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2 INTRODUCTION
2.1 Terms of Reference

At the 76th Statutory Meeting of ICES in 1988, it was decided
(C.Res.1988/2:4:21) that +the Arctic Fisheries Working Group
(Chairman: Mr T. Jakobsen) will meet at ICES Headquarters from
19-28 September 1989 to assess the status of and provide catch
options for 1990 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 Assessment

The procedure adopted by the Working Group was to use the
RCRTINX2 program (Anon., 1987) to estimate recruitment, the ICES
VPA tuning program (Anon., 1988) +to estimate current fishing
mortality 1levels, and the separable VPA (terminal population) to
estimate the current exploitation pattern. This procedure was
followed for all stocks unless the data base was insufficient or
the results were inconsistent with other information.

3 NORTH-EAST ARCTIC COD (SUB-AREAS I AND IT)

3.1 Use of USSR Murman Cod and Norwegian Coastal Cod in the
Assessment

Norwegian coastal cod in Division IIa has been excluded from all
previous assessments, whereas the USSR Murman cod in Sub-area I
has been included. It was suggested that the Murman cod caught in
1988 might be excluded from the assessment. However, removing the
estimated 40,000 t from the catches in 1988 would create a severe
inconsistency in the time series and it was agreed that a reli-
able assessment could not be made on such a basis.

The status of the Murman cod and the Norwegian coastal cod in the
assessment needs to be clarified at or before the next Working
Group meeting. A recommendation on this subject is given in Sec-
tion 8.



3.2 status of the Fisheries

3.2.1 Landings prior to 1989 (Table .

Final reports of landings for 1987 totalled 523,071 t (Table
3.1). The landings provisionally reported for 1988 are 391,543 t,
excluding both Norwegian coastal cod and USSR Murman cod. The
agreed TAC, which included 40,000 t of USSR Murman cod, was
451,000 t. Thus, about 20,000 t of the TAC was not taken. The
landings were 24,000 t below the quantity expected by last year's
Working Group.

Table 3.2 shows +that the reduction in landings occurred in the
trawl fisheries, while other gears had a small increase. Landings
declined for all countries except France (Table 3.3).

3.2.2 Expected landings in_ 1989

The agreed TAC is 300,000 t, including 40,000 t of USSR Murman
cod., The agreement also assumes that 40,000 +t of Norwegian
coastal cod is taken, allowing total cod landings of 340,000 t.
Based on preliminary information, it is expected that the total
landings will be close to this level, but that only 10,000 t will
be Norwegian coastal cod. This low quantity is mainly due to the
closing of the Norwegian coastal fishery already in April.

3.2.3 Effort and catch-per-unit effort (Tables 3.4 and 3.5)

CPUE is derived by dividing the total catch by the total fishing
effort involved in taking that catch. The effort will in part
have been directed towards other species, but no selection of di-
rected cod catch or directed fishing effort for cod has been
made.

0f the eight current CPUE series shown in Table 3.4, five reached
a maximum and all reached a peak in the mid-1980s. There has been
a general decline since 1986. All indices available showed a de-
cline from 1987 to 1988. Declines ranged from about 5% to 50%
with a mean decline of about 25%. The catch-per-gillnet boat week
in Lofoten has been declining steadily since 1983 and the 1987
rate was about 45% of the rate in 1983.

Catch-per-unit-effort indices from the fishery on spawning cod in
the Lofoten area showed maximum values in 1982 for the longline
and handline fisheries and a peak close to the maximum in 1971
was reached in 1983 in the gillnet £fishery (Table 3.5). There
were declines in all three indices to 1987 followed by substan-
tial increases in the longline and handline indices in 1988. The
handline index declined in 1989 but those for gillnet and long-
line increased.

3.3 Data_ from Catches



3.3.1 Catch in numbers at_age (Table 3.,25)

The catch at age for 1987 was revised based on final landings
figures and the updated Norwegian age composition. Age compo-
sitions of catches by the Soviet Union, the Federal Republic of
Germany, and Spain were the same as used in last year's assess-
ment.

For 1988, the catch at age was again calculated separately for
Sub~area I and Divisions IIa and IIb wusing the landings by
country and yearly age compositions provided by the Federal Rep-
ublic of Germany, Norway, the USSR, and the UK for each of these
areas and by Spain for Division IIb, Landings by other countries,
mainly the Farce Islands and Portugal, comprised less than 5% of
the total and age compositions for them were derived by the use
of age compositions from the UK and Spain.

The 1983 year class as S5-year-old cod in 1988 was dominant in the
trawl, longline and handline landings. In the gillnet landings,
6-year olds predominated while cod of ages 5 and 6 were of equal
strength in +the Danish seine landings. For the fishery as a
whole, the 1983 year class comprised 57% by number of +the lan-
dings and cod of ages 4-7 accounted for about 97%.

For 1989, the Federal Republic of Germany, Norway, and USSR pro-
vided age and length data for their landings in the first half of
the vyear. The age compositions of landings from other countries
were calculated using age compositions from Norwegian trawlers.
The +total age composition was calculated by raising these age
compositions to the respective expected landings.

3.3.2 Weight at a in_the landings (Tables 3.6 and 3.

In the vyears 1984-1987, average welghts at age from Norwegian
landings were highexr for the younger ages and lower for the older
ages than corresponding values derived from the USSR landings.
The difference for the younger age groups was in part due +to an
unsatisfactory Norwegian lenght-weight relationship. Differences
in the older ages may be in part due to inadequate sampling as
these age groups are much less abundant in the landings and in
part to differences in fishing pattern by the fleets, The average
weights at age in 1988 were similar except for age 2. From both
the Norwegian and USSR estimates, average weights at age have de-
clined markedly from 1984 to 1988.

3.4 Survey Results (Tables 3.9-3.14

Bottom trawl and acoustic surveys conducted by Norxrway and the
USSR  confirm that the 1984 and 1985 year classes are much weaker
than the 1982 year class and the strong 1983 year «c¢lass. Esti-
mates of stock abundance as a whole declined from the mid-1980s
to 1988 and 1989, reflecting both the decline of the 1982 and
1983 year classes and the recruitment to the stock of much weaker
year classes.



3.4.1 Recruitment indices (Tables 3.7-3.8)

The sizes of year classes not considered to be well estimated by
the VPA were based on the analysis of recruitment indices using
the ICES program RCRTINX2., The 1986-1989 year classes were all
estimated to number about 200 million at age 3. Thus, all year
classes produced in the 1980s, except for the strong 1983 and
average 1981 and 1982 year classes, appear to have been in the
range 140-200 million at age 3.

The estimates of recruitment of year classes 1983 and younger in
the present assessment are considerably less than those of last
year. The reasons for this change are not obvious but may be in
part due to perceived changes in the selectivity of survey and
commercial gear to cod of lower mean length at age. Discard rates
were considered at last year's meeting and increased discarding
of small slow-growing cod may also be a factor in the above
phenomenon.

3.4.2 Weight at age in the stock (Tables 3.15-3.18, 3.27)

Stock weights used for 1985-1989 are averages of values derived
from Norwegian surveys in January-February 1985-1989 and USSR
surveys (with ages adjusted by 1 year) in November-December 1984-
1988. Cod of ages 3-7 weighed much less in 1989 than in 1984. The
decline in growth rate seems to have stopped in 1988. The ex-
pected improvement in drowth rate would appear to be related to
improved temperature conditions in the Barents Sea and an in-
creased feeding on capelin.

3.4.3 Maturity at age in_the stock (Table 3.19)

As in 1988, a maturity ogive was only available from the USSR.
The ogive for 1989 was similar to that of 1987 and showed a some-
what more ¢gradual attainment of maturity than the USSR ogive of
1988,

3.5 Stock Assessment

3.5.1 Tuning the VPA to survey results

The available data from surveys and CPUE from trawl fisheries
were updated by information from the latest year. The USSR sur-
veys taken in the late autumn were allocated to the following
year. In this way tuning data for 1989 were obtained and the
tuning~VPA was run including 1989. The preliminary catch data for
1989 were given by age. Trial runs revealed that the CPUE data
from Norway and the USSR from each area and division gave contra-
dicting results for older ages and a combined CPUE was con-
structed. First, the data from each area were combined to a total
from each country. However, these data also showed contradicting
results and a combined total for both countries was calculated.
The combined effort was calculated as the sum of the effort from
each country divided by the average of each country multiplied by
the fraction of total catch taken by each country. These data are
given in Table 3.20.



The input F on the oldest age was the average of 4 younger ages
and the final year input F to the ages not tuned were the average
of the 4 latest years. The results of the tuning are given in
Tables 3.21 - 3.23.

3.5.2 Separable VPA

The shift in the fishing pattern from 1985-1986 caused by the re-
cruiting 1982 and 1983 year classes seems to have resulted in a
new and stable fishing pattern. A separable VPA was run adjusted
to the F -10.5 0.787 in 1989 from the tuning. The residuals and
resulting %isging pattern are given in Tables 3.24-3.25. The re-
siduals do not show any clear indications of changes in the fish-
ing pattern during the years of heavy weighting, i.e., 1985 to
1989.

3.5.3 Final VPA and present state of the stock (Tables 3.29-3,30,

Fiqures 4.,14-4.1B)

The final VPA was run using F on the oldest ages estimated from
the tuning VPA for the years 1967 to 1984 and those estimated by
the separable VPA for the later years. The input Fs for 1989 were
the ones from the separable VPA based on final populations, ex-
cept for age 3, where the F value was adjusted to fit the esti-
mated abundance from the recruitment program,

The F values from the final VPA are presented in Table 3.29.
Population numbers by age, total biomass, the spawning stock num-
bers and biomass from the final VPA are presented in Table 3.30,
including figures for 1989, thus showing the present state of
stock.

3.6 Predictions of Catch and Biomass
3.6.1 Input variables to the prediction

The values used in the prediction are given in Table 3.31. The
stock size in 1990 is estimated from the final VPA except for age
3. The recruitment at age 3 1is estimated using the program
RCRTINX2. The fishing pattern is the one estimated by the separ-
able VPA. The maturation ogive from 1989 is used for all years in
the prediction.

The data on weight in catch and stock are calculated by assuming
a length increment equal to the average over the last 10 years
for the years in the prediction, starting with the observed
length in 1989. The data are the average length at age from the
Norwegian and USSR surveys. For the ages 9 and older the average
of age 7 and 8 is used., To calculate the weight in the stock, the
corresponding average condition factors are used, i.e., the
relationship between the cubic length and the weight.



The weights in the catches are taken to be the stock weights the
year after for ages 3 and 4, and the average of the stock weights
at the beginning of the year and the year after for older age
groups.

3.6.2 Biological reference points (Figqure 3.1C)

The yield-per-recruit analysis wusing the 1989 catch and stock
parameters resulted in estimates of F = 0,15 and F = 0.24.
Jakobsen (1989) gives the values of 9 =0.32, F_"% 0 46 and
= 0.78 for North-East Arctic cod’ O¥he latter 85timates are
suﬁggantlally lower than the values estimated last year. The

present exploitation level is E89 = 0.78 corresponding to Fhigh'

3.6.3 Projections and biomass (Table 3.32 igure

Table 3.32 shows the expected development of the stock and the
expected catches under various assumptions of 10; Foxr 1990,
all the blologlual reference points are 1nc1uded but from 1991
only F . and F are given. The recruitment up +to
1992 1is baseaxon ogserved year classes, but after that a recent,
average recruitment is assumed.

3.6.4 Comments to the stock situation

High fishing mortalities in recent years, at or above the Fh
level, have reduced the stock severely. A reduction in stock ﬁ?o—
mass of more than 50% has occurred from 1986 to 1989% and the cur-
rent spawning stock biomass is at a historic low level. Recruit-
ment in the most recent years for a series of year classes has
been only about 1/3 of the long-term average and this makes the
stock situation even more serious. The catches must be kept at a
low level for some years to avoid a further reduction of the
stock.

4 NORTH-EAST ARCTIC HADDOCK (SUB-AREAS I AND IT)
4.1 Status of the Fisheries

4.1.1 Landings prior to 1989 (Tables 4.1-4.3, Fiqure 4.1A)

The final landings figure for 1987 was 150,659 t which is very
close to the value used in last year's assessment. The prelimi-
nary landing value for 1988 of 91,771 t, a decrease of about 40%
from the 1987 level, is well below the landing expected at last
year's meeting. In Sub-area I, landings fell from 109,000 t to
44,000 t, while the landings in Division IXa reached 47,000 ¢t,
the maximum since 1960. Landings in Division IIb declined but
these are variable and comprise only a small portion of the
total.



4.1.2 Expecte ings in
Based on reports for the first half of the year, the expected

landings in 1989 of 57,000 t will be somewhat lower than . the
agreed TAC of 83,000 t.

4.1.3 Effoxt and catch per unit effort (Table 4.4)

In Sub-area I, CPUE in Norwegian trawl fishery increased steadily
from 1984 +to a peak in 1987 close to the maximum in the series
since 1972. The USSR CPUE in 1985-1987 was relatively stable.
There were, however, substantial drops in CPUE in 1988, both in
the Norwegian (37%) and USSR (22%) fisheries. The increase since
the mid-1980s in the Norwegian CPUE in Division Ila continued in
1988. It should be noted that a substantial portion of the
haddock landings is taken as a by-catch and no great confidence
may be placed in the trends in CPUE outlined above.

4.2 Data from Catches
4.2.1 Ccatch in number at age (Table 4.24)

The «catch at age for 1987 was revised based on final landings
figures and the updated Norwegian age composition. Age compo-
sitions o©of catches by the Soviet Union, the Federal Republic of
Germany, and the UK were unchanged.

For 1988, age compositions were available for all areas from
Norway, the UK, and the Federal Republic of Germany and from Sub-
area I and Division IIa from the USSR. The age compositions of
the small catches by other countries were considered to be the
same as those of Norweglan trawlers. The 1983 year class as 5-
year olds in 1988 was predominant in all areas and accounted for
63% of the catch in numbers. Haddock of ages 4-6 made up 98% of
the total number.

4.2.2 Weight at age in the landings (Table 4.5)

For 1989, the Federal Republic of Germany, Norway, and USSR pro-
vided age and length data for their landings in the first half of
the year. The age compositions of landings from other countries
were calculated using age compositions from Norwegian trawlers.
The total age composition was calculated by raising these age
compositions te the respective expected landings.

Differences between Norway and USSR estimates in recent years of
mean weights at age of younger haddock were partly due to the use
of an unsatisfactory Norwegian length-weight relationship. There
has been a clear reduction since 1984 in average weights at age
of haddock up to age 9, In the 1984-1988 period, the average
weights were at a minimum in 1988 for almost all ages. The avexr-
age weights of 4-, 5-, and 6-year-old haddock in 1988 were less
than half those in 1984.



4.3 survey Results (Tables 4.6, 4.8-4.12

Bottom trawl and acoustic surveys by Norway and the USSR confirm
that the stock is dominated by the 1982-1984 year classes which
are much more abundant +than subsequent year classes. The 1987
year class, as 1-year olds, seemed strong in the autumn acoustic
survey by Norway but was poorly represented in other surveys in
1988 and 1989.

4.3.1 Recruitment indices (Tables 4.6-4.7, 4.28)
The abundances of the 1985-1989 year classes as estimated from an

analysis of recruitment indices with the ICES RCRTINX2 progranm,
were quite low and comparable to the estimates of last year.

4,3.2 Weight at_aqe in the stock (Tables 4.13-4.14, 4.23)

Stock weights used for 1987-1989 are averages of values derived
from Norwegian surveys in January-February 1987-1989, and USSR
surveys (with ages adjusted by 1 year) in November-December 1986-
1988. Haddock of ages 3-6 showed a decline in growth from 1986-
1987 but the growth rate appears to have increased in 1988. (See
also remarks in Section 3.4.2).

4.3.3 Maturity at age (Table 4.15)

No new maturity ogive was available at this meeting. The USSR
ogive for 1988 was, therefore, used in the VPA for 1988 and 1989
and in the projections.

4.4 Stoc ssessment

4,4.1 Tuning the VPA to survey results

The available data from surveys were updated by information from
the latest year. The USSR surveys taken in the late autumn were
allocated to the following year. In this way tuning data for 1989
were obtained and the tuning VPA was run including 1989. The pre-
liminary catch data for 1989 were given by age. Tuning data are
given in Table 4.16.

The input F on the oldest age was the average of 4 younger ages
and the final year input F to the ages not tuned was the average
of the 4 latest years. The results of the tuning are given in
Tables 4.17-4.19.

4.4.2 Separable VPA

The shift in the fishing pattern from 1985-1986 caused by the re-
cruiting 1982 and 1983 year classes seems to have resulted in a
new and stable fishing pattern. A separable VPA was run adjusted
to the Fy.q7 = 0.403 in 1989 from the tuning. The residuals and
resulting "fishing pattern are given in Tables 4.20-4.21 and the



residuals do not show any clear indications of changes in the
fishing pattern during the years of heavy weighting, i.e., 1985
to 1989.

4.4.3 Final VPA and present state of the stock (Tables 4.25-4.26,
Fiqures 4.1A-41B

The final VPA was run using the F on the oldest ages estimated
from the tuning VPA for the years 1967 to 1984 and those esti-
mated by the separable VPA for the later years. The input Fs for
1989 were the ones from the separable VPA based on final popu-
lations, except for age 3, where the F values were adjusted to
fit the estimated abundance from the recruitment program.

The F values from the final VPA are presented in Table 4.25.
Population numbers by age, the total biomass, the spawning stock
numbers, and biomass from the final VPA are presented in Table
4,26, including figures for 1989, thus showing the present state
of stock.

4,5 Predictions of Catch and Biomass

4.5.1 Input variables to the prediction

The values used in the prediction are given in Table 4.27. The
stock size in 1990 is estimated from the final VPA except for age
3. The recruitment at age 3 is estimated using the program
RCRTINX2. The fishing pattern is the one estimated by the separ-
able VPA. Due to lack of new data on maturation, the ogive from
1988 is used for all years in the prediction,.

The data on weight in catch and stock are calculated by assuming
a length increment equal to the average over the last 5 years for
the years in the prediction, starting with the observed lengths
in 1989. The data are the average length at age Ffrom the
Norwegian and USSR surveys. For the ages 8 and older, the average
of age 7 is used. To calculate the weight in stock, the corre-
sponding average condition factors are used, i.e, the relation-
ship between the cubic length and the weight.

The weights in the catches are taken to be the stock weights the
year after for ages 3 and 4, and the average of the stock weights
at the beginning of the yvear and the year after for older age
groups.

4.5.2 Biological reference points

The yield-per-recruit analysis using the 1989 catch and stock
parameters resulted in FO 4= 0.13 and Fmax = 0.24 (Figure 4.1C).
Jakobsen (1989) gives thé'values of F =70.02, F = 0.35 and
1.11 for North-East Arctic kggdock. The E%esent exploi-

Fh' h
tatidn 1level is F89 = 0.40.



4.5.3 Proijections of catch and biomass (Table 4.28, Figure 4.1D

Table 4.28 shows the expected development of the stock and the
expected catches under various assumptlons of F . Only the bio-
logical reference points F . and F aré Used in the cal-
culations. The recruitment up tom?gQZ is gased on observed year
classes, but after that a recent, average recruitment is assumed.

4.5.4 Comments to the stock situation

A series of very poor year classes have recruited to the stock in
the most recent years and the stock biomass will be at a very low
level from 1991 onwards.

5 NORTH-EAST ARCTI AITH SUB-ARE I

5.1 status of the Fishery
5.1.1 Landings prior t 989 (Table 5. iqure 5.3a

Revised landings as reported to ICES for 1987 were 91,679 t, an
increase of 21,221 t from the low level in 1986 (Table 5.1). Pro-
visional reports of landings in 1988 give a total of 114,050 t
compared to 105,000 t expected by last year's Working Group.

5.1.2 Expected landings in 1989

Norwegian authorities have introduced quota regulations in oxder
to limit the total landings to the recommended TAC of 120,000 t.
Landings to date in 1989 indicate that the TAC will be taken.

5.1.3 Effort and catch per unit effort

Figure 5.1 shows the landings for the main gear categories since
1977. For the two dominant gears, trawl and purse seine, landings
increased in 1988,

Table 5.2 shows the number of vessels of different size
categories that have taken part in the purse seine fishery since
1977, with corresponding catch and catch per vessel. On the basis
of these data, indices of total purse seine effort have been cal-
culated and are given in Table 5.4. The size category 20-24.9 m
has Dbeen used as a basis because it has the highest catches and
the lowest fluctuations in catch rates over the period. An in-
crease in effort of 19% from 1987 to 1988 is indicated.

Table 5.3 gives catch, effort, and catch per unit effort for
Norwegian trawlers since 1976, including only hauls where the
effort clearly has been directed towards saithe. Indices of total
Norwegian trawl effort are given in Table 5.4 and show an in-
crease of 63% from 1987 to 1988. Thus, the effort indices for the
two main gears indicate that the total effort has increased by
about 40% in 1988.
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5.2 Catch in numbers at Age (Table 5,8)

Age compositions of landings in 1987 were revised, reducing the
catches of the oldest age groups which caused problems in last
year's assessment. New data were available for 1988 from the Fed-
eral Republic of Germany and Norway, accounting for 99% of the
landings. Landings of other countries were assumed to have the
same adge composition as that of the Federal Republic of Germany.
Poor sampling of older age groups is, however, still a problem in
the Norwegian data.

5.3 Weight at Aqe (Table 5.9)

A constant set of weight at age data are used for all years in
the period 1960-1979. For subsequent years, annual estimates are
used. Data for 1987 were revised and new data were available for
1988. The poor sampling of older groups gives obvious inconsist-
encies between the vears. Weight at age in the stock is assumed
to be equal to the weight at age in the catch.

5.4 Age at Maturity

No maturity ogive is available for this stock of saithe. As in
the previous assessments, knife-edge maturity at age 6 has been
assumed.

5.5 Survey Results

An acoustic survey for saithe in October-November was started in
1985. Indices of abundance of immature saithe are obtained, but
the time series of 4 years is still too short to be used in the
assessmnent,

§.6 Recruitment

Recruitment indices are available from O-group (post larvae) sur-
veys since 1985, So far, only the 1985 and 1986 year classes have
recruited to the fishery, but the estimates from the VPA are
still unreliable. It is, therefore, too early to make an evalu-
ation of the usefulness of the O-group indices.

5.7 Eishi ox ities and VPA

Fishing effort and catch-at-age data (ages 3-9) from the
Norwegian purse-seine and trawl fishery were used as input to the
ICES VPA tuning program (Table 5.5). Input Fs on age groups not
included in the tuning were set egual to the 1980-1987 mean. The
results are given in Table 5.6. Fag in 1988 was estimated to be
0.37.

The fishing mortality levels from the tuning were carried forward
to the separable VPA and the results of the separable analysis
are given in Table 5.7. The resulting £fishing moxrtalities were
used as input to the conventional VPA and the results are given



in Tables 5.10 and 5.11 and Figures 5.3A and 5.3B. The VPA shows
an increase of 41% in fishing mortality from 1987 to 1988 which
corresponds closely to the effort indices. A concentration in ef-
fort on the relatively abundant year classes of 1983 and 1984 is
indicated. The year classes 1985 and 1986 appear to be poor,

The spawning stock biomass has been at a low level (Figure 5.3B),
but an increase is indicated in 1988.

5.8 ictions of Catch and Biomass

5.8.1 Input variables to the predictions

Input values for the prediction are given in Table 5.12. It is
unlikely that the concentration of effort on the year classes
1983 and 1984 will continue in 1989, mainly because they will to
a large extent have left the purse seine grounds. The separable
pattern (Table 5.7), adjusted to the 1988 level, has, therefore,
been used in the prediction. The weights are mean values for
1980-1988, except for the year classes 1983-1986 which have had a
slower growth.

The low estimates for the year classes 1985 and 1986 from the VPA

were accepted. For more recent year classes, the average for the
year classes 1979-1985 of 200 million at age 1 was assumed.

5.8.2 Biological reference points

Yield and SSB per recruit were based on the exploitation pattern
in Table 5.12 and mean weights 1980-1988. The calculations give

FO = 0.17 and Fmax = 0.28 (Figure 5.3C). A plot of SSB versus
rééruitment is showh in Figure 5.2 and from it the following ref-
erenue points were calculated: F = 0.25, = 0,36, and

= 0.41. The low level of B¥, is causeg gy the fact that
lgﬁgTevels of SSB usually have proaﬁggd small year classes,

5.8.3 Results of the prediction (Table 5.13, Figqure 5.3D

Fishing mortalities will increase to 0.46 in 1989 if the TAC of
120,000 t is taken. Continued fishing mortality at the expected
1989 level will correspond to a catch of 115,000 t in 1990. The
increase in spawning stock biomass in 1989 and 1990 from the
recent low level is caused. mainly by the 1983 and 1984 year
classes, but the spawning stock will decline in 1991 when +the
poor 1985 year class matures.

5.9 Comments to the Assessment

The assessment confirms the belief that last vyear's assessment
was invalid due to inconsistencies in the catch-at-age matrix.
Comparisons should, therefore, be made only with the assessments
prior to 1988.
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6 REDFIS N B-ARE I AN I

6.1 status of the Fisheries

6.1.1 Landings prior to 1989 - (Table .1.-6.6, Fiqure 6.5A

Total redfish landings in 1982 were 131,749 t, but since then
landings declined continously to 34,596 t in 1987 (Table 6.1).
This decline is associated with reduced landings in the USSR
fishery, particularly in Division IIa. Provisional figures for
1988 show an increase to 38,039 t. This is caused by an increase
in the Norwegian Sebastes marinus fishery and a minor increase in
the USSR Sebastes mentella fishery in Division IIa.

The peak level of landings of 5,396 t in 1986 in Sub-area I was
exceeded in 1988 when 5,774 t were reported (Table 6.2). Landings
in Division 1IIa declined from 100,163 £ in 1983 to 27,730 t in
1987, but show a small increase to 30,485 t in 1988 (Table 6.3).
This is accounted for by a similar trend in the USSR landings.
Landings in Division IIb have remained at a low level (Table
6.4),

The national landings statistics of redfish reported to ICES by
the USSR, the German Democratic Republic, the Federal Republic of
Germany, Norway, and Spain distinguish between the species. For
the other countries The Working Group has split the landings into
Sebastes mentella and Sebastes marinus based on the reporting
schemes from the different fleets to the Norwegian fisheries
authorities. The total landings of S. mentella have declined pro-
gressively from 115,383 t in 1982 to only 10,518 t in 1987, but
show a small increase to 14,287 t in 1988 (Table 6.5). Landings
of S. marinus increased from 16,366 t in 1982 to 30,199 t in 1986
but fell to about 24,000 t in 1987 and 1988.

The redfish 1in Sub-area IV is believed to belong to the north-
east Arctic stock of S. marinus. The landings from Sub-area IV
have been declining from about 2,000 t in 1985 to 1,366 t in 1988
(Table 6.6). These catches are not included in the assessment.

6.1.2 Expected landings in 1989

Oon the basis of reports of landings in the early part of the
year, landings expected for the whole of 1989 are estimated to be
18,000 t and 24,000 t for 5. mentella and S. marinus, respect-
ively. ’

6.1.3 Effort and catch per unit effort

Catch-per-hour-trawling data for +the S, mentella fishery were
available for two classes of USSR vessels, RT and PST vessels
(Table 6.7). In the late 1970s, the fleet of RT vessels was being
replaced by the PST vessels (see also Greenland halibut). By
1981, these newer vessels comprised 70% of the USSR fishing ef-
fort and by 1985 the PST vessels had almost completely replaced
the RT fleet in this fishery. A more limited series of data was
available for the German Democratic Republic where factory
trawlers now are replacing the earlier freezer trawlers. Esti-
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mates of total effort are calculated in USSR units. The catch per
unit effort (PST) shows considerable stability.

Data for S. marinus were available for Norwegian stern trawlers
from 1981 (Table 6.21) and for a mixed-gpecies fishery of the
Federal Republic of Germany from 1986. However, for the German
fishery it was impossible to estimate reliably the effort that
was directed towards S. marinus. Total international effort was,
therefore, estimated only in Norwegian units.

6.2 Catch in Numbers at Age (Table 6.15)

Data for 1987 were revised. New data for 1988 for S. mentella
were available for the USSR and the Federal Republic of Germany,
corresponding to 55% and 7% of the total landings, respectively.
The length distributions of the USSR and the German landings were
similar (Figure 6.1A), but the corresponding catch-at-age from
these countries were different (Figure 6.1B). There is nearly a
systematic difference of about 3 years in the age/length Kkeys
which is difficult to explain in other ways than by different
procedures for age reading. The Working Group had no independent
information that could be used to tell whether the USSR or the
Federal Republic of Germany's age readings were correct. However,
since the catch in numbers at age in previous 5. mentella assess-—
ments has been based on the USSR age readings, the Working Group
decided to be consistent to use the USSR age distribution from
Division IIa on both the Federal Republic of Germany landings and
on the landings from other countries.

For S. marinus, age-composition data for 1988 were provided by
the Federal Republic of Germany and the USSR, accounting for 2%
and 5% of the total landings, respectively. For Norway, account-
ing for 90% of the total landings, only length composition data
were provided. Age reading differences between the USSR and the
Federal Republic of Germany also occurred for S. marinus (Figure
6.2). The length composition of the Norwegian landings was simi-
lar to the Federal Republic of Germany, but no age/length key was
avallable. Therefore, and also to be consistent with previous as-
sesments, the age composition of the Federal Republic of Germany
was adopted for Norway and other countries with no age data. Age
readings, using both otoliths and scales, have been conducted in
Norway, but the results may be controversial and must be pub-
lished and discussed before they can be used in the assessments.

6.3 Weight at Agqe (Table 6.16)

Catch weight-at-age data were available from the USSR for S.
mentella for the ages 9-20 in 1988 and 8-19 in 198%. As in pre-
vious assessments weight at age in the stock was taken to be the
same as the welght at age in the catch.

Weight—atilﬁggth data for S. marinus, based on the relationship
W=0.0058L" """, were available from the Norwegian landings in
1988. Catch weight-at-age data for ages 9-16 were available from
the USSR landings in Subarea I. The Norwegian weight-at-length
data were converted to weight-at-age by using the most recent
age-length key available, namely +the 1987 Federal Republic of



15

Germany age-length key. However, this produced a large (18%) dis-
crepancy in the SOP check, and the final catch weight-at-age was,
therefore, raised according to the ratio SOP/Nominal catch.

6.4 Age at Matuyrity (Table 6.11)

Maturity-at-age ogives from research vessels, sSexes combined,
have been made by the USSR for several time periods. An average
maturity ogive from USSR research vessels for the years 1966-1972
has 1in previous assessments been used on all years up to and in-
cluding 1980. New data from the USSR were made available at this
year's Working Group, and based on this new information, the
maturity ogives for previous years have also been revised. An
average ogive for 1966-1972 has been used for the period 1965-
1975. The presented average ogive for 1975-1983 has been used for
the years 1976-1983. Then, from 1984 onwards, a smoothed running
average of three years has been used.

A maturity ogive was not available for S. rinus, and as in the
previous assessments, knife-edge maturity at age 15 was assumed.

6.5 Survey Results

Apart from the USSR survey on the spawning grounds of S. pentella
in 1986-1988, there is no directed survey towards the redfish
species in the North-East Arctic.

Since 1981, a stratified random bottom trawl survey has been car-
ried out by Norway in February in the Barents Sea. This has been
combined with a synoptic acoustic survey. However, reliable com-
parable results from year to year from these investigations only
exist back to 1987, so the time series are too short to tell
whether the observed numbers are at a historical low ox high
level. However, the estimates for S. mentella show an overall
stabilizing trend, and an increase in numbers of specimens less
than 15 c¢m is promising. Compared to the results for 1988 the es-
timates for S. marinus in 1989 increased for nearly all length

groups although the level is lower than in 1987.

Since 1981, a stratified random bottom trawl survey has also been
carried out by Norway in September in the Svalbard area. In
September 1986, Norway and USSR started a Jjoint multispecies
trawl/acoustic survey to cover both the Svalbard area and the
Barents Sea.The abundance indices of §. mentella in 1988 point to
a more stable stock situation after the rapid decrease from the
1984-1985 level. Both surveys confirm this. The present stock
situation of §8. marinus in this northern part of the species'
geographical distribution, had shown a decreasing trend since
1985-1986, but the acoustic survey gives a higher index in 1988
compared to 1987.

In the years 1986-1988 the USSR carried out a trawl/acoustic sur-
vey in March-June on the S. mentella spawning grounds near Bear
Island. The results indicated a reduction in biomass from 90,000
t in 1986 to 60,000 t in 1987 and 30,000 t in 1988. In 1989 the
USSR carried out a similar survey in March which estimated the
biomass to be about 111,000 t. However, the surveyed area was in-
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creased compared to the previous years, and a greater proportion
of immature fish is included in this estimate. However, the re-
sults nevertheless indicate an increased abundance of immature
fish.

6.6 Recruitment (Tables 6.8-6.10)

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 are gener-
ally low in 1965-1972, average in 1973-1978, and high in 1979-
1989. However, the survey does not distinguish between the
species of redfish.

There are large discrepancies between the international O-group
fish survey data (Table 6.8) and the data from the USSR survey on
the 1+ - 6+ group of S. mentella (Table 6.9). Differences in re-
cruitment estimates during the first two years of life apparently
occur due to significant variability in natural mortality. Con-
siderable mortality of redfish at age 2+ - 5+ is caused by large
by-catches in the shrimp and capelin fisheries, and predation on
juvenile redfish {(mainly S. mentella) by the cod stock also con-
tributes to the mortality (Mehl, 1987; Yaraguina, USSR, pers.
comm. ).

Since S. mentella do not fully recruit to the fishery until about
age 12-13, the VPA will not give complete values for the younger
part of the stock in the most recent years. Therefore, indepen-
dant information about the recruitment is needed. The data on §.
mentella from the USSR survey (Table 6.9) were used as input to
the recruitment program RCRTINX2. The results are given in Table
6.10. There are some inconsistencies in the USSR survey data,
e.g., the strength of the same year class may differ rather con-
siderably from survey +to survey. There is no clear correlation
between survey results and VPA, and for some surveys, data are
missing. The Working Group agreed that the RCRTINX2 program gave
too high values for the recruitment. The USSR presented data on
the recruitment (at age 6) of the year classes 1980-1986 (Table
6.10) which were calculated from population fecundity
(Serebrjakov, 1984). Although the strong 1982 vear class comes
out less than it probably should, the overall recruitment 1level
showed a better fit +to the survey data, and were, therefore,
adopted as the values to be used for the recruitment at age 6 in
1986-1988. The recruitment at age 6 of the 1378 and 197% year
classes was set at the same low level as the 1976 and 1977 year
classes.

6.7 Assessment of Sebastes mentella

6.7.1 Fishing mortalities - VPA ) Tables 6.12-6.13, Figures 6.5A-
6.5B)

USSR effort and catch data (Table 6.12) were used as input to the
tuning method. The results from the tuning method are shown in
Table 6.13. A separable VPA was then run with Fs adjusted to the
tuning level. A plot was made of average fishing mortality (ages
10-15) against total international effort in USSR PST units (Fig-
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ure 6.3). The points for the years 1984-1988 appear to lie near a
regression line different from that indicated for years prior to
1983, with the point for 1983 in an intermediate position. This
shift is considered to be related to a mesh decrease introduced
in 1983, with 1983 as a transitional year between the two
regimes. The bulk of the catches in recent years is made up of
10-15~-year-old fish, and the trend in the biomass of ages 10-15
corresponded reasonably well with the CPUE values in Table 6.7. A
conventional VPA was made using the terminal populations from the
separable VPA to initiate the calculation. Table 6.17 gives the
final estimates of fishing mortality, and the corresponding esti-
mates of stock numbers and biomass are given in Table 6.18.

6.7.2 Pxrojection of stock biomass and catch

Input data used in the catch predictions are shown in Table 6.19.
Population numbers in 1989 are those calculated by VPA for age
groups 7 and older. For the 1978 and later year classes the
strength at age 6 has been set equal to the USSR values in Table
6.10. Since the Fs for ages 6-10 were adjusted to get this re-
cruitment, the input Fs for these ages in the prediction were
taken from the separable exploitation pattern. For the older
ages, the Fs for 1988 were taken as input. The maturity ogive 1is
the 1988-1989 average calculated from Table 6.11. Weight at age
in the catch has been set equal to the weight at age in the USSR
catches in the first half of 1989. Weight at age in the stock has
been set equal to the average weight at age from the 1988 and
1989 catches.

Yield- and spawning stock biomass-per-recruit curves were calcu-
lated using the above data (Figure 6.5C), F and F were es-
timated to be 0.08 and 0.18, respectively, and r8$a§ Fmax pro-
vided that the expected catch for 1989 is correct.” The '~ stock-
recruitment plot (Figure 6.4) was used to estimate F = 0.55,
Fmed = 0.16, and rl ow = 0.04.

Results of the catch predictions are given in Table 6.20 and Fig-
ure 6.5D. To take the expected catch of 18,000 t in 1989 will re-
sult in an increase of fishing mortality of 10% compared with
1988. Catch predictions for 1990 have been made for the biologi-
cal reference points and for fishing mortality being maintained
at both +the 1988 and 1989 level., At the 1989 level, 18,000 t is
also expected to be landed in 1990.

high

6.8 Assessment of Sebastes marinus

Inspection of the catch-at-age matrix for this stock (Table 6.22)
suggests that there are some problems with the age determination
for this species (see Section 6.2).

Trawl effort and corresponding catch-at-age data exist for
Norwegian trawlers for 1986-1988, This time series was considered
too short by the Working Group and the tuning method gave unrea-
listic stock estimates.

At last year's Working Group meeting, trial separable VPAs were
made, and based on information from these runs, a separable VPA
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was made this year with an input terminal F of 0.14 on age 18 and
a terminal S of 1.0. Only the three most recent years were given
full weight, and automatic weighting was used on the ages (Table
6.23). The terminal population was used to initiate a conven-
tional VPA (Tables 6.24 and 6.25). A plot of average F (ages 15-
21) vs estimates of total fishing effort (Figure 6.6) gave a
reasonable relationship for the years 1982-1985 and 1987, whereas
the points for 1986 and 1988 (preliminary) did not fit so well.
The time series with consistent data was considered too short to
be reliable, and the Working Group concluded that no meaningful
assessment could be made. However, the consistency seems to be
improving and an assessment might be attempted next year when an
additional year for the tuning also will be available.

A BSHOT forecast for this stock is given in Table 6.26. The re-
sults indicate that catches in the short term are likely to zre-
main at the 1988 level, i.e., 23,000 t, if the present level of
exploitation is maintained. This result is dependent on recruit-
ment being maintained at an average level,

7 GREENLAND HALIBUT IN SUB-AREAS I AND II

7.1 status of Figheries
7.1.1 Landings prior to 1989 (Tables 7.1-7.4, Figure 7.2A

Nominal catches by country for Sub-areas I and II combined are
presented 1in Table 7.1. The nominal catches by country for Sub-
area I and Divisions IIa and IIb separately are shown in Tables
7.2 - 7.4, The total catch in 1988 was 19,312 t, which is about
the same as predicted during the 1988 Working Group meeting and
is also similar to that reported for 1987. Catches in Division
Ila were about the same as those reported in recent vyears and
continued to account for at least half the total catch. The catch
in Sub-area I in 1988, however, was considerably higher +than in
previous vyears whereas +the catch in Division IIb in 1988 was
lower.

7.1.2 Expected landings in 1989

Based upon reported catches for the first half of the year, it is
estimated that the 1989 total catch should be in the vicinity of
14,000 t. The reduction is expected to be mainly in the Norwegian
fishery.

7.1.3 Effort and catch per unit effort

Catch-per-unit-effort data were available for two classes (RT and
PST) of USSR vessels and for Norwegian fresh-fish trawlers (Table
7.5). Until 1977, the USSR fishery was conducted almost entirely
by RT vessels which are side trawlers with 800-1000 horsepower
(HP). In the late 1970s, this fleet of vessels was being replaced
by the PST vessels which are stern trawlers with up to 2000 HP.
By 1981, these newer vessels comprised 70% of the USSR fishing
effort and by 1986 the PST vessels had almost completely replaced
the RT fleet in this fishery.
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In recognizing that this newer vessel class was the major com~
ponent of the USSR fishery in more recent years and will continue
to be, it was agreed that the CPUE series from this vessel class
only was most representative of catch rates within the USSR fish-
ery.

In oxder to obtain an index of total annual trawling effort the
average of the annual Norwegian (250-500 GRT stern trawlers) and
USSR (PST vessels) catch rates was calculated and applied to the
total annual landings. The catch rates indicate that the stock
size has been relatively stable, particularly in the 1980s al-
though the 1988 catch rate suggests a possible downturn in the
resource,

7.2 Catch in Numbers at Age (Table 7.11)

The catch-at-age data for 1987 were updated by adjusting the age
composition used in the previous assessment to the final catch
statistics for that year. Catch-at-age data for 1988 were avail-
able for the USSR, German Democratic Republic, and Norwegian
fisheries and were combined along with catch by other countries
adjusted by the combined age composition. Little or no sampling
information was available, however, for most age compositions to
allow a full evaluation of +the representativeness of the age
samples to overall national fisheries. Age-length keys from the
Norwegian fishery in 1988 indicated that age compositions from
certain components were often based on low levels of sampling.

7.3 Weight at Age {(Table 7.12)

The mean weight at age from the 1988 fishery was calculated using
an average of the USSR, German Democratic Republic, and Norwegian
sample weights at age weighted by the numbers caught at age by
each individual country. As in previous years, the weights at age
in the stock were assumed to be similar to those in the catch.

7.4 Age at Maturity (Table 7.10)

USSR maturity ogives for 1983-1987 were relatively stable and
there were no maturity data for 1988. Therefore the spawning
stock biomasses for 1983-1988 were calculated by application of
an average maturity ogive derived from USSR data for the period
1983-1987. The same ogive was applied to the period 1970-1980 for
which knife-edge maturity at age 9 had previously been applied,
and also to 1981-1982 where the available ogives were quite vari-
able. For the period 1970-1980, this gave a considerable rise of
the spawning stock biomass levels.

7.5 Survey Results

Stratified random bottom trawl surveys have been conducted an-
nually in both the Svalbard and Barents Sea area since 1981.
While the surveys cover the main nursery area of Greenland hali-
but they do not cover the whole distribution of the stock. Also,
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the Svalbard surveys do not fish beyond depths of 600 m which
likely include a significant proportion of adult fish biomass.
Nevertheless, abundance indices of both the total stock size and
of fish less than 20 cm in length are presented in Table 7.6. The
total stock index from the survey would suggest that the abun-
dance in 1986-1987 is about half the level estimated in 1984-1985
whereas +the 1988 estimate is about the 1984-1985 level. Fluctu-
ations of this magnitude clearly are not indicators of stock size
and may well be an artifact of incomplete survey coverage and mi-
gration.

7.6 Recruitment

Fish of lengths 1less than 20 cm in the survey include 1 and 2-
year~old fish. Although the proportion of 2-year-old fish 1less
than 20 om may vary from year to year, the survey indices of
these fish given in Table 7.6 may be of value in providing an
index of pre-recruit year classes. However, until the reliability
of these survey data can be established, average recruitment
(1978-1987) has been assumed for the catch predictions.

7.7 Assessment

7.7.1 Estimation of fishing mortality

Trawl effort data and the corresponding catch-at-age data were
available for Norwegian and USSR trawlers for the yvears 1979-
1987. The data (Table 7.7) for the Norwegian fleet for age groups
6-10 and for the USSR fleet for age groups 5-10 were used in the
VPA tuning module, and the results are given in Table 7.8. A sep-
arable VPA was then run with the input terminal F value for age 8
adjusted so that the average I (ages 5-10) for 1988 from the ana-
lysis was equal to the average F for that year as indicated by
the tuning. The matrix of residuals from the separable VPA 1is
given in Table 7.9. Finally a conventional VPA was run using the
1988 population numbers from the separable VPA +to initiate the
calculation (Tables 7.13 and 7.14).

7.7.2 State of the stock

The results of VPA show that fishing mortality (ages 7-11) was
relatively high in 1978 when it was 0.43 (Table 7.13, Figure
7.23). It subsequently fell to about 0.20 for three years before
increasing to about 0.37 in 1983-1987. The value estimated for
1988 is 0.39. From 1981 to 1986, +the spawning stock has been
stable at about 60,000 t (Table 7.14, Figure 7.2B). However, from
1983, we observe a decreasing trend in both total and spawning
stock, which 1is opposite to the slightly increasing trend ob-
served during the 1988 Working Group meeting. This reduction is
consistent with the rather severe decline (25%) in the combined
USSR and Norwegian CPUE in 1988 (Table 7.5). One should, however,
bear in mind that some of the 1988 data are preliminary.
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7.8 Catch predictions

Input data used in the catch predictions are shown in Table 7.15.
Population numbers in 1989 are those calculated by VPA for age
groups 6 and older. For the 1984 and later year classes the
strength at age 3 has been set equal to the average for the years
1978-1987. The exploitation pattern used is that for 1988 from
the VPA (Table 7.13). However, for the age groups 3-5 in 1988 av-
erage recruitment was assumed, and the Fs in the prediction were
taken from the separable exploitation pattern (Table 7.9). Based
on information from the fishery for the first half of 1989, the
expected reduction in total catch for 1989 is expected +to take
place in both the trawl and gill-net/long-line fishery, and large
changes in the exploitation pattern are, therefore, not expected.
The maturity ogive is the 1983-1987 average which have been used
for all years in the VPA., Weight at age in both the catch and the
stock has been set equal to the weight at age in the catch aver-
aged for the years 1987 and 1988,

Yield- and spawning stock biomass-per-recruit have been calcu-
lated wusing the above data, and the results have been plotted in
Figure 7.2C. The values of Fq and F ax are 0.13 and 0.25, re-
spectively. Using the stocktrecruitfidnt plot in Figure 7.1 the
values of F and Fh. h have been evaluated as 0.27 (equals F
provided tﬂgg the égpected catch for 1989 is correct) and 0.93
(close to FBB)' respectively.

Results of the catch predictions are given in Table 7.16 and Fig-
ure 7.2D. To take the expected catch of 14,000 t in 1989 will
result in a reduction of fishing mortality of 30% compared with
1988. Catch predictions for 1990 have been made for the biologi-
cal reference points and for fishing mortality being maintained
at both the 1988 and 1989 level. At the 1989 level, 15,000 t is
expected to be landed in 1990.

8 RECOMMENDATIONS

1) It has been accepted by ICES that the catches of Norwegian
coastal c¢od not be included in the assessment of North-East
Arctic cod. The USSR Murman cod has so far been included in
the assessment, but it has now become urgent to clarify the
status of both these cod categories in relation to the assess-
ment of North-East Arctic cod. This cannot be done in an ordi-
nary Working Group meeting. The Arctic Fisheries Working
Group, therefore, recom-mends_that ICES takes the initiative
to ensure that this problenm is solved in good time befoxe
the next Working Group meeting.
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2) Differences 1in the age-reading results between the countries
fishing for redfish create severe inconsistencies in the
catch-at-age matrix. To improve the reliability of the assess-
ment, it is necessary to harmonize +the age readings. The
Arctic Fisheries Workin Grou therefore, recommends that
ICES arranges a Work-shop on Age Reading of Redfish. The
Working Group realizes that this will be only the first step
in a long process, but nevertheless wants to stress the ur-
gency for all the involved countries to participate in such a
Workshop.
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Table 3.1 North-East Arctic COD.
Total nominal catch (t) by fishing areas.

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
1985 112,605 173,559 21,756 307,920
1986 157,631 202,688 69,794 430,113
19871 146,1062 245,387 131,578 523,071
1988 123,303 199,346 68,894 391,543

1Provisional figures.
40,000 t USSR Murman cod not included.
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Table 3.2

North-East Arctic COD.

Total nominal catch ('O00 t) by trawl and other

gear for each area.

Sub-area I

Division IXa

Division IIb

Year Others
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 -
1985 72.4 40.2 60.7 112.8 21.5 -
1986 109.5 48.1 116.3 86.4 69.8 -
19871 126.32 19.8 167.9 77.5 129.9 1.7
1988 107.4 17.5 11%9.8 88.9 57.7 -

'provisional.
40,000 t USSR Murman cod not included.



Table 3.3 North-Fast Arctic COD.
Nominal catch (t) by countries (Sub-area I and Divisions IIa and IIb combined).
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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 1214 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 9,98t 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 1" 686 1,010 230,743 8,608 3,663 22,256 - 277,651
1985 13,418 23 1,019 4,395 211,065 7,846 3,335 62,489 4,330 307,920
1986 18,667 591 1,543 10,092 232,096 5,497 7,581 150,541 3,505 430,113
19871 15,036 1 986 7,035 268,004 16,223 10,957 202,314z 2,518 §23,0M
1988 14,478 360 584 2,803 222,844 10,905 8,107 129,600° 1,862 391,543
1Provisional figures.

40,000 t USSR Murman cod not included.
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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 0.4 - 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 0.86 1.94 0.106 0.77 1.19 0.028 3.4
1975 1.82 0.077 0.94 1.67 0.100 0,43 1.36 0.033 3.4
1976 1.69 0.060 0.84 1.20 0.081 0.30 1.69 0.035 3.8
1977 1.54 0,052 0.63 0.91 0,056 0.25 1.16 0.044 5.0
1978 1.37 0.062 0,52 0.56 0.044 0.08 1.12 0.037 7.1
1979 0.85 0.046 0.43 0.62 - 0.06 1.06 0.042 6.4
1980 1.47 - 0.49 0.41 " 0.16 1.27 USSR 5.0
Spain
1981 1,42 - 0.4 (0.96) - 0.07 1.02 0.35 6.2
1982 1.30 - 0.35 - 0.86 0.26 1.01 0.34 6.4
1983 1.58 - 0.3 (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
1985 1.86 - 1.04 1.51 1.37 0.50 0.90 0.39 5.1
1986 1.97 - 1.00 2.39 1.73 0.84 1.36 1.14 4.1
19871 1.77 - 0.97 2.00 1.61 1.05 1.73 0.67 3.3
1988 1.69 - 0,66 1.56 1,36 0.54 0.99 0.55 -
;Preliminary figures.
3Norwegian data - t per 1,000 t/hrs fishing.
‘United Kingdom data - t per 100 t/hrs fishing,
SUSSR data - t per hr fishing.
5Norwegian data - t per gillnet boat week in Lofoten,

Spanish data - t per hr fishing.

Period Sub-area I  Divisions IIa and IIb
1960-1973 RT RT

1974-1980 PST RT

1981~ PST PST

Vessel type:

RT side trawlers, 800-1000 HP,

PST = stern trawlers, up to 2000 Hp.



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)l
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 27%.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
1988 136.4 202.0 237.7
1989 161.1 285.8 153.1




Table 3.6 North-East Arctic COD.
Weights (kg) in Norwegian and USSR landings.

1984 1985 1986 1987 1988

Age
Norway USSR Norway USSR Norway USSR Norway USSR Norway USSR
2 .16 0,22 0.76 0.29 (1.20) 0.22 0.56 0.24 0.53 0.1
3 1.47  0.76 1.47  0.77 1.24 0,63 0.92 0.41 0.57 0.48
4 1.97 1.30 1.90 1.23 1.94 1.15 1.45 0.92 0.84 0.82
5 2,53 2.04 2,49 1.75 2,53 1,75 2.24 1.51 1.37 1.33
6 3.13 2,90 3.32 2,64 3.36 2.44 3,04 2.14 2,38 2,07
7 3.82  4.12  4.21 3.93 4.54 4,09 4.17 2.95 3.76 3.04
8 4.81 5.56 5.01 5,3 5,60 6.19 5.33 5.62 5.84 4.93
9 5.95 8.76 5.94 6.72 5,94 8.15 6.62 7.13 7.62 7.08
10 7.19 13.55 7.10 9.87 6.73 10.31 6.99 11.17 8.64 9.468
11 7.85 14,95 8.20 9.00 8.20 11.73 8.33 10.90 11.24 -
12 8.46 14.85 8.92 13.72 8.76 17.2% 8.58 12.29 11.66 17.50
13 7.99 19.52  9.73 15,10 9.94 - 9.58 - 14.23 22.10
14 $.78 19.31 .85 15.30 7.80 27.30 8.27 - - -
15+ 10.64 22.37 9.26 19.25 8.23 -~ 10.67 - - -




Table 3.7 North-East Arctic Cod. Year-class strength.

SDITHENST ARCTIC COD @ recruits 2s 5 year-olds (ine. data for ayes 0 7 2 2 5)
16 33 2 (No. of surveys No. of years VPe Column Ke.)
1957 771 - - -~ - 12 16 - ~ - - - - - - - -
19545 919 - - - - 16 2% - - - - - - - - - -
1959 731 - - - - 18 14 - - - - - - - - - -
1964 474 - - - - v 19 - - - - - - - - - -
1941 559 - - - - 2 2 - - - - - - - - - -
19862 778 - - - - 7 4 - - - - - -~ - -
195635 1534 - - - - 21 120 - - - - - - - - - -
1954 1273 - - - - 49 45 - - - - - - - - - -
1985 10 - - - - 1 1 - - - - - - - - - -
1960 112 - - - - 2 1 0.n2 - - - - - - - - -
1967 127 - - - - 1 1 N.04 - - - - - - - -
1963 415 - - - - 7 1 n.n2 - - - - - - - -
196% 1116 - - - - 11 § N.25 - - - - - - - - -
1979 1819 25 54 40 42 70 85 2.51 - - - - - - - -
1971 524 7 9 o 3 37 24 D.77 -~ - - - - - - - -
1972 522 S 4 34 15 54 17 1.52 - - - - - - ~ - -
19735 614 16 s 15 2. 5 1.48 - - - - - - - -
1974 348 1 1 4 1 4 T 0.29 - - - - - - - - 104
1975 541 60 1 44 1 95 4 N.99 - - - - - - - $r2 797
1974 199 1 1 1 1 4 17 nN.13 - - - - - - 45 235 109
1977 140 1 1 2 1 2 1 N.49 - - - - - - 2% 14 -
1973 159 1 ? 1 1 1 3 n.z22 - - 8.6 - - 9.0 16 - S5&
1977 157 1 1 1 1 1 3 040 - 11.0 16.1 - ?2.? ?22.2 - 73 71
19472 158 1 1 1 1 1 ¥ N.13 0.7 oy 10.8 2.1 4.0 6.2 3 4 17
1931 327 1 1 1 1 4 4 0.10 2.1 5.9 6%.2 1.5 5.1 5.6 1 15 174
1982 423 1 3 9 15 3 10 1.5% L .6 126.0 90.3 14 .6 42.7 74.3 - 596 559
1245 733 4 9 11 745 41 1.4 355.3  1£R.9 35600 52.2 133.1 164.0 2382 g7 1244
1984 - 1 1 2 2 v 15 1.5S 7.3 93.0 v5.8 27.0 5n.1 A7.0 &9 s78 125
1985 - 3 1mn 2z 3 4 6 2.4h 825 ¥9.3 59.5 3.5 24.2 15.6 525 47 79
19%0 - 1 2 1 1 2 5 1.3¢ 4.5 17.7 17.9 3.5 2.6 - 1 25 31
1va7 - 1 1 1 - - 2.1¢ 0.7 L1 - 0.2 - - 1 ? -
1938 - 1 1 - - - - n.3s 1.1 - - - - - - - -
193y - - - - - - - 0.33 - - - - - - - - -

USSR 3ottom trawl survey, araa J, age 1

Ussx - " - - 11b, age 1

U33R - - " oI, aye 2

USSR “ - *  IIb, age 2

USSR ° " " " I, age 3

USSR " ” - " T1ih, age %
INTOGP Tnrernational N-groun survey
“4-35T1 Hnrwegiasn Sarents s2a, Bottom trawl survey, age 1
N-AST2 Norwegiasn - " ” “ " age 2
$-83T3  MNorwsjian - " . " . age 35
4=3VT1 Narwagian Svalhard aprea " o “ ace 1
4=SJTZ Norwegirn - " " - " age 2
¥=-5YT3 MNarwenqian " " " i - ages 3
¥-B3AT MNorwegian Harents sea Acoustic survey age 1 @
H=25A2 Hnrwegiean " " " " age 2
1~35A3 giurweygian o o o " ags 3
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‘Table 3.8 Recruitment analysis for North-East Arctic Cod.

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)

Data for

16 surveys over

REGRESSION TYPE = C
TAPERED TIME WEIGHTING APPLIED
b 3 OVER 20 YEARS
PRIOR WEIGHTING NOT APPLIED
FINAL ESTIMATES SHRUNK TOWARDS MEAN

POWER =

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

33 years

MINIMUM S.E. FOR ANY SURVEY TAKEN AS

MINIMUM OF

Yearclass = 1984
Survey/ Index Slope
Series Value

R~1-1 .6931  ,900
R-2B-1 ,6931 1.088
R~1-2 1.0986  .686
R-28-2 2,1972 1.114
R-1-3 2.0794 552
R-28-3  2.7726 1.086
INTOGP 9361 3.038
N-BST1  2.1163  .000
N-BST2  4.5433  .423
N-BST3  4,5726  .466
N-SVTL  3.3322 .000
N-SYT2  3.9338 .705
N-SVT3  4.2195 676
N-BSAL 4,2485 L444
N-BS42  6.3613  .447
N-BSA3  4.8442 474
MEAN

Yearclass = 1985
Survey/ Index $lope
Series Value

R-1-1 1.3863 .919
R-2B-1  2,3979 1.129
R-1~2 1.0986  .692
R-2B-2  1.3863 1.144
R-1-3 1.6094 +540
R-2B-3  1.9459 1.103
INTOGP  1.2413 3,013
N-BSTL  4.4248  ,000
N-BST2  4.5031  .422
N-BST3 4.2556 465
N-SYT1  1.5041  ,000
N-8VT2 3.3032 L7701
N-SVT3  2.8094 ,673
N-BSAl  6.4394 L438
N~BSA2  3.8712  .446
N-BSA3  4.3820 .472
MEAN

Inter-
cept
4,604
4,403
4.624
4,424
4.591
3.724
4,557

.000
4,487
3.932

.000
3.612
3.536
4,045
3.656
3,298

Inter-
cept
4,593
4,355
4.620
4,386
4,618
3,662
4,548

000
4.491
3.932

.000
3.625
3.545
4,071
3.668
3.308

5 POINTS USED FOR REGRESSION

Rsquare

5019
5412
. 7451
4796
7879

3849

4986
.0000
6322
9732
.0000
L4487
.5109
.3319
.5166
8364

Rsquare

4833
5238
7342
L4626
.8011
.3732
5042
0000
6335
9734
.0000
4518
5123
.3374
5157
. .8385

No.
Pts
14
14

oo gIosnoto

No.
Pts
14
14
14
14
27
27
18
0

WO UT OO

INCLUDED

Yalue
5.2279
5,1569
5.3769
6.8713
5.7398
6.7344
7.4005

0000
6.4093
6.0607

0000
6.3859
6.3876
5.9291
6.5009
5.5944

5.8310

Predicted

Value
5.8676
7.0618
5.3805
5.9712
5,4868
5.8082
8,2882

., 0000
6.3910
5.9130

., 0000
5.9413
5,4361
6.8906
5,3951
5,3754

5.8059

Predicted Sigma

73731
.68146
.43290
77091
. 38745
94394
. 74860
.00000
.57498
12042
00000
83554
. 70996
1.04217
69010
.28871

. 71218

Sigma

75701
69813
.44048
. 78908
36778
. 95665
. 73207
00000
57493
12041
.00000
83272
.71115
1.04440
69415
. 28882

. 70060

Standard
Error
. 78068
72535
45716
.84172
40340

1.00731
85422
. 00000
.67009
13451
. 00000
.95443
.81041

1.,14293
. 77236
30607

. 71218

Standard
Error
. 79189
78864
46614
,82644
.38693
, 99892
95978
00000
66829
.13203
. 00000
,91658
77372

1.27752
. 74503
.31108

. 70060

Weight

01756
.02034
05121
01510
06576
.01055
01467
.00000
02383
59147
.00000
01175
.01629
.00819
01794
.11424

02110

Weight

01674
01687
.04830
.01537
.07010
,01052
01139
.00000
02350
60203
.00000
01249
01753
00643
.01891
. 10845

.02138



Table 3.8 (cont'd)

Yearclass = 1986

Survey/ Index Slope Inter-
Series  Value cept

R-1-1 6931 ,949 4,575
R-28~1 1.0986 1,174 4,302
R-1-2 6931 702 4,614
R-28-2 L6931 1.174 4,345
R-1-3 1.0986 528 4,645
R-28-3 1.7918 1,113 3.611
INTOGP 8629 2,977 4,546
N-BSTL  1.7047  .000 .000
N-BST2  2,9285  .420 4,496
N-BST3  2.9392  .465 3.933
N-SYTL  1.4586  .000 000
N-SVT2  1.2809  .696 3.643
N-SVYT3

N-BSAL L6931 .430 4,104
N-BSA2  3.1781  .445 3.682
N-BSA3  3.4657  .469 3.320
HEAN

Yearclass = 1987

Survey/ Index Slope Inter-
Series  Value cept

R-1-1 6931 ,993 4,547
R-28-1 L6931 1.218 4,248
R-1-2 .6931 716 4,605
R-28-2 6931 1,201 4,306
R-1-3

R~2B8-3

INTOGP 1570 2,931 4,552
N-BST1 5306 .000 .000
N-BST2  1.6292 419 4.502
N-BST3

N-8SVT1 ,1823  .000 .000
N-8VT2

N-SVT3

N-BSAL L6931 421 4,144
N-BSA2  2.3026 443 3.701
N-BSA3

MEAN

Yearclass = 1988

Survey/ lhdex Slope Inter-
Series  VYalue cept

R-1-1 .6931 1,059 4.505
R-28-1 6931 1,251 4,202
R~1-2

R-2B-2

R-1-3

R-2B-3

INTOGP .2852 2.883 4,562
N~BSTL L7419 .000 .000
N-BST2

N-BST3

N-SVT1

N-8VT2

N-8VT3

N~BSAL

N-BSA2

N-BSA3

MEAN

Rsquare

4604
.5059
L7210
4454
8148
3646
.5102
.0000
6354
9737
0000
4562

3450
5152

8412

Rsquare

4329
4897
. 7054
4299

5147
.0000
6380
0000

. 3550
5155

Rsquare

4017
4787

5157
.0000

No., Predicted Sigma
Pts Value
14 5.2329 78427
14 5.5911  .71582
14 5.1007  .45062
14 5.1589  .80836
27 5.2246 34788
27 5,6059  .95330
18 7.1148 . 71505
0 L0000, 00000
5 5.7272  .57552
6 5.3003  .12050
0 L0000 .00000
5 4.5342 82961
6 4.4027 1.04721
8 5.0960 69914
9 4.9460  ,28913
5.7774  .68833
No. Predicted Sigma
Pts Value
14 5.2356  .82192
14 5.0918  ,73299
14 %1009 . 46400
14 %.1384  ,82700
18 5.0117 70108
0 L0000 .00000
5 5.1840 57729
0 L0000 00000
6 4.4374 1.05175
8 4,7205 70536
L.7481 67588
No. Predicted Sigma
Pts Value
14 5.2385 87320
14 5.0699 74655
18 £.3844  .69523
0 .0000  .00000
5.7227  .66486

Standz rd
Errer
.834¢8
V75243
48908
86325
37423
1.01134
.81891
.GD0CO
63242
13420
.000co
1,05067

1.24489
76973
.332¢1

68833

Standard
Error
87824
79227
50641
83853

76345
03000
67149

03007

1.25723
.81854

67583

Standard

Error

94801
.8141)

74313
00007

664855

Weight

01582
01947
04608
01479
0787
01078
01644
00000
02756
61208
00000
00960

00711

01862
09946

Weight
07954
L00774
.239:3
Y771

10575
. 00000
13586
00000

03861
.091%6

13430

Weight

16918
27453

26953
.000G0

EX|
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Table 3.8 {cont'd)

Yearclass = 1989

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

R-1-1

R-28-1

R~1-2

R-2B-2

R-1-3

R-28-3

INTOGP ,3221 2.836 4.576 5133 18 5.4898  ,70132 .75198  .43414
N-BSTL

N-BST2
N-BST3
N-8§VT1
N-8VT2
N-8YT3
N-BSAl
N-BSA2
N-BSA3
MEAN 5.7055  ,65867  .65867  .56586
Yearclass Weighted Internal External Virtual Ext.SE/
Average Standard Standard Population Int.SE
Prediction Error Error Analysis
1965 5.80 330,37 .28 W41 5.14 171.00 1.47
1966 5.61 273.39 .28 .28 4,73 113.00 .98
1967 5.19 178.96 .36 .36 5.29 198,00 .99
1968 5.77 319,99 .32 .37 6.01 406,00 1.13
1969 6,31 551.83 .32 .16 6.92 1017,00 .49
1970 7.74 2307.31 .39 .56 7.51 1820,00 1.42
1971 7.12 1242,15 .33 .23 6,26 525.00 .69
1972 6.92 1016.85 .37 .34 6,43 623.00 .91
1973 6.75 852,22 .38 .48 6.42 615.00 1.26
1974 5.66 286,11 .38 .23 5.86 349,00 .61
1975 6.30 543,55 .18 .28 6.46 641,00 1.58
1976 5,66 286,43 .22 .15 5.30 200.00 .66
1977 5,55 257.22 22 .13 4,95 141,00 .58
1978 5.35 210.84 .25 W17 5.08 160.00 .69
1979 5.33 206,44 .24 .20 5.07 159.00 .81
1980 4,99 146.93 W21 .18 5.13 169.00 .88
1981 5.30 200,33 .19 W1 5.93 378.00 .62
1982 6.17 479,15 21 .19 6.06 429,00 .90
1983 6.64 765,33 .15 .18 6.60 734.00 1.20
1984 5.98 394,16 .10 .10 .93
1985 5.84 344,48 .10 A1 1.04
1986 5.29 198.49 .10 .09 .81
1987 5.14 171.04 .25 J11 42
1988 5.40 272,08 .39 .15 .38
1989 5.61 273,65 .50 A1 22
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Table 3,9 North-East Arctic COD.
Results from the Norwegian Bottom trawl survey in the Barents
Sea in January-March. Index of number of fish at each age.

Age
Year 1 2 3 4 5 6 7 8 9 10 Total
1981 0.7 11.0 8.6 16.9 34.1 37.9 4.8 1.0 0.3 115.3
1982 0.1 0.9 16.1 20.4 21.4 16.0 15.8 1.4 0.2 92.3
1983 44.6 5.9 10.8 28,0 31.9 14,3 4.7 3.0 0.6 143.8
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 ¢%0.3 78.1 15.7 6.3 2.5 0.2 + 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 + + 473.7
1988 0.7 17.7 69.5 52.8 143.0 17.9 3.6 0.6 0.1 ~ 305.9
1989 1.1 4.1 17.9 38.7 24.5 66.7 8.1 0.6 0.t 0.1 161.9

Table 3,10 North-East Arctic COD.
Results from the Norwegian Bottom trawl survey in the
Svalbard Area in September-October. Index of number of fish
at each age.

Age
Year 1 2 3 4 5 6 7 8 9 10 Total
1981 0.1 22.2 9.0 5.5 1.6 6.1 3.8 0.7 0.4 0.4 49.8
1982 1.5 4.0 22.3 9.6 2.8 1.9 2.9 0.4 0.1 0.1 45.6
1983 14,6 5.1 6.2 9.5 3.0 2.5 1.3 1.6 0.4 0.2 44.4
1984 52.2 42,7 5.6 4.2 5.3 2.2 0.5 0.5 113.8
1985 27.0 13t.1 74.3 27.9 6.5 7.7 1.4 1.4 0.1 279.7
1986 3.5 50.1 164.0 44.0 18.1 3.2 1.3 0.3 0.1 -~ 285.0
1987 3.3 26.2 67,0 94.7 18.1 6.5 0.6 0.1 0.1 - 215.0
1988 0.2 2.6 15.6 12.8 36.0 11.2 0.8 0.8 0.8 0.2 90.9




Older Total

Age

adjacent waters in November-December (numbers per hour trawling).
ub-area I

Results from the USSR Bottom trawl survey in the Barents Sea and

North-East Arctic COD.
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Table 3,12 North-East Arctic COD,
Results from the Norwegian acoustic survey in the
Barents Sea in January-March. Stock numbers in
millions.
Age
Year Total
1 2 3 4 5 6 7 8 9 ¢
1981 3 73 58 124 243 270 41 8 3 4 827
1982 1 4 71 86 93 73 74 5 1 - 408
1983 - 15 17 45 65 38 17 10 2 1 210
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 625 578 1,246 424 225 27 9 - - - 3,136
1987 1 47 126 500 128 37 4 3 - - 852
1988 1 23 79 74 179 26 6 + + - 389
1989 - 9 31 77 56 145 21 3 + + 346
Table 3.13 North-East Arctic COD.

Results from the USSR acoustic survey in the Barents Sea
and adjacent waters in September-October.
in millions,.

Stock numbers

Age
Year Total
o] 1 2 3 4 5 6 7 8 9 Oldex
19851 45 105 895 422 255 83 44 50 39 1,939
1986 60 53 141 980 444 183 56 62 19 2 2,000
1987 8 15 170 170 738 99 67 42 20 9 5 1,344
1988 + + 43 161 106 245 34 10 2 + + 602

1
November-December.
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Table 3.14 North-East Arctic COD.
Results from the Norwegian acoustic survey in the
Barents Sea and the Svalbard Region September-October.
Stock numbers in millions.

Age
Year Total
1 2 3 4 5 6 7 8 9

Sub-area I and Division IIa'

1986 42 96 230 99 45 12 1_ - - 587
1987 2 49 42 302 90 26 3 + - 516
1988 5 4 23 14 43 15 9 + + 114

Division IIb

1986 10 68 125 42 19 5 12 - - 281

1987 13 98 329 413 87 33 2 + - 971

1988 + 16 22 24 50 18 6 + + 138
Total

1986 52 164 415 141 64 17 13 - -~ 868

1987 15 147 371 715 177 59 5 + - 1,487

1988 5 20 45 38 93 33 15 + + 252

1Northern part.



Table 3,15 North-East Arctic COD.

Length (cm) at age from the Norwegian surveys in January-
February 1979-1989.

Age 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
1 - - - - ~ - - - 14.5 14.7 12,7
2 - - - - - - - - 21.0 22.5 25.7
3 33.1 34,2 35.5 37.6 34,8 35.8 40.3 34.4 31.8 29.7 34.7
4 40,0 40.5 44.7 46.3 46.8 49.2 50.8 50.4 41.1 37.0 40.6
5 53.3 52,5 52,0 54,7 56.0 57.9 62.2 60.0 55.7 46.4 47.5
6 64.4 63.5 61,3 63.1 64.5 67.4 71.1 70.2 67.2 58.0 57.1
7 74.7 73.6 69.6 70.8 73.3 79.6 81,8 82.3 81.8 70.1 68.5
8 83.0 83.6 77.9 82.9 80.4 82.2 88.7 95.2 94.5 81.1 84.0

Table 3.16 North-East Arctic COD.
Length at age (cm) from USSR surveys
in November-December 1984-1988.
Age 1984 1985 1986 1987 1988
0+ 15.7 15.0 15.2 - 11.3
1+ 22.3 21.1 19.7 19.2 21.3
2+ 30.7 30.6 28.3 27.9 28.7
3+ 44.3 43.2 39.0 33.4 36.2
4+ 51.7 53.7 51.8 41.4 43.9
5+ 63.6 61.2 62,2 59.1 53.3
6+ 73.4 72.8 70.9 69.2 65.3
7+ 82.5 83.0 83.0 80.1 79.5

Table 3.17 North-East Arctic CoD.

Weight (g) at age from Norwegian surveys
in January-February 1985-1989.

Age 1985 1986 1987 1988 1989
1 - - 21 20 10
2 - - 65 80 150
3 670 390 230 203 380
4 1,070 1,090 490 410 590
5 2,230 1,850 1,380 793 930
6 3,650 3,110 2,300 1,473 1,570
7 4,920 4,320 3,970 2,706 2,640
8 5,060 5,500 - 4,613 4,940

37
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Table 3.18 North-East Arctic COD,.
Weight (g) at age from USSR surveys in
November-December 1984-1988.
Age 1984 1985 1986 1987 1988
0+ 26 26 25 - 15
1+ 90 80 63 54 78
2+ 250 245 191 182 223
3+ 746 762 506 316 435
44 1,187 1,296 1,117 612 789
5+ 2,234 1,924 1,940 1,691 1,373
6+ 3,422 3,346 2,949 2,688 2,609
7+ 5,027 5,094 4,942 3,959 4,465
Table 3,19  North-East Arctic COD.
Basis for maturity ogives used in the assessment.
Percentage mature
1984 1985 1986 1987 1988 1989
Age _—
Norway USSR Norway USSR Norway USSR Norway USSR USSR USSR
3 - - - - 1 - 5 - - -
4 1 5 + 1 11 2 12 1 1 -
5 18 18 13 10 16 9 21 9 3 2
6 32 3 63 33 18 19 47 23 25 15
7 69 56 96 59 67 56 72 27 53 39
8 100 90 100 85 100 76 91 61 79 59
9 100 99 100 92 100 89 74 81 100 83
10 100 100 100 100 100 100 100 80 100 100




Table 3.20 North-East Arctic Cod.

NORTHCAST ARCTIC COD : SURVEY DATA
105

.0
Norway Barents Trawlsurvey

Tuning Data.

82.0 .
1.0 1.0
3.0 9.0
1.0 16.1 20.4 21.4 16.0 15.8
1.0 10.8 28.0 31.9 14.3 4.7
1.0 60.2 19.2 15.6 9.4 3.0
1.0 90.3 78.1 15.7 6.3 2.5
1.0 356.0 119.0 62.6 8.3 2.1
1.0 95.8  229.0 43.0 11.4 1.3
1L.o 69.5 52,8 143.0 17.9 3.6
1.0 17.9 38,7 24,5 66.7 8.1
Norway Barents Acousticsurvey
82.0 89.0
1.0 1.0
3.0 9.0
1.0 71.0 86.0 93.0 73.0 74.0
1.0 17.0 45.0 65.0 38.0 17.0
1.0 174.0 80.0 63.0 46.0 16.0
1,0 5%.0 510.0 109.0 48.0 20.0
1.0 1246.0 424.0 225.0 27.0 9.0
1.0 126.0 506.0 128.0 37.0 4.0
1.0 79.0 74.0  179,0 26,0 6.0
L0 31.0 77.0 56.0 145.0 21.0
USSR Trawl/&cousticsurvey
83.0 389.0
1.0 1.0
3.0 10.0
1.0 18.1 14.1 5.1 1.3 3.6
1.0 4.3 5.6 7.3 4.7 2.0
1.0 14.2 16.2 8.6 5.0 3.1
1.0 43.0 30,3 40.5 18.8 4.9
1.0 9.1 56.2 16,1 10.6 3.0
1,0 4.0 5,9 42.6 5.4 3.1
1.0 2.5 7.7 7.8 19.0 2.5
USSR Acoustic survey
86.0 89.0
1.0 1.0
3.0 10.0
1.0 895.0 422.0 255.0 83.0 44.90
1.0 141.0 980.0 444,0 183.0 56.0
1.6 170.0 170.0 738.,0 99.0 67.0
1.0 43.0 161,0 106.0 245,0 34,3
TOTAL Effort Catch
82, 89,
1.0 1.0
3.0 10.0
0.94 3540.0 8624.0 82z96.0 9169.0 11489.0
0.60 846.1 6455.,0 8489.0 7870.0 4660.0
0.59 1471.0 - 3953,0 7160.0 6116.0 3255.0
0.52 5274.,0 23731.0 15619.0 8270.,0 9529.0
0.98 9583.0 27958.0 53209.0 19297.0 6416.0
1.37 1546.1 60360.0 55851.0 45102.0 9656.0
1.67 2352.0 12354.0 95755.0 33545.0 12266.0
1,32 410.0 13224,0 22076.0 69355.0 1373L.0

USSR Effort Catch From here the data is not included in

82.0 89.0
1.0 1.0
3.0 10.0

131.6 2850.0 5203.0
65.5  716.1 4625.0
61.2 1027.0 2159.0
69.7 2723.0 16876.0

151.7 8315.0 17543.0

240.5 1356.1 51438.0

275.3 1474.0 8060.0

244.0  307.0 11138.0

Norway Effort Catch
82.0 89.0
1.0
10.0
690.0 3421.0
130.0 1840.0
444.0 1794.0
2551.0 6855.0
1268.0 10415.0
190.0 8922.0
878.0 4294.0
103.0 2086.0

BE@UTO WA TS
o= AN EWE T
O NNOR O NO O

3180.0 2449.0
2153.0 1598.0
3384.0 2040.0
10776.0 3788.0
40957,0 13921.0
38780.0 32996.0
64264.0 19626.0
18157.0 47569.0

5116.0 6720.0
6326.0 6272.0
3776.0 4076.0
4843.0 4482.0
12252,0 5376.0
17071.0 12106.0
31491,0 13%19.0
3919.0 21786.0

4558.0
828.0
767.0

1753.0

3565.0

8004.0

7343.0

9620.0

6931.0
3832,0
2488.0
7776.0
2851.0
1652.0
4923.0
4111.0

OO D W
A AEWN SO

—
WO WON OO

cnouocooOOo

1945.0
3224.0
1585.0
1034.0
1647.0
2009.0
1955.0
2444.,0

833.0
969.0
226.0
490.0
960.0
1184.0
1647.0
1540.0

0.2

0.6

0.2

0.1

0.1

0.1

0.1

0.1

1.0

2.0

0.5

1.0

0.5

0.5

0.5

0.5

0.2 0.1

1.1 0.1

0.4 0.3

0.6 9.1

0.3 0.1

0.1 0.1

0.1 0.2
21.0 2.0
19.0 ).0
20.0 4.0

2,0 2,5
487.0 113.0
540.0 65.0
962.0 112.0
445.0  173.0
275.0  100.1
426.2  169.0
462.0  163.0
562,0  125.0
the tuning
220.0 24.0
193.0 19,0
151.0 19.0
178.0 9.0
184.0 0.1
1742 43,0
309.0 93.0
312.0 73.0
267.0 87,0
347.0 46.0
811.0 91,0
267.0 71.0
91.0 100.0
252.0 117,0
153.0 7.0
250.0 73.0

N
OO N WD

N === =E=]

55.0
44.0
35.0
11.0
37,0
21.0
12.0
32.0

39

62.0
7.0
3701
120
1.
57.1
13.%
0.4

52.

—_-

cooo

104
5.0
33.0
11.9
1,0
57,41
13.0
0.4
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Table 3.21

Hodule run at 10,35.08
DISAGGHEGATED Qs

L0G TRANSFORMATION

NO explanatory variate (“ean

North-East Arctic Cod.

Tuning Analysis,

27 SEPTEMBER 1989

used)

Fleet 1 ,Norway Barents Trawl, nas termin
Fleet 2 ,Norway Barents Acous, has termin
Fleet 3 ,USSR Trawl/Acoustics, nas termin
Fleet 4 ,USSR Acoustic survey, has termin
Fleat 5 ,TOTAL Effort Catch , has termin

FLEETS COMBINED BY %% VARIANCE %%
Terminal Fs estimated using Laurec/Shepherd method

Regression weignts
1.010,

,

Oldest aje F = 1.N00%%averag= of 4 younger ages.

Fishing mortalities

al q estimated
al q estimated
al q estimated
al q estimated
al q estimated

1.000, 1.000, 1.000, 1.000, 1.000, 1.000,
Fleats combined by variance of predictions

as the mean
from trend
as the mean
from trend
as the mean

1,000,

Age, 32, 83, 84, 85, 86, 37, 38, 89,
3, .064, .020, .020, .249, 023, ,039, .n27, .ni9,
4, J2M, 194, 121, 148, 194, L1185, 189, .142,
5, «297, .309, .289, .359, .480, .603, 431, .491,
4, 548, .L484, .576, .580, ,766, 958, .941, .555,
7, «793, 772, 1.072, .997, 983, 1.051, 1.130, 1.145,
&, .998, 1.008, 1.184, I.101, 1.213, .928, .933, 1.074,
9, 1.124, 1.007, 1,293, 1.n02, .935, 1.034, .789, (R3S,
10, 686, 849, 1.012, .700, 9635, 1.396, 1.264, ,567,
11, 568, 496, 813, .615%, (754, .683, ,B80, .730,
12, t.242, 296, 737, 536, 1,507, 1.201, .822, 1,009,
15, 4410, 1.116, 333, .589, .554, .901, t1.0n8, .750,
14, 734, .68, 738, 610, (944, 1.047, .993, .762,
Loy catcuaoility estimates
Agm
Fleet, 82, 83, 34, 85, 86, 87, 38, 89
________________________________________________________
1, -9.07, -9.56, -8 63, -8 3&, - .63, ~7. 30, 7. 56, =7.65
2 , =7.59, =9.10, =7.59, ~6.58, -6.38, 03, =743, ~7.10
3, s =9.06,-11.29,-10.23, ~9.74, -9.66,-10.41, ~9.62
4, . , ’ s =6:71, =6.92, ~6.66, ~6.77
5, =3.481, -4.68, ~4.93, ~3.66, ~4.32, ~4.,84, -4,55, =4.,79
SUMMARY STATISTICS
Fleet , Pred, , SE(qg),Partial,Raised, SLOPE . SE »INTRCPT, SE
. ] ’ , . F . , Slone , ,Intrept
....... st # e e # s # o rere e m e i mm e st oz e # e
1, -8,22 , .867, .0N03 , .0108, «ONDE+NN, 000E+ﬂ0 -8, 224, .289
2, ~7.35 , .8%7, .an0é , .NM15n, SMNQE+NTD, .OUDE*G", -7.348, <296
3 . ,=10,00 , .773, .0000 s «N131, «NOOE+ON, <ONOE+07, -9.999, 273
4, =6.76 , 124, .PN12, 0194, «NN0E+OD, JDNOEHND, ~6.764, -N55
5, =b.42 , .551, J015& , 0279, .000E+0N, JONOEHDN, ~4,423, 184
Fbar stGMalint.) SIGMACext.) SI16MACoverall) Varijance ratio
019 117 «H4BE-01 7 .
29
. n, ’ . ]
2, -7, I7 -7.23, =6.23, =-7.17
3., . =8.8%, =994, ~9.68, -9.16, “9.47
4, ’ -6.53, -6,32, -6.43
5 , =2.43, -2.24 -2. 96, -1. /4, ~2.31, ~2.51, -2.65, -2,30
SUMMARY STATISTICS
Fleet , Pred. , SE(g),Partial,Radised, SLoPE . SE SINTRCPT, SE
, q , , F , , , Slope , Intrept
e # ez F e # v o PR .’ I F e
1, -8.07 , .418, .0003 , .1153, O00E+ON, LOONE+DD, -8.070, «139
2, -7.03 , 492, ,0009 , .1A36, <QNQE+ON, OO0E+OD, 7,031, 2164
3, =944, 413, L0001, L1470, «NN0E+ON, LONNELDN, ~9.441, <146
4, =6,42 , .095, .00é6 , 1437, «00E+ON, LONDE+ON, -6.424, .N43
5 , =2.3%3 , .350, .1223 <1319, <000E+NN, 2 ONJE+ON, -2.379, 117
Fbar sIGMACint. ) SIBMA(ext ) SI1GMA(overall) Variance ratio
142 «862E-01 +272E-01 .862E-01 .
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Taple 3.2 (cont'd)
Age 5
Fleet, R2, 33, 34, 85, 86, 87, 18, 89
...... [ RS P - ——t "y ,.
1, =3.02, ~7.64,
2, ~6.55, =~6.93, <54, ~7.52, -~7.00
3, s, =9.47, -9.19, =9.08, -8,27, -9.21, ~8,96, 8,97
4, . , . , ~6.83, ~5.90, ~6.10, -6,36
5 , =2.00, -1.54, =1.58, =-.93, -1.06, ~1.38, =1.75, =1,30
SUMMARY STATISTICS
Fleet , Pred, , SE(q),Partial,Raised, SLOPE ’ SE LINTRCPY, SE
’ q , , F , F . ’ Stope , s Intrept
_______ P s ? m—mae P s m e e e e * ,
1, -8.01 , .324, ,0003 , .4080, . 000E+0OD, .000E+00, —8.014, .108
2, ~6.90 , 364, L0010 , .5454,  LO0QE+0N,  .NDOE+0N, -6.897, 121
3, =901, 397, ,0001 , L4740, «NO0E+0D, . 000E+QN, -9.009, 147
4, =6.20 , .273, .0020 , .5801, JON0E+DD, LNDOE+OD, ~6.197, 122
5 4 ~1.456 , J382, 3079 , .4216, «000E+0D, LON0E+ON, -1.456, 127
Fhar STGMA(int.) SIGHA(ext.) SIgMACoverall) varjance ratio
AN .151 J737E~01 . .238
Aje 6
Fleet, &2, 83, 84, 85, 86, 87, 28, &9
______ . e P i P e P e # vz # o meas # e
1., 44, =-8.23, -8.,62, -8.38, -B.65, ~8.16, ~7.82
2, ~6.55, =6.87, =b.hb, ~6,59, «7.20, ~7.47, ~7.79, ~7.05
3, ,-10.24, -4.92, -8.86, -7.56, -8.72, -9.36, ~9.08
b, ’ , ’ ~6.N8, ~5.87, ~6.45, -6.52
5 , =1.66, =1.02, =1.25, =.79, =.61, =.68, -1.14, ~1.15
SUMMARY STATISTICS
Fleet , Pred. , SE(qg),Partial,raised, SLOPE , SE JINTRCPT, SE
. q , . F , . . Slopsa . SIntrept
’ —— el eznan . [P ot mma? o mm s
1, -8.,22 , .335, .0np3 , 3711, -0NaE+DN, JO00E+ON, ~8,224, «112
2 , =702 , J474, 0009 , .5683, . N0E+00, «N00E+ON, -7.021, 158
3 , -8.96 , .855, .0NN1 , 6214, ON0E+OD, 000E+00, -8.964, =302
4, =6.23 , 344, 0020 , .7405, «ON0E+D0, <NONEYDN, ~6.232, 154
5, =104, .362, 4687 6237, ON0E+0N, <OD0E+DN, -1.035, <121
Fbar SI5MACint.) SIGMA(ext,) $IGMACoverall) variance ratio
.555 « 180 136 180 .
7
.
—
1., S, »
2, =7.17, -6.80, ~8.07, =6.,78
3, , -8.72, -8.88, ~7.93, -8.32, —8.73, —&.91
4, . » ’ s =5.73, ~5.39, =5.65, -6.30
5, ~1.48, -1.04, =-.96, W30, =.73, -.56, —.96, =-,58
SUMMARY STATISTICS
Fleet , Pred. , SE(q),Partial,raised, SL0PE . SE »INTRCPT, SE
, q , , ’ , ’ sIntrept
» . - - ? ’ v -
’ ’ e ’ n, ’ 9
» s 647, (ONOR , L7847, «000E+ND, 000E+DN, =7.159, 216
’ , 382, .0002 ,1.6363, < O0CE+D0, . N00E+ON, -8.552, 135
. . 2423, ON31 ,1.9473, - 000E+0D, WNNOE+D0, -5.768%, 191
. s o547, L6237 , .9423%, +IN0E+ON, JNODEHON, =750, . 182
Fhar STGHALiRt.) SIGMA(ext,) SIGMACoverall) Vvarjance ratio
1.15 .208 249 249 1.423
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Table 3,21 (cont'd)

Age 8
Fleet, 82, 83, Rb , 85,
——
1, .90,
2. ~7,60,
3, ,~10017, ~9.09, =8.19,
4, . , . .
5, =140, =1.22, =~.9¢, =-.69, =.81, =-1.06, -1.15, =1.03

SUMMARY STATISTICS

Fleet , Pred. , SE(g),Partial,Raised, SLOPE ’ SE JINTRCPT, SE
s q ’ ’ F » F . , Slope ’ JIntrept
_______ e # e # e memmmrarm # e sk £ ek = e ? o e s P e
1, =920, 511, .0001 , .9362, .O(JOE*OIJ, .0005400 “9. 19‘3. 170
2, =7.99 , .804, 0003 , .6255, . 000E+00, .M00E+OD, -7.992, «268
3, -8.77 , -560, .nnnz ,1.4339, -NNOE+ON, .nuoemn, ~8.772, 2304
4, -4.82 , 1.071, 0081 ,4.4814, +ON0E+ON, «NODE+ON, ~4,819, 472
5 , =1.04 , 238, .4660 ,1.0579, «NNOE+ON, JONNEHDN, -1.041, 079
Fbae SIGMALint.) SIGHACext,) $1GMACoverall) Variance ratio
1.074 199 «155 <199 «6N6

1, -9.46, -8.35 -1ﬂ 13;
2, ~7.85, ~7. 14, -9.22,
3, s =944, -8.43, -8,47, ~7.57, ~8.10, -9,59, ~9.4N
4, . , , s b 01, =3.95, =4.29, ~6.41
5, =1.60, -1.03, -1.13, -.80, -1.42, -1.15, -1.66, -1.05

SUMMARY STATISTICS
Fleet , Pred. , SE(g),Partial,Raised, SLOPE ’ SE SINTRCPT, SE
. ’ F . F , , Stope , JIntrept

. ’
’ 0N, L3291, LN0DE+NO, «00QE+DN, -7, 858. 2214
’ .0noz ,1,7622, «00N0E+DN, «00DE+ON, 8,713, 293
, 0094 ,5.0540, JON0E+ON, .nnnsmn, 4,664, .585
, 3860, 7363, A00E+ND, LOONELON, -1,229, 106
Fbar STGMALINt.) SIGMACext.) SIGMACoverall) Variance ratio
« 885 239 «200 239 702
Age 10
Fleet, 52, 83, 84, 25, 86, 87, 88, 89

1, do data for tn1s flant at tlns age
2 , No data for this fleet at this age
3, , =8.94, =8.93, -8.53, ~8,67, -8.04, ~7.37, =8.00
4, ~5.,A7, =5.74, -3,37, -7.08
5, -2. 15, =1. 95, -t. 38, “1. 49, =1, 74, = 98, =.96, -1.84

SUMMARY STATISTICS

Fleet , Pred. , SE(qg),Partial,Raised, SLOPE , SE SINTRCPT, SE
, q . , F . F , , Slope . LJIntrept
_______ P o f pmee ! 1 e P e F e F s
177, Ro data for this fl'eet TR S age
2 , No data for this fleet at tuis age
3, -8.43 , .481, .0n02 , L3704, . 0Q0E+DN, «0N0NE+ND, -B,426, <170
4, ~5,47 , 1.721, .CD42 ,2.8542, <000E+00, NDE+NN, -5.467, 771
5 =1.56 , .66k, 2771 , 7493, LON0E+ON, JOD0E+DN, ~1.561, «155

’,
Fhar SIGHALint.) SIGMA(ext,) SIGMA(overall) Variance ratio
567 328 330 . 330 1.012



Table 3.22 North-East Arctic Cod.

FISAIP;

oo N O U

10
11
i2
15
14
15+

¢ 5=-10)u
(19-14)u

~ o v L

< o

1
11
12
13
14
15+

¢ 5-10)u
C12~1424

AIRTALITY

1967

.13C
-153
- 181
.202
<429
L8753
=339
. 825
L399
-931
-Br2
. B2
<837

2575
.32

1279

-149
. 20¢
YA
L5877
. 641
L7553
1.15%38
.9sC
1.257¢
1.351
T
1.171
T.171

71
1.101

COSFFICIENT

1968

. 024
. 207
407
467
401
.523
778
L732
.5%%
L3384
1.312
. 755
755

.552
. 755

1959

.023
.222
-431
.55
- 749
.927
1.144
.291
T.156
741
<R27
e
=279

<874
<9409

19%1

-324
.09
. 229
514
-352
1.0NAR
1.252
)
1.1N72
L 775
1.415
1.0%2
{.032

815

1.972

URNIT:

1270

.41
142
<333
.57
621
.23
2960
MU
.59
L4655
LA
. 7N7
07

-

729
7Nz

1982

N64
L2m

vear=1

1971

.21
. 103
.229
-257
.52n
. 8338
.933
772
- 534
-545
<515
629
.629

1933

.029
194
.309
A4
772
1.008
1.Mn7
. 84D
496
295
T.116
L BRY
<639

.753
. 619

SATURAL

1972

-39
=167
.298
-34d5
.316
. 670
1.133
1.23%6
1.227
.87
1.734
1.997
1.9%7

.A73
1.a77

1934

-020
2121
. 289
576
1.772
T.184
1.205
1.012
.818
.737
L3533
787
L7383

L P8y
Y

Yirtual Population Analysis from Tuning.

HORTALITY COEFFICIENT

1673

.196
.200
.353
.392
422
IV
1.0610
.73%
-590
ZGAT
L4631
LE0D
.600

-593
60N

1985

- (149
<148
359
.51
-697
1.101
1.0n2
.700
-£615
.5348
=539
L6710
L6

. 790
L6100

1974

214
496
-53¢
.57
445
LhrE
409
.92
.?PR¥
. 629
1.804
1.101
1.101

.561
T.1M

1936

.N2s
L1946
4380
.756
.735
1.213
.753
L9553
- 754
1.307
.554
.94
-P44

. 390
<44

1975

A
.21n
.522
-7M1
.703
LTNA
.614
47y
1.2N1
LE18
14421
9Ty
979

620
.279

-2N

1976

L1166
-%512
A7
.572
.696
. R8T
777
A8
.314
1.055
471
.576
576

644
576

19878

.nN2v
.18y
431
. 942
1.130
.933
.789
1.264
. %81
LR22
1.0M03
.93
.995%

.915
]

1977 197¢
134 L1466
567 . 224
-755 . 569
- 681 <847
-878 <345
.9ng <936
1.215% 1.290
. 774 .79n

.h32 1.R47
247 1.592
1.010 2. hh7
. 663 1.496
- A63 1.696

. 835 229
. 665 1.696

1929 1925-2¢

=119 -N34
142 217y
<491 -46%
- 555 . 812

1.151 1040
1.174 1.044

.28% .939
5487 1.7¢7
<7350 734
1.n00 1.716
- 750 L763
“7ER2 <9y
762 . R9G
LTET

.762

2874



Table 3.23 North-East Arctic Cod. Virtual Population Analysis from Tuning.

3TOCK SIZE IN NMUMBERS UaIT: tnousands

3I0mASS TOTALS UNIT: toanes

4LL VALUES ARE CGIVEXK FOR 1 JANUARY
1967 1968 1969 1979 1971 1972 1973 1974 1975 1976 1977 1978

3 1292652 1697446 111960 197047 404984 1015615 1818318 524996 622028 614210 347712 639572
4 1245222 1027215 155026 395382 154863 324571 799435 1223742 347149 463426 425997 243996

5 45978t 875291 433846 8951 63618 114402 224811 5356134 610066 2313935 280759 197287
6 132406 314083 4r6203 346141 49657 41439 69546 129279 256524 2956501 116939 108725
7 82631 83543 161197 227612 1460069 32034 23077 38479 63738 104132 136954 48466
8 55975 46067 48533 61137 110140 717946 19153 12392 20179 25823 42505 56904
9 21701 23371 21393 15721 21655 35549 32650 823¢ 6230 2170 8712 14029
19 4512 7609 3791 5577 69213 6971 9397 9733 4431 2760 3176 2120
11 1240 1619 3023 2672 1679 1863 1659 36728 2984 2275 1421 1162
12 557 420 735 779 1087 694 459 753 1121 735 13¢61 613
13 A20 1&3 234 236 405 516 253 194 328 405 210 871
i4 74 144 40 84 98 198 143 135 26 65 207 63
15+ 26 95 &1 75 58 65 133 111 64 132 122 67

TOTAL NO 3297235 2552458 1651462 1035664 963232 16527113 2999025 2487873 1934899 1754N28 1365975 137189%7
3PS NO #453¢€ 77576 32831 85331 130050 123993 63838 35223 35414 40367 57613 75834
FOT.RIOM 33502551 3973501 3412005 2429154 1862450 2045039 2964045 3064588 2732733 2517814 2146933 1793535
SPS BINK 456203 435671 463438 465926 676839 674924 391198 232011 2129%4 230109 312448 4010556

1979 1930 1931 1982 1933 1784 1935 1986 1987 1983 1989 1990

3 192187 140475 157945 159739 170031 382815 446536 517431 159791 148418 41799 0
4 45260 155318 111496 126238 122136 136403 307077 348189 653958 125798 118309 33571
5 163002 300813 111742 82748 84509 82353 98977 216331 234776 4450018 85269 84014
6 82953 94228 172659 72782 50359  5A731  5n4P8 56539 109917 105178 236785 42731
7 379%> 39320 41330 84546 34448 25409 23375 23136 21517 . 34526 33578 111264
5
k4
n

17045 15074 16412 14430 51329 13037 7119 7762 70846 6160 9135 a7nsg

13280 6573 5515 4619 4355 9362 3266 1938 1719 2294 1985 2554
¢ 3162 5222 2258 1555 1229 1313 2392 282 624 500 254 670
11 645 1071 1459 683 641 431 388 936 307 126 116 396
12 150 150 220 295 317 320 156 172 361 126 43 46
13 113 52 53 33 93 193 125 75 31 89 45 13
14 52 a0 5 10 &4 25 1085 57 35 10 27 1%
15+ 73 12 2 10 11 25 21 2 13 24 31 22

[OTAL NO 975265 ¥S5927%8 422096 547140 499501 7N2457 339939 1473399 1190135 868257 527775
SPS WO 39551 2¢105 26903 113107 94394 rs5220 70332 72625 143406 97ns5n 58471
[OT.BIOM 138%429 1234329 1936900 940941 763451 911330 1231204 1445957 1081623 693742 644109
SPS BIOM 228210 1488340 151170 272643 325638 280517 288185 238846 255652 183570 1327n8

144



Table 3,24 North-East Arctic Cod.

At 11.40.20 19 OCTOBER 1989

from 67 to 89 on ages

3 to 14
7 and Terminal § of ,700

with Terminal F of .898 on age

1nitial sum of squared residuals was
final sum of squared residuals is

Matrix of Residuals

Years 67/68  68/69
Ages
3/ 4 -120  -,157
4/ 8 .183 573
5/ 6 -, 414 550
6/ 7 -.61L -.024
7/ 8 -.312 =710
8/ 9 -.098 -.579
9/10 440 227
10/11 .203  -,286
11/12 1.405 254
12713 001 -.793
13/14 697 1,350
.000 .000
WTs .001 001
Years 69/70  70/71
Ages
3/ 4 -.313 504
4/ 5 .327 246
5/ 6 168 626
6/ 7 -.278  -.010
7/ 8 ~.423  -.636
8/ 9 =312 -.373
9/10 .208 154
10/11 -.160 -.080
11/12 1.217 339
12/13 ~.066 -.832
13/14 .219 .035
.000 000
Wis .001 .001
Years 79/80  80/81
Ages
3/ 4 670 .487
4/ 5 444 324
5/ 6 ~.169 023
6/ 7 -.185  ~,141
7/ 8 ~377  -.586
8/ 9 ~.416  -.683
9/10 .158  -.063
10/11 -.463  ~,115
11712 1,032 1.204
12/13 73 -,498
13/14 040 1,324
000 .000
WIS .001 .001

Fishing Mortalities (F)

67 68
F-values 6624 ,7327

70 71
F-values 8975 ,7027

80 81
F-values .9630 9545
Setection-at-age (§)

3 4
§-values 20306 (1624

5 6
S-values 4443 7557

71/72

-.081
2174
113

~.148

-.173
.062
369

~.258
546

-.539

-.149

.000
001

81/82

- 470
~.218
-.549
~.361
-.218
-.016
+739
160
1585
.124
1.231

. 000
001

69
1.,0466

72
9406

82
8194

7
1,0000

72773 73/74

-.001 1,131
JA71 4236
-.006 .192
-.265 -.085
-1.235  -.463
-.668 1145
530 369
473 -, 456
1.175 +294
.180  -,809
883 -.603
000 000
001 001

82/83  83/84

.495  -.003
467 212
-.192  -.048
-.279  -.407
-.343 =222
-.077 094
420 378
~.315  -.106
636 -.023
200 -,763
-.503 1.015
.000 000
001 .001

73 74
.8683  1.0091

83 84
8220 9364

8 9
1.0105  .9099

226,116 and
73.191 after 120 iterations

74/75

1.850
1.209

W322
-.290
-.874
~. 740
~.570
~.332

.688
-.918
1.564

.000
001
84/8%

-, 357
-.157
-.321
- 347
099
237
1695
138
692
~.164
-.546

.000
.001

%
1.0606

85
.8949

10
9618

75776

.355
129
.303
023
-.563
-.557
-.162
~.524
723
023
1.303

000
001

85/86

485
009
-,088
~.159
104
338
1356
-.363
-.180
~.358
~.113

000
1.000

76
19630

86
1.0674

11
16464

77
1,1318

87
1.1716

12
8687

77/78

1.429
1.291
690
-.037
-.547
-.372
450
-.882
~.300
~2.250
214

000
001
87/88

014
1046
095
081
-.095
-.264
-.164
218
-.057
022
093

000
1,000

78
1.4161

88
1.0690

13
.6388

78/79

1.025
JAE7
.309

-0l

~.664

~.876
000

-.9:5

1.024
.168

1.694

,0co
JQoct
68/89

-.182
074
026
065

~.010

-.287

+.023
185
193

-.377
444

.0co
000

79
.9851

89
8980

14
.7000

45

wis

1283
+464
559
1,000
039
LL7
461
168
.58
288
.238



Title :

NORTH-EAST ARCTIC COD

At 11.40.22 19 OCTOBER 1989
SEPERABLE FISHING MORTALITIES

O ~o Ul b W

1967

.020
.108
.294
.501
.662
.669
.603
.637
-428
.575
.423
464

1973

.030
.160
.438
.744
.985
.995
.896
.947
.637
.856
.629
.690

1968

.022
.119
.326
.554
.733
.740
667
.705
-474
.637
.468
.513

1980

.029
.156
.428
.728
.963
.973
.876
.926
.622
.837
.615
.674

1969

.032
.170
465
.791
.047
.058
.952
.007
676
.909
.669
.733

1981

.029
.155
424
721
.955
.965
.869
.918
.617
.829
.610
.668

1970

.027
.146
.398
.678
.897
.907
.817
.863
.580
.780
.573
.628

1982

.028
.149
.408
.695
.918
.928
.837
.884
.594
.798
.587
.544

1971

.022
2114
.312
.531
.703
.710
.639
676
-454
.610
.449
.492

1983

.025
.134
.365
.621
.822
.831
.748
.791
.531
.714
.525
.575

1972

.029
.153
.418
711
.941
.950
.856
-905
.608
.817
.601
.658

1984

.029
.152
.416
.708
.936
.946
.852
.901
.605
.813
.598
.655

1973

.027
.141
.386
.656
.868
.877
.790
.835
.561
.754
.555
.608

1985

.027
.145
.398
.676
.895
.904
.814
.861
.578
777
.572
.626

o

e

1974

.031
.164
.448
.763
.009
.020
.918
.971
.652
.877
.645
. 706

1986

.033
.173
474
.807
.067
.079
971
.027
.690
.927
.682
747

e

=

1975

.032
172
-471
.801
061
.072
.965
.020
.686
.921
.678
.742

1987

.036
.1%0
.521
.885
172
.184
.066
.127
757
.018
.748
.820

e

1976

.029
.156
.428
.728
.963
973
.876
.926
.622
.837
.615
674

1988

.033
-174
-475
.808
.069
.080
.973
.028
691
.929
.683
.748

N

1977

.035
.184
.503
.855
L132
.144
.030
.089
.732
.983
.723
.792

1989

.027
.146
.399
.679
.898
.907
.817
.864
.580
.780
574
629

P =

1978

.043
.230
.629
.070
-416
.431
.289
.362
.915
.230
.905
.991

9%



Table 3.25

Title :

(cont'd)

NORTH-EAST ARCTIC COD

At 11.40.22 19 OCTOBER 1989
SEPERABLE POPULATION NUMBERS Units: thousands

1967

1367922
1290492
509914
153967
91123
52495
17905
4206
1120
534

513

118

1879

216985
407640
117923
81762
71338
36695
10404
2235
339
107

28

19

1968

283130
1097486
948783
311052
76415
38469
22008
8023
1821
598
246
275

1980

138746
172376
284394
62325
31797
21810
11103
3476
710
147

37

12

1968

213822
226667
797712
560952
146384
30068
15021
9251
3247
929
259
128

1981

160873
1102986
120692
151792
24646
9938
6748
3785
1127
312

52

15

1970 1971 1972 1973

310743 526081 1117838 1797894
169544 247522 421555 889238
156564 119979 180793 296234
410247 86031 71889 97461
208246 170460 41417 28913
42083 69492 69120 13238
8550 13912 27972 21876
4745 3093 6010 9731
2768 1639 1288 1991
1351 1269 852 574
306 507 564 308
109 141 265 253

1982 1983 1984 1985

185813 193474 383160 453386
127920 147910 154468 304843
77332 90202 105962 108622
64661 42082 51257 57228
60410 26426 18513 20681
7769 19723 9510 5942
3101 2512 7037 3023
2318 1100 973 2457
1237 784 408 324
498 559 377 183
111 183 224 137

23 51 89 101

1974

1817221
1433390
632265
164904
41399
9934
4507
8128
3456
930

221

145

1986

736280
361172
215814
59756
23825
6919
1969
10%86
851
148

69

63

1975

924569
1442570
996125
330623
62978
12356
2934
1473
2521
1474
317

95

1987

178258
583441
248627
109966
21837
6708
1926
610
321
349

48

28

1976

345949
732799
994158
509116
121450
17854
3464
918
435
1040
480
132

1988

134896
140805
394894
120955
37143
5540
1681
543
162
123
103

19

1977

229225
275013
513084
530626
201331
37960
5524
1181
297
191
369
213

1989

29332
106889
96904
201074
44149
10441
1540
520
159
66

40

43

1978

519944
181284
187345
254060
184696
53150
9903
1615
326
117

59

147

Ly
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Table 3,26 North-East Arctic COD. Input data to the assessment. Weight (kg) at age in
the catch.
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 7.70 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
1987 0.65 1.10 1.92 2,56 3.44 5.41 6.69 7.70 9.25 10.85 12.50 13.90 15.00
19868 0.53 0.83 1.35 2,27 3.51 5.40 7.47 8.95 11.24 14.23 13.90 15,00

Table 3.27 North-East Arctic COD. Input data to the assessment, Weight (kg) at age in

the stock.
Age
Year
3 4 5 6 7 8 9 10 1 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 0.46 0.91 1.71 2.94 4.17 5.04 6.17 7.70 9.25 10.85 12.50 13.90 15.00
1986 0.32 0.93 1.57 2,52 3,83 5,30 6.17 7.70 9.25 10.85 12,50 13.90 15.00
1987 0.21 0.50 1.25 2.12 3.46 5.22 6.17 7.70 9.25 10.85 12.50 13.90 15.00
1988 0.19 0.36 0.70 1.58 2,70 4,30 6.17 7.70 9.25 10.85 12,50 13.90 15,00
1989 0.30 0.5% 0.86 1.47 2.62 4.70 6.17 7.70 9.25 10.85 12,50 13.90 15.00




Table 3.28 Virtual Population Analysis.

NORTH-EAST ARCTIC COD
CATCH IN NUMBERS UNIT: thousands

1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978

3 34457 3709 2307 7164 7754 35536 294262 91855 45282 85337 39594 78822
4 160048 174585 24545 10792 13739 45431 131493 437377 59798 114341 168603 45400
5 69235 267961 238511 25813 11831 26832 61000 203772 226646 79993 136335 88495
6 22061 107051 181239 137829 9527 12083 20569 47006 118567 118236 52925 56823
7 26295 26701 79363 96420 55290 7918 7248 12630 29522 47872 61821 25407
8 25139 16399 26989 31920 52003 34885 8328 4370 9353 13962 23338 31821
9§ 11323 11597 13483 8933 12093 22315 19130 2523 2617 4051 5659 9408
10 2329 3657 5092 3249 2434 4572 4499 5607 1555 936 1521 1227
11 687 657 1913 1232 762 1215 677 2127 1928 558 610 913
12 316 122 414 260 418 353 195 322 575 442 271 446

13 225 124 121 106 149 315 81 151 231 139 122 748
14 40 70 23 39 42 121 59 83 15 26 92 48
15+ 14 46 46 35 25 40 55 62 37 53 54 51

TOTAL 352179 612679 574026 323792 170067 191622 547596 807885 496126 465946 490951 339609

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

3 8600 3911 3407 8948 3108 7027 19282 16942 5570 3550 721
4 77484 17086 9456 20933 19594 14165 38322 55859 100391 19584 14258
5 43677 81986 20803 19345 20473 18839 27216 75486 97318 142218 30224
6 - 31943 40061 63433 28084 17656 20350 20342 27772 62371 59058 92282
7 16815 17664 21788 42496 17004 15415 13588 13337 12901 21571 21184
8 8274 7442 9933 8395 18329 8359 4385 4587 3942 3438 5548
9 10974 3508 4267 2878 2545 6054 1904 1082 1021 1149 1072
10 1785 3196 1311 708 646 764 1062 559 435 332 338

11 427 678 882 271 229 221 163 455 140 68 55
12 103 79 109 260 74 153 59 124 233 65 25
13 59 24 37 27 58 56 51 29 17 52 22
14 38 26 3 5 20 12 45 32 21 6 13
15+ 45 8 1 5 5 12 38 1 8 14 15

TOTAL 200224 175669 135440 132355 99741 91427 126457 196265 284368 251205 165757

34



Table 3.29 Virtual Population Analysis.

NORTH-EAST ARCTIC COD

FISHING MORTALITY COEFFICIENT

15+

( 5-10)U
(10-14)u

15+

{ 5-100U
(10-14)U

1967

.030
.153
.181
.202
.429
.673
.839
.825
.899
.931
.875
.880
.880

.525
.882

1979

.049
.208
.348
.547
.659
.754
1.053
.950
1.257
1.351
.843
1.100
1.100

.718
1.100

1968

.024
.207
.409
467
.401
.523
.778
.732
.586
.384
1.320
.760
. 760

.552
. 756

1980

.031
129
.355
624
.674
. 701
.871
1.089
1.315
.848
1.661
1.230
1.230

.719
1.228

1969

.023
.222
.481
.538
.763
.927
.144
.991
.156
.941
.828
.980
.980

e

.808
.979

1981

.024
.098
.229
.514
.852
1.068
1.224
1.002
1.092
.775
1.412
1.070
1.070

.815
1.070

UNIT: Year-1
1970 1971
.041 .021
.142 .103
.383 .229
.571 .237
.621 .520
.839 .833
.960 .934

1.001 772
.699 .684
.455 .545
.676 .516
.710 .630
710 .630
.729 .587
.708 .629
1982 1983
.064 .020
.201 .196
.296 .309
.548 .483
.792 771
.996 .006

1.123 .001
.675 .847
577 481

1.243 .303
440 117
.730 .690
L 730 .690
.738 L736
.733 688

NATURAL MORTALITY COEFFICIENT =

1972

.039
.167
.298
.385
.316
.670
.133
.236
.222
.807
.084
.090
.0%0

e e

s

.673
1.088

1984

.020
.122
.292
.575

- 1.089
1.183
1.196
.996
.815
.697
.395
.740
.740

.885
.729

g

1873

.196
.200
.353
.392
.422
.644
.010
.738
.591
.642
L431
.600
.600

.593
.600

1985

.047
.146
.360
.590
.991
.091
.000
.689
.594
.531
.530
.642
.642

.787
.597

1974

.214
.496
.537
.507
.445
.488
.409
.982
.988
.630
1.806
1.100
1.100

.561
1.101

1986

.025
.186
.473
771
1.020
1.192
.911
.959
.731
1.368
546
.763
.763

.888
.873

1

1

P T

e

1975

.084
.210
.522
.701
.703
.704
.614
.478
.201
.816
LA425
.980
.980

.620
.980

1987

.035
.201
.564
.932
.067
.021
.983
.295
.682
.108
.684
.015
.015

977
.957

SR

.20

1976

.166
312
.478
.572
.696
.887
777
.464
.314
.056
.470
.580
.580

.646
577

1988

.029
.166
.485
.820
.048
.971
.001
.088
716
.805
.810
.552
.552

.902
.794

1977

.134
.567
.753
.681
.678
.908
.213
774
.632
.247
.000
.660
.660

.835
.663

1989

.004
.157
410
.680
.814
.875
.979
.965
514
.635
.718
.483
.483

.787
663

1978

.146
.224
.669
.846
.845
.936
1.290
.990
.847
.502
.447
.700
.700

N el

.929
1.697

0s



Table 3.30

NORTH-EAST ARCTIC COD
STOCK SIZE IN NUMBERS UNIT: thousands

BIOMASS TOTALS UNIT: tonnes

ALL VALUES ARE GIVEN FOR 1 JANUARY
1967 1968 1969 1970

3 1292641 169753 111962 197049
4 1245203 1027205 135633 89583
5 459785 875278 683840 88956
6 132404 314087 476197 346137
7 82630 88542 161196 227611
8 55975 44067 48532 61185
9 21700 23370 21393 15721
10 4512 7678 8791 5577
11 1259 1619 3022 2672
12 567 419 737 779
13 420 183 234 235
14 74 143 40 84
15+ 26 94 80 75

10TAL NO 3297196 2552439 1651657 1035664
5PS N0 84533 77574 82830 86328
T0T.BI0M 3850492 3973442 3411972 2420135
GPS BIOM 456181 435643 468425 465910

1979 1980 1981 1982

3198194 140595 158131 157921
4 452696 155324 111578 126390
5 163040 300885 111767 828l6
6 82956 94258 172718 72787
738021 39323 41354 84594
8 17031 16104 16415 14449
9 18280 6562 6539 4621
10 3162 5222 2249 1575
11 645 1001 1439 676
12 150 150 220 395

13 113 32 53 83
14 62 40 5 11
15+ 73 12 2 11

TOTAL NO 975423 759507 622469 546327
SPS N0 39517 29123 26921 113183
TOT,BIOM 1389148 1238662 1087420 940727
SPS BIOM 228146 168409 151259 372936

1971

404988
154863
63619
49660
160058
100142
21654
4928
1679
1087
404

98

58

963239
130050
1862452
676834

1983

169611
121220
84633
50415
34453
31368
4368
1230
657
311

93

44

11

498414

94319
763098
326977

1972 1973

1015600 1818319
324574 799423
114402 224814

41440 69546
32086 23077
77945 19154
35651 32650

6970 9398
1863 1658
694 450
516 253
198 143

65 133

1652004 2999019
123903 63840
2045038 2964051
674921 391210

1984 1985

386242 464306
136059 309883
81605 98626
50892 49877
25454 23458

13041 7155
9394 3269
1315 2327

432 397
332 157
188 136
25 104
25 88

705004 959782
75192 70173
912227 1244177
280846 287891

1974 1975

524953 627106
1223762 347115
536126 610066
129281 25€500

38480 63739
12392 20178
8239 €230
9733 4481
3680 7984
752 1122
194 328
135 26
101 64

1976

614216
468490
230365
296501
104130
25824
8170
2761
2275
735
406

65

132

2487827 1934941 1754069

35225 35415

40167

3064566 2737753 2510832

232024 212993

1986 1987

757571 176499
362737 604943
219177 246680
56310 111790
22633 21331

7128 6686
1967 1771
985 647
957 309
180 377
75 37
65 36

2 14

1429791 1174126
92972 142710
1440832 1080733
239583 256816

230009

1688

135¢12
141933
404507
114870
36036
6011
1972
543
145
128
102

15

36

842510

99597
686079
188978

1977

347770
426002
280813
116917
136954
42504
8712
3076
1421
1362
209
208
122

1366069
57614
2147020
312464

1989

198764
107988
98473
204067
41412
10348
1864
593
150

663844

57310
673116
135298

51

1978

639681
249043
197891
108270
48448
56904
14029
2120
1162
618
871

63

67

1319166
75834
1793701
400555

1990

0
162083
75567
53505
34644
15023
3532
573
185
73

25

19

40
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Table 3.31

PREDICTION OF

HORTH-EST AXCIIC COD AT w589

The refersnce F is taue mean F for tne 3ge group range from 5 to 10
The number of recruits per year is as follows:
Yaar Racruitment
199 171092.0
199 zz22000,N0
1992 273000.0
1993 3300000
1994 350000.0
1993 330000.0
1990 3500000
Data are printed in the following units:
iunoer of fishe thousands
deijnt hy age group in tne catcu: kilogran
Weight by aye grounp in the stosk: kilogram
Atnck hinmass: tonnes
Catch wejght: tonnes
1990 1991 1992
"""""""" MR + + - osnot gmmmmmmenog e neeen )
I fisaning) naturall maturity! weignt in! weight in} weight ini weight inj weight ini weight ini
pattern! nortality! ogivel the catch! the stock] the catchi tie stocki tne "”tCh; the 5‘“““;
Fommmmmean P e to-= + R bt letetadt it Atebeaint g
171NN, 0} 0384 L2010 .00} L7208 L3500 L4900 L2101 .5901 «270%
162085 .91 L1860 .20 .oni 11700 .A504 1.270% L7201 9304 L4901
75567.0! 44} 20! 02! 1.3001 RELH 1.5401 14701 1.6601 1.2200
535105%.0% ol $ 274 <150 1,430 1,470} 2,070} 1.6401% 2,390, 1.92”:
P4644,01 1,000 20 390 2,770 2,300 2.7600 2.28M 3.0n0! 2.5(\0:
150234001 101 s 591 4,330 3,550 $.9908 3,250} 3.9704 3.2301
3582.04 N L2 . 831 /.3201 6.0401 5.1201 5.6201 4.7401
575401 220, 200 1.004 Y3300 ) 9.6401 B, 3701 R.1008 6,97'1:
185,70 .65 2 1.004 11,2400 Y2500 11,2305 9.2501 11.2400 G250
7504 VR4 .27 1.004 11. 660} 10,850 1. 6601 10, 845010 11. 660} 10,8508
25.01 . ah 1,00 14,2308 12,5005 14.230% 12.57%0% 14,230 1?.5!10:
19,0 Lo Lo 1.0} 15.000} 13,909} 15,000 13,9904 15,0004 13,900
4,0} Lot L2t 1,000 15,00} 15,0001 15,000} 15.0001 5. 0001 15.000%
- R tm—— + + + + + + -1
1993 1994 1994-1995
—_——t- - -+ ———— —-———1 -+
waight ini weight ini weight ini weight ini weight inl weight ins
tne catchi tue stockl tne catchi tue stock! the cateni the stack!
+ +. + ———— + +
+5901 L2700 59N 20100 <5904 .210’:
1.090% 59018 1.09010 5908 1.0908 5901
1.2601 930} 1.4400 1.090} 1.440! 1.090%
2.5501 2.0600 2.0100 1.551H 2.0101 1,800
3.41M 2.860% 3.600% 3.040) 3,600} 2.4300
4.280¢ 3.5008 4,7901 3.9591 4,790 4,170
5.590i 47108 §.9801 5.060¢ 5.980} 5.6301
7.580% 6.5001 7.5408 6.4701 7.540% 6,900}
10.57m 9.220% 9.9501 &.6503 9.9504 2,610
11,6601 10,8501 11,6601 108501 11,6601} 10, 8501
14,230} 12.500¢ 14.,230; iz2.5000 14,230} 12,500
15.0001 13,9001 15,0004 13.900% 15,000 13,900
15.000; 15.000¢ 15,0008 ono 15.0001
+ - +e ~4




Table 3,32 North-East Arctic Cod.
Stock size and catch predictions. Weights are in ‘000 t.

1990 1391 1992 1993 1994 1995 1996
Stock Spawn. Stock Spawn. Stock Spawn. Stock Spawn. Stock Spawn. Stock Spawn. Stock Spawn.
biom. stock biom. stock biom. stock - biom. stock biom. stock biom. stock biom. Stock

(3+) biom. F 5-10 Catch (3+) biom. Catch (3+) biom. Catch (3+) biom. Catch (3+)

biom. Catch (3+) biom. Catch (3+) biom.

596 147 Fo 1 0.15 73 748 233
Frax 0-24 111 707 212 135 847 291 160 1,006 372 191 1,173 435 216 1,353 515 254 1,508 593
Flow 0.32 143 673 194
Fmed 0.46 194 621 168 198 679 188 210 761 207 230 857 215 251 964 236 289 1,050 264
Fhign™
F89 0.78 288 524 120 236 526 103 222 572 96 229 643 90 251 720 96 289 772 109
Recruitment: 171 mill. (est) 222 mill. (est) 273 mill. (est) 330 mill. 330 mill. 330 mill. 330 mill.

€S
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Table 4.1 North-East Arctic HADDOCK.
Total nominal catch (t) by fishing areas.

Yearx 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 54,208 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 10,774 117 41,270
1986 69,865 26,006 714 96,585
1987f 109,429 38,182 3,048 150,659
1988 43,833 47,276 662 91,711

1 © s .
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 IIa 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 15.17 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
1985 24.4 6.0 4.5 6.3 G.1
1986 51.7 18.1 12.8 13.2 0.7
19871 77.8 31.6 22.1 16.1 3.0
1988 27.4 16.4 34.1 13.2 0.6

"Provisional.
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Table 4.3

North-East Arctic HADDOCK.

Nominal catch (t) by countries (Sub-area I and Divisions Ila+b combined).

Faroe German  Germany, United

Year Islands 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 23 136,397
1968 - - - 1,867 64,076 - 40,129 75,654 - 101,726
1969 2 - 309 1,490 67,549 - 37,234 24,211 25 130,820
1970 541 - 656 2,119 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 289 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 - 77,183
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 77 153 22,690 - 41,270
1986 893 33 75 1,079 48,314 22 431 45,738 - 96,585
19871 464 26 83 3,106 69,333 99 563 76,980 - 150,654
1988 1,081 113 78 1,324 57,334 72 435 32,293 41 91.7M1

! provisional figures.



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

Sub-area I Division IIb Division Ila

Year 2 4 3 2 3 2 3

Norway USSR UK Norway UK Norway UK
1960 - - 33 - 2.8 - 34
1961 - - 29 - 3.3 - 36
1962 - - 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 - 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 C.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 -
1981 0.64 - - = 0.37 -
1982 0.51 - - - - 0.38 -
1983 0,27 - - 0.04 - 0.17 -
1984 C.13 - - 0.01 - 0.12 -
1985 0.27 1.00 - 0.01 - o. 11 -
1986 0.56 1.05 - 0.02 - 0.20 -
19871 0.63 0.90 - 0,01 - 0.28 -
1988 0.40 0.70 - 0.02 - 0.42 -
;Preliminary figures.
3Norwegian data - t per 1,000 t/hrs fishing.
6United Kingdom data - t per 100 t/hrs fishing.

USSR data - t per hour fishing.
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Table 4.5 North-East Arctic HADDOCK.

Weight at age (kg) in Norwegian and USSR landings.

1984 1985 1986 1987 1988

Age
Norway USSR Norway USSR Norway USSR Norway USSR Norway USSR
2 1.17 0.66 0.8t 0.25 0.62 0.27 0.43 0.27 0.66 -
3 1.58 1.35 1.32 0.81 1.17 0.54 1,02 0.47 0,77 0.44
4 1.99 1.90 1.91 1.46 1.5% 0,98 1.32 0.69 0.87 0.74
5 2.42 2,48 2,35 2,51 2.24 1.50 1.72 1.09 1.10 0.98
6 2.64 3.13 2,66 2,84 2.54 2,25 2.60 1.93 1.48 1,35
7 2.89 3.12 2.85 3.23 2.62 2,63 2,99 2.75 2.04 t.52
8 3.16  3.57 3.14 3.29 3.04 3,03 3.24 2,72 2,52 -
9 3.41 3.86 3.38 3.90 3.17 3.65 3.14 3.34 2.83 4.04
10 3,51 3,98 3.72 4,03 3.51 3,80 3,51 2.83 3.18 -
11 4.04 4.77 3.81 6.75 3.72 -~ 3.93 2.40 3.25 3.80
12 4,04 - 3.22 (5.20) 3.98 - 4,00 - 373 3.70
13 3.84 - 3.72 4,78 4.06 - 3.48 - 3.82 -
14 4.19 - 4,19 - 4,14 - 4,10 - 3.76 -
15+ 4.36  5.37 4.06 - 4,06 6.45 5,28 4.52 4.78 -




Table 4.6 North-East Arctic HADDOCK.

NOK ITHEAST AQCTTC HADDOCK

11 53 2

1957
1953
1957
19640
1961

1962
1964
1964
12635
1966
1967
1968
1969
1970
1971

1972
1973
1974
1975
1976
1977
1978
1979
1930
1981

1982
1943
1984
198y
19806
1957
1983
193y

R=T=1

R=T=2

R=T-3

R=-23-3
INTOGP
N=BST1
N=-RST2
N=8BST3
N=-83A1
N=3SA2
N-35 A3

(No. of
242 3t 9 14
109 2 4 5
241 7 14 33
2704 30 40 72
320 32 50 34
110 5 3 4
243 16 9 12
291 11 12 15

20N 0.3 0.3 0.3

17 0.3 0.3 0.3
164 3 13 3

97 0.3 0.3 3

1025 31 69 120
270 10 33 31

54 3 3 9
49 2 9 3

56 13 8 5
114 15 35 14
170 163 96 59
1364 6 13 4

18 1 1 0.3

6 0.3 0.3 n.3

8 0.3 0.3 0.3

4 n.3 0.5 -

7 0.3 0.3 8
233 23 59 h3
401 40 79 239

73 9 19 18

- 5 2 3

- 1 1 1

- G.1 1 -

- ? - -
438} Bottom trawl survey,
USSR M " "
USSR " “ "
USSR “ a "
International 0O=-groun sur
Norwegjian Barents sea,
Narwegian ” "
Norwegian " “
Norwegian Barents sea
Norwegian " "
Narwegian " "

Year-class strength.

surveys

0.01 - -
0.01 - -
0.08 - -
0.003 - -
0.29 - -
.64 - -
0.26 - -
0.16 - -
0.26 - -
0.51 -
0.60 -
0.38 -
0.33

0.12 -
.20 -
0.15
0.03
0.38
0.462
N.73
n.27
0.39

0.3
0.5
314.5
663,2

167.8
77.9

355.8
616,2
135.0
31.9
15.2 8.3
n.10 5.0 3.1
0.15 0.5 -
0.14 - -

age
age
age
"

— NN

1Ib, age 3
vey

Bottom trawl survey,

" ar "

" " "
Acoustic survey
" "

“ "

age
age
age
aga
age
age

VrA Column No.)

NIV NS -

10
1012
1972

592

59

recruits as 3 year-olds (inc. data for ages 21 2 & 3)
HNo. of years

1187
1720
175
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Table 4.7

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

Data for 10 surveys over
REGRESSION TYPE = C
TAPERED TIME WEIGHTING APPLIED
POWER = 3 OVER 20 YEARS
PRIOR WEIGHTING NOT APPLIED

33 years

FINAL ESTIMATES SHRUNK TOWARDS MEAN

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

MINTMUM G.E., FOR ANY SURVEY TAKEN AS

MINIMUM OF 5 POINTS USED FOR REGRESSION
Yearclass = 1985

Survey/ Index Slope Inter- Rsquare
Series  Value cept

R-T-1 1.7918 1.181 1.700 7671
R-T-2 1.0986  .977 1.762 8955
R-T-3 1.3863 1.034 1.599 .7009
INTOGP .23%0 13.004 144 5180
N-BSTL  4.3682  .676 1.486 9631
N-BST2  3.4935 .798 777 ,9818
N-BST3  3.2149 .910 .354 L9016
N-BSAL  5.8493  .687 A22 8657
N-BSA2  3.4012 .774 229 L9157
N-BSA3  3.0445  .893 -~ 417 .9106
MEAN

Yearclass = 1986

Survey/ Index Slope Inter~ Rsquare
Series Value cept

R-T-1 L6931 1,164 1.700 . 7943
R-T-2 .6931  .965 1.759 .9147
R-T-3 L6931 1.023 1.574 . 7065
INTOGP ,3293 12.548 .199 .5567
N-BSTL  2.7850 .676 1.485 .9627
N-BST2  2.2300 .798 775 .9817
N-BST3  2.2083 .912 342 9019
N-BSAL  3.6376  .684 438 .8679
N-8SA2  2,0794 .773 224 9177
N-BSA3  2.9957 ,891 -, 420 9116
MEAN

Yearclass = 1987

Survey/ Index Slope Inter- Rsquare
Series Value cept

R-T-1 L0953 1,151 1.700 .8197
R-T-2 .6931  .955 1,756 9308
R-T~3

INTOGP L0953 12,182 243 .5860
N-BSTL  1.7918  .676 1.483 9622
N-BST2  1.4110 ,799 772 9816
N-BST3

N-BSA1  2.1972  .679 456 8705
N-BSA2 2.1972 773 ,218 .9200
N-BSA3

HMEAN

INCLUDED
.00

No. Predicted Sigma
Pts Value
28 3.8167  .92398
28 2.8356 57271
27 3.0321 1,03682
20 3,2521 1,61742
5 4.4399  ,45504
6 3.5642  .29562
7 3,2782  .68458
7 4,4419  ,74497
9 2.8625  ,55805
10 2,3004 58475
3.8661 1.59935
No. Predicted Sigma
Pts Value
28 2.5069  .86848
28 2.4275  .52127
27 2,2831 1.04439
20 4,3310 1.52278
5 3.3682  .45786
2,5547  .29735
7 2,3549  ,68742
7 2.9241 74655
9 1.8328 55670
10 2,2509  .58781
3.8205 1.61957
No. Predicted Sigma
Pts Value
28 1.8098 .81724
28 2.4176  .47531
20 1.4039 1.46464
5 2.6946 46245
6 1.8985 (29998
7 1.9479  ,74984
9 1.9158 55537
3.7803 1.64377

Standard
Error
96152
.60513
1.09861
1.68843
,50188
.31970
.73324
.81953
.60109
.63878

1.59935

Standard
Error
.92818
56082
1.14401
1.59407
50660
,33100
., 75359
,80715
.63462
64530

1.61957

Standard
Error
. 90605
.51408

1.6271¢
52886
34900
84939
.63258

1.64377

Weight

03904
09857
02991
01266
.14330
35316
06714
05374
09990
.08846

01411

Weight

.04286
.11740
.02821
01453
.14387
33701
.06502
05667
.09168
.08867

.01408

Weight

05687
17665

.01763
.16691
38328
06471
11667

.01728



Table 4.7 (cont'd)

Yearclass = 1988

Survey/ Index Slope Inter- Rsquare

Series  Value cept

R-T~1 1.0986 1.147 1.696 8422

R=T-2

R-T-3

INTOGP .1222 11.943 264 6024

N-BST1 L4055 676 1.480 .9616

N-BST2

N-BST3

N-BSAL  3.0445  .674 476 8735

N-BSA2

N-BSA3

MEAN

Yearclass = 1989

Survey/ Index Stope Inter- Rsquare

Series Value cept

R-T-1

R-T-2

R-T-3

INTOGP 1310 11.820 262 6071

N-BSTL

N-BST2

N-BST3

N-BSAL

N~BSA2

N-BSA3

MEAN

Yearclass Weighted Internal
Average Standard
Prediction Error

1965 4,35 77.62 .25

1966 3.52 33,82 .33

1967 4.78 119.54 .30

1968 3.66 38.78 .32

1969 6.61 742,95 .37

1970 5.98 397.20 .33

1971 4.71 111.32 31

1972 4,42 82.78 .34

1973 4.85 128.15 .35

1974 5.50 244.86 .37

1975 6.60 732.67 A1

1976 4,42 83,17 .44

1977 3.42 30.47 A7

1978 3.04 20.89 47

1979 2.77 16.03 .52

1980 2.24 9,37 .48

1981 3.19 24,22 .33

1982 5.94 379.57 .44

1983 6.26 521.10 .35

1984 4,86 128.64 .19

1985 3.46 31.76 .19

1986 2.61 13.54 .19

1987 2.15 8.56 .22

1988 2.30 9.93 .39

1989 2.74 15,44 1.19

No. Predicted Sigma Standard Weight
Pts Value Error
28 2.9562 77437  .B2450  ,22249
20 1.7237 1.45334 1.60495 ,05872
5 1.7541  ,46937  .58116  .44783
7 2.5286  .75576  .83486  ,21701
3.7506 1.67430 1.67430  .05396
No. Predicted Sigma Standard Weight
Pts Value Error
20 1.8107 1.48693 1.65031 .51862
3.7349 1,71295 1.71295  .48138
External  Virtual Ext.SE/
Standard  Population Int.SE
Error Analysis
.39 3.04  21.00 1.58
.36 2.89 18,00 1.09
.26 5.11 165.00 .88
.34 4,58 98,00 1.07
44 6.93 1026,00 1.16
A7 5.60 271.00 1.44
.16 4,01 55,00 .52
.25 3.91  50.00 .72
.29 4,04 57,00 .82
.31 4.74 115,00 .84
.52 5.14 171.00 1.28
24 4,91 135,00 .55
.43 22,94 19.00 .92
.37 1.95 7.00 .79
.36 2.20 9.00 .69
.36 1.61 5.00 .76
.39 2.08 8.00 1.17
.31 5.65 284,00 71
.29 6.00 402.00 .82
16 4.30 74,00 .85
.20 1.06
.15 .79
.15 .69
.31 .79
.96 .81
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le 4 North~East Arctic HADDOCK.
Results from the Norwegian bottom trawl survey in the
Barents Sea in January-March. Index of number of fish

by age.
Age
Year Total
1 2 3 4 5 6 7 8
1981 0.3 4.8 2.3 9.5 2.0 6.1 0.7 + 25.7
1982 0.5 - 1.8 2.1 2.2 5.5 2.7 0.2 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 1037.4
1985 167.8 616.2 380.2 7.2 0.4 0.2 0.3 0.3 1172.6
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
1988 5.0 8.3 23.9 72.5 134.1 19.0 0.2 - 263.0
1989 9.5 3.1 8.1 17.0 32.7 32.8 3.2 - 106.4




Table 4,9 North-East Arctic Haddock.
Results from the USSR trawl survey in the Barents Sea and ad-
jacent waters in November-December (numbers per hour trawling).

Age
Year Total
0 1 2 3 4 5 6 7 8 9 older
Sub-area 1
1983 39.9 97.3 16.5 0.8 0.7 + 1.1 156.3
1984 9.7 100.2 110.6 2.8 0.4 0.2 + 0.7 224.6
1985 3.9 19,1 213.4 168.8 0.8 0.2 R 0.3 406.6
1986 0.2 2.3 16.6 58.1 27.6 0.1 + 4+ - 105.0
1987 0.4 1.4 2.5 12.5 34.2 8.6 + + - o+ - 59.8
1988 1.9 0.4 1.1 2.8 6.2 11.6 A+ + - 25.2
Division IIa
1983 5.4 5.5 0.1 0.2 0.3 0.1 1.0 12.6
1984 4.9 14.4 5.6 0.1 0.1 0.1 - 0.2 25.4
1985 3.8 7.0 1.7 4.1 0.1 - + - 0.1 26.8
1986 0.4 0.3 3,5 10.4 2.9 041 + o+ - - 17.6
1987 - - - - 0.3 0.3 - - = - - 0.6
1988 1.0 0.1 - + 0.2 0.5 2 - - - - 2.1
Division IIb
1983 22.1 9.9 0.2 G.1 + + 0.1 32.4
1984 2.2 14.3 1.8 - - - - + 18.3
1985 1.4 10.2 61.4 5.1 + + + - + 78.1
1986 + 0.2 3.1 7.2 1.4 - - - 12.0
1987 - - 0.1 0.7 1.4 0.5 + - - - - 2.8
1988 0.2 - - + 0.3 11 2 - - - 1.9
1983 29.8 59.2 9.5 0.5 0.4 + 0.8 100.2
1984 6.4 58.6 58.4 1.5 0.2 0.1 + 0.3 125.5
1985 3.0 14.4 134.3 90.0 0.4 0.1 1 - 0.2 242.7
1986 0.2 1.4 10.7 36.3 16.4 0.1 + o+ + 65.1
1987 0.3 0.9 1.7 8.3 22.5 5.7 + o+ -+ - 39.4
1988 1.3 0.3 0.7 1.7 4.0 7.6 .8+ + - 16.4
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Table 4.10 North-East Arctic HADDOCK.
Results from the Norwegian acoustic survey in the )
Barents Sea in January-March. Stock numbers in millions.

Age
Year - - Total
1 2 3 4 5 6 7 9 10
1981 2 25 14 66 160 50 2 1 + + 320
1982 3 4 7 10 12 29 14 1 + + 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 1 4,233
1986 346 502 1,720 751 2 1 1 + + + 3,323
1987 37 29 175 640 166 + + + - + 1,049
1988 8 7 20 70 150 23 + - - + 279
20 8 19 34 61 64 6 - - + 213

1989

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

and adjacent waters in September-October.

millions.
Age
Year Total
0 1 2 3 4 5 6 7 8 9 Older
1985: 194 434 1,468 636 3 1 + - - - 12,737
1986 34 37 208 917 910 2 + + - + 2,109
1987 6 16 29 62 197 61 + - - + 12 383
1988 2 1 3 18 83 301 46 - - - + 454

; - .
November-December .

Table 4,12 North-East Arctic HADDOCK.
Results from the Norwegian acoustic survey in the Barents

Sea and the Svalbard region in September-October. Stock
numbers in millions.
Age
Year — - Total
1 2 3 4 5 6 7 Older

1986 89 » 197 267 95 - - 1 650
1987 5 25 89 276 69 + + + 463
1988 171 19 5 17 35 4 - - 252




Table 4.13 North-East Arctic HADDOCK.
Length data (cm) from surveys. USSR surveys in
1984-1988 in November-December and Norwegian sur-

veys in 1987, 1988 and 1989 in January-February.
USSR Norway
Age
1984 1985 1986 1987 1988 1987 1988 1989
o+ (1) 16.5 16.1 17.0 - 17.3 13.9 13.5 16.3
1+ (2) 24.1 22.4 20.7 21.5 23.2 21.6 24.3 22.5
2+ (3) 35.8 30.9 28.1 27.8 29.7 30.2 29.3 32.0
3+ (4) 44.4 44 .1 35.4 32.3 33.7 39.2 36.2 36.8
4+ (5) 56.4 53.8 46.7 37.3 39.3 47.0 42.7 43.0
5+ (6) 62.8 61.3 62.0 48.6 46.2 62.5 50. 1 47.3
6+ (7) 64.8 64.7 ~ - 51.2 - 56.6 53.6
Table 4.14 North-East Arctic HADDOCK.
Weight data (g) from surveys. USSR surveys
in 1984-1987 in November-December and
Norwegian surveys in 1987 and 1988 in
January-February.
USSR Norway
Age
1984 1985 1986 1887 1987 1988
o+ (1) 36 37 38 - 24 25
1+ (2) 127 105 88 95 91 120
2+ (3) 438 282 209 196 273 350
3+ (4) 815 817 419 330 542 450
4+ (5) 1,777 1,530 919 497 934 730
5+ (6) 2,395 2,262 2,240 1,055 2,197 1,140
6+ (7) 2,688 2,263 - - - 1,560
Table 4.15 North-East Arctic HADDOCK.
Maturity at age from USSR data.
Maturity at age in percent
Age
1981 1982 1983 1984 1985 1986 1987 1988 1989
3 1 9 17 i 2 + - -
4 12 55 70 14 8 22 1 3
5 64 73 100 35 80 53 21 33
6 73 93 99 47 93 86 53 51
7 96 96 99 74 96 86 100 -
8 100 100 100 82 91 100 100 -
9 100 93 - 89 96 83 - -
10 - - - - - 100 100 -
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Table 4.16 - Tuning Data.

NORTHEAST ARCTIC HADDOCK : SURVEY DATA

Norw Bar Sea Trawl

83,89

1,1

3,8

1, 4.1, 3.6, 1.9, 2.3, 3.9, 1.6
1, 15.2, 1.6, 0.7, 0.2, 0.3, 0.4
1, 380.2, -7.2, 0.4, 0.2, 0.3, 0.3
1, 314.0, 123.0, 0.4, 0.1, 0.1, 0.2
1, 149.3, 312.8, 62.0, 0.1, 0.2, 0.05
1, 23.8, 72.5, 134.1, 19,0, 0.2, 0.01
i, 8.1, 17.0, 32.7, 32.8, 3.2, 0.01

Norw Bar Sea Acoustic

83,89

1,1

3,8

1, 7, 9, 5, 4, 10, 5
1, 53, 15, 7, 2, 2, 2
1, 1187, 33, 2, 1, 1, 1
1, 1720, 751, 2, 1, 1, 0.05
1, 175, 640, 166, 0.1, 0.1, 0.05
1, 20, 70, 150, 23, 0.1, 0.01
1, 19, 34, 61, 64, 6, 0.01

USSR Trawlsurvey Tr/Ac

84,89

1,1

3,8

i, 9.5, 0.5, 0.4, 0.05, 0.05, 0.6
i, 58.4, 1.5, 0.2, 0.1, 0.05 0.05
1, 134.3, 90.0, 0.4, 0.1, 0.1 0.01
1, 10.7, 36.3, 16.4, 0.1, 0.05 0.05
1, 1.7, 8.3, 22.5, 5.7, 0.05 0.05
1, 0.7, 1.7, 4.0, 7.6, 0.8 0.05
USSR Acousticsurvey Tr/Ac

86,89 '

.1!1

3,8

1, 1468, 636, 3, 1, 0.05, 0.01

1, 208, 917, 910, 2, 0.05, 0.05

1, 29, 62, 197, 61, 0.05, 0.01

1, 3, 18, 83, 301, 46, 0.01

Norway EFff Catch I From here data is pot included in the tuning
83,88

1,1

3,7

11.7, 60, 439, 165, 186, 360

08.2, 76, 130, 137, 20, 31

06.0, 971, 51, 45, 32, 10

13.9, 347, 5097, 53, 15, 5

11.2, 248, 2305, 2199, s
14,0, 6, 711, 3680, 1161, 1
Norway Eff Catch 11

83,88

1.1

3,7

35.7, 77, 368, 298, 610, 1215
40.0, 6, 92, 188, 100, 219
31.8, 329, 99, 184, 207, 91
43,7, 297, 3663, 174, 122, 95
49.3, 247, 2218, 5176, 174, 62
51.3, 10, 1377,10425, 5553, 106



Table 4.17

VPA Version 2.1 - May 1933

“Madule run at 12.29.26 27 SEPTEMBER 1989
DISAGGREGATED Gs
LOG TRANSFORMAT ION

NO explanatory
Fleet 1 ,Horw
Fleet 2 ,Norw
Flzet 3 ,USSR
Fleet 4 ,USSR

Age, 83,
3, .193,
b4, 437,
S, W4T7,
6, .359,
7. W415,
3, .433,
2, 197,

1, .576,
1, 493,
12, .21t,
15, 377,

variate
Bar Sea

(Mean
Trawl

used)
s has

Bar Sea Acousti, has
Trawlsurvey
Acousticsurvey , has
FLEETS COMBINED BY 4% VARTANCE ##
Terminal Fs estimated using Laurec/Snepnerd metnod
Rejression weights
, 1.000, 1,000, 1.070,
Oldest age F = 1.000*average of &4 younger ages.
Fisuiny martalities

84,

085,
371,
343,
301,
348,
562,
437,
440,
W19,
2.736,
1,158,

85,

.130,
519,
439,
« 555,
577,
5435,
766,
« 809,
. 655,
572,
701,

Loy cateaaoility vstimates

43e 3
Fleet, R3,

-6.26,
.
,

YT
PRSI

8,

’
~6.79, =5.87,

~4.62,
~6.34,

’

~R.27,

Tr, nas

1.000,

tarmina
termina
termina
termina

L g estimated as the mean
L g estimated from trend
L q estimated as the mean
L q estimated from trend

1.000, 1.009, 1.000,

Fleets combined by variance of predictions

86, 87, 88, 89,
<056, ,059, .049, .444,
<431, .276, 187, .252,
.514, .81, .255, .480,
620, .642, .BS56, .262,
W577, 4858, 1.227, .617,
573, 416, .529, .974,
.528, .664, .198, .540,
$732 421, .889, .710,
.531, .649, 1.003, .710,
1.519, 1.074, 1.539, 1.170,
-827, .702, .907, ..783,
86, 87, 88, 89
____________ P mererm # e
~7.28, -6.10, -6.47, =5.57
~5.58, ~5.94, -6.6h, -4.72
~8.13, ~B.74, ~9.11, -8.N2
=5.74, =5.77, ~6.27, ~6.56
SUMMARY STATISTICS
Fleet , Pred. , SE(q),Partial,raised,
. q ’ ’ . F ’
, . P S, ’
1, ~6.35 , 615, 0017 , .2n24,
2 , ~5.57 , .816, 0035 , .1R84,
s , -8.10 , 1.033, .0003 , 4N87,
4, ~6,09 , 447, L0023 , L7141,
Fhar SIGMACint.) SIGHA(Rxt.)
W 400 231 .

SLOPE ’ SE

. Slopa

<ND0E+00, JOONE+DD, -

SINTRCPT, S
, SInt
. LI

.353,

0NELQN, OODE+NN, ~5.574,
.NDOE+NN, JODNDE+ND, ~-%.101,
«O00E+QON, LNOOEEND, -4.087,

STGHACoverall)

«352

Variance ratio
1.252

67
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Table 4.17 {cont'd)

Age 4

' Fleet, 83, 84,

Ty TIFING LTI,
2, -6.20, =5.02,
3, ’ -8.42,‘
4, . ’

Aje §

Fleet, 83, 84,

UYL TIZER, TTECTRL SR
2 , =592, =5.85,
3, ’ -3.71,
4, ’ ,

1., W42 .54,
2, =6, ‘16, -6.25,

3, , =9 9?,
b . , ’

85, 86, 87, 28, a9
..............................
—h.22, ~7.06, ~6.93, ~6. 51, ~b.46
=4 .70, =5,25, 6,21, -6.54, ~5.77
~7.77, =7.37, =9.08, -8.67, —8.76
s ~Seb1, =5.85, -6.66, -6.40
SUMMARY STATISTICS
Fleet , Pred. , SE(qg),Partial,Raised, SLOPE , SE JINTRCPT, SE
. qa ’ , F . F , , Stope . SIntrept
’ . - ’
, . , B . DOE*O", 6.
, =567, 762, L0035 , .2789, «NO0E+DN, OOOEO-DD, ~5.669, .262
» —=8.35 , .700, <0002 , .3821, +0N0E+00, JONDE+ON, ~8.349, - 265
, -6.08 , .,627, ,0023 , .3480, .D00E+QN, LONOEHON, —6.083, «280
Fbar SIGMA(int.) SIGMA(ext ) SIGMACoverall) Varfance ratio
.252 288 186 . 41
R7, 88, 8%
__________________
04, -6, 94, 7. 31, ~6.78
~6.43, ~6.89, =5.96, ~7.20, <6.16
—-8.74, -8.50, -8.27, -9.09, -8.38
s =6.49, ~h.25, ~6.92, ~5.85
SUMMARY STATISTICS
Fleet , Pred. , $E(q),Partjal,.Raised, SLOPE ’ ‘SE JINTRCPT, SE
A q . . F » F ., ’ Slope . LIntrept
[ . e e mmrmemm P e e m s e e am # mmam e ? e
‘ 1, =7.52 , 752, 0005 , L2302, -0005*0') «00DE+D0, ~7.516, 266
2, =6.34 , .560, .0M8 , .3983, .UOOEH)D, «DODEYON, —6.344, .198
3 , -8.70 , 311, .0002 , .5763, «000E+00, «0NOE+N0, -8.700, «118
h 4, ~5.88 , 1,308, .0N28 , ,4663, +D00E+0D, »NNGE+00, ~5,879, 585
Fbar SIGMA(int.) SIGMACext.) SIGMA(overall) Variance ratio
+480 251 172 . 251 Wb
85,
7§, 77, 7
“7.16, -6.&1, “9.12, =6.90, ~7.59
~9.46, -8,71, =-9.12, =8.29, —-9.72
, ~0.41, 6,12, ~5.92, ~6.0}4
SUMMARY STATISTICS
Fleet , Pred. , SE(q),Partial,Raised, SLOPE ’ SE LINTRCPT, SE
’ ’ F . F ’, . Slope ’ JIntrept
Y , ,. » s ’
, 800, 0003 , .2591, +DD0E+ND, «NO0E+OD, -8.271, »283
» 1,033, .00ND8 , .3948, . 000E+00, «0D0DE+00, —7.182, 2365
s 0622, 0001 , L4397, -000E+0N, «O00E+QD, =9.205, « 254
s 231, L0022 , L2419, «000E+0D, «000€E+00, -6.123, .103
Fhar SIGMACINnt.) SIGMALext.) SIGMACoverall) Variance ratio
262 207 .1 207 .
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_ Table 4,47 . (cont'd).

Age 7
Fleet, 83, 8¢, B>, 86,
1, = ’ .90, =51, W70,
2, =6.67, ~7.0D0, ~6.30, -6.40,
3, ,-10.69, -9.30, -8.70,
4, ’ . » =9.39, -8.48, -8.75, =5.25
SUMMARY STATISTICS
Fleet , Pred. , SE{(q),Partial,Raised, SLOFE , SE SINTRCPT, SE
. Ll . . F o, F ., , Stope . JIntrept
[y UNUSTEIOY I S ’ —_—— P
1 , -7.87 , 733, .0004 , .6454, NDE+OD, JNONE+ON, -7.863, . 259
2, =7.07 , .718, .0009 , .7647, <ON0E+DN, . 000E+0D, ~7,070, «254
3, =9.20 , .869, .o0n1 , ,6810, LN00E+ND, LODDE+ON, ~9,200, 329
b, ~7.96 , 2,069, .0003 , .N408, «DO0E+ND, «DODE+ON, -7,963, 4925
Fhar SIGMA(int.) SIGHACext.) SIGMACoverall) Vvariance ratio
.61 432 337 432 «610
Aje 8
Fleet, B3, B4, 85, 86, 87, 88, 89
____________ e P mmms P mmm e ¥ s s f s
1, -7.20, -v.21, -8,27, -7.14, -8.69, -9.17, -9.01
2, =6.06, =7.60, 7.6, -8.52, ~8.69, =9.17, -9.01
5, , =8.81,-10.106,-10.13, -8,69, -7.56, =7.40
4, . . ~10.13, -8.69, ~9.17, -9.01
SUMMARY STATISTICS
Fleet , Pred. , SE(q),Partial,Raised, SLOPE , SE INTRCPT, SE
’ 9 , . F , F ’ , Slope ’ SIntrept
LY S, ’ e s P . R .
1 , =8.38 , .953, .0N02 ,1.8286, -000E+00, JNODE+QN, -8.384, «337
2 , -8,02 , 1,230, .00D3 ,2,63H5, »N00E+0D, « 000E+DD, -8.017, 435
3, =8.77 , 1.263, .0002 , .2473, JNNGE+NN, +MONE+DD, =S.775, W47
4, =9.25 , .69 0001, L76RN, LONDE+ON, ONDE+ON, -9.251, +319
Fhar SIGMA(INt.) SIGMA(axt.) S1GMACoverall) Varijance ratio
974 . . 473 796



Table 4.18 Virtual Population Analysis from Tuning.

N0 TH=EAST ARCTIC HADDOCK

FISAING MORTALITY COEFFICIENT UNIT: Year-1 NATURAL MOKTALTTY COEFFICTENT = .20
1967 1965 1969 19790 1971 1972 1973 1974 1975 1976 1977 1978
3 .062 .037 L1092 168 023 .286 .336 .222 .253 .323 . 768 364
4 . 305 D LThE .23% .269 385 L6n1 L343 576 .651  1.282 844
5 L4625 -565 L5933 .205 218 1.063 .949 S421 .513 L6116 .945 L&95
s 436 463 .556 510 S147 963 469 .638 447 708 504 455
7 504 .662 L4064 L4621 L4611 .303 .579. .5a1 . 800 .638 L696
3 555 .646 423 410 343 620 179 590 339 645 .535 453
Y 347 <459 AR .305 2301 .560 .305 L4629 .213 .762 .325 . 655
10 234 .54/ 41y .333 .261 621 .2n3 L7438 .15n .921 .516 .28
11 537 251 .237 L40% .282 L4621 S189 .667 .407 L5642 2.299 791
12 .915  1.021 . 169 .221 .653 .856 - .250 .450 .203  1.544 .385 L434
13 .521 .572 L3117 .317 L3764 L614 .237 L6235 L2453 .942 . 881 .562
1%+ .521 .572 .311 317 374 .14 .237 623 .23 L942 .9R1 .542
¢ 4= 7U 432 L518  L405 .357 .255 .705 .580 495 .513 . 694 . 842 673
€ 3-150 .521 .572 L3711 .317 374 .614 .237 .623 L243 L9472 . #E1 .542
1979 1980 1931 1982 1983 1934 1935 1936 1987 1988 1989 1985-2¢
3 .156 038 101 .125 193 T 130 .056 .059 .43 .4n0 .73
% 810 L312 211 .275 L3737 .319 -431 275 L1837 .252 .3n2
5 973 <694 -562 L4T5 477 .343 .439 -514 821 .55 L4=n .5n7
6 L966 . 826 .912 L708 359 .301 . 555 .620 642 .856 .262 . 459
7 528 432 790 597 415 348 579 577 .858  1.727 617 .21n
3 .534 L746 .557 L6735 .423 .562 L5458 .573 L4186 .529 .974 515
y 503 451 L5746 547 .197 437 .766 .528 . 664 L198 540 539
0 .561 L6135 .247 630 .576 440 L8y .732 421 . 289 .71 L7153
11 578 724 .519 .562 <495 1.019 .655 .531 .649  1.nns L7140 .79
12 AT . 875 L8260 1.577 L2461 2.756 L5720 10519 1076 10539 1,170 1,176
13 .58z <665 . 541 .858 .377  1.158 L7011 .827 .2 .907 783 784
T4+ 582 . 655 . 541 L8534 .377  1.15%8 .7 L9827 .702 .907 L7983 724
C 4= oy .744 566 -61y 515 .22 561 L6758 .556 by 631 .43

( /=13 532 - 665 . 542 . 831 <377 1.158 .70 . 827 .7N2 -9n7 783

0L



Table 4.19 Virtual Population Analysys from Tuning.
NOR[H-EAST ARCTIC HADDOCK

STOCK SIZE IN NUMBERS UNIT: thousands

3TOMASS TOTALS UNIT: tonnes

ALL VALUES ARE GIVEN FOR 1 JANUARY

1967 1968 1969 1970
3 290493 19889 17203 163919
4 172976 223471 15690 12714 1
S 42772 104436 122275 11077
6 72075 22904 48574 60225
v 24545 35952 11807 228n2
8 4149 12145 15492 6427
9 816 1949 5212 3267
10 732 472 1009 2810
11 408 483 224 543
12 13¢& 195 304 144
13 73 45 58 2103
14+ 19 43 g 77

1971

95474
13483
8243
7386
29616
11546
3491
4990
1649
296
95

14

TOTAL NO A09246 421987 287856 289215 276271

SPS WO B45 BT Y4063 87039 73518

TOT.BIOM 712290 641935 474820 4270112 3
SPS BIOM 20303z 227430 220143 208596 1

1979 1980 1981 1982

3 133359 138746 . 5549 3265
4 96602 93791 14782 4105
5 185x¢ 474 RN 56231 2797
] 250¢ 5753 19411 26237
4 2164 781 2062 6385
3 1444 1044 415 766
9 47157 694 405 195
10 5884 2008 362 187
11 451 2750 891 231
12 191 207 1092 434
15 5 79 71 331
T4+ 131 34 119 65

TOTAL NO 265379 173366 1913¢9 57057
3PS kD] 24471 261490 57311 42951
107T.B8I0M 2R3854 241873 132040  11959N
SPS 8Iuuk /17957 65516 123672 10283/

59387

81976
773567

1983

4411
5971
2552
4999
10585
2873
320
92
32
108
73
318

32539
26937
71225
569 64

1972

n17574
76380
71016
5616
5220
15915
6708
2115
3148
mie
126
100

1204926
56532
1018362
165025

1984

51561
2978
3158
1297
2859
5722
1544
215
42
41
69
292

243578
12604
53117
39262

1973

269592
526132
42567
20090
1756
2833
o0y
3138
931
1691
354

68

976160
69255
1020596
148061

1985

267291
4633
1683
1835

786
1653
L2671
816
114
13

2

123

281619
14916
159371
32105

1974

53573
157659
281135

134 R8

10289

1062
1939
4227
2097

631
1078

337

527565
1mnn108

818171
222296

1986

518664
192204
2757
RRE
362
361
736
1017
278

438

6

14

117994
47780
358953
57176

1975

48486
35146
91624
151174
5835
4721
527
1034
1638
321
270
468

341805
117533
651414
287317

1987

75845
401546
102231

1350
391
396
166
3732
400
143
g

41

582899
28126
317259
31725

1976

55625
30669
16169
446380
79195
28545
2755
349
729
892
589
&2

2364601
106828
466283
299925

1988

17373
58552
249362
36811
582
136
214
n
204
171
40

2n

363535
104257
350478
123627

1977

113788
32974
13091

7150
18919
29138

1231

1052

114
347
156
182

217242

55944
312822
171291

1989

3136
13551
39762

158277
12801
140

66

144

24

61

30

64

228054
107578
21640
111984

1978

169874
43238
7492
4164
3538
7798
13969
728
514

9

193
170

251687

32430
276581
105438

1990

1721
8624
20154
997N0
5657
43

31

58

16
35

LL
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Table 4.20 Separable VPA.

[itle + NORTH~EAST ARCTIC HADDOCK
At 18.12,06 19 OCTOBER 1989
from 67 to 89 on ages 3 to 13

with Terminal F of .496 on age 6 and Terminal § of 1.000

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

Matrix of Residuals

Years 67/68  68/69
Ages
3/ 4 -.184  -.275
4/ 5 135 .106
5/ 6 210 +.023
6/ 7 -.016 -.213
778 -.416  -.271
8/ 9 .305 .109
9/10 -.062 040
10/11 ~.086 331
11712 .010 .133
12/13 170 .322
000 .000
WTS 001 .00l
Years 69/70  70/71  71/72
Ages
3/ 4 585 859 -.485
45 000 492 237
5/ 6 .203 15 -.594
6/ 7 212 Jd220 -.0387
7/ 8 ~-.489 -.231 123
8/ 9 L1388 -,007 +263
9/10 406 145 353
10/11 -.153  -,208 118
11/12 106 -.222 -.015
12/13 -1.594 -1.520 .395

<000 000 000

Wis ,001 .00t 001
Years 79/80 80/81 81/82
Ages
3/ 4 714 -,383 551
4/ 5 292 -.096 -.268
5/ 6 572 .081 .100
6/ 7 845 +239 722
/8 -.853  -.813 000
8/ 9 -.095 247 026
8/10 -.040 638 317
10/11 -.447 -.006 ~-1.037
11/12 =.180 2250 -.431
12/13 ~-.811  -,207 -.454

000 .000 ,000
WS 001 001 001
Fishing Mortalities (F)

67 68 69
F-values 5563 6749 5103

70 71 72
F-values L4755 3803 9476

80 81 82
F-values ,6860  .6585  .7407

Selection-at~age (8)

3
S-values .1115

4 5 6
S-values L4768 .8105  1.0000

72/73

«325
-.820
545
541
-.632
-.174
445
183
~,165
~.344

.000
001
82/83

=132
~.471
-.090
145
-.563
625
-.170
-.293
561
719

000
.00l

73
4979

83
4704

7
1.1507

149,013 and
88,783 after 137 iterations

-.976

74
7767

84
5478

8
.8363

74775

271
~.296
-.438
~,194
-.449

138

650

072

811
~.398

000
001
84/85

+296

532
-.216
-.570
=773
-.090
-.087
~.331
1.304
2.290

000
001

75
4949

85
6330

9
. 7502

75/76

1,430
1.285
557
103
052
~¢240
-.572
~.974
~.197
~1.638

000
001
85/86

.352
073
-.174
001
~.366
<.039
557
460
~.134
~.99%

.000
1,000

76
1.0199

86
.6407

10
1.0103

76/77

.450
246
023
~.202
-.32%
208
421
~.599
023
-.062

000
.008
86/87

-.176
076
~.024
-.153
~.144
~.164
<443
140
~.261
632

.000
1,000

77
9407

87
16332

11
9811

/18 76/19
1,868 1.358
1.250 .460
673 423
-.751  -.283
~.565 -.1563
-7 ~.303
~.226 474
-.931 -1.052
2.476 .488
~1.808 -1.230
.000 .000
004 001
87/88  81/89
128 -.314
.385 -.539
.346  -.153
~.388 540
142 .376
.343 -.140
25 -1.127
-.954 ,360
-.238 .629
~.236 612
.000 000
1,000 1,000
78 79
27267 7408
88 89
5591 1960

12 13
1,5935 1.9000

,000
,000
000
.000
.000
090
000
000
.000
000

3.079

WTS

435
.529
724
775
946
1,000
.75
625
451
301



Table 4.21 73

Title : NORTH-EAST ARCTIC HADDOCK
At 18,12.07 19 OCTOBER 1989
SEPERABLE FISHING MORTALITIES

1967 1968 1969 1970 1971 1972 1973 1974 1978 1976 1977 1978

3 062 075 057 .053 042 106 056 .087 05 114 . 105 081
4 265 322 2243 227 181 +452 237 370 236 .486 449 346
5 451 547 414 .385 . 308 . 768 404 630 <40} 827 763 589
6 556 675 510 475 380 948 .498 777 495 1,020 041 727
7 640 77 .587 547 .438 1,090 573 .894 564 1,174 1.083 836
8 465 564 427 .398 .318 792 416 650 414 853 . 787 608
9 AL7 506 .383 .357 . 285 W711 374 583 71 765 706 VD45
10 562 682 515 480 .384 957 .503 785 506 1.030 LG50 A3

11 546 662 501 466 373 930 . 488 762 486 1,001 .23 713
12 .886 1,075 .813 758 606 1,510 L7930 1.238 ,78¢  1.625 1,499 1.158
13 556 675 510 475 . 380 948 498 77 495 1,020 REIN 727

1979 1980 1981 1982 1983 1984 1985 1986 jo87 1988 1489

3 .083 076 073 .083 052 061 071 071 .07] 062 055
4 .353 327 314 .353 224 261 302 . 305 .30 267 .36
5 601 . 556 534 600 .381 444 513 519 515 453 .402
6 741 686 658 741 470 .548 633 641 635 559 496
7 .853 789 . 758 .852 541 630 728 737 720 .643 2071
8 620 574 551 619 .393 458 529 536 530 . 468 ALS
9 556 515 494 556 .353 411 475 481 A7 JA19 .472
10 . 748 .693 665 . 748 A5 553 640 .647 640 . 565 .501
11 727 673 646 727 461 537 621 629 . 62) 548 487
12 1,181 1,093 1.049 1.180 750 873 1.009 1.021 1.00¢ 891 790
13 741 686 .658 741 470 548 633 641 . 633 .59 496

Title + NORTH-EAST ARCTIC HADDOCK
At 18.12.07 19 OCTOBER 1989
SEPERABLE POPULATION NUMBERS Units: thousands

1967 1968 1969 1970 1971 1972 1973 1974 1974 1976 1477 1978

3 266801  3094D 17688 146892 82178 1039934 326402 62176 7744 11705 29399 67008
4 159710 205300 23496 13680 114055 64488 766033 252804 4668 5999 8553 21673
5 51556 100297 121841 15082 8929 77896 33605 494664 14792 30187 3020 4472
6 76487 26889 47516 - 65962 8399 5371 29563 18377 21577% 78344 10612 1153
7 24676 35903 11211 23355 33570 4701 1765 14722 6920 107699 23132 1455
8 3950 10651 13521 5102 11064 17744 1294 787 493; 3206 27268 1415
9 726 2031 4960 7225 2807 6591 6577 698 33¢ 2669 1118 131656
10 582 397 1002 2769 4140 1728 2651 3706 319 190 1017 452

11 370 272 162 490 1402 2309 543 1312 1385 159 56 322
12 130 176 115 80 252 791 746 273 501 698 48 18
13 69 44 49 42 31 112 143 276 65 187 112 9

1979 1980 1981 1982 1983 1984 1985 1986 1987 1968 1489

3107891 37494 7904 7522 3830 6634 229861 393934 72070 16048 19320
4 65691 81330 28437 6013 5670 2975 5109 175369 300287 54984 12345
5 12548 37779 48012 17009 3458 3710 1876 3093 105785 181791 34484
6 2031 5635 17737 23050 7639 1934 1948 919 1507 51839 94601
7 457 793 2323 7517 8998 3908 915 847 397 655 24266
8 1226 159 295 832 2624 4288 .1703 362 332 157 282

9 2860 540 74 139 393 1450 2220 821 173 160 80
10 4825 1343 264 37 65 226 787 1131 416 88 86
11 178 1869 550 111 14 33 106 340 484 180 41
12 129 70 781 236 44 7 16 47 148 213 85

13 5 32 19 224 59 17 3 5 14 a4 72
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Table 4,22 North-East Arctic HADDOCK.
Input data to the assessment. Weight at age (kg) in the catch.
Age

Age

3 4 5 6 7 8 9 10 1 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 4.41f 5.40 6.40 7.40 8.00
1985 0.92 1.66 2,39 2.89 2,71 3.33 3.70 4.41 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
1987 0.64 0.86 1.33 2,45 2.98 3.23 3.70 4.41 5.40 6.40 7.40 8.00
1988 0.58 0.84 1.05 1.43 1.96 2.52 2.83 3,18 3.25 3.73 3.82 3.76
Table 4.23 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 0.24 0.48 0.93 2.22 2.86 3.33 3.70 4.41 5.40 6.40 7.40 8.00
1988 0.27 0.39 0.61 1.10 1.56 3.33 3,70 4.41 5.40 6.40 7.40 8.00
1989 0.28 0.44 0.70 1,02 1.43 2.24 2.68 3.01 3.22 3.49 3.78 3.79




Table 4.24 Virtual Population Analysis.

NORTH-EAST ARCTIC HADDOCK

CATCH IN NUMBERS

WO B W

10
12
13
14+

TOTAL

1967

15918
41373
13505
25736
8878
1617
218
176
155
76

27

7

107686

1979

17540
35290
10645
1429
812
546
1466
2310
181
87

5

53
70361

UNIT:

1968

657
67632
41267

7748
15599
5292

655

182

101

115

18
19

139285

1980

627
22878
21794

2971

250

504

230

842

1299
111
35
15

51556

thousands
1968 1970
1520 23004
1963 2408
44526 1870
18956 21995
3611 7948
4925 1974
1624 1978
315 726
43 166
43 26
14 52
2 19
77542 62166
1981 1982
486 883
2561 360
22124 3372
10685 12203
1034 2625
162 344
162 75
72 80
330 91
564 320
27 204
42 34
38249 21131

1971

1979
24359
1258
918
9279
3056
826
1043
369
130
27

43248

1983

704
1930
884
1374
3282
906
52
37
29
21
21
91

9331

1972

230229
22246
42849

3196
1606
6736
2630
896
988
538
53
42

312009

1973 1974

70204 9684
258773 41701
24018 88111

6872 5827
418 4138
422 382

1680 617
525 2043
146 935
340 276

68 458
13 143

363479 154315

1985 1986
29548 25596
1153 61470
546 1013
715 376
316 346
634 144
1312 295
416 484
50 112
N5 35
1 3

57 7

34753 89881

1975

10037
14089
33871
49712
2135
1238
92
131
500
147
53

92

112085

1987

3928
88297
52611

586
207
123
74
118
175
87
4
19

146230

1976

13989
13449
6808
20789
40044
1247
1349
193
279
652
331
46

99176

1988

746
9079
51009
19464
380
51

35

38
119
125
22

11

81079

1977

55957
22043
7368
2586
7781
11043
311
388
96
101
84

98

107866

1989

943
2746
13837
33229
5394
80

25

67

11

39

15

32

56418

1978

47311
18812
4076
1389
1626
2596
6215
162
258

74
65

82587

SL



Table 4.25 Virtual Population Analys. From Separable VPA,
MORTH-EAST ARCTIC HADDOCK

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

1967 1968 1969 1870 1971 1972 1973 1974 1975

3 .062 .037 .102 .168 .023 .286 .336 .222 .258
4 .305 L403 .148 .233 .269 .385 .601 .343 .576
5 -424 565 .508 205 .184  1.063 .949 421 .518
6 .495 L462 .556 .510 -147 .963 .469 .638 .446
7 .504 .642 .408 -480 421 .411 .303 .578 .511
8 .555 .647 .428 410 .343 .620 .179 .500 .339
9 .346 .458 .419 .304 .300 .559 .305 -428 .213
10 .285 .545 .418 .334 . 260 .618 .203 .748 .150
11 .537 .263 .236 407 .283 .420 .188 666 .407
12 .914  1.020 .170 .219 .650 .862 .249 .644 .202
13 520 ..570 310 .320 .370 .610 .240 -620 .240
14+ .520 .570 .310 .320 .370 .610 .240 .620 . 240

(4- 70 432 .518 405 .357 .255 .705 .580 .495 .513
{ 9-13)u .520 .571 .311 .317 .373 .614 .237 621 .243

1979 1980 1981 1982 1983 1984 1985 1986 1987

3 .155 .037 .100 .126 .190 .080 .122 .073 .060
4 .510 311 .210 2271 -443 .363 .296 .399 .381
5 .972 .694 .560 .468 . 466 .349 426 -460 .712
|33 .965 .825 .909 .703 .353 .291 572 .591 2531
7 .528 .431 .787 .593 .410 .339 .549 .608 .776
8 .534 . 746 .555 .668 .419 .551 .524 .524 .453
g -503 451 .574 .544 .195 .430 .737 .497 .565
10 .560 .613 .247 .629 571 .434 .786 677 .382
11 .578 .722 .520 .563 .492 .997 .640 .502 .559
12 .690 .874 .823 1.583 .241 .698 546 1.417 .953
13 .580 .670 .540 .830 .380 .160 .661 .757 .583
14+ .580 .670 .540 .830 .380 L160 661 .757 .583

[

(4= U 744 .565 617 .508 .418 .336 .461 .514 .600
( 9-13)U .582 666 .541 .830 L3760 1.144 .674 .770 .609

.20

1976

.323
.651
.516
.708
.800
.645
.763
.920
.541
.544
.940
.940

.694
.942

1988

.051
.193
.396
.634
.804
.438
.223
.646
+832
.046
-682
.682

.507
L5686

1977

.768
.282
.945
.504
.638
.535
.325
517
.298
.384
.880
.880

.842
.881

1989

.080
269
.502
.487
.358
.385
-400
.862
.389
.735
.320
.320

.404
.541

1978

364
.644
.895
.455
.696
454
664
.280
.792
.433
.540
.540

672
.542

1985-88

077
.317
.498
.582
.684
.485
.506
.623
.633
.991
671
671

"9L



Tabie54;26 Virtual Population Analysis. From Separable VPA.

NORTH-EAST ARCTIC HADDOCK

STOCK SIZE IN NUMBERS

UNIT: tonnes

UNIT: thousands

A4LL VALUES ARE GIVEN FOR 1 JANUARY
1967 1968 1969 1970

3 290491 19893 17203 153914
4 172982 223469 15694 12714
5 42789 104441 122274 11080
6 72082 22918 48578 60224
7 24532 35966 11818 22805
8 4151 12132 15504 6436
9 818 1951 5203 8276
10 779 474 1010 2803
11 408 480 225 544
12 138 188 302 146
13 73 45 58 208
14+ 19 48 8 76

TOTAL NO 609271 422012 237876 289228
SPS  NO 84583 94073 87053 73532
TOT.BIOM 712328 641981 474866 420148
SPS BIOM 203027 227448 220197 208629

1979 1980 1981 1982

3 134098 18874 5620 8193
4 96659 93987 14887 4163
5 18593 47526 56390 9883
6 2507 5758 19447 26367
7 2164 782 2067 6413
8 1444 1045 416 770
9 4055 693 406 196
10 5888 2007 361 187
11 451 2754 890 231
12 190 207 1095 433
13 5 78 71 394
14+ 132 34 110 66

TOTAL NO 266187 173745 101759 57294
SPS  NO 2447% 26187 57462 43195
TOT.BIOM 284082 242275 190203 120181
SPS BIOW 71727 65568 123966 103428

1971

95473
113479
8243
7388
29606
11549
3498
4998
1643
297
96

14

276284

59402
382028
177420

1983

4471
5912
2599
5069
10691
2902
323
93

82
108

316

32638
27153
71828
67552

1972

1017593
76380
71003

5616
5272
15915
6710
2122
3154
1013
127
100

1204955
56544
1018420
165074

1984

6538
3027
3109
1335
2916
5808
1563
218
43
41
63
292

24960
12789
53956
39791

1973

265590
626147
42567
20089
1756
2834
7008
3140
936
1696
350

67

976180
69264
1020645
148098

1985

282892
4942
1723
1795

817
1700
2741

832

115

13
2
129

297702
15419
167541
32867

1974

53573
157657
281187

13489

10288

1082
1841
4227
2098

635
1083

338

527587
100122
818269
222380

1938

401744
204875
3009
921
830
386
824
1074
310

50

6

14

614144
50860
337018
60531

1975

48488
35146
81622
151184
5835
4720
527
1035
1638
882
273
474

341826
117548
651517
287410

1987

73754
305826
112657

1558
418
370
187
411
447
154

10
47

495836
29584
281544
34122

1876

55630
30670
16169
44678
79204
2865
2754
349
730
893
590
82

234613
106836
466318
299956

1988

16442
56840
171130
45264
749
157
193
§7
229
209
49

24

291373

82960
296215
109835

1977

113797
32977
13091

7150
18017
29145

1231

1052

114
348
156
182

217260

55950
312855
171315

1989

13580
12788
38351
94332
19660
274
83
126
37

82

60
128

179513
81603
163562
89163

1978

169945
43246
7494
4165
3537
7796
13975
729
514

9

194
170

251773

32436
276663
105463

1990

10268
8001
19012
47457
11252
153
46

44

21

32
112

LL
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Table 4.27

List of inout variables for tne ICES prediction program.

PREDICTION OF NCATH-EAST AXCTIC HADDOCK AT WGS9
The referenca F is tiie mean F for the age group range from & to 7

The number of recruits per year is as follows:

Vear Resruitmant
1999 9000.0
1991 10000.0
1992 15000.0
1993 45000.9
1994 45000.0
199> 45000,0
1996 45000.0

nata are printad in tne following unitss

Nunmoer of fish: thousands
deignt hy agsd group in the caten: kilogram
wejyht by age grouo in the stoek: kilogram

Stask hinaass: tonnes
Catch weight: tonies
1990 1991 1992
4 mmy + - + - + + +
i 1990 | fisningl  naturali maturityl weignt ini weight in! weight ini weight inl weight in{ weignt in!
stock size), patterni nortalityl ogive! the catchi the stock) the catchi tne stock! the catch! the stock!
—— + + 3 + MGEE T T S et +
33 9n0n.n! A1 208 . 001 L4704 2701 .5104 +3001 4600 L2701
44 10268.01 A8 L2710 030 L7700 L5004 7200 L4700 L7700 «5170
51 UL HH .81 L2010 331 . 800 6501 <930 700 .88} 7201
& 19012.0! 1,008 .20 51 1.060! 9801 1.0304 L9501 1.180¢ 1.090!
7 47457.010 1150 2710 1.0ni 1.23010 1,130 1,240 1.14010 1,200} 1.10%
8 11252.01 <843 .2m 1.00% 1.700% 1.580% 1. 4404 1,340 1,450} 15401
94 153,01 L7514 .22} 1,004 2,400} 2.2508 1.9500 1.820} 1.670) 1,550!
104 46.00 1018 .20 1.004 3.25010 3.0608 2,710 2.55M 2,23n 2.080)
111 4d 0% 981 200 1.004 4,270 4,057 3,6300 3,430 3.0601 2. r80
120 2100 1.591 <27 1.001 4.75M 4.5100 4.730¢ 4,490 40601 3,830
15 32,04 1.00; 200 1.008 5.2401 4.9901 5.2404 449900 5,220 4,970
1441 112,00 1.003 20 1.001 5.4%0; 5.4904 5.4900 5490 5.4901 5.4901
————t + - - 4 + ==t S T +
1993
- + 4=

weight ini weight in} weignt in! weignt in} veigat inl weight in.:
the catehi the stock! the catchi the stock! the catchi the stock]

fommmmmm b m e ——— T T TTTTm pmm +
Jhend L2401 4204 L2408 L4201 L2401
J710% XU L6508 4201 4504 6204
L9404 770 L8700 LNy L8700 .650
1,120 10401 1.1904 1.100% 1.190% 1,030}
1.370% 1.260% 1.3108 1.2104 13100 1.270
1,410 131014 1.600! 1.489% 1,600} 1.420
1.6801 1.5601 1,630¢ 1,520 1.6301 1,710}
1.9208 1.799% 1.920% 1.7904 1.9204 1.750
2.530) 2.3791 2.1904 2.0501 2,190 2,059
3.4204 3.2301 2.8501 2.6801 2.8508 2.350
4,4901 42601 3. 8201 3.6201 3. 8201 3.020!
5.4701 5.470] 4.030% PSALY 4.030; 4.0501

. + + §mem—————— e e— +




Table 4.28 North-East Arctic Haddock.
Stock size and catch predictions. Weights are in '000 t.

1990 1991 1992 1993 1994 1995 1996
Stock Spawn. Stock Spawn. Stock Spawn. Stock Spawn. Stock Spawn. Stock Spawn. Stock Spawn.
biom. stock biom. stock biom. stock biom. stock biom. stock biom. stock biom. Stock

(3+) Dbiom. F 5-10 Catch (3+) biom. Catch (3+) biom. Catch (3+) biom. Catch (3+) biom. Catch (3+) biom. Catch (3+) biom.

104 84 F, 1 0.13 14 93 80 11 85 72 9 86 65 10 91 58 11 98 56 13 110 62

Fled 0.35 35 73 61 21 57 44 15 53 33 14 55 25 14 61" 23 17 68 25
Fgq 0.40 39 70 58 22 52 40 16 48 28 14 51 21 14 56 19 18 63 21
Recruitment: 9 mill. (est) 10 mill. (est) 15 mill. (est) 45 mill. 45 mill. 45 mill. 45 mill.

6L
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Table 5.1 North-East Arctic SAITHE.
Nominal catch (tonnes) by countries in Sub-area I
and Divisions IIa and IIb combined as officially

reported to ICES.

Country 1979 1980 1981 1982 1983
Denmark - - - - -
Faroe Islands 1,117 532 236 339 539
France 2,601 1,016 194 82 418
German Dem.Rep. 2,435 - - - -
Germany, Fed.Rep. 14,823 12,511 8,413 7,224 4,933
Norway 141,346 128,878 166,139 159,643 149,556
Spain ‘685 780 - - 33
UK (Engl.& Wales 1,170 794 395 731 1,251
UK (Scotland) - - - 1 -
USSR 3 43 121 14 206
Total 164,180 144,554 175,498 168,034 156,936
Country 1984 1985 1986 1987 1988’
Denmark - - - 1 -
Faroe Islands 503 490 426 - 167
France 431 657 308 576 404
German Dem.Rep. & 11 - - 1
Germany, Fed.Rep. 4,532 1,837 3,470 4,909 4,539
Norway 152,818 103,899 66,152 85,710 108,347
Spain - - - - -
UK (Engl.& Wales) 335 202 54 54 436
UK (Scotland) - + 21 3 6
USSR 161 51 27 426 130
Total 158,786 107,147 70,458 91,679 114,050

"provisional figures,



Table 5,2 North-East Arctic SAITHE.
Norwegian purse seiners taking part in the saithe fishery.

Vessel size (m)

Year
<9.9 10.0-14.9 15.0-19.9 20.0-24.9 25.0-29.9 30.0-34.9 >35
Number of vessels
1977 85 35 88 66 9 6 4
1978 622 42 80 72 6 8 5
1979 105 51 94 72 11 8 6
1980 78 73 118 96 18 11 10
1981 122 81 109 89 7 6 10
1982 101 100 107 98 11 7 5
1983 49 85 88 80 4 4 4
1984 34 62 72 69 5 6 4
1985 15 30 45 57 9 4 3
1986 1 14 30 43 9 5 7
19871 32 30 44 46 10 3 2
1988 30 36 43 43 9 3 2
Catch (tonnes)
1977 1,137; 1,082 19,179 25,324 1,709 3,705 241
1978 6292 1,485 14,174 21,224 1,596 3,808 690
1979 1,246 2,195 17,783 27,057 2,798 5,730 594
1980 924 3,481 16,838 27,551 3,710 5,224 1,300
1981 1,599 4,834 19,551 29,108 1,924 4,647 783
1982 1,991 5,699 22,538 35,969 3,028 5,334 941
1983 805 4,692 14,428 28,348 T 1,447 3,516 561
1984 186 1,553 7,095 20,668 1,638 2,239 2,836
1985 204 874 3,072 18,328 3,011 2,908 2,472
1986 50 275 956 3,581 1,000 1,383 260
19871 606 1,585 6,893 16,766 4,062 3,424 709
1988° 1,128 3,034 8,352 16,856 5,512 3,446 579
Catch per vesgel (tonnes)

1977 13; 31 218 384 190 618 60
1978 102 35 177 295 266 476 138
1979 12 43 189 376 254 716 99
1980 12 48 143 287 206 475 130
1981 13 60 179 327 275 775 78
1982 20 57 211 367 275 762 188
1983 16 55 164 354 362 879 140
1984 5 25 99 300 328 373 709
1985 14 29 68 322 335 7217 824
1986 5 20 32 83 1M 277 37
1987 19 53 157 364 405 1,141 355

1988" 38 84 194 392 612 1,149 290

1Preliminary.
Estimate.



Table 5.3 Catch, effort, and catc? per unit effort
for Norwegian trawlers.

Year Catch (t) Effort (h) CPUE (kg/h)
1976 12,982 21,615 601
1977 15,583 29,308 532
1978 12,506 27,094 462
1979 16,609 24,258 685
1980 27,618 39,290 703
1981 43,682 49,191 888
1982 30,358 33,164 915
1983 38,846 37,856 1,026
1984 56,128 60,282 931
1985 29,260 39,894 733
1986 20,897 25,037 835
19872 8,631 11,860 728
1988 13,409 16,686 804

1Including only days with more than 50% saithe on
trips with more than 50% saithe in the catches.

2Preliminary.

Table 5.4 North-East Arctic SAITHE.
Norwegian effort indices.

Year Purse seine' Trawl?
1976 - 36.8
1977 206 52.7
1978 214 51.3
1979 199 42.7
1980 215 57.4
1981 203 71.0
1982 213 58,2
1983 161 57.17
1984 124 85.5
1985 98 63.7
1986 96 45,2
1987 94 30.1
1988 112 49 .1

1No. of vessels 20-24.9 m.
Hours trawling ('000).

Both categories railsed to total
Norwegian landings for the gear.



Table 5.5 Tuning data.

NORTHEAST ARCTIC SAITHE

102

Norw Purse Seine

77,88
1,1
3,9
206,
214,
189,
215,
203,
213,
161,
124,
98,
96,
a4,
112,
Norw
76,88
1,1
3,9
36.8,
52.7,
51.3,
42.7,
57.4,
71,0,
58,2,
57.7,
85.5,
63.7,
45,2,
30.1,
49,1,

81152,
37652,
41942,
23353,
68716,
28360,
12402,
21699,
28815,
9869,
12364,
4754,
Trawl

11184,
4557,
488,
7374,
10270,
5680,
1719,
3341,
14876,
10070,
4388,
470,
2494,

8694,
8788,
6706,
15280,
57704,
43980,
9775,
3842,
2688,
593,
32183,
32768,

583,
3047,
3104,
6538,

10301,
12137,
10344,
10024,
25819,
6177,
8150,
7862,
3936,

2144,
2126,
6575,
3280,
2219,
250,
12090,
2144,
1096,
181,
386,
11521,

1080,
3260,
3440,
2340,
1726,
10877,
10006,
14949,
7038,
3844,
4078,
2452,
15962,

133,
456,
1362,
1683,
154,
140,
463,
1363,
340,
108,
19,
7,

1137,

202,
1400,

762,
2891,
1901,
5519,
2189,
7161,
3877,
3172,
1169,
3675,

869,
660,
319,
845,
1392,
1053,
420,
1720,
656,
2446,
2044,
1405,
784,

612,
322,
591,
419,
406,
1351,
306,
535,
744,
441,
779,
189,
426,

+ EFFORT AND CATCH DATA

332
361
254
294

24

83
215
181
180
564
208
153
337

83

L98)
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Table 5.6

North-East Arctic Saithe.
Results from tuning analysis.

Module run at 19.29,18 21 SEPTEMBER 1989

DISAGGREGATED Qs

LOG TRANSFORMATION

ND axplanatory variate (Meah used)

flest 1 ,Norw Purse Seine , has terminal q estimated as the mean
Fleet 2 ,Norw Trawl , has terminal q estimated as the wean
FLEETS COMBINED BY ** VARIANCE **

Regression weights

, 1,000, 1,000, 1.000, 1,000, 1.000, 1,000, 1.000, 1.000, 1,000, 1.000, 1.000, 1.000, 1.000,
0ldest age F = 1.000*average of 5 younger ages. Fleets combined by variance of predictions
Fishing mortalities

Age, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88,

i, .poo, .oo0o, .009, .002, .003, .0OL, .0O1, .0O3, .00O, .000, .GoO, .0O0L, 000,
2, .217, .215, .198, .208, .058, .074, .138, .109, .112, .006, .019, .075, .074,
3, .875, .767, .600, .448, .517, 406, .373, .200, .83, .654, .082, .13l, .300,
4, .658, ,636, .504, .650, .524, .584, .640, .473, .728, .426, .335, 268, 538,
, 521, .478, .503, .524, .583, .680, .861, .796, .,470, .335, ,398, .193, ,294,

, 421, 246, .405, .332, .478, .479, .606, .534, .712, .388, .365, ,368, 453,
7, .385, .383, .277, .494, .429, 357, .247, 468, .363, .553, .37, .B35, .335,
. .352, .279, .279, .295, .446, .528, .297, .480, .560, .453, .412, .188, .272,
9, .432, .298, .292, .339, .066, .211, .218, .297, .444, .605, ,382, .324, .238,
10, 344, 271, .298, .,215, .309, .173, .229, .174, .369, .179, .743, .535, .339,
11, 318, 145, .299, ,142, .324, .l66, .105, .279, .449, 313, .259, 1.358, .406,
i2, .41, .108, .328, .202, .325, .106, .103, .149, .341, .481, .1i7, .587, .276,
13, .801, .i67, .177, .125, .288, .l62, .124, .212, ,206, .201, ,li7, .404, .214,
14, .461, .198, .279, .205, .262, .164, .156, .222, .362, .3586, .323, .642, .295,

Log catchability estimates
Age 3
Fleet, 76, 77, 78, 79, 80, 81, 82, 33, 84, 85, 36, 87, 88

) s

, s s . s s s s s s
1, s ~5.79, -6,14, -6.49, -6.59, ~6.41: -6.55, -7.02, -5.85, -5.54, -7.37, -6.%4, -6.72
2, -6.15, -7.31, -9.06, -6.68, -6.09, -7.86, -8.06, ~7.30, -5.86, -6.16, -7,73, -9.07, -G.54
SUMMARY STATISTICS
Fleet , Pred. , SE{q),Partial,Raised, SIIPE , SE SINTREPT,  SE
v 9 f s F O F s Slope ,Intrept
s s s s . s s ,
i, -6.49 , .657, .1697 , ,3773, .000E-00, .0O0E+00, -6.492, .182
2, ~7.24 , 1.144, ,0354 , ,1499,  .000E:00, .OODE+00, -7.236, .306
Fbar SIGHA(int.) SIGMA(ext.) 51GiA(overall) Variance ratio
.300 570 399 570 499
Ago 4

Fleet, 76, 77, 78, 79, 80, 81, 82, a3, 84, 85, 86, 87, 88
, ) ’ s s , s s s s s s s

i, , -7.18, -7,20, -6.97, -6.89, -4.88, -6.20, -6.72, -7.30, -6,93, -8.08, -6.,30, -%.62
2, -7.98, -5,75, -6.81, -5.46, -5.96, -5.39, -6.35, -56.67, -5.02, -5.67, -5.31, -6.57, -6.92

SUMMARY STATISTICS

Fleet , Pred. , SE(q),Partial,Raised, SLOPE SE JJHTRCPT,  &E
s q 3 s F s F f s Slope N sIntropt
, s s , s B , .
1, -6.74 , .98, .i329 , .1769, .UQOE+00,  .000E+00, -6.737, .!72
2 , -6.07 , .859, .l1140 ,1,2632, .000E+00, ,O00E+D0, -6.065, .30

Fbar SIGMA(int.) SIGHA(ext.) SIGMA(vverall) Variance ratio
538 646 .974 974 2,274



Table 5.6 (cont'd) 85

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

s s s , s > s s s s s , ,
1, , -71.62, ~7.82, -6.70, -6.94, -7.97, -9.47, -6.31, -7.30, -7.%6, -9.00, -8.61, -7.02
2, -6.25, -5.84, -5.91, -6.20, -6.26, -5.33, -4,48, ~5.07, -5.74, -5.87, -5.13, -5,62, -53.87

SUMMARY STATISTICS
Fleet , Pred. , SE(q),Partial,Raised, SLOPE , SE SINTRCPF, E
s q ’ sy F 4 F ,  Slope sIntrept
s s , s s s )
1 : -7.69 , 986, .0511 , .1499, .000E+(0, ,000E+0u, ~7.693, 273
2 -5.66 , 547, .1710 , .3625, +000E+00, .Q00E+0D, -5.660, J146

Fb;r SIGMA(int.) SIGMA(ext.) G16KA(o rerall) Variance ratin
234 478 .375 178 613

Age 6
Fleet, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 8n, 87, 88

Y9047, <8.57, “7.57, ~7.44, 9.2, ~6.93, -7.68, ~7.27, <8.27, -9.31,-10.64, -5.68

1,
2, -6.51, -7.69, -6.02, ~6.61, -5.58, -5.64, -4.96, ~5.07, ~5.24, ~5.41, -5.17, 5.39, -5.19
SUMMARY STATISTICS
Fleet , Pred. , SE(q),Partial,Raised, SLOPE , SE ,INTRCPT, 3E
P » s F  F s Slope ,Intrepl
T, 8.77 ., 1.178, 0174 ,1.3633, .000E+00, .OB0E+G0, -8.768, 327
2 . -5.73 ., .817, .1596 , .2653, .00DE+09, .000E+00, -5.729, 218
Fbar SIGMA(int.) SIGHA(ext,) S1GMA(overall) Variance ratin
453 \671 \773 73 1.337
Age 7

Fleet, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 84, 87, 88

’ s s . s , s s , ’ s
s ,-12.47, -9.46, -8.08, —7.76,-10.60,-13.72: -8,66, -9.82, -8.85, ~9.57,-12.63, 11.42
2, -5.93, -6.81, -6.75, -5.69, -5.73, -6.18, -6.38, -5.37, -6.0i, -5.17, -5.13, 4.94, -5.72

SUMMARY STATISTICS
Fleet , Pred, , S$E(q),Partial,Raised, SLCOPE SE JINIRCPT,  oE
s 9 B s F 4 F ,  Slope , JIn.rept

s s s > , s s T

1 ,-10,25 , 2.003, ,0039 ,1,0747, .O0OE+UD,  .000E+00,-10.255,  .556
, -5.83 , 616, 1440 , .3004, .OC0E+i0,  ,000E+00, -5.832, .l65

Fbar SIGMA(Int.) SIGMA (ext.) GIGMA(averall) Variance ratio

.335 .589 .358 .389 370

Age 8

Fleet, 76, 71, 78, 79, 80, 81, 82, 83, 84, 85, 8o, 87, 38

s s s s s s s , s s s )
s ,-13.89,-14.17,-11,77, -7.82,~13.56,-13.71, -8,23,-10.80, -8,60, -9.29,-13,01,-11.50
, ~6.31, -6.75, -6.36, -5.81, -6.05, -5.30, -6.69, -5.58, -5.90, -5.51, -5.23, 6.63, -6.01

N

SUMMARY STATISTICS
Fleet , Pred. , SE(g),Partial,Raised, SLOPE s SE SJINTRCPT,  OE
s 9 s s, F o, F ,  Slope yIntrept

T 711,36 , 3,472, ,0013 , .3112, .0GOE*0D, .00GE+0D,-11.367, 685

7 . -6.01 . .53, .1202 , .2698, .000E+00,  .000E+00, -6.012, 112

Fbar SIGMA(int.) SI1GMA(ext.) $16MACoverall) Variance ratio
518

272 +292E-01 518 003
Age 9
Fleet, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 85, 87, 88
s , s , , s ) s s » s s s
1, ,-13,92,-13,44,-10.88,-11.,97,-12,78,~13,02, -9.27,-11.96,-11.86, -9.78,-12,10,-12,79
2, -6,53, -6.67, -6.48, -6.36, ~8.57, -7.31, -6,35, -6.,70, -6.40, -5,10, -5.30, -5.93, -6.15

SUMMARY STATISTICS
Fleet , Pred. , SE(q),Partial,Raised, SLOPE s SE S INTRCPT, SE
s q ’ s F 5 F s, Slope , s Intrept

s s s , s s s PR
1 ,-11.98 , 1.463, .0007 , .5364, .00DOE+Q0, .000E+00,-11.981,  .406
2, -6.45 , .894, ,0776 , .1761,  ,000E+00,  .O0DE+00, -6.450, .239
Fbar SIGMA(int.) SIGMA(ext.) S1GMA(overall) Variance ratio
,238 . 763 496 .763 422



Table 5.7

Title : NORTH-EAST ARCTIC SAITHE
4t 10.05.08 25 SEFTEmMBER 1989
from 78 to 88 on ages 2 to 14

88 iterations

with Terminal F of .363 on age 4 and Terminal § of ,500
nitial sum of squared residuals was 85.723 and
final sum of squared residuals is 39.420 after
Matrix of Residuals
Years 78/79  79/80  80/81 8L/B2  82/83 83/84
foes
2/ 3 .834 L9377 -.381 ~.075 1.284 L1585
3/ 4 L437 .398 .344 -.018 .282  -.616
4/ 5 -, 347 L105  -.458  -.453 -.076 L046
5/ 6 .109 .54 .028 077 L7131 518
6/ 7 -.595  ~-.530 ~.100 .229 L1958 .374
708 -.477 .064 -.412  ~.164  -,79% -.018
3/ 9 -.556  1.200 440 L6170 -0173 .216
9/10 .034 .074 -1.354 -,387 076 -.090
10/11 L6813 -.307 527 .293  ~.121 -.678
11/12 ~.074 -1.135 L2200 -1 -.7740 -,291
12/13 L7783 -.354 L5386 -.478 -.829 -.264
13/14 L1660 ~,259 .926 L3080 -.131 172
.000 .00 .000 .000 .000 .000
HTs L001 .001 .001 1.000  1.00D  1.000
fishing Mortalities (F)
78
F-values 6755
79 80 81 82 83 84
F-values L6051 L6429 UB7BE 4905 L4878 L5715
Selection-at-age (S)
2 3 4
S-values L1153 L6058 1.0000
5 6 7 8 9 10
S-values L9170 L8787 (7140 L6106 L5043 L4529

84/85

-.229
.339
.430

-.195

-.049

-.640

-.302
.553
.009

-.489
.210

~-.311

.000
1.000

85
L4113

11
4802

85/86

-1.132
1.174
-.141
-.289
~.252

L205
.019
.002
-.438
542
1.340
-.051

.000

1.000

12

L3417

85/87

-.176
~.526
.629
.273
-.260
.89%
.403
014
.457
-.714
-1.025
-.832

.coo

1.000

13
.3088

87/88

171
-1.048
-.435
-1.093
-.237
.521
-.781
-.166
476
.841
.045
.845

s

.000

1.000

83
L3620

14
.5000

.0oc
.000
.0no
.0on
.000
000
.000
.000
.000
.00
.000
.000

WTS

445
458
L8471
L5486
.ona
602
-540
.648
.700
.368
394
L601

98



Table 3.7 North-East Arctic Cod. Year-class strength.

SDITHENST ARCTIC COD @ recruits 2s 5 year-olds (ine. data for ayes 0 7 2 2 5)
16 33 2 (No. of surveys No. of years VPe Column Ke.)
1957 771 - - -~ - 12 16 - ~ - - - - - - - -
19545 919 - - - - 16 2% - - - - - - - - - -
1959 731 - - - - 18 14 - - - - - - - - - -
1964 474 - - - - v 19 - - - - - - - - - -
1941 559 - - - - 2 2 - - - - - - - - - -
19862 778 - - - - 7 4 - - - - - -~ - -
195635 1534 - - - - 21 120 - - - - - - - - - -
1954 1273 - - - - 49 45 - - - - - - - - - -
1985 10 - - - - 1 1 - - - - - - - - - -
1960 112 - - - - 2 1 0.n2 - - - - - - - - -
1967 127 - - - - 1 1 N.04 - - - - - - - -
1963 415 - - - - 7 1 n.n2 - - - - - - - -
196% 1116 - - - - 11 § N.25 - - - - - - - - -
1979 1819 25 54 40 42 70 85 2.51 - - - - - - - -
1971 524 7 9 o 3 37 24 D.77 -~ - - - - - - - -
1972 522 S 4 34 15 54 17 1.52 - - - - - - ~ - -
19735 614 16 s 15 2. 5 1.48 - - - - - - - -
1974 348 1 1 4 1 4 T 0.29 - - - - - - - - 104
1975 541 60 1 44 1 95 4 N.99 - - - - - - - $r2 797
1974 199 1 1 1 1 4 17 nN.13 - - - - - - 45 235 109
1977 140 1 1 2 1 2 1 N.49 - - - - - - 2% 14 -
1973 159 1 ? 1 1 1 3 n.z22 - - 8.6 - - 9.0 16 - S5&
1977 157 1 1 1 1 1 3 040 - 11.0 16.1 - ?2.? ?22.2 - 73 71
19472 158 1 1 1 1 1 ¥ N.13 0.7 oy 10.8 2.1 4.0 6.2 3 4 17
1931 327 1 1 1 1 4 4 0.10 2.1 5.9 6%.2 1.5 5.1 5.6 1 15 174
1982 423 1 3 9 15 3 10 1.5% L .6 126.0 90.3 14 .6 42.7 74.3 - 596 559
1245 733 4 9 11 745 41 1.4 355.3  1£R.9 35600 52.2 133.1 164.0 2382 g7 1244
1984 - 1 1 2 2 v 15 1.5S 7.3 93.0 v5.8 27.0 5n.1 A7.0 &9 s78 125
1985 - 3 1mn 2z 3 4 6 2.4h 825 ¥9.3 59.5 3.5 24.2 15.6 525 47 79
19%0 - 1 2 1 1 2 5 1.3¢ 4.5 17.7 17.9 3.5 2.6 - 1 25 31
1va7 - 1 1 1 - - 2.1¢ 0.7 L1 - 0.2 - - 1 ? -
1938 - 1 1 - - - - n.3s 1.1 - - - - - - - -
193y - - - - - - - 0.33 - - - - - - - - -

USSR 3ottom trawl survey, araa J, age 1

Ussx - " - - 11b, age 1

U33R - - " oI, aye 2

USSR “ - *  IIb, age 2

USSR ° " " " I, age 3

USSR " ” - " T1ih, age %
INTOGP Tnrernational N-groun survey
“4-35T1 Hnrwegiasn Sarents s2a, Bottom trawl survey, age 1
N-AST2 Norwegiasn - " ” “ " age 2
$-83T3  MNorwsjian - " . " . age 35
4=3VT1 Narwagian Svalhard aprea " o “ ace 1
4=SJTZ Norwegirn - " " - " age 2
¥=-5YT3 MNarwenqian " " " i - ages 3
¥-B3AT MNorwegian Harents sea Acoustic survey age 1 @
H=25A2 Hnrwegiean " " " " age 2
1~35A3 giurweygian o o o " ags 3



Table 3.22 North-East Arctic Cod.

FISAIP;

oo N O U

10
11
i2
15
14
15+

¢ 5=-10)u
(19-14)u

~ o v L

< o

1
11
12
13
14
15+

¢ 5-10)u
C12~1424

AIRTALITY

1967

.13C
-153
- 181
.202
<429
L8753
=339
. 825
L399
-931
-Br2
. B2
<837

2575
.32

1279

-149
. 20¢
YA
L5877
. 641
L7553
1.15%38
.9sC
1.257¢
1.351
T
1.171
T.171

71
1.101

COSFFICIENT

1968

. 024
. 207
407
467
401
.523
778
L732
.5%%
L3384
1.312
. 755
755

.552
. 755

1959

.023
.222
-431
.55
- 749
.927
1.144
.291
T.156
741
<R27
e
=279

<874
<9409

19%1

-324
.09
. 229
514
-352
1.0NAR
1.252
)
1.1N72
L 775
1.415
1.0%2
{.032

815

1.972

URNIT:

1270

.41
142
<333
.57
621
.23
2960
MU
.59
L4655
LA
. 7N7
07

-

729
7Nz

1982

N64
L2m

vear=1

1971

.21
. 103
.229
-257
.52n
. 8338
.933
772
- 534
-545
<515
629
.629

1933

.029
194
.309
A4
772
1.008
1.Mn7
. 84D
496
295
T.116
L BRY
<639

.753
. 619

SATURAL

1972

-39
=167
.298
-34d5
.316
. 670
1.133
1.23%6
1.227
.87
1.734
1.997
1.9%7

.A73
1.a77

1934

-020
2121
. 289
576
1.772
T.184
1.205
1.012
.818
.737
L3533
787
L7383

L P8y
Y

Yirtual Population Analysis from Tuning.

HORTALITY COEFFICIENT

1673

.196
.200
.353
.392
422
IV
1.0610
.73%
-590
ZGAT
L4631
LE0D
.600

-593
60N

1985

- (149
<148
359
.51
-697
1.101
1.0n2
.700
-£615
.5348
=539
L6710
L6

. 790
L6100

1974

214
496
-53¢
.57
445
LhrE
409
.92
.?PR¥
. 629
1.804
1.101
1.101

.561
T.1M

1936

.N2s
L1946
4380
.756
.735
1.213
.753
L9553
- 754
1.307
.554
.94
-P44

. 390
<44

1975

A
.21n
.522
-7M1
.703
LTNA
.614
47y
1.2N1
LE18
14421
9Ty
979

620
.279

-2N

1976

L1166
-%512
A7
.572
.696
. R8T
777
A8
.314
1.055
471
.576
576

644
576

19878

.nN2v
.18y
431
. 942
1.130
.933
.789
1.264
. %81
LR22
1.0M03
.93
.995%

.915
]

1977 197¢
134 L1466
567 . 224
-755 . 569
- 681 <847
-878 <345
.9ng <936
1.215% 1.290
. 774 .79n

.h32 1.R47
247 1.592
1.010 2. hh7
. 663 1.496
- A63 1.696

. 835 229
. 665 1.696

1929 1925-2¢

=119 -N34
142 217y
<491 -46%
- 555 . 812

1.151 1040
1.174 1.044

.28% .939
5487 1.7¢7
<7350 734
1.n00 1.716
- 750 L763
“7ER2 <9y
762 . R9G
LTET

.762

2874



Table 3.23 North-East Arctic Cod. Virtual Population Analysis from Tuning.

3TOCK SIZE IN NMUMBERS UaIT: tnousands

3I0mASS TOTALS UNIT: toanes

4LL VALUES ARE CGIVEXK FOR 1 JANUARY
1967 1968 1969 1979 1971 1972 1973 1974 1975 1976 1977 1978

3 1292652 1697446 111960 197047 404984 1015615 1818318 524996 622028 614210 347712 639572
4 1245222 1027215 155026 395382 154863 324571 799435 1223742 347149 463426 425997 243996

5 45978t 875291 433846 8951 63618 114402 224811 5356134 610066 2313935 280759 197287
6 132406 314083 4r6203 346141 49657 41439 69546 129279 256524 2956501 116939 108725
7 82631 83543 161197 227612 1460069 32034 23077 38479 63738 104132 136954 48466
8 55975 46067 48533 61137 110140 717946 19153 12392 20179 25823 42505 56904
9 21701 23371 21393 15721 21655 35549 32650 823¢ 6230 2170 8712 14029
19 4512 7609 3791 5577 69213 6971 9397 9733 4431 2760 3176 2120
11 1240 1619 3023 2672 1679 1863 1659 36728 2984 2275 1421 1162
12 557 420 735 779 1087 694 459 753 1121 735 13¢61 613
13 A20 1&3 234 236 405 516 253 194 328 405 210 871
i4 74 144 40 84 98 198 143 135 26 65 207 63
15+ 26 95 &1 75 58 65 133 111 64 132 122 67

TOTAL NO 3297235 2552458 1651462 1035664 963232 16527113 2999025 2487873 1934899 1754N28 1365975 137189%7
3PS NO #453¢€ 77576 32831 85331 130050 123993 63838 35223 35414 40367 57613 75834
FOT.RIOM 33502551 3973501 3412005 2429154 1862450 2045039 2964045 3064588 2732733 2517814 2146933 1793535
SPS BINK 456203 435671 463438 465926 676839 674924 391198 232011 2129%4 230109 312448 4010556

1979 1930 1931 1982 1933 1784 1935 1986 1987 1983 1989 1990

3 192187 140475 157945 159739 170031 382815 446536 517431 159791 148418 41799 0
4 45260 155318 111496 126238 122136 136403 307077 348189 653958 125798 118309 33571
5 163002 300813 111742 82748 84509 82353 98977 216331 234776 4450018 85269 84014
6 82953 94228 172659 72782 50359  5A731  5n4P8 56539 109917 105178 236785 42731
7 379%> 39320 41330 84546 34448 25409 23375 23136 21517 . 34526 33578 111264
5
k4
n

17045 15074 16412 14430 51329 13037 7119 7762 70846 6160 9135 a7nsg

13280 6573 5515 4619 4355 9362 3266 1938 1719 2294 1985 2554
¢ 3162 5222 2258 1555 1229 1313 2392 282 624 500 254 670
11 645 1071 1459 683 641 431 388 936 307 126 116 396
12 150 150 220 295 317 320 156 172 361 126 43 46
13 113 52 53 33 93 193 125 75 31 89 45 13
14 52 a0 5 10 &4 25 1085 57 35 10 27 1%
15+ 73 12 2 10 11 25 21 2 13 24 31 22

[OTAL NO 975265 ¥S5927%8 422096 547140 499501 7N2457 339939 1473399 1190135 868257 527775
SPS WO 39551 2¢105 26903 113107 94394 rs5220 70332 72625 143406 97ns5n 58471
[OT.BIOM 138%429 1234329 1936900 940941 763451 911330 1231204 1445957 1081623 693742 644109
SPS BIOM 228210 1488340 151170 272643 325638 280517 288185 238846 255652 183570 1327n8

144



Title :

NORTH-EAST ARCTIC COD

At 11.40.22 19 OCTOBER 1989
SEPERABLE FISHING MORTALITIES

O ~o Ul b W

1967

.020
.108
.294
.501
.662
.669
.603
.637
-428
.575
.423
464

1973

.030
.160
.438
.744
.985
.995
.896
.947
.637
.856
.629
.690

1968

.022
.119
.326
.554
.733
.740
667
.705
-474
.637
.468
.513

1980

.029
.156
.428
.728
.963
.973
.876
.926
.622
.837
.615
.674

1969

.032
.170
465
.791
.047
.058
.952
.007
676
.909
.669
.733

1981

.029
.155
424
721
.955
.965
.869
.918
.617
.829
.610
.668

1970

.027
.146
.398
.678
.897
.907
.817
.863
.580
.780
.573
.628

1982

.028
.149
.408
.695
.918
.928
.837
.884
.594
.798
.587
.544

1971

.022
2114
.312
.531
.703
.710
.639
676
-454
.610
.449
.492

1983

.025
.134
.365
.621
.822
.831
.748
.791
.531
.714
.525
.575

1972

.029
.153
.418
711
.941
.950
.856
-905
.608
.817
.601
.658

1984

.029
.152
.416
.708
.936
.946
.852
.901
.605
.813
.598
.655

1973

.027
.141
.386
.656
.868
.877
.790
.835
.561
.754
.555
.608

1985

.027
.145
.398
.676
.895
.904
.814
.861
.578
777
.572
.626

o

e

1974

.031
.164
.448
.763
.009
.020
.918
.971
.652
.877
.645
. 706

1986

.033
.173
474
.807
.067
.079
971
.027
.690
.927
.682
747

e

=

1975

.032
172
-471
.801
061
.072
.965
.020
.686
.921
.678
.742

1987

.036
.1%0
.521
.885
172
.184
.066
.127
757
.018
.748
.820

e

1976

.029
.156
.428
.728
.963
973
.876
.926
.622
.837
.615
674

1988

.033
-174
-475
.808
.069
.080
.973
.028
691
.929
.683
.748

N

1977

.035
.184
.503
.855
L132
.144
.030
.089
.732
.983
.723
.792

1989

.027
.146
.399
.679
.898
.907
.817
.864
.580
.780
574
629

P =

1978

.043
.230
.629
.070
-416
.431
.289
.362
.915
.230
.905
.991

9%



Table 3.25

Title :

(cont'd)

NORTH-EAST ARCTIC COD

At 11.40.22 19 OCTOBER 1989
SEPERABLE POPULATION NUMBERS Units: thousands

1967

1367922
1290492
509914
153967
91123
52495
17905
4206
1120
534

513

118

1879

216985
407640
117923
81762
71338
36695
10404
2235
339
107

28

19

1968

283130
1097486
948783
311052
76415
38469
22008
8023
1821
598
246
275

1980

138746
172376
284394
62325
31797
21810
11103
3476
710
147

37

12

1968

213822
226667
797712
560952
146384
30068
15021
9251
3247
929
259
128

1981

160873
1102986
120692
151792
24646
9938
6748
3785
1127
312

52

15

1970 1971 1972 1973

310743 526081 1117838 1797894
169544 247522 421555 889238
156564 119979 180793 296234
410247 86031 71889 97461
208246 170460 41417 28913
42083 69492 69120 13238
8550 13912 27972 21876
4745 3093 6010 9731
2768 1639 1288 1991
1351 1269 852 574
306 507 564 308
109 141 265 253

1982 1983 1984 1985

185813 193474 383160 453386
127920 147910 154468 304843
77332 90202 105962 108622
64661 42082 51257 57228
60410 26426 18513 20681
7769 19723 9510 5942
3101 2512 7037 3023
2318 1100 973 2457
1237 784 408 324
498 559 377 183
111 183 224 137

23 51 89 101

1974

1817221
1433390
632265
164904
41399
9934
4507
8128
3456
930

221

145

1986

736280
361172
215814
59756
23825
6919
1969
10%86
851
148

69

63

1975

924569
1442570
996125
330623
62978
12356
2934
1473
2521
1474
317

95

1987

178258
583441
248627
109966
21837
6708
1926
610
321
349

48

28

1976

345949
732799
994158
509116
121450
17854
3464
918
435
1040
480
132

1988

134896
140805
394894
120955
37143
5540
1681
543
162
123
103

19

1977

229225
275013
513084
530626
201331
37960
5524
1181
297
191
369
213

1989

29332
106889
96904
201074
44149
10441
1540
520
159
66

40

43

1978

519944
181284
187345
254060
184696
53150
9903
1615
326
117

59

147

Ly



Table 3.28 Virtual Population Analysis.

NORTH-EAST ARCTIC COD
CATCH IN NUMBERS UNIT: thousands

1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978

3 34457 3709 2307 7164 7754 35536 294262 91855 45282 85337 39594 78822
4 160048 174585 24545 10792 13739 45431 131493 437377 59798 114341 168603 45400
5 69235 267961 238511 25813 11831 26832 61000 203772 226646 79993 136335 88495
6 22061 107051 181239 137829 9527 12083 20569 47006 118567 118236 52925 56823
7 26295 26701 79363 96420 55290 7918 7248 12630 29522 47872 61821 25407
8 25139 16399 26989 31920 52003 34885 8328 4370 9353 13962 23338 31821
9§ 11323 11597 13483 8933 12093 22315 19130 2523 2617 4051 5659 9408
10 2329 3657 5092 3249 2434 4572 4499 5607 1555 936 1521 1227
11 687 657 1913 1232 762 1215 677 2127 1928 558 610 913
12 316 122 414 260 418 353 195 322 575 442 271 446

13 225 124 121 106 149 315 81 151 231 139 122 748
14 40 70 23 39 42 121 59 83 15 26 92 48
15+ 14 46 46 35 25 40 55 62 37 53 54 51

TOTAL 352179 612679 574026 323792 170067 191622 547596 807885 496126 465946 490951 339609

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

3 8600 3911 3407 8948 3108 7027 19282 16942 5570 3550 721
4 77484 17086 9456 20933 19594 14165 38322 55859 100391 19584 14258
5 43677 81986 20803 19345 20473 18839 27216 75486 97318 142218 30224
6 - 31943 40061 63433 28084 17656 20350 20342 27772 62371 59058 92282
7 16815 17664 21788 42496 17004 15415 13588 13337 12901 21571 21184
8 8274 7442 9933 8395 18329 8359 4385 4587 3942 3438 5548
9 10974 3508 4267 2878 2545 6054 1904 1082 1021 1149 1072
10 1785 3196 1311 708 646 764 1062 559 435 332 338

11 427 678 882 271 229 221 163 455 140 68 55
12 103 79 109 260 74 153 59 124 233 65 25
13 59 24 37 27 58 56 51 29 17 52 22
14 38 26 3 5 20 12 45 32 21 6 13
15+ 45 8 1 5 5 12 38 1 8 14 15

TOTAL 200224 175669 135440 132355 99741 91427 126457 196265 284368 251205 165757

34



Table 3.29 Virtual Population Analysis.

NORTH-EAST ARCTIC COD

FISHING MORTALITY COEFFICIENT

15+

( 5-10)U
(10-14)u

15+

{ 5-100U
(10-14)U

1967

.030
.153
.181
.202
.429
.673
.839
.825
.899
.931
.875
.880
.880

.525
.882

1979

.049
.208
.348
.547
.659
.754
1.053
.950
1.257
1.351
.843
1.100
1.100

.718
1.100

1968

.024
.207
.409
467
.401
.523
.778
.732
.586
.384
1.320
.760
. 760

.552
. 756

1980

.031
129
.355
624
.674
. 701
.871
1.089
1.315
.848
1.661
1.230
1.230

.719
1.228

1969

.023
.222
.481
.538
.763
.927
.144
.991
.156
.941
.828
.980
.980

e

.808
.979

1981

.024
.098
.229
.514
.852
1.068
1.224
1.002
1.092
.775
1.412
1.070
1.070

.815
1.070

UNIT: Year-1
1970 1971
.041 .021
.142 .103
.383 .229
.571 .237
.621 .520
.839 .833
.960 .934

1.001 772
.699 .684
.455 .545
.676 .516
.710 .630
710 .630
.729 .587
.708 .629
1982 1983
.064 .020
.201 .196
.296 .309
.548 .483
.792 771
.996 .006

1.123 .001
.675 .847
577 481

1.243 .303
440 117
.730 .690
L 730 .690
.738 L736
.733 688

NATURAL MORTALITY COEFFICIENT =

1972

.039
.167
.298
.385
.316
.670
.133
.236
.222
.807
.084
.090
.0%0

e e

s

.673
1.088

1984

.020
.122
.292
.575

- 1.089
1.183
1.196
.996
.815
.697
.395
.740
.740

.885
.729

g

1873

.196
.200
.353
.392
.422
.644
.010
.738
.591
.642
L431
.600
.600

.593
.600

1985

.047
.146
.360
.590
.991
.091
.000
.689
.594
.531
.530
.642
.642

.787
.597

1974

.214
.496
.537
.507
.445
.488
.409
.982
.988
.630
1.806
1.100
1.100

.561
1.101

1986

.025
.186
.473
771
1.020
1.192
.911
.959
.731
1.368
546
.763
.763

.888
.873

1

1

P T

e

1975

.084
.210
.522
.701
.703
.704
.614
.478
.201
.816
LA425
.980
.980

.620
.980

1987

.035
.201
.564
.932
.067
.021
.983
.295
.682
.108
.684
.015
.015

977
.957

SR

.20

1976

.166
312
.478
.572
.696
.887
777
.464
.314
.056
.470
.580
.580

.646
577

1988

.029
.166
.485
.820
.048
.971
.001
.088
716
.805
.810
.552
.552

.902
.794

1977

.134
.567
.753
.681
.678
.908
.213
774
.632
.247
.000
.660
.660

.835
.663

1989

.004
.157
410
.680
.814
.875
.979
.965
514
.635
.718
.483
.483

.787
663

1978

.146
.224
.669
.846
.845
.936
1.290
.990
.847
.502
.447
.700
.700

N el

.929
1.697

0s



Table 3,32 North-East Arctic Cod.
Stock size and catch predictions. Weights are in ‘000 t.

1990 1391 1992 1993 1994 1995 1996
Stock Spawn. Stock Spawn. Stock Spawn. Stock Spawn. Stock Spawn. Stock Spawn. Stock Spawn.
biom. stock biom. stock biom. stock - biom. stock biom. stock biom. stock biom. Stock

(3+) biom. F 5-10 Catch (3+) biom. Catch (3+) biom. Catch (3+) biom. Catch (3+)

biom. Catch (3+) biom. Catch (3+) biom.

596 147 Fo 1 0.15 73 748 233
Frax 0-24 111 707 212 135 847 291 160 1,006 372 191 1,173 435 216 1,353 515 254 1,508 593
Flow 0.32 143 673 194
Fmed 0.46 194 621 168 198 679 188 210 761 207 230 857 215 251 964 236 289 1,050 264
Fhign™
F89 0.78 288 524 120 236 526 103 222 572 96 229 643 90 251 720 96 289 772 109
Recruitment: 171 mill. (est) 222 mill. (est) 273 mill. (est) 330 mill. 330 mill. 330 mill. 330 mill.
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Table 4.18 Virtual Population Analysis from Tuning.

N0 TH=EAST ARCTIC HADDOCK

FISAING MORTALITY COEFFICIENT UNIT: Year-1 NATURAL MOKTALTTY COEFFICTENT = .20
1967 1965 1969 19790 1971 1972 1973 1974 1975 1976 1977 1978
3 .062 .037 L1092 168 023 .286 .336 .222 .253 .323 . 768 364
4 . 305 D LThE .23% .269 385 L6n1 L343 576 .651  1.282 844
5 L4625 -565 L5933 .205 218 1.063 .949 S421 .513 L6116 .945 L&95
s 436 463 .556 510 S147 963 469 .638 447 708 504 455
7 504 .662 L4064 L4621 L4611 .303 .579. .5a1 . 800 .638 L696
3 555 .646 423 410 343 620 179 590 339 645 .535 453
Y 347 <459 AR .305 2301 .560 .305 L4629 .213 .762 .325 . 655
10 234 .54/ 41y .333 .261 621 .2n3 L7438 .15n .921 .516 .28
11 537 251 .237 L40% .282 L4621 S189 .667 .407 L5642 2.299 791
12 .915  1.021 . 169 .221 .653 .856 - .250 .450 .203  1.544 .385 L434
13 .521 .572 L3117 .317 L3764 L614 .237 L6235 L2453 .942 . 881 .562
1%+ .521 .572 .311 317 374 .14 .237 623 .23 L942 .9R1 .542
¢ 4= 7U 432 L518  L405 .357 .255 .705 .580 495 .513 . 694 . 842 673
€ 3-150 .521 .572 L3711 .317 374 .614 .237 .623 L243 L9472 . #E1 .542
1979 1980 1931 1982 1983 1934 1935 1936 1987 1988 1989 1985-2¢
3 .156 038 101 .125 193 T 130 .056 .059 .43 .4n0 .73
% 810 L312 211 .275 L3737 .319 -431 275 L1837 .252 .3n2
5 973 <694 -562 L4T5 477 .343 .439 -514 821 .55 L4=n .5n7
6 L966 . 826 .912 L708 359 .301 . 555 .620 642 .856 .262 . 459
7 528 432 790 597 415 348 579 577 .858  1.727 617 .21n
3 .534 L746 .557 L6735 .423 .562 L5458 .573 L4186 .529 .974 515
y 503 451 L5746 547 .197 437 .766 .528 . 664 L198 540 539
0 .561 L6135 .247 630 .576 440 L8y .732 421 . 289 .71 L7153
11 578 724 .519 .562 <495 1.019 .655 .531 .649  1.nns L7140 .79
12 AT . 875 L8260 1.577 L2461 2.756 L5720 10519 1076 10539 1,170 1,176
13 .58z <665 . 541 .858 .377  1.158 L7011 .827 .2 .907 783 784
T4+ 582 . 655 . 541 L8534 .377  1.15%8 .7 L9827 .702 .907 L7983 724
C 4= oy .744 566 -61y 515 .22 561 L6758 .556 by 631 .43

( /=13 532 - 665 . 542 . 831 <377 1.158 .70 . 827 .7N2 -9n7 783

0L



Table 4.19 Virtual Population Analysys from Tuning.
NOR[H-EAST ARCTIC HADDOCK

STOCK SIZE IN NUMBERS UNIT: thousands

3TOMASS TOTALS UNIT: tonnes

ALL VALUES ARE GIVEN FOR 1 JANUARY

1967 1968 1969 1970
3 290493 19889 17203 163919
4 172976 223471 15690 12714 1
S 42772 104436 122275 11077
6 72075 22904 48574 60225
v 24545 35952 11807 228n2
8 4149 12145 15492 6427
9 816 1949 5212 3267
10 732 472 1009 2810
11 408 483 224 543
12 13¢& 195 304 144
13 73 45 58 2103
14+ 19 43 g 77

1971

95474
13483
8243
7386
29616
11546
3491
4990
1649
296
95

14

TOTAL NO A09246 421987 287856 289215 276271

SPS WO B45 BT Y4063 87039 73518

TOT.BIOM 712290 641935 474820 4270112 3
SPS BIOM 20303z 227430 220143 208596 1

1979 1980 1981 1982

3 133359 138746 . 5549 3265
4 96602 93791 14782 4105
5 185x¢ 474 RN 56231 2797
] 250¢ 5753 19411 26237
4 2164 781 2062 6385
3 1444 1044 415 766
9 47157 694 405 195
10 5884 2008 362 187
11 451 2750 891 231
12 191 207 1092 434
15 5 79 71 331
T4+ 131 34 119 65

TOTAL NO 265379 173366 1913¢9 57057
3PS kD] 24471 261490 57311 42951
107T.B8I0M 2R3854 241873 132040  11959N
SPS 8Iuuk /17957 65516 123672 10283/

59387

81976
773567

1983

4411
5971
2552
4999
10585
2873
320
92
32
108
73
318

32539
26937
71225
569 64

1972

n17574
76380
71016
5616
5220
15915
6708
2115
3148
mie
126
100

1204926
56532
1018362
165025

1984

51561
2978
3158
1297
2859
5722
1544
215
42
41
69
292

243578
12604
53117
39262

1973

269592
526132
42567
20090
1756
2833
o0y
3138
931
1691
354

68

976160
69255
1020596
148061

1985

267291
4633
1683
1835

786
1653
L2671
816
114
13

2

123

281619
14916
159371
32105

1974

53573
157659
281135

134 R8

10289

1062
1939
4227
2097

631
1078

337

527565
1mnn108

818171
222296

1986

518664
192204
2757
RRE
362
361
736
1017
278

438

6

14

117994
47780
358953
57176

1975

48486
35146
91624
151174
5835
4721
527
1034
1638
321
270
468

341805
117533
651414
287317

1987

75845
401546
102231

1350
391
396
166
3732
400
143
g

41

582899
28126
317259
31725

1976

55625
30669
16169
446380
79195
28545
2755
349
729
892
589
&2

2364601
106828
466283
299925

1988

17373
58552
249362
36811
582
136
214
n
204
171
40

2n

363535
104257
350478
123627

1977

113788
32974
13091

7150
18919
29138

1231

1052

114
347
156
182

217242

55944
312822
171291

1989

3136
13551
39762

158277
12801
140

66

144

24

61

30

64

228054
107578
21640
111984

1978

169874
43238
7492
4164
3538
7798
13969
728
514

9

193
170

251687

32430
276581
105438

1990

1721
8624
20154
997N0
5657
43

31

58

16
35

LL



Table 4.24 Virtual Population Analysis.

NORTH-EAST ARCTIC HADDOCK

CATCH IN NUMBERS

WO B W

10
12
13
14+

TOTAL

1967

15918
41373
13505
25736
8878
1617
218
176
155
76

27

7

107686

1979

17540
35290
10645
1429
812
546
1466
2310
181
87

5

53
70361

UNIT:

1968

657
67632
41267

7748
15599
5292

655

182

101

115

18
19

139285

1980

627
22878
21794

2971

250

504

230

842

1299
111
35
15

51556

thousands
1968 1970
1520 23004
1963 2408
44526 1870
18956 21995
3611 7948
4925 1974
1624 1978
315 726
43 166
43 26
14 52
2 19
77542 62166
1981 1982
486 883
2561 360
22124 3372
10685 12203
1034 2625
162 344
162 75
72 80
330 91
564 320
27 204
42 34
38249 21131

1971

1979
24359
1258
918
9279
3056
826
1043
369
130
27

43248

1983

704
1930
884
1374
3282
906
52
37
29
21
21
91

9331

1972

230229
22246
42849

3196
1606
6736
2630
896
988
538
53
42

312009

1973 1974

70204 9684
258773 41701
24018 88111

6872 5827
418 4138
422 382

1680 617
525 2043
146 935
340 276

68 458
13 143

363479 154315

1985 1986
29548 25596
1153 61470
546 1013
715 376
316 346
634 144
1312 295
416 484
50 112
N5 35
1 3

57 7

34753 89881

1975

10037
14089
33871
49712
2135
1238
92
131
500
147
53

92

112085

1987

3928
88297
52611

586
207
123
74
118
175
87
4
19

146230

1976

13989
13449
6808
20789
40044
1247
1349
193
279
652
331
46

99176

1988

746
9079
51009
19464
380
51

35

38
119
125
22

11

81079

1977

55957
22043
7368
2586
7781
11043
311
388
96
101
84

98

107866

1989

943
2746
13837
33229
5394
80

25

67

11

39

15

32

56418

1978

47311
18812
4076
1389
1626
2596
6215
162
258

74
65

82587

SL



Table 4.25 Virtual Population Analys. From Separable VPA,
MORTH-EAST ARCTIC HADDOCK

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

1967 1968 1969 1870 1971 1972 1973 1974 1975

3 .062 .037 .102 .168 .023 .286 .336 .222 .258
4 .305 L403 .148 .233 .269 .385 .601 .343 .576
5 -424 565 .508 205 .184  1.063 .949 421 .518
6 .495 L462 .556 .510 -147 .963 .469 .638 .446
7 .504 .642 .408 -480 421 .411 .303 .578 .511
8 .555 .647 .428 410 .343 .620 .179 .500 .339
9 .346 .458 .419 .304 .300 .559 .305 -428 .213
10 .285 .545 .418 .334 . 260 .618 .203 .748 .150
11 .537 .263 .236 407 .283 .420 .188 666 .407
12 .914  1.020 .170 .219 .650 .862 .249 .644 .202
13 520 ..570 310 .320 .370 .610 .240 -620 .240
14+ .520 .570 .310 .320 .370 .610 .240 .620 . 240

(4- 70 432 .518 405 .357 .255 .705 .580 .495 .513
{ 9-13)u .520 .571 .311 .317 .373 .614 .237 621 .243

1979 1980 1981 1982 1983 1984 1985 1986 1987

3 .155 .037 .100 .126 .190 .080 .122 .073 .060
4 .510 311 .210 2271 -443 .363 .296 .399 .381
5 .972 .694 .560 .468 . 466 .349 426 -460 .712
|33 .965 .825 .909 .703 .353 .291 572 .591 2531
7 .528 .431 .787 .593 .410 .339 .549 .608 .776
8 .534 . 746 .555 .668 .419 .551 .524 .524 .453
g -503 451 .574 .544 .195 .430 .737 .497 .565
10 .560 .613 .247 .629 571 .434 .786 677 .382
11 .578 .722 .520 .563 .492 .997 .640 .502 .559
12 .690 .874 .823 1.583 .241 .698 546 1.417 .953
13 .580 .670 .540 .830 .380 .160 .661 .757 .583
14+ .580 .670 .540 .830 .380 L160 661 .757 .583

[

(4= U 744 .565 617 .508 .418 .336 .461 .514 .600
( 9-13)U .582 666 .541 .830 L3760 1.144 .674 .770 .609

.20

1976

.323
.651
.516
.708
.800
.645
.763
.920
.541
.544
.940
.940

.694
.942

1988

.051
.193
.396
.634
.804
.438
.223
.646
+832
.046
-682
.682

.507
L5686

1977

.768
.282
.945
.504
.638
.535
.325
517
.298
.384
.880
.880

.842
.881

1989

.080
269
.502
.487
.358
.385
-400
.862
.389
.735
.320
.320

.404
.541

1978

364
.644
.895
.455
.696
454
664
.280
.792
.433
.540
.540

672
.542

1985-88

077
.317
.498
.582
.684
.485
.506
.623
.633
.991
671
671

"9L



Tabie54;26 Virtual Population Analysis. From Separable VPA.

NORTH-EAST ARCTIC HADDOCK

STOCK SIZE IN NUMBERS

UNIT: tonnes

UNIT: thousands

A4LL VALUES ARE GIVEN FOR 1 JANUARY
1967 1968 1969 1970

3 290491 19893 17203 153914
4 172982 223469 15694 12714
5 42789 104441 122274 11080
6 72082 22918 48578 60224
7 24532 35966 11818 22805
8 4151 12132 15504 6436
9 818 1951 5203 8276
10 779 474 1010 2803
11 408 480 225 544
12 138 188 302 146
13 73 45 58 208
14+ 19 48 8 76

TOTAL NO 609271 422012 237876 289228
SPS  NO 84583 94073 87053 73532
TOT.BIOM 712328 641981 474866 420148
SPS BIOM 203027 227448 220197 208629

1979 1980 1981 1982

3 134098 18874 5620 8193
4 96659 93987 14887 4163
5 18593 47526 56390 9883
6 2507 5758 19447 26367
7 2164 782 2067 6413
8 1444 1045 416 770
9 4055 693 406 196
10 5888 2007 361 187
11 451 2754 890 231
12 190 207 1095 433
13 5 78 71 394
14+ 132 34 110 66

TOTAL NO 266187 173745 101759 57294
SPS  NO 2447% 26187 57462 43195
TOT.BIOM 284082 242275 190203 120181
SPS BIOW 71727 65568 123966 103428

1971

95473
113479
8243
7388
29606
11549
3498
4998
1643
297
96

14

276284

59402
382028
177420

1983

4471
5912
2599
5069
10691
2902
323
93

82
108

316

32638
27153
71828
67552

1972

1017593
76380
71003

5616
5272
15915
6710
2122
3154
1013
127
100

1204955
56544
1018420
165074

1984

6538
3027
3109
1335
2916
5808
1563
218
43
41
63
292

24960
12789
53956
39791

1973

265590
626147
42567
20089
1756
2834
7008
3140
936
1696
350

67

976180
69264
1020645
148098

1985

282892
4942
1723
1795

817
1700
2741

832

115

13
2
129

297702
15419
167541
32867

1974

53573
157657
281187

13489

10288

1082
1841
4227
2098

635
1083

338

527587
100122
818269
222380

1938

401744
204875
3009
921
830
386
824
1074
310

50

6

14

614144
50860
337018
60531

1975

48488
35146
81622
151184
5835
4720
527
1035
1638
882
273
474

341826
117548
651517
287410

1987

73754
305826
112657

1558
418
370
187
411
447
154

10
47

495836
29584
281544
34122

1876

55630
30670
16169
44678
79204
2865
2754
349
730
893
590
82

234613
106836
466318
299956

1988

16442
56840
171130
45264
749
157
193
§7
229
209
49

24

291373

82960
296215
109835

1977

113797
32977
13091

7150
18017
29145

1231

1052

114
348
156
182

217260

55950
312855
171315

1989

13580
12788
38351
94332
19660
274
83
126
37

82

60
128

179513
81603
163562
89163

1978

169945
43246
7494
4165
3537
7796
13975
729
514

9

194
170

251773

32436
276663
105463

1990

10268
8001
19012
47457
11252
153
46

44

21

32
112

LL



Table 4.28 North-East Arctic Haddock.
Stock size and catch predictions. Weights are in '000 t.

1990 1991 1992 1993 1994 1995 1996
Stock Spawn. Stock Spawn. Stock Spawn. Stock Spawn. Stock Spawn. Stock Spawn. Stock Spawn.
biom. stock biom. stock biom. stock biom. stock biom. stock biom. stock biom. Stock

(3+) Dbiom. F 5-10 Catch (3+) biom. Catch (3+) biom. Catch (3+) biom. Catch (3+) biom. Catch (3+) biom. Catch (3+) biom.

104 84 F, 1 0.13 14 93 80 11 85 72 9 86 65 10 91 58 11 98 56 13 110 62

Fled 0.35 35 73 61 21 57 44 15 53 33 14 55 25 14 61" 23 17 68 25
Fgq 0.40 39 70 58 22 52 40 16 48 28 14 51 21 14 56 19 18 63 21
Recruitment: 9 mill. (est) 10 mill. (est) 15 mill. (est) 45 mill. 45 mill. 45 mill. 45 mill.

6L



Table 5.7

Title : NORTH-EAST ARCTIC SAITHE
4t 10.05.08 25 SEFTEmMBER 1989
from 78 to 88 on ages 2 to 14

88 iterations

with Terminal F of .363 on age 4 and Terminal § of ,500
nitial sum of squared residuals was 85.723 and
final sum of squared residuals is 39.420 after
Matrix of Residuals
Years 78/79  79/80  80/81 8L/B2  82/83 83/84
foes
2/ 3 .834 L9377 -.381 ~.075 1.284 L1585
3/ 4 L437 .398 .344 -.018 .282  -.616
4/ 5 -, 347 L105  -.458  -.453 -.076 L046
5/ 6 .109 .54 .028 077 L7131 518
6/ 7 -.595  ~-.530 ~.100 .229 L1958 .374
708 -.477 .064 -.412  ~.164  -,79% -.018
3/ 9 -.556  1.200 440 L6170 -0173 .216
9/10 .034 .074 -1.354 -,387 076 -.090
10/11 L6813 -.307 527 .293  ~.121 -.678
11/12 ~.074 -1.135 L2200 -1 -.7740 -,291
12/13 L7783 -.354 L5386 -.478 -.829 -.264
13/14 L1660 ~,259 .926 L3080 -.131 172
.000 .00 .000 .000 .000 .000
HTs L001 .001 .001 1.000  1.00D  1.000
fishing Mortalities (F)
78
F-values 6755
79 80 81 82 83 84
F-values L6051 L6429 UB7BE 4905 L4878 L5715
Selection-at-age (S)
2 3 4
S-values L1153 L6058 1.0000
5 6 7 8 9 10
S-values L9170 L8787 (7140 L6106 L5043 L4529

84/85

-.229
.339
.430

-.195

-.049

-.640

-.302
.553
.009

-.489
.210

~-.311

.000
1.000

85
L4113

11
4802

85/86

-1.132
1.174
-.141
-.289
~.252

L205
.019
.002
-.438
542
1.340
-.051

.000

1.000

12

L3417

85/87

-.176
~.526
.629
.273
-.260
.89%
.403
014
.457
-.714
-1.025
-.832

.coo

1.000

13
.3088

87/88

171
-1.048
-.435
-1.093
-.237
.521
-.781
-.166
476
.841
.045
.845

s

.000

1.000

83
L3620

14
.5000

.0oc
.000
.0no
.0on
.000
000
.000
.000
.000
.00
.000
.000

WTS

445
458
L8471
L5486
.ona
602
-540
.648
.700
.368
394
L601

98



Table 5.8 Virtual Population Analysis.

HORTH-EAST #RCTIC SAITHE

CATCH IN NUMBERS

15+

TOTAL

1711
45758
48969
27685
12476

4534

1468

1848

938
976
655
681
284
231
299

148513

UNIT:

1979

907
28334
61963
23328
14122

4400
2901

363
1358

438

305

281

168

222

216

139904

thousands
1980 1981
486 127
18226 10467
40796 83954
36644 21822
9211 21528
6379 3619
3200 2550
1338 2008
147 369
730 279
411 252
454 89
257 144
239 95
263 49

118786 147352

1982

137
17225
34733
65052
13080

8212
1054
1251

461

263

120

112

76
97
43

141896

1983

484
11638
17244
23768
32700

3226
3008
1177

760

247

204

123

161

94

178

95012

1984

24
14624
41466
33233
12064
11204
1135
1772
550
557
387
150
117
170

73

117536

1985

2216
48917
11974

7189

5279

3740

775
878
134
274
214

55
126

32

81803

1986
0
3311
22115
12895
5062
4525
2805
1399
351
454
128
67

31

56

3

54202

1987

65
3867
17869
49829
4339
3118
3430
755
520
257
253
158
148
a8
140

85006

1988

0
4911
10570
43615
33834
6110
1636
956
7565
382
g9

17

31

62

Q

102988

L8



Table 5.8 Virtual Population Analysis.

HORTH-EAST #RCTIC SAITHE

CATCH IN NUMBERS

15+

TOTAL

1711
45758
48969
27685
12476

4534

1468

1848

938
976
655
681
284
231
299

148513

UNIT:

1979

907
28334
61963
23328
14122

4400
2901

363
1358

438

305

281

168

222

216

139904

thousands
1980 1981
486 127
18226 10467
40796 83954
36644 21822
9211 21528
6379 3619
3200 2550
1338 2008
147 369
730 279
411 252
454 89
257 144
239 95
263 49

118786 147352

1982

137
17225
34733
65052
13080

8212
1054
1251

461

263

120

112

76
97
43

141896

1983

484
11638
17244
23768
32700

3226
3008
1177

760

247

204

123

161

94

178

95012

1984

24
14624
41466
33233
12064
11204
1135
1772
550
557
387
150
117
170

73

117536

1985

2216
48917
11974

7189

5279

3740

775
878
134
274
214

55
126

32

81803

1986
0
3311
22115
12895
5062
4525
2805
1399
351
454
128
67

31

56

3

54202

1987

65
3867
17869
49829
4339
3118
3430
755
520
257
253
158
148
a8
140

85006

1988

0
4911
10570
43615
33834
6110
1636
956
7565
382
g9

17

31

62

Q

102988

L8



Table 5.9 Sum of Products Check.

HORTH-EAST ARCTIC SAITHE

CATEGORY: TOTAL

MEAN WEIGHT AT AGE IN THE CATCH

WO €O ~EON UT By N

o e
N O

S
=W
WD~ SNONUT s S WP
oy
ot
o

15+ .500

1979

.250

.340

.710
1.110
1.630
2.330
3.160
4,030
4.870
5.630
6.440
7.110
7.820
8.920
9.500

ONGUE RN WNN B

1980

.180
.450
.790
.270
.030
.550
.290
L340
.150
.750
.110
.840
.640
.730
-470

SENONYVOYON U B W NN

UNIT: kilogram

1981

.290
.430
.730
.400
.050
.760
.300
.380
.950
.390
610
.880
.750
.130
.660

NaWe VLN NENEN N NI NOE SESE S

1982

.360
.510
770
.120
.020
.610
.270
.910
.590
.630
.180
.210
.000
.030
.440

—

OO~ UTE BN

1983

.180
.600
.050
.330
L8860
.800
.000
.180
.330
.680
.310
.680
.540
.570
.370

1964

.180

.530

L7110
1.260
2.020
2.700
3.880
4.470
5.360
6.060
5.280
6.890
8.200
9.140

6.470 13.720 1

1985

.180
.380
.750
.330
.070
.630
280
.960
.540
.550
.880
.140
6.080
9,660

DA UT AR WWNN P

1
1
2
2
3
4.
4
5
6
8
7
0

1986

.180
.320
.590
.220
.970
.300
.870
.720
300
.690
.840
.390
.110
.550
.080

OO W~ OV UT UT B NN

1987

.180
.340
.530
.840
.660
.320
.970
.000
.720
.440
L790
.280
.020
.360
.480

O W OTUT O e

e
O

12

1988

.180
.340
.630
.840
.260
.310
.930
.270
.750
440
.070
.810

1.800

.520
.00

88



Table 5.10 Virtual Population Analysis.

HNORTH-EAST ARCTIC SATTHE

FISHING mORTALITY COEFFICIENT

OO~ OY O B DN B

e
N O

13

1978

009
L193
.588
489
L478
. 386
.276
.275
L314
L343
.378
364
.230
.337
.337

1978

.00z
.203
LA32
627
499
.307
. 458
.294
.333
L2368
L171
.278
.142
.283
.283

N
Ly
[=3]

UnITs:

1981

.001
.074
. 388
.549
L611
.430
.318
445
.180
.172
.16l
.124
.220
.286

54
L2868

L457

Year-1

1962

001
L131
.369
.593
L762
.500
.213
.254
L172
.188
.104
.100
.148
L2268

.226

.448

HATURAL MORTALITY COEFFICIENT

1884

.000
L 107
L6331
L6560
.458
.532
.259
.350
.325
.280
.310
L2485
.204
.342
.342

.481

1985

.000
.008
.68
.373
.285
.372
.338
. 284
.292
.120
216
.282
L134
.352
.352

.377

1986

000
.020
122
.317
.328
.293
.346
.204
.200
242
.160
.075
. 060
.198
L1986

. 268

= .20

1987

000
.054
143
.438
167
.280
. 386
.147
L1310
.221
.208
303
.235
.270
.270

.260

68



Table 5.11 Virtual Population Analysis.

NORTH-EAST ARCTIC SAITHE

STOCK SIZE IN NUMBERS UNIT: thousands

BIOMASS TOTALS UNIT: tonnes

ALL VALUES ARE GIVEN FOR L JANUARY
1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

209410 452516 198938 188455 160222 194958 319989 224586 99166 160866 Q 0
286748 169905 369670 162437 154179 131055 159181 261971 183876 81180 131647 0
120304 193567 113598 286211 123549 110705 96804 117139 212482 147555 62983 103350
78339 54689 102905 56456 158978 69969 75108 42187 52158 154029 104704 42050
35950 39332 23920 51420 26688 71963 35980 31798 23790 31117 81421 46718
15538 18252 19550 11338 22847 10200 29716 18643 19571 14031 21568 36402

6683 8652 10988 10286 6037 11349 5457 14297 10524 11956 8684 12173

8441 4151 4483 6125 6130 3994 6590 3447 8346 6097 6656 5638

3822 5249 2533 2469 3214 3894 2214 3804 2125 5573 4311 4588
10 3684 2286 3080 1941 1689 2216 2504 1309 2325 1424 4004 2841
11 2279 2140 1478 1865 1338 1146 1592 1549 951 1495 935 2934
12 2449 1278 1477 841 1300 987 755 955 1022 663 996 676
13 1520 1394 794 802 608 963 698 483 590 776 401 300
14 886 989 990 419 527 429 644 466 346 455 502 300
15+ 1147 962 1110 216 234 813 276 118 19 550 0 355

W~ U W N

TOTAL NO 777201 955364 855514 781283 667540 614647 737517 722753 617291 617877 428813
3PS NO 46450 45354 46483 36304 43825 35992 50445 45071 45818 43121 48058
TOT.BIOM 574289 609910 648599 665221 621012 618167 564507 513802 458527 469890 467915
SPS BIOM 193471 176765 177450 147338 157603 161280 186494 162141 145973 154087 192934

06



Table 5.12

\7>t of input variables For the ICES prediction program.

NORVH-EAST ARCTIC SAITHE
The reference F is thz mean F for the age group range from 3 to

The number of recruits per year s as follows:

Year Recruitment
1989 200000.0
1990 200000.0
1991 200000.0

Pata are printed in the following units:

pumber of fish: thousands
Weight Ly age group in the catch: kilogram
by age group in the stock: kilogranm
. biomass: Lonnes
zights tonnes

1989

D T T B —4—~ e Fem e -
! ¢ 1989 ! fishing! natural! maturity! weight in! weight in! weight in! weight in: weight i aht in!
| age) ;Louk size| pattern| mortality! ogive| the catch} the stock| the catch] { the catch)] the stock}
R e bomm Fom ey S e e o D et o + ————————————— Famo s e b
Y muouu.o: .00/ 20! .00! L2201 220! 720!
j 2 163746.0} .05} .20, .00 L4420 L2010 LA20)
) 3! 103350.0} .28 .20} .00, L5300 . 730} L 730
B 4 42050.0} 46 .20} .00} 1.000} 1 . 1.170% 1.170%
; 51 45718.0) .43, .20 .00} 1.260] 1 1 1.500; 1.500]
H LY 36402.01 A1 .20} 1.00] 1.750] 1 1.7 2.080} 2.080]}
: 7 12173.0 .33 L2010 1.00} 3.400] 3 2,581 2.580) 2,580}
H 31 5638.01 .28} .20 1.00; 4,230] 4 4,23 3,410} 3.410;
Y 4588.0! .23 .20 .00 5.070] 5 5.0 5.070! 5.070!
1104 2841.0} 240 20, 1.00} 5.6301 5 5.63 5.630} 5.530;
e 2934.,0] .22 W20} 1.00) 6.550! 6 3 6.6 6.650) 6.650]
S 576.0} L1864 20} 1.00} 7.330] ? 7.3 7.330] 7.330

Vi3 800.0] 41 20, 1.00} 7.790] 7 7.7 7.7901 7,790
V14 300.0; 23} 201 1.00} 8.560} 3 3.5 8.560} 8.560}
P15+ 355.01 23] 204 1.00} 9,720} 9 9.7 9.720] Q.720)
------- e e T T T B e e S it R Rttt S

L6



92

Table 5.13 North-East Arctic SAITHE.
Effects of different levels of fishing mortality on catch, stock biomass
and spawning stock biomass.

1989 1990 1991
Spawn, Spawn, Spawn.
Stock stock Stock stock stock stock

Factor Ref.F biom. biom. Catch Option Ref.F biom. biom. Catch biom. biom.

1.3 0.46 484 205 120 Fo 1 0.17 475 182 48 563 190
=TAC Fléw 0.25 69 536 177

Frax 0.28 76 §27 172

Fmed 0.36 93 505 161

Fog 0.37 95 503 161

Fhiqh 0.41 105 490 154

Fog 0.46 125 478 148

The data unit of the biomass and the catch is '000 t.
The spawning stock biomass is given for 1 January.
The réference F is the mean F for the age group range from 3 to 8.



Table 6.1 REDFISH in Sub-areas I and II.
Nominal catch (t) by countries in Sub-area I, Division IIa
and IIb combined as officially reported to ICES,

Country 1979 1980 1981 1982 1983
Denmark - - - - -
Faroe Islands - - 206 - -
France 1,142 1,297 537 841 798
German Dem.Rep. 16,162 8,448 4,614 4,463 3,394
Germany, Fed.Rep. 11,913 7,992 4,688 3,182 3,395
Norway 9,025 8,472 9,249 10,045 11,083
Poland 261 87 26 - -
Portugal 1,100 27 - - -
Spain 1,375 1,965 930 72 222
UK (England & Wales) 1,756 1,307 470 336 182
UK (Scotland) - - - - -
USSR 70,451 72,802 81,652 112,810 105,459
Total 113,6202 102,7652 102,372 131,749 124,533
Country 1984 1985 1986 1987 1988"
Denmark - - - + -y
Faroe Islands - - 29 450 5753
France 2,970 3,326 2,719 1,611 720
German Dem.Rep. 4,168 3,260 1,323 417 989
Germany, Fed.Rep. 3,289 3,306 3,561 5,412 1,360
Norway 18,650 20,456 23,251 18,052 24,260
Poland - - - - -
Portugal 1,806 2,056 1,591 1,175 500
Spain 25 38 - 25 26
UK (England & Wales) 716 167 129 230 468
UK (Scotland) - - 14 9 2
USSR 69,689 59,943 20,694 7,215 9,139
Total 101,313 92,552 53,311 34,596 38,039

! provisional figures.

The total figure used by the Working Group for assessments
(including catches by non-members).

As reported to Norwegian authorities.
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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 1979 1980 1981 1982 1983
France 7 1 16 - -~
Germany, Fed.Rep. - - 7 10 -
Norway 1,374 736 543 732 580
Portugal - 170 - - -
UK (England & Wales) 462 295 61 77 48
UK (Scotland) - - - - -
USSR 639 33 1,220 1,750 4,023
Total 2,482 1,235 1,847 2,569 4,651
Country 1984 1985 1986 1987 19881
France - - = d -
Germany, Fed.Rep. 1 - 143 50 10 6
Norway 1,472 2,378 4,245 2,331 5,549
Portugal , - - - - -
UK (England & Wales) 22 43 32 14 20
UK (Scotland) L - 3 - -
USSR 532 368 1,066 769 199
Total 2,027 2,932 5,396 3,124 5,774

"provisional figures.



Table 6.3 REDFISH in Sub-areas I and II,
Nominal catch (t) by countries in Division IIa as

officially reported to ICES,

95

Country 1979 1980 1981 1982 1983
Farove Islands - - 206 - -
France 1,134 1,296 521 841 798
German Dem,Rep. 12,439 7,460 2,205 2,760 2,500
Germany, Fed.Rep. 11,913 7,992 4,681 3,172 3,395
Norway 7,637 7,734 8,704 9,140 10, 500
Poland 261 78 26 - -
Portugal 1,100 89 -~ - -
Spain 1,125 1,500 620 - -
UK (England & Wales) 1,195 967 409 259 134
UK (Scotland) - - - - -
USSR 29,519 46,762 56,130 63,125 82,836
Total 66,323 73,878 73,502 79,297 100,163
Country 1984 1985 1986 1987 1988’
Faroe Islands - - 29 450° 5702
France 2,970 3,326 2,719 1,611 700
German Dem.Rep. 2,570 2,800 1,252 375 879
Germany, Fed.Rep. 3,288 2,972 3,319 3,562 1,319
Norway 17,111 18,062 18,704 15,410 18,538
Poland - - - - -
Portugal 1,134 1,327 1,273 1,156 467
Spain - ~ - - -
UK (England & Wales) 672 120 94 205 412
UK (Scotland) - - 11 8 2
USSR 63,342 59,047 19,099 4,953 7,598
Total 91,087 87,654 46,500 27,730 30,485

1 L s \
Provisional figures.

As reported to Norwegian authorities.
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Table 6.4 REDFISH in Sub-areas I and II.

Nominal catch (t) by countries in Division IIb as

officially repoxrted to ICES,.

Country 1979 1980 1981 1982 1983
Denmark - - - - -
Faroe Islands - - - - -
Fraice 1 - - - -
German Derni.Rep. 3,723 988 2,409 1,703 894
Germany, Fed.Rep. - - - - -
Norway 14 2 2 173 3
Poland - 9 - - -
Portugdal - 12 - - -
Spain 250 465 310 72 222
UK (England & Wales) 99 45 + + -
UK (Scotland) - - - - -
USSR 40,293 26,007 24,302 47,935 18,600
Non-members 435 124 - - -
Total 44,815 27,652 27,023 49,883 19,719
Country 1984 1985 1986 1987 1988"
Denmark - - - + -
Faroe Islands - - - - 52
France - - - - 20
German Dem.Rep. 1,598 460 71 42 110
Germany, Fed.Rep. - 190 192 1,840 35
Norway 67 16 302 311 173
Poland - - - - -
Portugal 672 729 318 19 33
$pain 25 38 - 25 26
UK (England & Wales) 22 4 3 11 36
UK (Scotland) - - + 1 -
UssRk 5,815 528 529 1,493 1,342
Total 8,199 1,965 1,415 3,742 1,780

1Provisic‘mal figures.

As 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 1979 1980 1981 1982 1983
5. marinus 26,475 23,411 20,826 16,366 19,260
S. mentella 87,145 79,354 81,546 115,383 105,273
Total 113,620 102,765 102,372 131,749 124,533
Species 1984 1985 1986 1987 19881
5. marinus 28,379 29,484 30,199 24,078 23,752
S. mentella 72,934 63,068 23,112 10,518 14,287
Total 101,313 92,552 53,311 34,596 38,039

1 .- .
Provisional figures.

Table 6.6 Redfish in Sub-area IV (North Sea).
Nominal catch (t) by countries as officially repoxrted
to ICES. Not included in the assessment,
Country 1984 1985 1986 1987 1988
Denmark 5 6 24 16 31
Faroces Islands - 24 - - -
France 77 690 578 833 -
Germany, Fed. Rep. 554 162 183 70 134
Norway 594 1,204 1,048 411 1,067
UK (England & Wales) 45 8 35 16 125
UK (Scotland) 1 + 1 55 9
Total 1,276 2,094 1,869 1,401 1,366

1 s .
Provisional figures.
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Table 6.7 Sebastes mentella in Divisions IIa and IIb.
Catch per unit effort and calculated total international effort.

USSR German Dem. Rep. Total effort

catch/hour trawling (t) catch/day (t) (USSR units)

Year . 5 Freezer  Factory trawler 4 2

RT PST trawler FVS 1V 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 1.01 - - 251,653 236,703
1976 0.99 1.26 - - 271,653 213.442
1977 0.77 1.00 - - 190,084 146.365
1978 0.63 0.86 - - 147,002 107.688
1979 0.56 0.93 - - 155,616  93.704
1980 0.70 0.91 - - 113,363 87,202
1981 0.63 0,95 8,7 - 129,438 85,338
1982 0.63 1.08 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 - 105,113 63,068
1986 0.43 0.68 7.90 - 53,749 33,988
1987 - 0.70 - 7.30 - 15,026
1988 - 0.70 - 11.78 - 20,410

1si_de trawlers, 800-1000 HP. For 1986, side trawlers (SRTM), 1000 HP.,are

included.

Stern trawlers. For 1975-1979, the PST data have been calculated from RT

data,



Table 6.8

REDFISH in Sub-areas I and II.
Year-class strength,

Year

class Dragesund (1971)

International
O-group Survey
abundance indices

USSR

Young fish surveys

1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1872
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989

poor
very poor
poor

strong
strong
strong
average
average
very strong
strong
average
average
strong

159
236

44

21
295
247
172
177
385
468
315
447
472
460
980
651
861
634
851
732
795
702
631
949
698

poor

poor

strong
strong
strong
strong
average
average
very strong
strong
strong
average
below average
poor

poor

pooxr

poor

poox

poox

poor

close to poor
strong
average
poor

poor

poor

poor

poor

1On the basis of the abundance of age groups 1+ to 6+,



Table 6.9 Sebastes mentella. Average catch (no. of specimens) of different
year classes per hour trawling in the USSR survey in the Barents
and Norwegian Sea (1976-1983 published in “"Annales Biologiques").
The + is added to the age to indicate that the survey ws carried
out from the end of one year into the following year. These data
are used as the only input in the recruitment program RCRTINX2.

Year

class o+ 1+ 2+ 3+ 4+ 54 6+ 7+ 8+ 9+ 10+ 11+

1965 - - - - - - - - - - - 0.4

1966 - - - - - - - - - 3.0 -

1967 - - - - - - - - - 1.7 - 0.3

1968 ~ - - - - - - - 16.2 - 1.5 0.3

1969 - - - - - - - 43.4 - 8.7 12.2 3.1

1970 - - - - - - 85.8 - 19.8 34.9 11.8 -

1971 - - - - - 22.7 - 19.5 51,9 18.0 5.7 -

1972 - - - - 9.4 - 6,7 57.6 12.3 6.7 - -

1973 - - - 0.6 - 4.3 37.3 8.6 5.6 - - -

1974 - - 4.8 - 4.9 22,8 4.8 4.8 - - - 3.

1975 - 7.4 - 1.7 6.4 2.4 3.5 5.0 - - 4.0 -

1976 7.0 - 8.1 1.2 2.5 6.8 4.9 5.0 1.0 13.0 - -

1977 - 0.2 0.2 0.2 0,9 5,1 3.7 1.0 19.0 2.0 - -

1978 0.8 0.02 0.9 1.0 5.0 3.8 2.0 20.0 6.0 - - -

1979 - 19 1.4 3.6 2,3 9,0 11.0 16.0 1.0 - - -

1980 0.3 0.4 2.0 2.5 16.0 6.0 11.0 25.0 2.0 - - ~

1981 - 2.2 3.9 200 6.0 12.0 47.0 18.0 - - -

1982 19.8 13.2 13.0 15.0 34.0 44.0 3%.0 - - - - -

1983 12,5 3.0 5.0 6.0 31.0 34.0 - - - - - -

1984 - 10.0 2.0 - 5.0 - - - - - -

1985 107.0 7.0 - 1.0 - - - - - - - -

1986 2.0 - 1.0 - - - - - - - -

1987 - 3.0 - - - - - - - - -

1988 4.0 - - - - - - - - - - -




Table 6.10 Sebastes mentella.
Recruitment at age 6 (in millions).
Results from the analy;is using RCRTINX2,
and data from the USSR,

No. of points

Year —_—— Adopted Log S.E. USSR
class 5 4 3

1976 222 216 189 222 0.50 -
1977 154 98 123 98 0.48 -
1978 134 133 131 134 0.42 -
1979 163 158 157 163 0.41 -
1980 256 246 244 256 0.44 121
1981 303 298 298 303 0.43 155
1982 484 472 477 484 0.51 255
1983 387 369 370 387 0.63 274
1984 1871 193 193 187 0.56 248
1985 n.a, 1741 172 174 0.75 194
1986 n.a n.a 167 167 0.75 105

1
2Not adopted.
Calculated from population fecundity (Serebrjakov,
1984).

Table 6.11 Sebastes mentella.
Maturity ogives from the USSR. Samples from research
vessels. Sexes combined.

Average Average Average
Age 1986 1987 1988 1989
1966-1972 1975-1983 1984-1985

6 0.000 0.000 0.000 0.000 0.000 0.000 0.000
7 0.000 0.009 0.000 0.000 0.000 0.000 0.000
8 0.030 0.016 0.000 0.000 0.000 0.000 0.000
9 0.060 0.101 0.013 0.006 0.083 0.000 0.000
10 0.080 0,195 0.140 0.017 0.182 0.028 0.074
11 0.220 0.300 0.304 0.132 0.278 .0.125 0.178
12 0.360 0.540 0.528 0.377 0.616 0.297 0.473
13 0.550 0.702 0.739 0.822 0.821 0.562 0.684
14 0.720 0.862 0.896 0.795 0.926 0.760 0.716
15 0.850 0.966 0.938 0.862 0.938 0.855 0.794
16 0.880 0.994 0.975 0.875 1.000 1.000 1.000
17 0.950 1.000 1.000 1.000 1.000 1.000 1.000
18 0.970 1.000 1.000 1.000 1.000 1.000 1.000

Table 6,12

SUBASTES MENTELLA ¢ LFFORT AND CATCH DATA

101

j PO TRAWLERS

|
BELL 27, A5272,6474,13164,9747,2010,522,309,52

"1

5,830, 395,126 .40
02,2030, 00, 490,100
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Table 6.13

Wodule run at 11,06.36 25 SEPTEMBER 1989

DISAGGREGATED Qs

L0G TRANSFORMATION

NO explanatory variate (Megn uséd)
. has terminal q estimated as the mean

Fleet 1 ,USSR PST-TRAWLERS

FLEETS COMBINED BY “* VARTANCE **

Terminal populations from weighted Separabie populations
Regression weights

, 1.000, 1.000, 1.000,
0ldest age F = 1,000*average of 5 younger ages. Fleets combined by variance of predictions
Fishing mortalities

Age,

18,

86,
082,

/393,

87,
.001,

134,

88,

.000,
.001,
004,
026,
.078,

.235,
.220,

Log catchability estimates

Age 9
Fleet,

86,

87,

88

T,714.51,-12.80,-13.56

SUMMARY STATISTICS

fleet , Pred. , SE(q),Partial,Raised, SLOPE , SE »INTRCPT, SE
y Q ’ s s s s Slope sIntrept
1 ,-13.62 , .991, .0136 , .0248, .000E+00, .000E+00,-13.622, .496

Fbar
,025

SIGMA(int.)
,991

SIGMA(ext.)

SIGMACovérall) Variance ratio

.



Table 6.13 (cont'd)

Age 10
Fleet, 86,

=1 T13.01,512.10,-12.47

87, 88

Age 11

Fleet, 86, 87, 88

1,712.41,12.10, -12.18

Age 12

Fleet, 86, 87, 88

1,712.01,-11.83,-11.85

Age 13

Fleet, 86, 87, 88

1,°11.24,-11.44,-11.28

Fleet , Pred.

SUMMARY STATISTICS

» SE(g),Partial,Raised,

103

SLoPE SE s INTRCPT, SE

s ) ) s ’ ) Slope s sIntrept
1 ,712.55 , 530, 0408 , 0741, .0G0E+00, .000E+00,-12.526,  .265
Fbar SIGMA(int,) SIGMA(ext.) SIGMA(overall) Variance ratio
074 530 N .530 0,000

Fleet , Pred.

SUMMARY STATISTICS

, SE(q),Partial,Raised,

SLOPE SE s INTRCPT, SE

s 9 , , , B s Stope »Intrept
T ,°13.23 , .186, .0549 , .0897, .000E+00, .000E+00,-12.220,  .093
Fbar SIGMA(int.) SIGHA(ext.) SIGMA(overall) Variance ratio
,100 .186 0,000 .186 0.
SUMMARY STATISTICS
Fleet , Pred. , SE(q),Partial,Raised, SLOPE , SE ,INTRCPT, SE
yq s y F s N .+ Slope , ,Intrcpt
T ,711.60 , .111, 0765 , .1390, .0DOOE+00, .GOOE+00,-11.897,  .08%
Fbar SIGMA(int,) SIGMA(ext,) SIGMA(overall) Variance ratio
139 111 . 11 0.000
SUMMARY STATISTICS
Fleet , Pred. , SE(q),Partial,Raised, SLOPE ,  SE ,INTRCPT, SE
PR s s F s ,» Slope yIntrept
1 ,-11.32 , .126, .1363 , .2475, ,000E+00, .,OO0E+00,-11,320, .063
Fbar SIGHA(int.) S1GMA(ext.) SIGMAaverall) Variance ratio
.248 126 0.000 126 0.000
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Table 6,13 (cont'd)

hge 14
Fleet, 86, 87, 88

17,711,36, 11,53, 11,36
SUMMARY STATISTICS
Fleet , Pred. , SE(q),Partial,Raised,

s q ’ s F F o,

SLOPE SE +INTRCPT, SE
» Slope ,Intrept

1014z, 107, 1233, 223,
Fbar SIGHMA(int.) S1GMA{ext,)
\224 .107 0.000

Age 15
Fleet, 86, 87, 88

1,711.47,°11.79,-11.56

SUMMARY STATISTICS
Fleet , Pred. , SE(q),Partial,Raised,

s Q B s Fo, F o,

~000E+00, . 000E+00, 11,420, 054
§IGMA(overall) Variance ratio
1107 0.000

SLOPE SE » INTRCPT, SE
N Slope N sIntrept

T,7T1.61 , 165, .1022 , 1655,
Fbar SIGMA(int.) SIGMA(ext.)
185 .188 0.000

Age 16
Fleet, 86, 87, 88

T ,-11.74,-11.66,-11.64

SUMMARY STATISTICS
Fleet , Pred, , SE(q),Partial,Raised,

s 9 s s B F o,

GO0EY00, .000E+00,-11.608, 094
$1GMA(overall) Variance ratio
.188 0.000

SLOPE SE JINTRCPT, SE
s  Slope sIntrept

1 ,5i1.68 ., .061, 0951, 1726,
Fbar SIGMA(int.) SIGMA(ext,)
173 \6126-01 0.000

Age 17
Fleet, 86, 87, 88

—— Vb e
1,-11.10,-11.77,-11,37
SUMMARY STATISTICS
Fleet , Pred. , SE(q),Partial,Raised,

s 4 ’ s » s

T T4, 385, 1242, L2556,

Fbar SIGMA(int.) SIGHA(ext.)
.226 .385 000

T000E+00, .000E+00,-11.660, 031
SIGMA(overall) Variance ratio
\612E-01 0.000

SLOPE ,  SE ,INTRCPT, SE
sy Slope sIntrept

G00E+00,  .O0DE+00,-11.413,  .192

SIGHA(overall) VaEiance ratio
5



Table 6.14

Title : SEBASTES MENTELLA IN FISHING AREAS I1A AnD 1IB

At 15.46.55 27 SEPTEMBER 1989

from 78 to 38 on ages 6 to 18

with Terminal F of .210 on age 13 and Terminal $ of .500

Initial sum of squared residuals was  205.399 and
final sum of squared residuals is 128.160 after 119 iterations

Matrix of Residuals

Years 78/79 79/80 80/81 81/82 82/83 83/84 84/85
Ages
6/ 7 -.519 .570 .387  1.728 -~1.287 812 -6.721
7/ 8 L7756 L7485 .992 .B86 L4230 -.757 -2.443
8/ 9 1.348 .860 1.009 .853  1.185 .872  -.738
9/10 1.245 .902 .817 .533 .728 .249  -.738
10711 L493 .445 .317 .309 786 -.115  -.682
11/12 .018 L2221 -.086 .132 .293  ~-.183 -.1%9
12/13 -.085 L3985 -.081 .016  -.052 -.127 .323
13/14 -.509  ~-.068 -.824 -.291 ~-.563 -.366 .938
14/15 -.322 -1.038 -.809 -.483 -1.003 -.205 1.120
15/18 -.654 ~-1.818 -.187 ~-.720 ~-.834 .192 1.081
16/17 -.592 -1.179 L2000 -.995 -.865 ,532  1.171
17/18 -1.190 ~1.%68 -.200 -.949 -.633 .959 .640

.001 .00l .000 .000 .000 -.001 .000
WTs .100 .100 .100 .100 .100  1.000 1.000

Fishing Mortalities (F)

F-values L8659

~ 79 30 81 82 83 84 85
F-values .8339  .6984 6750 .8032  .8B02  .7777 1.2357

Selection-at-age (S)

G 7 8
S-values L0010 .0048 .0174

g 10 11 12 13 14 15
S-values L0568 L1740 L3121 L5370 1.0000 1.03n3  1.1095

85/86
248

L6686
.376
.323
.165
-.1286
-.426
-.668
-.385
-.567
-.286

.000

1.000

86
.4348

1€
1.0801

86/87

4.032
.450
-1.320
~.912
-.248
.022
.047
.308
.339
.032
-.137
.141

.000

1.000

87
.1947

17
L9491

87/88

1.544
1.258

.603
.487
.097
-.135
-.228
-.221
-.497
-.555
~1.000

.000
1.000

88
.2100

18
LB000

.001
001
.000
000
.000
.00
.000
.000
.000
.000
.000
-009

.710

WTs

.057
L141
.181
.229
.368
1.003
.836
.317
.242
.211
.214
L1986

S0t
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Table 6.15

SEBASTES MENTEtLA IN FISHING AREAS LIA AND IIB

CATEGORY: TOTA|

CATCH IN NUMBERS

1965
6 48

7 285

8 1592

9 2163

10 1141
11 1545
12 1972
13 2471

C 14 2804
15 1996
16 2067
17 1592
18 1473
19 1069
20 689
21 404
2 261
23 71
24+ 95

TOTAL 23738

1977
6
7 2418
8 17175
9 33454
10 52102
1 49617
12 53938
13 33287
14 19095
15 12605
16 5796
17 4874
18 5499
19 3155
20 3941
21 2955
22 2531
23 1002
24+ 322

TOTAL 303766

UNIT: thousands

1966

13278

1978

2905
30158
65162
53391
33569
19909
17242

9270

7410

5456

4134

2134

1545

666
1061
423
308
301
158

1967

1979

3633
20497
43553
46996
37469
26298
20717
16341
6059
3589
3465
2465
1964
1719
1906
1962
560
324
108

6036
2697

1344
632
802
359
117
© 0

0

255202 239625 205352 207350

3983
3526
2808
3983
2743
3550
2318
1567
784
653
327
65

32650

1982

5

854
4775
12554
47348
57134
46529
37731
15506
9492
5780
3368
2160
1624
1191
691
344
258
76

247420

1971

114

284
1590
4429
4884
5451
4940
7496
4486
7382
4770
3918
2385
1874
1590

397

56671

217498

1972

466

792
5728
3586
2049
1770
3865
4564
4704
4098
4704
3632
3167
1816

885

373

279

47
46572

1984

525
2106
7969

22092
36763
47096
25468
12002
4336
1499
517
127
94
251

0

0

0

160879

1973

172
1660
4865
9729
4636
2633
3148
5208
5666
4578
5380
3777
2747
1316
973
630
114
10
10

57252

1985

1974

606
4847
15451
28781
30144
19843
10603
8634
8634
6514
5908
3332
2878
1666
121
757
454
151
151

151475

1986

1975

5834
19417

© 42425
82480
108462
119075
57231
29651
20894
16499
13465
13668
12207
6757
7112
5113
2242
735
407

- 563674

1987

0
0
108
1055
3145
2679
358
621
3702
1459
656
210
66
0

0
0
0
0
0

22874

1976

18891
29815
59395
78241

110712

112524
93144
49550
26134
13881

9839
6300
7233
3486
3168
1818
1715
1041

211

627098



Table 6.16

SEBASTES MENTELLA IN FISHING AREAS IIA AND 118
CATEGORY: TOTAL

HMEAN WEIGHT AT AGE IN THE CATCH

1965

168
.183
225
311
.367
432
508
611
679
753
821
872
910
.923
.985
1.056
1.124
1,193
1.215

1977

. 168
.183
225
311
.367
432
508
611
679
753
821
.872
910
.923
985
1.056
1.124
1.193
1.215

1966

.168
.183
225
311
.367
432
.508
611
679
753
821
.872
910
923
. 985
1.056
1.124
1,193
1.215

1978

. 168
.183
225
311

821

923
.985
1.056
1.124
1,193
1.215

1967

.168
.183
225
W311
367
<432
.508
611
679
.753
821
872
910
1923
.985
1.066
1.124
1,193
1.215

1979

107
155
200
.252
310
374
A72
568
715
.898
934
1,024
1.050
1.076
1.129
1.150
1.175
1.200
1.220

UNIT: kilogram

1968

168
183
1225
311
. 367
432
508
611
679
753
.821
872
210
923
985
1.056
1.124
1.193
1.215

1969

.168
183
1225
311
367
432
.508
611
679
753
.821
872
910
923
.985
1,056
1.124
1.193
1,215

1981

102
.138
.188
252
310
364
440
560
680
.828
. 906
970
1,050
1.076
1,128
1,150
1.175
1.200
1.220

1970

168
183
1225
311
.367
432
508
611
679
753
.821
872
.810
.923
.985
1.056
1.124
1,193
1.215

1971

.168
.183
. 225
311
367
432
508
611
679
753
821
872
.910
923
985
1.056
1.124
1.193
1.215

1972

.168
.183
225
311
.367
432
508
611
679
753
821
872
810
1923
. 985
1,056
1.124
1.193
1.215

1984

102
108
165
212
283
338
383
438
502
566
711
861
<866
1.209
L.217
1.360
1.390
1.400
1,450

1973

168
.183
225
.31l
<367
432
508
611
679
. 753
.821
872
910
1923
985
1,056
1.124
1.193
1,215

1974

168
.183
225
311
367
432
508
611
679
.753
.821
872
910
923
985
1.056
1,124
1,193
1.215

1986

102
120
.137
218
.301
353
448
510
581
648
845
.948
1.056
1.160
1.217
1.360
1,390
1.400
1.450

1975
.168
225

923

1.056
1,124
1.193
1.215

107

1976

168
183
225
31
367
432
/508
611
679
753
.821
872
810
.923
985
1.056
1.124
1,193
1.215



Table 6.17

SEBASTES MENTELLA IN FISHING AREAS II& AND IIB

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

1978 1979 1980 1981 1982 1983 1984 1985 1986

6 .008 .014 .006 .008 .000 .000 .00D .002 022
7 .064 .061 .033 .019 .008 .001 .000 012 .003
8 L1685 111 .093 .044 .035 .022 .008 .030 .005
9 .192 .154 .141 .116 .075 .038 .027 .090 .018
10 .211 .179 173 .202 .275 L121 .078 .275 .067
11 212 .227 .170 L2286 .345 .263 .208 .434 .130
12 .281 .316 .240 L2981 .403 .522 .492 .652 .228

13 297 L414 .251 .383 546 .840  1.183  1.000 .495
14 .322 .288 .251 .406 474 1,010 1.438 .823 .519
15 .395 .228 L8417 .353 .585  1.329  1.489 .902 .409
16 .401 L4186 .761 .322 593 1.457  1.496 .941 .315
17 .429 .393 .831 .517 .738  1.632 1.066 .876 .420
18 .518 .784 + 1.037 .820 1.342  1.321 602 .658 .213
19+ .518 .784  1.037 .820 1.342 1.321 .602 .659 .213

(10-15)U .286 L2757 .250 .310 .438 L681 .812 681 .308

.10

1987

001
.001
.003
.029
.050
.069
.097
.180
.180
.170
.159
.130
.103
.103

126

1988

.000
.001
.001
.010
.053
.073
2117
.224
.268
.245
.290
.303
.249
.249

.163

8ol



Table 6.18 Virtual Population Analysis.

SEBASTES MENTELLA Tr FISHING AREAS ITA AND 1IB

STOZK SIZE IN NUMBERS

B10HASS TOTALS

ALl VALUES ARL

18
19+

TOTAL MO
SFS  NO
TOT.BI0M
GPS BIOM

1978

406904
513373
449240
321314
185245
109389
73878
37777
28203
17495
13101
6405
3997
7547

2173970
251817
598473
132579

UNIT:

GIVEN FOR

1979

270852
365420
435359
344617
240053
135845
30083
50492
25380
18492
10659
7937
3774
12642

2001514
286020
521724
148252

UNIT: thousands

tonnes

1 JANUARY

1980

184344
241442
311166
353008
267154
181637
37960
52815
30203
17228
13326
6352
4845
4111

1765540
310614
500874
154832

1981

118597
165789
211420
258571
277503
203370
138632
69707
37189
21256
10274
5632
2507
3563

1522008
344212
463590
166673

1982

31940
106425
147160
183107
206777
205255
146809

93764

43001

22417

13509

6739
3040
5888

1265831
356620
428876
183287

1983

38252
74137
95485
128617
153753
142182
131553
88745
49129
24223
11392
6754
2915
954

993002
308766
325396
148220

1984

53453
79835
57001
84509
112028
123263
38945
70657
34583
16189
5807
2382
1195
1091

772723

221863
222454
94227

1985

48357
48356
72205
60125
74455
93795
90563
54717
19581
7445
3371
1177
743
113

620374
139106
182554

65387

63424
43702
51161
54965
42687
15208
7783
2732
1150
443
367

541697
109282
141936

54269

1987

2022
1221
39305
33903
56331
42046
406638
39579
23540
9800
4578
1805
707

0

599056
95956
159298
48878

1988

4992
1829
1134
35914
34198

BUSE
35499
33397
29814
17785
7482
3610
1433

A52

776506
110172
188959

54717

1983

0
45186

1654

40405
28504
24188
20708
12524
5066
2412
1337

Ignored

601



Table 6.19

List of input variables for the ICES prediction prograu.

SERBASTES MENTELLA
The reference F is the mean F for the age group range from 10 to 15

Ine nunber of recruits per year is as follows:

Year Recruitment
1989 274000.0
1990 248000.0

1991 194000.0

Data are printed in the following units:

Number of fishi thousands
Weight by age group in the catch: kilogram
Weight by age group in the stock: kilogram

Stock biomass: tonnes

Catch weight: tonnes

o s R i T o e e o e Fom R R it +
! H 1 fishing! natural; maturity; weight in] weight in;
| age] stock size! pattern) mortality! ogive! the catch! the stock]
e B et Fer o Ao o e L et o m e +
¢ 5! 274000.0f  .0002, 10! 001 144} 144!
Vo7 231910.0¢ L0019, .10 .00! 180! .1801
P8l 126777.0! 0037, 10! .00 ,180! 188!
ool ga7ol.0l  -0119 10! .04} 204! 206!
boo10d 49077.0} 03651 .10! 07! L2761 278!
bl 42492.00 .07 .10! 171 .3231 .328!
b1t 40409.0) .12 .10} A2} 431! L4141
P13 28565.00 .22 .10! 661 5111 L4901
114! 24166,0, .27 | ,10! 77! L5561 546!
IS 20708.0! .25 | .101 .34! 614! .599!
'16! 12594.00 29 .10! 1.00! 7501 748!
bz 5066.0) .30 .10! 1.00! ,848! ,828!
el 2412.00 25 : .10} 1.00! 1.002! .952!
19+ 1337.0f 26 | 10! 1.00] 1.095! 1.043!
B o Form e R o e s e e +



Table 6.20

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

SEGASTES MENTELLA

.................... l

e et 2+ D o e et e e e e = +
! Year 1989 | Year 1990 i Year 1991 /
o e o e e e e b s e = o s e R e O e e :
Y fac-) ref.d stock! sp.stock) | fac-] ref.] stock! sp:stock: ! ‘ztocki zpzst?ck:
Iotor, F! biomass! biomasz) catch) tort F! biomass! biomass| catch) biomass] bhiomass |
[ S S S SR SRR S E S S SR i it
[ .18 2251 58] 18] W20 041 Fow 254 61} 4] ZQEE /71
Lo L : |50 L08F01 o9 28s! 23!
i i i H i bo1.0! .16:Fg8Fped! i 17 276.I 9?:
H ; / ; ) v 1.1) .18:Fg9=Fpax! i 18] 27?: 651
: ! : ! : P340 .55Fhigh Y 246! 42]
e et et I ietebeliat Sab bl St B et i

The data unit of the biomass and the catch is 1000 tonnes.
The spawning stock biomass is given for 1 January.
The reference F is the mean F for the age group range from 10 to 15

Table 6.21 Sebastes marinus.

Catch (percentage of total international catch) and
catch per unit effort for Norwegian stern trawlers
and total international effort (Norwegian units) .

CPUE Effort
Year Catch (t) (kg/tonnage x hours) (tonnage-hours x '000)
1981 1,723 ( 8.3%) 2.07 10,061
1982 3,033 (18.5%) 2.99 5,474
1983 4,459 (23.2%) 2.66 7,241
1984 6,930 (24.4%) 1.80 15,766
1985 6,653 (22,6%) 1.60 18,428
1986 7,650 (25.3%) 2.07 14,589
19872 3,426 (14.2%) 1.93 12,476
1988° 5,293 (22.3%) 1.71 13,890

1Only including trips with more than 50% S. marinus in the
catches.
Provisional figures.



Table €.22 Sebastes marinus in fishing areas I and Ila.

CATCH TN NUMBERS

256
322
805
1531
3505
1529
2321
2231
445
2223
1624
1758
1741
858
637
460
328

22674

UNIT: thousands

1966

]

iy
Ao
iy
-~

\O £
EMODOOOCOOOoOCO

199
406
1363
919
1536
15895
310
1459
951
1167
1241
896
723
504
432

13929

1968

[VeRr -3
MWOoOOOOoOoOOoOOoOOD

~J
E-N

165
550
364
611
554
131
753
555
893
1268
8993
887
644
614

254

1969

w
FOCOoOO0DOO00

pt=Ve}
N

i

Category:

1971

OO0 o OO

Total.

Y

NPRPOOODOOO0O0OO0 0O

ar i
L O
)

633
1137
2563
1261
2014
2045

385
1732
1112
1251
11zl

746

585

429

377

17985

=
L)
=i
W

OO0 OO00

580
570
913
1527
3266
1441
2157
1892
342
1420
849
1123
1248
884
729
568
508

0027

1974

COCOOOOODOoDOOO

(%
[e53
-~

455
1049
2079
5479
2757
4164
3528
638
2359
1373
1527
1103
702
530
69
332

23331

1975

v

ol
WOHODODOO OO OO

oy

558
1638
2984
7397
3563
5117
4402

775
2829
1721
1813
1432

930

817

701

538

1976

8]

1}
530
2884
571¢@
12162
10250
9515
5353
5008
16885
2670
2991
6775
2707
39138
3417
614
2475
1529
1814
1672
1108
918
522

624

87759

cit



Table 6.22 (cont'd)

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

3 86 0 0 0 il 0 0 0 0 0 0 o
4 428 ol 0 0 0 0 0 0 0 0 0 0
5 1838 20 l 10 10 0 0 0 0 0 i 0
5 1831 13 ol 11 7 0 0 0 0 0 0 0
7 1521 30 12 13 125 0 0 0 0 3J a 0
3 4179 328 73 87 225 0 2 0 0 88 6 ]
9 4520 641 101 180 434 3 0 DI 0 157 5 ER
10 4501 930 149 352 779 36 0 a 0 197 10 207
11 2359 615 145 517 385 179 3 0 1) 145 25 281
2 3306 2003 723 768 1224 816 86 199 880 251 123 357
13 2557 2783 914 571 952 814 249 101 1009 338 332 771
14 4242 5453 3422 2368 1704 1961 581 601 2697 3150 413 1338
15 5334 5404 3276 3677 2502 2364 1358 1623 5720 3597 1281 1136
16 6072 5280 3554 3502 2485 2636 2186 1425 5300 5254 1735 832
17 2372 2569 1726 1073 868 1333 831 701 2275 2827 1141 1197
18 3452 3669 2212 2341 2339 1989 2241 4572 4421 © 7309 1409 2647
19 3115 2719 2237 1364 1274 1174 1314 1624 2632 3188 1570 3089
20 354 1538 1814 1330 1457 1309 1108 2124 1818 1856 1635 2710
21 2408 1716 2237 1829 1392 2121 1803 4551 2242 3237 2810 2647
22 1170 382 959 1040 734 927 864 1475 1168 496 1372 1513
23 1464 481 946 1507 1007 715 643 2559 875 447 1678 1831
24 1318 411 959 258 550 353 929 1651 1006 282 1111 1387
5 923 241 673 519 407 129 656 82 152 § 658 346
26 772 175 630 383 273 48 924 702 161 0 2090 504
27 556 155 541 341 41 18 330 725 0 n 0 378
28+ 677 141 239 39 36 0 0 0 0 a a 316

TOTAL 62255 39312 27542 24790 21770 18925 16112 24898 32532 33439 19404 24301

€Ll



Table 6.23

Title : SEBASTES MARINUS 1M FISHING AREAS T AND TTA

At 09.40.34 28 SEPTEMBER 1988

from 78 to 83 on ages 11 to 23

with Terminal F of .140 on age 18 and Verwinal S of 1.000

Initial sum of squared residuals was  170.768 and
final sum of squared residuals is 66.760 after 109 jterations

atrix of Residuals

Years 78/78  79/80 80/81 81/82 82/83 83/84. 84/85

Agoe
11/12 LBl6 -.474 L352 1.436 1,732 -1.416 -4.675
12713 .949 618 .188 .953  1.377 .828  -.113
13/14 L1100 -.418 0 ~.534 -.02z .686 L263  -1.639
14415 .372 L0183 L0680 -, 068 L2750 -.324  -1.068
15418 -.080  -.515  -.029  ~.329  -.550 1220 -.827
16717 .013 L2117 L4340 -.1%4  ~,017 L7688 ~.328
17/18 .307 07 -,401 -.2830 -.32% 0 -.715 0 -.357
18/19 -.248  -,032 .118 L3688 -.285 .422 1.151
158/20 -.086 .254 -,307 -,126  -.3%4  -.133 .735
20/21 ~. 246 . 348 .337 L1530 -.144 0 -,443 0 1,337
21722 -, ¥12 0 -.29%  -.121 0 -.48B3 -.345  -.238 1.418
22723 ~1.059 -.380 L1289 . 266 L2540 -.417 0 1.891
-.001  ~.001 ~-.001 -.001 .0oo .000 000
Wis L10D L1080 L1430 .100 .10 L100 .100

Fishing kortalities (F)

78
F-values L0728

79 80 81 82 83 84 85
F-values L0511 .0446 .0397  .0407  .0292  .0486 1277

Selection-~at-age (8)

11 12 13
S-values .0484 .2031 .3821
14 15 16 17 18 19 20

S-values L8512 1.2388 1.0801 .5211 1.0000 ,?901 L7370

85/86

071
.631
-, 431

T -.090

-.237
~.198
-.628
~-.039

.236
-.095

.580
1.185

.000

1.000

86
.1396

21

1.5219

86/87

.904
~.361
765
.483
-.213
L0398
.589
516
-.095
~.561
-, 731

~1.642

.000

1.000

22
L7034

.0og
.0on
.0oo
000
.000
.000
.0Q0
.0Do
.000
000
L0oo
000

.012

wis

175
-485
470
.734
.893
.0an
yiivi
L5045
L8985
.573
.494

s

A

4%



Table 6.24 Virtual Population Analysis.

SEBASTES MaARINUS IN FISHING AREAS I AND IIa

FISHING MORTALITY COEFFICIENT UNIT: Year-l feA TURSL MORTALITY COLFFICIENT = .10

1973 1979 1980 1981 1982 1983 1984 1985 1988 1987 1988

11 007 002 .007 L0132 .004 L0000 - .000 .00s L0110 002
12 .025 .010 009 018 014 .002 .009 .070 .020 Qo8
13 .037 .013 .009 .013 L013 005 003 LGB5 079 .030
14 098 .052 .037 .029 .030 L0113 .012 .093 .215 .046
15 .130 063 .066 .045 -046 .023 .034 A4z L1560 114
16 108 .089 .088 .052 .055 .049 .028 .132 .168 .095

17 .038 .037 .031 L0258 .032 .020 .018 .051 087 .045
18 072 .038 058 082 L0s7 .03 131 .130 .204 .051
19 054 052 .027 .037 043 052 L054 .093 .123 055
20 .045 .050 .038 .033 043 .052 .10l .070 080 077
2] .065 077 053 .043 055 070 277 132 L1585 .149
22 .031 .042 .042 .027 .033 .026 .068 095 .035 .082
23 073 .090 .078 D47 .030 .025 .090 L0583 .043 143

24+ .073 .080 .078 .047 .030 L0286 .090 .083 .043 .143

(15-21)Y 074 .59 052 .045 L0580 .047 092 .1o8 .140 054 L2z

SLL



Table 6.25 Virtual Population Analysis.

SEBASTES WARINUS IN FISHING AREAS I AND IIA

STOCK SIZE IN NUMBERS

UNIT: tonnes

11
12
13
14
15
16
17
18
13
20
21
22
23

24+

[0TAL NO
SPS HO
TOT.B 10
SPS BIOH

ALL VALUES ARE GIVEN FOR 1 JANUARY

1978

86963
84513
30740
63093
55262
61186
71593
55269
45410
36674
28696
13168

7358
16852

709789
392479
46277
374737

1979

97843
78103
76376
70406
51908
43920
49777
62338
46523
39410
31722
24335
11552
37146

721350
398631
570504
402126

UNIT: thousands

1980

80452
88394
59983
68239
60454
43855
363654
43400
54303
38970
33936
26578
21107
31514

638550
391481
5E5034

397756

1981

70374
72305
79252
62781
59494
51207
36355
31884
37045
47839
34902
28968
23060
29930

5665895
380684
598314
426475

1982

43332
63288
54250
70805
55186
51455
43972
32070
26570
32308
41802
30257
25514
19554

600474
358788
472557
342837

1983

24545
39038
56490
57371
62203
47688
44053
38521
27128
22926
27990
35898
26487
116930

627337
449893
665016
551950

1984

15195
22202
35242
50877
51359
54993
41072
39071
32725
23297
19690
23613
31661
41455

482453
358936
445737
372129

1985

14890
13756
19900
31792
45454
44929
48405
36497
31010
23067
19063
13499
19964
27213

594443
314111
358347
311825

1986

15664
13410
11605
17047
26204
35705
35620
41635
28825
25558
23669
15119
11105

7006

308174
250447
281175
248712

1987

11511
14036
11896

705
12435
20200
27309
29544
30736
23084
21353
18343
13208
30377

273707
226560
295483
267253

1988

43760
10392
12583
10448

8389
10035
16629
23626
25393
20319
13308
16653
15293
28557

1989

0
39329
3064
10853
8153
6455
8289
13909
18364
20043
71240
14955
13831

34528

9Ll



Table 6.26

3ebastes sarinus
sees

cupting recruitaent
eldac 30
ceatral 49
veunger 30

Year  Lamd Fecry
-ings Index

13 32 1
1579 2 H
i5ag 23 1
1981 21 !
1988 & 1
1983 I% !
1784 28 1
1985 27 !
1984 30 i
1587 24 !
1988 24 i
158% 24 1
193¢ 1

SHOT faretast spreadsheet version 3

aeights

§-if =

eapld)
exp{d/2)

Witd Y/B Hang Act'l
Index Ratle -ever Prodn

38
R
[}
[}
.30
30
[
H
i
1
1
1
1

7

0
70
Bid

e

0

20
0
S0
70
0
.70
i

12
16
4

4
28
49
i
32

1

L0
.00
100

Csb'd Est'd Act') Est'd Est'd
Prodn 520,

15
15
18
2b
27
2
23
23
23

Expl
Bioa
107
a7
7
74
53
L3
13
97
100
30

Espl Lane
Fiog ~inge
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‘able 7.1 GREENLANb HALIBUT in Sub-areas I and II.
Nominal catch (t) by countries (Sub-area I,
ITa and IIb combined) as officisglly reported to ICES.

Divisions

countty 1979 1980 1981 1982 1983
Denmark, - - - - -
Faroe Islahds 3 - ) - -
France - - - 8 67
German Dem.Rep. 3,488 2,080 1,358 1,153 1,913
Germany, Fed.Rep, 481 303 128 18 130
Norway 2,843 3,157 4,201 3,206 4,883
Poland 106 - - - -
UK (Engl.& Wales) 59 26 9 10 2
UK (Scotland) - - L= = -
USSR 10,311 7,670 9,276 12,394 15,152
Others 21 48 38 - -
Total 17,312 13,284 15,018 16,789 22,147
country 1984 1985 1966 1987 198"
Dentfia ¥¥ - - - + -
Farbe I$lands - - 42 72 242
France 138 239 13 13 109
German Dem.Rep. 2,089 3,807 2,659 1,855 713
Géimany, Féd.Rep. 76 193 .59 169 27
Norway 4,376 5,464 7,869 7,262 8,925
Poland - - = - -
UK (Engl.& Wales) 23 5 10 61 82
UK (Sco'tland) - - 2 20 ‘ 2
USSR 15,181 10,237 12,200 9,733 9,430
Others - - - - -
Total 21,883 19,945 22,854 19,120 19,312

1§r6§isidnal figures.
As reported to Norwegian Authorities.



Table 7.2 GREENLAND HALIBUT in Sub-areas I and II.
Nominal catch (t) by countries in Sub-area I as officially reported to

ICES.

Country 1979 1980 1981 1982 1983 1984 1985 1986 1987  1988'
Germany, Fed.Rep. - - 19 - - - - 1 2 4
Norway 727 490 641 505 490 593 602 557 984 1,751
UK (Engl.& Wales) 36 12 5 8 1 17 1 5 10 7
UK (Scotland) - - - - - - - 1 + -
USSR 182 100 564 200 196 81 122 615 259 420
Others - - 1 - - - - - - -
Total 945 602 1,230 713 687 691 725 1,179 1,255 2,182

1 s ;
Provisional figures,.

Table 7.3 GREENLAND HALIBUT in Sub-areas
Nominal catch (t) by countries in Division IIa

as officially reported to ICES.

I and II.

Country 1979 1980 1981 1982 1983
Faroe Islands 3 - 8 - -
France - - - 8 67
German Dem.Rep. 787 570 18 73 14
Germany, Fed.Rep. 481 303 109 18 130
Norway 2,051 2,529 3,077 2,487 4,257
Poland 4 - - - -
UK (Engl.& Wales) 11 9 4 2 1
UK (Scotland) - - - - -
USSR 6,929 2,014 2,031 2,459 5,031
Others 21 48 37 - -
Total 10,287 5,473 5,284 5,047 9,500
Country 1984 1985 1986 1987 1988"
Faroe Islands - - 6 - 242
France 138 239 13 13 107
German Dem.Rep. 189 82 55 12 130
Germany, Fed.Rep. 76 172 42 63 15
Norway 3,703 4,791 6,367 5,706 7,010
Poland - - - - -
UK (Engl.& Wales) 1 2 5 44 56
UK (Scotland) - - 1 10 2
USSR 5,459 6,894 5,553 4,739 4,002
Others - - - - -
Total 9,566 12,180 12,042 10,587 11,346

Y provisional figures.
As reported to Norwegian authorities.



Table 7.4 GREENLAND HALIBUT in Sub-areas I and II.
Nominal catch (t) by countries in Division IIb
as officially reported to ICES.

Country 1979 1980 1981 1982 1983

Denmark - - - - -

Faroe Islards ~ - - - -

France - - - - -

German Dem.Rep. 2,701 1,510 1,340 1,080 1,899

Germany, Fed.Rep. - - - - -

Norway 65 138 483 214 136

Poland 102 - - - -

UK (Engl.& Wales) 12 5 - + +

USSR 3,200 5,556 6,681 9,735 9,925

Total 6,080 7,209 8,504 11,029 11,960

Country 1984 1985 1986 1987 1988"

Denmark - - - + -

Faroe Islands - - 36 72 -

France - - - 2 -

German Dem.Rep. 1,900 3,725 2,604 1,843 583

Germany, Fed.Rep. - 21 16 104 8

Norway 80 71 945 572 164

Poland - - - - -

UK (Engl.& Wales) 5 2 + 7 19

UK (Scotland) - - - 10 +

USSR 9,641 3,221 6,032 4,735 5,008

Total 11,626 7,040 9,633 7,278 5,784

!provisional figures.
As reported to Norwegian authorities.
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Table 7.5 GREENLAND HALIBUT in Sub-areas I and II.
Catch per unit effort and total effort.

USSR

catch/hour Norway Average Total effort

trawling (t) catch/hour CPUE (in ‘000 hrs
Year — T3 trawling (t) Z T trawling) CPUE 7+

RT PST Vessel 2-07 A B
1965 0.80 - - 0.80 - - -
1966 0.77 - - 0.77 - - -
1967 0.70 - - 0.70 - - -
1968 0.65 - - 0.65 - - -
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 - 0.37 0.37 - 81 0.36
1974 0.40 - 0.37 0.39 - 97 0.36
1975 0.39 0.51 0.39 0.39 0.45 87 0.37
1976 0.40 0.56 0.34 0.37 0.45 97 0.34
1977 0.27 .41 0.34 0.31 0.38 93 0.26
1978 0.21 0.32 0.21 0.21 0.27 117 0.17
1979 0.23 0.35 0.26 0.25 0.31 69 0.18
1980 0.24 0.33 0.31 0.28 0.32 48 0.24
1981 0.30 0.36 0.33 0.32 0.35 43 0.27
1982 0.26 0.45 0.39 0.33 0.42 40 0.36
1983 0.26 0.40 0.34 0.30 0.37 60 0.31
1984 0.27 0.41 0.31 0.29 0.36 61 0.29
1985 0.28 0.52 0.37 0.33 0.45 44 0.37
1986 0,23 0.42 0.35 0.29 0.39 59 0.31
19871 0.25 0.50 0.34 0.30 0.42 46 0.33
1988° 0.20 0.30 0.31 0.26 0.31 62 0.26

1Provisional.
Side trawlers, 800-1000 hp. From 1983 onwards, side trawlers
(SRTM), 1,000 hp,
Stern trawlers, up to 2,000 HP.
Arithmetic average of CPUE from USSR RT (or SRTM trawlers) and
Norwegian fresh fish trawlers (vessel 2-07, 250-500-GRT).
Arithmetic average of CPUE from USSR PST and Norwegian fresh fish
trawlers.,
From 1981 onwards based on average CPUE type B.
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Table 7.6 GREENLAND HALIBUT in Sub-areas I and II.
Norwegian survey indices (numbers in
millions) in the Svalbard area (Division

I1b).
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
1986 19.5 0.1
1987 18.5 1.0
1988 39.3 2.5

Table 7.7 Tlwing data.

GREENLAND HALIBUT : USSR "8, NORWAY EFFORT (houvs? trawling)
AND ' TRAWL CATCHES: (1n numbers at” age).-

102
NORWEGTAN TRAWL-CPUE

,88
1,1
3,15
3542, 1, q, 1, 26, 123, 66, 53, 32, 64, 55, 24, 6, 1
5029, 1, 1, 1, 14, 95, 90, 55, 25, 107, 64, 39 63, 7
8936, 1, 1, 1, 89, 263, 148, 103, 110, 183, 109, 128, 39, 18
8077, 7, 81, 172, 192 252, 206, 129, 142, 122, 100,- 83, 23, 13
14476, 1, 1, 59, 30, 154, 336, 295, 333, 129, 60, 95, 157, 26
14116, 1, 1, 11, 70, 193, 219, 268, 241, 128, 193, 91, 112 37
14768, 1 1, 1, 40, 169, 239, 438, 379, 269, 199, 90, 70, 40

15774, 1, 11, 32, 202, 308, 265, 244, 361, 223, 202, 149, 202, 159

12333, 1, 25, 234, 446, 821, 375, 117, 188, 92, 46, 92, 1, 1

16526, -1, 38, 461, 794, 1123, 715, 295, 73, 25, 54, 1, 26, 8
USSR TRAKL

79,88

1,1

3,15

29460, 1, 423, 1336, 2459 2145, 870, 266, 168, 63, 17, 1, I, 1
23242, 1, 63, 484, 911, 1182, 989, 733, 359, 218, 94, 99, 26, 3l
25767, 589, 1018, 1684 1613, 1438, 677, 307, 246, 173, 136, 159, 59, 17
27542, 37, 427, 1029, 1184, 931, 911, 1240, 1015, 651, 365, 219, 78, 27

38445, 1, 246, 828, 1469, 1550, 1905, 1193, 896, 583, 428, 153, 46, 25
37027, 1, 32, 807, 3235, 2801, 1513, 683, 823, 410, 141, 62, 6,
19687, 1,27, 959, 2363, 1868, 828, 1382, 474, 242, €8, 27, 3,
29048, L, 455, 1214, 2732, 2116, 968, 592, 424, 160, 95, 39, 2,
19466, 1, 249, 797, 2126, 1796, 847, 404, 386, 160, 87, 30, 10,
31433, 1, 80, 274, 1%iC, 1665, 1029, 632, 482, 284, 102, 47, 7,

ST b e



Table 7.8 123
Module run at 17.34.49 23 SEPTEMBER 1989 .

DISAGGREGATED Qs

LOG TRANSFORMATION

NO explanatory variate (Mean used)

Fleet 1 ,NORWEGIAN TRAWL-CPUE, has terminal q estimated as the mean

Fleet 2 ,USSR TRAWL » has terminal q estimated as the mean

FLEETS COMBINED BY ** VARIANCE **

Regression weights

, 1.000, 1.000, 1.000, 1.000, 1.000, 1.000, 1.000, 1,000, 1.000, 1.000,
0ldest age F = 1,000*average of 5 younger ages. Fleets combined by variance of predictions
Fishing mortalities

Age, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88,

3, ,004, .002, ,028, .002, .009, .000, .004, .09, .00i, .0Q05,
4, .048, .014, .052, .028, .053, ,001, .016, .048, .070, .005,
5, .128, .049, .117, .073, .097, .049, .048, .073, .073, .189,
6, .242, .085, .164, .121, .134, .331, .201, .169, .169, .200,
7, .309, .183, .191, .1i49, .204, .355, .378, .279, .2569, .251,
8, .197, .232, .141, .167, .405, .322, .260, .385, .276, .221,
9, .147, .2i6, .116, .329, .301, .315, .251, .289, .3i2, .282,

15, .226, .414, .486, .509, .544, .394, .382, .916, .321, .4i6,
Log catchability estimates
Age 5
Fleet, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88

’ ’ s :

T, Wo data for this fleet at this age
7 1-12.85,-13.49,-12,42,-13.08,-13.52,-13.67,-13.71,-13.22,-12,81,-13,21

SUMMARY STATISTICS
Fleet , Pred. , SE{q),Partial,Raised, SLOPE , SE s INTRCPT, SE
y 9 s y F o F s+ Slope , sIntrept

0 s ’

1 , No data for this fleet at this age
2 ,-13.21 , .427, .0577 , .1884, ,00CE+00, .000E+00,-13.207, .129
Fbar SIGMA(int.) SIGHA(ext.) SIGMA(overall) Variance ratio
.188 427 0.000 427 0,000

Age 6
Fleet. 79, 80, 81, 82, 83, 84, 85, 86, 87, 88

1—,-14.39,~15.39,—13.97,~13.16,-15.72,—14.63,-15.48,-14.25:*13.10,-12.47
2 ,-11.96,-12.74,-12.14,-12,57,-12.80,-11,76,-11.69,-12,26,~11.99,-12.47

SUMMARY STATISTICS
Fleet , Pred. , SE(q),Partial,Raised, SLOPE N SE JINTRCPT, SE
s 9 s s F F o s+ Slope -, sIntrept

1 ,-14.26 , 1.154, ,0106 , .0336, +000E+00, .000E+00,-14.256, 348
2 ,-12.24 , .416, .1523 , .2527, .000E+00, .000£+00,~12.238, 125
Fbar SIGMA(int.) SIGMA(ext,) SI1GMA(overall) Variance ratio
.200 .391 644 08

. 2,
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Table 7.8 (cont'd)

Age 7
Fleet, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88

T, 712,45, 71308, ~12,74,-12.52, -13.65, ~13.45,-13.29,-13. 12, 12,24, -12. 11
2-1-11.71,-12,09,-12.10,-12.44,-12.32,~11.73,~11,17,-11.80, 11,91, -12. 36

SUMMARY STATISTICS
Fleet , Pred. , SE(q),Partial,Raised, SL.OPE ) SE +INTRCPT, SE
y 9 s s F W F s Slope sIntrept

1 ,-12.87 , .555,.,0427 , .1179, .000E+00, .OO0E+00,-12.865, .167
2 ,-11.96-, .402, .,2000., ,3722, ,OOOE+00, ,000E+00,-11.965, ,121
Fbar SIGMA(int.) SIGHA(ext.) SIGMA(overall) Variance ratio
J251 2325 546 546 2.814

Age 8~ .
Fleet, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88

s S s s e . ) .
1-,-12.72,-12.69,-12.,90,-12.56,~12.40,>12,87,-12.82,-12,37,-12/25,-12: 28
2 ,~12,26,-11.82,-12.44,~12,30,-11.64,-11.90,-11.86,~11,69,~11.89,-12,56'

SUMMARY STATISTICS
Fleet , Pred. ,.SE{q),Partial,Raised, SLOPE. ,. SE , INTREPT, SE
»- 9q B s, F , F ,» Slépe. , ,Intrept

_— O ) s s 3 s
1 ,-12.58- , .289, .0565 ,..1632, .0008+00, .O0OE+00,-12.585, .078
2 ,~12,04-,. .,340, .1863, ,3735, .000E+00, .00OE+00,-12.036;. .103
Fbar SIGHA(int.) SIGMA(ext:)-  SIGMA(overall) Variance. ratio
21 206 399 .399 3.756 .

Age~ 9 .
Fleet, 79, 80, 81, 82, 83, 84 85, 86, 87, 88~

s s -4 , e . . as 52
1,-12,33,-12,90,-12.80,~12.56,-12.40,-12,09;-11,78,-12,44;-12:44;-12. 35'
2.-12.83,-11.84.~12,76.~11,52.~11.98,-12,12.-12,2) .-12,16.-11.66,-12,23- . [auhianas .
SUMMARY STATISTICS Lo
Fleet , Pred. ,.5E(q),Partial,Raised, SLOPE , SE , INTRCPT, SE
y 9 s s Fos f s Slope yIntrept

. , ), ’ s s s »
1 ,-12,41 , ,336, ,0675 , .2667, .DOOE+00,  .000E+00,-12.409, .101
2 ,-12.13 , .,443, ,1693 , .3123, .000E+00, .000E+00,-12.132, .134
Fbar SIGHA(int.) SIGMA(ext,) SIGMA(overall) Variance ratio
282 .268 . 760E~01 . 268 .081

Age 10 !
Flest, 79, 80, 81, 82,. 83, 84 85, 86, 87, 88

717,49, .13 .15, -13. 45, -11. 95, ~11.65, 13,06, -11.22,-11,56,-11.99,-12.60
2 1-12.95,-11,98:-12.70,-11.,21,-11.64,-11.82,-11.29,-12,01 ,-11.73,-11.35

SUMMARY STATISTICS
Fleet , Pred. , SE(q),Partial,Raised, SLOPE , SE sINTRCPT, SE
y q ’ s N ) ,  Slope »Intrept

s > 3 s s ; s s
1 ,-12,11 , .5688, ,0909 ,1.0560, .000E+00, .000E+00,-12,111, ,177
2 ,-11.87 , .607, .2205 , .3879, .000E+00, .000E+00,-11.868, .183
fbar SIGMA(int.) SIGMA(ext.) SIGMA(overall) Variance ratio
650" 422 501 501 1,405




Page 7.9

Title : GREENLAND HALIBUT IN FISHING AREAS 1 AND I1

At 20.32.25 24 SEPTEMBER 1989

From 7% to 86 on ages 3 to 15

with Tarminal F of .350 on age 8 and Terminal S of 1.000

Initial sum of squared residuals was  199.405 ang
Final sum of squared residuals is 100,203 after OO0 iterations

vatrix of Residuals

Years 78/79 79780  §0/8] 81/82 §2/83 83/84 84/85
Ages
3/ 04 -1.329 .854 -.944  2.536 -1.054 4.131 -4.986
4/ 5 -1.188  1.331 -.845 1,357 L2750 1.373 ~2.553
5/ 5 -.513 1.577  -.107  1.479 .681 -.085 -.442
5/ 7 ~.488 .B41  ~.375% .924 L0569 -.539 .302
/8 -.058 456 .270 L5220 777 -.480 .215
3/ 8 L1760 -.104 J591 -.5286 -.518 .207 L0186
9/10 663 L157 L8010 -.547 342 122 -.185%
10/11 -.323 -.887 -.483 -.744 L1668 D42 -.119
11/12 .07 ~.209  -.044 -.028 .270 .204 ~.140
12/13 016 -.383 0 ~.753 .092 .354 .424 .013
13/14 777 -.544 .219 1.350 L2562 .40 237
14/15 -.415 -1.212 .176 L5658 -.122 L4386 ~.395
.001 .001 .000 .200 .000 .000 .000
WIS - .100 .100 .100 .100 L1000 1.000 1.000

Fishing Mortalities (F)

78
F-values L4174

79 30 81 82 83 84 85
F-values L1790 .1871 1855 .2775  .3495  .3570  .3215

Selection-at-age ($)

3 a 5
S-values L0071 L0584 2072

) 7 8 3 16 11 12
S-values L6165 (9634 1.0000  .9128 1.:986 1.3143 1.4118

86
.3756

87
.3083

14
L.7078

€0

~3
~
o
A

.545
479
.205
.128
L2386
-.024
-.093
.028
-.239
-.0350
-.045
-.691

.got
1.000

88
3500

15
1.0300

.001
.000
.000
.000
.000
.Doo
.000

.000
Qoo
000
000
.000

§.278

e g b b

Wis

.001
.01
100
.00
L0gu
Behile
.0ac
000
000
.000
.100
L0310

STl
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Table 7,10 Percentage of mature GREENLAND HALIBUT
by age. Data from the USSR for the years

1983~-1987.

Age ) Average
years 1983 1984 1985 1986 1987 1983-1987
4 - - - 0.04 0.06 0.05
5 0.15 0.57 0.18 0.23 0.20 0.27
6 0.29 0.69 0,43 0.49 0.46 0.47
7 0.56 0.62 0.63 0.52 0.70 0.61
8 0.85 0.61 Q.77 0.62 0.74 0.72
9 0.94 0.61 0.92 0.80 0.91 0.84
10 0.96 0.74 0.97 0.88 0.96 0.96
11 0.99 0.92 0.97 1.00 1.00 0.98
12 1.00 0.92 1.00 1.00 1.00 0.98
13 1.00 1.00 1.00 1.00 1.00 1.00
14 1.00 1.00 1.00 1.00 - 1.00
15 1.00 1.00 - - - 1.00
16 1.00 - - 1.00 - 1.00




Table 7.11
GREENLAND HALTBUT IN FISHING AREAS

virtual Population Analysis.

CATCH LN HUKBERS

O W~ N UT B

10
1L
12
13
14
15

16+

TOTAL

34
526
2792
10464
18562
10034
6671
2517
1250
616
1104
266
15

54852

10450

I AND IT

UNIT: thousands

1971

1

1

80
4486
12712
12283
6130
4339
2703
1660
1044
300
123
20

45882

1972

1
461
1109
3521
9605
6438
2775
1734
1358
1234
675
200
40
40

29201

1973

1

19
212
1117
3923
3515
2551
1919
1536
1127
716
251
70
56

17013

1985

88
461
1219
2874
2561
1548
972
1037
614
363
161
120
55

12081

1974

1
276
917

2519
6204
3838
1834
1942
1622
1338
734
531
137
79

21972

1986

141
985
1672
3335
2712
1531
1128
997
530
434
314
305
232

14323

1975

22
334
840

2337
6520
4118
2265
1654
1857
1536
1122
600
270
98

23573

1987

50
435
1212
2972
3572
1745
752
828
362
202
186

12387

1976

98
830
2982
5824
5002
3000
1350
915
1212

698 .

526
254
104

22796

1988

5
230
894

2505
3098
2063
1166
848
474
309
131
138
46

0

11907

1977

62
755
2037
3255
4200
2524
1610
1104
1062
858
595
384
93
87

18626

1978

73
532
1897
3589
4118
2365
1509
946
934
438
349
147
83
29

17014

1979

38
887
2218
3155
2727
1234
495
319
296
243
103
45
30
21

11861

Lzl



Table 7.12 Vdrtual Population Analysis.

GREENLAND HALIBUT IN FISHING AREAS I AND

MEAN WEIGHT AT AGE OF THE STOCK

1970

.200
441
567
W737
.079
421
.548
.281
887
.247
.303
.931
765

.308

OV U1 B WA N =

1982

.270
.620
.690
.840
.030
.310
.740
L2410
770
370
.320
. 350
.70
600

O UTOT B o N R =

1971

.200
441
.567
.737
.079
421
.848
281
.887
247
.303
931
.765
.308

DU 3 WP N =

1983

.310
450
750
.040
.340
570
.970
730
290
.220
L710
.080
.0oo
.500

GOy B P L N3

1972

.200
441
.567
.737
.079
.421
.848
.281
.887
.247
.303
.931
L7865
.308

VU It W AN P

1984

.300
480
.630
.960
.180
.530
.310
.870
.460
.770
.990
L350
.470
600

fa B R WWWNIN P

UNIT:

1973

.200
441
.567

U B WNN— P
™
B
-~

1585

.300
.380
.600
.890
200
.850
.590
,180
_520
.950
.480
250
.800
.200

U1 g B W w

11

kilogram

1974

.200
441
587
.737
.07%
.421
.848
.281
.887
.247
.203
.931
.765
.308

O 8 WNN =P

1986

.340
470
.620
.920
.280
.900
.480
.110
.350
.720
.000
. 180
500
400

CT o BWWWN PP

1975

. 200

.441

.567

.737
1.079
1.421
1.848
2.281
2.887
3.247
4.303
4.931
5.765
£.308

R VRSV S BN R S
N
fes]
35

5.953

1976

.200
441
.567
.737
.079
421
.848
.281
.887
.247
.303
.931
.765
.308

YA B s WARIN B

1988

.414

.554

.740

.962
1.249
1.626
2.164
2.897
3.406
3.661
4.247
4,187
4,463
4.463

N EHE B WRN PP

1977

.200
.441
567
.737
079
421
.848
.281
.887
.247
.303
.931
.765
.308

OV UT B B W NN

1978

.200
LA441
567
.737
.078
.421
.848
.281
.887
.247
.303
.931
L7865
.308

1978

.300

.600

.900
1.200
1.500
1.800
2.200
2.600
3,000
3.500
4.100
4.800
5.600
7.000

U B Wi RN =

.200
.482
702
.872
.141
468
L778
.302
LG54
.46
368
.285
.025
.589

[N I S VN S E S S

1981

.200
LS00
LE50
.840
.150
.560
840
570
.980
.430
.130
.680
.810
.590

8¢l



Table 7.13 Virtual Population Analysis.

GREENLAND HALIBUT IN FISHING AREAS 1 &ND If

FISHING MORTALITY COEFFICIENT UNIT: Year-1 HATURAL MORTALITY COEFFICIENT = .15

1978 1978 1980 15881 1982 1983 1984 198% 1986 1987 1988

3 .004 .004 .003 .027 .002 .01l .000 .004 .007 .003 002
4 026 048 .015 .055 .026 .056 .001 .020 .050 .027 L0189
S .105 .134 .048 .126 .D78 .091 .052 .058 .087 .076 068
6 .258 .241 .088 L1564 L132 .145 .309 .218 .211 .207 .210
7 A21 .300 .183 .202 .148 .226 .392 .344 309 L3486 L325
8 443 .202 224 .140 .178 .403 .368 .299 .335 316 .325
9 .391 L146 .221 L111 .327 .328 2313 .300 . 349 .258 .341
10 .388 .125 .192 .147 .436 480 446 .535 .537 .439 486
11 .518 .190 . 285 .289 A21 .447 405 .410 .545 .358 457
12 .515 .230 . 255 .335 .517 L4386 .374 .430 .538 .388 .554
13 .644 .205 .358 .633 .499 . 489 .253 288 771 .439 .441
14 .649 .147 L8462 .368 .342 .628 497 267 1.292 .318 L641
15 416 .245 .281 .251 L1861 -254 .233 .374  1.139 .074 .382

16+ L4186 . 245 .291 .251 J161 .254 .233 374 1.139 .074 .382
( 5-103U .334 .191 180 .148 .217 .275 .313 282 305 .274 .293
( 7-10u .432 .193 .221 .178 .302 .373 .385 .378 L415 .343 .387

621



Table 7.14 Virtual Population Amalysis.

GREENEAND HALIBUT IN FISHING AREAS I AND II

STOCK SIZE IN- NUMBERS

UNIT: tonnes-

ALL VALUES ARE™ GIVEN- FOR: 1. JANUARY

10
11
1z
13
14
15
16+

TOTAL NO
SPS N0
TOT.BIOH
SPS BIOM

OO IR UT W

1978

23629
22701
20431

169531
12840

7073

5082

3153
2472
116%
785
329
260
91

116886
39614
97156
57207

Average recruitment (age 3) 1978-1987:

1973

23627
202585
19046
15829
11278

7255

3908
2914
1841
1268
598
355
148
104

108434
35854
117201
63396

UNIT: thousands

1980
26700

20255
16621

14341
10708
7187
5103
2906

2213

1311
867
420

264

68

108963
35921
94187
54389

1981

27069

22922
17179

13529
11290
7677
4947
3520

2064

1432
874
523

227

73

113424
37050
102677
60875

115050

37828
104168
58536

1983

316323
23757
19013
14860
9834.
7390
5719
3566
2119
1478
683
461
244
62

120820
37614
117098
67107

25,000.

1984

29811
264936

18325.

14936
11065
6753
4251
3546
1938
1167
822
361,
iz
155

121279
36551
109387
60877

1985

25325
25659
23151
15786
9441
6434
4024
2677
1955
1113
591
550
189
27

117021
35597
105400
50454

1988

20339
21716
21658
18797
10930
5762
4108
2566
1349
1116
623
448
362
11

109734
36203
105668
58965

1987

17375
17779
17093
13096
5904
3547
2495
1291
673
561
248
105

0

105471
34726
103229
55949

14552
14180
11964
7975
4330

2358

1384
777
393
311
155

0

104895
33446
101953
53468

Ignored

oel



Table 7.15

List of dinput variables for the 1

CES prediction prograuw.

GREENLAND HALIBUT

The reference F is the mean F for the age group range from 7 to 11
The number of recruits per year is as follows:

Year . Recruitment

1989 25600.0

1990 25000.0

1891 25000.0

pata are printed in the following units:

Number of fish: thousands

Weight by age group in the catch: Kilogram

Weight by age group in the stock: kilogram

Stock biomass: tonnes

Catch weight: Lonnes

oo grann e s e A e e e e e e Fomm e e Fmm +
! ! ! fishing! natural} maturity| weight in| weight inj
| age| stock size) pattern] mortality) ogive! the catch] the stock)
e e B Fome e o e g b e +
[ 25000.0} .0025, 15 00} 360 L 360
o4 22066.0] .020 .15 .08, 564 564
V5 17656.0} .073 4 L1561 W27, 724 724
- 11697.0, 21 .15 47, ,983] .983]
A 9889.0/ .32 ; W15 Bl 1.258) 1,258
8 7436.0] .32 N A5 728 1.655 1,655
vo9 4960.0} .34 .15) 841 2.3234 2,323}
V10 2651.0, 49 J15} .90 2,939] 2,939,
S 1248.04 .46 | .15 98¢ 3.477, 3.477)
Vo124 755.0} .55 ) .15} .98 3.731) 3,731
vo13) 384.0] .44 i .15 1.00; 4,403, 4,403}
Vo148 218.0; .64 J151 1.00; 4.594} 4,594
vo15) 141,01 .38 L15¢ 1.00) 5,208! 5,208]
to16+! 91.0! .38 .15} 1.00! 5.,208) 5.208)
B e R e T [ T e Sy B T e

131



Table 7.16

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

GREENLAND HALIBUT

o e e e b e e o i S 4 e e e e e +
) Year 1989 | ; Year 1881 !
o e o oo e e e e e e oo e e e e e e o] b +
t fac-] ref.) stock! zp.stock) \ fac-{ ref.] stock] sp.stock] ' stock| so.stock)
1 tory F{ biomass| biomass| catch{ tor] F! biemass! biomass| caich| bicmass] biomass)
e o + e -4 +e B i + + PO e o i e e +
! W7 27} 101} 541 14} .3) .13;F0.1 106} 58| 8] 119} 68}
! ! ! ! : ¢L.6! .25Emax : ! 14! 1138 62!
! ! ! i ! boL7 27 med a9 L5 110! 51!
! ! ; ! : ©o1.0t .33ifmigh 120! 104! 561
Do ! ! ! P00 .39Fss P21 103 551

+ 4 Fom e e o e +

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

(4%



(kg)

Yield per recruit

FISH STOCK SUMMARY
STOCK: Greenland Halibut in Sub—areas I and II

Figure 7.2 (cont'd)

23-10-1989
Long-term yield and spawning stock biomass Short-term yield and spawning stock biomass
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('000 tonnes)

Yield

FISH STOCK SUMMARY

Figure 3.1

23-10-1989
Trends in yield and fishing mortality (F)
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Yield per reécruit (kg)

Figure 3.1 (cont*d) FISH STOCK SUMMARY
STOCK: North—East Arctic Cod

23-10-1989
Long~term yield and spawnimg stock biomass Short-term yield and spawning stock ‘biomass
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(kg)

Yield per recruit

Figure 4.1 (cont'd)

tong-term yield and spawning stock biomass
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FISH STOCK SUMMARY
STOCK: North—East Arctic Haddock
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Figure 5.1 Landings by gear categories 1977-1988.
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Figure 5.2 Stock and recruitment.
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FISH STOCK SUMMARY
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Yield per recruit (kg)

Figure 5.3 (cont’d)

FISH STOCK SUMMARY

STOCK: North—East Arctic Saithe
23—-10-1989
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Figure 6.1A ©Sebastes mentella,.
Length distribution (%) of the landings in 1988
from the USSR and the Federal Republic of Germany.
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Pigure 6.1B Sebastes mentella.
Corresponding age distributions (%) of the landings in
1988 from the USSR and the Federal Republic of Germany.
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Figure 6.2 Sebastes mentella.
Age-length relationship for the USSR and the
Federal Republic of Germany landings presented
to the Arctic Fisheries Working Group in 1988.
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Figure 6.4

Recruitment at age 6 (millions)
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Yield {'000 tonnes)

Figure 6.5

FISH STOCK SUMMARY
STOCK: Sebastes Mentella in areas IIA and IIB

23-10-1989
Trends in yield and fishing mortality (F) Trends in spawning stock biomass (SSB)
and recruitment (R)
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Yield per recruit

Figure 6.5

Long-term yield and spawning stock biomass

(cont'd)

STOCK: Sebastes Mentella in areas IIA and IIB

FISH STOCK SUMMARY

23-10-1989
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Figure 6.6 Sebastes marinus in Sub-areas I and II.
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