from the USSR, present at ICES 
Headquarters in the Blue Whiting Assessment Group, made 
available the data of the USSR fishery for 1982 and for the 
first half of 1983. These data have been incorporated in the 
assessments. 
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3. EFFORT IN THE TRAWL FISHERIES 

In recent years the proportion of the catches taken by 
trawlers has been declining. Catches by trawls and other 
gears are given in Table 1. In previous years estimates of 
total trawler effort in English trawler units have been 
calculated. With the decline in the amount of fishing by 
English trawlers their catch per unit effort data are no 
longer considered representative. At its 1982 meeting an 
alternative approach was developed by the Working Group to 
calculate total trawl effort in Norwegian fresh-fish-trawler 
units and the results are given in Table 2. 

Arctic WG Report 1983 
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4. NORTH-EAST ARCTIC COD 

4.1. Status of the Fisheries (Tables 3 to 6) 

The revised figure for cod landings in 1981 is 399 03 7 
tonnes, which is 507 tonnes more than the figure used in the 
previos Working Group Report (ANON 1983a). This is 99 037 
tonnes in excess of the TAC of 300 000 tonnes. 

Provisional figures for 1982 indicate a decrease from the 
1981 level by 34 168 tonnes to 364 869 tonnes, which are 
close to the 366 000 tonnes anticipated by the Working Group 
at its 1982 meeting but well in excess of the TAC of 300 000 
tonnes. Catches in Sub-area I continued to decline and 
reached a level of 97 012 tonnes. The catches in Division 
lia declined by 8 33 9 tonnes and increased in Division lib 
by 14 192 tonnes from 1981 to 1982. 

Expected total landings for 1983 were estimated to be 308 
000 tonnes compared to a TAC of 300 000 tonnes. For 
assessment purposes this catch vias split by regions and by 
countries and gears in order to establish appropriate age 
compositions. 

Since 1974 an increasing part of the total catch has been 
taken in Division lia, reaching a level of 65% in 1982 
compared to 11% in 1974. This is the result of the combined 
effect of a more westward distribution of fish since 1978 
due to hydrographical changes, poor year classes among the 
younger age groups and as a consequence reduced fishing 
effort in Sub-area I. 

Catch and effort data from Norwegian trawlers in 1983 were 
only available for the first four months in 1983. Based on 
these data, and catch and effort data on a monthly basis 
from the period 1976 - 1982, catch per unit effort for the 
whole year of 1983 was estimated using an analysis of 
variance technique that corrects for area and monthly 
effects on availability. This statistical analysis reduced 
the "raw" catch per unit effort values for the periode 
January - April (1983) by about 20% both for Sub-area I and 
Division IIa to the projected ones given in Table 5. 

Catch per unit effort for the trawler fleets continued to 
decline in the period 1980 - 1983 in Sub-area I.In Division 
IIa the preliminary figure of catch per unit effort indicate 
an increase in availabli ty from 1982 to 1983. In Division 
lib catch per unit effort has been fluctuating in the period 
1980 - 1982. However, the recent figures for Division lib 
have been calculated on the basis of limited data 

For long-line and hand-line fishing in Division IIa, catch 
per unit effort more than doubled in the period 1980 - 1982. 
However, it decreased by about 50% from 1982 to 1983. 

For gill net catch per unit effort fluctuated in the same 
period. However, the reduced catch per unit effort from 1981 
to 1982 is considerable compared with other type of gears. 
This was mainly caused by the high rate of maturation of the 
re la ti vely strong 1975 and 1976 year classes in 1982. The 
fish were too small to be caught by gill nets with the 
noPmal mesh size, but they were highly vulnerable to the 
long-line and hand-line fisheries. These year classes were 
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in 1983 readily available to gill nets which resulted in an 
increased catch per unit effort compared to 1982. 

4.2. Age compositions 

Age compositions for 1981 were revised and preliminary data 
were available for 1982. In addition, estimated age 
compositions for the expected landings in 1983 were 
prepared. 

For 1981 age composition data were available for the 
Federal Republic of Germany, Norway and the USSR. For other 
countries in Sub-area I and Division IIa age compositions 
were based on those of Norwegian trawlers fishing outside 
the 12 nm zone. For Division IIb age compositions for other 
countries were derived by pro-rating the USSR age 
compositions. 

For 1982 age composition data were available for the 
Federal Republic of Germany, Norway, Spain and the USSR. Age 
compositions for other countries were derived in Sub-area I 
from the USSR age composition,in Division IIa from age 
compositions of Norwegian trawlers fishing outside the 12 nm 
zone. For Division IIb age compositions for Norway, Spain 
and USSR were summed and then raised to total landings for 
all countries. 

For 1983 age compositions for the expected landings for 
the whole year were based on data available for the first 
six months. For Sub-area I data for Norway and USSR were 
summed and raised to the total landings for all countries. 
For Division IIa data were available for the Federal 
Republic of Germany, Norvray and the USSR. Age compositions 
for other countries were based on data for Norwegian 
trawlers fishing off the northern coast of Norvray. For 
Division IIb data were available only for Norway, and age 
compositions for other countries vrere based on those of a 
Norwegian trawler fishing NW of Bear Island. 

4.3. Age at maturity (Tables 7 and 8) 

In its previous assessments the Working Group has taken the 
mature paPt of the stock to be all fish of age eight and 
older. The Group considered, however, that it vrould be more 
realistic to use a maturity ogive as recommended by ACFM. 

An analysis of the published maturity ogives indicated 
that during the last 40 years (from 1942 to 1981) there has 
been a slight trend of decreasing age at first maturity. 
Therefore, the Working Group introduced in its 1982 
assessments a series of ogives which reflected the observed 
trend (Table 7). 

For the period 1980 to 1982 there was a large difference 
between the data supplied by PONOMARENKO (1982) and by HYLEN 
and NAKKEN ( 1982) probably because these were derived by 
applying different methods. 

The maturation ogi ve given by PONOMARENKO is based on 
trawl sampling in Sub-areas I and II in the period November 
1980 to February 1981 when the fish migrate to vrintering and 
spawning areas. The calculations of the maturity ogive are 
based on summarised data. 

HYLEN and NAKKEN based their calculations of maturation 
curves on total stock estimates obtained by acoustic surveys 
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in January-March in Sub-area I and in Division IIa (DALEN et 
al. 1982, GODO et al. 1982) and a bot tom trawl survey in 
September-October in Division lib in the preceding year 
(RANDA and SMEDSTAD 1982). Corrections for fishing between 
survey time and 1 January have been made. 

Total spawning stock biomass was calculated from the total 
stock in each survey area by applying the rate of mature 
fish in each age group as obtained in the biological samples 
from the respective areas. Corrections for mature fish in 
the commercial catches were made by applying the proportion 
of mature fish per age group in samples of landings from the 
respective areas. 

In addition, a different and new approach in estimating 
the maturity ogive has been undertaken by HYLEN and R0RVIK 
(1983) using a modified mesh assessment model. Their 
resulting ogives for the period 1967 to 1977 are similar to 
those derived by other methods for the same period. These 
results are preliminary and further studies are needed 
before any firm conclusions can be drawn. However, this 
method may provide an alternative and check on other 
methods. 

It is not clear whether the difference in the PONOMARENKO 
and HYLEN and NAKKEN data sets was due to methodology or to 
a real change in maturity in 1982. Therefore, in 1982 the 
Working Group decided for 1982 to use an average of the two 
sets of data, and for 1981 and for the prediction period to 
use an average giving double weighting to the PONOMARENKO 
data. As ALTERNATIVE 2 this approach in calculating the 
spawning stock biomass was continued, although the Working 
Group was aware of the sampling problems involved in 
obtaining accurate maturity ogives only from trawl catches. 
These problems are to a certain extent resolved by the HYLEN 
and NAKKEN method. Therefore, the 1-Jorking Group decided as 
ALTERNATIVE 1 to calculate spawning stock biomass with the 
ogives given by HYLEN and NAKKEN using the 1982 data for the 
period 1946 to 1982 and the ogive derived in 1983 ( HYLEN 
and NAKKEN 1983: DALEN et al. 1983 1 GODO et al. 1983)for 
that year and in the projetions (Table 8). 

The Working Group recommended in its 1982 report that 
age-at-maturity data for earlier years should be made 
available for each single year in order to make a more 
detailed analysis of the maturity ogives in the past. 
However, no data were available at this meeting. 

The Working Group, therefore, repeats its recommendation 
from last years report: 

It is recommended that age-at-maturity data for 
the earlier years should be made available in 
more detail, and that any weight-at-age data 
for past years should be provided. On the basis 
of the data available at the 1984 Working Group 
meeting a revision of the maturity ogive 
towards a more detailed analysis will be 
undertaken. 

4.4. Survey data 
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4.4.1. Bottom trawl surveys (Tables 9 to 11 and 27) 

Data were taken from reports of the Norvegian groundfish 
survey in the Barents Sea (DALEN et. al. 1983) and in the 
Svalbard area (RANDA and SMEDSTAD 1983). The absolute level 
of the indices given this year are different from the ones 
given in last year's Working Group Report due to a different 
computing procedure used this year as described in the 
papers. 

The results from the Norwegian bottom trawl surveys in the 
Barents Sea are difficult to interpret. They do not show the 
declining trend in the stock from 1981 to 1983 as shown by 
the acoustic surveys and by the USSR bottom trawl surveys in 
1979-1982 (ANON 1983a). It is thought that the total cod 
population in the survey area is not properly covered by the 
bottom trawl because the stock components available to that 
gear at survey time vary from year to year. Therefore, the 
results from the Norwegian bottom trawl surveys are 
difficult to utilize for assessments in isolation. However, 
the results of the bottom tra1-1l surveys are an essential 
component of the stock biomass estimates in combination with 
the acoustic survey results. 

Since no scientists from the USSR were present at the 
meeting, no information was available from the USSR bot tom 
trawl survey in 1983. 

4.4.2. Acoustic surveys (Table 12) 

Results from the Norwegian acoustic surveys in the Bar en ts 
Sea are given in DALEN et. al. ( 1983) and for the Lofoten 
and M~re areas in GODO et. al. (1983). The Norwegian surveys 
are summarized in HYLEN and NAKKEN ( 1983) to give a total 
stock estimate of cod in the same way as described in last 
year's Working Group Report. 

4.4.3. Young fish surveys (Tables 13 and 26) 

Data from the International 0-group fish survey were taken 
from ANON (1983) giving an 0-group index for cod and 
haddock. How this index is calculated is described in RANDA 
( 1983). No data were available from the USSR young fish 
survey. 

4.4.4. Evaluation of the acoustic surveys 

HYLEN and NAKKEN (1983) give a total stock estimate of 407 
million fish of which the acoustic surveys acounts for 340 
million or 83.7%. The HYLEN and NAKKEN assessment is 
therefore very dependent on the acoustic surveys and the 
acoustic method. 

It is generally accepted that the acoustic method tends to 
underestimate the abundance of fish located near the bottom. 
This is mostly due to the echosounder having a deadzone of 
1-2 m off the bottom, depending on the depth and bottom 
configurations. This source of error becomes increasingly 
important as the stock size decrease8. 

As in 1982 the Norwegian acoustic surveys did not cover 
the Helgeland area and the stock in that area was estimated 
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under the assumption that the ratio between the catch and 
the stock was the same as in the M~re area. 

The Vesteraalen area is difficult to survey with the 
acoustic method. The edge of the continental shelf where the 
cod is mostly recorded is very steep and fish staying close 
to the bottom are therefore difficult to detect with 
acoustic instruments. 

Biological sampling is also difficult in both the 
Vesteraalen and the Lofoten areas due to the bottom 
conditions and the presence of passive gears (gill nets, 
long-lines etc.). This limits the material available for 
constructing both length distributions and age length keys. 
However, the stock estimates in the Helgeland and 
Vesteraalen areas make up only 3% of the total acoustic 
estimate in HYLEN and NAKKEN (1983), and even a severe error 
in the stock estimate in these areas would not influence the 
total estimate very much. 

The Lofoten estimate of 50 million fish was based on 6 
different surveys using 3 different vessels which all gave 
similar results. Due to the limited biological sampling in 
this area by research vessels, length distributions from 
purse seine catches from the eastside of the Lofoten islands 
were applied together with an age-length key from long-line 
fishing of the same area. This may perhaps have led to an 
overestimate of the older age groups because the fish west 
of the islands at this time of the year are generally 
smaller than the fish in the area where the samples have 
been taken. 

The HYLEN and NAKKEN (1983) estimate of the Barents Sea 
component is 275 million fish, This estimate consists of two 
parts, firstly 210 million fish actually recorded in the 
acoustic survey and secondly an estimate of 65 million fish 
in the dead zone of the echosounder. The details of this 
estimate are described in the paper. Each year class was 
then raised in equal proportions to give a total of 275 
million. 

As stated by HYLEN and NAKKEN ( 1983) the 65 million is 
probably not a very precise estimate. It is also likely that 
both the numbers and the age distribution may vary 
geographically and perhaps also between years in this 
"deadzone stock". It is, however, the first attempt to 
correct for the likely underestimation in the previous 
Norwegian acoustic surveys, 

4.5. Fishing mortalities (Tables 14 to 16 Figures 1 to 7, 
and 9) 

Last year Norwegian survey data (HYLEN and NAKKEN, 1982) 
were available which gave an independent estimate of stock 
size, and these data were of value in providing a means of 
estimating F values for the most recent data year. However, 
there were indications that both the youngest age-groups and 
the year class 1975 were not well estimated by the survey. 

A second and intensified Norwegian survey was made in 1983 
(HYLEN and NAKKEN, 1983) and this provides estimates of 
stock size for each age at 1 January 1983 (Section 4.4). 

A preliminary VPA was made using input F values for 1983 
based on the 1982 exploitation pattern used at last year's 
Working Group scaled to F (5 tO) = 0.4 to arrive at the 
expected catch for 1983. The calculated values of numbers in 
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the stock at each age in 1982 and 1983 were then compared with the estimates from Norwegian surveys and in general the agreement was good. Some of the problems associated with the 1982 survey had been resolved in 1983 and the Working Group had more confidence in the survey stock estimates for 1983. A further VPA was made using input F values for 1983 calibrated by the survey estimates of stock numbers for that 
year. The results for 1982 and 1983 were as follows: 

1YI:U 
I • I 1 I -----------------------~------------------------1 stor.k mrnbAr 

< mi I lions) 
:----------------: 

SUTVPY: VPA 

StocK numher 
<millions> :-----------------: 

Survey: VPJI ------:--------:-------:------:--------:--------:------: 3 H1 ., 09 • ·1 0 29 31"1 • 02 
4 1fl5 144 • 1 1 6"1 tstl .rl6 
5 1n3 n .1.6 yy '1'1 • ~ d 
6 95 o3 .4o )6 )d . )~ 
7 154 1 () ;i •) I 4:S 43 • 12 
tl 23 25 • 4 0 :>n )r] .::>::> y 12 lJ .42 1j "13 .4.5 

1 r) 6 ..s .2 d ) 5 .C.:> 
11 2 2 • "11~ 

In general there is good agreement between the back-calculated VPA-stock numbers for 1982 and the 1982 survey estimates. There is, however, a big difference between the estimates for the 7-year olds (1975 year class) but it is thought that for this year class there may have been a certain amount of double counting in the survey resulting in an overestimate. The differences in the estimates for age groups 3 and 4 are likely to be due to poor sampling of the youngest age groups by the 1982 survey. 
Effort data from Norwegian trawlers in Sub-area I and Division IIa were used to check the 1983 F-values given in the text table above against the partitioned F-values generated by the same fleet in the same area. 
For age group 5 the estimated fishing mortality was close to the line which was drawn to the mean of the 1972-79 data points and the origin for both Sub-area I and Division IIa (Figures 2 and 4). 
For age groups 6 and 7 the 1983 estimates from survey results are consistently well above the respective lines and outside the scatter of data points on the graphs. It was therefore decided to reduce the F-values on these age groups about half way towards the line thereby giving the two sources of information equal weight (Figures 3 and 5 for age group 6 and Figure 6 for age group 7). 
The calculated F-values from the surveys for the older (10+) age groups are unusually low and of the same order as the fishing mortality generated (mainly in Division IIa) by gears other than trawls alone (Figure 1). In view of the likely overestimate of older fish in the surveys (see Section 4.4) fishing mortalities on age groups 10 and older were raised to the level which was estimated from the survey for the 9 year old fish, i.e. 0.43. This adjustment has only marginal effects on the assessment since these a,ge groups make up less than 2% of the catch in numbers. 
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F-values for 1983 determined as described above have been 
used to initiate the VPA. Maturity ogives derived as 
described in Section 4. 3 have been used in the spawning 
stock biomass calculations (two alternatives), but no 
sum-of-products (SOP) corrections have been applied. Input 
data and calculated fishing mortali ties, stock numbers and 
stock biomass are given in Tables 14-16. The historic trends 
in catch, fishing mortality, recruitment, total recruited 
biomass and spawning stock biomass are illustrated in Figure 
9, A-D. 

4.6. Projection of Catch and Stock Size (Table 17, Figure 
10) 

The parameters used for calculating catches in 1984 and 
stock sizes in 1985 are given in Table 17. According to the 
sum-of- products check which resulted in a deviation of only 
6%, no revision of the weight at age data was required for 
1983 and the projection. 

The exploitation pattern from the 1983 assessment has been 
adjusted to account for the fact that fishing is expected to 
concentrate on the mature component of the stock. This was 
done by shifting the maxima upwards by one year from age 
groups 7 and 8 to age groups 8 and 9. 

In the 1982 assessment the size of the 1980 and 1981 year 
classes at age 3 has been estimated on the basis of the USSR 
young fish survey. Both these indices are very low (Table 
13), although not precise they indicate that these year 
classes are very poor. On this basis they were assumed to be 
100 million, the conservative level for poor year classes 
used by the Working Group in previous assessments. In the 
present assessment the Working Group used the estimate from 
the acoustic surveys of about 30 million for the 1980 year 
class (Table 12). Since all available information (0-group 
survey, acoustic suPvey, USSR young fish survey) indicate 
that the 1980 and 1981 vear classes are of about the same 
strength, the 1981 year ~lass was set at the same level.It 
is not expected that a possible underestimate of their 
strength vTould seriously affect the Pesul ts of the 
projection, since the relative fishing mortality on the 
respective age groups is very low. 

The estimate of the strength of the 1982 year class of 400 
million cod at age 3, which are expected to recruit to the 
fishery in 1985, was derived from the International 0-group 
fish survey (Table 13 1 Figure 8). Observations reported from 
the 1982 USSR egg- and larval survey (ANON 1983a) as well as 
indications of improved environmental conditions confirm 
that the 1982 year class might be stronger than the 
preceding ones. The increase in spawning stock biomass in 
1982 due to the contribution of the 1975 year class might 
also have contributed to the production of a good year class 
in 1982. 

For the 1983 year class the index from the 0-group survey 
is about 3 times higher than that for the 1982 year class. 
From Figure 8 its size is estimated to be about 900 million 
3 years old cod. The estimate of this year class does not 
affect the projection for 1984 and only marginally the 
medium-term projection of the spawning stock biomass for 
1987 and 1988. 

The Working Group is concerned about the survival of young 

Arctic WG Report 1983 



C.M. 1984/Assess:3 11 

cod from the 0-group stage to their recruitment to the fishery due to by-catches of young cod in the growing shrimp fishery. 
The results of the projections are given in Figure 10. In the text tables below, management options for 1984 related to the reference points on the yield per recruit curve (Figure 10) and to certain levels of catch in 1984 are given. 

4.6.1. Management Options 

Note: In the columns "Spawning stock biomass", 
are given. The upper one refers to ALTERNATIVE 
one to ALTERNATIVE 2.(Section 4.3) 

two figures 
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4.6.2. Medium-term projection 

Calculated spawning stock biomass (SSB) in 1984-88(87) at 
the beginning of the year and calculated catch 1984-86 for 
different management strategies. Catch figures for 1987 and 
1988 are deper:jent on recruiting year classes beyond 1983 
and are therefore not given in the text tables below. 
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4.7. Effects of 1984 TAC's on Spawning Stock Biomass 

The early maturation of the relatively good 1975 year class 
observed in 1981 and in 1982 has increased the spawning 
stock biomass at the beginning of 1981 and 1982 from the 
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very low 1980 level. This increase is levelling off in 1983 and 1984. 
It has to be noted that the 1975 year class is followed by a series of 6 poor year classes. As a consequence the level of spavming stock biomass estimated for 1984 can only be maintained if the level of exploitation does not exceed F(max). This strategy is associated with catches in the order of 150 000 tonnes. If management aims at increasing the level of spawning stock biomass during the 1984-87 period, then fishing at F 0 b is required which would result in catch levels around 100 ~ 0 tonnes. 
Management strategies based on stable catch levels above 200 000 tonnes in the period 1984-87 are all associated with levels of fishing mortality in excess of F and increasing with time. SpaNning stock biomass is est~Th1tted to decline rapidly under this type of management if the stable TAC is higher than 200 000 tonnes. 
No substantial increase in spawning stock biomass can be expected before 1988 1vhen the year classes 1982 and 1983, which are expected to be strong, start to enter the spa\vning stock. 

4.8. Stock and Recruitment Relationship (Table 18, Figures 11 - 13) 

Until the 1981 meeting the Working Group had used a "knife-edge" type of maturity pattern for the calculation of spawning stock biomass. This assumed fish· of age 7 and younger to be immature and fish of age 8 and older to be mature. In order to improve the estimates of spawning stock biomass, a series of maturity ogives were used at the 1982 meeting (ANON 1982). As explained in Section 4.3 of the present report, estimates of spawning stock biomass for the period 191~ 6 to 1977 have been calculated on the basis of more recent data derived from Norwegian samples at spawning time in the spawning area adjusted for the total stock. This approach gives more weight to adequate sampling but has to ignore possible trends in time at present. 
In addition an examination of the sum-of-products (SOP) check showed large discrepancies for the earlier years of the historic series. A single set of weight-at-age data has been used for the whole period 1946-1982. It was considered likely that the main source of the SOP error was due to changes in the weight at age in the stock. Consequently the computed spawning stock biomass (Table 18) were corrected for the SOP discrepancies. The combined effects of the changes in the maturity-at-age data and the SOP corrections of weight-at-age data can be seen in Figure 11 where the different estimates of spawning stock biomass can be compared. 
The corrected spawning stock biomass data have been used together with the current estimates of the numbers of recruits at 3 years old to calculate a new stock/recruitment relationship (Table 18 and Figure 12). The line on the graph was fitted by the method of RICKER (1975). 
As with previous stock/recruitment plots for the North-east Arctic cod, the revised data show a considerable scatter of points about the fitted line. The curve indicates that maximum recruitment should be produced from a spawning stock biomass of about 2 million tonnes (ALTERNATIVE 1) as 

Arctic WG Report 1983 



14 C.M. 1984/Assess:3 

compared to 600 000 tonnes (ALTERNATIVE 2) estimated from 
the 1982 assessment (Figure 13). This large difference 
illustrates the difficulties to accurately estimate the 
optimum level of spawning biomass at which the probability 
of recruitment failure is minimized. However, it should be 
noted that the maximum level of spawning stock biomass on 
both these stock/recruitment curves was only reached during 
the immediate post-war years after a period when the stock 
had been virtually unfished for several years. 

In view of the conflicting results of the 
stock/recruitment analysis it is difficult to draw firm 
conclusions from these assessments at present until a more 
refined evaluation of the historic data series can be 
undertaken (Section 4.3). 
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5. NORTH-EAST ARCTIC HADDOCK 

5.1. Status of the Fisheries (Tables 19 to 21 

Final figures for the catch of haddock of 77 153 tonnes in 
1981 differ only slightly from the figure g1ven in the 
previous Working Group report (ANON 1983a). The preliminary 
figure for 1982 of 47 252 tonnes shows a considerable 
decrease from 1981 of about 30 000 tonnes (39 %). 

In the previous Working Group report total landings of 
haddock for 1982 1vere estimated as 49 000 tonnes, this is 
only about 1 750 tonnes above the reported figure of 47 252 
for that year. For the first time in the period for Hhich 
data were available, which was in 1981, the catch of haddock 
\vas higher in Division IIa tl1an i Sub-aPea I. As ex pea tcd 
the same situation occurred in 1982 when the catch in 
Division IIa exceeded that in Sub-area I by about 38 %. This 
might be due to the more westerly distribution of the fish 
as well as to the fact that a great proportion of the 
haddock stock consists of spawning fish which are exploited 
mainly in Division IIa. Expected total catch of haddock in 
1983 is estimated at 27 000 tonnes, and for the reasons 
given above the catch in Division IIa is again expected to 
be higher than in Sub-ar-ea I. The pr-ojected catch per unit 
effort data for Norwegian trawlers in 1983 (Table 21) Here 
estimated by analysis of variance as described for cod in 
Section 4. 1 .. 

An upward trend in ea tch per unit effort of NorHegian 
traHlers in Sub-area I was observed from 1977 to 1981 
.Ho·wever, catch per unit effort declined by about 20% from 
1981 to 1982, folloHed by a reduction from 1982 to 1983 by 
about 50%. The reason is that a great pr-oportion of the 
stook has reached the age of maturity in 1981-1982, 
particularly the good year classes 1975 and 1976. These fish 
migrate to the , spawning areas in Division IIa and the 
increase in ea tch per unit effort up to 1982 in that area 
might be explained by this migration. However, in 1983 catch 
per unit effort in Division IIa declined considerably. 
Although the 1983 figure is preliminary, this indicates that 
the year classes now recruiting to the spawning stock are 
poor. 

5.2. Virtual Population Analysis (VPA) 

5.2.1. Age compositions (Table 22 ) 

Catches in numbers per age-group were revised for 1981 
according to the total reported catch by France of 414 
tonnes. 

The data for 1982 given in the previous report, which were 
based only on samples taken during the first 6 months, have 
been updated according to the samples taken during the whole 
year by Norway. 
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For 1983 the projections of the total annual catch in 
numbers by age were made based on data available for the 
first half of the year from the Federal Republic of Germany, 
Norway and the USSR. 

5.2.2. Age at maturity (Table 25) 

In the earlier assessments the Working Group has taken the 
mature part of the stock to be all fish of age 6 and older. 
In order to obtain a more realistic estimate of the mature 
part of the stock it was decided at the 1982 meeting of the 
Working Group to apply a maturity ogive for the estimate of 
the spawning stock biomass. 

Only two series of data (SONINA 1981 and SAETERSDAL 1954) 
were available for haddock but since these are similar the 
data published by Saetersdal are used (Table 25). The 
Working Group noted that such a limited material is not 
sufficient, particularly in wiev of possible trends in time, 
but even the application of a standard maturity ogive is 
considered an improvement compared to the previous approach. 
It is recommended that existing material should be made 
available in more detail and further sampling be undertaken. 

5.2.3. Fishing mortality in 1983 

The exploitation pattern for 1983 was taken to be close to 
the one selected for 1982 in last year 1 s assessment (ANON 
1983a), which was based on the average exploitation pattern 
for the years 1978-1981. 

The major part of the haddock catch is taken as by-catch 
in the fishery for cod, and the haddock stock is exposed 
virtually to the same effort as cod. Therefore, comparison 
between fishing mortality, catch per unit effort and biomass 
of these two species is thought to allow conclusions to be 
drawn for haddock based on the cod assessment. 

Having the VPA on cod finalized (Tables 15 and 16), an 
average F of o. 24 on the 4-7 year 1 s olds was decided on. 
This level of exploitation in 1983 gave a reasonable value 
of the average fishing mortality on the 5-7 years old 
haddock in 1983 versus the average fishing mortality on the 
6-7 years old cod, both averages refering to the Norwegian 
trawlers in Division IIa (Figure 14). 

The resulting biomass of haddock compared also reasonably 
well with the total biomass on cod when related to the ratio 
of these two species in the 1983 trawl catche (Figure 15). 

This level of exploitation in 1983 results in a decrease 
in total stock biomass during 1982 as also reflected in the 
last year 1 s catch per unit effort data from the Norwegian 
trawlers (Table 21). 

The results of the VPA on haddock are given in Tables 23 
and 24. Historic trends in the total stock and catches, 
fishing mortality, recruitment and spawning stock biomass 
are shown in Figures 16A-D. 

5.3. Catch Projection 

For the 1980 year class the VPA estimate of 14 million 3 
year olds was used as input recruitment for the projections. 

Arctic WG Report 1983 



C.M. 1984/Assess:3 17 

From the 0-group survey index (Table 25) the 1981 year 
class seems to be even less abundant. However, jugded from 
the Nol~wegian bottom trawl survey in 1983 (Table 26) the 
1981 year class as 2 year olds is of similar abundance as 
the 1979 year class as 2 years old. The Nor\vegian bottom 
trawl survey gives a ratio between the 198·1 and 1979 year 
classes both as 2 years old of 1. 19. Raising the VPA 
estimate of the 1979 year class as 3 years old (18 million) 
by this factor gives 21 million, \vhile a rounded figure of 
20 million was actually used for the 1981 year class. 

The 0-group survey index for the 1982 year class is 
similar to the index for the 1976 year class (Table 25), and 
the Norwegian bottom trawl survey (Table 26) indicates that 
the 1982 year class is much more numerous as 1 year old than 
the 1980 and 198 'I year classes. Therefore the VPA estj_mate 
fot' the 1976 year class of 165 million Has accepted as an 
estimate for the 1982 year class. In Table 27 the parameters 
used for the projections are given. 

5.3.1. Management Options 
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5.4. Effects of the 1984 TACs on Spawning Stock Biomass 

7?1 

Fl~orn the very low 197 9-1980 level, the spawning stock in 
1982 has slightly increased to a level of about 117 000 
tonnes due to the contribution by the good 1975 and 19'76 
year classes in 1982 (Figure 16). However, this developernent 
discontinued in 1983 and no further increase in spavming 
stock biomass can be expected up to about 1987, since all 
the year classes recruiting to the spawning stock during 
this period are poor. If management aims at maintaining a 
reasonable spaHning stock size over a longer period, a 
cautious approach in the long-term policy is advisable. 
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5.5. By-catch of Haddock in the Cod Fishery 

In setting the TAC for haddock it has to be remembered that 
a considerable part of the haddock catch is taken as a 
by-catch in the fisheries for other species (mostly cod) in 
Sub-areas I and II. 

The ratio of cod and haddock in the trawl catches (Figure 
15) indicates that, at present biomass levels, the amount of 
haddock taken as by-catch in the trawl fishery for cod in 
1984 is expected to be about 1/7 of the cod catches. 

6. DISTRIBUTION OF COD IN AND AROUND THE "MENTELLA BOX" 

Material available to the group were distribution maps of 
cod greater than 41 cm and less than 42 cm from the 
Norwegian bottom trawl surveys (DALEN et. al.,1983) in the 
Barents Sea in the months January to March 1981 - 1983 
(Figures 18 to 23) and the USSR paper by SHESTOVA and 

LUKMANOV (1983). 
On the basis of this limited material the group feels that 

no firm advice on the distribution of cod in and around the 

"mentella box" can be given at the present meeting. 

7. DENSITY DEPENDENCE 

DATA AVAILABLE IN WORKING GROUP FILES FOR EVALUATING DENSITY 
DEPENDENCE IN THE PARAMETERS OF THE MODELS USED IN FISH 

STOCK ASSESSMENT North-East Arctic cod and haddock stock 
density in terms of numbers or biomass as well as 
recruitment can be determined from data held in Working 
Group computer files by VPA. Weight at age data currently on 
file are constant for each year. Annual maturity ogives are 

not established with sufficient accuracy to allow analysis 

of density dependent phenomena, 
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8. DEFICIENCIES IN THE DATA BASE 

The text table below gives the pel~centage of the catch in 
Sub-area I and Divisions IIa and IIb and of the total catch 
r'eported without accompanying age compositions, This faces 
the Working Group with the problem of splitting these 
catches using age compositions from other fleets and areas. 

C<"J liii<'JciocK 
.,,Jt,,li('A Oivisinn L<ivi';ion Toti'll suh"lrRA DivLsioti tnvi.sinn Trll:al 

I I :; I ll > I I 0 I I h 

(. ':> (). I )'l. j ;) -, 
·'- c. I (.4 

b. •; L • ( ..:.~..i" \_} 9.'l 'I .?. ':>.1 1 i] '1 
1 n.) 4.~ I .1 5.? 15. 9 ) .. 'l 

From this table it is seen that this was a constderable 
problem for cod in 1980 and 1981 particularly in Division 
IIb, mainly caused by Spain. However, Spain has made great 
effort to overcome this problem and monthly age compositions 
v1ere submitted for the 1982 catches. Even with this 
improvement there are still 20 801 tonnes of cod catches for 
1982 vli thout age compositions reported. For the first half 
of 1983, no age compositions Here submitted by countries 
(Farces, France, Spain and United Kingdom) with an expected 
catch for this year of about 36 000 tonnes. 

With the exception of Spain these countries did not report 
age compositions for their 1982 catches either. Attention is 
drawn to the fact, that the meeting of the Working Group was 
scheduled to be held in autumn in order to be able to use 
data from the fishery of the first half of the current year. 
It is recommended that countries having substantial catches 
in the area in the first half of the year report those to 
the ICES Secretariat in time for the meeting of the Working 
Group together with the corresponding biological data. 

The Working Group still feels that the biological data, 
such as the maturation ogive and weight at age data, should 
be updated each year foP both cod and haddock and requests 
data on these subjects to be presented annually. 

The Working Group expressed last year the need to revise 
the mean weight at age for both cod and haddock. This year 
an extensive study of data from English landings of cod in 
the period 1957 - 1979 was submitted as a working document. 
Based on these data alone it was not possible to revise the 
weight at age data used in this year 1 s assessment. This 
subject needs to be further studied and existing data for 
both cod and haddock should therefore be made available for 
the present situation and for the historical record. 
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Table l Total nominal catches (thousand tonnes) by trawl and other gear for each area 

ICES areas Sub-Area I Division IIa Division IIb 
Cod Haddock Cod Haddock Cod Haddock 

Year Trawl Others Trawl Others Trawl Others Trawl Others Trawl Trawl 

1967 238.0 84.8 ?3.8 34.3 38.7 90.0 20.5 7.5 121.1 0.4 
1968 588.1 54.4 98.1 42.9 44.2 ll8.3 31,. 4 8.6 269.2 0.7 
1969 633.5 45.9 Lf1.3 47.7 ll9. 7 135.9 33.1 7.1 262.3 1.3 
~-970 524.5 79.!; 36.7 22.8 90.5 153.3 20.2 6.4 85.6 0.5 
1971 253.1 59.4 ;?7 .3 29.0 74.5 245 .l 15.0 6.6 56.9 0.4 
1972 158.1 38.9 193.4 27.8 49.9 285.4 34.4 7.6 33.0 2.2 
1973 459.0 33.7 241.2 42.5 39.4 172.4 13.9 9.4 88.2 13.0 
1974 677.0 46.5 133.1 25.9 41.0 83.2 39.9 7.1 254.7 15.1 
1975 526.3 35.4 103.5 18.2 33.7 86.6 34.6 9.7 147.4 9.7 
1976 466.5 60.2 77.7 16.4 112.3 124.9 28.1 9.5 103.5 5.6 
1977 471.5 66.7 57.6 14.6 100.9 156.2 19.9 8.6 110.0 9.5 
1978 360.4 57.9 53.9 10.1 117.0 146.2 15.7 14.8 l7 .3 1.0 
1979 161.5 33.7 Lt7 .8 16.0 114.9 120.5 20.3 18.9 8.1 0.6 
1980 133-3 35.4 30.5 23.7 83.7 115.6 14.3 l8,g 12.5 0.1 
1981 91.5 45.1 19.0 17.9 77.2 167.9 21.8 18.7 17.2 o.:;. 
1982 45.1 51.8 8.9 8.9 65.9 171.0 18.8 10.5 31.0 -
1983* 44.4 40.1 5.8 7.2 60.8 142.3 7.1 6.8 20.8 -

I 
-·~ 

*)provisional 
I\) 
f-l 



Table 2. North-East Arctic COD and HADDOCK catches ('000. tonnes) and total trawl effort in Norwegian 
Norwegian units. 

.AREAS SUB-AREA I DIVISION IIa DIVISION IIb Total 
Trawl 

Year CPUE et Trawl ::3fort ePUE et Trawl ::,3fort et effort 
X 10-3 X 10-3 X 10 X 10-3 X 10-3 X 10 X 10-3 x lo-3 

1972 0.96 351.5 366.15 1.17 84.3 72.05 35.2 473.59 

1973 1.40 700.2 500.14 1.09 53-3 48.90 101.2 622.78 

1974 2.02 810.1 401.04 1. 70 80.9 47-59 269.8 584.48 

1975 2.08 629.8 302.79 1.80 68.3 37-94 130.8 404.57 

1976 1.96 544.2 277.65 1.93 140.4 72-75 109.1 406.24 

1977 1.65 529.1 320.67 1.30 120.8 92.92 119.5 489.64 

1978 1.50 414.3 276.20 1.26 132.7 105-32 18.3 394.28 

1979 1.21 209.3 172.98 1.24 135.2 109.03 8.7 289.13 

1980 1.92 163.8 85.31 1.49 98-5 66.11 12.6 158.69 

1981 2.06 110 . .5 53.64 1.39 98.4 70.79 17.7 134.97 
1982 1.82 54.0 29.67 1.39 84.7 60.94 31.0 110.86 

1983* 1. 51 50.2 33.25 1.35 67.9 50.30 20.8 98.26 
~ 

*)projected figures 

1\.) 
1\.) 



Table 3 

Year 

1960 

1961 
1962 

1963 
1964 
1965 
1966 

1967 
1968 

1969 

1970 
1971 

1972 

1973 
1974 

1975 
1976 

1977 
1978 

1979 
1980 
1981 
1982"' 

COD. Total nominal catch (tonnes) by fishing areas 
(landings of NorHegian coastal COD not included). 

Sub-area I Division lib Division IIa 

375 327 91 599 155 116 
409 694 220 508 153 019 
548 621 220 797 139 848 
547 469 111 7'68 117 lOO 
206 883 126 114 104 698 
241 489 103 430 lOO 011 
292 253 56 653 134 805 
322 798 121 060 128 747 
642 452 269 160 162 472 
679 373 262 254 255 599 
603 855 85 556 243 835 
312 505 56 920 319 623 
197 015 32 982 335 257 
492 716 88 207 211 762 
723 489 254 730 124 214 
561 701 147 400 120 276 
526 685 103 533 237 245 
538 231 109 997 257 073 
418 265 17 293 263 157 
195 166 9 923 235 449 
168 671 12 450 199 313 
137 033 16 837 245 16'{ 

97 012 31 029 236 828 

*)provisional figures 

Expected Catches 

11983 
I 

84 000 21 000 203 000 

23 

Total 
catch 

622 042 

783 221 
909 266 

776 337 

437 695 
44~ 930 
483 711 
572 605 

1 074 084 
1 197 226 

933 246 
689 048 

565 254 
792 685 

1 102 433 

829 377 
867 463 
905 301 
698 715 

440 538 
380 434 
399 037 
364 869 

308 000 



Table 4. 
North -East Arctic COD. Nominal catch (tonnes, whole weight) by countries (landings of Norwegian coastal 

cod not included). (Sub-area I and Divisions IIa and IIb combined}. 
Data provided by Working Group members. 

Faroe German Germany United 

Year Iela.nde Fre.nce Dem.Repo Fed.Rep. Norway Poland Kingdom USSR 

1960 3 306 22 321 9 472 231 997 20 141 175 213 400 

1961 3 934 13 755 3 921 8 129 268 377 - 158 113 325 780 

1962 3 109 20 482 1 532 6 503 225 615 - 175 020 476 760 

1963 - 18 318 129 4 223 205 056 108 129 779 417 964 

1964 - 8 634 297 3 202 149 878 - 94 549 180 550 

1965 - 526 91 3 670 197 085 - 89 962 152 780 

1966 - 2 967 228 4 284 203 792 - 103 012 169 300 

1967 - 664 45 3 632 218 910 - 87 008 262 340 

1968 - - 255 1 073 255 611 - 140 387 676 758 

1969 29 374 - 5 907 5 343 305 241 7 856 231 066 612 215 

1970 26 265 44 245 12 413 9 451 377 606 5 153 181 481 276 632 

1971 5 877 34 772 4 998 9 726 407 044 1 512 80 102 144 802 

1972 1 393 8 91.5 1 300 3 405 394 181 892 58 382 96 653 

. 1973 1 916 17 028 4 684 16 751 285 184 843 78 808 387 196 

1974 5 717 46 028 4 860 79 507 287 276 9 898 90 894 540 8011) 

1975 11 309 28 734 9 981 30 037 277 099 7 435 101 834 343 seo1) 

1976 11511 20 941 8 946 24 369 344 502 6 986 89 061 343 0571) 

1977 9 167 15 414 3 463 12 763 388 982 1 084 86 781 369 8761) 

. 1978 9 092 9 394 3 029 5 434 363 088 566 35 449 267 138:) 

1979 6 320 3 046 547 2 513 29l! 821 15 17 991 105 846 

1980 9 981 1 705 2 33 1 921 232 242 3 10 366 ns 194 

1981 12 825 3 106 298 2 228 277 818 - 5 262 83 000 

1982* I u 99s 1 900 302 1 717 287 525 - 6 601 40 311 

I I ,. 

*)provisional figures 1 L. ·rman cod included 

Othera 

351 
1 212 

245 

-
585 
816 
121 

6 

-
133 

-
215 
166 

276 

38 453 
19 368 
18 090 
17 771 

5 525 
9 439 
8 789 

14 500 I 
14 515 I 

' : 

1\) 
.j>. 

TotAl A l 1 
countri~>" 

622 01\?. 

783 221 
909 26(, 

775 577 
437 h95 
44.1 930 
483 70t1 

572 605 
1 074 oe11 
1 197 2(h 

933 2t1,:: 

~89 0118 

565 287 
792 hfV; 

1 10?. 4311 

829 377 
867 116:.; 

905 )0] 

698 715 
4.'10 :OJf.l 

380 434 
399 037 

364 8G9 

I 

I 

l 



Year 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 I 1983 

Table 5. North-East Arctic COD. 

Sub-area I 

Norwa/) U.K. 2 ) 

0.075 

0.079 

0.092 

0.085 

0.05& 

0.066 

0.074 

0.081 

O.llO 

O.ll3 

0.100 

0.056 

0.90 0.047 

1.05 0.057 

l. 75 0.079 

1.82 0.077 

1.69 0.060 

1.54 0.052 

1.37 0.062 

0.85 0.046 

1.47 -
1.42 -
1.30 

I 
-

1.24* -

Catch per unit effort 
(tonnes, round fresh). 

Division In 

USSR3 ) Norway}) U.f:. 2) 

0.42 0.105 

0.38 0.129 

0.59 0.133 

0.60 0.098 

0.37 0.092 

0.39 0.109 

0.42 0.078 

0.53 0.106 

1.09 0.173 

LOO 0.135 

0.80 0.100 

0.43 0.071 

0.34 0.59 0.051 

0.56 0.43 0.054 

0.90 l. 94 0.106 

0.85 1.67 0.100 

0.66 1.20 0.081 

0.50 0.91 0.056 

0.37 0.56 0.04'1 

0.36 0.62 -
0.36 0.41 -
0.41 (0.96) -
0.35 - -

-

*) Projected figures for January-March. 

USSF.3 ) 

0.31 

0.44 

0. 74 

0.55 

0.39 

0.49 

0.19 

0.87 

1.21 

1.17 

0.80 

0.16 

0.18 

0.57 

0. 77 

0.43 

0.30 

0.25 

0.08 

0.06 

0.165 ) 

0.07 
0.26 

1) Norwegian data - tonnes per l 000 tonne-hours fishing 
2) United Kingdom data - tonnes per lOO tonne-hours fishing 
3) USSR data - tonnes per hour fishing 
4) Norwegian data - tonnes per gill-net boat week in Lofoten 
5) Data from redfish fishery in Division IIb, cod is by-catch 

25 

Division Ila 

Norway 
l) U.Y..2) Nor .. ~/l) 

0.067 3.0 

0.058 3·7 
0.066 4·0 

0.066 3.1 

0.070 4.8 

0.066 2.;1 

0.067 4.0 

0.052 3·5 
0.056 5-l 

0.094 5·9 
0.066 6.4 
0.062 10.6 

1.08 0.055 11.5 

0.71 0.043 6.8 

1.19 0.028 3·4 

1.36 0.033 3·4 
1.69 0.035 3.8 
1.16 0.044 5.0 

1.~2 0.037 [.l 
1.06 0.042 6.4 
1.27 USSR 5.0 
1.02 0.35 6.2 
l.O;L 0.34 6.4 
1.20* 7·6 



21', 

r~ a::.: E: ~. North-East Arctic COD. 
Catch per unit effort. Data from the Lofoten fishery 
are given in gutted weight with head off. 

Norwegian vessels 

Year 
Catch (kg per man per day worked in the 

Lofoten fishery (Division IIa)) 

Gill-net Long-line Hand-line 

1960 77.8 148.3 56.7 
1961 101.5 141.1 75.5 
1962 94.9 134.4 57.8 
1963 80.8 116.3 56.2 
1964 104.5 62.1 51.5 
1965 81.8 78.3 68.4 
1966 121.8 131.9 72.6 
1967 107.9 245·4 120.7 
1968 158.0 184.6 61.5 
1969 170.6 200.4 142.8 
1970 180.3 304.3 127.6 
1971 334·3 510.7 192.7 
1972 318.7 400,1 110.2 
1973 189.7 366.5 112.1 
1974 96.3 146.4 63.9 
1975 122.0 188.3 96.1 
1976 131.4 258.4 134.8 
1977 173.2 279.6 143-5 
1978 237.6 381.7 134.6 
1979 201.3 306.0 125.1 
1980 169.9 207.8 100.9 
1981 217.0 327.9 109.6 
1982 199.1 753.4 252.0 
1983 308.0 -- 348.8 134.0 



PERIOD: 

Age 

3 
4 
5 
6 

7 
8 

9 
10 
11 

12 
13 
14 
15+ 

~ North-East Arctic COD. Maturity ogives used to estimate the spawning stock biomass; alternative 2. 
(Anon. , 1983a) 

1942-52 1958-66 1966-78 1965-69 1975-76 1977-78 1977-80 1978-9 1980-81 
P e r c e n t a g e mature 

1 1 1 
2 1 1 1 1 2 
5 5 3 4 6 6 

3 7 13 7 11 12 13 19 17 
10 26 31 20 21 32 38 36 36 
24 42 57 42 42 56 62 70 61 
42 55 74 63 80 69 67 75 79 61 68 85 84 90 81 71 81 90 
79 79 85 98 92 82 so 82 92 
92 87 91 lOO 98 86 60 86 98 
99 92 lOO lOO 96 lOO lOO 96 lOO lOO lOO lOO lOO lOO lOO lOO lOO 

1982 

5 
10 

34 

I 65 
82 

92 
lOO 

lOO 

lOO 

lOO 

lOO 

lOO 

1\) 
~ 



28 

! 

i 

I 
I 
I 

Table 8. North-East Arctic COD. 

PERIOD 

Age 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15+ 

Maturity ogives used in the 
assessment, alternative 1, 
for the estimate of the 
spawning stock biomass 

1946-1982 1 1983 2 

Percentage mature 

I 1 

5 8 

10 
j 

10 

34 i 30 i 

65 I 73 i 
82 ! 88 

92 97 
100 100 

100 100 

100 100 

100 100 

100 100 

100 100 

1 Hylen and Nakken, 1982, 
2 Hylen and Nakken, 1983. 
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North-East Arctic COD. 
Results from the Norwegian bottom trawl survey in the Barents Sea. 
Index of number of fish in each year class. 
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Table 13. North-East Arctic COD. 
Year class strength. Number per hour trawling for 
USSR Young Fish Surveys is for 3 year old fish 

USSR Survey No. per hour 0-&roup survey index 

Year trawling USSR 
(Logarithmic) Class Sub-area I Division IIb Mean assessment 

All areas 

1957 12 16 13 - Average 
1958 16 24 19 + Average 
1959 18 14 16 + Average 
1960 9 19 13 Poor 
1961 2 2 2 Poor 
1962 7 4 6 Poor 
1963 21 120 76 Rich 
1964 49 45 46 Rich 
1965 <l <1 <1 Very poor + 
1966 2 <1 1 Very Poor 0.02 
1967 1 <1 1 Very Poor 0.04 
1968 7 1 5 Poor 0.02 
1969 11 6 9 Poor 0.25 
1970 74 86 76 Rich 2.51 
1971 37 24 32 Average 0.77 
1972 53 17 40 Average 0.52 
1973 74 5 46 Rich 1.48 
1974 6 1 4 Poor 0.29 
1975 93 4 62 Rich 0.90 
1976 4 <l 3 Poor 0.13 
1977 2 1 1 Poor 0.49 
1978 1 3 2 Poor 0.22 
1979 <1. 8 •3 Poor 0.40 
1980 C'(l) (<1) (<1) Poor 0.13 
1981 (<-1) (<1) (<1) Poor 0.10 
1982 0.59 
1983 1.6g 

( ) = estimated 

*) USSR Murman cod inc1udP.d for 1974-1978 

Virtual Population No. of 
3 year olds x 10-6 *) 

r1 = 0.2 

791 
919 
731 
474 
339 
778 

1 584 
1 293 

170 
112 
197 
405 

1 016 
1 821 

525 
623 
622 
377 
692 
241 
180 

(180) 
(107) 
( 30) 

"-" 
0 



Table 14. VIHTuAL POPULATION A~ALYSIS 

r, (.lr< I rl-tA S 1 Ar<CfiC COD 

CAfCrl ItJ tWMt3Et<S UtHT: I HO US ~tillS 

----------------
·1 961 19 62 1'16.5 1 '164 ·1 '165 ~'too "I '16/ 1'161:! l'io9 "1'170 I '171 1'172 

:s 4)4 7 8 ft241o "I 3'1 '16 52 91:! ·1 5 /25 55'1 3/ 344 6/ 3 7 O'J 2307 ("I 6i~ 7754 3S)36 

4 132655 17056o "ll)691.S4 4:it,12 2')'-}'19 )5644 1c.OI141:1 174)6) 24545 1 019 2 1 j 739 4)431 
s 123458 167241 205549 '1/'1) () l "C.2 99 346/6 o'l2 35 2o /96"1 238511 2) ij13 l'ld31 2 61S32 

6 5n o7 1:!94 60 9 54 9d )6)7') 0 0 ')11 4253Y 22lJo1 1070:J1 lo1239 1371:!29 '/)27 1201:!9 

7 3d740 2X2'17 3 55 "I H 1 Yo42 2) 444 371 6'1 2 o2 '7) 26 7 01 7Y3o3 9o42f1 s '7290 /'11 d 
d 1/316 21 9Yo 'I 6221 '1162 1l43o 1 d 5011 (' :>"1 !JY 163 9<; 269:.s9 3"1 n n 521103 34oi:S) 
'} 5 791 795 0 "11 "0'14 6'190 3)o':f son li3L3 115')/ 1 :S4o 3 1:!'7.53 120Y3 22:515 

lfl oll"i"l 2 72 tl 3Jd4 3 ))j 1 40 7 1 47 ') .!.32'1 .So:;,·( ')11'72 .5249 2434 4:;,72 

11 :;,5 on 26113 "I 0 21 nn ., 161 31:111 0 1';/ o57 1':113 ·1 232 762 1 21 5 
12 1 6 a?. 1 64 7 1lJ2 ') "172 LS1 403 s ·1 o "I 22 4"1 4 2 6{1 41 6 35.5 
n '110 392 4'Jo 313/ o7 n 225 124 ·1 21 "l 06 149 315 
'14 2 .:iO 21:!0 "12 'I 264 '11 '1 40 70 23 39 42 1 21 

1 5 + 10/l 1 03 "I 57 1 3'1 "1'?9 ((l 'l4 46 46 35 25 40 
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TElhl~. VIRTUAL POPULATIOM ANALYSI~ 

'IIOqTH~EAST At<CTIC COD 
\.)J 
1\J 

FI S '1IrlG MORfALITY COFFFICIENf rJATIJi~AL 1'10!{ TAll TY C I) E F F I C I c IH = n.?.r -----------------------------
1961 1962 1':1o3 1':164 1Y65 19 o6 'I Ye I 'I Y6il 1':169 1 ur. I '171 1 '172 

3 n.n:;,6 n .nr)o n. o.s 1 r). 011 fJ. fJ2 3 I'. r"J4(} o.n.sn n.024 n. 112 3 r.n41 n. r}21 n.o3Y 
4 n. 2 11 n. 3 ns IJ.236 n. ·144 1).1'11 n. 1 r>4 ().'I ) (~ n .2 'll n •• ~<' 1 n .1L..2 n. 1 n.s fl. I o i' s n. 49 3 n.64o 0. 13<! f). 35 <1 1). 3 .'IY n. 21 ,• n •. , :::1 n.4n~ n.41>1 n.3.·Q 'l.a:<. n. c. Y ~ 
I) n. ~ ·16 n.t~? .s n. 'I'.J'i n. 4~·, (1. 44') 1 r. 5"r) n.? :12 n.L..Il'f n. ::d 7 n.) 71 fl./3o n • .S/54 
7 n. s 2 7 n. 6 n 7 f). ':16{' n. ~ () ll n • .SY7 n. L..t,s n .4 c 1 n.4 '11 n. l'u ~ n. 6'1 <i n. 51 <l n.314 
1:$ n.oi:S6 n.654 11.15 '/3 rl. {1 D ll.JI) n.sco n. oo,5 n. 5?. n n .'1t' 7 n • .:157 n. 02 0 n.uor 
'-I '1. 7 !-? n.~flO fl.'d5 'I. fl/t ( rJ .uYn n. 6;~n n. o55 n. ·r64 ·t. U? n.Y54 n.v3n 1 • 11 7 .,., n. 7 ;_sfl n .Ytl.S 1. 2 Y3 n.:.;.s~ n. un n. 7P'J n. r ·~6 n ./?5 [) .'/L<,' fl. y tn f1. 171 1 .n2 
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'I ,; n.ns n.o 73 0. o2·1 1. '14::> l.flS? n.6nt. [). <jh4 '1.'15'1 O.U·I 11.4 66 n.474 n. 1'6~ 
'jf, n.snn n. snt~ r1. 49r n.01n fJ. ';/l)n n.3rn r. 1 ~~.~ 11.'(4(1 n .(li.ir n.:;,4r. 'l.SL..'l n.<t1n 

'I)+ n. s '1n n.5'~0 r).4'ill n. -:~1 n 1). 46'1 n. 3/tl fl. l) 'J n. 7t+ '1 n.u6n n. )L.. n !1.34[1 n. Y1 o 
s-·1 n )U '1.62? n.74Y n. 'Nd n. 66:) n. ).)t, IJ.':if'l. r;. 5 ·u n.Stt~s n. t·t9 n./?.3 n.::>1:>5 n. IJb I 

I y (3 19 ?I, 1 rt··, ., '1 7 .. , 'I .;n ., 9(0 I ':1 I 'i 1 1/ tsl1 1 ·; ,, 1 'I Yd? I 'IuS 

5 '1.1 Y6 n./14 r,. r) :~.) n. ·1 G 4 r:J.·u3 n.1:54 11 .·l L..O n.n;>4 n.112 ·1 n. 11;16 n.P?f'J 
I, n. 1 '-1'1 n ·" '!:., 11.2 'If' (). 31 'I iJ.) )') n.?. n? [I •. , <.i 'i n .1 n1.. n.lr5 n. 1 14 n.I1Kn 

'1.3)3 n. ':i3 !' 11. s ~ r n. 4?CJ [). 749 n. 6'•4 n.J ns n.31t. (). 'I ( ~·~ n.217 11.~gn .. , n.SY? n.)'l/ (l. ( :l -, n. so·:~ n.oo2 n.d:Sr n.) ·11 n.::>nr n .ltZI, n.sd'? n .I,rJn n .4 ·1 ~~ n. t•'• ':i n. lil3 fJ. (•9) (). 6 /1 11. '!'• '·' fl.o44 n. s•,r( o. ':i ( 6 n .:> 67 11. s '•n n. b :,:~ r, .41L$ 0. 7 n.s n. <..,c1:;, 0. '1:17 n. •,;11+ n. r ::>'1 n.u?'l n.olr n. '• 59 'l.::>sn 
'-1 1 • n r11 n.4.,::: 0.6n4 'l. 7 ?4 'I. 2119 1 • ~ ?:;<! n. ·.;·,;u r>.r!.Vt 1 • i] ':13 n. 5 9~1 '1.430 .In fl. 1'1 3 n .<~ s 1 11. 41)6 0.451 n. l :,<~ 11. '.i 'J ., n.Y.:SI n. 'i?·1 1 .illtll n.::. ?1 n .43fl 

'11 n. 5 r6 n. '1'1 .:i 'I. '11 ':i n.3rE 0.6:13 1 • 7 ~' ~~ 1 • 2 t!.l 1 • "''· ., n. 1·1 6 , .o ~s n. 't31J 
L~ n. o').)) n.6nl n.o<S1 n. ;~s 1 n.? .st, 1. '51? 1 • 1 u':l n. I :ll fl. oull n .tt 17 n.43fl 
.I~ 11. ~4 r• 1 .l3Y 1. 2 ss n. ::J4;! 0 .IJ 'I :~ 2.r"J4') f).) .J6 1. ns .s 1 • 'lit 2 n • .S4? n.43n 
1/+ n. S'l n n.?nn 11.()on n.'dn o. ltf'!ll n.s:sn n. )I)O fl.)6(] n • .st, n n.44n n.4.:>n 

'I)+ n. ~-in n.7~"0 n.da'l n. 43rJ n.4nn n.s:::n n .s 60 n. son n.~4n n. 44n n.4311 

S-Hl JLJ n.).:Hi n.S':i5 n.o1b n. bt.? 11.031 n. ':)'1 e:s 11. ()'Jfl n.o4o n.uol.l fl.4 ')9 n .i.:S ~:. 



Table 16. 'JIRTUAL POPULATION A~ALYSIS 
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Table 17. ~0rLh- East Arctic eoD. 
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Table 18. North-East Arctic COD. S~awning stock biomass from maturity ogives and 
recruitment at age 3; originating from the spawning stock for 1946to 1977 (80), 

xl03t X 1Q3t xlo3nos. xl03t xro3t x103nos. 
Sp .• stock Sp.stock 

Recruitment Year 
Sp.stock Sp.stock 

Recruitment Year Alt. 1 Alt. 2 Alt. I Alt. 2 

1946 2 810 1 244 468 1965 541 97 170 
1947 2 269 1 073 710 1966 680 139 112 
1948 1 907 843 1 090 1967 727 154 197 
1949 1 718 621 1 192 1968 983 178 405 
1950 1 686 549 1 593 1969 1 116 194 1 016 
1951 1 640 463 644 1970 1 185 251 1 821 
1952 1 244 327 273 1971 1 123 303 525 
1953 1 153 322 440 1972 794 276 624 
1954 1 221 293 so:; 1973 626 225 622 
1955 1 493 307 497 1974 572 157 377 
1956 1 583 3l2 6s:; 1975 592 124 692 
1957 1 296 289 791 1976 757 149 241 
1958 1 151 307 919 1977 740 245 180 
1959 951 346 731 1978 595 240 (180) 
1960 851 295 47~- 1979 450 180 (108) 
1961 827 258 339 1980 393 135 (30) 
1962 746 204 778 1981 512 283 
1963 554 142 1 584 1982 548 366 
1964 443 98 1 293 1983 565 328 

'-"' 

""' 
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Table 19. 

Year 

1960 
1961 
1962 

1963 
1964 
1965 
1966 

1967 
196B 

1969 
1970 
1971 
1972 

1973 

1974 
1975 
1976 

1977 
197B 

1979 
1980. 
1981 

1982* 
I 

37 

North-East Arctic HADDOCK. Total nominal catch (tonnes) 
by fishing areas. (Data provided by Working Group 
members.) 

Sub-area I Division lib Division I la Total 

125 675 1 854 27 925 155 434 
165 165 2 427 25 642 193 234 
160 972 1 727 25 189 187 888 
124 774 939 21 031 146 744 

79 056 1 109 18 735 98 900 
98 505 939 1B 640 118 079 

124 115 1 614 34 892 160 621 
lOB 066 440 27 9BO 136 486 
140 970 725 40 031 181 726 

BB 960 1 341 40 20B 130 509 
59 493 497 26 611 86 601 
56 300 435 21 567 78 302 

221 1B3 2 155 41 979 265 317 
2B3 728 12 9B9 23 348 320 065 
159 037 15 068 47 033 221 138 
121 6B6 9 726 . 44 330 175 742 

94 064 5 649 37 566 137 279 
72 159 9 547 28 452 110 158 
63 965 979 30 478 95 422 

63 841 615 39 167 103 623 
54 205 68 33 616 87 889 
36 834 455 39 864 77 153 
17 869 2 29 381 47 252 

* Provisional figures, 

EXPECTED CATCHES 

1983 13 000 14 000 27 ooo 1 _ 



Table 20. North-East Arctic HADDOCK. Nominal catches (tonnes) by countries. (Sub-area I and Divs. IIa and IIb combined). 
(Data provided by Working Group members.) ~ 

ro 1 
I Fa roe I 

I Tl'!ar German Germany 
Ielande France Dem.Rep. Fed.Rep. Norv11y Pole.nd U.K. USSR OtMrs Total 

I 

1950 172 - - 5 597 47 263 - 45 469 57 025 125 155 651 
1961 295 220 - 6 304 Go 862 - 39 650 85 345 558 193 234 
1962 8) 409 - 2 895 54 567 - 37 486 91 910 58 187 438 
1963 17 36) - 2 554 59 955 - 19 809 63 526 - 146 224 
1964 - 208 - 1 482 38 695 - 1d 653 43 870 250 99 158 
1965 - 226 - 1 568 60 447 - 14 345 41 750 242 118 578 
1966 - 1 072 11 2 098 82 090 - 27 723 48 710 74 161 778 
1967 - 1 208 3 1' 705 51 954 - 24 158 57 346 23 136 397 
1969 - - - 1 867 64 076 - 40 129 75 654 - 101 726 
1969 2 - 309 1 490 67 549 - 37 234 24 211 25 130 820 
1970 541 - '656 2 119 )6 716 - 20 423 26 802 - 87 257 
1971 81 - 16 896 45 715 43 16 373 15 778 3 78 905 
1972 1)7 - 829 1 433 46 700 1 433 17 166 196 224 2 231 266 153 
1973 1 212 3 214 22 9 534 86 767 434 32 408 186 534 2 501 322 626 
1974 925 3 601 454 23 409 66 164 3 045 37 663 78 5481) 7 348 221 157 
1975 29'9 5 191 437 15 930 55 966 1 080 28 677 65 0151) 3 163 175 758 
1976 537 4 459 348 16 660 49 492 986 16 940 42 4851) 5 358 137 265 
1977 213 1 510 144 4 798 40 118 - 10 878 52 2101) 287 110 158 
1978 466 1 411 369 1 521 39 955 1 5 766 45 8951) 38 95 422 
1979 343 1 198 10 1 948 66 849 2 6 454 26 365 454 103 623 
1980 497 226 15 1 365 61 886 - 2 948 20 706 246 

87889 I 1981 381 414 22 2 398 

I 
58 856 - 1 682 13 400 - 77 153 

1982* 496 350 - 1 258 41 421 - 827 2 900 - 47 252 
* Provisional figures. 1) Murman haddock included. 



Table 21 North-East Arct'ic HADDOCK. 
Catch per unit effort 

Sub-area I Division lib Division IIa 

Year 
Norway1 ) u.r:. 2) Norwayl) U.K. 2) Norway1 ) 

1960 33 2.8 

1961 29 3.3 

1962 23 2.5 

1963 13 0.9 

1964 18 1.6 

1965 18 2.0 

1966 17 2.8 

1967 18 2.4 

1968 19 l.O 

1969 13 2.0 

1970 7 l.O 

1971 8 3.0 

1972 0.06 14 0.02 23.0 0.09 

1973 0.35 22 0.18 20.0 0.39 

1974 0.27 20 0.09 15.0 0.51 

1975 0.26 15 0.06 4.0 0.44 

1976 0.27 10 + 3.0 0.24 

1977 0.11 4 + 0.2 0.14 

1978 0.13 5 + 4.0 0.14 

1979 0.36 - 0.07 - 0.18 

1980 0.45 - + - 0.22 

1981 0.64 - - - 0.37 

1982 0.51 - - - 0.38 
1983* 0.27 0.15 

*)Projected figures 

1 )Norwegian data - tonnes per 1 000 tonne-hours fishing 

2 lunited Kingdom data - tonnes per 100 tonne-hours fishing 

U.K. 2 ) 

34 

36 

42 

33 

18 

18 

34 

25 

50 

42 

31 

25 

18 

20 

74 

60 

38 

16 

15 

-
-
-
-

39 
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'> 1 :Su 5fl5 151904 54•ho ooY.'Sil 
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Year 
class 

1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 

Table 25. North-East Arctic HADDOCK. 
Year class strength. The number per hour trawling for 
USSR Young Fish Surveys is for 2 year old fish. 

USSR Survey No.per hour 0-Group Survey Index 
trawling Sub-area I (Logrithmic) 

All areas 

9 
4 

14 
40 
50 

3 
9 

12 
<1 0.01 
<1 0.01 
13 0.08 
<1 + 
69 0.29 
33 0.64 

3 0.26 
9 0.16 
8 0.26 

35 0.51 
96 0.60 
13 0.38 
1 0.33 

<1 0.12 
<1 0.20 
<1 0.15 

(<1) 0.03 
0.38 
0.62 - ----·-

( ) =Estimated *=USSR Murman haddock included for 1974-77. 

Virtual population -~ 
No. of 3 year olds x 10 

242 
109 
241 
274 
320 
lOO 
243 
291 
20 
17 

164 
97 

1 025 
270 

54 
49 
56 

114 
187 
165 

23 
( 7) 
(18) 
(14) 

- --



1 Table Z6. 
I 

North-East Arctic HADDOCK. 
Results from the Norwegian bottom trawl survey in the Barents Sea. 
Ir.dex of number of fish in each year class. 

--------~--~---------------------------------------------------------------------
'!'ear 

Hli:ll 
19lii 

1 '/i:l2 

11icU .)14. ~ 

'I 9/:ll 

n.!:l 
'j. l 

1 ':I ISO 

o.s 
n.9 
4.1 

1'1'1\1 

4./S 
'I. 8 
:5.o 

'(EAR CLASS 
'1'7i'!S 1':1"1/ 

~.3 
2 .1 
1 • '-) 

'1.::. 
2.~ 
t. • .S 

'1976 

2.f1 
s. 5 
3.9 

't Y"'!:l 

0.1 
2."1 
I • o 

'1':1/4 19/.5 

o.s 
0.2 

0.2 

rurAL 

l'j.? 
'I:>. 9 

3.)/.6 

..,.­
\.]1 I 
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Table 27. North-East Arctic HADDOCK. 
Input: data for catch projections, 

LIST Of INPUT VANIARLES RV AGE GNOUP: 

AGE 

3 
4 

( 

l 
·) 

1 'l 
1 I 
1 2 
1 5 

14 t 

1984 \ 
Stock Sizl:! 

( 1 000) 

;>nntJn.nn 
111114. 'l'l 

q 7 ')1,. 'l'l 
.,_) .•• .J .. ')•l 

'· _) J .j •. \ ' 

., 611·12. nn 
S94n.nl1 

1'i4.11n 
1 )4. nn 
143.00 

t3.0I1 
s.sx.nn 

Recruitment 

F-P AfT I: M ~I 

0.11110 
11.7son 
n. •m on 
., .1 :;on 
1.; )iln 
·1.nQfH) 
11.')0011 
IJ.Ynnn 
n. •Jo'ln 
0.9[}01) 
o. ')000 
0.'}0011 

(age 3) 1985 

11.2 no 
0. 21)11 
o.2nn 
·1. ~nn 
.).t!.lit) 

o • .::n11 
n.zno 
O.t!.Ofl 
o.2nn 
o.znn 
o.znn 
o.2nn 

165 mi
1
llion 

o1A TUIU fY 
Otil VE 

n.nnnn 
n.n5nn 
n.z.snn 
1. 5.!.fln 
1. w.Jilf' 

n.Ylifln 
1. onnn 
1 .noon 
1. 000(1 
1. nnon 
1.nnon 
1. nnnn 

WEIGHf IN 
THE CATCH 

n.oooo 
'I .030(1 
1 ./'1110 
t!. • .!.Knn 
,~. uonn 
3 • .5300 
5.10(10 
4.41fJO 
).4nno 
6. 11100 
/.4f1nll 
~.llf101l 

WEIGHT IN 
THE STOCK 

n.6oon 
1.0300 
1.7'1110 
? • 3~nr1 
2. i:Sofl:l 
3.3300 
3. 7l1f10 
4.4100 
5.40'10 
6.7ono 
7.4Qfl0 
-'L nnnn 
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·F1w.;e 12,' NO:ffi!lt.;EA.ST :ARp$ con. :Spa'!'llrlng stook versus recruitmeitt at -
. , ·age;;~;~- ola1jtSes ll.946..:rl (SSB from Norwegian maturity ogive, 

. co~o~-.£~11· -S@! ,disc~.epancies) • 
. 1-fumber of ±Eio:i:'lti:t.s · · 

1 

::~· 
_ .. t )) (milliohS) 1 

• 

200 

.1o 

~ itr 
·r:.-r -+ 

R =: o.95s P • m(-o.oo047i P) 
± =: 0.36 



I­
Figure~ NE~Arctic COD. Spawning stock 
versus recruitment at age 3, year 
classea 1946"'76, 

Spavming stock ( 1000 tonnes) 
\J1 
'-0 



6o 









64 1"}1111 1911 21111 23IU 2SXl 2"}1111 2911 31111 
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F1qur11 111, Di stributlon of cod lP.Sfl than 42 Cr:l from 
the NorwP.Qian bottom trawl survey 19>11. 
(NUmber<; pP.r hour of trAwling) 

711111 

:!11111 23IU 2S'II 2'}llll 2911 lUll!! 
oi~tribution nf cod qreAtl'fr taFtn 41 cm-f;:;;;;;-­
the Norweoian hottom trAwl survey 19H1. 
( NU!nbP.rs pl!r hour of tnnding) 
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1 7bD 1911 2100 2311 2SXI 2'7bD 2911 3100 3311 3SXI 7500 
7500 

7400 7400 

7300 7300 

7200 

7100 7100 

70co I ~...,.. \~.Xi ~ , •.•• }>-.. I I ;p-. - I I I 1'7bD 1911 2100 2311 2SXI - -- -··- -- --
figure 22. 

1'7bD 1911 

7500 I I 

Q 

7400 

7211!1 

71111 

Distribution nf cod !P.SS than 42 cm from thP. Norw,qian bottom trawl survey 19113. c Numhers pP.r hour nf trawling l 
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7200 
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figurP. ?.3. Olstrihutinn nf cnrl qrenter tl1iln 41 cm frn;;; th" NorwP.oian bottom tra~d survP.y ·19dJ, CNu"lhers pP.r flour of trnwlingl 
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