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2 INTRODUCTION

2.1 Terms of Reference

At the 74th Statutory Meeting of ICES in 1986, it was decided
(C.Res.1986/2:5:23) that the Arctic Fisheries Working Group
(Chairman: Mr T. Jakobsen) should meet at ICES Headquarters from
14-24 September 1987 to assess the status of and provide catch
options for 1988 within safe biological limits for the stocks of
cod, haddock, saithe, redfish, and Greenland halibut in Sub-areas
I and II.

2.2 Methods Used in the Assessments

For the first time, the ICES VPA tuning program (Anon., 1986) and
a program (RCRTINX2) for combining recruitment indices (Anon.,
1987) were used in the Arctic Fisheries Working Group. The Work-
ing Group found both methods very useful in combining the often
seemingly conflicting results of various surveys. The separable
VPA was also used for some of the stocks.

3 NORTH-EAST ARCTIC COD

3.1 Status of the Fisheries

3.1.1 Landings prior to 1987 (Tables 3.1-3.3, Fiqure 3.33)

Final reports of landings for 1985 totalled 307,920 t which is
just above the preliminary reported landings of 302,819 t used at
last year's meeting. The landings provisionally reported for 1986
are 426,476 t which are above the agreed TAC of 400,000 +t. From
Table 3.1, it 1s seen that the landings have increased in all
areas by very much the same gquantity. From Table 3.2, it is seen
that the trawl 1is responsible for the increase in the landings
from 1985 to 1986. The decline in landings from conventional
gears in Division IIa exceeded the increase by conventional gears
in Sub-area I, giving a reduction in total landings for these
gears. .

Table 3.3 shows that all countries except "others" have increased
their landings and that the largest increase is by the USSR, hav-
ing more than doubled its landings from 1985 to 1986.



3.1.2 Expected landings in 1987 (agreed TAC of 560,000 t)

The expected landings in 1987 are given in Table 3.3 as a total.
The figure is based on available reports of landings in the first
half of 1987. The landings are not expected to reach the TAC
level, but are believed to be about 545,000 t. This is well above
the landings in 1986, and the main increase is expected to come
from the trawl fisheries. The low availability of fish to conven-
tional gears is the main reason for not reaching the TAC level.

3.1.3 Effort and catch per unit effort

The catch-per-unit-effort data available, except for the Lofoten
fishery, are given in Table 3.4. Most of the figures show an in-
crease in 1986 compared to the earlier 1980s. The data on catch
per unit effort in the Lofoten fishery show lower values in 1987
than in 1986 (Table 3.5). The survey data show that the vyear
classes recruiting to the spawning stock in recent years have to
a large extent stayed and spawned outside the traditional fishing
grounds in Lofoten and are, therefore, mostly fished outside the
area covered by these data. That is the main reason for +the de-
clining trend in the CPUE figures.

3.2 Data from Catches

3.2.1 Catch in numbers at age (Table 3.24)

The catch-at-age data for 1985 were revised according to the
final landing figures and the updated Norwegian composition. Age
compositions for the USSR, the Federal Republic of Germany, and
Spain were the same as used in last year's assessment.

For 1986, the catch at age was calculated using the landings by
areas from each country for the whole year and reported age com-
positions from the USSR, Norway, the Federal Republic of Germany,
and Spain. The UK reported length compositions which were com-
bined with Norwegian age/length keys for the appropriate areas.

The age compositions in landings from other countries were calcu-
lated using the USSR age composition in Sub-area I, the Federal
Republic of Germany age composition and the calculated UK age
composition in Division IIa, and the Federal Republic of Germany
age composition in Division IIb.

For 1987, the USSR, Norway, the UK, <the Federal Republic of
Germany, and Spain provided age and length data from their
catches in the first half of the year.

3.2.2 Weight at age in the landings (Table 3.6)

Weight-at-age data were available from the USSR and Norwegian
fisheries in 1986. These figures, together with the figures for
1984 and 1985, are given in Table 3.6. The averages, weighted by
the catches by each country, were used as input to the assess-
ment, and these figures are presented in Table 3.22.



3.3 Survey Results

The surveys contributing dJdata on cod are the international O-
group survey (Table 3.7), the Norwegian combined bottom trawl and
acoustic survey in the Barents sea (Tables 3.7, 3.9, and 3.12),
the Norwegian bottom trawl survey in the Svalbard area (Table
3.10), and the USSR combined bottom trawl and acoustic survey
(Tables 3.7, 3.11, and 3.13). Also given is the estimated total
stock size of cod from the acoustic part of the Norwegian surveys
in the Barents Sea and Svalbard area and the Norwegian acoustic
survey in the Vester&len-Lofoten area (Table 3.14).

3.3.1 Recruitment indices

The available recruitment indices are given in Table 3.7 together
with the numbers at age 3 in the latest VPA run. These data were
analyzed using the ICES program RCRTINX2, and the results of this
analysis are given in Table 3.8.

The estimated strengths of the 1983-1987 year classes as 3-year-—
olds were used as input to the a?sessment, except that the 1983
year class was set to 1 billion . The recruitment of the earlier
vear classes was left to be estimated by the VPA. The estimation
parameters for the 1983-1987 year classes are given in Table 3.8,
and the rightmost column gives the weights that were assigned to
the various indices and the mean in the final estimate. All the
indices are log transformed except the index of the international
O-group survey, which is given as a logarithmic index. -

Compared to the evaluation of the recruitment made by last year's
Working Group, there are some differences. Both the 1982 and 1983
vear classes were measured by the bottom trawl surveys and the
acoustic surveys as very abundant. The level measured in the
acoustic survey was taken to be closest to the true level. New
information on the methods of acoustic surveys have indicated
that fish in the upper layers of the sea have been overestimated
considerably. The tuning of the different recruitment indices to
the VPA confirms this information in assessing the 1982 and 1983
year classes to lower levels than previously assumed, but the
relative difference in abundance of +the 1982 and 1983 year
classes is confirmed by this analysis.

The evaluation last year of the 1984 year class as about equal to
the 1982 year class was confirmed by the analysis.

The data available on the 1985 and 1986 year classes show that
the optimistic impression from the O-group survey 1is not sus-
tained. The data indicate that high mortality on these year
c¢lasses may have reduced them. The 1987 year class 1is estimated
only on the basis of the O-group index which indicates that it is
a poor year class.

1 . . -
Based on a discussion after a preliminary run.




3.3.2 Weight at age in the stock

The length at age from the Norwegian survey in January-February
in the Barents Sea 1is given in Table 3.15 for ages 3-8. This
gives a picture of the changes in growth that have occurred in
the period 1968-1987. The weights at age from +the same survey
were taken as the weights at age in the stock. These weights are
given in Table 3.23 as input data to the assessment. For inaccu-
rate values, the figures from the old data series were used fron
the previous year.

3.3.3 Maturity at age in the stock

The available figures of maturity at age from the USSR and Norway
for 1984-1987 are given in Table 3.16. The averages of these fig-
ures for each year were used as input to the assessment.

3.3.4 Tuning the VPA to survey results

It was decided by the Working Group to use the tuning module of
the ICES VPA program to obtain initial VPA results. The age range
chosen for tuning was 3-9 years and data from 1982 to 1986 were
used. The surveys conhtaining these data are the Norwegian and
USSR bottom trawl surveys and the Norwegian acoustic survey in
the Barents Sea.

Data on effort and catch at age are available for some trawl
fisheries and were also included in the analysis. The data en-
tered were from the USSR fisheries in Sub-area I and Division
IIa, the Norwegian trawl fisheries in the same areas, and the
Spanish fishery in Division IIb. 2All input data are given in
Table 3.17.

The results of the analysis are presented in Tables 3.18 and 3.19
and in Figure 3.1. The estimated F values from each fleet are
given in the rightmost column of Table 3.18 and the final F for
that age was estimated using a weighting procedure involving the
precision of each of the "fleet" estimates. The resulting input
Fs in 1986 and the estimated population sizes are given as the
VPA printout in Table 3.19.

3.4 Stock Assessment

3.4.1 Estimation of fishing mortality using separable VPA

From the F values given in Table 3.19 it was decided to use input
F = 0.90 at age 7 and a selection value of § = 0.75 for the 14-
year-olds as input to the separable VPA. The results of this are
shown in Tables 3.20 and 3.21. It should be noted that age groups
1, 2, and 10-14 have been down weighted, and that only the years
1982-1986 have been assigned a full weight in the analysis. The
matrix of residuals does not show any large residuals or pattern
in the residuals that should cause any rejection of the results.
The F values and the population sizes generated by the separable
F pattern are shown in Table 3.21.



3.4.2 Assessing the present state of stock

Following +the recommendations of the Methods Working Group, the
option of using the final population of the separable VPA as in-
put to an ordinary VPA was chosen. The input Fs in 1986 for age
14 in earlier years were updated with the calculated values, and
the results of an ordinary VPA using these values are given in
Tables 3.25 and 3.26 and in Figures 3.,3A and 3.3B. It should be
noted that the input F values for 1986 do not necessarily corre-
spond with the F values generated by the separable VPA for 1986.
The 1latter should be used to analyze any trends in the fishing
mortality over the years.

The estimates of the present stock size are shown in Table 3.27
as the ignored parts of Table 3.26 have been substituted by the
estimated recruitment and the figures have been recalculated.

3.4.3 Discarding

Members of the Working Group reported that discarding of the 1982
and 1983 year classes had taken place in the first part of 1987,
Some data were available from Norway, and some discarding appears
to have occurred also in most of the other fleets, but not in the
USSR fishery. It was mainly the 1983 year class which suffered by
the discarding, initiated by its low growth (Tables 3.15 and
3.23) combined with large catches. The available Norwegian length
and age data do not permit any reliable assessment of the age
compositions of the discarded fish. However, the data indicate a
high level of discarding in 1986 and in the first half of 1987.
As many as 80 million fish of the 1983 year class might have been
discarded, representing a long-term loss to the fishery of about
80,000 t when fishing at Fmax with the present fishing pattern.

The discarding rate is expected to be reduced drastically during
late 1987 due to increased individual growth of the 1982 and 1983
year classes. In 1988, the discarding should be of minor import-
ance.

The discarding in 1986 and 1987 is not reflected in the stock
size in numbers for 1988 (Table 3.25), and the short- and long-
term predictions may, therefore, be too optimistic (Tables 3.29
and 3.30).

3.5 Predictions

3.5.1 Input variables to the prediction

The input variables are given in Table 3.28 together with an in-
dication of their origin. The calculation of weight at age in the
stock for the years following 1987 was made on the basis of as-
suming a normal growth of 11 c¢m per year and using the lengths
for 1987 given 1in Table 3.15 as a basis. The formula: Weight =
Length® x K was used with K = 0.008 for 3- and 4-year-olds and
K = 0.009 for older fish. The weights in the catches were taken
as the average of the weight at age in the stock for a year class
and its weight in the stock the year after.




3.5.2 Biological reference points

The analysis of vyield per recruit using the data for 1988 in
Table 3,28 gyave F _ = 0.17 and F _ = 0.35 (Figure
3.3C). From Figgié(sa?gz showing thema§égr&9%/spawning stock
relationship, and Figure 3.3C, showing the spawning stock
biomass-per-recruit relationship, Fme = 0.80 and Fri = 1.85
were estimated. The level of fishing mortality in ?Q87 was
estimated to be F = 0,80, i.e., at the Fmed level.

3.5.3 Fishing mortalities in 1987 and stock at 1 January 1988

The estimated landings in 1987 (Table 3.3) and the fishing pat-
tern estimated by the separable VPA were used to predict the
landings by age in 1987. These catches, the generated F values,
and the stock at the beginning of 1988, using the estimated re-
cruitment, are given in Table 3.27.

3.5.4 Short- and medium-term predictions (Tables 3.29-3.30,
Figure 3.3D)

The usual predictions at F 9 F ax’ and at the continued 1987
level are shown in Tab?é 3.2%%%1y addition, an alternative of
achieving F in 1989 by constant catches of 530,000 t both in
1988 and 9 is shown. The stock biomasses and spawning stock
biomasses until the beginning of 1990 are also shown.

To indicate +the consequences of different fishing mortality
levels and aiming at the F in different years, projections of
catches and stock sizes untT1%1993 were made. The recruitment of
3-year-olds in the years 1991-1993 was set at 200 million
individuals each year. This correponds to the situation of low
recruitment obsexrved in the 1980s.

The alternatives in the order they appear in Table 3.30 are as
follows: 1) reaching F in 1989 by constant catches in 1988 and
1989, and Fma the rest Of the years; 2) reaching F in 1990 by
a constant 3¥ch of 600,000 t each year, and F the“rest of the
years; 3) reducing to F in 1990 by a reduc@%gn of 0.15 in the
fishing mortalities each VYear; 4) reaching Fma in 1993 by reduc-
ing the fishing mortalities by 15% each year; §) keeping the 1987
fishing mortality level in 1988 and thereafter reducing it by
0.15 each year and reaching Fmax in 1991; and 6) keeping the 1987
level all the years.

The rightmost column in Table 3.30 shows the accumulated catch
for all the years.

As noted, the results of the predictions may be too optimistic
due to the high discard rate of the 1983 year class. However, the
estimate of +the size of this big year class has a fairly large
standard error which may also affect the prediction results.



4 NORTH-EAST ARCTIC HADDOCK

4.1 Status of the Fisheries

4.1.1 Landings prior to 1987 (Tables 4.1-4.3, Figure 4.3A)

The final figure for landings in 1985 was 41,270 t which was very
close to the preliminary figure given in last year's report. The
preliminary figure for 1986 is 96,458 t which is somewhat lower
than +the agreed TAC and close to the expected landings given in
last year's report. The increase in landings 1is large for all
areas, continuing the trend in Sub-area I and Division IIb and
reversing the trend in Division IIa (Table 4.1).

The percentage increase in landings from 1985 to 1986 is at the
same level both in trawl and conventional gears (Table 4.2).
Landings by c¢ountry are given in Table 4.3. All countries
increased their landings, except Spain.

4.1.2 Expected landings in 1987 (agreed TAC of 250,000 t)

The expected total landings in 1987 are given in Table 4.3. This
figure is based on catch data for the first half of 1987 given to
the Working Group. The landings are not expected to reach the TAC
for 1987, but to be about 210,000 t.

4.1.3 Effort and catch per unit effort

Catch-per~unit-effort data are given in Table 4.4. Data for the
USSR fisheries in Sub-area I were available for 1985 and 1986 in
addition to the data from the Norwegian fisheries.

4.2 Data from Catches

4.2.1 Catch in number at age (Table 4.19)

The landings by age were revised for 1985 using the final figures
for landings and age distributions from the USSR, Norway, the
Federal Republic of Germany, and Spain. Norwegian age distri-
butions from trawl catches were used for the UK, the Federal Re-
public of Germany, and the Faroes in Sub-area I, for the UK, the
Faroes, France, and the German Democratic Republic in Division
IIa, and for all countries in Division IIb.

For 1986, the available data for calculating the landings at age
were landings by area for each country for the whole year and age
distributions from the USSR, Norway, and the Federal Republic of
Germany. Also available was a length distribution from the UK
fishery in Division IIa.

In Sub-area I, the age distribution in the Norwegian trawl fish-
ery was used for the landings by age of the UK and Faroes fish-
eries. This was also the case in Division IIa for the landings by
age for France, the Faroes, and the German Democratic Republic,




The landings by age for the UK were determined using length dis-
tributions from the UK fishery and age-~length keys from the
Norwegian trawl fishery.

For 1987, Norway, the USSR, the UK, and the Federal Republic of
Germany provided age distributions from their fisheries in the
first half of the year.

4.2.2 Weight at age in the landings (Table 4.5)

Weight data were available from the USSR and Norwegian fisheries
for 1986. These figures together with the data for 1984 and 1985
are given in Table 4.5. The means, weighted by the respective
landings, were used in the assessment and are given in Table
4.12.

4.3 Survey Results

The surveys contributing data on haddock are the international O-
group survey (Table 4.6), the Norwegian combined bottom trawl and
acoustic survey in the Barents Sea (Tables 4.6, 4.8, and 4.10),
and the USSR combined bottom trawl and acoustic survey in the
Barents Sea and Svalbard area (Tables 4.6, 4.9, and 4.11).

4.3.1 Recruitment indices

The available recruitment indices are given in Table 4.6 together
with the latest VPA figures. These data were treated with the
ICES recruitment analysis program RCRTINX2, and the results are
presented 1n Table 4.7. The sizes of the 1983-1987 year classes
were taken from this table, whereas +the previous year classes
were left to be estimated by the VPA. This table also gives the
results of the weighting against the various survey indices for
the 1983-1987 year classes.

The recruitment of 3-year-olds in 1986 of 590 million is higher
than the 400 million estimated by the 1985 Working Group, but
lower +than +the 700 million estimated last year. The estimate of
the 3-year-olds in 1987 of 162 million is below the 200 million
estimated last year, but well above ihe 75 million estimated in
1985. The 31 million estimated as 3-year-olds in 1988 is below
both the 50 million estimated in 1985 and the 100 million esti-
mated in 1986. The 30 million estimated for the 3-year-olds in
1989 is far below the estimate of 400 million made last year. All
these values were used in the catch prediction. The very low es-
timate of 12 million for the 3-year-olds in 1990 was not used but
was substituted by the geometric mean recruitment of 39 million,
since +the international O-group index shows a very poor fit to
the 3-year-olds in the VPA.

4.3.2 Weight at age in the stock (Table 4.13)

The weights at age from the Norwegian combined bottom trawl and
acoustic survey carried out in January-February were taken as the
stock weights at age for age groups 3-4 in 1985 and 3-5 in 1986



because these weights differed substantially from the old time
series which was used up to 1984.

4.3.3 Maturity at age

The USSR provided maturity ogives for haddock for the years 1981-
1986 (Table 4.14). Because of some inconsistencies in the data,
the Working Group decided to use the average of the data series
as the maturity ogive for the years 1981-1986.

4.3.4 Tuning the VPA to_survey results

Using the tuning module in the ICES VPA program, age groups 3-7
from the years 1983-1986 were used to give a first stock-size-at-
age estimate of haddock. The surveys used were the Norwegian bot-
tom trawl survey in the Barents Sea (Table 4.8), the USSR bottom
trawl survey (Table 4.9), and the Norwegian acoustic survey in
the Barents Sea (Table 4.10). The results of the tuning are given
in Tables 4.15 and 4.16 showing the tuning results and the fish-
ing mortalities and stock size estimates.

The trends in log catchability at ages 3-6 resulting from the
tuning program are shown in Figure 4.1.

4.4 stock Assessment

4.4.1 Estimation of fishing mortality using separable VPA

From the fishing mortality coefficients in Table 4.16, it was de-
cided to use an F value of F = 0.30 on the 4-year-olds and a
selection value of S = 1.0 on the 13-year-olds as input to a sep-
arable VPA. It was also decided to use the vyears 1982-1986 as
high-weighted years in the analysis. The results from the separ-
able VPA are given in Table 4.17 showing the matrix of residuals,
the F pattern over the years, and the S pattern over the ages. It
should be noted that age groups 1, 2, and 10-13 were assigned a
low weight in the analysis. The estimated fishing mortalities and
population sizes are shown in Table 4.18.

4.4.2 Assessing the present state of stock

The option of creating the input fishing mortality from the final
population in 1986 from the separable VPA was used to perform a
traditional VPA. 1In this way, the VPA was fitted to the pattern
from the separable VPA, reducing the effects of errors in the
catch~at-age distribution of the final year. The fishing morta-
lities estimated from this VPA are given in Table 4.20 and Figure
4.3A and the population sizes in Table 4.21 and Figure 4.3B.

The stock sizes in 1986 and 1987, with recruitment at age 3 taken
from the recruitment analysis, are shown in Table 4.22.
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4.5 Predictions of Catch and Biomass

4.5.1 Input variables to the predictions

The input variables to the prediction are given in Table 4.23.
The basis for calculating the different parameters is also shown
in the table.

4.5.2 Biological reference points

Yield and spawning stock biomass per recruit were calculated on
the basis of the data in Table 4.23, giving FO = 0.15 and
F _ =0.39 (Figure 4.3C). F and F_ . were éstimated to be
o"98 and 1.20, respectively, onm%ge bas?%ghmf Figures 4.2 and
4.3C. The 1level of exploitation in 1987 was estimated to be
F = 0.31.

4.5.3 Fishing mortalities in 1987 and stock at 1 January 1988

Using the fishing pattern estimated by the separable VPA, the ex-
pected catch of 210,000 t in 1987 (Table 4.3) was split into num-
bers at age. This result, together with the generated F values
and the resulting stock size at the beginning of 1988, 1is given
in Table 4.22.

4.5.4 Predictions for 1988 and 1989

The results of the projections are given in Figure 4.3D and Table
4,24 with management options for fishing‘mortality at Fy 4. Fm X!
and F87‘ It should be noted that discarding of haddock “has 7%,
taken 'place in the same fleets that have discards of cod (see
Section 3.4.3). This could mean that especially the 1983 year
class will be reduced to a lower level at the beginning of 1988
than assumed in the predictions.

5 NORTH-EAST ARCTIC SAITHE (SUB-AREAS I AND II)

5.1 Status of the Fisheries

5.1.1 Landings prior to 1987 (Table 5.1, Fiqure 5,33)

Revised landings reported to Bulletin Statistique for 1985 were
107,147 t which is nearly 52,000 t less than in 1984. Preliminary
figures indicate that landings continued +to fall in 1986 +to
70,380 t, which was the level expected by last year's Working
Group.

5.1.2 Expected landings in 1987

As 1n earlier years, the Norwegian fishery was not restricted by
quotas, although Norwegian authorities have indicated that the
fishery may be stopped if 84,000 t is exceeded. Landings by gear
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reported from Norway for the first six months of 1987 were com-
pared with corresponding figures from 1985 and 1986. This indi-
cated that total landings would be about 60,000 in 1987. However,
the purse seine landings in July and August have increased con-
siderably compared to last year and this will probably bring the
total landings up to about 70,000 t, the same as in 1986.

5.1.3 Effort and catch per unit effort

Figure 5.1 shows the landings for the main gear categories since
1977, including estimates for 1987. There has been a large de-
cline in the landings from purse seine and trawl. The purse
seiners catch the youngest fish, mwmainly age groups 2-5. The
trawlers catch fish of all ages, but wainly immature fish from
age groups 3-6. The gillnet fishery is based on spawning fish,
age 6 and older,

Table 5.2 shows the number of vessels of different size groups
that have taken part in the purse seine fishery since 1982, with
corresponding catch and catch per vessel. On the basis of these
data, indices of effort were calculated by weighting the number
of vessels 1in each size group with the catch per vessel in
1982/1983. The indices were scaled to the 1982/1983 level and are
given in the text table below.

Year 1982 1983 1984 1985 1986

Index of purse seine effort 1.04 0.96 0.84 0.63 0.54

Although it is difficult to estimate effort by purse seiners, the
indices, which reflect the declining number of vessels in the
fishery, strongly suggest that the effort by the purse seiners
has been considerably reduced in recent years. It should also be
noted that the purse seiners in 1986 were severely restricted in
their fishing by the closure of areas with +too many undersized
fish.

Table 5.3 shows catch, effort, and catch per unit effort for the
main gronp of Norwegian trawlers, i.e., stern trawlers of 250-500
GRT. The data include only days with more than 50% saithe on
trips with more than 50% saithe in the catches. The effort fig-
ures should, therefore, represent effort directed towards saithe.
The data, which on average represent about 40% of the Norwegian
trawl landings, were used to estimate the total effort by
trawlers given in the text table below.

Year 1981 1982 1983 1984 1985 1986

Trawl effort ('O00O h) 89.0 68.1 62.5 98.4 66.3 41.8

The trawl effort was clearly reduced in 1986 compared +o the
earlier years. Combining the effort indices for trawl and purse
seine indicates that the fishing effort in 1985 and 1986 was re-
duced to about 85% and 60%, respectively, of the 1982/1983 level.




5.2 Catch in Numbers at Age (Table 5.7)

Age compositions of landings were available from the Federal Re-
public of Germany, Norway, and the USSR accounting for 99% of the
landings. Data for 1985 were revised and new data were added for
1986.

5.3 Weight at Age (Table 5.6)

A constant set of catch weight-at-age data was used for all years
in the period 1960-1979. Subsequently, annual estimates of weight
at age were used. Data for 1985 were revised and new data added
for 1986. Weight at age in the stock was taken to be the same as
weight at age 1in the catch. The weight-at-age data used in the
catch prediction and in the yield-per-recruit calculations were
average values for the period 1982-1986 (Table 5.10).

5.4 Age at Maturity

No maturity ogive is available for this stock of saithe. As in
previous assessments, fish of age 6 and older are presumed to bhe
mature for calculation of spawning stock biomass.

5.5 Survey Results

An acoustic survey was carried out by Norway in October/November
in 1985 and 1986 covering the main trawl fishing grounds for
saithe off northern Norway. The results indicated an increase in
the biomass from 1985 to 1986, mainly due to the 1983 year class.
However, the Working Group felt that a longer time series is
needed before the results can be used in the assessment.

5.6 Recruitment

Estimates of recruitment were available from O-group surveys, but
only for the years 1985, 1986, and 1987 (Nedreaas and Smedstad,
1987). The three year classes were estimated to be 828, 545, and
285 millions, respectively, but none of these year classes have
yet recruited to the fishery and the reliability of the estimates
is unknown. The results were, therefore, not used in the assess-
ment.

5.7 Fishing Mortalities - VPA

The effort indices and catch-at-age data for ages 3-9 for purse
seiners and Norwegian trawlers of 250-500 GRT (see Section 5.1.3)
were used as input for the ICES VPA tuning programme (to be able
to include 1981 in the time series, it was assumed that purse
seine effort in 1981 was equal to the 1982/1983 level). The re-
sults, which are shown in Tables 5.4 and 5.5, were consistent
with the indicated decrease in fishing effort. Trials with separ-
able VPA showed some discrepancy with the results from the tuning
method and it was decided that the latter was more reliable.
Hence, the results from the tuning method for ages 3-9 were used



directly. Fs at older ages were set equal to age 9. The input Fs
at age 14 were adjusted for the whole time series 1960-1985 to be
equal to the average F for ages 10-13.

The resultant F-at-age array from the VPA for the last ten years

is given in Table 5.8, and the corresponding estimates of stock
numbers and biomass in Table 5.9.

5.8 Projection of Stock Biomass and Catch (Figure 5.4D)

Yield- and spawning stock biomass-per-recruit curves were calcu-
lated using the same exploitation pattern and weight-at-age data
the as were used for the prediction. F and F x are 0.14 and
0.24, respectively (Figure 5.4C). Fmed‘and Fhigh were calculated
to be 0.32 and 0.38 (Figure 5.3).

Input data for catch projections are given in Table 5.10. Stock
size 1in 1987 was taken from the VPA. For the recruiting year
classes, a value of 200 million, the average for 1979-1982, was
used for the 1984 and later year classes. The exploitation pat-
tern was the same as that used for the 1986 input for the VPA.
Weights at age in the catch and in the stock were averages for
the period 1982-1986.

As indicated in Section 5.1.2, landings in 1987 are expected to
be about 70,000 t. This implies a reduction of 26% in the level
of fishing mortality in 1987 compared to 1986 (when it was at
F a ), and in the catch prediction, F for 1987 was set to 0.17.
i3 *988, projections were made for a range of fishing mortality
(Table 5.11).

Figure 5.4A shows how fishing mortality increased during the
19705 and was maintained at a high level until 1984. Spawning
stock biomass (Figure 5.4B) declined sharply from almost 600,000
t in 1970 to 150,000 t in 1981. In recent years, it has increased
to slightly more than 200,000 t, mainly because of the strong
1978 year class and reduced fishing mortalities, and if the esti-
mated level of fishing mortality in 1987 is maintained, a further
increase in spawning stock biomass is to be expected.

6 REDFISH IN SUB-AREAS I AND ITI

6.1 Status of the Fisheries

6.1.1 Landings prior to 1987 (Tables 6.1-6.5, Figure 6.2A)

The redfish landings in Sub-areas I and II have decreased from
131,749 t in 1982 +to a provisional figure of 52,979 t in 1986
(Table 6.1). This decrease was mainly caused by a decrease in the
USSR fishery, especially in Division IIb and in Division IIa in
1986.

In Sub-area I, the total catch increased to 5,470 t in 1986, the
highest since 1977 (Table 6.2). Norway has, since 1983, increased
its catches in this area, while the catch figures for the USSR
have been varying. In Division IIa, the total catch decreased
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from 100,163 t in 1983, the highest since 1977, to 46,360 t in
1986, which was 88% of the total redfish catch 1in that year
(Table 6.3). In Division IIb, there has been a strong decline in
the catches in recent years from 49,883 t in 1982 +to 1,149 in
1986 (Table 6.4).

Apart from +the USSR, the German Democratic Republic, and the
Federal Republic of Germany, national landings statistics of red-
fish do not distinguish between the species. The Working Group
has, therefore, split the catch into Sebastes mentella and
Sebastes marinus on an area basis or based on reporting schemes
from the different fleets to Norwegian fishing authorities. 1In
Sub-area I, 70% of the Norwegian catch in 1986 was assumed to be
S. marinus. This percentage for Norway was based on surveys on
the main fishing grounds. In Division IIa, all the catches not
initially splitted, apart from Portugal's and 67 t taken by the
UK, were assumed to be S. marinus in 1986. All catches taken in
Division IIb were recorded as S. mentella.

S. marinus increased from 16,366 t in 1982
to 30,127 t in 1986 (Table 6.5). The increase since 1982 was due
to USSR redfish catches in 1983 in Division IXa (5% S. marinus)
and the increasing Norwegian fishery for S. marinus in Division
ITa and Sub-area I. The total landings of S. mentella decreased
from 115,383 t in 1982 to 22,852 t in 1986, for the first time
less than the total landings of S. maxrinus. This decrease was
mainly due to the USSR fishery in Division IIb in the last years
and the 68% reduction in its redfish catches in Division IIa from
1985 to 1986.

The total landings of S.

The recommended TACs for S. marinus and S. mentella in 1986 were
15,000 t and 85,000 t, respectively, which also hecame the agreed
TACs. The provisional catch figure for 5. marinus in 1986 shows
that the TAC was overfished by more than 15,000 t (100%). For 5.
mentella, the provisional catch in 1986 was 62,148 t below the
TAC.

6.1.2 Expected landings in 1987

Landings by gear reported from Norway for the first six months of
1987 were compared with the corresponding figures from 1986. This
indicated that total landings would be about 21,500 t, a slight
decrease compared to 1986. France and +the Federal Republic of
Germany reported 472 t and 3,407 t for the first six months. The
half-year figure from the Federal Republic of Germany was nearly
equal to their total catch in 1986. The USSR reported 5,900 t for
the first five months of 1987, compared to 15,800 t for the first
five months in 1986. Assuming the same distribution of the USSR
catches over the year in 1987 as in 1986 indicates a total catch
of about 7,000 t redfish, a considerable decrease compared to
1986. The bulk of the catches from France, the Federal Republic
of Germany, and Norway were S, marinus, while for the USSR, it is
S. mentella. Based on this information, the Working Group expects
total landings in 1987 of S. mentella and S. marinus of about
9,000 t and 25,000 t, respectively.
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6.1.3 Effort and catch per unit effort (Table 6.6)

Catch-per-hour trawling data were available for the USSR S.
mentella fishery for the period 1965-1986 for side trawlers (RT)
and for 1980-1986 for stern trawlers (PST) (Table 6.6). From
these data, the total international effort was derived. For both
trawler types, the catch per unit effort has decreased since
1984.

For the German Democratic Republic S. mentella fishery, catch-
per-day data for the category "“freezer trawlers" were available
for 1981-1986. The catch per day decreased from 17.12 t in 1983
to 7.90 t in 1986. The German Democratic Republic fishery ac-
counted for only 3.2 - 5.8% of the total catch of S, mentella in
Sub-areas I and II in this period.

No data on effort and catch per unit effort were available for S.
marinus.

6.2 Catch in Numbers at_Age

Data for 1985 were adjusted to the revised total catch figures.
For S. mentella, age compositions of landings in 1986 were avail-
able from the German Democratic Republic and the USSR, accounting
for 5.8% and 80.3%, respectively, of the total catches. The total
age composition was calculated by applying the age composition of
the total catches from these countries to the total S. mentella
catch in Sub-areas I and II (Table 6.13).

For S. marinus, age compositions of landings in 1986 were avail-
able from the Federal Republic of Germany and the USSR, account-
ing for 11.2% and 7.8%, respectively, of the total catches. Catch
in numbers at age for the Norwegian catches (72.6%) and for
catches from other countries was calculated by using the age com-
position from the Federal Republic of Germany (Table 6.19).

6.3 Weight at Age

For S. mentella, weight-at-age data were available from the USSR
for ages 8-19 in 1985 and for ages 8-18 in 1986. For ages 6 and
204+, the weights are equal to the 1983-1984 data, while the
weights for age 7 were taken as the mean of ages 6 and 8. The
average weight-at-age data from 1985 and 1986 were used in the
catch prediction and in the yield-per-recruit calculations (Table
6.14).

For S. marinus, weight-at-age data were available from the USSR
for 1986 for ages 8-21. However, the USSR catches accounted for
less than 8% of the total catch, and the age composition was
quite different from the Federal Republic of Germany age data.
Although weight-at-age data from earlier assessments may have
changed, these weights were used by correcting them to make the
sum of products fit the nominal catches.
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6.4 Age at Maturity (Table 6.17)

For S. mentella, a new maturity ogive was used for the years from
1981 and onwards. This maturity ogive was developed by +the USSR
and, for ages 6-10, i1s a long-term average for the period 1975-
1983, while for the other age groups, it is an average from 1981-
1985. These data were used in the catch prediction and in the
yield-per-recruit calculations.

No maturity ogive was available for S, marinus. Fish of age 15
and older were presumed to be mature for the calculation of
spawning stock biomass.

6.5 Survey Results

Since 1981, a stratified random bottom trawl survey has been car-
ried out by Norway in January-February in thé Barents Sea. For S,
mentella, the results show a reduction of more than 50% in num-
bers and an even higher reduction in biomass from 1986 +to 1987.
For S. marinus, the results show a reduction in both numbers and
biomass of nearly 40% from 1986 to 1987 (Godg¢ et al., 1987).

Since 1981, a stratified random bottom trawl survey has also been
carried out by Norway in September in the Svalbard and Bear
Island areas. The results show an overall decrease of both §S.
mentella and S. marinus from the level in 1984 (Godg et al.,
1987). For S. mentella, a reduction in biomass of more than 50%
occurred from 1984 to 1985, while a reduction in numbers of more
than 30% first occurred from 1985 to 1986. For 5. marinus, a re-
duction both in numbers and biomass occurred from 1984 to 1985, a
reduction of about 75% and 50%, respectively. The 1986 survey
showed that the S. marinus population in this area had stabilized
itself at this lower level.

The USSR carried out a trawl/acoustic survey in March-May in 1986
and 1987 on the spawning grounds of redfish near Bear Island. The
results indicate a reduction in biomass from 90,000 t in 1986 to
60,000 t in 1987.

Each year the international O-group survey seems to cover satis-
factorily the distribution area of redfish. Nevertheless, the use
of these indices is 1limited due to the fact that the redfish
species have not been separated.

6.6 Recruitment (Table 6.7)

From the data of the international O-group fish survey carried
out in the Barents Sea since 1965, only two year classes (1967
and 1968) may be considered as very poor. The indices were gener-
ally low in 1965-1972, average in 1973-1978, and high in 1979-
1987.

It should be noted that there are large discrepancies between the
international O-group £f£ish survey data and the data from the USSR
survey concerning the 1+ - 6+ age groups. The O-group survey in-
dices for the 1965-1972 year classes were below average, whereas
USSR survey data indicate that they are strong or average, which
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is confirmed by the age and length composition in the USSR Eish-
ery.

USSR trawl surveys indicate that the 1973 year class is below av-
erage and that the 1974-1980 year classes at ages 1+ - 6+ are
poor. These data were confirmed by age compositions of redfish in
the USSR catches in 1980-1987. The 1981 year class turned out to
be close in size to the 1973 year class, while the 1982 year
class was estimated as strong (this is confirmed by the Norwegian
bottom trawl surveys). Thus, after a series of seven poor year
classes of redfish, one year class (1981) close to the average
and one strong year class (1982) have appeared. The strong year
classes of redfish have turned out to be dominated by S. mentella
in the trawl surveys as well as in the catches.

Differences in recruitment estimates during the first two years
of life apparently occur due to significant variability in natu-
ral mortality. Considerable mortality of redfish at ages 2+ - 5+
is caused by large by-catches in the shrimp and capelin fish-
eries. Reduction in shrimp catches as well as a cessation in
capelin fishing would promote the preservation of the 1986-1987
year classes of redfish, although a large cod stock preying on
juvenile redfish may outweigh this to a certain extent (Mehl,
1987) .

6.7 Assessment of Sebastes mentella

6.7.1 Fishing mortalities - VPA

The residuals from the separable VPA indicated that there were
significant changes in the exploitation pattern, particularly on
the younger age groups in recent years. For this reason, the
year-class strengths estimated by separable VPA for year classes
later than 1977 were considered to be unreliable. Norwegian sur-
vey data give some indication of the abundance of small redfish,
but no age compositions are available and the time series 1is
short. The only long series of survey data available is from the
USSR trawl surveys. The complete data set was not available at
the meeting, but the data given in Table 6.8 were abstracted from
Annales Biologiques.

An attempt was made to use these data to tune the VPA, but this
was unsuccessful, probably because it was only possible to use a
short time series of data for the younger age groups estimated by
the VPA. It 1is possible that use of a more complete data set
would be more successful, and the Working Group will return to
this analysis in the future.

The same data (for ages 2-6) were also used as a basis for esti-
mation of recruitment. Here again, the time series for which both
survey estimates and reasonably reliable VPA estimates are avail-
able is quite short. It was necessary to relax the usual require-
ment of five or more years in the regression to obtain results
for all year classes of interest. The analysis shows that the
standard errors of the predictions are high, and the final esti-
mates are strongly influenced by shrinkage towards the mean. The
results are given in Table 6.9, together with the estimates con-




sidered to be most reliable (based on the regressions using as
many data points as possible). The estimates for the last few
year classes are essentially only the recent running mean, and
all are subject to large standard errors. These estimates were,
however, considered to be more reliable than those from the VPA
For the 1978 and later year classes. They indicate that the 1977
and 1978 year classes were only of moderate size, and that of
1979 was weak. No useful prediction can yet be made for 1980 on-
wards. The analysis also indicates that the index at age 4 is the
first to give estimates of useful precision. This 1is, however,
sufficiently early for «catch prediction purposes (with a more
complete data set, indices at ages 5 and 6 should also be avail-
able and sufficiently timely).

Figure 6.1 shows the total international effort vs. average fish-
ing mortality. Two different curves have been drawn to visualize
the effect of the change in mesh size in 1983 to 100 mm (earlier
125 mm) for the redfish fishery in the "Mentella Box".

Table 6.10 shows the residuals from the separable VPA. The fish-
ing mortalities and stock sizes from the separable VPA are shown
in Table 6.11 and 6.12, respectively. Taking the information
about recruitment described above into consideration, the updated
fishing mortalities and stock sizes are shown in Tables 6.15 and
6.16, respectively.

6.7.2 Projection of stock biomass and catch (Figure 6.2D)

Yield- and spawning stock biomass-per-recruit curves were cal-
culated using the same exploitation pattern and weight-at-age
data as were used for the prediction (see below). F and F
are 0.14 and 0.27, respectively (Figure 6,2C). 963 few poiﬁ%g
were available for estimates of Fled and Fhigh'
Input data for catch projections are given in Table 6.17. Stock
size in 1987 was taken from the VPA. The recruitment at age 6 was
taken from Table 6.9 with the recent weighted mean as the xre-
cruitment in 1988 and 1989. The exploitation pattern was the same
as that used for the 1986 input for the VPA. Weights at age in
the catch and 1in the stock were averages for the period 1985-
1986. As indicated in Section 6.1.2, landings in 1987 are ex-
pected to be about 9,000 t. This implies a reduction of 58% in
the level of fishing mortality in 1987 compared to 1986, and in
the catch prediction, F for 1987 was set at 0.13. In 1988, pro-
jections were made for a range of fishing mortalities (Table
6.18).

6.8 Assessment of Sebastes marinus

6.8.1 Estimation of fishing mortality

Visual inspection of the catch-at-age matrix (Table 6.19) shows
strange systematic variations in the age compositions, especially
for young fish. These are almost certainly an artifact of the
method of calculation which had to be used in the absence of com-
plete data in some years.
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The majority of the catch is, however, taken at ages 14-21, and
to permit further analysis, the age range was truncated to 11-24.
Analysis using separable VPA was attempted using 18 as the age
for unit selection and a terminal S of 1.0.

A range of terminal F values was tried, from 0.15 to 0.5. There
were no effort data to guide the choice of terminal F and no in-
dependent basis to select among the alternative interpretations
based on different choices. With low terminal FSP (=0.15), the
fishing mortality (Fse ) 1is estimated to hi¥B been below 0.1
between 1981 and 1984, rEsing to 0.16 in 1986.

With such low F values, the VPA analysis was not at all con-
verged. With high assumed terminal FSe (0.3 to 0.5), the fishing
mortality (F ) is estimated to haveé Been between 0.2 and 0.35
in 1977 an8%P1978, to fall to low values (about 0.15 or less)
between 1979 and 1984, with a sharp rise to a value close toc the
assumed 1986 value in 1985 (see Tables 6.20A-6.20C).

In all these analyses, there are systematic patterns of blocks of
residuals of the same sign since 1982 and high residuals for
1984/1985 in particular. The analysis cannot be considered to be
satisfactory, and in the absence of independent data on which to
estimate fishing mortality or stock size trends, the level of
fishing mortality must be considered to be unknown, but probably
low. For documentory purposes only, the results of the separable

VPA for Fsep (86) = 0.3 are given in Tables 6.21 and 6.22.

6.8.2 State of the stock

The state of the stock must be regarded as unknown. However, cer-
tain systematic features do appear from the VPA analysis which,
if true, give cause for concern. First, all the analyses indicate
a sharp proportional increase in F in 1985 and 1986, above former
(probably low) levels. Secondly, all the analyses also indicate a
decline in recruitment from stable levels before 1981 (at age 11)
to much lower levels for the period 1982-1986.

If these features are real and not an artifact of the inadequate
data, they would imply a rapidly deteriorating state of this
stock.

6.8.3 Short-term forecasts

In the absence of a reliable analysis of the state of the stock,
it is not possible to estimate biological reference points or
make a conventional catch prediction.

A SHOT forecast is, however, possible. The results, assuming (in
the absence of any reliable evidence) a constant yield/biomass
ratio of 0.3 and constant recruitment, are given in Table 6,23,
They imply that, 1if the present level of exploitation is main-
tained, the corresponding catches in 1987 and 1988 should be a
little less than the average for 1984 to 1986. This result is not




20

strongly dependent on the assumed Y/B ratio, but is dependent on
the assumed (average) level of recruitment, which may be optimi-
stic, as discussed above.

7 GREENLAND HALIBUT_ IN SUB-AREAS I AND II

7.1 Status of the Fisheries

7.1.1 Landings prior to 1987 (Tables 7.1-7.4)

Nominal catch by country for Sub-areas I and II is given in Table
7.1. The nominal catches in Sub-area I and Divisions IIa and IIb
are given separately in Tables 7.2-7.4. The total catches in 1985
and 1986 were 19,945 and 22,755 t, respcctively, compared to the
recommended TAC of 20,000 t in both years. The fishery in 1986
was distributed by nations and areas roughly as in previous
years. In Division 1IIb, +the reduction in the USSR catch from
9,641 t in 1984 to 3,221 t in 1985 was reversed with an increase
to 6,032 t, while the high 1985 level of German Democratic Repub-
lic catches was not maintained, as these decreased to 2,604 t.

7.1.2 Expected landings in 1987

Preliminary catch figures for 1987 were reported only from
France, the Federal Republic of Germany, Norway, and the USSR.
The Norwegian catches show an increasing tendency and indicate a
catch for 1987 of 11,500 t. The USSR fishery is expected to reach
the same 1level, and the total landings in 1987 are, therefore,
likely to be about 26,000 t.

7.1.3 Effort and catch per unit effort

The time series on CPUE was updated with the Norwegian and USSR
observations from 1985 and 1986. The Norwegian data were analyzed
with the statistical package GLIM (NAG), as described in the pre-
vious report of the Working Group on Redfish and Greenland Hali-
but in Region 1 (Anon., 1984), and the results are presented in
Table 7.5. CPUE and derived total effort were fairly steady dur-
ing the period 1983 to 1986.

7.2 Catch in Numbers at Age (Table 7.7)

For 1984-1986, age data were available from Norway and the USSR.
For 1985 and 1986, the German Democratic Republic also presented
age data for their catches. The catch in numbers at age for other
countries was raised by the age distribution of the total catches
from the German Democratic Republic, Norway, and the USSR.

7.3 Weight at Age (Table 7.8)

For 1984 and 1985, the weights at age used in the assessment were
weighted averages of the Norwegian and the USSR weights, while
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For 1986, they were the weighted averages of the German Demo-
cratic Republic, Norwegian and the USSR weights.

7.4 Age_at Maturity (Table 7.14)

In earlier assessments, no maturity ogive has been available for
Greenland halibut. Fish at age 9 and older have been presumed to
be mature. For this Working Group meeting, the USSR presented
maturity ogives for a series of years. The Working Group decided
to use an averadge maturity ogive for the period 1981-1986 on each
of the years 1981-1986 as well as for the prediction.

7.5 Survey Results

Norway has conducted vyearly stratified random trawl surveys in
the Barents Sea and the Svalbard area since 1981. The Svalbard
survey covers the main nursery area of Greenland halibut in Sub-
areas I and II. The two surveys do not cover the total area of
distribution of the stock. Also, the Svalbard surveys do not
cover depths exceeding 600 m which (probably) are an important
area for adult Greenland halibut. It is, however, believed that
the survey results may give valuable information on the immature
part of the stock. Special attention should be paid to the possi-
bility of using the Svalbard survey results as recruitment in-
dices. Total abundance indices and indices of fish less than 20
cm are given in Table 7.6. These results indicate an increasing
stock size in the period 1981-1985, with a sharp decline in 1986.

7.6 Recruitment

Fish less than 20 ¢m in the Svalbard survey are almost exclus-
ively age 1. The indices in Table 7.6 of fish less than 20 cm
may, therefore, possibly serve as an early recruitment index. A
relatively high abundance at age 1 in 1983 and 1984 and a sub-
stantial drop in recruitment in the last two years is indicated.
The index suggests that the 1985 year class may be very weak.
Norway is requested to supply age-distributed indices from the
Svalbard survey. These data would make it possible to study the
abundance of a year class at ages 1-3, i.e., before it is fully
recruited to the commercial trawl fishery.

7.7 Assessment

7.7.1 Estimation of fishing mortality

The catch-at-age data (Table 7.7) were analyzed by separable VPA
initially, with the age for unit selection set at 8 (near that
contributing most to the catch) and terminal selection of 1.5 (to
give a flat selection pattern on the oldest ages). It was found
that a terminal F of 0.25 gave approximate stability of F from
1983 to 1986, as suggested by the effort data (Table 7.5). The
residuals are given in Table 7.9, and are acceptably small except
for the youngest and oldest age groups. The fishing mortalities
and population numbers derived from the separable VPA are given
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in Tables 7.10 and 7.11. The average Fs (ages 7-11) from this
analysis are plotted against the derived total effort indices in
Figure 7.1 and show a reasonably satisfactory relationship.

An attempt was made to tune the VPA using USSR effort and catch
composition data from 1980 to 1986, but this was not successful.
The reasons for this could not be discovered at the meeting, but
may be connected with the use of a different basis of calculation
before 1983. Detailed Norwegian CPUE data were not available at
the meeting, but could also provide a basis for tuning the VPA.

7.7.2 state of the stock

The results of the separable VPA with terminal F = 0.25 are, how~
ever, sufficiently consistent with the overall effort data from
1983 to 1986 to provide a basis for the assessment. The size of
the 1982 and 1983 year classes differ considerably from recent
levels, which appear to have been very stable between 25 and 40
million since about 1970. This is consistent with the results of
the Norwegian survey, but the time series is too short to be used
yet for gquantitative prediction. These year classes will recruit
substantially to the fishery in 1988 and 1989, but in the absence
of reliable estimates of their size, this was assumed to be 30
million, close to the recent historical mean.

The VPA analysis (Tables 7.12 and 7.13) indicates that fishing
mortality was high in 1977 and 1978, fell sharply to about 0.2 in
1979, and has since fluctuated without obvious trend between 0.2
and 0.3. The current level is estimated to be within this range.
The spawning stock biomass has also fluctuated without apparent
trend between 30 and 80 thousand t and is currently at the high
end of that range.

7.8 Catch Predictions

7.8.1 Input variables to the predictions

The values used for starting the predictions are given in Table
7.14. These are based on the exploitation pattern and terminal F
estimated by separable VPA, and the 1987 populations of Table
7.13, except for the 1982 and later year classes, for which a
size of 30 million was assumed, as explained above.

7.8.2 Biological reference points

The yield-per-recruit analysis (Figure 7.3C) shows that FO is
0.11 and F ax 0.23 (mean for ages 7-11). A plot of spawning‘;tock
biomass and recruitment (Figure 7.2) was prepared and used to
estimate F and F The values obtained were 0.65 and 0.91,

respectivel??d high
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7.8.3 Short-term prediction

with an expected catch of 26,000 t in 1987, fishing mortality in

that year will increase to 0.32 from the 1986 level of F . _ 1

= 0.28 which was close to F . Catch predictions for 4383 &%é

given in Table 7.15 for options Corresponding to FO g F , and
. max

status guo.

These forecasts of catch and biomass may prove to be pessimistic

if the 1982 and 1983 year classes prove to be strong, as sug-

gested by the survey data. These same data, however, also suggest

that the subsequent two year classes are weak.
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Table 3.1 North-East Arctic COD.

Total nominal catch (t) by fishing areas (Norwegian

coastal cod not included). (As officially reported to

ICES.)
Year Sub-area I Division IIa Division IIb Total catch
1960 357,327 115,116 91,599 622,042
1961 409,694 153,019 220,508 783,221
1962 548,621 139,848 220,797 909,266
1963 547,469 117,100 111,768 776,337
1964 206,883 104,698 126,114 437,695
1965 241,489 100,011 103,430 444,983
1966 292,253 134,805 56,653 483,711
1967 322,798 128,747 121,060 572,605
1968 642,452 162,472 269,254 1,074,084
1969 679,373 255,599 262,254° 1,197,226
1970 603,855 243,835 85,556 933,246
1971 312,505 319,623 56,920 689,048
1972 197,015 335,257 32,982 565,254
1973 492,716 211,762 88,207 792,685
1974 723,489 124,214 254,730 1,102,433
1975 561,701 120,276 147,400 829,377
1976 526,685 237,245 103,533 867,463
1977 538,231 257,073 109,997 905,301
1978 418,265 263,157 17,293 698,715
1979 195,166 235,449 9,923 440,538
1980 168,671 199,313 12,450 380,434
1981 137,033 245,167 16,837 399,037
1982 96,576 236,125 31,029 363,730
1983 64,803 200,279 24,910 289,992
1984 54,317 197,573 25,761 277,651
19851 112,605 173,559 21,756 307,920
1986 156,516 201,398 68,562 426,476

1 o .
Provisional figures.



Table 3.2 North-East Arctic COD.
Total nominal catch ('000 t) by trawl and
other gear for each area.

Sub-area I Division Ila Divisien IIb

Year

Trawl Others Trawl Others Trawl
1967 238.0 84.8 38.7 90.0 121.1
1968 588.1 54.4 44.2 118.3 269.2
1969 633.5 45.9 119.7 135.9 262.3
1970 524.5 79.4 90.5 153.3 85.6
1971 253.1 59.4 74.5 245 .1 56.9
1972 158.1 38.9 49.9 285.4 33.0
1973 459 .0 33.7 39.4 172.4 88.2
1974 677.0 46.5 41.0 83.2 254.7
1975 526.3 35.4 33.7 86.6 " 147.4
1976 466 .5 60.2 112.3 124.9 103.5
1977 471.5 66.7 100.9 156.2 110.0
1978 360.4 57.9 117.0 146.2 17.3
1979 161.5 33.7 114.9 120.5 8.1
1980 133.3 35.4 83.7 115.6 12.5
1981 91.5 45 .1 77.2 167.9 17.2
1982 44 .8 51.8 65.1 171.0 21.0
1983 36.6 28.2 56.6 143.7 24.9
1984 24.5 29.8 46.9 150.7 25.6
19851 72.4 40.2 60.7 112.8 21.5
1986 108.3 48.2 114.5 86.9 67.9

1Provisional.
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Table 3.3 North-East Arctic COD.
Nominal catch (t) by countries (Norwegian coastal cod not included) {Sub-area I
and Divisions IIa and IIb combined). (As officially reported to ICES.)

Faroe German Germany, United Total all
Year Islands France Dem.Rep. Fed.Rep. Norway Poland Kingdom USSR Others countries
1960 3,306 22,321 - 9,472 231,997 20 141,175 213,400 351 622,042
1961 3,934 13,755 3,921 8,129 268,377 - 158,113 325,780 1,212 783,221
1962 3,109 20,482 1,532 6,503 225,615 - 175,020 476,760 245 909,266
1963 - 18,318 129 4,223 205,056 108 129,779 417,964 - 775,577
1964 - 8,634 297 3,202 149,878 - 94,549 180,550 585 437,695
1965 - 526 91 3,670 197,085 - 89,962 152,780 816 444,930
1966 - 2,967 228 4,284 203,792 - 103,012 169,300 121 483,704
1967 - 664 45 3,632 218,910 - 87,008 262,340 6 572,605
1968 - - 225 1,073 255,611 - 140,387 676,758 - 1,074,084
1969 29,374 - 5,907 5,543 305,241 7,856 231,066 612,215 133 1,197,226
1970 26,265 44,245 12,413 9,451 377,606 5,153 181,481 276,632 - 933,246
1971 5,877 34,772 4,998 9,726 407,044 1,512 80,102 144,802 215 689,048
1972 1,393 8,915 1,300 3,405 394,181 892 58,382 96,653 166 565,287
1973 1,916 17,028 4,684 16,751 285,184 843 78,808 387,196 276 792,686

1974 5,717 46,028 4,860 78,507 287,276 9,898 90,894 540,801 38,453 1,102,434
1975 11,309 28,734 9,981 30,037 277,099 7,435 101,843 343,580 19,368 829,377
1976 11,511 20,941 8,946 24,369 344,502 6,986 89,061 343,057 18,090 867,463
1977 9,167 15,414 3,463 12,763 388,982 1,084 86,781 369,876 17,771 905,301
1978 9,092 9,394 3,029 5,434 363,088 566 35,449 267,138 5,525 698,715

1979 6,320 3,046 547 2,513 294,821 15 17,991 105,846 9,439 440,538
1980 9,981 1,705 233 1,921 232,242 3 10,366 115,194 8,789 380,434
Spain
1981 12,825 3,106 298 2,228 277,818 14,500 5,262 83,000 - 399,037
1982 11,998 761 302 1,717 287,525 14,515 6,601 40,311 - 363,730
1983 11,106 126 473 1,243 234,000 14,229 5,840 22,975 - 289,992
1984 10,674 11 686 1,010 230,743 8,608 3,663 22,256 - 277,651
19651 13,418 23 1,019 4,395 211,065 7,846 3,335 62,489 4,330 307,920
1986 18,159 770 1,543 10,093 228,787 5,497 7,581 150,541 3,505 426,476
1987 EXPECTED LANDINGS 545,000

1 c .
Provisional figures.
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Table 3.4 North-East Arctic COD. Catch per unit effort.

Sub-area I Division IIb Division IIa
Year 2 3 4 2 3 4 2 3 5
Norway UK USSR Norway UK USSR Norway UK Norway
1960 - 0.075 0.42 - 0.105  0.31 - 0.067 3.0
1961 - 0.079 0.38 - 0.129 0.44 - 0.058 3.7
1962 ~ 0.092 0.59 - 0.133 0.74 - 0.066 4.0
1963 - 0.085 0.60 - 0.098 0.55 ~ 0.066 3.1
1964 - 0.056 0.37 - 0.092 0.39 - 0.070 4.8
1965 - 0.066 0.39 - 0.109 0.49 - 0.066 2.9
1966 - 0.074 0.42 - 0.078 0.19 - 0.067 4.0
1967 - 0.081 0.53 - 0.106 0.87 - 0.052 3.5
1968 - 0.110  1.09 - 0.173 1.21 - 0.056 5.1
1969 - 0.113 1.00 - 0.135 1.17 - 0.094 5.9
1970 - 0.100 0.80 - 0.100 0.80 - 0.066 6.4
1971 - 0.056 0.43 - 0.071 0.16 - 0.062 10.6
1972 0.90 0.047 0.34 0.59 0.051 0.18 1.08 0.055 11.5
1973 1.05 0.057 0.56 0.43 0.054 0.57 0.71 0.043 6.8
1974 1.75 0.079 0.90 1.94 0.106 0.77 1.19 0.028 3.4
1975 1.82 0.077 0.85 1.67 0.100 0.43 1.36 0.033 3.4
1976 1.69 0.060 0.66 1.20 0.081 0.30 1.69 0.035 3.8
1977 1.54 0.052 0.50 0.91 0.056 0.25 1.16 0.044 5.0
1978 1.37 0.062 0.37 0.56 0.044 0.08 1.12 0.037 7.1
1979 0.85 0.046 0.36 0.62 - 0.06 1.06 0.042 6.4
1980 1.47 - 0.36 0.41 s 0.16 1.27 USSR 5.0
Spain
1981 1.42 - 0.41 (0.96) - 0.07 1.02 0.35 6.2
1982 1.30 - 0.35 N 0.86 0.26 1.01 0.34 6.4
1983 1.58 - 0.31 (1.31) 0.90 0.36 1.05 0.38 7.6
1984 1.40 - 0.45 1.20 0.78 0.35 0.73 0.27 7.0
19851 1.86 - 1.04 1.51 1.37 0.50 0.90 0.39 5.1
1986 1.97 - 1,00 2.33 1.74 0.84 1.36 1.14 4.1

1Preliminary figures.

zNorwegian data - t per 1,000 t/hrs fishing.

3 United Kingdom data - t per 100 t/hrs fishing.

‘USSR data - € per hr fishing.

SNorwegian data - t per gill net boat week in Lofoten.
GSpanish Data - t per hr fishing.




Table 3.5 North-East Arctic COD.
Catch per unit effort in the Lofoten
fishery (gutted weight with head off).

Norwegian vessels

Catch [kg per man per day worked in the

Year Lofoten fishery (Division IIa)]
Gillnet Longline Handline
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
1984 301.0 208.4 95.6
1985 204.7 178.3 75.6
1986 173.7 198.0 61.9
1987 138.6 148.3 58.5




Table 3.6 Weights (kg) in Norwegian and USSR landings

of COD.
1984 1985 1986

Age
Norway USSR Norway USSR Norway USSR
2 1.16 0.22 0.76 0.29 0.87 0.22
3 1.47 0.76 1.47 0.77 1.20 0.63
4 1.97 1.30 1.90 1.23 1.92 1.15
5 2.53 2.04 2.49 1.75 2.52 1.75
6 3.13 2.90 3.32 2.64 3.36 2.44
7 3.82 4,12 4.21 3.93 4.46 4.09
8 4.81 5.56 5.01 5.35 5.42 6.19
9 5.95 8.76 5.94 6.72 5.94 8.15
10 7.19 13.55 7.10 9.87 6.54 10.31
11 7.85 14.95 8.20 9.00 7.99 11.73
12 8.46 14.85 8.92 13.72 8.46 17.29
13 7.99 19.52 9.73 15.10 9.93 -
14 9.78 19.31 3.85 15.30 7.78 27.30
15+ 10.64 22.37 9.26 19.25 6.24 -




Taot .{ North-rcast Arctie COD, Year class strenqty,

W
NMUKT HEAST ACTIC CUD < recruits as % year—-olds (ine, data for ages 0,1,2 R %) <
16,51,2 (N2. of surveys, Na. of years, VPA Column No.)
Year VPA K=4=1 R-2H-1 R=1~2 R-2B-2 R=1-3 R-23-2 IaTNGP N~BSTT N=-BST2 W-BST3 4-SVT1 N-SVT2 N-SVT3 H-BSAT N-BSA2 N-ASA3
class
1954 /91 - - - - 12 16 - - - - - - - - - -
1958 919 - - - - 16 24 - - - - - - - - - -
1959 731 - - - - 18 14 - - - - - - - - - -
160 4lh - - - - v 19 - - - - - - - - - -
1961 359 - - - - 2 2 - - - - - - - - - -
196¢ (78 - - - - 7 4 - - = N - - - - - -
1965 1534 - - - - 21 120 - - - - - - - - - -
1964 1293 - - - - 49 45 - - - - - - - - - -
1965 170 - - - - 1 1 - - - - - - - - - -
1960 112 - - - - 2 1 N.02 - - - - - - - - -
1967 197 - - - - 1 1 U.04 - - - - - - -
1964 405 - - - - 7 1 a.n2 - - - - - - - - -
1969 1010 - - - - 11 6 .25 - - - - - - - - -
1970 1319 235 64 6N 42 mn 85 2.51 - - - - - - - - -
1901 524 7 9 6 3 37 24 Q.77 - - - - - - - - -
1972 622 5 4 34 15 54 17 n.s2 - - - - - - - - -~
19¢3 014 16 5 15 2 /0 5 1.48 - - - - - - - - -
1974 34y 1 1 4 1 6 1 .29 - - - - - - - - inea
1975 640 60 1 44 1 93 4 g.20 - - - - - - - 837 797
1972 149 1 i 1 1 4 1 D.13 - - - - - - 45 235 119
197¢ 142 1 1 2 1 2 1 .49 - - - - - - 2% 14 -
1978 164 1 2 1 1 1 3 - - R.6 - - 9.n 16 - 58
1977 e 1 1 1 1 1 3 - 11.0 16.1 - a2 22.? - 73 71
1960 170 1 1 1 1 1 3 0.7 n.9 1.8 0.1 4.0 6.2 3 4 17
19381 395 1 1 1 1 4 3 0.1 5.9 6n.2 1.5 5.1 5.6 1 15 174
1942 066 1 3 g 13 8 12 46,6 120.6 903 14,6 k2.7 74.3 - 596 550
1985 - 4 9 11 4 45 41 35%.3 168.9 356.0 82.2 133.1 164.N0 23832 LT 1546
1734 - 1 1 2 8 7 15 .3 95.0 95.8 27.n 5.1 - Ay 726 158
1935 - 3 10 2 3 - - A2.5 R 5 - 3.5 - - 7”6 59 -
1985 - 1 2 - - - - “.5 - - - - - 1 - -
193¢ - - - - - - - - - - - - - -
R=1-1 USSR 3ottt trawl sirvey, area [, ag~ 1
R=-2B-1 ussy " " " area 1Ih, age 1
R-1-2 USSN " ° " area 1, Aane 2
R=23=2 usse " " - area Ilb, aqe ?
R=1=3 Ussa " " " area I, age 3
R=2:3=3 UsSw " o . area Ilb, ange 3
INTOGP International N-group survey
N~=g8S 11 Norwejian Aarents Sea, Rattom trawl survey, ane 1
N-BST2 forwegian . o " o - age 2
N-8ST3 Norwegy an " " " " " age 5
N=-SvT1 Norweyian Svaloard area . " " age 1
N-SV T2 Norw2gyian sSvalbard area " " " ale 2
N=SVT3 Narsezian Svalpard area " “ " ane $
N=H3 A1 Norwegzian H4arents Sea, Acoustic survey, age 1
N A2 Norweo " " " " aye 2

N=33AS NOorwey " " " " aje 3



Table 3.8 31

Analysis by RCRTINX2 of data from file RCRT-DATA
NORTHEAST ARCTIC COD : recruits as 3 year-olds (inc. data for ages 0,1,2 & 3)

bata for 16 surveys over 31 years

RESRESSION TYPE = C

TAPERED TIME WEIGHTING APPLIED

POWER = 3 OVER 20 YEARS

PRIOR WwEIGHTING NOT APPLIED

FINAL ESTIMAITES SHRUNK TOWARDS MEAN

ESTIMATES WITH S.E.'S GREATER THAN THAT OF MEAN INCLUDED
MINIMUM S.E. FOR ANY SURVEY TAKEN AS .00

MINIMUM OF 5 POINTS USED FOR REGRESSION

Yearclass = 1983
Survey/ Index Slope Inter- Rsquare No. Predicted Sigma Standard Weight
eries Value cept Pts value Error
H=1=1 1.6094 . 905 4.599 4561 13 6.0560 82246 . 86077 .03709
R=21~1 2.5026 1.065 4,517 <5624 13 6,9635 66454 73781 .05048
R=1-2 2.4849 o4 4,675 ./284 13 6.3508 45985 48371 « 11505
R=2B=2 2.0794 1.,326 4,604 .5491 13 6.7374 H68244 L7410R .05003
R=1=3 5.8286 608 4.542 . 6927 26 6.8695 .50755 .55725 .08849
R-28-3 3.75¢77 1.217 3.673 L3767 26 8.2213 97995 1.17827 01979
INTOGP <9395 3.615 4.501 -4388 17 8.0785% .85964 1.03907 02545
N~8ST1 5.8758 . 000 .00 .3000 0 . 000N . 00090 .00900 . N000N
N-BS T2 5.135¢2 . 000 . 090 .0on0 0 . 0000 . 00000 . Nnano .N0000
N=85T3 S5.8/00( 651 3.548 .9492 S5 7.2541 16659 28581 -34116
N=-SVTI 3.9741 M) . 000 .0000 O .0ano .Noonn . nNnnNon . 000an
N=SVT2 4.8986 . 000 . 000 .0000 O . 0000 . 00000 . (10000 -.00000
N-SVT3 5.1059  1.040 2.757 .3415 5 8.0684 1.00040 1.,60095 .N1072
N=-8S A1 (el (61 —.454 6.544 <4763 5 2.9718 48820 1.135634 .N2128
N-B5 A2 6.7788 496 3.554 .4383 7 6,9189 . 80705 .96923 .N292s
N=-BS A3 /.3569 531 3.123 .8071 8 7.0326 31184 61552 15915
MEAN 58485 72652 72652 .05206
Yearclass = 1784
Survey/ Index Slope Inter~ Rsquare No, Predicted Sigma Standard Weight
Series Value cept Pts Value Error
R=1-1 69351 923 4,589 L4358 13 5.2280 . 84806 .90035 .N2446
R=-28~-1 .6931  1.113 4,469 .5434 13 5.2403 .68323 72730 -.N3748
R-1-2 1.0986 L6380 4.673 .7165 13 5.4204 .46 836 .49592 08062
R=-28-2 2.19/72 1,052 bo576 .5343 13 6.8875 69577 77187 .N3328
CR=1-3 2.,0794 599 4,565 L0938 26 5.8199 49989 .52199 07277
=23-3 2.7¢(26 1.291 3.529 <3481 26 7.1079 1.029/7 1.129n0 .N1556
INTOGP L9361 3,716 4,457 L6299 17 7.9354  .86644 1.04846 01804
N=-85T1 2.1165 000 . 000 0000 O . 0000 . 00000 . 00DIC .00000
N~BS T2 4.5435 .10 . 000 .0ood 0 . 0000 . 00000 - 10000 - 0000
N-BS T3 4.5726 631 3.546 <9493 5 6,4315 .16720 .21380 L43376
N=SVT1 3.3522 .000 . 000 .0000 0 . 0000 . 00000 . 00V00 . 00000
N=-SvT2 3.93558 . 000 . 030 L0000 0 .00N0 . 00000 . 00300 .No0NN
N=SVT3
N-85al 42485 =.434 6.340 4806 5 4.4952 49150 64708 .06735
N-BS A2 6.5389 <493 3.553 <4356 7 6.8374 .814352 .96362 .02113
N-BSAS S5.008Y .531 3.126 .8078 8 5.8131 .31346 .33502 17666

MEAN 5.8242 714104 71414 .N3 888
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Table 3.8 (cont'd)

Yearclass = 19385

Survey/ Index Slope Inter-
Series value cept
R=1-1 1.58635 .950 4.571
R=-2B-1 2.5979  1.17¢5 4,409
R=1=2 1.U0986 . 639 4. 669
R-28=2 1.3865 1.081 4,545
R=1=5

R-28-3

INTOGP 1.24135 3.353 4,406
N=+3ST1 4.4248 . 00D . 010
N-85T2 4.5031 . 000 . 000
N=BSTJS

N-SvT1 1.2041 . 000 . 000
N=SVT2

N-SvT3

N=~8S A1 6.6082 -.435 6. 335
N-B3A2 4.,0945 499 3,564
N-B3A3

MEAW

Yearclass = 19 86

Survey/ Index Slope Inter-
Series value cept
K=1-1 6931 993 4,542
R=28~-1 1.0986 1.251 4.336
R~1-2

R=28-2

R=1-35

R=23-3

INTOGP L8029 4,044 4,345
N=-8ST1 1.7047 . 000 .00
N-BST2

N-BST3

N-sVT1

N=-SV T2

N-SVT3

N=-BS A1 26931 -.436 6. 330
N=-BS A2

N=-B3 A3

MEAN

Rsquare No.
Pts

«4097 13
.5216 13
.7011 13
L5181 13

4177 17
.0000 0
.0000 N

.hoo0 0

4856
L4329

~ v

No.
Pts
L3764 13
<4974 13

Rsquare

.4001
.0000 O

L4918 5

Predicted
value
5.8877
7.2258
5.4261
6.0436

9.1878
.0non
.00n0

.0000

3.4342
5.6083

5.7953

Predicted
value
5.2301
5.7104

7.8344
. 0000

6.0276

5.7614

Sigma
. 384060
.70574

48116
. 71069

. 87825
. 00N00
. 000040

. 00000

.49638
. 82378

.70159

Sigma

93756
.73226

. 89972
. 00090

50443

.68783

Standard Weight
Error
. 92968 . 08801
. B2497? 11179
-510N0R .29237
. 74350 .13542
1.29554 04532
. 0Nann -.NON00
. 0nono .No0nn
.NN00o .00000
1.00249 .17569
. BB626 .N9685
.70159 - 15454
Standard Weijght
Error
1.00108 .12528
. 77245 .21041
1.123R4 .N994n
. NO000 . No0onn
L84740 29955
.68783 «26536



Table 3.8

(cont'd)

Yearclass = 1987

Survey/
Series
R=1~1
R=23-1
R=1-2
R=2B8=2
R=1-5
R=28-3
INTUGP
N=dS$T1
M-BST2
3T3
N oVl
N=SVT2
N-SVT3
N-B3 A1
N-83 A2
N-B3SAS

MEAN

Index
Value

YY)

Yearclass

196>
1966
1967
1964
1967
1979
1971
1972
1975
1974
1975
1970
1977
Sy

19849
1941
1982
iv8s
1984
198>
1930
1987

5. 80
S.01
5.19
5.77¢
6.31
(.74
7.12
6.92
6.75
5.66
6.30
5. 66
5.55
5.36
5.34
5.03
5.34
6.20
0.387
6.0/
2.%85
5.97
4.95

Slope

4,326

weighted
Average
Prediction

350,37
275.39
178.96
319.99
551.85
2307 .31
1242.15
1016.85
852.22
286.11
543,55
286.43
257.22
211.78
208,90
152.19
208,43
490.61
963.85
432.02
345,385
39147
140.68

Inter- Rsquare No, Predicted

cept

4,267 L3741 17 4.9465

Internal
Standard

Error

.28
.28
.36
.52
.32
.39
.53
.37
.38
.38
.18
.22
.22
.25
.24
.20
.18
.20
7
.16
.28
<35
.56

Sigma
Pts Value
93945
5.7254 67313
External Virtual
Standard Population
Error Analysis
.59 5.14 171,00
<39 4.73 115,00
.51 5.29 193,00
.52 6.011 406.00
.22 6.92 1017.00
.79 7.51 1820.00
.28 6.26 525.00
41 6.43 625.00
.59 6.42 615,00
.29 5.86 349.00
.30 6,46 641,00
.16 5.30 200.00
A4 4,96 143,00
.18 5.11  165.00
.21 5.19 180.00
.19 5.18 17¢.00
.12 5.98 394.00
.19 6.50 667.00
.23
.20
.45
.38
.00

Standard
Error

1.02671

.67313

Ext.SE/
Int . SE

2.08
1.39
1.40
1.60
.69
2.01
.85
1.11
1.54
74
1.71
.71
.62
T4
.88
95
.60
95
1.38
1.39
1.64
1.038
.00

33

Weight

.30062

-69933
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Table 3.9 North-East Arctic COD.
Results from the Norwegian bottom trawl survey in the Barents Sea. Index
of number of fish in each year class.

Year class ]
Year Total
1986 1985 1984 1983 1982 1981 1980 1379 1978 1977 1976 1975

1981 - - - - - - 0.7 11,0 8.6 16.9 34.1 37.9 115.3
1982 - - - - 0.1 0.9 16.1 20.4 21.4 16.0 15.8 92.3
1983 - - - - 44,6 5.9 10.8 28.0 31.9 14.3 4.7 3.0 143.8
1984 - - - 355.3 126.6 60.2 19.2 15.6 9.4 3.0 0.4 0.2 589.9
1985 - - 7.3 168.9 90.3 78.1 15.7 6.3 2.5 0.2 + 0.1 369.4
1986 - 82,5 93.0 356.0 119.0 62.6 8.3 2.1 0.3 0.1 0.1 - 724.0
1987 4.5 89,3 95.8 229.0 42.0 11.4 1.3 0.4 + + - - 437.7

1Includes year classes older than the 1975 year class.

Table 3.10 North-East Arctic COD.
Results from the Norwegian bottom trawl survey in the Svalbard area.
Index of number of fish in each year class.

Year class 5
Yeaxr Total
1986 1985 1984 1983 1982 1981 1980 1979 1978 1977 1976 1975

1981 - - - - - - 0.1 22,2 9.0 55 1.6 6.1 49.8
1982 - - - - - 1.5 4.0 22.3 9.6 2.8 1.9 2.9 456
1983 - - - - 146 51 6.2 9.5 3.0 2.5 1.3 1.6 44.4
1984 - - - 52.2 42,7 5.6 4.2 5.3 2.2 0.5 0.5 0.4 113.8
1985 - - 27.0 131.1 74.3 27.9 6.5 7.7 1.4 1.4 0.1 0.3 279.7
1986 - 3.5 50.1 164.0 44.0 18.1 3.2 1.3 0.3 0.1 - - 285.0

1Inc]udes year classes older than the 1975 year class.
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Table 3.11 North-East Arctic COD.
Results from the USSR bottom trawl/acoustic survey in the Barents Sea
and adjacent waters (numbers per hour trawling).
Year class
Year Total
1986 1985 1984 1983 1982 1981 1980 1979 1978 1977 1976 1975
Sub-area I
1982 - - - 1.4 0.2 6.9 13.2 7.4 1.9 2.8 0.4 34.2
1983 - - - 4.3 80 51 4.6 54 59 2.7 0.7 1.2 37.9
1984 - - 0.7 12.3 1t.6 25.5 13.7 6.5 4.0 1.6 0.6 0.3 76.8
1985 - 3.3 2.9 51.3 35.2 53.1 25.2 4.4 1.8 0.8 0.1 0.1 178.2
1986 0.3 2.2 7.0 60.4 15.8 8.2 1.8 0.6 0.1 0.1 + - 96.5
Division IIa
1982 - . - - 0.1 - 11.7 10.6 4.7 1.1 4.1 2.0 34.3
1983 - - 0.7 0.4 0.3 1.5 6.4 50 2.1 1.3 1.2 18.9
1984 - -~ 0.4 0.7 0.6 3.7 4.0 6.7 4.7 1.1 0.3 0.1 22.3
1985 - 0.2 0.2 1.4 3.7 9.5 12.6 6.4 2,5 0.6 0.1 0.1 37.3
1986 - + 0.1 2.5 2.9 3.2 1.5 05 0.4 + 0.2 - 1.3
Division IIb
1982 - - - - 9.9 1.7 425 17.8 1.1 0.2 1.5 0.5 15.2
1983 - - -~ 9.7 14.9 50 9.4 11,0 2.6 0.7 0.8 0,7 54.8
1984 - - 1.4 7.7 22,7 7.4 2.7 24 1.3 0.4 0.2 0.2 46.4
1985 - 9.1 9.4 45.2 32.3 32.8 11.5 53 1.8 0.3 - 0.1 147.8
1986 1.6 2.9 14.8 64.2 19.9 16.4 5.4 1.3 0.6 0.1 + - 127.2
Total
1982 - - ~ - 3.7 0.6 18.1 14.1 5.1 1.3 3.6 0.7 46.2
1983 - - - 5.4 89 43 56 7.3 4.7 2.0 0.8 1.1 40.1
1984 - - 0.9 9.2 14.2 16.2 8.6 5.0 3.1 1.1 0.4 0.3 59.0
1985 - 5.0 4.9 43,0 30.3 40.5 18.8 4.9 1.9 0.6 + 0.1 150.0
1986 0.7 2.2 9.1 56.5 16.1 10.6 3.0 0.8 0.3 0.1 + - 99.4
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Table 3.12 North-East Arctic COD.

Results from the Norwegian acoustic survey in the Barents Sea. Stock

numbers in millions.

Year class 4
Year Total
1986 1985 1984 1983 1982 1981 1980 1979 1978 1977 1976 1975

1981 - - - - - - 3 73 58 124 243 270 827
1982 - - - - - 1 4 71 86 93 73 74 408
1983 - - - - - 15 17 45 65 38 17 10 210
1984 - - - 2,382 506 174 80 63 46 16 1 + 3,269
1985 - - 69 878 550 510 109 48 20 2 1 1 2,187
1986 - 786 726 1,566 533 282 34 10 2 + + - 3,941
1987 1 59 158 636 161 47 5 2 1 - - - 1,0M

! Tncludes year classes older than the 1975 year class.

Table 3.13 North-East Arctic COD.
Results from the USSR acoustic survey in the Barents Sea and adjacent
waters. Stock numbers in millions.
Year 1986 1985 1984 1983 1982 1981 1980 1979 1978 1977 1976 1975 Total
1985 - 45 105 895 422 255 83 44 50 21 2 16 1,939
1986 60 53 141 980 444 183 56 62 19 1 1 - 2,000

Table 3.14 North-East Arctic COD.

Stock numbers in millions at 1 January.

Year class
Year
1986 1985 1984 1983 1982 1981 1980 1979 1978 1977 1976 1975 1974 1973
1982: - - - - - 1 4 81 105 103 95 154 23 12
19831 - - - - - 27 29 81 99 58 43 50 13 5
19841 - - - 2,382 506 121 58 59 54 30 19 12 4 -
19852 - - 118.1,534 817 631 100 51 38 8 6 2 - -
19862 - 435 361 1,717 462 27t 56 18 ] 2 2 - - -
1987 1 62 187 760 215 73 9 4 2 1 - - - -
'From Hylen and Nakken (1982, 1983, 1984, 1985).

2Estimates by Hylen {(unpublished).
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Table 3.15 Length at age from the Norwegian surveys in 1978-1987

in cm. The values for ages 7 and 8 are uncertain.

Age 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
3 32.1 33.1 34.2 35.5 37.6 34.8 35.8 40.3 34.4 31.8
4 45.9 42,0 42.5 44.7 46.3 46.8 49.2 50.8 50.4 41.1
5 54,2 53.3 52.5 52.0 54.7 56.0 57.9 62.2 60.0 55.7
6 64.6 64.4 63.5 61.3 63.1 64.5 67.4 71.1 70.2 67.2
7 67.6 74.7 73.6 69.6 70.8 73.3 79.6 81.8 82.3 81.8
8 76.9 83.0 83.6 77.9 82.9 80.4 82.2 88.7 95.2 94.5
Table 3.16 North-East Arctic COD.

Pasis for maturity ogives used in the assessment.
Percentage mature

Age 1984 1985 1986 1987
Norway USSR Norway USSR Norway USSR Norway USSR
3 - - - - 1 1 5 1
4 1 4 + 1 11 9 12 9
5 18 18 13 10 16 19 21 23
6 32 31 63 33 18 56 47 27
7 69 56 96 59 67 76 72 61
8 100 89 100 85 100 89 91 81
9 100 99 100 92 100 100 74 a1
10 100 100 100 100 100 100 100 -
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Table 3.17

NORTHEAST ARCTIC COD =
112

Nor Bar Sea Trawl
32,86

1,1

1, 16.1, 20.4, 21.4,
1, 10.8, 28.0, 31.9,
1, 60.2, 19.2, 15.6,
1, 90.3, 78.1, 15.7,
1, 356.0, 11v.0, 62.6,
Nor Svaloard Trawl
82,36

1.1

3,9

1, 22.2, 9.3, 2.8,
1, 6.2, 9.5, 3.0,
1, 5.6, 4,2, 5.3,
1, 74.3, 27.9, 6.5,
1, 164.0, 44,0, 18.1,
Nor Bar Sea Acoustic
82,86

1,1

3,9

1, 71, 86, 93,
1, 17, 45, 65,
1, 174, 80, 63,
1, 550, 510G, 109,
1, 15606, 533, 282,
USSK I Trawl/Acoustic
82,86

1,1

1, 135.2, 7.4, 1.9,
1, 4.6, Sb, 5.9,
1, 25.5, 13.7, 6.5,
1, 35.2, 53.1, 25.2,
1, 60.4, 15,8, 8.2,
USSR 2A Trawl/Acoustic

82,86

1,1

3,9

1, 10.6, 4.7, 1.1,
1, 1.5, 6.4, 5.0,
1, 3.7, 4.0, 6.7,
1, 3.7, 9.5, 12,6,
1, 2.5, 2.9, 3.2,

SURVEY DATA

16.0,
14.3,
9.4,
6.3,
8.5,

1.9,
2.5,
2.2,
7.7,
3.2,

735,
38,
46,
48,
34,

2.8,
2.7,
4.0,
46,
1.3,

4.1,
2.1,
4.7,
6.4,
1.5,

15.8,
4.7,
3.0,
2.5’
2.1,

2.9,
1.3,
0.5,
1.4,
1.3,

74,
17,
16,
20,
10,

0.4’
0.7,
1.6,
1.8,
0-6)

QN ad =2
[V ¥
IR

054'
1.6,
0.5,
1.4,
0.3,

0.2,
1.2,
0.3,
0.6,
0.4,



Table 3.17

USSR Ert Cat
82,36

1,1

3,9

50.5, 295,
21.0, 16,

19.6, 592,
55.0, 2615,
67.6, 5359,

uUssk Eff Cat
82,586

1,1

3,9

19.4, 83,
21.1, 0,
1.2, 22,
12.0, se,

41.1, 1510,
Norday 7t C
82,86

1,1
3,9

14.5, 439,
15.0, 29,

0&.7, 227,
21.5, e,
13.8, 4128,
Norway Etf C
82,86

1,1

3,9

438.2, 251,
39.9, 101,
45.1, 217,
T4.0, 1779,
38.8, 710,

(cont'd)

ch I

633,
175,
973,
16510,
8179,
ch IIa

556,
102,
106,
232,
5719,
atch I

1352,
809,
972,

2232,

3998,

atch Ila

2069,
1031,

322,
4623,
6626,

1407,
824,
1408,
10047,
13879,

593,
704,
342,
432,
15211,

1737,
2332,
1713,
1575,
1315,

3379,
3994,
2063,
3268,
8397,

Spanisn ET1t Catch Ilb

82,86

1,1

3,9

6.9, 1778,
15.8, 11/9,
1.0, vos,
05.7, 1891,
0s5.2, 266,

30484,
7351,
2030,
1778,
1502,

1740,
1070,
1697,
1161,

765,

1723,
770,
711,

3062,

72,

5648,
711,
446,
515,

4557,

2345,
2068,
1415,
946,
805,

4575,
4204,
2661,
3536,
3754,

479,
196,
168,
384,

99,

2968,
454,
372,

1307,

1278,

869,
347,
197,
370,
1510,

1539,
1212,
425,
454,
154,

5392,
2620,
2063,
riz2z2,
2ns1,

1073,
46,
13,
42,
59,

302,
395,
135,
379,
37,

184,
482,
47,
97,
406,

161,
436,
50,
34,
0,

951,
1819,
1309,

510,

471,

356,
155,
5,

8,

39

15
21
38
138
82

27
141
60
39
37

35
71
23
13
33

232
276
738
249

Q0

14
53
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Table 3.18

modute tun oat 16,03.28 2L SEPTEMBER 1987
[V AanRE BATED Ns
= ok i {Mar Bar Sea Trawl ) has q fixed as the mean
et P (Mor Svalbard Trawl ) has q fixed as the mean
et ‘t ipMor Rar Sea Acoustic) has g fized as the mean
Flact 1 (USSR 1 Trawl/Acousti) has g fixed as the mean
“leet SO (USSR 2A Trawl/fAcoust) has q fised as tre mean
Floet & (USSR Eff Catch 1 ) has variable q
Cimet O (USSR Eff atch Ila ) has vacriable g
Flset W (Narway Eff Catch I ) has variable q
Flest '} (Morway Eff Catch I[fa) has variable g
Fleet 110 ‘Spanish Eff Catch I1) has variable g
L9 TRAMEFDRMAT ICN
M e .platratory wvariate (Mean used)
FLEETS COMBINED BY #x VARTANCE #%
Ferminal Fz oestimated using Laurec/Shepherd method
Fegrgiston weights
oo U, 000 10000 1000 1000
Vodest e Fo= L.000#zverage of 9 vounger agee. Fleets rombined by varience of predictic
FIORTH-EAST ARCTIC CO0
LOG CATLHABILITY
1387 1933 1994 1985 1986 EST'D Fle=t Age LEE () ESY F
-9.4565 -H.B555 -3.8704 -8.5471 -8.956 1 3 . 336 PRI
Slulo2le -11,28304  -9.0654  -9.3222 -9.571 2 3 L9494 Le0v3
~G.0k33 -7.,7941  -7.0636  ~7.0658 =7.698 3 3 .8 AT
~1.d32  -9.714'% -9.E125 -10.3211 ~-9.8481 4 3 487 JoleR
—11.4406 -1!.6449 -12,0652 ~13.5058 -11i.62 5 3 1.4354 JRRICH
-12.1R 3432 ~9.486 -10.0492 -10.2% 6 3 1.078 L2083
~13.4138 -12.5184 -12,3927 -10,8182 ~11.9 7 3 1.26Y% LNES
Do-Ll.0eEd -9,6916 -9.7832 L7212 -9.529 8 3 1,037 .
L1EBE -10.917¢ —11.3822 -8.5707 -11.35152 ~10.51 9 3 1.806 L0204
SUolewe =7,3337 0 -8.5398  -7.5691 -10.0017 -8.161 10 3 L.1a8 L0853
1549 -B.6198 ~8.33 -8.3725 -8.398 1 4 191 Llredn
L2396 —10.1336 -9.3393 -9.2179 -9.48 2 “ -37
-7.5804 -7.1887 -6.4535 -6.8231 ~7.055 3 4 L40b
-3.8007 -8.9533 -B.7158 -10.3416 -9.479 4 4 555
-59.6308 -10.,1844 -10.4367 -12.0369 -10.46 3 4 . 926
-9.3668 -7.6658 -6.97 -8.3182 -8.275 & 4 . 984
-y.211l4 -9.5605 -9.531 -8.1661 -9.169 7 4 .7e2
-7.3%62 -6.8547 -8.035 -7.4328 ~7.346 8 4
= -€.6678 -6.9302 -7.9613 =7 924 9 “
~$.3672  ~45.3285 -6.9452 -7.0931 -6.418 10 4
-7, 6738 -3.3575 -8.1214 -8.098 1 5
Slo.0428  -9.3713  -9.2393  -9.3622 ~3.618 a2 3
~6.89%9 -~6.4198 -6.6162 -6.694 3 5
-7.8843 10,154 -9.407 4 5
? -8.5774  -11.0%5 -9.87 3 S
=7oa718 ~-5.8776 -6.826 -6.903 6 ]
~7.6239 -7.5876 =7.409 7 s
-5.9519 -6.8078 ~6.507 8 5
~6.9353 -5.77002 -6.637 9 5
26 -5.7946 -6.394 1o 4
-7.9698 -4.2343 -8.5533 -9.1431 -8.197 ] 6
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Table 3.18 (cont'd)
NORTH-EAST ARCTIC COD - LOG CATCHABILITY
1983 1984 1985 1986 EST'D Fleet Age LSE (Q) EST F

~9.7465 -B.3%26 -9.1022 -9.412 =4 5] .719 L7084
-6.70864 -6,5227 ~-6.739 -6.692 3 (=) sial l.otZy
-9.1487 -R.9123 -9.6775 =-9.427 4 =} .89 1.2413
- -a.7881L -92.,937¢ -9,8598 -9.33 S =] 961 1,660
-6.9282 ~6.943% -6.3486 -5.601 ~-6.636 =} <) 682
- =~7.0187  =7.0879 -6.6346 -5.5%569 ~€.768 7 6 751
-5.,443% -6.6003 -6£.1991 =5H.90 =] & .498
SEL45TE -4 ,.9041 0 53,6932 -5.662 9 6 627
-7.8089 -6.1837 -6.8333 -7.277 10 & Frdal=l
-B.E305 -B.7364 ~-B8.645 —-8.544 1 7 2176
-lo.3222 -9.3162 -9.1245 ~9.71L 2 7 487
-6.8565 -6.69569 -7.0843 -6.9195 3 7 .29
=19.a44q1 -2.1591 -9.,0649 -9.8977 —-to.1 4 7 1.174
-9,8RS -3.5338 -8.7364 ~10.0801 -9.702 S 7 .Bln
=TL0138 0 -€.6857  -6£.4987  -6.4475 -6.712 [} 7 . 266
-7,2873  -6.3991 -6.2241 -£.7831 =6.704 7" 7 LEET
~£.9%523 -5,7403 ~-6.9933 -6.9746 -6.249 8 i 582
EVIN= (RIS B B = VTR § 4351 -5.4192 -5.37% 9 ? 1.13
-3.,0188 =7.6%55 -6.478%9 -7.897 10 7 1.307
~5.,1155 -10,052% -9.8196 -9.,58% 1 a8 .518
~-9.6441 -9.8196 -9.527 2 g .832
—-LTEDE - -8.066 3 8 . O6B9
—~1L.6817 -10,16 4 2] 1.173
1w, wB3n -9.937 s} 8 LR
=7.064 6 g8 404
-6, IS4 -G.93Y 7 a8 Bul
~E.EOLe -7.767 =] 8 1.326
=L P -H.882 9 8 Bty
=7L3 30T =9 R8BS —B,7Y9Y3 0 -7.6993 ~8.105 13 g 1.3149
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Table 3.19 VIRTUAL POPULATION ANALYSIS.

NORTH-EAST ARCTIC COV

F1SAING MORTALITY COEFFICIENT

1982

. 000
. 001
.066
195
.291
.523
.691
« 709
4382
- 482

+ TNV AN -

0 -
~ <
<

¢ 5= .539

1983

. 000
« 000
022
.201
297
<h72
. 707
042
<484
=484

.540

STOCK SIZE IN NUMBERS

ALL VALUES ARE GIVEN FOR

1982

701089
190216
154402
127934
34012
75587
92919
18024
8257
3652

+ 0NN -

=y
<

TOTAL NO 145/8/¢0
SPS NO 126936

1983

1083075
5740M
155651
118339

37533
. 51393
36571
38122
7261
2944

2154890
105427

1984

.noo
. 001
M7
- 134
302
«541
1.014
955
.589
- 589

.680

UNIT:
1 JANUA
1984

3259428
886735
469875
124630

19247
532635
26251
14759
14855

2989

4932032
83451

UNIT: Y

1985

.000
. 001
.030
- 118
407
.622
.873
944
.593
-593

.688

thousands
RY
1985

118650
2668589
725164
3748355
89271
47950
25389
7796
4650
3463

4069275
172114

ear=1

1986

.001
. 001
.010
- 117
.358
966
1.065
. 785
.659
«659

767

1986

11039
97141
2183521
576305
275221
48669
21070
86 86
2482
2638

3226574
175554

1982-86

.000
001
.029
153
.331
. 625
. 870
.827
.562
562

1987

0

9029
719453
1770310
419877
157454
15168
5949
3242
2168



Table 3.20

Title : NORTH-EAST ARCTIC COD

At 19.435.34 22 SEPTEMBER 1987

trom 76 to 86 on ages 1 to 14

with Terminal F of .90C on age ¢ and Terminal S ot

Initial sum of syuared residuals was 630.705 and
final sum of syuared residuals is 310.528 after

Matrix ot Residuals

Years 76/77 77/78 78/79 79/80 80/81
Ages
1/ 2 -2.807 -~6.789 =-4.918 ~8.569 =-2.176 -
2/ 3 <400 ., 1.420 <496 «346 1.087
3/ 4 .729 1.193 .877 .523 <345
4/ 5 <230 <947 -.101 .191 077
5/ 6 422 <745 486 -.004 .204
YA «173 .068 - 189 .0938 .170
7/ 8 -.450 -.764 -.680 -.315 -.479
8/ 9 . =605 -.882 ~-1.125 ~a588 —~.806
y/10 ~.633% -.351 -.65%8 -.359 ~.531
10/ 11 -/ 99 -.931 -.823 —.296 .035
11712 -.144 - 744 .708 770 .965
12715 310 -2.182 425 <420 —-e224
15/14 -.300 <0355 1.677 057 1.370
-000 . 00U - 001 . 000 . 000
wTsS .010 .010 .010 .010 .010

Fishing Mortalities (F)

16
F-values 1.1444

77 78 ’9 80 81
F-values 1.3512 1.4925 9970 .9324 . 8846

Selection~at-ayge (S)

1 2 3 4
S-values .0010 .0010 .0327 .1561
5 6 7 8 9

S-values .32740 .5997 1.0000 1.2000 1.1723

.75

7

31/82

4.678
=403
-.472
-.327
-.241
072
N7
. 002
412
499
4738
.534
1.409

. 000
-.010

82
.9450

10
. 8659

0

iterations

82/83

-4.104
~.365
361
.216
-.035
-.003
-.279
-.23¢
~.095
-.150
.361
L4617
~.482

- N0J

1.000

83
.8203

11
.6909

83/34

-4 .397
~1.064
-.168
442
.N94
—. 144
-.157
—a.052
-.112
0467
-.295
—.539
1.027

- 010
1.000

B4
. 8755

12
7101

84/85 85/86
-5.850 -4.648

.231 - 885
-.416 .217
-.322 —.320
—.066 017

.039 .127

.2921 197

214 . L1141

.320 -.065

<424 —-.273

.534 -.595

-192 -.061
-.417 -.144

- Nn0 - 00N

1.000 1.000

85 86
.8732 .90n00

13 14
.6352 .75N1

-19.298
~.279
.026
026
.N26
.026
.026
=026
.026
.N26
.N26
.N26
.N26

~44.,531

WTs

010
.010
1.090
1.000
1.000
1.000
1.000
1.000
.300
.300
.300
.300
.30n0

£y



Table 3.21

RS ST
SN TCONOV BN -

SEFERABL

19¢6

.001
=001
L0357
=109
374
686
1.144

1.573

1.342
=991
791
-813
727
. 853

NORTH~EAST ARCTIC COD.
SEPARABLE FISHING MORTALITIES.

1977

.001
. 001
.044
.21
L4642
.810
1.351
1.621
1.584
1.170
L9354
.96n
.858
1.013

1978

.001
. 001
.049
.235
Lh88
.895
1.492
1.791
1.750
1.292
1.031
1.060
.948
1.119

E POPULATION NUMBERS Units:

1976

857696
398932
3771038
64387238
817692
4556388
241063
17273
0197
4194
2312
65
5/0
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1977

321667
686699
326245
297410
444239
460491
178755
62348
3582
1327
1276
359
239
146

1978

211996
263003
561464
255561
197189
233814
16/65¢
373894
10168
572
337
411
269
B3

1979

.001
- 001
.033
<1506
326
598
997
1.196
1.169
« 865
.689
.708
.633
- 748

1979

237407
173309
215008
437792
165748
99102
73214
30860
5175
1447
135

98

117

45

thousands

At 19.43.35
1980 1981
.0m .00
- 001 -001
.030 .029
- 146 .138
.305 .289
. 559 «530
.932 . 885

1.119 1.061

1.093 1.037
.807 756
644 611
. 662 .628
.592 .562
-699 - 663
1980 1981

278864 256295
194179 2281N2
141752 155832
170387 112572
3n6770 120604

97951 185160

44622 45846

25629 14330
7638 6319
1317 2096

500 431
56 215
40 23
51 18

22 September 1987.

1982

.001
. 001
.031
- 148
.3N9
567
. 945
1.134
1.108
. 818
.653
.671
.600
709

19R2

583412
2017651
186589
126333
80278
73942
89186
15498
4073
1834
/93
214

94

11

1983

.0m
.No1
.027
. 128
.268
. 492
.R20
.984
.962
. 710
.567
.583
.521
. 615

1983

994462
481297
171486
143113
89246
48255
36347
26381
4083
1101
663
340

89

42

1984

.001
.001
.029
- 137
.286
.525
.876
1.051
1.026
.758
.605
.622
.556
. 657

1984

1042287
813530
393730
136685
106693

55878
24156
12382
8683
1278
443
308
155
43

1985

N
. 001
029
136
.286
.524
.R73
1.048
1.024
756
.6N3
620
.555
.655

1985

12930
852607
665481
313261

97612
65606
27N61
8240
3545
2547
49N
198
135
73

1986

.0n1
- 001
.N29
-141
.294
- 540
.99n
1.080
1.055
L7779
.622
. 639
.572
. 675

1986

12279
10577
697447
529511
223791
60N67
51816
9252
2366
1043
9709
22N

’7

64

44



Table 3.22 North-East Arctic COD.
Input data to the assessment. Weight (kg) in catch at age.

45

Age
Year
3 4 5 6 7 8 9 10 11 12 13 14 15+
1982 0.65 1.00 1.55 2.35 3.45 4.70 6.17 7.70 9.25 10.85 12,50 13.90 15.00
1983 0.90 1.46 2.19 2.78 3.45 4.70 6.17 17.70 9.25 10.85 12.50 13.90 15.00
1984 1.04 1.68 2.52 3.20 3.97 4.70 6.17 7.70 9.25 10.85 12.50 13.90 15.00
1985 1.25 1.56 2.14 3.19 4.18 5.06 6.17 7.70 9.25 10.85 12.50 13.90 15.00
1986 0.97 1.61 2.21 2.99 4.31 5.73 6.82 7.70 9.25 10.85 12.50 13.90 15.00
Table 3.23 North-East Arctic COD.
Input data to the assessment. Weight (kg) in stock at age.
Age
Year
3 5 6 8 9 10 11 12 13 14 15+
1982 0.65 1,00 1.55 2.35 3.45 4.70 6.17 7.70 9.25 10.85 12.50 13.90 15.00
1983 0.36 1.01 1.63 2.35 3.45 4.70 6.17 7.70 9.25 10.85 12.50 13.90 15.00
1984 0.53 1.20 1.90 2.91 3.97 4.70 6.17 7.70 9.25 10.85 12.50 13.90 15.00
1985 0.67 1.07 2.23 3.65 4.92 5.06 6.17 7.70 9.25 10.85 12.50 13.90 15.00
1986 0.39 1,09 1.85 3.11 4.32 5.50 6.17 7.70 9.25 10.85 12.50 13.90 15.00
1987 0.23 0.49 1.38 2.30 3.97 5.50 6.17 7.70 9.25 10.85 12.50 13.90 15.00




Table 3.24 VIRTUAL POPULATION ANALYSIS

NORT A~EAST ARCTIC COD

CATCH IN NUMBERS

1964

5 5298
4 45912
5> 97950
6 58575
¢ 19642
8 9162
9 6196
10 3553
11 783
2 172
13 387
14 264
15+ 131

roraL 248025

1975

3 85337
4 114341
5 77995
6 118236
7 47872
8 13962
Y 4051
10 930
11 554
12 442
13 139
14 26
15+ 55

TOTAL 465946

UNTT:

1965

15725
25999
78299
68511
25444
8438
5569
1467
1161
131
67

91
179

229031

1977

59594
163609
130335

52925

61821

25358

5659
1521
610
271
122
92
54

490951

thousands

1966

55937
55644
34676
42539
37169
18s50n
5077
1495
380
4n3
77

9

7N

251976

1978

78822
45400
88495
56325
2540¢
51821
9408
122¢
13
446
743
43

51

339609

1967

34467
160048
69235
22061
26295
25139
11323
2329
687
316
225
40

14

352179

1979

8600
776434
43677
31943
16815

3274
10974

1785

427
103
59
38
45

200224

1968

3709

174585
267961
107051
26701
16399
11597

3657

657
122
124
Al
46

612679

175669

1969

2307
24545
238511
181239
79363
26989
13463
5092
1913
414
121

23

46

§74026

1981

3407
9466
21303
65433
21788
9933
4267
1311
8r2
mne
57

3

1

135440

1970

7164
10792
25813

137829
96420
31920

3933

3249

1232

260
1n6
30
35

3237092

1982

8948
20933
19345
28084
42496

2395

2878

7n3
271
26N
27
5

5

132355

1971

7754
15739
11R31

9527
59290
520N3
12093

2434

762
418
149
42
25

170067

1983

3108
19594
20473
17656
172n4
18329

2545

546
229
74
58
20
b}

99741

1972

35536
45431
26832
12080
7918
34885
22315
4572
1215
353
315
121
4n

191622

1984

7027
14165
18839
20350
15415

8359

6054

764
221
153
56
12
12

91427

1973

294262
131493
51000
20569
7248
83723
19130
4490
677
105

81

59

55

547596

1985

19282
38322
27216
20342
13528
4385
1904
1062
163
59

51

45

38

126457

1074

91855
437377
2n37r72

47006

12630

4370
2523
5607
2127
322
151
%3
62

BN7 8RS

1986

19090
57634
75590
27754
12730
4339
1098
503
467
138
26

32

1

1004102

1975

45222
50798
226646
118567
29522
9353
2617
1555
1928
575
231

15

37

496126

9%



Table 3.25

NOKR I A-EA

FISAING

L~ v L

10
11
12
13
14
15+

¢ 5-10)4
(12-14)u

a~No VvV s~Lu

Y
kY
1N}
12
15
14
15+

C 5-13)u
(1)-14)0

ST ARCTIC COv

MORTALITY CORFFICIENT

1964 1965
.01/ .023
144 PERN
L3552 . 389
431 445
569 .597
e «515
1.047 L6910
«85> 70
1.057 734
. 864 <491
1.145 1.052
<810 . 960
.810 960
. 665 . 534
942 .301
1970 1977
1606 154
-312 .567¢
bl L7535
.572 . 632
690 678
. 836 .909
771 1.21%
459 762
L300 .62n
. 935 . 259
615 . 838

- 858 1.144
. 858 1.144
. 644 .833
645 .720

19656

=040
104
.212
.37
665
566
.680
709
460
«616
506
. 370
370

.502
.552

1978

146
L2258
L669
“847
849
L9354
1.291
989
1.742
1.616
2.157
990
.99n

.930
T1.459

UNTT:

1967

. 030
153
. 131
.202
L4627
. 6638
.835
.7838
.862
. 889
. &64
.750
. 750

<517
. 831

1979

.049
.20%8
L348
.546
.659
L7610
1.04%
.952
1.253
1.065
L713
. 664
L664

719
.929

25 VIRTUAL POPULATION ANALYSIS

Year-1

1968

.024
.2n7
.409
L467
L401
.520
764
.725
.535
.355
1.151
L7400
L7410

-548
.7N1

1930

.031
.120
.355
625
673
.702
. R89
1.073
1.323
. 842
.785
.818%
. 818

719
.9637

NATURAL MORTALTTY COEFFICTENT

1969

.023
.221
.431
.539
. 769
.927
1.132
. 949
128
. 732
.721
<630
.680

-

« 80N
. 852

1981

.023
.097
.229
L514
A

1.064

1.225

1.058

1.067
L7838

1.382
.293
.23

<823
. 895

1970

041
142
.3R2
.571
.622
. R4D
.959
.97N
.636
.432
466
.540
LS540

724
.6N9

1982

.N57
-193
.293
.547
L791
.986
1.111
677
649
1.004
454
- 68%
688

734
.712

1971 1972
021 .N39
.1n3 . 167
.22%8 .297
-236 . 385
519 . 315
. 836 . 6609

.937 1.144
71 1.249
.639 1.716

L4661 .704
474 LT6R
. 340 .910
L340 .91N
. 58R .676
-537 . 969
1983 1984
.n2n .nen
. 169 =117
.293 244
<474 .5310

768 1.026
1.0n3 1.169
973 1.187

. 324 .925
L4R4 766
. 366 .7N5
784 .523
.723 <361
.728 .361
. 722 - 847
.637 .656

= .20

1973

<196
.20nn
.353%
.391
L4271
L6640
1.0n7
754
.6Ns
. 635
340
-310
.31

.594
.5?79

1985

.n32
S144
.341
452
L 837
.973
.965
L6738
.510
473
541
1.103
1.103

.70%
561

1974

L2164
LY
.537
.5n7
445
L4R6
.405
L9074

1.043
. 650

1.739
Mrdalal
.70

. 559
1.023

1986

.n31
. 128
L4h2
.7n1
.572
.716
.705
L7456
L7364
1. 142
.395
.704
L7946

- 65N
. 762

198386

.N26
- 139
. 335
-539
.80
. 945
957
.793
.623
. 672
. 561
747
L7467

Ly
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Table 3.27 NORTH-EAST ARCTIC COD.
Present and expected stock size and catches.

1986 1987 1988
Age
Stock Catch Stock Expected Expected Expected
numbers numbers numbers catch numbers F values stock numbers

3 1,000,000 19,090 430,000 11,835 0.03 346,000
4 528,139 57,634 799,641 98,506 0.15 341,368
5 223,703 75,590 380,452 91,213 0.31 565,922
6 60,071 27,754 115,390 45,229 0.56 229,508
7 31,940 12,730 24,399 13,630 0.93 53,992
8 9,253 4,339 14,759 9,181 1.12 7,850
9 2,367 1,098 3,702 2,272 1.09 3,939
10 1,043 503 958 488 0.81 1,014
11 979 467 405 176 0.65 349
12 220 138 385 171 0.66 173
13 87 26 57 23 0.59 162
14 64 32 48 22 0.70 25
15+ 2 1 24 1" 0.70 29

Total stock

Numbers 1,857,868 199,402 1,770,220 272,760 F5_10= 1,550,331

Weight 1,791,295 1,499,064 545,000 0.80 1,960,510

Spawning stock

Numbers 114,772 195,139 226,393

Weight 293,419 350,901 540, 146
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Table 3.28

NORTH-EAST ARCTIC COD.

Input data for the catch and stock projections.

Fishing pattern Maturity ogive

Weight in catches

Weight in stock

Age
1987-1989 1987 1988-1990 1987 1988 1989 1987 1988 1989 1990
3 0.033 0.03 0.01 0.44 0.49 0.49 0.23 0.30 0.30 0.30
4 0.156 0.07 0.04 0.88 1.02 1.09 0.49 0.64 0.68 0.68
5 0.327 0.15 0.15 2.04 1.76  1.94 1.38 1.27 1.41 1.50
6 0.599 0.35 0.34 3.13  3.34 2,95 2.30 2.7 2,25 2.47
7 1.000 0.50 0.63 4.18 4,18 4.18 3.97 3.97 3.97 3.65
8 1.200 0.76 0.88 506 5.06 5.06 5.50 5,50 5.50 5.50
9 1.172 0.95 0.95 6.17 6.17 6.17 6.17 6.17 6.17 6.17
10 0.866 1.00 1.00 7.70 7.70 7.70 7.70 7.70 7.70 7.7/
kN 0.691 1.00 1.00 9.25 9.25 9.25 9.25 9.25 9.25 9.25
12 0.710 1.00 1.00 10.85 10.85 10.85 10.85 10.85 10.85 10.85
13 0.635 1.00 1.00 12.50 12.50 12.50 12.50 12.50 12.50 12.50
14 0.750 1.00 1.00 13.90 13.90 13.90 13.90 13.90 13.90 13.90
15+ 0.750 1.00 1.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00

Natural mortality is gset to M = 0.20.

The fishing pattern is estimated by separable VPA.

The maturity ogive is data for 1987 and for 1988-1990, the average of data for

1984-1987.

The weights in catches are calculated up to 6 years, weights at older ages are
from the data series.

The weights in stock are data for 1987, and for 1988-1990, they are calculated up to

age 6 for 1988-1989, and age 7 for 1990. Older figures are from the data series.

The reference F in the projections is the mean F of ages 5-10.
= 0.17.

The yield-per-recruit analysis gives Fmax = 0.35 and FO

Recruitment is for 1986:
1987:
1988:
1989:
1990:

(Age 3)

1,000 mill

430
346
391
155

ion
W
"

1



Table 3.29 NORTH-EAST ARCTIC COD.
Stock size and catch predictions.

51

1988 1989 1990

Stock Spawn, Stock Spawn. Stock Spawn.
biomass  stock Fs_10 biomass  stock Fs 10 biomass stock
(3+) biomass Catch  (3+) biomass Catch  (3+) biomass
1,961 540 0.17 197 2,592 1,052 0.17 331 3,074 1,690
0.35 383 2,385 933 0.35 569 2,557 1,318

0.51 530 2,219 840 0.35 530 2,410 1,210

0.80 759 1,966 703 0.80 869 1,728 752

Table 3.30 NORTH-EAST ARCTIC COD.

Long-term perspectives for stock size and catches.

1988 1989 1990

Stock Spawn. Stock Spawn. Stock Spawn.
biom. stock Fs_10 biom. stock Fe 10 biom. stock Fs 10
(34) biom. Catch (34) biom. Catch  (3+) bionm, Catch
1,961 540 0.51 530 2,219 840 0.35 530 2,410 1,210 0.35 646

0.59 600 2,141 797 0.44 600 2,237 1,091 0.36 600

0.65 643 2,093 TN 0.50 652 2,122 1,012 0.35 550

0.70 682 2,049 747 0.60 735 1,976 915 0.53 705

0.80 759 1,966 703 0.65 744 1,868 841 0.50 628

0.80 759 1,966 703 0.80 869 1,728 752 0.80 808
Recruitment 346 million 391 million 155 million

1991 1992 1993
— — Sum

Stock Spawn, Stock Spawn. Stock Spawn. of
biom. stock Fg_,q biom. stock Fs_10 biom. stock Fg_,n catches
(3+) biom. Catch (3+) biom. Catch (3+) biom. Catch
2,323 1,368 0.35 632 2,040 1,275 0.35 563 1,805 1,175 0.35 484 3,385
2,183 1,252 0.36 600 1,934 1,180 0.35 530 1,735 1,107 0.35 464 3,394
2,111 1,191 0.35 560 1,906 1,151 0.35 518 1,721 1,092 0.35 458 3,381
1,770 928 0.46 565 1,546 852 0.40 451 1,420 824 0.35 368 3,506
1,735 896 0.35 441 1,649 928 0.35 436 1,548 930 0.35 408 3,416
1,372 631 0.80 621 1,063 478 0.80 481 871 381 0.80 380 3,918

Recruitment 200 million

200 million

200 million
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Table 4.1 North-East Arctic HADDOCK.
Total nominal catch (t) by fishing areas (Norwegian
coastal haddock not included). (As officially
reported to ICES.)

Year Sub-area I Division IIa Division IIb Total

1960 125,657 27,925 1,854 155,434
1961 165,165 25,642 2,427 193,234
1962 160,972 25,189 1,727 187,888
1963 124,774 21,031 939 146,744
1964 79,056 18,735 1,109 98,900
1965 98,505 18,640 939 118,079
1966 124,115 34,892 1,614 160,621
1967 108,066 27,980 440 136,486
1968 140,970 40,031 . 725 181,726
1969 88,960 40,208 1,341 130,509
1970 59,493 26,611 497 86,601
1971 56,300 21,567 435 78,302
1972 221,183 41,979 2,155 265,317
1973 283,728 23,348 2,989 320,065
1974 159,037 47,033 5,068 221,138
1975 121,686 44,330 9,726 175,742
1976 94,065 37,566 5,649 137,279
1977 72,159 28,452 9,547 110,158
1978 63,965 30,478 979 95,422
1979 63,841 39,167 615 103,623
1980 54,205 33,616 68 87,889
1981 36,834 39,864 455 77,153
1982 17,948 29,005 2 46,955
1983 7,550 13,872 185 21,607
1984 4,000 13,247 71 17,318
1985, 30,385 10,774 111 41,270
1986 69,479 26,251 728 96,458

"provisional figures.



Table 4.2 North-East Arctic HADDOCK.
Total nominal catch ('000 t) by trawl and
other gear for each area.

Sub-area I Division Ila Division IIb

Year

Trawl Others Trawl Others Trawl
1967 73.8 34.3 20.5 7.5 0.4
1968 98.1 42.9 31.4 8.6 0.7
1969 41.3 47.7 33.1 7.1 1.3
1970 36.7 22.8 20.2 6.4 0.5
1971 27.3 29.0 15.0 6.6 0.4
1972 193.4 27.8 34.4 7.6 2.2
1973 241.2 42.5 13.9 9.4 13.0
1974 133.1 25.9 39.9 7.1 15.1
1975 103.5 18.2 34.6 9.7 9.7
1976 77.7 16.4 28.1 9.5 5.6
1977 57.6 14.6 19.9 8.6 9.5
1978 53.9 10.1 15.7 14.8 1.0
1979 47.8 16.0 20.3 18.9 0.6
1980 30.5 23.7 14.8 18.9 0.1
1981 19.0 17.9 21.8 18.7 0.5
1982 9.0 8.9 18.5 10.5 -
1983 3.7 3.8 7.6 6.3 0.2
1984 1.6 2.4 6.4 6.9 0.1
1‘3851 24 .4 6.0 4.5 6.3 0.1
1986 51.3 18.2 13.1 13.2 0.7

"Provisional.
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Table 4.3 North-Fast Arctic HADDOCK.

Nominal catch (t) by countries (Norwegian coastal haddock not included) (Sub-

area I and Divisions IIa and IIb combined). (As officially reported to ICES.)

Faroe German Germany, United

Year TIslands France Dem.Rep. Fed.Rep. Norway Poland Kingdom USSR Others Total
1960 172 . . 5,597 46,263 - 45,469 57,025 125 155,651
1961 285 220 - 6,304 60,862 - 39,650 85,345 558 193,234
1962 83 409 - 2,895 54,567 - 37,486 91,910 58 187,438
1963 17 363 - 2,554 59,955 - 19,809 63,526 - 146,224
1964 - 208 - 1,482 38,695 - 14,653 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 23 136,2
1968 - - - 1,867 64,076 ~ 40,129 75,654 - 101, 7..
1969 2 - 309 1,490 67,549 - 37,234 24,211 25 130,820
1870 541 - 656 2,119 37,716 - 20,423 26,802 - 87,257
1971 81 - 16 896 45,715 43 16,373 15,778 3 78,905
1972 137 = 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 34 32,408 186,534 2,501 322,626
1974 925 3,601 454 23,409 66,164 3,045 37,663 78,548 7,348 221,157
1975 299 5,191 437 15,930 55,966 1,080 28,677 65,015 3,163 175,758
1976 536 4,459 348 16,660 49,492 986 16,940 42,485 5,358 137,265
1977 213 1,510 144 4,798 40,118 - 10,878 52,210 287 110,158
1978 466 1,411 369 1,521 39,955 1 5,766 45,895 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 87,889
1981 381 414 22 2,398 58,856 Spain 1,682 13,400 . 77,153
1982 496 53 - 1,258 41,421 - 827 2,900 - 46,955
1983 428 . 1 729 19,371 139 259 680 - 21,607
1984 297 15 4 400 15,186 37 276 1,103 = 17,318
1985, 424 21 20 395 17,490 117 153 22,690 - 41,270
1986 881 54 75 1,079 48,178 22 431 45,738 - 96,458
1987 Expected Landings 210,000

"provisional figures.
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Table 4.4 North-East Arctic HADDOCK.
Catch per unit effort.

Sub-area I Division IIb Division Ila

Year 2 z 3 2 3 2 3
Norway USSR UK Norway UK Norway UK

1960 - ~ 33 - 2.8 - 34
1961 - - 29 -~ 3.3 - 36
1962 B = 23 - 2.5 - 42
1963 ~ - 13 - 0.9 - 33
1964 - - 18 - 1.6 - 18
1965 - - 18 - 2.0 - 18
1966 - - 17 - 2.8 - 34
1967 - = 18 B 2.4 - 25
1968 - - 19 - 1.0 - 50
1969 - - 13 - 2.0 - 42
1970 - - 7 - 1.0 - 31
1971 - - 8 - 3.0 - 25
1972 0.06 - 14 0.02 23.0 0.09 18
1973 0.35 - 22 0.18 20.0 0.39 20
1974 0.27 - 20 0.09 15.0 0.51 74
1975 0.26 - 15 0.06 4.0 0.44 60
1976 0.27 - 10 + 3.0 0.24 38
1977 0. 11 - 4 + 0.2 0.14 16
1978 0.13 - 5 + 4.0 0.14 15
1979 0.36 - - 0.07 - 0.18 -
1980 0.45 - - + - 0.22 B
1981 0.64 - - - - 0.37 -
1982 0.51 B - - - 0.38 -
1983 0.27 - - 0.04 - 0.17 -
1984 0.13 - = 0.01 - 0.12 -
19851 0.27 1.00 - 0.01 - 0.11 -
1986 0.57 1.05 - 0.02 - 0.19 -

1Preliminary figures.

2Norwegian data - t per 1,000 t/hrs fishing.
Iunited Kingdom data - t per 100 t/hrs fishing.
4USSR data - t per hour fishing.




Table 4.5 North-East Arctic HADDOCK.
Weight at age (kg) in Norwegian and USSR

landings.
1984 1985 1986

Age
Norway USSR Norway USSR Norway USSR
2 1.17 0.66 0.81 0.25 0.62 0.27
3 1.58 1.35 1.32 0.81 1.17 0.54
4 1.99 1.90 1.91 1.46 1.52 0.98
5 2.42 2.48 2.35 2.51 2.25 1.50
6 2.64 3.13 2.66 2.84 2.57 2.25
7 2.89 3.12 2.85 3.23 2.70 2.63
8 3.16 3.57 3.14 3.29 3.05 3.03
9 3.41 3.86 3.38 3.90 | 3.19 3.65
10 3.51 3.98 3.72 4,03 3.50 3.80
11 4,04 4.77 3.81 6.75 3.72 -
12 4.04 - 3.22 (5.20) 3.97 -
13 3.84 - 3.72 4.78 4.06 -
14 4.19 - 4.19 - 4.12 -
15+ 4.36 5.37 4.06 - 4.06 6.45
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Table 4.6 North-East Arctic HADDOCK. Year class strength.

NORTHEAST ARCTIC HADDUCK : recruits as 3 year-olds (inc. data for ages 0.1,2 & 3)

10,51,2

Year
class
195¢
1958
1959
1960
1961
1962
1¢
19, .
1965
1966
1967
1968
1909
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1941
1982
1933
1944
198>
1936
1938/

N=-BSTZ
N=-BST3
N-BSA1
N=-BSA2
N-BSAS

VPA

242
109
241
276
320
100
243
291

20

17
164

97
025
2/0

54

56
114
171
158

(No, of surveys, No. of years, VPA Column No,)

&=T=1 R-T-2 R-T=35 INTOGP N-BST1 N-BST2 N~BSTS5 N-8SA1 N-B5A2 N-BSA3

58 9 14 - - - - - - -
2 4 5 - - - - - - -
7 14 33 - - - - - - -

50 40 72 - - - - - - -
52 50 34 - - - - - - -
5 3 4 - - - - - - -
16 9 12 - - - - - - -
11 12 15 - - - - - - -
0.3 0.3 0.5 0.01 - - - - - -
0.5 0.3 0.5 0.01 - - - - - -
s 13 8 0.08 - - - - - -
0.3 0.3 5 0.003 - - - - - -
31 69 120 0.29 - - - - - -
10 33 31 0.64 - - - - - -
3 3 9 0.26 - - - - - -
2 9 3 0.16 - ~ - - - -
13 8 5 0.26 - - - - - -
15 35 1% 0.51 - - - - - 198

163 96 59 0.60 - - - - 755 737
6 15 4 0.38 - - - 267 149 181
1 1 D.5 0.33 - - - 111 11 -

0.5 0.3 0.3 0.12 - - 2.3 17 - 14
0.5 n.3 0.3 0.20 - 4.8 1.8 - 25 7
0.3 0.3 - 0.15 0.3 0.9 4.1 2 4 7
0.3 0.3 & 0.03 0.5 5.7  15.2 3 19 53
2: 59 63 0.38 314.5 355.8 330.2 - 1002 1187
40 79 259 0,62 663.2 616.2 314.0 2148 19/2 2161
9 19 18 0.78 167.8 135.0 149.3 1034 630 220
5 2 - 0,27  77.9  31.9 - 434 56 -
1 - - 0.39  15.2 - - 47 - -
1 - - 0.10 - - - - - -

USSR Bottam trawl survey, age 1
“ h

USSR " age 2

USSR " " " age 3

International O-group survey

Norwegian Barents Sea, Bottom trawl survey, age 1
Norwegian " " " " " age 2
Norwegian . " " " " age 3

Norwegian Barents Sea, Acoustic survey, age 1
Norwegian o " " " age 2
Norwegian " " " " age 5
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Table 4.

7

Analysis by RCRTINX2 of data from file RCRT-DATA

NORTHEAST ARCTIC HADDOCK

bata for
REGIKESSIV

10 surveys over
=C

N TYPE

recruits as 3 year-olds (inec,

TAPEREL TIME WEIGHTING APPLIED

PUOJER =

5 OVER

27 YEARS

PRIOK WEIGHTING NOT APPLIED
FINAL ESTIMATES SHRUNK TOWARDS MEAN

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

MENIMUM S
MIni UM O

Yearclass

Survey/
Series
R=T~1

R=[=2

R=-T-3

INTUGP
N-85T1
N=8ST2
N=BSTS
N-BS A1
N=-B3 A2
N-B3S A3

MEA

Yearclass

Suryey/
Series
R=T-1

R=T=2

R-F=3

INTOGP
N-BST1
N=3ST2
N-88T3
N=BS A1
N=-B85A2
N-B3 A3

MEAR

Yearclass

Survey/
Series
K=T-1
R=T-¢
R=T-3
INTDGP
N=BST1
N=85T2
N=B3TS
N=-B35 A1
N=-B35 A2
N=-BSA3

MEAW

31 years

«E. FOR ANY SURVEY TAKEN AS

F 5 POINTS USED FOR REGRESSION

= 1983
Index S Lupe
value
5.7136 1,249
4.3820 1.021
5.4800 1.224

<4824 164139
6.4986 . 000
6.4252 . 000
5.7526 RN
7.6728 o143
7.3573 824
/.67338 .929

= 19 84
Index Slope
Value
2.3026 1.224
2.9957  1.006
2.9444 1,252

5766 15.6/72
5.12387 . N0n
49127 . 001
5.9120 915
6.9422 744
6. 4473 .825
5.3932 .929
= 1985
Index Slope
Value
1.7913  1.179
1.39806 . 992

«2390 15.192
4,.5682 . 000
$.4935 « 000
6.1755 747
3.5109 .327

Inter-
cept
1.754
1.849
1.510
-.027
. 000
. 000
496
419
.257
—=.470

Inter-
ceot
1.750
1.840
1.458

- 004
. 009
. 030
<491
.425
.252
-.4/3

Inter-
cept
1.750
1.836

054
. 000
- 000

446
. 245

Rsquare

L6730
-8393
. 6607
4538
. Q000
. 11000
. 8670
« (584
Y168
- 3760

Rsquare

6956
- 8595
.6538
.5080
. 1000
. 0000
. 3675
<574
.9180
- 3755

Rsquare

7202
- 8797
.5616

. 0000
. 0000

7561
.7196

No.
Pts

26
26
25
18
n
n
5
5
7
3

No.
Pts
26
26
25
18

RNV, R, e I }

No.
Pts
26
26
18
n
0

5
7

INCLUDED
Predicted Sigma
Value
6.3917 1.14309
6.5216 71763
8.2162 1.13263
7.7591 1.78031
. 0000 . 10000
. 00nu . 00000
5.753% .7B634
6.14%2 . 84901
6.5114 .56208
6.6612 .71000
3.8087 1.56419
Predicted Sigma
Value
44,5673 1.09914
4.8543 .67182
5.0870 1.17n030
9.0410 1.63484
.009n . N0nng
. 00n0 . 00000
5.0757 .TR974
5.5924 -35165
5.5734 .56211
4.539/ .71760
3.7417 1.576/6
Predicted Sigma
value
3.8973 1.05061
2.9249 <623546
3.,6850 1.48950
. 0010 .nonan
. 00N0 . 10000
4.9396 .B5656
3.2304 .5623R
3.6635 1.59011

Standard
Error
1.27730
81142
1.43751
2.06798
. 0000n
. 00000
1.06449
1.36702
71879
. 88681

1.56419

Standard
Error
1.15763
.71505
1.24999
2.10665
.nnNnnn
. 0N0an
.99165
1.2728%1
.66203
.78133

1.57676

Standard
Error
1.10236
.65995

1.56170
. Nonnn
. N0UN0

1.17 334
.60622

1.59911

4ata for ages 0,1,2 & 3

W ,ht

N7775
« 19267
.06139
02966
.N0000
. N0000
11195
06788
.24553
- 16131

-05185

Weight

.N7832
.20528
N6717
.N2365
. 00000
.nnnon
.10673
.N6479
27948
Y

04222

Wweight

.11163
.31146

.05562
. 0nnoo
. 000N0
.N9853
.36912

.N15365



Table 4.7
Yearclass =
Index

Value
L0931

Survey/
Series
R=T=1

R=T-2

R=T=-3

INTUGP
N=8ST1
N=-B5TZ2
N=BSTS
N-8SA1
N-BS A2
N-B3SA3

.3295%
2.7851

3.8712

MEAN

Yearclass =

Index
Value
.0931

Survey/
Series
R=T-1
R=T~2
R=-T-3
INTOGP
N=-3ST1
N-=BST2
N-BST3
N-BSA1
N=3S A2
N=-8SA3

. 0953

ME AN

Yearclass

1965 4.55
1760 5.52
196¢ bolB
1963 5,66
1969 6.061
1970 5.943
1971 4.71
1972 4,42
1973 4.85
1974 5.5
1975 5.61
1976 4,62
197/ 3.42
1974 3.05
1979 2.79
1980 2.50
1931 5.22
1932 5,92
1935 6.33
1934 5.09
1935 3.45
193806 3.4)
193¢ 2.43

{cont'd)

1986

Slope

1.177

14.7/76
. 000

. 754

1y 87

Slope

1.101

14.519

Weighted
Average
Prediction

/7.62
33,82
119.54
33.78
742.95
397.20
111.52
¥2,738
128.15
244 86
(32.67
85.17
50.61
21 .21
16,23
1.n2
25.01
372.41
590).93
162.22
50.78
29 .83
11.98

Inter- Rsquare
cept
1.753 L7453
. 109 .6125
.000 . 0000
<471 . 7546
Inter- Rsguare
cept
1.755 . 7685
» 149 .6528
Internal
Standarid
Error
.25
.33
.30
.32
.37
.33
=31
.34
.35
.37
<41
)
47
47
.52
.49
.33
A
.36
.32
.37
.60
.75

No, Predijcted Sigma
Pts Value
26 2,5685 1.NN235
18 4,9746  1.36363
n .0000 .0noon
5 3.3120 .86507
3.5971 1.60476
No. Predicted Sigma
Pts Value
26 2.5599 .96152
18 1.5329 1.27769
3.5114 1.62360
External Virtual
Standard Population
Error Analysis
.48 3.04 21.00
YA 2.89 18.00
.32 5.11 165.00
b2 4.58 98.00
.53 6.93 1026.00
.55 5.60 271,00
.19 4.01 55.00
.29 3.9 50.00
.33 4.04 57.00
.36 4,74 115,00
.60 5.15 172.00
.23 4,93 139,00
.50 5.00 20.00
43 1.95 7.00
<41 2.30 10.00
.42 1.79 6.00
42 2.N8 8.00
.34 5.87 356.00
.31
.29
.30
.57
.69

Standard
Error
1.07378

1.47288
. 0N0nan

.98206

1.60476

Standard
Error
1.036M

143449

1.62360

ExXt.SE/
Int.SE

1.95
1.34
1.07
1.31
1.43
1.67
- 60
RS
.95
.97
1.47
.63
1.06
.92
.80
.87
1.26
7B
RY
.91
- 80
94
.92

59

Weight

31499

216741
.N000Nn

37657

14103

Weight

51847

«27043

.21110

|
{
i
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Table 4.8 North-East Arctic HADDOCK.
Results from the Norwegian bottom trawl survey in the Barents Sea. Index of
number of fish in each year class.

Year class

Year Total'

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

1981 - = - - - 0.3 4.8 2.3 9.5 2.0 6.1 25.7
1982 - - - - 0.5 0.0 1.8 2.1 2.2 5.5 2.7 15.9
1983 - - - - 314.5 5.7 4.1 3.8 1.9 2.3 3.9 1.6 379.0
1984 - - - 663.2 355.8 15,2 1.6 0.7 0.2 0.3 0.4 1.8 1,037.4
1985 - -~ 167.8 616.2 380.2 7.2 0.4 0.2 0.3 0.3 - - 1,172.6
1986 - 77.9 135.0 314.0 123.0 0.4 0.1 0.1 0.2 - - - 651.5
1987 15.2 31.9 149.3 312.8 62.0 0.1 0.2 + - - - = 571.5
"Includes year classes older than the 1975 year class.

Table 4.9 North-East Arctic HADDOCK.

Results from the USSR bottom trawl survey in the Barents Sea and
adjacent waters (numbers per hour trawling).
Year class
Year Total
1986 1985 1984 1983 1982 1981 1980 1979 1978 1977 1976 1975
Sub-area I

1983 - - - 39.9 97.3 16.5 0.8 0.7 + + 0.8 0.2 156.2

1984 - - 9,7 100.2 110.6 2.8 0.4 0.2 + + 0.5 0.2 224.6

1985 - 3.9 19.1213.4 168.8 0.8 0.2 0.1 - + 0.3 - 406.8

1986 0.2 2.3 16.6 58.1 27.¢ 0.1 + + + + - - 105.0

Division IIa

1983 - - - 5.4 5.5 0.1 0.2 0.3 0.1 0.9 12.5

1984 - - 4,9 14.4 5.6 0.1 0.1 o0 - + 0.t 0. 25.4

1985 - 3.8 7.0 11.7 4.1 0.1 - + - - 0.1 - 26.8

1986 0.4 0.3 3.5 10.4 2.9 0.1 + + - - - - 17.6

Division IIb

1983 - - - 22,1 9.9 0.2 0.1 + + - + 32.3

1984 - - 2.2 143 1.8 - - - - = + 18.3

1985 - 1.4 10.2 61.4 5.1 + + + - + - - 781

1986 + 0.2 31 7.2 1.4 - - + + - - - 12.0

Total

1983 - - - 29.8 59.2 9.5 0.5 0.4 + + 0.6 0.1 100.1

1984 - - 6.4 58.6 58.4 1.5 0.2 0.1 + + 0.2 0.1 125.5

1985 - 3,0 14.4 134.3 90.0 0.4 0.1 0.1 - + 0.2 - 242.7

1986 0.2 1.4 10.7 36.3 16.4 0.1 + + + + - - 65.1




Table 4.10 North-East Arctic HADDOCK.
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Results from the Norwegian acoustic survey in the Barents Sea. Stock
numbers in millions.
Year class "
Year Teotal
1986 1985 1984 1983 1982 1981 1980 1979 1978 1977 1976 1975
1981 - - - - - - 2 25 14 66 160 50 320
1982 - - - - - 3 4 7 10 12 29 14 80
1983 - - - - - 10 7 9 5 4 10 5 50
1984 - - - 2,148 1,002 53 15 7 2 2 2 - 3,231
1985 - - 1,034 1,972 1,187 33 2 1 1 1 1 - 3,254
1986 - 434 630 2,161 944 3 1 2 + + + - 3,770
1987 47 36 220 804 209 + + + - + - - 1,318

"Includes year classes

Table 4.11 North-East Arctic HADDOCK.
Results from the USSR acoustic survey in the Barents Sea and adjacent

older than the 1975 year class.

waters. Stock numbers in millions.
Year class
Year Total
1986 1985 1984 1983 1982 1981 1980 1979 1978 1977 1976 1975

1985 - 194 434 1,468 836 3 1 + - + - - 2,738
1986 34 37 208 917 910 2 + + + + - 2,109
Table 4.12 North-East Arctic HADDOCK.

Input data to the assessment. Weight at age (kg) in the catch.

Age
Age
4 5 6 7 8 9 10 11 12 13 14+

1982 0.66 1,03 1.79 2.38 2.86 3.33 3.70 4.41 5.40 6.40 7.40 8.00
1983 1.52 1.86 2.10 2.38 2.86 3.33 3.70 4.41 5.40 6.40 7.40 8.00
1984 1.57 1.99 2,42 2,68 2.93 3,33 3.70 4.41 5.40 6.40 7.40 8.00
1985 0.92 1.66 2.39 2.89 2.71 3.33 3.70 4.4% 5.40 6.40 7.40 8.00
1986 0.86 1.25 1.88 2.41 2.66 3,04 3.70 4.41 5.40 6.40 7.40 8.00
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Table 4,13 North-East Arctic HADDOCK.

Input data to the assessment. Weight at age (kg) in the stock.

Age
Year
3 4 5 6 7 8 9 10 11 12 13 14+

1982 0.66 1.03 1.79 2.38 2.86 3.33 3.70 4.41 5.40 6.40 7.40 8.00
1983 0.66 1.03 1.79 2.38 2.86 3.33 3.70 4.41 5,40 6.40 7.40 8.00
1984 0.66 1.03 1.79 2.38 2.86 3.33 3.70 4.41 5.40 6.40 7.40 8.00
1985 0.47 0.74 1.79 2.38 2.86 3.33 3.70 4.41 5.40 6.40 7.40 8.00
1986 0.30 0.96 1.30 2.38 2.86 3.33 3.70 4.41 5.40 6.40 7.40 8.00
1987 0.21 0.51 0.89 1.82 2.86 3.33 3.70 4.41 5.40 6.40 7.40 8.00

Table 4.14 North-East Arctic HADDOCK.

Maturity at age from USSR.data and average used in

the assessment.

Maturity at age in percent

Age Average1
1981 1982 1983 1984 1985 1986

3 1 9 17 7 2 + 6
4 12 55 70 14 8 22 30
5 64 73 100 35 80 53 68
6 73 93 99 47 93 86 82
7 96 96 99 74 926 86 91
8 100 100 100 a2z 91 100 95
9 100 93 - 89 96 83 100
10 - - - - - 100 100

1Average not used for age 9.



TABLE &. 13

Maodule r~un

MORTHEAST

at 12.24.

DISAGGREGATELD Cs
Morw Bar Sea trawl

Fleet 1 ¢
Fleet 2 (
Fleet 3 (

Nerw Bar
Ussge 1 T

LOG TRAMSFURMATION
NO explanatory varia
FLEETS COMBINED BY#*+ VARIANCE*%

Regression

welghts

1.000 1.000 .00

Oidest age F=1.000+average of 3 younger ages.

1983

-7.2513
~-6.71673
-8.8854
-7.43573
-6.341
-9.0949
-7.35524
~-6.3949
-10.3520£83
-8.224
-7.6706
—-11.335953

1984

-5.89%96
—-4.6506
-7.3912
-7.8293
-3.5914
-9.2157
-8.6298
-6.3272
-3 .8826
-9.4273
=7.1247
~10.1208

34

Sea Acousti

awl/Pcoustl

te (mear used

(] 1.000

19 september 1987

» has g

Y has g fixed as the

) has g

)

LOG CATCHABILITY

1985

~-6.6565
-5.518
~7.4684

-6.26
-4.7373
-8.4572
-8.8091
-7.1996
-5.5022
-9.4339
-7 .8264
-10.189

1586

-6.6177
-4.6888
-8.3049

-7.3883
-5.3%06
-8.8829
-8.5618
-6.5466
~9.9478
-9.,7861
-7.4835
-2.7861

ARCTIC HADDOCK

fixed as the

fixed as

EST'D

-6.606
-35.393
-8.063
-7.234
-5.555
-8.913
-8.391
-6.667

-9.96
-9.218
-7.526
-10.35

the

mean
meadn
mean

Fleets combined by

AGE

[AREsaINC AN R RN I S S S 7Y Y VLN UY

variance of

T
—
n
i)
o

W WO -— e

predictions

«an

-353
. 969
.661
.678
. 749
. 333
5682
. 374
Lals
. 684
.302
692

EST F

.1103
.0339
.138%
.3382
.2501
2978

981
4342
L4839
3799
L2063
.leev

€9
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Table 4.16

NORTH=EAST ARCTIC HAODDOCK

VIRTUAL POPULATION ANALYSIS

MORTALITY COEFFICIENT UNIT: Year-1
1943 1984 19385 1986 1983-86
. 000 .000 . 000 . 001 . 000
022 - 001 .007 . 001 - 008
.120 . 081 L0938 106 .101
. 309 .205 .301 .300 -279
. 242 .213 199 JAT8 .283
160 . 124 -285 .209 . 195
171 126 1381 224 175
<101 126 . 181 224 175
221 167 242 .303

FISHING
1
2
5
4
5
6
e
8+
( 4~ 7)U

ALL VALUES ARE GIVEN FOR

TOTAL
SPS

+NocuUSuiNa

Co

NO
HO

1983

520112
8055
6862
(960
4524

10215
22951
8091

583769
42824

1984

479893
425831
6449
49864
4782
2908
. 1126
238959

900937
41514

UNIT: thousands
1 JANUARY

1985 1986
935708 10381380
343784 766092

348414 279400
4368 258609

33523 2950
3163 2229
2104 1947

16432 6382

1657845 1425788
44791 106015

1987

0
88482
626596
205661
156870
1497
1480
5448



Table 4.17

Title : NORTH=-EAST ARCTIC HADu <
At 19.40.22 22 SEPTEMBER 198/
trom /6 to 36 on ages 1 to 1

“ith Terminal F of _300 on age

Initial sum of syuared residuals
tinal sum of squared resijduals

Matrix ot Residuals

Years 76177 77/78 78/79
Ages
17 2 768 -.326 2.311
2/ 3 876  1.612 . 681
5/ 4 .055 1.319 . 346
4/ 5 -.0%6 .756 041
5/ o -.033 400 .21y
6/ ¢ -84 - 846 -.326
7/ 8 .267 -.170 .280
3/ 9 015 -1.070 -.594
2/10 A8 ~.417 .367
10711 -.030 =-1.148 =1.150
11712 -.477 1.761 -.06Y
12713 -.114 =2.749 ~1.491
00N . 00C .N03
WTS .010 .010 .010
Fishing Mortalities (F)
76
F-values <6556
77 78 79
F-values . 6635 4741 <4435
Selection-at-age (S)
1 2 3
S-values .0010 .0138 - 3301
4 5 6
S-values 10000 1.2922 1.350/

3
4 and Terminal S of 1.000

Wwas 563.468 and
is 222,288 after 95 iteratinns
79/80 80/ 81 81/ 82 R2/83
2,207 =4.025 -,908 -2.33%6
-134 ~5.499 .385 —.623
185 ~.664 077 -.438
-.127 -.255 -.626 —-.675
.373 . 145 ~-.041 -.N73
.310 459 .733 310
-.397 -.113 L4692 2123
-.370 .252 —-. 186 .589
~-.126 .810 .284 -.031
-.504 «212 =1.049 -. 102
-.697 N4 -.876 .256
-1.052 -.157 -. 637 703
.N00 iy .0nn .Nnad
.010 .01D .N10 1.000
80 ?1 82 83
.3583 .3870 4024 .2799
7 8 9 10
1.4000 1.6119 1.3003 1.8341

83/84

-5.511
1.799
L4663
L4917
L4469
~.046
-.181
-.315
- 662
-.310
-.993
-2.324

.NNo

1.000

R&
.2533

11
2.0566

84 /85

~7.474
=1.694
-.058
. 321
~-.215
—.423
-.136
-.128
Lon7
-.131
1.058
2.258

.010

1.009

35
.2920

12
2.2696

85/86
~-4.095 -19.416
.533 . 003
.03 .0n3
-.134 .NN3
-.164 .nn3
-154 -0NN3
183 .N03
-.123 -NN3
.637 .nn3
-.589 -NN3
-.324 .0N3
—.573 -NN3
.nan -28.182
1.000
86
-3000
13

1.0070

WTS

.0n
.001
1.000
1.000
1.n000
1.000
1.000
1.000
.2nn
.200
.20n
.20n

S9



Table 4.18

Title :

At 19.40.23
SEFERABLE FISHING MORTALITIES

Ve~ s LN =

10

1976

. 001
.00y
216
056
. 847
. 885
918
1.057
.852
1.202
1.348
1.4388
656

1977

- 001
.009
. 221
.068
.864
.903
«936
1.078
. 862
1.226
1.375
1.517
. 668

1978

« 000
.07
. 157
474
-613
.640
. 664
764
617
. 870
«975
1.076
L4

NURTH~-EAST ARCTIC HADDOCK
22 SEPTEMBER 1937

1979

. 000
.006
146
L4643
.573
.599
.621
.715
.577
.B13
.912

1.006
L4435

SEFPERABLE POPULATION NUMBERS Units: thou

SO ANOV LN

11
12
13

1976

14524
27755
15217
15157
170576
105913
35295¢
6612
8167
353
2341
9928
751

1977

201466
85521
22520
10034

6443
573635
35013

10 8881

1382

2351

87
604
124

1978

58187
1643836
69377
14786
4210
2224
19869
114838
30348
646
635
18
108

1979

9244
31250
134078
48571
7535
1864
960
3376
4380
15413
222
211

1980

- 000
.005
. 118
.358
463
484
502
.578
466
.657
737
.813
.358

sands

1980

13096
7565
25430
94824
25523
3478
840
422
5355
2015
4869
73

63

1981

. 000
. 005
-128
387
.500
.523
562
.624
-503
.710
796
. 878
. 387

1981

8272
10718
6163
18497
54256
13152
1755
417
194
1724
855
1903
26

1982

. 000
. 006
. 133
.402
.520
544
.563
.649
.52%
.738
. 828
.913
S402

1982

10202
6770
8729
4441

10284

26940
6384

836
183

96
694
316
649

1983

. oo
. 004
-092
. 280
. 362
378
.392
451
- 364
513
576
.635
.280

1983

525164
4350
5512
6257
2431
50N6
12808
2976
358
8y

38
248
104

1984

. 000
.003
084
.253
.327
342
-355
408
.329
L4665
.521
.575
.253

1984

445361
428211
6810
4114
3372
1386
2808
7086
1552
204

43

17

108

1985

.00n
.004
.096
.292
.377
394
.400
471
.380
.536
.601
663
292

1985

29274
364538
349368

5128
2615
2285
806
1613
3857
914
105
21

8

1986

. 000
004
.099
300
.338
405
.420
484
.300
.550
. 617
.681
.3

1986

360520
23961
297260
259748
3135
1468
1261
439
825
216N
438

47

Q

99



Table 4.13 VIRTUAL POPULATION ANALYSIS

NORTH—=EAST ARCTLIC HADDUCK

CATCA L[iv NUMBERS UNIT: thousands

Y04 1965 1266 1967 1968 1969 1970 1971 1972 1973 1974 1975

5 22505 5911 26157 15918 657 1520 25004 1079 230229 /N204 2634 1nn37

4 49162 46161 22469 41373 67632 1963 2408 24359 22246 258773 41701 14080

5 30592 430352 62724 13595 41267 44526 187N 1258 42849 24N18 23111 33871

6 5300 12578 2 8%41) 25736 7748 18954 21995 918 3196 6872 5827 49712

/ 3519 1672 5711 2g7e 15599 3611 794 R 279 1606 L1 4138 2135

3 2709 970 573 1617 5292 4925 1974 5N56 67364 422 3R2 12364

b4 8352 393 435 218 655 1624 1978 ’26 263N 1680 617 92
1 104 122 138 176 182 315 7?26 1043 896 525 2043 131
11 200 204 186 155 101 43 166 369 988 146 235 5N
12 234 123 25 76 115 43 26 130 53% 34N 276 147
13 121 14 8 27 1R 14 52 27 53 68 458 53
14+ o/ 205 7 7 19 2 19 4 42 13 143 Q2

FOTAL 112651 108885 147322 107686 139285 77542 62166 45248 312009 343479 154315 112N95

1976 19277 1978 1979 1980 1981 1982 1983 1984 1985 19836

3 15939 55967 47311 17540 627 486 833 704 456 29548 256n0
4 15449 22043 18812 35290 22878 2561 gnn 1939 841 1153 51035
5 5303 (368 4176 10645 21794 22124 3372 334 336 546 1024
[} 2irny 2586 1589 1429 2971 10685 12203 1574 3n7 715 323
4 40044 (731 1626 812 250 134 2625 5282 765 316 356
3 1247 11043 2596 546 504 162 344 9N6 225N 634 163
9 1549 311 6215 1466 230 162 75 52 499 1312 315
143 1935 348 162 2310 842 72 R’N 37 " 416 572
IR 279 96 258 181 1299 330 o1 29 25 50 123
1¢ 652 101 3 87 111 564 320 21 36 5 34
13 331 34 74 2 35 27 204 21 44 1 2
T4+ 46 98 65 53 15 42 34 21 185 57 8

TOTAL 99170 17/866 82587/ 70361 51554 33249 21131 9331 6314 34753 RO574

L9



VIKTUAL POPULATTON: - ANALYSIS
Table 4.20 A '

NORTH=EAST ARCTIC HADODOCK

FISHING MORTALITY COEFFICIENT UNIT: Year-1 NATURAL MORTALITY COEFFICIENT
1964 1965 1966 1967 1968 1969 1970 1971 1972

3 .1380 .067 .127 .062 .038 . 102 - 168 .n23 .285

4 317 .255 584 .303 403 .154 .233 .269 .386

5 . 699 462 575 427 . .560 .507 .215 . 184 1.065

-] -859 . 690 .722 494 467 .546 .5n9 - 155 .963

7 L7170 .655 . 800 .510 .639 L4615 466 419 441

3 -3438 <497 497 . 554 . 660 425 42N . 328 .616

J . 320 .772 .436 .355 457 433 .3n2 .31 .522

10 .235 261 -3509 - 315 562 2417 -351 .258 -6556

11 . 780 .990 L798 .568 .301 247 L 405 .303 L4146

12 1.955 1,883 .295 937 1.160 .202 .232 . 645 .979

13 .600 .600 .600 .600 .609 400 L4000 L400 .600

14+ - 600 . 600 . 600 . 600 . 610 .4N0 400 . 400 . 60D

C 4= 7u 659 511 .621 <434 L5117 <406 .356 .257 714
C 3=-13)y .87 834 .498 . 554 .623 - 354 .352 374 .631
1976 1977 1978 1979 1980 1981 1982 1983 1984

E) 3525 .768 363 . 150 .037 097 . 112 - 153 .078

4 .650 1.280 644 .506 .297 210 .263 .379 .275

5 . 606 - 942 .892 .973 685 .523 463 . 445 - .280

[ .705 L4910 451 .958 . 827 . 884 .620 .353 .275%

7 - 787 .632 . 661 .522 425 .792 .559 . 334 . 339

-3 679 .518 647 487 . 729 541 .676 .33 L4n2

9 177 . 354 624 <492 . 391 - 548 .522 . 198 <373

10 .920 .535 315 .576 .590 .2n3 581 .532 L4445

11 706 2.292 . B438 -696 . 601 486 424 430 .859

12 1.4176 .606 429 . 800 1.370 .575 1.317 162 1.607

15 <656 . 637 1.335 .572 919 2,000 .422 -252 591

T4+ .656 687 1.3535 .572 .919 2.0n00 422 .252 591

¢ 4= 74U . 687 <836 . 662 740 - 558 . 6N2 477 .3738 .292
€ 3-135)u . 359 852 667 .592 167 . 726 .657 .326 .713

.2Nn

1973

- 336
.598%
.956
471
.303
.107
.3n2
. 184
.206
244
.30n
. 300

582
.239

1985

.06
.2RA
.?R8
L4611
.408
.524
L4635
615
. 668
LA0N8
L1490
149

371
AT

1974

.220
L3472
WAK]
. 649
.583
.500
.4R8
L7364
.574
.74
.600
. 600

498
.6N6

1986

. 100
.293
443
. 337
.37n0
.572
.541
.30
. 368
1.509
.283
.283

- 341
. 589

1975

.258
571
.517
. 443
.526
342
.?213
179
-394
. 162
.30n
.3nn0

514
.265

1983-86

.1n7
.308
.364
.343
.385
457
.387
475
.581
.921
.310
.319

89



Table 4.21

NORT H=cA 3]

STucK >IZc

5

4

bl

)

7

3

v

"

11

ie

13

14+
TOoTAL wo
SPS N
FOT.B8Iowm
SrS dgluq
S

4

5

o

/

E)

9

19

i

12

13

14+
TOTAL wh
SPS wd
Tul.B104
SP3 miva

YR TuUAL POorPULAT [N

AaCTIv nAODOCK

I NamBERS

BIJMASS TUTALS

ALL VALUES ARE GIVEW FOR

1964

5211503
198714
36979
11943
/142
>1o4
1619
545
41
202
295
162

0126352

45807
015715
10¢472

976

55052
33709
in304
44819
30038
2704
2729
34y
601
924
751
104

255856
T)70%n
40001
20280

UaTT:

1965

1IN64
242173
113516
27515
372K
2709
130K
544
353
155

54

496

498204

03377
027423
159892

1er?

1157738
32995
15123
7309
13125
9862
1145
1024
114
243
134
215

213113

SnbK2
5153524
173671

UNIT: thousands

tonnas
1 JANUARY
1766

241503
76591
15675%
61147
11294
1615
1349
ax4
s6°
107

17

17

551233

36353
712911
190291

1973

1401604
432351
50y
4190
366/¢
73834
14559
855
401

b4

1nx%
95

255004

52984
2¢8330N
16410

AHALYSILS

1967

29n71x
175984
42541
12272
263510
4155
804
714
391
136

65

1

510045

84350
71221¢
212079

1979

153625
v71yE
13531

2519
2135
1550
412¢
6363

394

172

5
133

271850
25104
289911
6101

1968

1v25n0
22350655
115260
22016
56N55
1195%
1954
483
427
121

44

46

422008

935994
641967
226756

1980

13874
97090
4796¢
5744
/791
1n62
72
2066
3140
161
63

27

173360
26937
2491731
43200

196y

17204
1516¢
122425
49745
11653
15576
5N41
mns
216
25%
L7

14

237872

R713x%
4/50N8%
219952

19%11

57hs
143847
5041/
19815
2050
424
420
432
934
1409
35

52

1N5630

A7014
T1I%556
141129

1Ignored.
1970 1971
16579% 935179
12714 113384
11649 X248
401547 /N3s
245349 2727M4
s5N1 11902
K335 53R
26R7 3NLA
547 154%
132 200
173 9n
63 13
2R21N2 275924
73735 57572
420006 381919
2NR84L 177729
19Rr? 1983
2164 5474
4280 57N6
98R3 24695
2AR35 51069
6/N? 12696
764 5138
2n2 5%
19# 983
239 91
472 155
440 14
10 449
61544 34901
40941 24anrz
131496 R1A6N
1nj8s50 A5024

1972

1119593
76139
7n92s

5616
4933
15007
7n73
2n32
3193
936
128
mne

1216664
56578
1N106461
165232

1984

6724
3847
3/5%
1414
2916
7446
1756
213
Y4
48
1n8
453

2R731
17625
44065
52371

1973

269829
427731
42370
20025
1756
7500
7n74
3435
86 %
1728

2 RR

55

977”03

AQ2 83
122012
143N67

1985

35483n
5n94
2394
2325
881
1709
4nzs
989
112
16

b2
453

372881
54426
212389
sn11n

1074

54846
157353
2825723

15330

11234

1042
1748
4282
234N

575
11n9

344

s52227n
1nNn38s

R212n4
223297

19264

29421

265861

5134

1469

1242

43R

R4

2142

43R

47

Q

36
570112t
1n534nt

3714 98*
172512

1075

4L A535
35384
91784
152267
57n4
LE7R
5?27
R78%
1682
1nzo
224
390

345136
117967
653980
285221

1987

01
2195942
161164

1647
R50
714
213
393

1301
248

Q

7

69
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Table 4.22 NORTH-~EAST ARCTIC HADDOCK.
Present and expected stock sizes and catches.

1986 1987 1988
Age
Stock Catch Stock Expected Expected  Stock
numbers numbers numbers catch numbers F values numbers
3 591,000 25,609 162,000 11,363 0.080 31,000
4 263,861 61,035 485,108 95,500 0.244 122,382
5 3,134 1,024 161,164 39,676 0.315 311,253
6 1,469 383 1,647 421 0.329 96,296
7 1,262 356 859 226 0,341 970
8 438 163 714 211 0.393 499
9 824 315 213 52 0.317 394
10 2,162 522 393 129 0.447 127
11 438 123 1,301 468 0.501 205
12 47 34 248 96 0.553 645
13 ] 2 9 1 0.244 116
14+ 36 8 27 5 0.244 23
Total stock
Numbers 864,681 89,666 813,683 148,153 F4_7= 563,914
Biomass 458,862 96,458 444,183 210,000 0.307 534,142
Spawning stock
Numbers 123,035 269,845 332,060
Biomass 112,541 192,245 363,807




Table 4.23 NORTH-EAST ARCTIC HADDOCK.
Input variables for the stock size and catch projections.
Input variables by age group.

71

Fishing pattern Maturity ogive

Weigth in catches

Weight in stock

Age
1987-1989 1987-1990 1987-1989 1987-1990
3 0.33 0.06 0.86 0.21
4 1.00 0.30 1.25 0.51
5 1.29 0.68 1.88 0.89
6 1.35 0.82 2.41 1.82
7 1.40 0.91 2.66 2.86
8 1.61 0.95 3.04 3.33
9 1.30 1.00 3.70 3.70
10 1.83 1.00 4.41 4.41
1 2.06 1.00 5.40 5.40
12 2.70 1.00 6.70 6.70
13 1.00 1.00 7.40 7.40
14+ 1.00 1.00 8.00 8.00

Natural mortality is set to M

The

The weights in catches are from 1986.

The

The reference F in the projections is the mean F for ages 4-7.

The

Recruitment is for 1986:
1987:
1988:
1989:
1990:

maturity ogive is the average used for 1984-1986.
weights in stock are from 1987.

yield-per-recruit analysis gives Fmax = 0.39 and FO g = 0.15.
591 million

(Age 3)

162
31
30
37

= 0.20.
The fishing pattern is as estimated by the separable VPA.




Table 4.24

gffects of difterent levels of fishing mortality on
catch, stock biomass and spawning stouck biomass.

NUR{A EAST ARCTIC HADDOCK

A e e e e e o S e e ;e e e S e o e 2 o o o i e 2 e e 4m e e e

H Year 1988 | Year 1989 H Year 199N

P mrmmdin e e e e o e - e $ e o mta - — - t o mm———t mm e —— et et mm e et - ————————
i+ fac—-i ret.) stock: sp.stock. i fac-1 ref,. stock: sp.stock, H stock: sp.stock

i tor: Fi biomassi biomass: catchi tori Fi biomass: biomass: catchi hiomassi biomassi
tormmmat . vt wm mm————t - ————— P ———— o ——— o ———— trrm et - e b et v e — et
| -1 <151 534, 364 128, .14 .15 6967 567 125, 744, 6561
H H H H ' H .2, .31 H H 233, 6331 5561
| | | | \ H .30 2391 | i 2871 578} 507
tmmmmmt - cm et - - —— + e mmmr mwwet e m et vt mcmer bt e r e et e et m— et ———— - ———
H .21 L3511 534 364 ¢ 2403 L1 2150 5951 484 1n7; 641 5631
| \ ‘ ' H H .20 =318 H H 2001 546, 477
| H : H H | .30 390 i | 2471 4991 435,
tPommmnt e cmmw et rs v mc vt e mrmws v mwet dmwmant mmem vt cmet - m e b m e ——, et e - —————— - ———— ————
H .30 591 534, 3641 296, 10 L1510 547 443 991 59N 517,
H H i H H H -2 <31 H | 1841 503% 4331
| H H H ' H .30 .39 H H 227, 460, 400,
tommmnt e f e et - e = f ————— t ————— [ T — [ SRS e m e ———— TR —— t ————— e —————— +

The data unit ot the biomass and the catch is 1000 tonnes,
The spawning stock biomass is given for 1 January.
The refterence F is the mean F for the age group range from 4 to 7

L



73

Table 5.1 North-East Arctic SAITHE.
Nominal catch (tonnes) by countries in Sub-area I and
Divisions IIa and IIb combined. (As officially re-
ported to ICES.)

Country 1977 1978 1979 1980 1981

Faroe Islands 270 809 1,117 532 236
France 5,658 4,345 2,601 1,016 194
German Dem.Rep. 7,164 6,484 2,435 - -
Germany, Fed.Rep. 19,985 18,190 14,823 12,511 8,413
Norway 139,705 121,069 141,346 128,878 166,139
Poland 1 35 - - -
Portugal 783 203 - - -
Spain 1,327 121 685 780 -
UK (Engl.& Wales) 6,853 2,790 1,170 794 395
UK (Scotland) 82 37 - - -
USSR 989 381 3 43 121

182,817 154,464 164,180 144,554 175,498

Country 1982 1983 1984 1985 1986’
Faroe Islands 339 539 503 490 426
France 82 418 431 657 256
German Dem.Rep. - - 6 1M -
Germany, Fed.Rep. 7,224 4,933 4,532 1,837 3,470
Norway 159,643 149,556 152,818 103,899 66,152
Poland - - . - A
Portugal - - - - -
Spain = 33 - . -
UK (Engl.& Wales) 731 1,251 335 202 28
UK (Scotland) 1 - - + 21
USSR 14 206 161 51 27
Total 168,034 156,936 158,786 107,147 70,380

1 o ;
Provisional figures.
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Table 5,2 Arctic SAITHE. Norwegian purse seiners taking part in
the saithe fishery.
Vessel size
Year Total
<12.9m 13.0-16.9%m 17.0-20.9m 21.0-24.9m >25.0m
Number of vessels
1982 163 51 87 50 22 373
1983 112 53 83 54 12 314
1984 78 46 64 49 15 252
1985| 35 35 35 43 16 164
1986 20 19 22 37 21 119
Catch (tonnes)
1982 4,596 5,960 28,139 23,116 9,302 71,113
1983 3,226 4,922 19,431 20,694 5,524 53,797
1984 1,077 1,809 8,883 17,733 6,713 36,215
19851 492 1,962 3,794 16,230 8,391 30,868
1986 186 673 1,050 2,904 2,442 7,455
Catch per vessel (t)

1982 28.2 116.9 323.4 462.3 422.8 190.7
1983 28.8 92.9 234 .1 383.2 460.3 171.3
19841 13.8 39.3 138.8 361.9 447.5 143.7
19851 14 .1 56.1 108.4 377.4 524.4 188.2
1986 9.3 35.4 47.7 78.4 116.3 62.6
1Preliminary figures.

Table 5.3 North-East Arctic SAITHE. Catch, effqrt,

and catch per unit effort fo; Norwegian
stern trawlers (250-500 GRT) .

Year Catch (t) Effort (h) CPUE (kg/h)

1981 24,736 30,415 313

1982 24,520 27,079 9Q5

1983 28,408 26,647 1,066

1984 35,600 40,952 869

1985 20,173 26,757 754

19867 11,186 11,140 1,004

"only including days with more than 50% saithe on
trips with more than 50% saithe in the catches.

2Preliminary figures.



Table 5.4 NGRTHEAST ARCTIC SAITHE

Module run at 09.21.02 21 segtember 1987

DISAGBREGATED Qs

Fleet 1 ¢ Norw Purse Seine 3 has a fixed as the mean
Fleet 2 ¢ Norw Trawl 230-3500 G ) has q fixed as the mean
LOG TRANSFORMATION

NG explanatory variate (mean used !

FLEETS COMBINED BY#** VARIANCE**

Regressicn weights

1.0060 1.000 1.000 1.000 [.00C 1.000Q
Oidast age F=1.020%average of 5 vounger ages. Fleets combined by variance of predictiaons

LOG CATCHABILITY

1981 1982 1983 1984 1983 1986 EST'D AGE Fleet LSE (0 £8T ¥
-1.z21e%8 -1.5323 -1.258 -.8644 -.6446 -1.3569 -1.262 3 1 471 3176
-14,92688 -135.2778 -14.23%3 -12.8409 -13.1931 -132.59% -14.01 3 2 -97 L1911
.3417 ~-1.0034 -2.0274 -2.3957 -1.9016 -3.736 -1.787 4 1 1.37 1.7381
-12.4362 -12.3931 -12.968 -12.0897 -~12.5667 -12.4184 -12.65 4 2 WGB3 .1992
-2.807 | -4.2521 -1.4242 ~-2.928% -2.6669 -3.8316 -2.989 3 1 .989 .8093
~12.4364 -11.305 -12.1776 -13.3393 -12.908%9 -12.0287 -l2.4 =] 2 633 -2396
~3.9692 -4.81 -2.7282 -2.7a37 ~4.0699 -4 .3364 -3.773 6 1 .862 425
-12.6749 -12.0783 -12.1407 -12.6638 -13.1331 -12.3942 -12.51 =} a -394 .21l4E
-3.1467 ~£.8381 -3.8573 =-3.127 ~4.5308 -3.4472 -5.158 7 1 .999 L1642
-12.9902 -12.2521 -12.5606 -13.2835% ~-12.78 -12.9596 -12.99 7 2 .299 1193
~'7.7887 -6.5109 -3.1822 -€.2888 -3.96732 -3.0742 -5.469 8 1 1.719 .1152
~11.7993 -13.3389 -12.3183 ~-13.3546 -12.8108 -1z.813 ~-12.77 8 a2 .379 . 1782

SL
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Table 5.5 VIRTUAL POPULATION ANALYSIS
NORTH-EAST ARCTIC SAITHE
FISHING MORTALITY COEFFICIENT

NATURAL MORTALITY COEFFICIENT

1981

.00
.06
35
.53
.ol

46

Bl
D3
5%

+ L XNV LIN=

-
<

« 3-

(=3
~
(=

.90

1982

.00
.13
.27
<56
.7
.50
.24
59
49
43

STOCK SIZE IN NUMBERS

ALL VALUES ARE GIVEN FOR

1981

183177
2053580
295593
56126
51558
19717
5014
5772
912
2244

+ O WNTUVS NN -

Py
=

TOTAL NO 820472
SPS L) 25651

1782

155186
155951
158705
165007
20410
22944
55350
4274
1301
2005

695320
30152

1983

0N
<11
19
.31
.62
.44
54
45
)
243

.59

UNIT:
1 JANUA
19835

2006264
125295
110519
98704
163707
9981
11427
3579
2376
3149

643171
30512

1984

.00
.10
.68
.66
.25
.45
.27
o35

<40

A

thousands

RY
1984

139743
168437
92088
74957
59451
35705
5279
6654
1875
4868

587057
52381

UNIT: Year-i

.20

1985

.0n
.02
.56
b2
.29
<17
.27
«50
.29
.29

.33

1985

444305
114390
124717
38353
51674
37822
17550
3301
3856
3667

819636
66197

1986

.00
.01
.29
.25

.24
A2
17
.23
23

.24

1986

n
363767
91654
58328
20659
19470
26211
11005
2006
4516

597615
63208

1987

n

n
294864
56247
37226
11960
12520
139R2
7598
4257



Table 5.6

SJ OF PROOUCTS CHECK

NORTA~EAST AKCTLC SALTHE

CATEaUxY:

TOTAL

MEAN NELGHT AT AGE IN THE CATCH

1977

.25

.54

<71
111
1.63
2.35
5.16
4.03
bost?
S.65
6. 44
/.11
7.82
8.92
.50

1978

.25

354

.71
1.1
1.63
2.53
5.16
4.03
4,87
5.63
6,44
.11
7.382
3.92
9.50

1979

.25

34

.71
1.1
1.63
2.35
3.16
4.03
4.R7
5.63
6,44
7.1
7.82
8.92
9.50

UNIT:

1980

.13

«45

.79
1.2/
2.03
2.55
3.29
4.34
5.15
5.75
6.11
5.94
6.64
7.73
AR

kilogram

1981

.29

43

.73
1.40
2.05
2.76
3.30
4.38
5.95
6.39
6.61
6.88
6.75
7.13
7.66

1982

.36

.51

.77
1.12
2.n2
2.61
3.27
3.91
4.69
5.63
7.8
7.21
7.10
8.3
9.44

1983

.18
.60
1.05
1.33
1.R6
2.80
4.00
4.18
5.33
5.68
7.31
3.68
&.54
B8.57
110.37

1984

.18

.53

.71
1.26
2.n2
2.70
5,88
4ob7
5.36
5.6
5.28
6.89
2.20
9.14
6.47

1935

LR

.38

.75
1.33
2.07
2.63
3.21%
3.96
4,54
5.55
6. 8%
&.14
6.06
9.66
13.72

1986

.18
.33
.58
1.26
2.05
2.47
3,21
3.92
4.4
4.94
5.87
6.87
§.44
7.9n
10,04

LL



Table 5.7

SUM UF PRODUCTS CHECK

NORTH-EAST ARCIIC SAITHE

CATEGOnY:

TOTAL

CATCH Lis NUAMBERS

-
GO NV AN

-

p——
EI VAR V)

15+

TOTAL

1977

121
31662
99049
34517
10140

2062
4552
1450
1606

963

465

244

211

53

153

136842

UNIT:

1978

1711
45758
43969
27635
12476

4534

1468

1843

»38
976
655
631
234
231
299

148513

thousands
1979 1980
907 486
28334 18226
61963 40796
23323 36644
14122 2211
4400 6379
29Mm 3200
963 1338
1356 147
438 730
305 411
281 454
16¢& 257
222 239
210 268
139904 113736

1981

127
10467
83954
21822
21528

5619
2550
2008

369

279

252

89
144
95
49

147352

1982

- 137
17225
34733
65052
13060
3212
1054
1251
461
263
120

- 112
76

97

43

141896

1983

484
11638
17244
23768
32700
35226
3008
1177
760
247
204
123
161
94
178

95012

1984

24
14624
41466
35233
12064
11204
1135
1772
560
557
3R7
150
117
170
73

11/ 536

1985

2216
48917
11974
7189
5279
3740
775
878
134
274
214
55
126
32

81803

1986

3281
20904
11704

5516

3801

2748

1568

370
465
143
101
42
79

50725

8L



Table 5.8 VIRTUAL POPULATION ANALYSIS

NORTH=EAST ARCTIC SAITHE

FISHING MORTALITY COEFFICIENT UNIT: Year=-1 NATURAL MORTALITY COEFFICIENT = .20
19¢7 1978 1979 1980 1981 1982 1983 1984 1985 1986

1 .00 .01 .00 .N0 .00 .00 .00 .00 .nn .00

2 .21 W19 .20 T .05 .06 .13 .11 .10 N2 .01

5 W7 .59 .43 .50 .38 .27 .19 .68 .56 .29

4 YA .51 .64 49 .55 .56 .30 .66 42 .25

5 .45 .51 .53 .57 .60 .78 .62 .25 .29 .35

6 J24 .37 .34 49 .46 49 J4h .45 16 24

7 3% .27 .44 A .37 .23 .33 .27 .27 .12

$ .26 .27 .28 .37 .56 .32 YA .33 .30 7

9 Wy .27 .33 .06 .16 W24 .32 .38 .28 .23

19 .25 .26 .19 .30 .16 A7 19 42 .15 .23

11 .15 .27 .12 .28 .16 .10 .19 .52 .38 .23

12 .09 .33 .17 J27 .09 N L4 .21 .62 .23

13 .15 .14 .13 .24 .13 .10 .20 L1% .11 .23

14 _16 .25 R .27 RE 2 RE .33 .31 .23

15+ .16 .25 .15 .27 .13 .12 .18 .33 .31 .23

( 5= 3u A 42 44 L4k 49 A .39 A .33 .24

6L



Table 5.9

VIRTUAL POPULATION

NOKTH=EAST ARCTIC SAITHE

STUCK SIZE IN NUMBERS

BIOMASS TOTALS

- ALL VALUES ARE GIVEN FOR T JANUARY

14
15+

TOTAL WNO
SPS NO
TOT.BIOM
SPS BIuM

*Ignored.

197¢

351375
180591
20061%
79122
30551
10693
15141
0929
7403
4822
3720
3267
1634
432
176

897475

55216
668177
233869

UNIT:

1978

. 2038665

287573
119356
75906

34106

5922
6899
8507
4363
4617
5032
2629
2455
1147
1485

776713

51106
597036
222504

UNIT:

tonnes

1979

463653
169295
194242
53918
30348
16743
8365
4328
5303
2729
2902
1934
1540
1754
1707

966367

47911
634445
2023533

ANALYSIS

thousands

1980

253216
373788
115099
105456
25293
17933
9760
4738
2678
3124
1840
210
1330
1109
1244

917709

45858
667126
183071

1981

188470
206877
293676
56050
51868
10828
8967
5121
2678
2060
1901
1137
1312
358
443

832245

35305
692554
149757

1982

152805
154191
159930
165074
26358
23212
5620
5052
2396
186N
1435
1330
850
945
419

701477

43119
652725
157807

1983

205914
1249822
110715
92707
76932
9932
11646
3653
3012
1547
1286
1067
988
628
1189

653194

34947
663313
152306

1984

132036
168151
91833
75117
60270
33749
5239
6R33
1935
1783
1044
369
762
664
285

587571

53164
585622
187 8RN

1985

4442921
113811
124482
38145
31805
38492
17586
3268
4003
1082
960
508
577
519
132

R19662

67127
550246
217094

1986,

()1

3637551
91180
58137
20489
19576
26759
11n35
1979
24R7
765
540
225
423
16

597367

53806
570459
212280

nt

2948547
55859
37070
11821
12698
19431
7622
1288
161R
498
351
146
235

08



Table 5.10

List of input variables tfor the ICES prediction projram,
NORTH-EAST ARCTIC SAITHE

The reterence F is the mean F for the age group range from 35 to

The number of recruits per year is as follows:

fear Recruitment
1987 200020.0
1988 200000.0
198y 20000n0.0

Data are printed in the tollowing units:

Numoer ot fish: thousands
Wweight by aye group in the catch: kilogram
weigyht by aye group in the stock: kilogram

Stuck piumass: tonnes

Catch weiyht: tonnes

pommmtom mmmm mmr e} e e e mmmm m e} m e = m—— = ———
| | i tishing! naturali{ maturity: weight in| weig
{ agei stock sizei patterni mortality. ojivei the catchi the
fomm b mm e e e d e me e e b —————— o
H 14 200000. 01 . 001 204 . 00} .216]

\ 21 165746.0, L0110 200 .00, NY4N

i 3 151101. 010 « 291 2010 . 001 7720

i 44 55359.0) .251% L2010 .ong 1.260¢

) Y 5/070.010 . 3510 .20, . 00} 2.004

1 61 11321.01 W24 .20 1.00% 2.6421

| 7 12608.0) 1210 200 1.00% 3.5281

| 81 19431.0, A7 201 1.00: 4,N28,

H 91 7622.01 . 231 200 1.001 4,882

i 10} 1288.0) .23 L2010 1.000 5.5721
o1 1618.04 .23 .201 1.00% 6.70641

HE. 498,01 .23 .20 1.004 7.558,

\ 134 351.01 .23 .20 1.00, 7.648;

HE 146,014 .23 L2010 1.00: 8.6601
P15+, 285.014 .23 200 1.00) 10.008; 1
pomm et mm———————— b —— Fommm— b mmm———— bmmmem———— tmmmmm

81

ht dini
stock)




Table 5.11

gffects of different Llevels of fishing mortality on
catch, stock piomass and spawning stock pbinmass.

NORTH~EAST ARCTIC SAITHE

i e o~ o 2+ o = = = = o > e e e o e 2 e e e e Py gy PRS-
H Year 1987 H Year 1988 H Year 1989 |
Fmmm et w e ———t - ————— R ] o —— P ———— F o — - ——— o ———— F o - o - — Fm e ———— —t
i tac-i ref.. stock: sp.stock, i Man. ¢ ref.. stock: sp,stock: H stocki sp.stnck:
« tor: Fi{ biomass: biomass: catchioptim: Fi hiomass! biomass: catch! biomass, biomass;
B e R e A e el R kel tm———————— b ————— —t - s —wwt m - ————t
‘ 70 170 587, 221 70iF0.1 <140 653, 249, 66 747, 285,
H H H H H 1Fg7 L1710 i H 831 726!} 2741
: ] ] ; ] {Fmax. + 241 : S R X 69n; 255!
H H i : | ¢ Fmed. ¢ .32 H H 142 6521 236!
b cntmcmmmt e b —mmc———— tummm——t ————— temmcmet mmcc et cm —t et ————— b ————— +

The data unit of the biomass and the catch is 1000 tonnes.
The spawning stock biomass s given for 1 January.
The reference F is the me2an F for the age aroup range from 3 to 8

z8



Table 6.1 REDFISH in Sub-areas I and II.

Nominal catch (t) by countries (Sub-area I,
ITa and IIb combined).

83

Divisions
(As officialy reported to

ICES.)

Country 1977 1978 1979 1980 1981
Belgium 1 - - - -
Faroe Islands 8 1 - - 206
France 660 3,608 1,142 1,297 537
German Dem.Rep. 17,614 16,165 16,162 8,448 4,614
Germany, Fed.Rep. 7,231 11,483 11,913 7,992 4,688
Norway 7,381 7,802 9,025 8,472 9,249
Poland 175 2,957 261 87 26
Portugal 1,480 378 1,100 271 -
Spain - - 1,375 1,965 930
UK (England & Wales) 6,330 3,390 1,756 1,307 470
UK (Scotland) - - - - -
USSR 144,993 78,092 70, 451 72,802 81,652
Total 185,873 124,172°  113,620° 102,765% 102,372
Country 1982 1983 1984 1985 1986
Belgium - - - - -

Faroe Islands - - - - -

France 841 798 2,970 3,326 2,471
German Dem.Rep. 4,463 3,394 4,168 3,260 1,323
Germany, Fed.Rep. 3,182 3,395 3,289 3,306 3,561
Norway 10,045 11,083 18,650 20,456 23,215
Poland - ~ - - -
Portugal - - 1,806 2,056 1,591
Spain 72 222 25 38 -
UK (England & Wales) 336 182 716 167 110
UK (Scotland) - - ~ - 14
USSR 112,810 105,459 69,689 59,943 20,694
Total 131,749 124,533 101,313 92,552 52,979

1 . .
Provisional figures.

2The total figure used by the Working Group for assessments
(including catches by non-members).
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Table 6.2 REDFISH in Sub-areas I and II.

Nominal catch (t) by countries in Sub-area I.
(As officially reported to ICES.)

Country 1977 1978 1979 1980 1981
Belgium 1 - - - -
France 149 27 7 1 16
Germany, Fed.Rep. 786 + - - 7
Norway 1,181 1,333 1,374 736 543
Portugal 55 8 - 170 -
UK (England & Wales) 1,686 959 462 295 61
UK (Scotland) - - - -
USSR 13,154 2,575 639 33 1,220
Total 17,012 4,902 2,482 1,235 1,847
Country 1982 1983 1984 1985 1986
Belgium - - - - -
France - - - - -
Germany, Fed.Rep. 10 - 1 143 50
Norway 732 580 1,472 2,378 4,319
Portugal - - - - -
UK (England & Wales) 77 48 22 43 32
UK (Scotland) - - - - 3
USSR 1,750 4,023 532 368 1,066
Total 2,569 4,651 2,027 2,932 5,470

"provisional figures.
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Table 6.3 REDFISH in Sub-areas I and II.
Nominal catch (t) by countries in Division IIa.
(As officially reported to ICES.)

Country 1977 1978 1979 1980 1981

Faroe Islands 3 1 - - 206
France 478 3,575 1,134 1,296 521
German Dem.Rep. 12,688 12,933 12,439 7,460 2,205
Germany, Fed.Rep. 4,764 11,482 11,913 7,992 4,681
Norway 6,050 6,369 7,637 7,734 8,704
Poland 47 2,477 261 78 26
Portugal 1,249 352 1,100 89 B
Spain - - 1,125 1,500 620
UK (England & Wales) 4,064 2,067 1,195 967 409
UK (Scotland) - - .= - -
USSR 94,639 31,783 29,519 46,762 56,130
Total 123,987 71,039 66,323 73,878 73,502
Country 1982 1983 1984 1985 1986"
Faroe Islands ~ - - - -
France 841 798 2,970 3,326 2,471
German Dem.Rep. 2,760 2,500 2,570 2,800 1,252
Germany, Fed.Rep. 3,172 3,395 3,288 2,972 3,319
Norway 9,140 10,500 17,111 18,062 18,860
Poland - - - - -
Portugal - - 1,134 1,327 1,273
Spain - - - - -
UK (England & Wales) 259 134 672 120 75
UK (Scotland) - - - - 11
USSR 63,125 82,836 63,342 59,047 19,099
Total 79,297 100,163 91,087 87,654 46,360

"provisional figures.
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Table 6.4 REDFISH in Sub-areas I and II.
Nominal catch (t) by countries in Division IIb.
(As officially reported to ICES.)

Country 1977 1978 1979 1980 1981
Faroe Islands - + - - -
France 33 6 1 - -
German Dem.Rep. 4,926 3,232 3,723 988 2,409
Germany, Fed.Rep. 1,681 1 - - -
Norway 150 100 14 2 2
Poland 128 480 - 9 ~
Portugal 176 18 - 12 -
Spain - - 250 465 310
UK (England & Wales) 580 364 99 45 +
UK (Scotland) - - - - ~
USSR 37,200 43,734 40,293 26,007 24,302
Non-members - 296° 4352 124° -
Total 44,874 48,231 44,815 27,652 27,023
Country 1982 1983 1984 1985 1986’
Faroe Islands - - - - -
France - - - - =
German Dem.Rep. 1,703 894 1,598 460 71
Germany, Fed.Rep. - - - 191 192
Norway 173 3 67 16 36
Poland - - - - -
Portugal - - 672 729 318
Spain 72 222 25 38 B
UK (England & Wales) + - 22 4 3
UK (Scotland) - - - - +
USSR 47,935 18,600 5,815 528 529
Total 49,883 19,719 8,199 1,966 1,149

'provisional figures.

2as reported to Norwegian authorities.
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Table 6.5 REDFISH in Sub-areas I and II.
Nominal catch (t) of Sebastes marinus and Sebastes
mentella in Sub-area I and Divisions IIa and IIb

combined.
Species 1977 1978 1979 1980 1981
S. marinus 39,508 31,695 26,475 23,411 20,826
S. mentella 146,365 92,477 87,145 79,354 81,546
Total 185,873 124,172 113,620 102,765 102,372
Species 1982 1983 1984 1985 1986
S. marinus 16,366 19,260 28,379 29,484 30,127
S. mentella 115,383 105,273 72,934 63,068 22,852
Total 131,749 124,533 101,313 92,552 52,979

"provisional figures.
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Table 6.6 Sebastes mentella in Divisions IIa and IIb.
Catch per unit effort and calculated total
international effort.

USSR
catch/hour German Dem.Rep. Total effort
trawling (t) catch/day (t) (USSR units)

Year 3 freezer trawlers 7 5

RT PST RT PST

1965 0.38 - ~ 41,216 -

1966 0.39 - - 26,008 -

1967 0.37 - = 16,862 -

1968 0.45 - - 12,029 -

1969 0.48 - - 14,242 -

1970 0.46 - - 49,817 -

1971 0.38 = - 118,587 -

1972 0.38 - - 75,953 -

1973 0.45 - - 85,289 -

1974 0.69 - = 100,539 -

1975 0.95 - - 251,653 -

1976 0.99 . B 271,653 -

1977 0.77 - - 190,084 -

1978 0.63 - = 147,002 -

1979 0.56 . - 155,616 -

1980 0.70 0.91 - 113,363 87,202

1981 0.63 0.95 8.71 129,438 85,338

1982 0.63 1.05 9.58 183,148 109,889

1983 0.80 1.09 17.12 131,591 96,581

1984 0.70 1.30 13.62 104, 191 56,103

1985 0.60 1.00 9.89 105,327 63,196

1986 0.43 0.68 7.90 53,144 33,606

Tside trawlers, 300-600 hp, For 1986 also side trawlers

(SRTM) ,

Stern trawlers.

1000 h.p.,

are included.
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Table 6.7 REDFISH in Sub-areas I and II. Year-class strength.
International

Year O-group survey USSR 3

class Dragesund (1971) abundance indices Young fish surveys

1961 poor - poor

1962 very poor - poor

1963 poor - strong

1964 strony - strong

1965 strong 159 strong

1966 strong 236 strong

1967 average 44 average

1968 average 21 average

1969 very strong 295 very strong

1970 strong 247 strong

1971 average 172 strong

1972 average 177 average

1973 strong 385 below average

1974 = 468 poor

1975 - 315 poor

1976 - 447 poor

1977 - 472 poor

1978 - 460 poor

1979 - 980 poor

1980 - 651 poor

1981 - 861 close to poor

1982 = 694 strong

1983 - 851 poor

1984 - 732 -

1985 - 795 -

1986 - 702 -

1987 - 631 -

'on the basis of the
data of the surveys
is added to the age
from the end of one

abundance of age groups 1+ to 6+ in the CPUE
(published in "Annales Biologiques"). The +
to indicate that the survey was carried out
year into the following year.
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Table 6.8 Sebastes mentella. Average catch (no. of specimens) of different
year classes per hour trawling in the USSR survey in the Barents
and Norwegian Sea.

Year
classes 0O+ 1+

3+ 4+ 5+ 6+ T+ 8+ 9+ 10+

1965 - -
1966 - -
1967 - -
1968 - -
1969 - -
1970 - -
1971 - -
1972 - -
1973
1974
1975
1976 7.
1977
1978 0.
1979
1980 0.
1981
1982 19.
1983 12,

[
1

~

WO OO0
TN CON ||
0

oo | w1 ot O
-

>

WN OO
I DO ™WON = | © )

i
1
1
1
1
|
|
1
'

16.

-
w

P OO0O@maUL I s
w

1
1
1

2
19.8
51.9 18.
3
6

.
o

1
1

-
L8
I w1 O

w
~

12.

nN
w o
(SR R -

W TN NS
PO mWw =)
1 Nwuooow=d 1 ™|
(S 3 TN 3

1
1
1
1

NUTO N O
Il wowwnaw !t & |

[N NN
(IR R =3 W R -}
1
[

[
' '
[
[
[

t
1
!
1
t
'
i
]

t
1
i
1
t
1
'
1

Table 6.9

Sebastes mentella.
Results from the analysis using RCRTINX2
for estimation of recruitment.

Year class

No. of points
Adopted Log S.E.

5 4 3
1974 n.a.1 n.a. (424) n.a. n.a.
1975 n.a. 288 284 288 0.50
1976 209 202 175 209 0.50
1977 126 51 59 126 0.74
1978 131 132 12 131 0.51
1979 65 68 65 65 0.54
1980 n.a. (181) 147 181 1.12
1981 n.a. n.a. 144 144 1.06

Recent weighted mean = 164
" Not adopted.



Table 6.10

Title : SEBASTES MENTELLA IN FISHING AREAS ITA AND IT8

At 16.30.29 22 SEPTEMBER 19X%7

rrom 77 to 36 on ages 6 to 18

with Terminal F of .400 on age 13 and Terminal S of .600

Initial sum of sqguared residuals was 319.582 and
rinal sum ¢f sguared residuals 1is 169.814 after 95 ijteratijons

Matrix of Residuals

Years (771738 ’8/179 /9/80 807381 81/32 82/83 33/84
Ages
6/ 7 -9.214 .125 1.36/ 1.078 2.4381 -.513 1.490
7/ 3 =-2.155% 1.061 1.1481 1.314 1.278 .833 -. 441
3/ 9 -.991 .65 429 6635 -3/3 725 . 315
/19 .506 .96y 774 572 357 562 -.N14
1711 <125 . 336 <431 -132 -245 .724 -.273
11/71¢ L6935 ~-.0N40 294 -.141 2145 .305 -.275
12713 1.201 -.103 -500 ~-. 117 .049 -.026 -.214
15714 26U -.340 .224 -.69Y -.078 -.375 -.297
14715 -. 005 -.0359 -.629 -.572 -. 185 - 715 -.034
15716 -.581 -.518 =1.54v -.097 -.553 -.h95 .203
16/ 17 -.562 ~.526 -.97¢ .256 ~. 8935 - (86 <431
17/138 -.635 =1.219 =1.45% -.248 -.924 -.614 . 849
.01 - 001 001 . 000 . 000 . 00N - 0NN
ATS . 100 .100 . 100 -100 . 100 1.000 1.000

Fishing Mortalities (F)

4 78 79 80 81 82 33
F=values L9470 .6552 .60s52 -5554 .5290 . 6673 7914

Selection-at-age (S)

-] 7 8
S-values .0019) .NN94 0490
9 10 11 12 15 14 15

S-values 0954 .2344 L3720 L5983 1.0090 1.0716  1,230v

R4
. 6875

16
1.2134

85/86

1.0n7
1.514
1725
199
244
157
~. 138
-.253
~.369
-.245
-.521
-.372

=010

1.001

35

1.0752

17
1.0657

-2.%67
.040
.N&n
.04n
.040
_N4n
.N4n
_N4D
.040
.04n0
_n&n
.n4n

-7.3310

&4
L4NN0

18
L6001

-

TS

.NR3
710
421
.542
.632
nnn
681
.61?
.514
434
430
L4N8

L5



Table 6.11 VIRTUAL POPULATION ANALYSIS

SEBASTES MENTELLA IN FISHING AREAS IIA AND 11IB

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

1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1981-85

) . 000 . 007 .01s . 007 .010 . 000 . 001 . 000 .002 .nonY .0n3

7 . 005 .N63 .N69 .034 .022 010 .an2 .01 .N4? .nn3 .05

3 2049 . 165 . 109 <091 . 045 .039 +027 .16 084 .018 .N6?

9 1538 191 154 2139 113 N7y L043 .N32 .138 .N51 .91
10 371 .210 <178 s172 .08 .268 125 +NRY .345 . 151 .205
1 487 .211 .227 170 .225 337 .254 217 .523 170 311
12 836 «276 s34 240 .290 L400 504 L470 . 694 .294 472
13 700 L2347 405 L248 .382 .543 .826 1.091 L9906 .546 .750
i4 2718 283 274 244 2400 472 998 1.368 .673 .421 782
15 . 200 404 197 .390 L339 .571 1.313 1.409 .78N .287 .R32
i6 649 459 .430 <695 292 .557 1.361 1.426 . 829 242 .893
17 JT47 466 .485 . 885 .348 630 1,351 862 .762 .329 L 791
18 .563 495 919 1,778 :952 <610 : 891 .378 L4627 167 . 651
19+ .5638 495 919 1.778 .952 .610 . 891 .378 427 167 .A51

C10=15)u 035 <279 .266 . 244 306 452 - 670 AT74 653 =31

6



Table 6.12

SEBASTES MENTELLA LW FISHING

VIRTUAL POPULATION ANALYSIS

STUCK SIZE IN NUMBERS

ALL VALUES ARE SIVEN FOR

X N O

10
11
12
13
14
15
16
17
14
19+

TOTAL WO
SPS NG
TOT.BIOM
S¥S BIumM

1977

575825
500001
3753801
240206
176145
1354662
99362
69112
38945
26155
12683
Q67N
13268
33553

2332095
260175
670394
162011

IUNIT:

1978

413750
519217
450754
521906
185580
1099905
74361
34972
31067
12190
11749
5999
4144
(324

219500#
135129
605435
102268

UNIT: thousands
tonneas
1 JANUARY
1979 1980
265497 163435
371615 2349638
461147 316771
345986 357792
240587 263433
136058 1821138
80631 93153
51381 53310
26470 310006
210381 18203
1041853 15668
6715 6112
3407 5742
11415 3175
20103710 1752934
2076742 221363
524211 502119
115328 113192

AREAS IIA AND IIB

1981

99133
146913
205562
261642
281851
204491
139067

69881

37636

21982

11157

(743
2283
3244

1492564
360463
4643590
176253

1982

41774
33813
130080
177807
211365
219171
147823
94157
43158
22822
14166
7537
4947
9582

1203203
370063
429105
179170

1983

32077
37794
79550
115162
148957
146331
135n93
B39 661
49422
24365
11667

347

35634

1190

880312
325043
311388
157652

1984

16297
29006
34116
71091
958044
113925
102698
73853
35509
16505
5929
2707
1721
1572

6N6973
233411
202n97
1N1972

1985

46796
14746
26213
30370
41419
31143
86639
58106
22441
8179
3651
1289
1034
157

4421R3
162001
152890

77928

1986

76354
42250
12809

21810 .

22782
39365
43537
3915n
21252
10352
3392
1443
545
456

335495
119742
13989

55945

1987

n
69060
38119
11330
18747
17723
3NNs1
29359
20516
12624
N34
24N9
939
766

€6



SEBASTES MENTELLA IN FISHING AREAS IIA AND IIB

Table 6.13
CATEGORY: TOTAL
CATCH IN NUMBERS
1977
6 3]
7 2418
8 10175
v 35454
10 52102
1 4961 ¢
12 55958
13 35238¢
14 190935
15 12605
16 5796
17 . 4374
i3 5499
iy 3155
20 3941
21 2955
22 2531
23 1002
24+ 322
TOTAL 303766

UNIT:

1978

2905
3015¢&
65162
53591
35569
19909
17242
$270
(610
5456
4134
2134
1545
666
1061
423
308
301
158

255202

thousands

1979

3635
20497
43553
46996
37469
26294
2071¢
103541

6059

5589

3465

2465

1964

171y

1306

1962

560
324
108

239625

1980

1065
7412
26296
44131
40441
27089
19950
11172
6400
5607
6801
3441
3001
1406
96
145
145
27

27

205352

1931

932
5000
8620

26716
48290
39206
33394
21178
11853
6038
2697
2172
1344

632

BR02

359

17

0
0

207350

1982

5
854
4775
12554
47348
57134
46529
37751
15506
9492
5730
3368
2160
1624
1191
601
344
258
76

247420

1983

20

86
1987
4576
16695
31310
51099
45307
29973
17132
3347
5238
2055
505
89

79

0

0

0

217498

1984

34
525
2106
7069
22092
36763
47096
25463
12002
4336
1499
517
127
o4
251
0
n
n

160879

1985

o8
571
2009
4949
17096
31564
41511
33190
10519
4243
1971
658
343

wn
o322 20MN

148774

1986

29
116
213

1037
3044
5854
10581
15750
6971
2466
696
386

80

22

20

11

47290

¥6



Table 6.14

SEQSASTES MEWNTELLA LW FISHING AREAS ITA AND 1IB

CATEGOxY: T

MEAN WEIGHT

OTAL

AT AGE IN THE CATCH

1977

.168
135
. 225
.311
367
432
.50%
L6711
L6797
L7535
.821
.872
.91
925
935
1.050
1.124
1.193
1.215

1978

- 168
-183
.225
<311
-367
432
.5038
611
« 609
.753
. 821
.3872
-910
2923
- 985
1.056
1.124
1.193
1.215

1979

107
.155
=200
.252
310
2374
472
.568%
- 715
. 898
934
1.024
1.050
1.070
1.129
1.150
1.1/5
1.200
1.220

UNIT:

1980

. 107
.155
200
.252
-310
374
472
.568
715
.898
«934
1.024
1.050
1.076
1.129
1.150
1.1/75
1.200
1.220

kilogram

1981

-102
.1338
-188
.252
-310
364
. 440
.560
. 680
.828
.906
.970
1.050
1.076
1.129
1.150
1.175
1.200
1.220

1982

.102
138
. 138
.252
31N
364
440
.560
. 630
822
.9n6
970
1.050
1.076
1.129
1.150
1.175
1.200
1.22n0

1983

.102
_138
.188
.252
.310
.320
L400
L466
.563
.730
. 992
1.126
1.149
1.209
1.217
1.360
1.390
1.400
1.450

19R4

. 102
.1ns
. 165
.212
L2853
.338
. 333
438
.sn2
566
L7111
. 861
- 966

1.209

1.217

1.360

1.390

1.400

1.450n

1985

-102
.135
-167
.215
303
.352
420
<4381
.564
673
. 809
1.014
1.069
1.160
1.217
1.360
1.390
1.400
1.450

1986

. 102
.12n
- 137
.218
301
.353
2448
510
581
.648
« 845
.948
1.N56
1.160
1.217
1.36N
1.39n
1.400
1.450

S6



Table 6.15

VIRTUAL POPULATION ANALYSIS

SEBASTES MENTELLA IN FISHING AREAS ITIA AND IIB

FISHING MORTALITY COEFFICIENT

17
14
19+

C10-15)u

1977

000
- 005
049
158
371
<43/
.836
- 700
ek
. 709
643
o747
565
+563

635

1978

1979

.05
.63
.109
. 154
178
L227
L34
«40N5
274
.97
.430
.485
.919
.919

. 266

UNIT:

1980

.007
.034
.091
. 139
.72
-170
240
L2438
.244
.390
605
. 885
1.778
1.778

L2464

Year-1

1981

010
.022
045
-113
.198
. 225
.29N
=382
400
«339
.292
.348
.952
.952

<306

NATURAL MORTALITY COEFFICIENT

1982

.00n
010
039
.nr7
J26R
.33¢
400
«563
472
«571
557
- 630
610
610

432

1983

001
.002
027
.043
125
. 254
504
.826
.998
1.313
1.361
1.351
. 891
.891

.670

1984

.oon
.nn1
.06
.N32
.N89
.27
J470
1.191
1.36R
1.409
1.426
. 862
..378
L37R

774

1985

002
.005
084
. 187
345
523
L694
.906
673
.780
.829
.762
427
427

.654

.10

1986 1981-35

.nNa1es .0Nn2
.N0216  -NOR
.nn21 N42
-N51 .N91
151 .2ns
-170 .311
294 472
546 75N
421 .782
.287 - 882
.242 . 893
.329 .791
167 .651
- 167 - 651
.312

96



SEBASTES

STUOCK SIZE IN

VIRTUAL POPULATION ANALYSIS

MENTELLA IN FISHING AREAS ITA AND T1IB

NUMBERS

3I0MASS TOTALS

UNIT:

ALL VALUES ARE GIVEN FOR

13
19+

TOTAL NO
SPS NO
TOT.BIOM
SPS BlIumM

1977

575823
500701
573801
240206
176145
154662
99362
69112
338945
26155
12683
9671
13263
35553

2502093
260173
6(0394
162011

1978

4137510
519217
450754
321906
185580
109995
74361
348972
31067
17190
11749
5999
4144
/824

2195008
135129
605435
102268

UNIT:
tonnes
1 JANUA

1979

263497
371615
461147
345986
240587
15605%
80530
51331
26470
21931
10383
6715
3407
11413

2010370
2N7672
524211
115328

thousands

RY
1980

163483
23496¢
316771
357792
268433
182118
938153
53310
31006
13203
15 66R
6112
3742
3175

1752934
221363
502119
118192

1981

99014
166913
205562
261642
281831
204491
159067
69581
37636
21982
11157
7743
2283
3244

1492445
360465
464373
176253

1932

41794
83705
130080
177897
211365
209171
147823
94157
43158
22822
14166
75587
4947
9522

1203114
379062
429092
199170

1983

32209
37812
79452
113162
143957
146331
135093
89661
49482
24365
11667
7347
3634
1190

880363
32504nN
311 8R5
157651

1984

1300981
27125
34132
70nnz2
94 N4
118925
1N2 46098
73R53%
35509
15505
5929
2707
1721
1572

721702
238404
213791
mnier1

1985

62538
118516
26321
30384
613309
81143
B 6639
58106
22441
3179
3651
1289
1034
157

561737
170028
168502

78064

1986

184707
56494
196695
21907
22795
39293
4353%
5915n0

. 21252

10359
3392
1443

545
456

552024
112693
129614

56343

19R7

n
1671102
510n7
96337
18837
17735
29995
29359
20516
12624
7034
24073
939
Th6

L6
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Table 6.17

List of input variables for the ICES prediction program.
SEBASTES MENTELLA IN FISHING AREAS IIA and IIB

The reterence F is the mean F for the age group ranges from 10 to 15

The number ot recruits per year is as follows:

Year Recruitment
193¢ 144000.0
19583 164000.0
19839 164000.0

bata are printed in the following units:

Numoer ot tish: thousands
weignt by age group in the catch: kilogram
Weight by age group in the stock: kilogram

Stock biomass: tonnes

Catch wJeight: tonnes

tommm et e et e m e mm e e - ——d ———— ————— 4 —————— +
H ' i fishingi natural, maturity! weight ini{ weight in}
i agei stock size, pattern, mortality] ogive, the catchi the stock,
L ettt e B et ittt 4
V8l 144000, 00 -000165: L0l .00 L1028 102
§2b 0 18r102.01 +00216 i ~ 104 .0 L1270 L1271
Y siua7.04 -0021 RN .03} REYE L1524
T 963539.0) +05 : . 10! 10! .216} L2161
Voo 1883704 =10 : .10; RCH L3021 L3024
o 135,00 <17 H I .281 £ 3521 .3521
P 29995.0) 2% ; 100 .58} 4S54 AT
T 2955907 +35 H 104 794 L4695 V495
P 20516.04 +42 ] 10 .91} L5720 L5721}
. 12024.01 +29 H 101 971 .661) L6617
Y /034.0% .24 : RN 1,001 L8271 .8271
S A 240904 33 B .10 1.00, 98 ¥ 981}
HER X v59.01 17 H .10 1.00} 1.0062} 1.062;
119+ r66.0) <17 v L100 1..00! 1. 160} 1160}
tome b m . —————— o —————— o ———— b wm—————t - ———————— v - e o o ae +

Table 6.18 Sebastes mentella. Catch projections for 1988 and 1989.

1987 1988 1989
Stock Stock Stock
biom. Management biom. biom.
(6+) SSB F(TO—TS) Catch option (6+) SSB F(10_15) Catch (6+) SSB
134 53 0.13 9 FO 1 156 60 0.14 10 179 67
Fmax 0.27 19 170 59

Fgg 0.31 21 167 57




Table 6.19 Suit UF PRODUCTS CHELK

SEJASTES MAXINUS I FISHING AREAS I AND [IA
CATEwORY: TOTAL

CArLH Iaw NUMBERS UwIT: thousands
1265 1966 1726/ 1968 1969 1970 1071 1372 1973 1074 1975 1976
3 0 N n 0 n i8] n n n i8] 2 n
4 0 0 ) 0 0 il n n n n n n
> 7] 0 0 0 0 0 n al n a n 550
6 ) 0 J n n n n n 0 1 hl 2’84
I 0 n ja} 9] 0 0 0 0 n 9 o} 5719
) il n n 0 n a n 0 n ] n 121672
9 al 0 O 0 8} n n n 0 1 bl 11250
10 0 n n O 0 n a n n n 1 7515
11 0 n 0 3] n 0 0 D a n N 5963
1e 255 41 44 43 51 6¢ 46 261 591 387 34 5NNR
15 522 118 9% 32 35 122 41 332 570 455 <358 1686
14 ) 379 199 74 97 229 1mn7 635 913 10493 1642 2A70
15 1551 865 400 165 209 444 239 1157 1527 20079 2384 2991
s 35035 2952 1563 550 666 1232 886 2564 32656 S479 7327 ATTS
il 527 1757 219 564 556 723 504 126 1641 2757 3555 2707
1 2521 2753 1536 611 954 M3 Yi5 2714 2157 4154 5117 5938
17 2251 2015 1095 6134 1225 97 99N 2nL e 1802 5529 4402 3417
2y 4id 503 310 131 225 155 185 3x5 342 834 775 614
21 2225 24/(1 459 755 1456 0nns 258 1732 1420 23573 2R20 2475
2c Tods 1587 I51 555 1084 750 595 1112 849 1373 1721 1529
) P55 2158 1167 595 1518 921 179 1251 1125 152¢ 1813 1814
4 1 741 1924 1241 1206 2259 Y0 1123 1121 124 % 1113 14632 1672
25 953 761 396 9935 1845 AR (76 r4o 384 712 a3 11NnA
2 65 ( 215 725 A27 1667 523 644 575 729 557 31/ 918
24( 40 4706 504 ob44 1362 526 426 429 568 347 n1 8722
2ot 524 405 4352 614 1033 347 431 377 SNR 332 SA7 62h
TOTAL 226704 22631 1595% 9ebh 162435 toexs 964 ¢ T3NS 20027 27831 58259 R77RQ

66



Table 6.19 (cont'd)

197/ 1778 1979 1930 1931 19%2 1983 1784 1985 19848

3 30 0 o 0 n n 0 n 1 0
4 423 0 0 n 0 n o] a 0 al
5 1834 20 G 10 10 a 0 n n 1
o 1331 is o 11 e hl n ] n n
4 1621 30 12 13 125 n n 0 N 1
3 4179 323 [} 87 225 0 0 n n R8
7 4620 641 101 180 434 3 0 n n 157
10 4501 937 143 352 779 36 0 n n 197
11 2359 515 145 517 835 179y 8 0 64 145
i¢e 5300 2003 /23 768 1224 816 R6 199 330 251
13 255¢ 278k 214 571 952 814 249 nm 1009 &35
14 4242 545% 5422 2363 1704 1961 581 6N 2697 3162
[} 2354 0404 3276 3677 25n2 2364 135¢ 1623 s7en 36=7
o 60s2 5350 3554 5502 2415 2636 2186 1425 53nn 5251
17 <372 2539 1726 1073 568 1335 831 7m 2275 2821
I B 34062 5569 2212 2341 2399 1939 2241 4572 4421 7292
Iy 3115 271y 2237 1364 1274 1174 1314 1624 2632 3180
2 Rob 1553 1314 1530 1457 1309 11n0 21?24 1318 1862
2 2400 1716 2257 182v 1392 2121 1803 4551 2242 3227
22 YD) 332 259 1040 134 927 864 1475 1168 405
] 1404 491 249 1507 1007 7”5 643 2597 975 446
24 1313 411 959 963 550 353 929 1651 10n6 261
25 vas 241 603 519 407 129 656 825 162 0
20 2 175 6319 3n3 273 4% 924 7n2 161 n
[44 006 155 541 341 41 13 350 225 n o
23+ o7/ 141 23y 39 36 n n n 0 9

FoTAL 62240 59312 20542 24790 21270 13925 10112 2490 32532 33559

0ol



Table 6.20A

Title : SEBASTES MARINUS IN FISHING AREAS I AND IIA

At N9.58.05 23 SEPTEMRER 1987

from 77 to 36 on ages 11 to 23

with Terminal F of ,150 on age 18 and Terminal S of 1,000

Initjal sum of sguared residuals was 148.971 and
final sum of sguared residuals is 57.217 after 145 Jterations

Matrix of Resijduals

Years 77/78 78/79 79/80 8n/81 81/82 82783 83/84 84/85 85/86 WTS
Ages
11712 1.932 1.3138 .059 .872 1.928 2,202 -.935 -4_113 .565 .0nn .125
12713 -.064 264 -.036 479 2538 . 660 . 123 -.730 -.051 .N00 -602
15714 .031 .354 -.142 -.273 .213 . 898 L4889 -1.312 -.159 .non 401
14715 -.140 -516 .196 .229 074 .399 -. 186 -.822 - 116 .000 .628%
15/ 10 -.277 154 -.228 .252 -.071 -.308 L3738 -.176 .080 .NNn 1.000
10/1¢ -.201% -.099 . 149 =365 -.235 -.125 .675 -.336 -.259 -00n 724
17/18 250 624 442 -.N36 .061 .008 -.371 .058 -.269 .N0on 779
18719 -.558 -.539 ~-.250 ~-.095 . 140 -.523 -204 1.004 -.258 .N00 -496
19720 332 -.206 .200 -.359 -.194 -.472 -.195 L7417 173 .non .640
24/21 -.493 -.493 <179 . 150 -.019 -.314 -.5906 1.292 -.256 .000 426
21722 534 -.958 -.421 ~.231 ~.601 -.467 ~-.335 1.384 461 .nan 2343
22/25 2514 =1.400 -.738 -.223 -.102 -.122 - 774 1.301 . 820 .nNn .286
.090 .0NNn . 0Ny 000 .nnn .00n .0190 .0eo .N00 1.986
Wrs - 100 .50N0 -500 500 509 1.900 1.000 1.000 1.000

Fishing Mortalities (F)

77 78 79 80 81 32 83 84 35 86
F-values 2736 .2256 -1320 . 1093 .085%56 .N768 .06 606 .N636 . 1605 -1500

Selection-at-age (S§)

11 12 13
S-values 0089 .0704 0761
14 15 16 17 18 19 20 21 22 23

S-values . 2447 4691 -5991 .3129 1.0000 7544 . 8495 1:6714 .8459 1.0000

Lol



Table 6.20B

Title

SEBASTES MARINUS IN FISHING AREAS I AND IIA

At 17.17.30

Trom

with Terminal F of

77 to

23 SEPTEMBER 1937
86 on ages 11 to 23

Initial sum of squared residuals was 191.075 and

tinal sum of sguared residuals 1is

Matrix of Residuals

Years
Ages
11/12
12715
13714
14715
15716
16/17
10718
18719
19720
29/ 21
21722
22/25

WTs

1

77/738 78/79

1.468 -867
-.090 244

.032 . .319
—-.204 465
—.266 <176
-.204 ~.095

. 197 .543
-.439 -.425

- 547 -«195
-.383 -.394
«654 ~834

L0351 =1.373
-.001 . 000

.000 1.000

Fishing Mortalities (F)

F-values

(& 73
L2675 26238

Selection-at-age (S)

S-values

S-values

11 12
.0290 .1326

14 15

3642 L6177,

79/80 80/81 81/%2

-.391 426 1.484
- 054 491 .247
-.175  =.301 L186
148 .185 <031
-.203 L2709 =.045
L1553 374 -.276
.358  -.119  -.025
~. 164 .0n9 .239

.203 ~a357 -.196
265 L260 .053
-.331 -.149 -.526
~.655 -.124 -.N07

. N0 D] - 000

. 000 1.000 1.000

79 an 81
1665 L1457 1289

13
.1278

16 17 18
. 7565 .3687 1.0000

.S00 on age 18 and Terminal S of 1.000

53.920 after 121 iterations

82/83 33/84

1.75¢ =1.374
647 .18

871 <466
.356 -.2256
-.231 . 407
-, 119 .690

-.078 -.459

-.427 .303
— 477 -.193
—-.242 -.534
-.399 -.262
-.029 -.682

. 000 . 009

1.n000 1.000

82 83

.1280 .N867

19 20
L7762 . 8082

84/85

-4.501
-.684
-1.308
-.860
-.159
-.3Mm
-.051
1.090
728
1.287
1.433
1.367

. 0no

1.000

84

.1331

21
1.6086

85/136

.264
.N70
-.090
. 105
.092
-.223
~.366
-.207
<164
-.312
614
.857

.00

1.000

85

L4039

22
. 3251

86
.5000

23
1.0000

.090
.nan
.0no
.Nna
. 000
. n0o
.N00
.nnn
.000
.N0N0
.000n
.noo

-000

WTS

.128
.626
.412
.635
.000
.757
.777
.506
.651
L4h4
.355
.294

[4o)



Table 6.20C

Title : SEBASTES MARINUS IN FISHING AREAS I AND TIA
At 17.25.57 25 SEPTEMBER 1987

trom 77 to 86 on ages 11 to 23

with Terminal F of .300 on age 18 and Terminal S of 1.000

Initial sum of squared residuals was
tinal sum of sguared residuals is

Matrix of Residuals

Years 77/738 78/79
Ages

11712 1.484 .833
12713 -.0380 .259
15714 .045 . 350
14715 =195 471
15/ 16 -.260 179
10/17 -.195 -.087
1713 «199 . S544
18719 -.459 -, 424
19724 .548 -.194
2J/21 ~-.592 - 404
21722 <6479 —a837
22/25 630 -1.380
.028 .026

ATS 1.000 1.000

Fishing Mortalities (F)

77 73
F-values .24210 .2133

Selection-at—age (S)

11 12
S-values 0244 L1163

14 15
S-values L3429 .5927

79/80

-.375
-.039
~.164
154
-.202
.161
.354
-.145
204
.254
-.338
-.659

-017

1.000

79
L1419

13
L1166

16
L7334

163.775 and
54.5264 atter 71

80
.1207

17
3645

81/82 82/83

1.497 1.771

.259 .661
. 194 - 380
.033 .359
-.046 -.2382
-.273 -.114
-.027 -.079
.236 ~.428
-.197 —.478
042 -.255
~.5354 -.405
-.mz -.0353
-003 -.002

1.0090 1.000

81 82
.1036 .0996
18 19

1.0000 .7805

iterations

83/84

-1.363
127
472

-.225
. 405
L6910

-.460
.298

-.200

-.543

~.273

-.688

-.006

1.000

83

0655

20
.3210

84/85

-4.519
-.704
=1.319
~.R64
=159
-.314
~.044
1.089
.7238
1.311
1.435%
1.373

-.nn7

1.0n0n

84
.N972

21
1.61738

85/86

. 199
.010
~.134
.089
.098
-.237
~.361
-.185
- 1§87
-.252
472
. 885

-.no2

1.0N9

85

L2744

22
. 8237

86
3000

23
1.0000

017
.N1s
L0135
N1
010
.010
-.nNN9
.nov
-NN9
.0ng
-.Nn3
.an9

<127

€01



Table 6.21 VIRTUAL POPULATION ANALYSIS
SEBASTES MARINUS IN FISHING AREAS I ANv IIA

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

1977 1978 1979 1980 1981 1982 1983 1984 1985 1986
11 .03 .01 .00 =01 .02 01 .00 N0 01 -N1
12 .05 .03 .01 .01 .02 N2 .00 .0 .05 .N3
15 .05 .05 .02 .01 .02 N2 .01 .N0 .04 .Né6
14 .08 .12 .07 .05 N4 .05 N N2 .15 A7
15 .12 .16 -.Ne .09 .06 .07 .04 N4 .18 .27
16 .15 .18 1 .12 N7 N7 .n7 N5 .18 .22
17 .09 03 06 .04 .04 N4 .N3 .N3 .09 .12
18 .16 .16 .03 .10 .1 .10 .n9 .18 .22 .39
19 .17 - 16 =13 .06 .07 .06 .08 N7 .13 .22
20 .08 .11 4 .09 .08 .N8 .07 .15 .10 .12
21 .32 «13 .20 .18 <12 .14 .14 4N .21 .23
22 .31 .07 13 .12 .09 .10 07 . W15 .15 .Né
25 .24 13 .22 w27 15 PRA N8 27 .13 .07

24+ .24 218 .22 .27 .15 -1 .ng .27 .13 .07

ol



Table 6.22

SEBASTES

STOCK SIZE IN NUMBERS

ALL VALUES ARE

11
12
13
14
15
16
17
18
12
20
21
22
25

24+

TOTAL NO
SPS NO

19¢¢

79411
75013
57316
54908
47929
4513
30547
244384
203825
15204

9107

4645

(143
21255

490975
22432>

1978

60907
69611
64733
4v432
45652
38294
350076
25387
18866
15885
11086

5957

3091

/70

451045
263564

UNIT:

53 IVEN FOR 1 JANUARY

1979

61532
54526
61083
55925
39548
35227
29367
29297
19437
14439
12912

3402

5n02¢
16164

442633
209620

VIKTUAL POPULATION ANALYSIS

thousands

1980

62843
55538
43650
54401
40349
52672
28498
24660
24408
15508
11383
2560
5691
2990

432156
213724

MARINUS IN FISHING AREAS I ANO IIA

1981

57426
56371
49523
43477
46973
39349
26236
24766
20090
20789
12768

8568

7663

9945

425945
217147

1982

28635
51120
49843
43905
37720
40125
33243
22914
20131
16967
17426
1N231

7055

54N7

334723
211220

1983

29795
25740
45480
44326
37863
31884
35802
28813
13844
17099
14109
13753

8377
36986

386871
241530

1984

20N%7
26952
232n8
41915
30556
32969
26773
27795
23941
15802
14418
11054
11623
15219

33¢314
221151

1985

8829
18176
24198
20904
36450
34249
28477
23559
22619
20120
12281

8733

8601
11724

278921
2N6814

1986

20910

7926
15610
20936
16353
27551
25958
236N6
17121
17967
16478

3985

6793

4280

230473
165091

1987

n
18782
6934
13330
15961
11279
19945
2n8ng
16448
12473
14488
11846
7659
9328

SO0l



Table 6.23

SHOT Forecast @ Sebastes Marivus

recrulit weights .30 W40 .30 G-M = .00

YEAR CATOH RECRT W'TD Y/B HANG~ EST'D EST'D EYFL
INDEX INDEX RATIO OVER FROD'N SO . BIOMASS

1 .30 W70 107

1 i .30 70 12 a7

1 i .30 W70 1& 77

1 1 .30 sl 16 70

1 i .30 LT &4 19 53

1 1 .30 W70 2& 15 &3

1 1 30 .70 49 18 23

1 1 L300 .70 31 26 97

1 1 .30 WP 3i2 =5 100

18987 i 1 .30 L7O a8 Qe
1388 1 1 .30 W70 g7 =1n]
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Table 7.1 GREENLAND HALIBUT in Sub-areas I and II.
Nominal catch (t) by countries (Sub-area I, Divisions
IIa and IIb combined). (As officially reported to

ICES.)

Country 1977 1978 1979 1980 1981
Faroe Islands 21 - 3 - 8
France - - - - -
German Dem.Rep. 8,176 4,611 3,488 2,080 1,358
Germany, Fed.Rep. 148 321 481 303 128
Noxway 4,217 4,082 2,843 3,157 4,201
Poland 224 544 106 - -
UK (Engl.& Wales) 1,059 407 59 26 9
UK (Scotland) - - - - . -
USSR 15,045 14,651 10,311 7,670 9,276
Others - 1 21 48 38
Total 28,890 24,617 17,312 13,284 15,018 ;
Country 1982 1983 1984 1985 1986' i
Faroe Islands - ~ - - -
France 8 67 138 239 13
German Dem.Rep. 1,153 1,913 2,089 3,807 2,659
Germany, Fed.Rep. 18 130 76 193 59
Norway 3,206 4,883 4,376 5,464 7,812
Poland - - - - -
UK (Engl.& Wales) 10 2 23 5 10
UK (Scotland) - - - - 2
USSR 12,394 15,152 15,181 10,237 12,200
Others - - - - -
Total 16,789 22,147 21,883 19,945 22,755

"provisional figures.
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Table 7.2 GREENLAND HALIBUT in Sub-areas I and II.
countries in Sub~area I. (As

Nominal catch
officially reported to ICES.)

(t) by

Country 1977 1978 1979 1980 1981
Germany, Fed.Rep. 1 - - - 19
Norway 1,371 1,148 727 490 641
UK (Engl.& Wales) 541 232 36 12 5
UK (Scotland) - - - - -
USSR 360 211 182 100 564
Others - - - - 1
Total 2,273 1,591 945 602 1,230
Country 1982 1983 1984 1985 1986"
Germany, Fed.Rep. - - - - 1
Norway 505 490 593 602 936
UK (Engl.& Wales) 8 1 17 1 5
UK (Scotland) - - - - 1
USSR 200 196 81 122 615
Others - - - - -
Total 713 687 691 725 1,558

1Provisional figures.



Table 7.3 GREENLAND HALIBUT in Sub-areas I and II.
Nominal catch (t) by countries in Division IIa. (As
officially reported to ICES.)

Country 1977 1978 1979 1980 1981

Faroe Islands 21 - 3 - 8
France - - - - -
German Dem.Rep. 1,641 1,398 787 570 18
Germany, Fed.Rep. 22 321 481 303 109
Norway 1,446 2,084 2,051 2,529 3,077
Poland 95 197 4 - -
UK (Engl.& Wales) 211 82 1M 9 4
UK (Scotland) - - ~ - -
USSR 6,960 8,809 6,929 2,014 2,031
Others - 1 21 48 37
Total 10,396 12,892 10,287 5,473 5,284
Country 1982 1983 1984 1985 1986"
Faroe Islands - - - - -
France 8 67 138 239 13
German Dem.Rep. 73 14 189 82 55
Germany, Fed.Rep. 18 130 76 172 42
Norway 2,487 4,257 3,703 4,791 6,733
Poland - - - - -
UK (Engl.& Wales) 2 1 1 2 5
UK (Scotland) - - - - 1
USSR 2,459 5,031 5,459 6,894 5,553
Others - - - - -
Total 5,047 9,500 9,566 12,180 12,402

1Provisional figures.




Table 7.4 GREENLAND HALIBUT in Sub-areas I and II.

Nominal catch

officially reported to ICES.)

(t) by countries in Division IIb. (As

Country 1977 1978 1979 1980 1981

German Dem.Rep. 6,535 3,213 2,701 1,510 1,340
Germany, Fed.Rep. 125 - - - -
Norway 1,400 850 65 138 483
Poland 129 347 102 - -
UK (Engl.& Wales) 307 93 12 5 .
USSR 7,725 5,631 3,200 5,556 6,681
Total 16,221 10,134 6,080 7,209 8,504
Country 1982 1983 1984 1985 1986
German Dem.Rep. 1,080 1,899 1,900 3,725 2,604
Germany, Fed.Rep. - - - 21 16
Norway 214 136 80 71 143
Poland - - - - -
UK (Engl.& Wales) + + 5 2 +
USSR 9,735 9,925 9,641 3,221 6,032
Total 11,029 11,960 11,626 7,040 8,795

1 c s X
Provisional figures.



Table 7.5 GREENLAND HALIBUT in Sub-areas I and II.
Catch per unit effort and total effort.

USSR

catch/hour Norway Total effort

trawling (t) catch/hour Average (in '000 hrs
Year ———— trawling (t) CPUE trawling) CPUE 7+

RT PST
1965 0.80 - ~ 0.80 - -
1966 0.77 - - 0.77 - -
1967 0.70 - - 0.70 - -
1968 0.65 - - 0.65 - - i
1969 0.53 - - 0.53 - - |
1970 0.53 - - 0.53 169 0.50 |
1971 0.46 - - 0.46 172 0.43 |
1972 0.37 - - 0.37 116 0.33 |
1973 0.37 - 0.41 0.39 77 0.38 |
1974 0.40 - 0.34 0.36 105 0.33 |
1975 0.39 - 0.40 0.40 95 0.38 |
1976 0.40 - 0.34 0.37 97 0.34 ;
1977 0.27 - 0.34 0.31 93 0.26 !
1978 0.21 - 0.22 0.22 112 0.18 :
1979 0.23 - 0.27 0.25 69 0.18 !
1980 0.24 0.33 0.33 0.29 46 0.25
181 0.30 0.36 0.35 0.33 45 0.24
1982 0.26 0.45 0.40 0.33 51 0.29 i
1983 0.26 0.40 0.35 0.31 72 0.26 i
1984 0.27 0.41 0.31 0.29 75 0.24 :
1'3851 0.28 0.52 0.36 0.32 62 0.27
1986 0.23 0.42 0.35 0.29 78 0.25
'Provisional.

2Side trawlers, 300-600 hp. From 1983 onwards, side trawlers
(SRTM), 1,000 hp.

3Stern trawlers, up to 2,000 hp.

“Arithmetic average of CPUE from USSR RT and SRTM trawlers and
Norwegian fresh fish trawlers.

Table 7.6 GREENLAND HALIBUT in Sub-areas I and IE
Norwegian survey indices (numbers x 10
in the Svalbard area (Division IIb).

Year Total index Index fish <20 cm
1981 20.1 2.1
1982 26.0 0.7
1983 26.7 5.9
1984 36.6 3.2
1985 39.5 1.6
1936 19.5 0.1




Table 7.7 VIRTUAL POPULATION ANALYSIS

GREENLAMO HALIBUT IN FISHING AREAS I AND IIX

CATCH InN NUMBERS UNIT: thousands
1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981
5 1 1 1 1 1 22 1 62 78 38 64 664
4 34 1 461 19 276 334 98 755 532 887 275 1146
5 526 80 1100 212 917 840 830 2037 1897 2218 731 1896
o 2792 4436 5521 1117 2519 2357 2982 3255 3589 3155 1158 1917
(10664 12712 9605 3923 6204 6520 5824 4200 4118 2727 1665 1910
& 18562 12283 6438 5515 3833 4118 s0n2 2524 2365 1234 1341 933
9 10034 6130 2745 2551 1834 2265 5000 1610 1509 495 o4l 484
10 - 6671 4339 1734 1919 1942 1654 1350 1104 946 319 473 448
11 2517 2703 1368 1536 1622 1857 015 1n62 034 206 511 482
12 1250 1660 1234 1127 1338 1536 1212 458 438 243 275 380
13 616 1044 625 716 734 1122 698 595 349 1n3 262 384
14 1104 300 200 251 531 690 526 384 147 45 145 150
15 266 123 40 7n 137 270 254 a3 83 31 62 47
16+ 15 20 40 56 79 9 104 87 29 21 16 15
TOTAL 54852 45882 29201 17013 21972 23573 22796 18626 17014 11861 7882 10865
1982 1983 1984 1985 1986
3 48 314 0 88 140
4 551 1212 36 461 981
5 1304 1543 915 1219 1665
o 1494 1864 5698 2874 3320
‘ 12¢6 1851 3350 2561 2700
8 1203 2287 1933 1548 1524
. 1493 1491 1964 972 1123
10 1258 1228 1191 1037 993
1 855 713 602 614 528
12 502 488 340 363 432
15 524 247 171 161 313
14 . 108 201 132 120 304
15 . 43 51 41 55 231
10+ 3 13 30 3 7

roTAL 10450 15503 13508 12081 14261

45"



Table 7.8

SREENLAND HALIBUT I

CATEGORY :

TOTAL

FISHING

MEAW WEIGHT AT AGE IN THE CATCH

O WOV R

10
11

15
14
15
To+

1970

.200

- 441

<567

.737
1.009
1.421
1.843
2.231
2.83/7
5,247
4.303
4,951
5.7065
6.308

1982

270

.620

. 690

. 840
1.0310
1.519
1.740
2.240
2.770
3.370
4,320
5.350
S.r80
6,600

1971

.200

. 441

567

757
1.079
1.421
1.848
2.2381
2. 387
3.247
4.303
4.931
5.765
6.508

1933

310

450

- /50
1.040
1.340
1.570
1.970
2.730
5.290
4.220
4.710
6.780
6. 000
6 .600

1972

.200

441

.567

L7357
1.079
1.421
1.343
2.251
2.837
3,247
4.303
4,931
5.765
6.308

1984

-300

L4280

«630

. 960
1.180
1.5390
2.310
2.870
3.460
3,770
3.990
4.350
G.400
4.600

UNIT:

1973

.200

- 441
<567

737
1.0/9
1.421
1.848
2,281
2.3887
3.247
4.303
4,931
5.765
6.308

1985

. 300

.380

. 600

. 890
1.200
1.850
2.590
3.180
3.620
3.950
4,430
4.250
4.800
5.000

AREAS I AND II

kilogram

1974

.200

441

<567

737
1.079
1.421
1.38438
2.231
2.887
3.247
4.303
4.931
5.765
6.350%

1986

- 340

470

620

.920
1.280
1.900
2.480
3.110
3.350
3,720
4.000
4.180
4.500
5.400

1975

.200

<441

.567

757
1.009
1.421
1.843
2.231
2.887
3.247
4.303
4.931
5.765
6.308

1976

.20n

441

.567

L737
1.079
1.421
1.848
2.281
2.387
3.247
4.303
4.931
5.765
6.308

1977

200

441

. 567

737
1.1079
1.421
1.848
2.281
2. 887
3.247
4,303
4.931
5.765
6_.30R

1978

.2nn

VA

.567

L7357
1.079
1.421
1.848
2.281
2.837
3,247
4.303
4,931
5.765
6.303

1979

300

.61N

- 900
1.200
1.500
1.3800
2.200
2.6N0
3.000
5.500
4.100
4 .30N
5.600
7.n00

1980

.2nn

. 482

.702

.R7?
1.161
1.468
1.778
2.392
2. 664
3.N46
5.368
4, 2R5
5.N25
6.589

1981

.200
.50n
. 660
.84n
1.150
1.560
2.040
2.57n
2.980
3.430
4.13n
4.680
5.810
6.59n

€Ll



Table 7.9

Title

GREENLAND HALIBUY IN FISHING AREAS I AND II

At 19.27.12

from

with Terminal F of

Initial sum of syuared residuals was
final sum of sqyuared residuals is

Matrix of Residuals

Years
Ages
s/
4/
5/
6/
r/
8/
/10
10/ 11
11712
12/ 135
15/14
14715

Wx=~ouv &

wTs

77 to

1

24 SEPTEMBER 1937
36 on ages
.250 on age

7/738

-.294
<115
-.162

~.409

-.074
-.161
.130
-.3580
093
«070
453
« 50D

000

. 0090

78/79

-1.276
~1.066
-.736
~.493
-.051
«29¢
.532
077
.035
115
.613
-.094

. 000

1.000

Fishing Mortalities (F)

f-values

7
“h264

73
3928

Selection~at-age (S)

S~values

S-values

3
.0095

6
67606

4
.0774

14

1.004

3 to 1

797380

. 899
Ta444
1.350

.823

L4064
-.009

.006
=a543
- 194
-.269
-.699
-.910

.000
1.000

79
. 1783

5
.2954

8
1.00n0

5

8 and Terminal 5§ of 1.500

80781

-.867
~.703
-.308
-.372
.26
. 706
669
=157
~.07
~e655
.071
6483

.N0o

1.000

80
<1968

.9616

159.450 and
67.555 after 144 iterations

81/82

2,290
1.180
L967
.622
242
-.721
-.973
- 695
~-.37
-. 119
.901
. 657

.NN0o

1.000

81
2124

10
1.1941

32/83

=1.180
.220
.302
-.081
-.892
~.548
N33
403
163
.320
-.005
045

. 000

1.000

2
.2502

11
1.5018

B3/84

3.807
1.129
-.605%
~.840
-.747
054
-.268
. 169
-.013
. 282
-.23>
. 493

.0ng

1.000

83

.2793

12
1.6247

84/85

-3.120
-2.396
-.590
L4616
.3%6
L274
-.153
V442
.090
.324
-.157
L1317

.Nno

1.000

R4
L2067

13
1.7965

85/36

-.254
.079
-.218
354
.357
- 129
-.my
. 668
147
-.N67
-.939
-1.183

35
.2013

14
.B6RS5

84
-2500

15
1.50NN

Ll

WTS
Mubl] .N77
. 00N <128
.000 216
-009 .277
.Nnn 317
. N00 .362
.nan .335
. N00N «335
.nnn 1.00N0
. 00N <493
.nnn .265
.N0N <246
-.n01



Table 7.10

title : GREENLAND HALIBUT IN FISHING AREAS I AND II
At 09.2i.12 24 SEPTEMBER 1987
SEPERABLE FISHING MURTALITIES

1977 1978 1979 1980 1981 1982 1983 1984 1985 1986

3 . 004 004 .N02 . 002 .002 .nnz .003 .on2 .002 .nn2

4 .03 . 030 .14 .015 016 .019 .022 -016 016 .019

5 126 L 116 .053 .05& .063 074 .N83 .N61 .059 074

6 .2389 .266 . 121 . 133 - 144 - 169 . 189 - 140 136 . 169

14 428 .395 130 198 .213 .251 .281 . 208 .202 .251

3 .426 . 393 179 - 197 -212 .250 .279 .2n7 .201 .25N

v 410 .378 172 .189 .204 <241 .269 .199 194 240

10 .509 <469 214 .235 .254 .299 - 333 . 247 .240 . 299
i1 640 .590 .269 .296 319 376 .419 .311 .3n2 .375
12 . 695 <633 .29N . 320 . 345 . 407 454 . 336 .327 L4NA
13 766 706 .521 .354 .382 449 .5N2 .371 .362 449
14 797 /34 . 334 .368 .397 468 .522 - 386 376 467
15 641 . 539 .268 .295 .319 375 .619 31N .3n2 .375

SiLtL



Table 7.11

Title

GREENLAND HALIRBUT IN FISHING AREAS I AND II
At 09.21.12

24 SEPTEMBER 1987
SEPERABLE POPULATION NUMBERS Units:

1977

27287
24489
21022
2542¢
12595
3161
4746
5694
2418
1874
56%
553
210

1978

25209
23393
20394
15952
15110
/1164
4536
2711
1911
1097
307
343
214

1979

23850
21617
19532
15630
10526
8765
4105
2705
1460
912
499
343
144

thousands

1980

32699
24790
13351
15946
11920
/570
6309
2975
1881
940
587
311
211

1981

38305
28092
21014
14902
12014
8419
53552
4494
2024
1205
600
355
136

1982

33585
32904
25785
16937
11110
B354
5860
3755
3002
1266
754
353
295

1983

25619
23838
27777
19013
12344
1437
5599
3965
2397

1774

726
403
1990

1984

20370
21992
24291
22Nn1s
13547
8026
4841
3684
2445
1357
970
378
2né

1985

58349
17498
18628
19668
16475
9474
5618
3416
2477
1543
835
576
221

1086

63747
50126
14823
15108
14773
11585
6667
3984
2312
1576
957
500
340

9Ll



Table 7.12 VIRTUAL POPULATION ANALYSIS

GREEWNLAND HALIBUT IN FISHING AREAS I AND II

FISHING MORTALITY COEFFICIENT UNIT: Year-1 NATURAL MORTALITY COEFFICIENT = .15
1977 1978 1979 19380 1981 1982 1983 1984 1985 1986

3 . 002 - 003 -N03 . 002 .018 .001 .013 . 000 . 002 . 002

4 .0s2 .24 <042 L0135 044 .01 .045 .nne .028 .021

5 . 104 «099 - 125 - 042 . 106 .062 .061 - 041 .072 -129

o L21¢ .255 225 . 032 141 109 112 -191 165 .269

/ L4532 <424 .296 - 169 - 184 . 124 - 180 - 284 - 186 218

3 .333 436 .204 .219 127 160 .322 274 194 .152

9 398 . 392 145 . 224 .108 .290 .285 . 230 -203 .200

10 370 .46 126 187 2149 .423 .388 .366 346 31

11 «65¢ =577 .201 .2386 .279 429 .425 - 315 .307 .281

12 eas .57 .270 275 . 357 492 449 348 .300 .348

15 987 .733 229 . bb4 AN - 505 452 .263 2690 .43

14 .90 663 L1800 .542 .515 421 .641 .438 282 1.039

15 . 041) . 534 .254 .3/8 -317 255 . 339 - .24N0 310 1.272

16+ 640 .534 254 .37 .317 .255 . 339 .240 2310 1.272

¢ /=11y . 444 <447 - 194 <217 L1170 285 .320 . 294 .248 .233

LLL



Table 7.13

VIRTUAL POPULATION ANALYSIS

GREENLAWD HALIBUT IN FISHING AREAS I AND II

SIOCK SIZE IN NUMBERS

BI0OMASS TOTALS

ALL VALUES ARE GIVEN FOR

—-_— e e
LN =T XNV

15
10+

TOTAL wO
SPS NO
TOT.BIvn
SPS BIuM

1977

28226
25851
22100
18323
123826
8500
2255
5829
2410
1745
1009
653
219
19¢7

131144
15312
110109
41107

1978

26343
24237
21550
10136
12766
7168
49 38
30338
2277
1097
714
324
214
75

122428
12727
v7527
32662

UNIT: thousands

tonnes
1 JANUARY

1979

27692
23032
20363
16792
11433
7191
39389
2901
1742
1100
541
294
144
101

117321
10812
121258
50555

1980

35009
23753
19002
15478
11537
/323
5049
2975
2202
1226
723
371
211
55

122914
12811
99670
50869

1981

39414
28352
20190
15678
12269
8390
5063
3473
2124
1423
K01
399
136
59

137820
45596
112859
66319

1982

34659
33309
23341
15622
11721
3/85
6358
3910
2575
1383
874
357
205
14

143093
49002
121239
66777

1983

25847
29787
28158
18882
12063
Ro0N7
6 4ht
4096
2205
1443
727
454
19n
49

139252
51578
157188
80691

1984

20593
21956
24515
22807
14527
8671
5555
4169
2391
1241
793
393
206
151

127973
52315
1287722
79347

1985

58333
17724
18364
201253
16211
94N09
5673
3798
2490
1502
754
524
221
32

155789
50605
133985
84171

1986

63747
50126
14828
15108
14773
11585
6667
3984
2312
1576
957
500
340
10

136515
54540
159289
38743

1987

n
54738
42235
11222
9935
10220
35541
4709
2513
1502
95 &
556
152
85

8Ll



Table 7.14

1nput varianles for the

ICES prediction proyram,

GREENLAND HALIZUT IN I
The reference F

AND TI1

Tha numover ot recruits per year
{=2ar Kecruitaent
1947 S0JIU.0
1Y 84 30000.0
1937 50040.0

vata are printed in the following

Nudvoer ur fish:

weiyht vy age yroup in the catch: kilogram
deignt oy ajge group in the stack: kiloyram

Stock viomass: tonnes

Catch werght: tonnes

Fommm et m e ——————— fom e ——— +

1 | \ fishing! nhaturali maturity!
{ ajei stucx size) pattern; mortality. ogive,
B e At e T toam e ——— +
i 31 300600.04 .00 150 .00
\ 41 26J00. 010 .02) . 1510 - 181
1 5 22400, 01 7 150 .25
| 6 11222.010 170 . 151 54,
; /3 Y5604 L2510 153 700
' 31 13220.010 .25 . 1540 .75
H vi 33610101 L2410 o0 B30
' DN 4700000 5010 150 . 351
A ¢315.0 .58 50 W97
P02 15024310 410 L1540 .99
HEEN N 753, Ui 450 L1510 951
H 14, 5304014 “470 <150 1.001¢
L i52.0 Y- 150 1.00]
RN 85.010 BETH .15 1. 0018
tommm et ——— - Fem——————— t e o ——————— +

is as follows:

units:

thousands

is the nean F for the ace groun rangye fram

weight in)
the catch|

1701
2,461
3.0535]
3,477
3.815%
415710
4,267,
4,59,
5.000

7 to 1

---------- T T TR Sy R

weight i1,
the stock i

41571
4,260
4,590
5.000




Table 7.15

Ettz2cts or ditrerent levels of fishing mortality on
catch, stock bjomass and spawaing stock bjomass.

GREzwLAMD HALIBUT IN I AND UI

F o i e - - - - > -

-------- o = e et o o o e i e e 2o e
H Year 193/ \ Year 1988 | Year 1749 '
4t mmm et et e et — ——————— tommment cme- ot m--—— t e —m——— o ———— et = e et e mmm m et ———————
P oTac—i  rev.: stocik: sp.stock. yMan. 1 ref.. stock: sp.stock: H STOCK: SO.Sstock:
i tor ki oiomassi oiomass: catchbption ! Fi biomass: oiomassi catchi bhiomassi bhiomass
Fom———— o ——— F o ————— tm e ——————— o —————— temm—-t - ————— F - ———— F o - R e T e
| i1 <520 1324 34, 261 Fp q L1 1253 301 101 1403 211
' ; : ; : | Fpax. .250 ' : 191 13518 22
: : : : | t F1986 | .25 ; ' 194 130} “21
: H H : : ! Fneq., .65 : : 43} 123 531
tom— -t - ————— F o e et - P + m———— F o —— F o - -t ——————— e —— t o e m ———— ————— +

The data unit of the biowass and the catch is 1000 tonnes.
The spadniang stuck biomass is yiven Tor 1 January.
The reverence F is the wmean F for the age group ranje from ( ton

11
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Yteld ('000 tonnes)

Figure 3.3
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FISH STOCK SUMMARY

Trends Ln yteld and fishing mortality (F)

— Yield  .manF

1100

1000

800

800

600

500+

1T

400

300

200

100

iy
k1
Ll
T i
Y e, m
Ers3 r ﬁ:ﬁ‘ n A
A
L}
Y
i
k!
1986 1968 1970 1972 1974 1976 1978 1980 1962 1984 1986
Year
A

14—-10-1987

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

g.1

0.0

Average fishing mortallty (ages 5-10,u)

SSB (000 tomnes) at 1 January

STOCK: North—East Arctic Cod

Trends Ln spawning stock bLomass (SSB)
and recruitment

— SSB imm= R
1000 2000
900 1800
800 5 1600
1l
700 1400
'
600 1200
500 fx 1000
aadh - :
400 1 y 800
T
A}
-
300 45 1 L o 600
] K} ‘,
200 2 - 8 400
N
Il

100 N - 200

H T

1

11

o
1866 1968 1870 1972 1874 1976 1978 1980 1982 1984 1386
Recrultment year class, SSB year

B

tn millions)

Recruitment at age 3 (no.

vzl



Yield per recruit (kg)

FISH STOCK SUMMARY
STOCK: North—East Arctic Cod

Figure 3.3 (cont*d)
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Figure 4.1 Trends in log-catchability for the ICES VPA tuning program. See Table 4.15 for identification of fleets.
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Figure 4.3

Yteld ('000 tonnes)

FISH STOCK SUMMARY

STOCK: North—East Arctic Haddock
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Figure 4.3 (cont'd)

Yield per recruit (kg)

FISH STOCK SUMMARY

STOCK: North—East Arctic Haddock
15~10—1987
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Fioure 5.2 Log catchability plots for two fleets for North-East Acctic Saithe. See Table 5.4 for identification

of fleets. AGE 3 O
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Figure 5.4 FISH STOCK SUMMARY
STOCK: NE Arctic Saithe
15—-10—1987
Trends in yield and fishing mortality (F) Trends in spawning stock biomass (SSB)
and recruttment (R]
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Figure 5.4 (cont'd) FISH STOCK SUMMARY
STOCK: NE Arctic Saithe

15—10—1987
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Figure 6.2

Yield ('000 tonnes)

FISH STOCK SUMMARY
STOCK: Sebastes Mentella in area IIA and IIB

Trends Ln yield and fishing mortality (F)
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Figure 6.2 (cont'd) FISH STOCK SUMMARY
STOCK: Sebastes Mentella in area IIA and IIB
19—-10—-1987
Long-term yleld and spawning stock bLomass Short—term yleld and spawning stock biomass
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Figure 7.3
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Figure 7.3 (cont'd)
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