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REPORT OF THE NORTH SEA ROUNDFISH WORKING GROUP

PARTICTPANTS
D W Armstrong United Kingdom (Scotland)
E D Anderson UsA
N Daan Netherlands
J P Hillis (part-time) Ireland
B W Jones (Chairman) United Kingdom (England)
J Lahn-Johannessen Norway
¥ Lamp Federal Republic of Germany
P Lewy Denmark
C T Macer United Kingdom (England)
0 M Smedstad Norway
T Smith USA
A Souplet France
G Wagner Federal Republic of Germany

K Hoydal, ICES Statistician, also attended the meeting.

TERMS. OF REFERENCE

At the 1982 Statutory Meeting of ICES it was decided (C.Res.1982/2:5:10)
that the North Sea Roundfish Working Group should meet at ICES head-
quarters from 7-16 June 1983 to:

(i) asgess catch options for 1984 inside safe biological
limits for cod, haddock and whiting in Sub-areas Iv,
VI and Divisions VIId,e,

(ii) advise on possibilities other than by mesh regulations
to improve the exploitation pattern on these stocks,

(iii) review which data are available in the Working Group
files for evaluating density dependence in the para-
meters of the models used in fish stock assessment,

(iv) specify deficiencies in data required for assessments.

INTRODUCTION

At the 1981 meeting of the Working Group a new method was introduced, the
Gamma method, for determining on an objective basis the levels of fishing
mortality in the most recent year. The resultant values of F were then
used to initiate the Virtual Population Analysis (VPA)., There were sub-
sequently some criticisms of the Gamma method mainly on the grounds that it did
not allow for catchability varying with time. At the 1982 meeting the
Working Group used a new method, the Rho method, which made allowance

for changing catchability, and this method was considered by ACFM to be
generally acceptable. Shortly before the 1983 North Sea Roundfish
Working Group meeting there was a meeting of the Working Group on Methods
of Fish Stock Assessment which, inter alia, examined the currently avail-
able methods which use catch and effort data to determine F values in

the most recent year. As there was only one week between the meetings,
members of the Roundfish Working Group did not have adequate time to
assimilate and implement fully the recommendations of the Methods Working
Group. Thus, the Roundfish Working Group had to adopt a pragmatic
approach to the problem of tuning the VPAs by using the best of the
methods for which computational software was available.
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Three methods were attempted this year:

(a) The Armstrong-Cook method as the method preferred by the
Methods Working Group;

(p) The Rho method for continuity and comparison with the 1982
assessments;

(c) The Lewy method, which is a development of the Rho method, has
the advantage that it calculates catchability at a fleet-
disaggregated level,

These methods are described in greater detail in Section 5.

ACFM was critical of the Report of the 1982 meeting of the Working Group
"pecause of the way the Working Group appeared to have discarded the

IYFS data, although the difficulties in obtaining reliable estimates of
recruiting year classes were appreciated". It was not the intention of
the Working Group to discard the IYFS data, but during the 1982 meeting

it became apparsnt that the difficulties in interpreting these data

were greater than the Group was able to resolve in the available time.

An International Gadoid Survey Working Group has been convened to meet

in 1983 to examine the problems associated with the prediction of recruiting
year class strength from survey data. Unfortunately, the Gadoid Group

is not due to meet until July and consequently the Roundfish Working Group
had to make its estimates of recruitment (see Section 6) in the absence of
any advice, which might be given.

REVISIONS TO DATABASE

Estimation of the Age Frequency Digtributions of Haddock Discarded in
Division VIa, 1965-77

Estimates of the numbers of haddock discarded at each age by Scottish
vessels exist for the period 1978-82, These data were used to estimate
the average number of haddock discarded per fish landed for ages 1 to 11
for each Scottish gear. Estimates of numbers discarded at each of these
ages were then obtained for the period 1965-77 using the relationship

(a,y,8) = L(a,‘y,g) . X(a,8)

where a refers to age, y refers to year, g refers to gear, L refers
to number landed, X is average number discarded per fish landed
and D refers to discards.

In many cases no fish are landed at age 0, and it is therefore not possible
to estimate the number discarded per fish landed. For this age group
discards were estimated using the following relationship

D(0 B

D(1,y+1,8) / E(y+1,8 X(e)

where B refers to fishing effort and K is the average ratio of discards
per unit effort determined from data for the period 1978-82.

The values obtained by these methods are of course rather crude and it is
hoped to improve on the estimation technique in the near future.

Mean weight at age for discards for the period 1965-77 was assumed to be
equal to the mean value over all gears for the period 1978-82,



-3 -

This was the only major revision to the database other than updating for
the last two years. Updated total weights and total numbers for North Sea
cod, haddock and whiting stocks can be found in Tables 4.1 - 4.3.

5e DETERMINATION OF FISHING MORTALITY RATES IN THE LAST DATA YEAR

As mentioned in Section 3, the Working Group attempted to use three
methods for determining F in the last data year:

(a) The Rho method
(v) The Lewy method (see Appendix)
(e) The Armstrong-Cook method.

The program for the Rho method was available on the ICES computer, for the
Lewy method on the Charlottenlund computer, and for the Armstrong-Cook
method on the Aberdeen computer.

Individual fleet catch and effort data were available as indicated in the
text table below, which also shows which fleet data were excluded from
the final analysis.

+ indicates data available
X indicates fleets excluded from final analysis

North Sea West of Scotland
Fleet
Cod Haddock | Whiting Cod | Haddock | Whiting

Scolttish Trawl + X + + + + +

Seine + + + + + +

Light Trawl + + + + + +

Nephrops Trawl + X + X + X + X} + X + X
English Trawl + + X + X + X + X

Seine + X + X + X
Netherlands Beam Trawl +

An initial decision was made to exclude the Scottish Nephro tr

data from all stocks because it was felt that these d;?g—EZEEinaggiogiiZ:e
for this purpose. English trawl and English seine data had to be excluded
frog the haddock and whiting analyses as there were no fleet discard data
available.

Preliminary runs were made with both the Rho and the Lewy methods for the
North Sea stocks and with the Rho method for West of Scotland stocks.

In general, the results for the methods were in good agreement. The Lewy
method has the advantage that g values for each age in each year are
calculated for each fleet separately. DPlots were therefore made of g
against year for each age/fleet combination. On the basis of these plots
it was decided to exclude some additional fleet data before proceeding to
the final analysis. For both haddock stocks both methods calculated

F values for a number of age groups which were unrealistically high. The
data for the North Sea haddock stock were transmitted to Aberdeen for

use in the Armstrong-Cook program. The results from this method also
gave unacceptable values for a number of age groups and none of these
methods could be used this year for haddock. Logistical problems did

not permit the Armstrong-Cook analysis to be extended to other stocks.
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Although the results from the Rho and Lewy methods were generally in good
agreement (see below) a decision had to be made as to which sets of F
values were to be used in the assessments. The Working Group considered
that the Lewy method was in principle preferable to the Rho method because
it enabled the g values to be calculated on disaggregated fleet data. In
addition, the program for the Lewy method incorporated a calculation of
the coefficient of variation for the estimated ¥ values. However, because
of the convenience of access to the Rho method on the ICES computer,
because the Rho method used the ICES VPA program, and in order to allow
some comparison with the previous year!s assessment, the Working Group
decided to use the output from the Rho method. Input data, Gamma values,
Rho values and regression analyses are given in Tables 5.1 - 5.12, and
plots of the Rho values against time are given in Figures 5.1 - 5.6.

The text table below give the F values in 1982 for North Sea cod and whiting
estimated by the two methods and also shows the 95% confidence limits
agssociated with these estimates as calculated by the Lewy method. It should
be noted that this confidence interval represents a minimum figure, as it
relates only to the estimate of F from the regression line and does not
include any error associated with the catch numbers and effort data.

North Sea Cod

Age 1 2 3 4 5 6 7 8

Rho F 20 1.22 .9 .65 .67 .60 .77 .75
Lewy F .21 1.46 1.04 .65 .75 .61 .76 .59
Lewy 95% .06 .20 .14 .09 .09 .08 .11 .10

Confidence Interval +

North Sea Whiting

Rho F .78 1.14 .98 1.00 1.22 2.01 1.70 1.50
Lewy F .76 .68 1.14 1.11 1.19 2.03 1.29 1.15
Lewy 95%

Confidence Interval + 1.38 .22 14 .18 .30 .72 43

6. ESTIMATION OF RECRUITMENT

Preliminary indices of abundance for the North Sea stocks for the 1982 and 1981
year classes were available from the 1983 IYFPS. Indices were calculated as:

(a) IYPS standard survey arithmetic mean index,
(b) Burd-Parnell arithmetic mean index based on rectangles fished in all years;

(c) Burd-Parnell geometric mean index based on rectangles fished in all years.
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These indices are tabulated together with VPA year class strength estimates
in Tables 6.1-6.3,

Plots were made of the various indices against VPA year class strength
estimates, and for North Sea/West of Scotland relationship for VPA year

class strength estimates. These plots for the IYFS standard arithmetic

mean indices are reproduced in Figures 6.1-6.6 and Tables 6.4-6.6 and

give the calculated coefficients for straight line geometric mean regressions.

The Noxrth Sea Roundfish Working Group did not wish to anticipate discussions
expected to take place in the International Gadoid Survey Working Group
(IGSWG) .However, the Working Group suggests that the following points
relating to the interpretation of IYFS data might be considered by the
IGSWG:

(l) What is the best computational method for deriving a survey
index and, in particular, should the index be based on
arithmetic or geometric average?

(2) TFor estimation of absolute year class strength:
(2a) 1Is a straight line relationship appropriate?

(2b)  If a line is fitted should a predictive or a GM regression
be used?

(2c) Should a fitted line be forced through the origin?

(2d)  Are there other means than the available linear regression
techniques to reduce the coefficient of variation of the
estimates?

(3) Is the variance of the data sufficiently small for a useful
prediction to be obtained?

The indications from the 1983 IYFS are that the 1982 year classes for all
three species in the North Sea are of relatively low abundance.

Interpretation of the recruitment data is discussed for each stock in
the appropriate section.

Te NORTH SEA COD
7.1 Catch Trends (Table 7.1 and Figure 7.1.4)

Provisional nominal landings in 1982 were 251 361 tonnes, compared to

290 296 tonnes in 1981, Unreported landings of 20 303 tonnes in 1981 and
4 573 tonnes in 1982 were also included in the Working Group estimates of
landings. 'The TACs agreed between EEC and Norway for 1981 and 1982

(220 000 tonnes and 235 000 tonnes respectively) were thus exceeded by

90 649 tonnes and 20 182 tonnes in these two years.

7.2 Age Composition (Table 7.2)

There were no revisions to the data base other than updating of the 1981
data and addition of 1982 data. As shown in the text table on p.6, only
a very small proportion of the landings was not covered by sampling. As
in previous years, discards and industrial fishery by-catches were not
included in the VPA input data, since they are not considered to be
reliably estimated.




NORTH SEA COD

T
Nations supplying age ; Weight represented Total weight Percentage
Year Category i composition data } by age compositions caught represented
i : by age com-
: . positions
s
J i
1981 i Industrial by-catch - . - i Not known -
! ; i
i Human consumption ! Belgium, Denmark,England, ; 303 467 | 310 599 98
landings ! Federal Republic of ‘ !
I Germany, Netherlands, | :
! Scotland, France ! ;
! Discards Netherlands, Scotland ) 10 919 i Not known -
f
1982 | TIndustrial by-catch |  Norway ? 368 Not known -
Human consumption i Belgium, Denmark,Bngland, 248 397 255 934 97
landings Federal Republic of
3 Germany, Netherlands,
i Scotland, France )
j
Discards Scotland i 4 212 ! Not known -
i | f
| i i l
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Recruitment (Table 7.5 and Figure 7.1.B)

The numbers of fish of the 1981 and 1982 year classes were estimated
from IYFS-VPA plots.

1981 year class

This was estimated at 180 million fish at age 2 from the 1983 IYFS,
using the correlation with VPA, which is highly significant. The catch at
age 1 in 1982 implies an F value of 0.27 (the highest recorded value for
this age group) and a stock number at age 1 of 290 millions. This value
is supported by the English groundfish survey estimate of 260 millions
at age 1. lLast year there were uncertainties about the size of this
year class as estimated by the IYFS at age 1. The Working Group used a
value of 210 millions and ACFM finally adopted a value of 138 millions.
The Rho estimate of F at age 1 in 1982 is 0.20 which implies a stock
size of 388 millions. However, the Rho plot for this age group has a
high variance probably due to the effects of discarding. The IYFS
estimate is, therefore, preferred.

1982 year class

The IYFS in 1983 indicates a very low abundance for this year class.
Inspection of various IYFS indices plotted against VPA showed that all
gave a similar value for year class strength, since the scatter of
points is reduced near the origin. The 1982 year class is indicated to
be similar in size to the poor year classes of 1971, 1973, 1975 and
1980. The mean of these year classes is 110 millions and this value
was adopted as the estimated size of the 1982 year class at age 1.

198% year class

This was assumed as 202 millions at age 1, the average recruitment for
the years 1963-79.

Weight at Age (Table 7.3)

Stock mean weights were assumed to be the same as catch mean weights.
For predictions of catch in 1983 and 1984, mean weights were calculated
as arithmetic means for the period 1977-82.

Fishing Mortalities in 1982 (Table 7.4)

Two estimates were available for this age group: that from the Rho method
which gave 0.20 and that implied by the IYFS recruitment estimate which
indicates an F of 0.27. The latter value is the highest yet seen in

the VPA for this age group but is the preferred value, for the reasons
described in Section 5.

F at other ages

These were estimated using the Rho method as described in Section 5. Catch
and effort data were available for 6 fleets and these were examined
separately using the Lewy method. This showed that in 2 fleets the
variance about the regression line was rather higher than in the other

4 fleets. Bxclusion of these 2 fleets in the Rho method gave slightly
higher values for the correlation coefficient for older age groups and
therefore the ¥ values estimated are based on 4 fleet data sets. The

F values obtained from using the data from all 6 fleets are in fact
similar to the 4 fleet data.
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The estimate at age 2 is higher than those previously estimated for this
age by VPA, but the other values are similar to recent average levels.

The F values on the older age groups are lower than those indicated by

the Rho method in last year!s assessment. Although both sets of F

values were estimated using the Rho method, this year's catch and effort
data were updated by including Dutch data and by excluding fleet data
showing relatively high variances. In addition, there were some revisions
o English catch/effort data.

VPA Results (Tables 7.4 and 7.5, Figures 7.1.A—B)

Mean F on ages 3-8 increased between 1963 and 1972 but has remained
relatively stable in subsequent years. Recruitment has fluctuated between
78 and 444 millions at age 1. Spawning stock biomass declined steadily
from 1968 to 1978 but this trend has subsequently reversed.

Equilibrium Yield for Average Recruitment (F:gure 7.1.C)

This was calculated using mean weights and mean Fg averaged over the
period 1977-82., Yield was calculated for an average recruitment of
202 millions at age 1 (1963~79). The maximum yield is estimated at
315 000 tonnes at an F of 0.18 compared to recent average F (1977-82)
of 0.74.

Catch Predictions

Input data are given in Table 7.6. The mean weights and exploitation .
pattern are the average for the period 1977-82. Results are given in
Tables 7.7 and 7.8 and graphed in Figure 7.1.D.

1983
Two assumptions were considered:

Assumption 1: F83 = F82
In this case a catch in 1983 of 223 000 tonnes at a mean F of 0.73 is
produced. Last year's prediction was 200 000 tonnes at a mean F of 1.01.

Assumption 2: Catch83 = TAC = 240 000 tonnes

Following this assumption F will increase by 12% to 0.82.

1984

Catches and spawning biomasses were calculated for a range of Fs for
both options in 1983. At constant F, catches in 1984 are predicted at
183 000 tonnes under Assumption 1, and 169 000 tonnes under Assumption 2
(F84 = Fgg). The decreased catches in 1984 are primarily the result of
the low abundance of the 1982 year class.

COD_IN DIVISION VIa
Catch Trends (Table 8.1, Figure 8.1.A)

Provisional nominal landings in 1982 were 21 544 tonnes compared to
23 950 tonnes in 1981. Despite the decrease in landings in 1982, the
quantity was nevertheless high compared to recent levels. The TAC
recommended by ACFM for 1982 was 17 000 tonnes.
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8.4

8.5

Age Composition (Table 8.2)

Details of data supplied for the past 2 years are given in the text table
below. There were no changes in the VPA input data for years prior to 1981,
The data base does not include estimates of discards.

Nations supplying Weight represented Total % represented
age composition by age composition weight by age com-
Year data caught position
1981 England, Ireland,
Seotland 16 222 23 921 68
1982 England, Ireland, 21 485 21 740 99

France, Scotland

Recruitment (Table 8.5, Figure 8.1.B)

The VPA correlation with the North Sea is non-significant (1 year 0ld) or
only just significant (2 years old) and so it was decided to use an average
value of F to determine the strength of this year class. The mean for

the period 1977-79 (0.10) was selected, and this results in an estimate of
21.3 millions at age 1. This is the largest year class yet seen in the
VPA but this estimate is supported by Scottish cpue data (Table 5.3).
Although the Rho method is potentially less reliable for this age group,
the estimate of 20,7 millions, which it indicates, is very close to the
adopted value of 21.3 millions, as calculated from mean F.

1982 and 1983 year classes

There is a clear upward trend in recruitment since 1965. However, the
Group decided that it would be inadvisable to extrapolate this trend,
since to do so would estimate the 1982 and 1983 year classes as being of
high abundance and hence we would obtain a very optimistic forecast. For
this reason it was assumed that the abundance of the 1982 and 1983 year
classes is 7.7 millions at age 1, the mean for the period 1967-79,

Weight at Age (Table 8.3)

The mean weight data for the period 1967-78 are a nominal constant
series, set at the 1978 level. For this period, biomass estimates should
be treated with caution.

Fishing Mortalities in 1982

This was assumed to be the same as the average for the years 1977-79
(0.10). The Rho method gives an almost identical value.

These were estimated using the Rho method. Data from 4 fleets were
examined initially. 1In one of them (English trawl), fishing effort has
declined drastically in the last few years and this resulted in some
anomalous gamma values which biased the corresponding Rho estimate. This
fleet was therefore excluded from the Rho analyses. Except at age 5,

the estimated Fs are in good agreement with recent values.
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8.6 VPA Results (Tables 8.4-8.5, Figure 8.,1.B)

Mean F has shown an increasing trend over the whole period (1967—82).
Recruitment has also tended to increase and fluctuations have also become
more marked in recent years. After remaining at a constant level during the
period 1971-80, spawning stock biomass has increased over the past two years.

8.7 Yield at Average Recruitment (Pigure 8.1.C)

This was calculated using mean weights and mean fishing mortalities for the
period 1977-82. A mean recruitment of 7.7 millions (1967-79) was

assumed. The maximum yield is calculated as 15 500 tonnes at an F of

0.31. Recent average F has been 0.83.

8.8 Catch Predictions

The input data are given in Table 8.6, The mean weights and exploitation
pattern are averages for the period 1977-82.

1983

In the absence of an agreed TAC for 1983, only a single option (F 3 = FBZ)
was assumed. The predicted catch is 22 600 tonnes at a mean F va?ue

of 0.84. 1In last year's assessment a catch of 25 700 tonnes was predicted
at an ¥ of 0.71.

1984

Table 8.7 and Figure 8.1.D give the predicted catches and spawning
biomass for a range of Fs, If F remains constant in 1984, a catch of
23 200 tonnes is predicted.

9. COD IN DIVISION VIb

No age compositions are available for this stock, but nominal landings
are quite small (Pable 9.1). If a TAC is set for the whole of Sub-area VI,
an appropriate allowance will need to be made for Division VIb.

10. COD IN SUB-AREA VIT
10.1 Cod in Divisions VIId and e (Table 10.1)

As in previous years the only data available were from England, but based
on limited sampling., Since English landings form only a small proportion
of the total, no analytical assessment was attempted.

10.2 Cod in Divisions VIIb,c and VIIg-k (Table 10.2)

No age compositions are available for these areas.

11. NORTH SEA HADDOCK
11,1 Catch Trends

Total international landings and total internmational catches are given
in Table 11.1 and shown in Figure 11.1.,A for the period 1960-82.

The TAC for 1982 was 180 000 tonnes and provisional nominal landings for
that year are 181 049 tonnes. The Working Group's estimate of total
landings for 1982 is 186 463 tonnes. Discards for 1982 were estimated at
41 308 tounes.
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11.2 Age Composition
Details of the data supplied to the Working Group by various nations
for 1981 (final) and for 1982 (provisional) are summarized in the
text table below:
! Nations supplying | Weight represen- Total !% represented
Year Category age composition ted by age com- weight by age com-
data position caught position
1981 | Industr. | Denmark, Norway 16 216 17 615 92
« Human { Belgium, Denmark,
: . consump. England, France,
; Netherlands, - 122 961 130 009 95
Scotland
! Discards | Scotland i 38 527 60 290 64
T
1982 Industr. | Denmark, Norway 19 969 20 980 95
' Human | Belgiunm, Denmark, '
! consump. i England, PFrance,
i Fed.Rep. of 161 505 165 475 98
; Germany, Nether-
| lands,Scotland ;
g i Discards | Scotland 26 252 ‘ 41 308 64
| | I |
11.3 Weight at Age
Mean weight at age data for the total catch (used as stock weights) are
given in Table 11.3.
11.4 Recruitment (Table 11.5, Figure 11,1.B)

1982 year class

Recruitment indices for the 1982 year class at age 1 in 1983 were available
from the IYFS. These indices indicated that the 1982 year class is of very
low abundance. The scatter diagram of IYFS index versus VPA number
indicates a curvilinear relationship whereas the basic assumption made

in the past was that the relationship should be rectilinear, Pending the
deliberations of the forthcoming Young Gadoid Survey Working Group it was
decided to estimate the absolute abundance of this year class by inspection
of the scatter diagram of IYFS index versus VPA rather than by regression
methods. This resulted in an estimate of 760 million fish at age 1 in
1983,

1981 year class

For the first time in this Working Group an index of abundance for

2-year old haddock was also available from the IYFS. This allowed
estimation of the absolute abundance of the 1981 year class in 1983 from
Figure 6.4.A. The abundance estimated by use of regression methods was
760 million fish at age 2. Given the catch of this year class at age 1
in 1982, this implies that the abundance of the 1981 year class at age 1
was about 1250 million fish. Inspection of the IYFS index for age 1 fish
gives a very similar result.
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Recruitment at age O in 1983, 1984 and 1985 was assumed to be 2695,318
millions, this value being the average for the period 1961-79 excluding
the 1967 year class.

11.5 Pishing Mortalities in 1982 for Age Groups O to 11+

As noted in Section 5, none of the methods available for the estimation of
these values produced acceptable results., It was therefore decided to

use mean values of fishing mortality rates for the period 1978 through
1980.

Fishing mortalities at age 0 and 1 in 1982 were evaluated to produce
the abundance levels estimated from the IYFS.

11.6 VPA Results

Estimated fishing mortalities for the period 1960-82 are shown in
Table 11.4 and the corresponding stock number and stock biomasses are
shown in Table 11.5.

Historical spawning stock biomasses are shown in Figure 11.1.B.

Current spawning stock size is higher than that for the period 1978-79
when the stock size was at almost the lowest recorded level.

11.7 Equilibrium Yield for Average Recruitment

Equilibrium yield and spawning stock size are shown in Figure 11.1.C.

11.8 Catch Predictions

Input data for catch predictions are shown in Table 11.6.

Only one set of options was calculated, since assuming Fgz = Fgo
produces a predicted catch (human consumption landings + industrial
by-catch) of 182 000 tonnes. This is almos?t identical to the agreed
TAC for 1983 of 181 000 tonnes.

Predicted catches for 1984 are presented in Table 11.7 and are also
shown graphically in Figure 11.1.D.

12, HADDOCK IN DIVISION VIa
12.1 Catch Trends (Table 12.1)

Nominal landings in 1982 were 28 883 tonnes and the Working Group-
estimated total (29 228 tomnes) did not differ appreciably from this
value.

The weight of haddock discarded in the period 1965 to 1977 was estimated
by the methods explained in Section 4. Scottish discard data were
raised to total international level for the period 1978-82.

Figure 12.1.A shows estimated weight landed and discarded since 1965.

12.2  Age Composition (Table 12.2)
Details of the data supplied to the Working Group by various nations

for 1981 (final) and for 1982 (provisional) are summarized in the
text table below.
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Nations supplying | Weight represented Total % represented
age composition by age compositions weight | by age com-
Year Category data caught | positions
1981 Human England, Ireland,
consump. France,Scotland 14775 16 218 8L
Discards Scotland 9 980 15 060 66
1982 Human England, Ireland,
consump. France,Scotland 29 112 29 228 100
Discards Scotland 6 554 9 910 66
12.3 Weight at Age
Mean weight at age data for the total catch (used as stock weights) are
given in Table 12.3. The values shown now include data on discards and
are therefore different from corresponding values presented in previous
reports.
12.4 Recruitment (Table 12,5)
The abundance of the 1982 year class in 1983 was estimated by inspection
of the scatter diagram of VPA in Division VIa versus VPA in Sub-area IV
(Figure 12.1.B) as 48 millions at age 1. A similar procedure was adopted
to estimate the abundance of the 1981 year class in 1982 as 102 millions
at age 1.
Average recruitment of 173,286 millions at age O (mean value for 1965-79
excluding the 1967 year class) is assumed for the years 1983, 1984 and 1985.
12.5 Fishing Mortalities in 1982 for Age Groups 0 to 11+
As noted in Section 5 none of the methods available for the estimation
of these values produced acceptable results. It was therefore decided to
use mean values of fishing mortality rates for the period 1978 through 1980.
Fishing mortalities at ages O and 1 were chosen to produce the stock
abundances at those ages indicated in the preceding section.
12.6 Fishing Mortalities at Age 11 for 1965 to 1981
These values were adjusted by inspection of trial VPAs to be more or
less in accordance with F at ages 7~9.
12.7 VPA Results
Estimated fishing mortalities for the period 1965-82 are shown in
Table 12.4 and the corresponding stock numbers and stock biomasses are
shown in Table 12.5.
Historical spawning stock biomasses are shown in Figure 12.1.B,
Current spawning stock size is about three times as great as that in 1979
when the stock size was at the lowest recorded level.
12.8 Equilibrium Yield for Average Recruitment

Equilibrium yield and spawning stock size are shown in Figure 12.1.C for
an average recruitment at age 0 of 173.286 million.
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12.9 Catch Predictions
Input data for catch predictions are shown in Table 12.6.

Since no TAC has been agreed for Division VIa only one set of catch
predictions, assuming Fgz = Fgp, was made. The landings predicted for
1983 on this basis are 38 000 tonnes, which .is considerably higher than
the catch of 29 200 tonnes in 1982,

predicted catches for 1984 are presented in Table 12.7 and are also shown
graphically in Figure 12.,1.D.

Tt should be noted that the predictions presented in this report are not
comparable to those previously presented since discards are now included

in the data base. In particular, the inclusion of the discards has con-
siderably increased our estimate of the abundance of the 1979 year class,
which results especially from the estimate of the numbers of fish of

this year class discarded at age 2 in 1981. Is is estimated that the landings
from this year class alone in 1983 will be about 25 000 tonnes.

13. HADDOCK IN DIVISION VIb

13,1 Catch Trends (Table 13.1)

The English fishery on Rockall Bank continued in 1982 taking a catch of
7 700 tonnes compared with 9 000 tonnes in 1981, DLandings by other
countries were insignificant and amounted to only 68 tonnes in 1982.

13.2 Stock Assessment

Again in 1982 sampling of commercial landings was not possible because
they were not landed in the United Kingdom. The English research vessel
trawl survey made in 1981 was repeated in 1982, and some additional
stations were worked. Also in 1982 a trawl survey was undertaken by the
Scottish research ship "Scotia".

For the English surveys, the data for the two years can be compared for
the 45 stations which were common to both surveys. The catch age com-
positions and weights caught were as follows:

i Age g Number per 45 hauls
1981 ; 1982
1
0 353 962 i
1 95 650 96 767
2 323 69 808
3 164 1 844 ‘
4 5 496 1 555 !
5 ' 25 692 6 577 :
6 0 22 804 .
7 ! 417 ) 0 i
' 8 i 551 ' 1999 s
! 9 ; 59 ) 1 148
. 1o+ ) 3 ‘ 16
! Total N H 482 317 t 202 520
' Total weight 36 148 : 48 490
Total N ages 1-10+ 128 355 | 202 520
Total weight ages 1-10+ 30 596 : 48 490
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In the 1982 survey, which was made in July, no O-group fish of the

1982 year clags were caught, whereas in 1981 when the survey was conducted
in August large numbers of O-group fish were caught. It was not clear
whether the 1982 year class is a failure or whether the survey was too

early for the O-group fish to be available on the bottom. Tor the remaining
year classes the results of the two surveys are consistent in showing the
1976, 1977, 1980 and 1981 year classes to be abundant. Other year classes
are poor or virtual failures and contribute very little to the catch. Catch
rates (in weight) of fish at age 1 and older were 58% higher in 1982 than
in 1981, This increase is less than the doubling that was predicted

on the basis of the 1981 survey alone.

BEstimates of mortality rates between years for the various year classes
are highly variable. For the poor year classes this is probably due to
sampling error. For the abundant year classes the indication is that
mortality rates are low, but it is possible that survey results may be
affected by changes in seasonal availability.

The general indications are that current catch levels could be maintained
in 1983, but the prospects for 1984 are less certain because of the
absence of information on the abundance of the 1982 year class.

Information from the 1982 fishery indicated that catch rates were high and
that large individual hauls were being taken. In these circumstances
selectivity of trawl cod ends tends to be reduced. In the 1982 situation
with high abundance of 1~ and 2-year old fish in the selection range, it

is thought that a high proportion of fish in the catches would have been
below legal minimum landing size and to conform with conservation regulations
would have required a high rate of discarding.

HADDOCK IN SUB-AREA VIT

Nominal catches of haddock in Divisions VIId,e and in VIIb,c,g-k are
given in Tables 14.1 and 14.2. No other data were available, and no
assessment could be attempted.

NORTH SEA WHITING

Catch Trends (Table 15.1, Figure 15.1.4)

The provisional nominal landings for 1982 amount to 102 000 tonnes, which
is close to the catch reported for 1981 and below the TAC agreed for 1982
of 170 000 tonnes. The Working Group estimates of total catches,

however, differed considerably between 1981 (192 000 tonnes) and 1982
(134 000 tonnes).

Age Composition (Table 15.2)
The age composition data for 1981 were updated and provisional estimates
for 1982 were prepared.

Details of the data supplied to the Working Group by various nations
for 1981 and 1982 are summarized in the following text table:
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Nations supplying| Weight represented Total |% represented
age composition by age compositions weight [by age com-
Year Category data caught |positions
1981 Industrial | Denmark,Norway | 63 132 66 595 95
i ' by-catch , |
' v i 1
| Human | England,France, | 76 746 180 018 96
i consump. Netherlands and i
! Scotland ]
' ‘ s »
. Discards Netherlands and i
: Scotland ! 17 117 145 560 58 !
! 1
i 1982 Industrial Denmark,Noxrway 31 970 %2 990 97 5
by-catch g
Human Belgium, England,
consump. France, Nether- 72 118 72 381 100
| lands, Scotland
Discards Scotland 9 945 29 004 34 I
15.3 Recruitment
The abundance of the 1982 year class at 1 year old agd the 1981 year
class at 2 years old were both estimated at 500 x 10° million fish at
age 1 and 2, respectively on the basis of the preliminary indices of
these year classes in the 1983 IYFS. These estimates were obtained by
inspection of the appropriate VPA/IYFS scatter diagram (Figures 6.5 and
6.6).
The F values implied by these recruitment figures on 0- and l-year
0ld whiting in 1982 were on the low side, but they were not considered
to be unrealistically low.
The recruitment at age O entering the fishery in 1983 and subsequently
was assumed to correspond to the average recruitiment at age O of
2 700 x 106 fish during the time periocd 1961-80.
15.4 VWeight at Age
Mean weight at age data for total catches (used as stock weights) are
given in Table 15.3.
15.5 Fishing Mortalities in 1982 for Age Groups 2-9
Fishing mortalities in 1982 for these age groups were obtained by
the Rho method (see Section 5).
15.6  VPA Results

Estimates of F calculated by VPA are given in Table 15.4. The average
T values over the age groups 2-6, although variable from one year to
another, were considered to justify a constant terminal F value on the
oldest age groups in the catch of 1.0. The average value obtained in
1982 was slightly above the values obtained for the preceding period.
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Estimates of stock numbers and spawning stock biomass are given in

Table 15.5. Due to a steady decline in recruitment from year class

1978 onwards,the spawning stock biomass shows a pronounced downward trend
gince 1980, although in 1982 (210 000 tonnes) it was still higher than
the lowest value on record (Table 15.5, Figure 15.1.3).

Eguilibrium Yields for Average Recruitment

Long-term equilibrium yields in terms of total landings and human con-
sumption landings are presented in Pigure 15.1.C. Input data were those
used for catch predictions (Table 15.6). In calculating these yields F
for the industrial fisheries has been kept constant. Also the proportion
discarded, the average for the last 6 years, has been kept .constant,
irrespective of P resulting from the human consumption fishery.

The actual yield curve presented strongly depends on these assumptions and
so do the biological reference points, which therefore have not been cal-
culated. The ¥ level in the human consumption landings is indicated.

Catch Prediction (Table 15.7 and Figure 15.3)

Input data for the catch predictions are given in Table 15.6. The
following primary assumptions were made when carrying out the predictions:

1) The partial exploitation pattern in the human consumption
fishery (landlngs and dlscards)ln 198% would be the same as the average
partial human consumption exploitation pattern over the period
1977-82, the level being scaled to the average value of fishing
mortality over the age groups 2-6 in 1982, The exploitation
pattern and the level of fishing mortality in the industrial
fishery were assumed to correspond to the average pattern and level
in this fishery over the period 1977-82. The overall exploitation
pattern was obtained by adding the two patterns in the human
consumption and the industrial fishery.

2) Mean weight at age in the stock and in the various categories
of catch would remain the same as the average for 1977-82.

3) Discarding rates at age would be the same as the average rates
for 1977-82.

No catch prediction was made for the assumption that the catch in 1983
would equal the agreed TAC of 170 000 tonnes, because this would result

in unreallstlcallv high fishing mortalities. Therefore only the assumption
with F F ho was pursued, which gives landings in 198% of

93 000 %onnes.

Attention is drawn to the development in the spawning stock biomass (SSB).
The estimated SSB in 1984 is 127 000 tonnes, which represents the lowest
value on record. This recent decrease is due to a sequence of bad year
classes. Although in the prediction for 1985 the SSB is back at a much
higher level, this calculated increase is entirely due to the assumption
that the 1983 year class, which enters the SSB in 1985, is of average
size. In view of the downward trend in recruitment in recent years and
without any information on recruitment in 1983, +the estimated SSB in
1985 cannot be relied upon.

WHITING IN DIVISION VIa
Catch Trends (Table 16,1 and Figure 16.1.4)

The revised reported landings of 18 477 tonnes taken in 1981 are
well above the provisional figure of 11 800 tonnes reported in 1982.
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However, the Working Group estimate of 12 664 tonnes was used in the
assesgment. The provisional landings in 1982 were 13 540 tonnes. There
was no agreed TAC in effect. The estimated total catch including discards
was 18 770 tonnes.

16.2 Age Composition (Table 16.2)
The age composition data for 1981 were revised. Provisional age com-
positions for 1982 were compiled. In addition to data on the human
consumption landings, discard data were provided by Scotland. However,
since these are available for one year only, they have not been used in
the assessment. Details of the data supplied to the Working Group are
summarized in the text table below.
r ]
i i | Nations supplying | Weight represen-! Total % represented
: Year . Category | age composition i ted by age com- weight|by age com—
i : \ data positions caught|positions
1 H
1981 ! Human con- ,  France, Ireland, !
sumption ¢ Scotland ; 12 491 12 664 78
! landings E
; |
1982 , Human con- i France,Ireland,
i sumption | Scotland 13 265 13 540 98
i landings i
1}
| x
i Discards | Sscotland 3 253 5 230 62
[
16,3 Recruitment
With reference to Section 6, abundance figures of the 1982 year class at
1 year old and the abundance of the 1981 year class at 2 years old were
estimated from the regression lines of VPA recruitment indices for
Division VIa on the VPA recruitment indices for Sub-area IV for the two
age groups, respectively. According to the lines connecting x, y and the
origin, the number of the 1982 year class at 1 year old was estimated at
20 x 10° fish and the number of the 1981 year class at 2 years old were
estimated at 14 x 100 fish,
The F value implied by the recruitment figure for the 1981 year class of
0.18 in 1982 was not considered to be anomalous.
The number of recruits at age 1 ent?ring the fishery in 1984 and sub-
sequently was assumed to be 88 x 107, which is the average number of
1l-group whiting during the period 1963-80.
16.4 Weight at Age
Mean weight at age data for total catches (used as stock weights) are
given in Table 16.3. :
16.5 Fishing Mortalities in 1982 for Age Groups 2-6
Fishing mortalities in 1982 for these age groups were obtained by the
Rho method (see Section 5).
16.6 VPA Results

Estimates of F from the VPA are given in Table 16.4. The average F
values over the age groups 2-4 are consistently lower than the terminal
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¥ values for the oldest age group during the whole time period. However,
since discard data are not included in this assessment,the average fishing
mortalities are underestimated and the terminal F values used generally
appear to correspond with the estimated mortalities in 5- and 6-year old
whiting.

The F level estimated in 1982 from the Rho method is somewhat higher than
in the results from the VPA indicated for the preceding years.

Estimates of stock numbers and spawning stock biomasses are given in
Table 16.5. Spawning stock biomass (ages 2+) has dropped in 1982, due to
the poor 1980 year class reaching maturity (Figure 16.1.C).

Bquilibrium Yield for Average Recruitment

Yield was calculated using an exploitation pattern and mean weights at
age equal to the averages 1977-82. The flat curve (Figure 16,1.C) has
no clear maximum. The Fp,1 is indicated in the figure, although it must
be observed that due to lack of information on discards both the real

exploitation pattern, and thus the yield curve, remain unknown.

Catch Prediction
The input data for the catch predictions are given in Table 16.6.

The primary assumption about exploitation pattern and mean weight at age
in 1982 and 1983 were the same as described for North Sea whiting, except
that no consideration was given to discards, for which no adequate data
are yet available., There has not been an agreed TAC for whiting in 1983
in Division VIa and, therefore, only the assumption that Fgz = Fg, has

‘been considered.

The results of the prediction runs are shown in Tables 16.7 and are
also given in Figure 16.1.D.

The estimated spawning stock biomass (2+ whiting) in 1985 should be
treated with care, because a major proportion of this biomass consists
of the 1983 year class, which has been assumed to be of average size.
Despite the recent series of bad year classes, the low spawning stock
biomass of 8 000 tonnes estimated at the beginning of 1984 is therefore
bound to increase in any prediction runs based on average recruitment
of the 1983 year class.

The landings estimated for 1983 of 8 200 tonnes in the present assessment
are considerably smaller than the value of 12 100 tonnes predicted in the
1982 Working Group report. This discrepancy is due to the fact that

in the former assessment the recruitment of the 1982 year class at 1 year
old was assumed to be of average size (87 046 x 103), whereas now it has
been estimated as a poor year class (20 486 x 103).

WHITING IN SUB-AREA VII

Whiting in Divisions VIId,e

Landing figures for 1981 have been revised from 8 271 tonnes to
10 804 tonnes, which brings the catch back to the level observed in the
mid-1970s (Table 17.1). Provisional landings in 1982 are 8 640 tonnes.

The age composition of the total catch in 1981 has been revised. For
1982, age composition data have been submitted by England and France
covering 99% of the provisional landings.

A VPA was made to give some indication about the level of exploitation.
The input catch data are given in Tables 17.2-17.3. Both catch at age
and weight at age data reveal an apparent discontinuity in 1981: the
numbers landed of the older age groups are rather larger during the last
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two years than during the earlier period, whereas the weights at age

are consistently lower over the age range. The fishing mortalities

are given in Table 17.4. In the absence of catch per unit of effort

data the input values for the last data year were adjusted in an

iterative procedure to correspond with the resultant averages over the
period 1976-79. The terminal F values on the oldest age group were
arbitrarily set at 1.0. The stock estimates (Table 17.5) show a sudden
increase in abundance of older age groups in 1981, However, these results
cannot be relied upon, because the discontinuity in the input data in
1980/81 is likely to indicate a major sampling problem in this fishery.

Whiting in Divisions VIIb,c and VIIg-k (Table 17.6)

Landings in 1980-82 fluctuated around 9 000 tonnes as they did in the
earlier period of 1973%-76.

POSSIBILITIES FOR IMPROVING THE EXPLOITATION PATTERNS OTHER THAN BY
MESH REGULATION

Tor North Sea cod there have been suggestions that some fleets have been
concentrating in areas where young fish predominate and are consequently
taking a high proportion of young cod in their catches. One area that

has been mentioned in this context is the Helgoland Bight. Figure 18.1
shows the main areas of distribution of 0-, 1- and 2-groups cod in the
southern North Sea in each quarter of the year based on research vessel
survey data for the period 1980-82. This shows that young cod are concen-
trated in the German Bight at certain times of the year.

No data were available at the Working Group meeting giving an area break-
down of quantities caught together with the associated age compositions.
Consequently, it was not possible to estimate what proportions of young
fish were taken in any particular area. Detailed data of this kind

would be required for any quantitative assessment of cod. In addition,

it would also be essential to have estimates on discards by area.
Furthermore, any local conservation measures, which might be contemplated,
would also have implications for fisheries for other species, which

take place in the same area.

For haddock and whiting in the North Sea the two major factors influencing
the exploitation pattern are the catches of undersized fish taken with
current human consumption fishery mesh sizes and subsequently discarded
and the by-catches in the industrial fisheries. The firgst of these
problems is probably best resolved by mesh regulation. The second problem’
is more a question of policy and economics relating to the co-existence

of industrial and human consumption fisheries.

DATA AND WORKING GROUP FILES FOR EVALUATING DENSITY DEPENDENCE IN THE
PARAMETERS USED FOR STOCK ASSESSMENT

Data are available in the Working Group computer files which enable

stock biomass to be calculated., These data include weight at age
estimates, which could be used for density-dependent growth analyses.
However, because sums of products corrections have been applied in many
cages the interpretation of these data requires some care. Year class
strength estimates are available from VPA for stock recruitment analyses.
No detailed maturity ogive data are available to. examine possible density-
dependent maturity relationships.

In addition to the aggregated data in the Working Group files, more
detailed national data are available at various institutes.
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DEFICIENCIES IN THE DATA

Some countries were still unable to present properly prepared data at the
beginning of the Working Group meeting, even though this year the Group did
not meet until June. Work on assembling the basic age composition data was
therefore delayed while telephone calls and telexes were sent to obiain
national data.

Some uncertainties remain unresolved for Irish data for Division VIa.

The Working Group used IYFS indices to help determine the abundance of
recruiting year classes. The indices prepared from the 1983 IYFS were
incomplete, because some countries had not met deadlines for submitting
gsurvey data to the IYFS Coordinator.

For Item 2 of the terms of reference, data are required giving catches
(landings and discards separately) together with associated age composition
data split on an area basis., It would also be helpful to the Working Group,
if the problems requiring analysis could be specified more explicitly with
a definition of any areas which might be subject of any special concern.

Knife-edge age at maturity has been used for all stocks for spawning stock
biomass estimates. It is hoped that at the next meeting, maturity ogives
will be available for three years for the North Sea stocks from IYFS data.

Discard estimates have not yet been worked up for the Division VIa whiting
stock. Discard data for Division VIa haddock were included in the
assessment for the first time this year.

For West of Scotland cod mean weight data for the period 1967-77 need to be
revised.

For Divisions VIId,e whiting there appear to be some sampling problems.

RECOMMENDATIONS AND SUGGESTIONS

It is recommended that the ICES VPA programme be enhanced to enable the
partial P values to be calculated for each category of catch.,

It is suggested that if alternative F indices to those used in this

report are recommended either by ACFM or by the Working Group on Fish

Stock Assessment, then consideration should be given to whether the proposed
indices can be used for expressing the average partial F in the different
categories separately.

The Working Group recommends that the suitability of industrial by-catch
data for recruitment predictions is examined.




Table 4.1 North Sea. COD. Numbers ('000) and weight (tonnes) in each category.

Human congumption Digcards Total

Year Number Weight Number Weight Number Weight
1963 .56 495 107 936 5 659 1 708 62 154 109 644
1964 51 729 115 435 6 571 1 857 58 300 117 292
1965 94 349 172 619 19 798 5 204 114 147 177 823
1966 115 024 211 937 22 578 6 010 137 602 217 947
1967 124 779 242 108 15 724 4 481 140 503 246 589
1968 146 039 277 062 6 372 2 150 152 411 279 212
1969 76 286 193 612 T 443 2 027 83 729 195 639
1970 124 517 218 763 63 759 11 002 188 276 229 765
19711 226 093 314 544 53 707 13 374 279 800 327 91%
1972 243 478 341 051 21 573 8 831 265 051 349 892
1973 125 133 227 787 46 620 8 196 171 753 235 983
1974 102 367 202 269 4 588 350 106 955 203 219
1975 1pg 863 184 974 35 390 6 045 145 253 191 019
1976 128 536 209 914 8 201 2 050 136 737 211 954
1977 140 359 181 121 99 474 16 573 239 833 197 624
1978 212 729 260 €90 100 786 27 874 313 515 288 764
1979 170 706 248 051 236 295 67 490 407 001 315 541
1980 192 691 250 766 660 066 170 675 e52 757 421 441
1981 249 276 310 599 164 776 47 132 414 052 357 731
1982%) 183 263 255 934 %) *%)

#)preliminary

#%)insuflicient data

o



Table 4.2 North Sea. HADDOCK. Numbers ('000) and weight (tomnes) in each category.

Year Industrial Human consumption Discards Total
Number Weight Number Weight Number Weight Number Weight

1960 142 567 12 200 208 753 75 242 853 264 | 131 791 "1 204 584 219 233
1961 982 786 11 100 189 763 74 862 888 867 132 991 2 061 416 218 953
1962 285 824 11 200 148 967 58 677 2 673 394 383 153 3108 185 453 030
1963 255 844 13 700 180 624 68 364 1 245 890 188 969 1 682 358 271 033
1964 598 840 88 600 351 422 130 509 643 595 160 319 1 593 857 379 428
1965 | 1 092 756 74 600 369 998 161 613 253 860 62 236 1 716 614 298 449
1966 | 2 232 098 46 700 406 399 225 760 489 695 73 573 3128 192 346 033
1967 699 516 20 700 272 201 147 391 448 264 78 059 1 419 981 246 150
1968 557 995 34 200 220 977 105 440 837 979 161 882 1 616 951 301 522
1969 | 1 889 659 338 353 909 208 330 897 1 203 447 260 231 4 002 314 929 481
1970 | 1 621 762 179 729 244 162 524 622 515 018 101 376 3 380 942 805 727
1971 913% 516 | 31 546 473 069 235 358 1 282 184 177 485 2 668 769 444 389
1972 531.113 29 585 427 890 192 901 760 224 128 130 1 719 227 350 616
1973 170 412 11 267 449 107 178 610 659 515 114 719 1 279 034 304 596
1974 936, 218 47 177 357 o11 149 617 1 000 667 166 782 2 383 896 364 176
1975 734 412 41 380 362 239 146 616 1 862 031 260 427 2 958 681 448 423
1976 446 767 48 204 397 743 165 624 788 037 154 289 1 632 547 368 117
1977 350 521 34 993 319 991 137 372 225 974 44 369 896 486 216 734
1978 425 714 9 659 192 021 85 961 422 631 77 681 1 040 366 173 321
1979 | 1 099 865 17 414 190 414 83 249 286 968 41 834 1 577 247 142 497
1980 768 645 25 154 218 392 98 860 541 779 94 910 1 528 816 218 924
1981 815 192 17 615 244 100 130 009 299 417 60 290 1 388 709 207 914
1982% 577 653 20 988 309 824 165 475 191 907 41 308 1 079 384 227 171

¥Preliminary

-ga—



Table 4.3 North Sea. WHITING. Numbers ('000) and weight (tonnes) in each category.

Year Industrial Human congumption Discards Total

Number Weight Number Weight - Number Weight Number Weight
1960 141 183 11 639 190 513 47 566 763 229 121 600 1 094 925 180 805
1961 271 885 16 177 289 708 67 828 1 645 728 241 122 2 207 321 325 127
1962 112 954 8 347 222 274 55 952 1 185 487 156 713 1 520 715 221 012
1963 499 847 45 431 214 477 58 205 853 608 154 401 1 567 932 258 037
1964 393 794 28 124 220 682 60 064 341 223 58 784 955 699 146 972
1965 182 171 22 259 313 057 85 978 490 073 77 184 985 301 185 421
1966 431 635 51 176 351 953 105 229 545 116 83 356 1 328 704 239 761
1967 280 275 22 840 245 396 68 215 1102 690 142 703 1 628 361 233 758
1968 592 395 57 506 298 807 88 281 596 827 90 898 1 488 029 236 685
1969 1980 444 | 152 364 203 640 57 149 625 916 114 566 2 810 000 324 079
1970 1 855 953 114 504 271 813 79 274 347 540 67 814 2 475 306 261 592
1971 1 477 350 71 699 185 690 58 005 458 T46 62 589 2 121 786 192 293
1972 1 351 090 61 166 178 908 59 B68 398 294 66 598 1 928 292 187 632
1973 1 273 007 89 614 234 405 66 479 658 852 110 128 2 166 264 266 221
1974 | 1 841 153 130 293 254 114 74 561 477 271 84 753 2 572 538 289 607
1975 1 019 586 86 376 251 761 78 722 698 963 134 698 1 970 310 299 796
1976 1 395 318 149 759 243 201 74 231 633 359 134 176 2 271 878 358 166
1977 1 657 167 106 104 267 023 74 374 555 515 107 186 2 479 705 287 664
1978 | 1 163 125 55 274 322 834 88 475 241 670 35 442 1 727 629 179 191
1979 887 889 59 021 3517613 99 321 651 877 78 371 1 891 379 236 713
1980 644 159 45 147 313 565 92 534 547 726 86 940 1 505 450 225 221
1981 932 530 66 595 258 430 80 018 293 714 45 560 1 484 674 192 173
1982% 333 574 32 990 240 768 72 881 189 004 29 004 763 346 134 375

*Preliminary
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Table 5.1 North Sea COD. Effort (hours fished)
Input data for estimation of terminal

YZAR

1979
1930
1931
19462

EFFORT ASE

543,642
497,435
L26.553%
416,044
392.4%2
414,898
349,004
329.432
iN7.165
313.913
225.240
316.419
297.227
289.072
297.730

104,901
121,031
152,422
116.982
161,909
152,419
224,324
236,929
287 .494
333,197
251.504
250,371

1

1704,
2523,
inea,

853,
4n7n,

d6735.
14244,
4316,
14716,
3024,
5960,
1352587 .
4794,

1185,
1559,
3274,
1807,
538U,
5845,
52U7.
5237.
2940,

3016,

544,
3501.
0165,
1610,
1783,
2%91.
SUo,
1386,
3255,
2342 .
2345,
6024 .

and catch at age (W x 10_3)

Fs.

sluU.
10585,
250.
0.
(6.
351.
383,
82Y.
092.
R22.

470,

B2.
11U,

_- - -

-
[ 3 SR R R ¥

C = NN P

L R

e

=N - NN =
T T T

koS

LNV N = = =N~

.

=

rs

S CPHP PN CPE NP XL~ = ¢
.

UsTtTigo00g

suUTog

THBIT YYSTI U 8 T 3 4 0 o g

- gz -

...Ctd.



Table 5.1 Ctd.

YEAR  EFFORT AGE 1 2 3 4 5 6 7 8 9 10
19038 369,437 ok, 7917. wslo. 1103, LEN 1485, 7. 5. 1. 1.
1909 426,211 4. 1012 . 5389, TuzY. 362 . 100 . 5¢ . 2o, Y. Ta
190 497,735 552. 1785, TN44.  1266. eB86. Yy . 125. 24, 24. 13,
1971 >Ub./30 1379, 11213, 1277, 212, b 550, 155, 57 2e. 4. g
1972 504,859 TRLI0YS7. 308y, 45 4. 216. L0t 18%, S6. 42. v. B
1975 4€5.835 g7u. 1595, S6vy. Tu97. 311, 125, Yu. AV 1. ‘e B
1974 414,374 569. 25865, Sav. 133y, 423, T09. 47. 45, 24. 5. &
1905 525,771 1192. 1673, 754, 192. Lod. 171, 26. 21/, 2u. o. B
1976 267,062 PN 3675, Y4 430, 98, A, on. 16. 6. v. &
19¢7  sel.s/u iS5Ui. 1115, 1176. Sou. Ty, 5. 7 2. 3. 5.
1972 290.26% 1024, 60014, 650. 569. 192, 00. 7. 33 . 2.
1979 591.414 379. 443 1890, 229, 247 57. 32. 3. To. 5.
1940 281,121 1191. 229n, 1534, Sha, 7. 2. 24 . . 4. 5.
1951 244,283 308, 60358, 944, 203, 125. 19, 24 4. 5. 2.
1942 213.590 1846, 1302, 1723, 2o0. 125. 81, 16. 1. 5. 1.
1908 526.71% 637. 040, 564. 1us. 47. 1. ‘. 2. u. u.
1969 314,675 179. 317, 434, 224, 56. 05. 0. 3. 0. n. ¢
1970 721,045 4106, 592, Y4 209, CER 27 . 5. u. Z. u. &
1971 304,938y 7227, 77(59. Tov. 25, S2N9. Tl . 19. I 1. Y., &
1972 2?28.995 622. BLGS Tu3y. 152, 3. Sb . 32. 14, o. 4, @
1972 Y4T.42%3 6468, 464, 1527. 451, 32. 13. 25. 1), 1. 1. B
19¢4 894,920 949, 2596. 535, 0d5. 216. 42. 2%. 2. S 5. 04
1975 4rN.061 4118, 2677. 790. 158, 227. (% 14 . . 4. 2. B
1976 (69.1U> Lot. 320y, 450, 212. 34 57. 29. b, 4. 5. &
1977 89R.530 11511, 1579. 7y, 155, 57. 14. 22. 4. 5. 4.
1973 595,259 3513, 8750, 387, 219, 29. 5. 5. 5. 5. 2.
1979 039,123 3308, 3716, 1508, 65. 7. i2. 0. 5. 6. 2.
196U 03¥.566 5354, 3334, YA 64, 13, 2u. “. 5. 1. .
1943 6N6.136 1240, 7307, Y 265, 125, E 11. i. 2. 2.
1952 S586.855 4767. 12050 1ivy. 1o, 73. (5. ‘. ‘. T, 1.

-9z -



Table 5.2 North Sea COD. Rho values and regression analysis for estimation of Terminal Fs

YEAR/AGE 1 2 K3 4 5 o ¢ 8 9
1903 1 Uoss3 J.642 U. 73y U.6Y 7 u.8Y3 U.b11 u.65U U.543
1969 ? n.ngn n.257 n.s16 n.73%5 N.668 nN.545 N.716 n.245
1974 5 0.415 U. 361 J.r9s u.783% U.795 u.86Y U, L9y U.gus
1971 4 H79 N.Y54 n.s599 1.146 0. 9% 0.875 1.000 n.4n2
1972 ) 0448 U.9359 Uos2 1.154 1.52> t.0uu 1.986 1.397
1972 6 1.314 1.069 n.911 T.10n 1.037 N.814 N.742 n.43%
1974 7 1.319 Jos32 U.892 : 1.18Y IROLEY i.016 1,779 1.142
1975 A N.638 1.140 N.578 ' 1.213 1.23 n.017 5.696 1.396
1976 9 0.247 1.367 1.2U2 1 u.9Y0 1.563 1T.U93 U. 644 2.Us5
1977 10 1.225 nN.333 D.095 Xk 1.164 1.120 1.009 1.798 1.095
19¢6 11 AN T.383 U954 | 1.264 1.211 T.uUS1 1.80U4 1.7s4
19YY 12 n.673 N.vev 1.0n32 Ta2RA 1.N34 1.2848 1.4232 1.574
196U 13 Qo485 ). 846 1.Uo7? U.912 T.211 1.2064 1.691 U.g8uy

COR.COEF, u.217 dabsot U.s2b5 n.606n 0,287 D.142 0.505 0.36Y G.52¢9
SLOPE C.u20 H.uUss J.U3s U.d2o U. iy U. Ut u.U37 u.u7s U.urs
TRIVERCEPT 0,492 N.535 nN.634 2.741 0.3%1 1.N33 0.674 D.852 n.543

-le -



Table 5.3 West of Scotland COD. Effort (hours fished) and catch at age (N x 10‘3).
Input data for estimation of terminal Fs.

YEAR EFFORT AGE 1 2 3 4 5 6 7 8
19638 sn.a0n1 23. 257. 554, 355. 24, 31. 19. 2.
19069 L2.U54 6. 1535. 217, 4135, 154. 8. 17. (.
1970 40,572 38, 35. 205. 1335, 128. 45, &. 6.
1971 41.234 71. 2U4 20, Tou. 57. 37. 16. .@
1972 55.5%0 49. 527. 168. 34. 94, 12. 10. 1. 9
1973 51.153 T4, 58. 2u2. 79. 15. 32. 13. >. &
1974 45.899 73. 199, 103. 236. n. 0. 12. 3. 2
1975 37.Usy 22. 171. su. 39. 538. 13. 3. 4. 3
1976 35.307 43. 216. 158, 52. 41. 43, 7. [ g
19707 33.943% 99. 69, /5. 2/. 12. Y. 6. 2. g,
1978 51.582 37. 267. 9. 112. 55. Z21. 9. S,
1979 33.373 16. 1U9. Tus. 34 29. 5. 4. 2.
19%0 19.0660 167. 147. 2 54, 7. o. 2. 3.
1951 13.753 1. 175, 85, 6. 2. U, u. u.
1932 14,194 159. 34, 121, 27. 3. 0. 1. n.
1968 150.094 162, 212. 793, 401, 37. 26. 19. 4.
1909 140.718 3. 733, 353. 4R2. 131. 0. 14. 4.
1970 95.629 131. 471, 454, é2. 51. Tu. 3. 3. w
1971 93,7463 66. 287. 125%. 110, 25, 2% . 2. 1. 8
1972 70,741 59. 256. 137. 52. 32. 5. 2. T &
1972 59.5998 224, 247. 153. 35, 1m. 2. 10. e &
1974 56.443% 9u. 204 . 6Y. 49 17. o. 2. u. &
1975 56.420 145. 231. 9Y. 34, 12. 5. 0. 0. @
1976 57.49U 2% 224 . 89. 61. 10, Tu. u. Jo B
1977 47.920 121. 122. 112. 22. 11. 5. 2. . @
1978 33.617 31. 145, 6Y. 45, T4, 4. 2. l.
1979 28.465 120. 114, 1vo. 5. 19. o. a. e
19580 38.640 245, 2106, (5. 6. 13. 4. U. u.
19%1 27.204 16. 464, 147. 43, . T T .
1952 36.689 217. 147 . 1406, 34. 135, 6. u. u.

...Ctd.
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Table 5.3 Ctd.

YEAR EFFORT AGE 1 2 3 4 5 6 7 8
1963 65.348 39. 45, 175. 9. 9. 7. 4. [
1969 106.856 9. 150. 134, 229. 7U. 12. ‘. 2. &
197N 118,381 14. 242, 298. 87, 62. 9 2. 2. 3
1971 129.187 41, 296. T4u, 174, 39. (. 6. 1. ﬁ
1972 142.244 3n2. 4n6. 346. 97. 62. 20. 6. . B
1973 91.151 270. 167. 252. 139, 33, 25, 1. 5. o
1974 23651 159. 365. 137. 123, 37. 6. 7. 1. &
1975 132.355 L53, 296. 2U3, Yu. 37. Y. 1. 1. 5
1976 129,225 2n2. 4o, 305. 101. 43, 30. 11. 0. 12
1977 143,574 363. 19U, 398. 161, 61. Y. 3. 1. ®
197R  127.387 139, 405, 187. 135. 33, 3. 3. 1. &
1979 99.5U3 161. 1387. 484, 57 . 31. 0. U, 1.
1980 121.211 177. 735. 345. 136. 36. Ti. 5. 1.
1981 165.ul2 364 . 11646, 544, 189. 2. 4 . 3. u.
19%2 135,280 4N1. 375. 628, 167¢. 47. 6. 2. T

- 62



Table 5.4 West of Scotland COD. Rho values and regression analysis
for estimation of terminal Fs.

YEAR/ 5 GF 1 2 3 f > o ¢
1903 1 U.3524 davbou T.uln b.lgL (SR [ N n.oi6
190% 2 n.ove Ul by 1.l4u Tadol 1.tue T.12Yy u.93s
19749 3 noa2s EI o 1T.121 AV ALY Govnk [F 0 e} n.ren
1971 4 [ A doud (AT J.752 u.sry 1.295
1972 5 1.561 1.1¢2 Te56 5 0. 791 T./791 0.7¢00
1973 b 1.392 U.6lh .ot U.oou u.419 2.5%2¢0 .42
(974 7 N.029 DI N.owd RSV n.siv 1.2641 2.458
1975 3 U.947 D.0dh .bby .55 u.665% U. 72 u.viY
1770 9 N.xen N, 734 .uel .51 N.725 1633 6.5 4
1977 1L 1.916 U, 471 .s9Ys .43V u.365 J.oebs 1.U25
1973 i1 N.407 N.n69 O.694 .59 n.7v2 o378 T3y
1979 1?7 U.43L U, 358 1.675 U, 559 u.751 1.255 2.058
1980 13 IS | 0,653 n.304 N.062 n.sue 2.461 1.237
1981 14 0.11u U.318 U.832 U.os6 u.156 1.578 1,173
1262 1% 0.612 U.551 J. %885 C.453 U.495 (A2 4,243

PREDIC. N 20672 . S52?1a. 6o/, 2112. 5271. 18%. S,

PREDIC. F 1.102 1.567 1.7448 N.9%: 1.409 1,012 T.136

COrRLCUGF. -n.N1é -N.573 -0 _029 -u.496 —U.2YL U.bbo L.53¢

SLOPE -0.002 ~-N.N37 ~-0,NnNs -1.02¢6 -0.0N1y 0.077 0.26Y9

NTERCEPT 0.638 T.uul J.923 U.842 U.75U U.b4U u.2u1

- 0¢ -



Table 5.5 Worth Sea HADDOCK. Effort (hours fished) and catch at age (W x 10"3) discards included.
Input data for estimation of terminal Ps.

YEAR

EFFORT AGE 1

2

4

1963
1904
1965
1966
1967
19048
1969
19¢0
1971
1972
1972
19¢4
1975
1976
19¢7
1978
1979
1950
19381
1952

T8R.572
197.623
172.992
194 012
215,319
218,141
123.010
133.44>
1740559
201,493
1R2 .54

185.432

152.97¢7
127.3841
144,544
135,224
B7.407
55,475
51.553
L7689

45161 .
4916 .
544,
1544,
13353,
75527,
563894,
47071,
5343,
76452
5152n0.
12502 .
51399,
26812 .
3534.
Y91u,
12902,
206635,
23581,
2865.

3275,
11U135.
55569,

1143,

B34,
365U,
140638,
9207Y.

7806,

4199,
37305,
342350,

5715.
2uu97.
36968,

2194,

4106.

5687,
12373,
2U239.

2476.
G54,
2055.
55654 .
fol.
3re.
519.
291¢.
83059,
4120,
332,
7350.
146221 .
1311.
7624,
17291,
761).
TUb>S.
1122,
3249,

1ran,
642,
158,
752,
43192,
518,
225.
153,
1804,
31677,
3517.
166,
1923,
3065.
451,
17381,
46NR.
195,
1nn.
147,

128u9.
323%.
s3.
122,
735,
6405 .
2U7.
2.
SYo.
1006.
109,
237.
159,
2.
2¢.

4y,
14806,
20.
34,
32.
1609,
1502.
57.
lo.
179.
352.
58.
104,
320.
49.

YsT33008

Th®BIg

544,662
491,435
426,505
416,144
392.432
414 .89
349 6U4
229.432
307,165
213.913%
325,040
216,419
297 .22¢
289 072
297.730

6U3428.
1621,
69774,
149827.
866273,
188256,
1111,
2U187.
543516.
175579,
9BRNG .
2518840,
430815.
35831.
23909,
ToLB4T.
83633,
131314,
1257,
31144,

13552U.
315569,
3568.
6225,
28196,
153uU75.
3223894,
20412
21374,
Tr637.
193251,
L¥542 .
161726,
3293586,
3rn9e.
69U33.
73317.
128508 .
1234264,
30969 .

178506,
1731370,

1158,

1140.

59206.
30588,
205835,
13554,

Y213,
69360,
30495,
15612 .
574060,
1300v0.
14340,
17215,
2u2U6.
5572%.
116899,

5856,
85925,
do2.
515.
100Y.
6954 .
108320,
46935,
1v72.
13184,
253%6.
2529.
12395,
44152,
3040.
33595,
5181.
1429¢.

1302.
761.
481,

1082 .

45222,
4U9,
272.

85,

2462.

39759,

10432,
447 .

2705,

sU69.

1634,

2356,

8073,
S5UT.
702.
082 .

417.
300.
s/ .

17787 .
2i5.
154,

32.
911 .
9Y72.
234 .
5.
Tu2o0.
14380,
452,
6438,
2415,
102,
T45.

239U,
110.
Sh.
247.
6r3.
0.
125.
579.
39.

234,

yusTtTigoog

suTe g

...Ctd.
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Table 5.5

YEAR EFFORT AGE

contd.

10

1903 S.81¢
1964 24,6535
1965 54,799
1906 35,661
1967 ?R.N22
1968 63,254
1969 63 .08
19740 83,529
1971 1rée.9ns
1972 121.U31
1973 152.422
1974 116,952
1975 161,009
1976 122,419
1977 224,824
19738 236,929
1979 287494
1950 338,147
1931 251.504
1932 250,874

2 3 4 5
250, o. s, 2
315U, 117. Ty, 5
33, 5351, 5. 7
121 . 36. 1246, 17
447, 20, 6. 469,
3150, 121, 21. 38,
2060y, 1002. 34, 10,
934, 18154, 300. 4.
3nsz. 1552, 16024, 247.
20279, 2495, TU85. 7920,
24299, 9429, 242, 2n3.
8695, 149435, 233506, 31.
26965, 2450, 5213. 520.
S9426., 11342, 057 . 1757 .
6441, 41122, 3492, 290.
114717, 2914. 122540, 74,
23157. 41117, 74, 3644,
46235, 3uUns., /55, 197.
SB145. 1265%. 1574, 161.

Tur7u. 334027, 3927. 1335,

Nt
cVv==m=ocaNgcCcOoOoocC
.

; ~
coo PPNV W
P I

=
.

)

o
.

c~
.

- Zg -
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Table 5.6 North Sea HADDOCK. Rho values and regression analysis for estimation of terminal Fs

YEAR /A GE 1 ? 3 4 5 v 4 3 9
1507 il 1.42 - 3.7% 0,91 n.o7 0.2 N.24 1.143 n.7n
1906 2 U.2h Y. 1.0y U. 54 1.33 U4 U.55 .97
1905 2 7. 80 n.76 .55 .59 .51 Nn.en n.23 nN.42
1900 4 11.55 . hb [EA] u.,ou L.oSY u.31 U.92 .12
1907 5 7.40 S.A7 N.54 N0.27 n.76 .23 2.55 2.67
19006 6 0.2u 2.55 .64 u.22 1.00 v.21 U.63 U.33
1969 7 n.n3 .62 1 .34 N.46 t.NZ% 1.0n Nn.14 a.40
197U 8 1.32 1.5y 1,12 U.s? (] u.21 1.UuY U. U4
1971 9 491 2.72 1.72 1.23 .43 2.27 n.54 1.nn
1972 14 1.38 3,92 3.6 1.55 Uu. 99 u.83 u.26 u.ué
1973 11 2008 2.50 2.97 1.00 1.37 2.32 .77 n.z
1974 12 3,70 4,80 2.6 1.59 v.rh 2.11 U.4b 0. U3
1975 13 2.00 4,90 z.51 1.07 n.en 2.57 .35 n.74
1970 14 2.03 [ bobt 1.23 157 u.o? U.97 1.59
1977 15 1.7 5.9%8 2.5¢7 2.51 1.77 2.23 0.75 n.sn
1978 16 5.20 8.12 5.51 2.85 1.82 4,47 1.25 1.3L
1979 17 1.54 6.25 3.9% 1.53 2.0? 1.08 3.41 n.60
1980 1% 1.04 5,12 4.2 2.2 1.99 4.55 1.86 7.94
1931 9 1.00 Zo40 3.7y 2.16 0.72 3.31 3.91 3.92
1932 2N 1.35 6.04 4,654 2.4l 1 .67 3.42 2.29 2.79

PREDIC. N 679627, 152432. 4568204, 1650, SN 4. 13564 Lith, (RN 25,

FREDIC. F U.65 .91 1.80 1.0 1.83 .51 e u.rg 2.67

COR.COEF, -0.2v U.63 u.9u .03 N.o5 N.ot .75 n. N.46

SLUPE ~0.18 u.23 u.”3 u.i? 0.usb U. U6 u.1s U.1d U.is

INTEKCEPT 5.07 A 0.11 0.19 N.30 0.46% -0.23 n.24 -N.29

- ¢¢ =



able 5.7 West of Scotland HADDOCK. Effort (hours flshed7 and catch at age (N x 10 3) discards included.

Inpu% data for estimation of terminal Fs.

EFFORT AGE 1

i

564.
50.
42.
4n.

41

231
oM
usba
572

.234
55.

536

T.153

45,
37.
Z5.
Y48
.582
33.
19.
T 13,
T4,

33
51

399
Usu
307

373
$60
/53
194

24Y.
2987 .
13531,
3Uss5y.
113,
475,
13404,
5191,
3795,
T1545.
13426,
237.
6348,
2235,
3664.
14272,
479,

20569,
Tuz2.
1346,
252.

1576,
16256,
1041,
Yo.
190v.
1095,
/138,
2Us9.

10859,

4.
274,
169,

1405,

1906.
17Usy.
215 .
2u.
183,
171 .
1506,
3uU9.
875,
2.
l.

P IR

P TS )

DK== =NC~~"20 WWINNNOD
.

TMBI] UST33008

i56.
158.
154,
140.

95.

9K,

70.

59.

56.
42N
57.
920
33.
33.
38.
37.
36.

56

41

511

2Ny
U9
713
629
43
741

596
468

dgu

017
465
[XV]
2NR
689

15227.

374.
1325.

3.
2.
155,
6Y.
To.
50.
358,
b
S.

euTeS YST3008

...Ctd.
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Table 5.7 OCtd.

YEAR BFFORT AGE 1 2 3 4 5 6 7

1966 L0.534 0. S u. [us, 27. n. n. N.
1967 20,916 429. 1520, 3. ‘. 189, ‘. . u.
1908 65.348  2hbh, 514, 132, 9. 13. 8l . 9. 0.
1969  166.450 U, olus. 274, 82. 5. 6. 55, 1.
1970 118,383 558, 61. vo. 94, 18, 4. 4. 2.
1971 129,187 12856, 420, s24. fevv. 34, 21. 1. 31,
1972 142,244 1479, 20485, 4ay. 197, 4635, 45 . 15. 0.
1973 91.151 SS9, 1171. 13Ye. 9. 19, (zo. ‘. 1.
1974 RB.651  5161. 951, 7N06. 425, 4, 15, 421, 2.
1975 132.353  20271. 4525, 395, s6uU. 320, 8. 8. 2.
1976 139.225  2067. 11445.  2004. 172. 209. 119, z, 3.
1977 143,574 1151, 365.  5582. 661. 95, 66. 4y, 1.
1978 127.337  256%. 2n6. 157, 1412, 2ns. 33, 19. 1.
1979 99.6U3  1U349. 2470, 165, 55, ¥U3. 59, 1. 4.
1980 121,211 4939, 3570, 1035, 184 . 32, 500. 52. 1.
1961 165,002 28. 14865, 446w, 425, LU, 5. 176. 5.
1982 135.240 4962, WL 17289, 1722. 71. 10. 5. 1.

TMeIL YYSTT USTH400S
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Table 5.8 West of Scotland HADDOCK. Rho values and regression amalysis for estimation of terminal Fs

GCY,aY/¥(Y+59,A+1) , $=SCALFD GAwvtA, VSSCALEW t
YEAR/AGE 1 2 Z 4 5 [} / I 7
1986 1 1,690 n.ois T.0143 (AR .2 (R 0.095 r.nnn
190 ¢ 2 L No? b,ub? 0. 147 1.20e B AT .44/ 0.10% n.nis
TR0 3 Naodr Lobsh 2 A ouil R i.a0Y 4.0 N.s27 .54y
1967 4 n.a16 1.000 AL401 2200 1.10v q.dbc 2342 1.2 .59
19l R} 2.2 1.139 .00 N.ovh O.06Y O, n.2s1 L0676 N.Bsn
1971 S5 1.740 2.054 (et i.00N0 n.1%6 TLhre N.116 n.n1a 2.%872
102 7 2.Y52 V.bhob G.A0Y 1.2 .ot Noiey N.s07? .n&3 o_non
1475 2 R. 773 L4337 .60 N.914 Tabcit Lot it.Negy T.N4x n.249
T4 9 .0l LoF28 5.357 T.596 1.391 D415 P.0nn l.566 2.8¢e5
1975 17 2,400 4 LG4 Z.004 2207 Tl Oyy a.200 N.lob )y NN0 n.223
1970 11 12.2306 ?.436 Lo ?.M3%0 Toner Hodly haob2 10.221 1.507
977 a7 260340 >.1104 2.508 2o0o VLT A.425 1.20% 2.NY s N.5446
197513 2,005 1.885 T.655 ?otay 2ol LY g fi.on? 1T.N25 T.b5u7
1979 14 7,187 5,569 L, N30 G e [ .99 5.0l 1.254
1959 15 n,2v6 2,496 5.Y15 0.6 Guveds [ E-Y4 2.510 0.790 3.2v0
14987 16 9,021 2.9 [N | Z.010Y N B2 .02 4,555 1.050 n.9s2

FREDNTIC. T
PHEDTC .
CORJCOFF,
SLOPL

THIERCERT

b n.nen
e nLLZ: nLeve n.ryn o2 nLalt
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Table 5.9 Worth Sea WHITING. Effort (hours fished) and catch at age (¥ x 107

Input data for estimation of terminal Fs.

EFFORT AGE 1

3) discards included.

188.572
197.023
172.992
194,312
215.319
218.141
123.010
133,445
174.559
2U1.493
TR2.541
185,632
152.977
121,841
144,343
135.22u

87.467

55,4745

51.55%

47,3889

013,794
039,177
b¥2.564
SUUL06Y
514,354
568,642
467,425
426,563
416,164
392,437
414, 59%
3490644
329.462%2
SU7.165
313.913
525,240
216,419
297.22¢
2R9 077
297.(3u

18627,
198722,
94342,
453102,
108236,
6952,
21905,
161744,
46775,
72n79.,
449354
54357,
22195,
22193,
146994,
90752.
27433,
A7S5Z.
5761,

207149,
12555,
276.
2093,
7704,
21140,
11022.
274,
2519,
(645,
1609y,
T7UsU.
5934,
8121,
6342,
12979,
14574,
TUous.
60034,
877 .

1355622.
112030,
10197,
4bi4435,
563N€6.,
112015,
70¥87,
3577,
222462,
20827 .
49676,
557aUS .
31990,
blo8?,
50659,
PG309.
471923,
370¢.
22767 .
(16d.

6765,
Tiruus.,
14399,

Eo1.

5071,

003/,

6575,
143558,

453,

242t .

460n,

424,
13289,

2358,
13056,
15507,
11064,
Tuuvyeo.

B304,

6552,

29055,
Lu6Ys.,
110384,
36uUS5,
216686,
17103,
256183,
5uBUS.,
3630,
435U,
12692.
25539,
29771,
1245¢.
37035,
437135,
2elod,
50650,
262715,
269U,

4090.
21U,
2904,
13469,
702.
3urs.
1453,
2307,
13095,
Sur.
794,
Y&l .
2760.
3928,
1521.
8632,
7523,
3439,
3470,
2008,

T1459,
S46/(.
174406,
S2e9s.
24800,
635Uk,
AT,
3735,
37940,
sho6.
2514,
43526,
N80,
tJsdo,
3336.
15391,
Thtod.
T1915.
T1ees.
13595,

24424,
698,
1599,
1636,
3360,
14837,
245,
724U,
325,
189U,
2527,
TuU54,
&ENYE,
Y3685,
2555,
2827 .

723,
2040,
6355,

1i0.

5535,

521,
258/(.
4700,

Tue .

13,

Z2ob .

371,
T4 Uy

675,
2550,
2224,

b0l .

142.
159.
293,
233,
57U,
1742,
58,
172.
1730,
4387,
1175,
19.
43,
3.
24U .
156.
26U,
400.
29U,

4t
5.

o= -
LR I R R S P

.

C NN = NN - DWW

R

[V
.

UsST3300g

Imneaxg

UsT3300g

PuUTeg

...0td.
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Table 5.9 Ctd.

YEAR EFFORT AGE 1 2 3 4 5 6 7 8 9 10

1963 5.3810 521. 414, ‘2. 25. 5. 5. 0. 0. . 0.
1964 24,055 440, 2895, L5U, S6. 27. 0. 2. u. u. Uu. o
1965 SL.799 431, 263, 2484, 454 . 49, 27 . Z. . 0. 7. o
1966 15,341 2674, 1256 17, too0. 125, . 5. u. u. U. o
1967 ?R.N2E 7h14. 1156, 47100, 6o . 4Ny, 46, A . 0. 0. &
1903 Lg,23%8 4514, 3276, 542, ivo. 35, 167 . (WA . u. Ue o
1969 6% . 606 794 5074. 1605, 267, AR /. 102, 0. 1. 0. w
i9/u 83.529 2331. 1550, 4914 Tusy. 127. o7 . 4. 125 . 8. 3.
1971 TN4.9NT 25395, 2935, 610, 6129, 769, 124, 6. 4 29. 4,

1972 121,031 21376, 1U224. 1730, 335, 4156 S5Us. Bu. 6. 4. 15. &
1972 1520422 543730 15192, S0, . 3. 1430, 183, Zy. 6. 3.0
1974 116,982 18997, 10613, 52 UB. b, 143, 9. 4235, 35, /. 2. ®
1975 161.009 20422, 13340, 14234, 249/, L24 . 24 5. 186, 2. n. &
1976 152,419 5575.  3UI23. 5290, 52040, 6706. IFER To. 1. 44 . 5.
1977 224824 24596, 29945, 244847, 1004 . 26719, 4060, 4. 14. 0. he 43
1973 236,944 8785, 1YYUYL.  3uf21. 14472, Y56, 1612. 635. 2. G. U.
1979 2RT 494 171149, 429171. 23155, 17990. 4N5A, 207, 284 . 57. 5. 0.
198U 333,197 2uBU6. 58382. 384356, 2525, 9434, 1804 . 1464, 145, 5. Ve =
1941 251.5N4% 6577. 19035, 21433, 9665, 1770, 14434, 09, 9. 1. 0. =

1982 250,874 5222. 27V,  Z27d4sa. 13131, 3385. odY. Sho. ‘5. To. 3.
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Table 5.10 North Sea WHITING. Rho values and regression analysis for estimation of Terminal Fs.

YEAR/ A ZE 1 2 3 A 5 3} 4 3 b
1902 1 n.342 1.842 N. 742 Ve 5 LA .04 PA N roRee
1904 2 S U.360 J.2/74 U.sbbe doSh o U402 F.864 U.ro7
1965 3 N.0G4 1,000 N.246 N.224 0.228 0.117 J.612 n.nan
1960 [ Jo24? o925 .Uy T.104 U.oséd L.osi U.36Y 35.605
19¢7 5 .34 .24 .32 1.000 0.70% T.0z2 2.10N4 N.243
1904 6 [ERy AT 1.172 U.bot U.2a? T.uUe U.byy 1. ULY T.7uy
19269 7 iy T.202 n.33¢ Nn.s5e2 Noitay 1.00n 1.226 N.r7en
1974 3 .1s?2 Uo9hy bl Us?2 oy dobto [SIPRVIAN] Ty T.603
1971 Y N.%07 Tobol} N.6704 2.611 O.140 r.z2al 0.N2Zy 1.1709
1972 10 S ] e e U.323 TouUoS U901 2.2LuU U.713 U154
1972 11 n.1a37¢ T.16Yy N.zs59 n.32¢ o515 J.611 1.08% 1.133
1974 12 1.935% T.5906 Uosvsa u.17vy U. /51 U.4oY U.497 6,678
1975 13 n.2n0s 2.0y N.vi1e N.548 e l1%e 0.2%4 D.600 1.544
19¢0 14 Taory U.vue u.7u1 U.otle u.198 u.ue3 u.594
1977 15 1. %88 nN.537¢ N, 9%6 0.3 %54 0.t07 1.257 n.n8s
1976 16 1.6¢4 1.u2? U.oLy 1.209 u.94s 1,093 3.75U
19y 17 1,463 .30 T.418 . 760 D.958 1.085 N.105
194U 13 1 ey > 2 ' U.b5Y 3

3 1

FRENIC.

CORLCQEF, U. s U u.su2 N.505 N.417 N.4v2 ~0.033 -0.346 n.nz1
SLOPE U.uu3 U,u34 U.u2s L.033 Uauas =-U.uu3 -u.u4u u.0ué
INTERCEPT N.392 n.272 1.02% N.2452 n.4n7v 0.234 0.657 1.417 1.329
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Table 5.11

Input data for estimation of terminal Fs.

EFFORT AGE

33.373
19.060
13.¢53
T4.194

153.103
156.511
158.2U8
150.094
140,718
95.0629
98,740
70,741
59.5906
56.44%
56.424
57.090
41.924
33.599
38.465
3R.6410
37.2Us
26,689

1

7710.

135869,
R227.

11467 .
1266,

3820,

4laes.

Y255,

To364.
5564 .

18225,
2637 .

3320,

1U73%.
2579.

3818,

%81,

1

N

7100.
1302.
4822,
4017.
5430,
2101,
2ul3.
Y15
1565,
2065.
14U2.
5244,
5562.
3409 .
L4716,
In43.
24386,
S7i.

4 5
055, 30.
L4741, InG.
53. 2142.
578. 8.
295. 157 .
432, 6N.
3515, 193,
54. 1226.
212. 45,
| 84 . 54.
214, 31.
1152. 165.
223. 439,
2400, 267 .
886. Tus.
580, 354,
495, 151.
334, 112,
1548, 67.
12702. 734 .
559, 5543.
1242. 132,
CETN 435,
305, 191.
138364, 492,
521. 3002,
523. 91.
276. 23.
569, 4u,
4578, 289.
531. 1022,
1187, 73.
s20. 392.
W94, 253.
1Ui5. LU5,
1M7e. 247,

West of Scotland WHTTING. Effort (hours fished) and catch at age ™ x 10"3)

U8ET43008

Th® XL

ysTt33008

sutToeg

eesssCtd.
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Table 5.11 Ctd.

YEAR EFFORT AGE 1 2 3 4 5 6 7 8
1965 Z7.3587 519. 2RP . 2245, 4uy, 16, 6. 1. do
1966 40538 269. 565, 1564, 5047, Z67. 37. 7. 4.
1967 wl.¥1o 647. EETIN Tbbo, 9. 25ut. 14U, 13, . &
1968 65348 L59. 1980, 16l 641, 51. Ho1. 6n. . %
1903  1U6.850 12. S52u7 . IEET 509. 259, Su. 549, 65. &
1970 11R. 327 26. 3ons. 994, 933, 202. 52. 5. 135, B
1971 12917 394, 2535, o5, YUSY. 327. 0% . 25. [
1972 142,244 30x, 260455, 1477 514, 5253, 313, 0. ‘e o
1973 91.151 1177, (482, bk, T4, 44, 5U3. 41, S5, 5
1974 FR.05 1914, Y464, 1612 . 159. 17, ‘. 35. 3.004
1975 132,155 2715, 3952, Y3y (. 5256. 53. 15, 3. 8. 8
1906 129,225 2786, EANAN 320y, 5441, 721, 14 . 5. n. A
1907 143,574 46474, 2L97 . 5289, Ly, 1145, (8. 2. (I
197%  127.%587¢ %559, 5791, 1542 . 1913, 136, 259. 4. 0.
1979 99.6U5 1239, fous. ZSun. 310, 297. 55. 59. u.
1950 121,211 1525. 5192, 5952 Y4, 157, 148, 12. 1.
1951 To5 . ule 574U, 0Ydo., 4ULS, 1300, 498, Toi. 0o, .

1942 125,270 732, 1537. 8587, 1745, 321, /8. 65 . i,

-1 -



Table 5.12 West of Scotland WHITING. Rho values and regression analysis for estimation of terminal Fs.

YEARR/AGE 1 ? 2 4 5 © 4
1965 1 N, %04 2.0 oY N.4r3 .24 D412 L.20%
1900 2 U.212 T.125 RN N.Y74h 0.671 i. 183 0.735
190/ 3 Jooid Z.cuu T.990 Jorol Uobar u.n3e .31y
1963 4 n.225% Tebavd 2.971 1.263 .20 L0080 N.224
1909 5 0.¢43 J. 394 1.064 1.70% 1466 b4oob? 1.Uub
1970 6 n.272 S.54 DLy N.¢72 .91 T4 4.358¢2
1971 7 o593 2,057 5.45% 1.1k U.531 Tal33 u.72v
1972 = 1.766 2N Z.054 P 1e4¥7 2.528 N.v1d
1975 9 0.732 [ ) L.827¢ 2.592 2.749 T.babU 1.035
1974 1N 1.340 Ta07b 2,054 T.859 1.125 2.032 N.7¢9
19¢5 11 u.vr9 T.000 2.3 1.0Z> 1.0U2 1.849 3.59U
1976 12 1.020 2.60d 5.207 1.vh44 3.25% 2.977 1.52%
197 13 2.580 1.0ull 229 T.at4 1.201 2.800 2.251
P973 14 2.531 T.465 1460 1.000 T.N53 1.263% 2.N34
1949 15 1.7UbL 5.952 5,619 J.Yi3 1.ULS T.1Us 1.1U8
1981 16 N.543 T.063 z,9071 (14 T.bh6? 14753 11.466
1941 17 1.282 U.9v3s 2.2608 T.55 1.1%30 15Ul u.887
1962 18 1.045 2,042 3.572 1,049 1. 501 2.14¢2 4,09

PREDIC. & 1T198U, 132ue. STr15. T175>. 751, lUb4 315,

PREDIC. F 7.541 o654 N.YCh 1.5 1.06&7 2.081

COR.COFF. n.629 -7.N2%5 n.3v1 u. 354 u.l1vs U.426

SLOPE n.19y9 -N.n0a 1.0v7 n.nse 0.040 0.226

INTERCEPT 0.22% 221350 1.6% u.70 1615 -u.uu2

_Z«V—



Table 6.1 North Sea COD . Estimates of recruitment at age 1 and 2.
AGE 1 AGE 2 .|

claes | T ) [T | i) | e 200 T ) imae?) | Gmaed) | T
1968 4.8 76 2.3
1969 75.8 379 5.2 29.1 263 4.2
1970 99.7 429 8.7 37.5 37.4 6.4 312 6.8
1971 4.1 4.5 1.4 78 4.3 10.5 10.5 2.7 60 3.3
1972 37.7 41.4 5.3 154 6.9 9.5 9.0 3.3 104 5.5
1973 14.6 10.5 3.1 129 8.2 6.1 3.8 1.8 92 6.1
1974 95.7 52.4 9.1 225 12.7 20.2 18.7 6.3 157 9.3
1975 8.8 9.4 2.2 109 7.4 3.1 3.4 1.3 84 4.3
1976 4 40.3 53.0 11.4 378 9.7 42.% 36.1 5.9 255 6.9
1977 14.4 18.3 5.3 224 9.0 9.2 11.4 3.6 158 6.7
1978 9.8 14.5 3.8 236 14.4 17.6 11.9 2.9 160 11.0
1979 26.% 21.6 6.6 444 20.5 29.7 28.5 11.6 313 15.7
1980 13.5 3.7 2.0 131 7.7 6.4 8.3 2.8 (88) (5.9)
1981 | 12.8 11.6 3.4 (290) (21.3) 20.28)| 15.44) 4.34) (81) | (15.8)
1982 5.0 | 5.4%) 2.24)

1) Tnadjusted arithmetic mean number per hour trawling per statistical rectangle

2) Estimates obtained as for 1) but restricted to rectangles that have been fished every year (Burd and Parnell 1982)
3) Unadjusted geometric mean values of rectangles fished every year

4) Preliminary figure

_Q-V_



Table 6.2 North Sea HADDOCK.

Estimates of recruitment at age 1 and 2.

AGE 1 ¢ AGE 2 6
Tear TYFS TYFS IYFS VPA number x 10 TYFS TYFS TIYFS VPA number x 10
Class indexl) indexz) index3 ) Iv VIa indexl) imiexz) indexa) v VIa
1968 45 347 14
1969 28 469 18 32 148 9
1970 855 3 290 245 299 313 59 1 083 137
1971 740 788 62 2 335 76 971 987 103 1 306 44
1972 187 187 9 755 79 110 94 13 294 22
19735 |1 072 803 116 2 608 169 385 284 60 1 052 76
1974 |1 168 1 018 397 4 599 436 670 578 113 1 892 196
1975 172 103 20 398 35 84 91 17 176 8
1976 162 111 27 565 23 108 113 17 238 7
1977 385 421 56 933 56 240 107 16 355 31
1978 480 482 5% 1188 165 402 310 28 658 76
1979 896 614 83 2 039 388 675 718 119 1 018 297
1980 268 133 23 341 16 252 179 18 (154) (13)
1981 | 533 242 38 |@es7) | (102) 346%) | 263%) a®)

1982 | 3054) | 1994 354)

1) Unadjusted arithmetic mean number per hour trawling per statistical rectangle

2) Bstimates obtained as for 1) but restricted to rectangles that have been fished every year (Burd and Parnell

3) Unadjusted geometric mean values of rectangles fished every year
4) Preliminary figure

1982)
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Table 6. 3 North Sea WHITING.

Estimates of recruitment at age 1 and 2.

LCE 1 ic® 2
Year I THrE T T Trrs 775 VP mumber x 100 | TIPS < | TTFS TIPS VPA momber % 10° ]
C1ass | jndex’) | index?) | indexd) ™ VIa index) | index® | inaexd) v VIa
1968 77 126 16
1969 69 926 22 3 227 17
1970 | 274 1 408 51 190 222 20 598 23
1971 332 279 44 2 438 3 763 943 67 1156 61
1972 136 1011 273 3 258 194 496 250 55 1 632 147
1973 | =e2 341 91 1710 67 153 117 28 726 47
1974 AFD] 793 257 3 175 150 535 440 61 1741 110
1975 €79 948 129 1796 50 219 319 23 1041 34
1976 | 418 621 211 2 139 79 293 386 36 843 50
1977 | 513 552 176 1808 | 105 183 186 16 1105 70
1978 457 451 143 1 956 63 391 450 27 1 146 45
1979 | 692 566 197 1444 | 125 485 440 45 893 92
1980 | 227 178 74 498 20 232 181 1 (230) (13)
1980 | 161 182 57 (826) | (20) 1554) | 1014) 214)
1982 | 1304 | 1004 45%)

1) Unadjusted arithmetic mean number per hour trawling per statistical rectangle

2) Estimates obtained as for 1) but restricted to rectangles that have been fished every year (Burd and Parnell

3) Unadjusted geometric mean values of rectangles fished every year

4) Preliminary figure

1982)

_gV—
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Tagble 6.4

Geometric mean regressions of different indices of abundance for COD
and the estimated recruitment figures for I-group and II-group

r: correlation coefficient
u: slope

v: intercept

N: number of data points

range: range of year classes included
R;,': Recruitment of year classj at agei (x 10“6)

Age . . i
group Relationship r u v N | range Rj
I VPA-TYFS standard .58 | 3.80| 103 | 12 [1969-80| R 1gg, = 122
VPA-BP geometric .75 | 36.11]28.3 | 10 {1971-80 108
VPA-BP arithmetic .90 6.18 1 67.9 10 |1971~80 101
VPAyr, - VPAry A48% | 034 1.26 | 12 [1969-80) -
Final estimate Sub-area IV  |Riggp = 110
" " Division VIa ’ 7.73)
I VPA-TYFS standard o1 | 6.91]42.4 | 12 |1968-79 R21981 - 182
VPA-BP geometric .84 | 30.15| 30.7 10 [1970~79 160
VPA-BP arithmetic 292 | "7.32] 43.9 | 10 |1970-79 157
VeAy - VRA, .55 | 0.040| .068 | 12 [1968-79 -
Final estimate Sub-area IV R 1081 = 180%)
" " Division Via  |R'igg) = 21.342

# Not significant
1) Based on the mean value of the poor year classes 1971, 1973, 1975 and 1980
2) Based on the regression of VPA-IYPS standard: see also Section 7.4

%) Because the correlation coefficient is not significant average
recruitment has been assumed

4) See Section 8.3
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Table 6.5

Geometric mean regressions of different indices of abundance for HADDOCK
and the estimated recruitment figures for I-group and II-group.

correlation coefficient

slope

intercept

number of data points

range: range of year classes included

Ri_;: Recruitment of year class j at age i (x 10—6)

L+

iR

=g

A . . i
gfiup Relationship ko u v N Tange Rj
I VPA~TYFS standard 0.92 | 3.45|-218 | 12 [969-80 311982 =1 620
VPA-BP geometric .91 {11.71 | 586 | 10 p971~80 1 034
VPA-BP arithmetic 94 | 4.04 | ~305 10 P971-80 672
VPAL, - VPA .83 | 0,106 ~31.3 | 12 [1969-80 50
Final estimate Sub-area IV 7601)
" " Division VIa 481)
II | VPA-IYFS standard .84 1.84| 97 | 12 poss-79 321981 - 561
VPA BP-geometric .88 (13,00 { 100 10 f1970-79 332
VPA-BP arithmetic 75| 1.82| 152 | 10 h970-79 478
VPA~yr = VPAL, .69 | 0.163 -40.5 | 12 [968-79 84
Final estimate Sub-arvea TV 760%)
" " Division VIa 70?

1) Because of the apparent curved nature of the relationships, the final
recruitment figures chosen were based on the actual observations in the
range of the index obtained.
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Table 6.6

Geometric mean regressions of different indices of abundance for WHITING
and the estimated recruitment figures for I-group and II-group.

r: correlation coefficient

u: slope

v: intercept

N: number of data points

range: range of year classes included

R': Recruitment of year class j at age 1 (x 10'6)

3
Age . . i
group Relationship T u v N | range R 3
T VPA-IYFS standard 77 12,65 | 549 | 12 [1969-80 R11982 = 893
VPA~BP geometric .62 [10.56 | 338 | 10 |1971-80 935
VPA~BP arithmetic .63 2.92 | 347 | 10 [1972-80 378
VPAyp, - VPAry .84] 0.006 | -40.2 | 12 [1969-80 -7
Final estimate Sub-area IV 50013
n " Division VIa 20t
I VPA-IYFS standard 73] 2.23 | 227 12 |1968-79 1121981 ~ 573
VPA-BP geometric .68]18.43 | 455 10 [1970-79 839
VPA-BP arithmetic 227 1.58 | 494 10 [1970-79 653
VPAyr, = VPAry .84| .03 |-5.91 [ 12 [1968-79 9
Tinal estimate Sub-area IV 5001§
" " Division VIa 14

%) Not significant

1) Based on inspection of the graphs, taking into account the level of
recruitment observed at corresponding indices of abundance.




Hnwlp‘zgg

VIRTUAL

NORIH SEA COD (FISHING AREA TV)

CATCH IN NUMAERS

N VALY

10
T+

TOTAL

Tahle a3

NORTH SEA

1972

244 uB
27972
5241705
13567
2lsy
1095
Tiia 3
401
o9

5%
101

125132

UHIT:

1974

16677
55431
1716
14R6Y
4392
y2n
417
372
31
75
179

12267

WIRTUAL POPU

POPULATION ARALYSIS

THOUSAMNDS

1975

3u3Us
4 %0457
18252
L2250
6484
1r%e2
20
149
KEHY
%1

H2

1O930%

LATION

COD (FISFING AREA IV)

MFAN wETGFT AT AGE OF THE SINOCK

1973

n.30?
D.g53
1.909
3.758
5.521
7.4603
8,979
Q.77
1T1.n37
12.2¢3
12,2646

W

V=L

212
L152
242

8.341

9.R7A
10,762
12.220
12.413
12,629

NN =D

1975

N.372
[V
2.310
4,162
6,282
B.434
9.807
Td. 324
11.9%3
12,671
15,067

17706 1977
0230 olJZo7
93005 47241
1584 L5082
LeNs inz
19589 2491
cul3y 675
Tty V26
94 mnz

Y 223

4y 2n

29 s3]

1255786 140359

ALALYSIS

UNTT: KILOGRAR

1976 1Yr7

n.x73 N.3064
TLounu d.gus
2.372 2.0v1
YR L
6.277 6.63%
8.56U0 LYa-1Y
10,074 Y.930
TH.ute 1u.897
12.690 12,012
13,912 12,8540
Thob52 135,404

197

23550
T564Y0
14230
A ey
2564
Vel
S
Teh
121
%2

5

21272

1978

N.26y
U, 744
1.919
4150
6. 625
B.615
9.57H
Tt
12.152
12.5¢6L
15,820

iy

Sobie
Be74
39 /du
1596
Suni
t6l)
547
iz
e
5S4

[

T7AD

197

0.302
U.s30
2.%5069
447>
6.6/7%
.60/
10,672
11.40u
2.017
13.549
15.%49

190

52522
942 %4
29742
9rn2
1923
mni7
384
159
59

46

23

192691

198U

1.534
U.9/4
1.972
L5712
6.295
9. U84
9.64%

11.756

12. 666

13.866

15.972

1A

2rsey
TR7 109
24350
1627
(et
(57
S66
146

o?

22

22

2492706

1Yol

N.o4?
U.e9l
2.052
4.2(5
6.867
3./07
9.442
11,037
12.097
14,131
15.630

19 %2

635031
57292
51379
6194
297
1644
316
19z
o1

24
23

1R3264

1982

n.590
U.9al
1.839
4.5U3
6.796
8,903
10,629
12.430
12.229
12.543
14.229

- 06 -



Table 7.1 Nominal catch (in tonnes) of COD in Sub-area IV, 1973-1982 (data for 1973 - 1981 as
officially reported to ICES)
Country 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982%
Belgium 11 741 10 253 7 566 T 483 10 346 | 17 473 12 576 9 630 8 Thi 6 604
Denmark 47 950 54 207 46 344 53 277 42 582 | 41 858 48 509 56 404 68 252 63 975
Faroe Islandh 803 416 732 448 260 56 113 150 38 45
France ©13 247 7 275 8 667 8 079 7 511 | 11 944 12 559 10 910 11 369 8 846
German Dem.Rep. 343 132 223 69 21 75 84 63 - -
_ Germany,Fed.Rep. | 21 410 17 089 16 457 24 445 22 663 | 37 040 20 411 26 343 29 741 19 045

‘Ireland - - - 98 136 174 1 - - -
| . Netherlands 25 758 24 029 23 263 21 835 29 903 | 48 817 34 752 45 400 51 281 36 179
Forway *) d54° | 324 | 1528 | 1877 | 1449 | 2.747 | 3575 | 4 506 6766 | 6992
Poland 1 551 4 750 2 991 2 961 381 115 142 28 7 62

Spain 90 80 63 14 - - - - - _
Sweden 2 534 2 071 900 597 36 ....b) 298 293 321 438
UK(Engl.&Wales) 47 327 39 857 33 615 46 475 35 424 | 59 127 54 923 49 951 59 856 53 556
UK(Scotland) 48 844 39 e87 37 308 39 597 34 406 | 41 984 42 811 45 044 53 921 55 619

- USSR 2 497 2 667 . 6 796 6 187 - 17 17 - - =
Total IV 224 549 1203 037 | 186 453 | 213 442 | 185 11B |261 427 | 230 771 248 722 290 296 251 361
Total IVa 59 640 |64 152 58 343 68 352 55 623 | 43 357 41 118 48 467 55 109 53 267
Total IVb 134 953 1114 087 | 107 227 |[126 218 |100 191 |164 388 | 147 313 161 767 197 567 187 834
Total IVc 29 956 24 798 20 883 18 872 29 304 | 53 682 42 340 38 488 37 620 10 260

*) provisional figures

a)Figures from Norway do not include cod caughtin Rec. 2 fisheries

b)

Included in IIIa

_.67_



Tahleyzlg

VIRTUAL

NORTH SFA COD (FISHING AREA Iv)

STOCK SIZF IN NUVMHERS

BIOMASS FOTALS

UMIT:

ALL VALUYES ARE GIVEM FOR

1973

1 153957
2 6014 (5
3 90394
4 26221
k) PIVE
15 2178
7 2109
A 1143
v 265
m 126
T+ 2439

TOTAL NO  %44835R7
SFS KO 155927
TOT.BIVA 464211
SES BIOM 466132

1974

128641
104069
22994
32207
945
2255
yi¢
797
Say
155
37w

3N2299

695483
464835
292651

POPULATION AWALYSIS

UNIT: THOUSANDS
TONNES
1 JANUARY
1975 19706
225120 1uv2u?
92094 is5vhny
35833 32586
9253 12084
15091 3811
3822 4935
1ues 1582
289 500
31y A
Tob NIk
Tuv 6L
381124  3229R1
6390l Ho764
4203700 423224
2567147 225494

19¢7

3¢?orll
RI742
45803
11025
6321
169y
1305
L
521
41
167

527761
o4 UY
14007
22534

1978

224570
254362
254575
16908
5171
1osn
757
7m
YA
oo
‘e

5310%?

5146061
L5198
129457

1Yy

2357¢6
152260
0Y452
#3598
034U
1664
(2
213
24y

o/

S0

481290

S8reo4
Lisls0
275276

1980

446012
160324
a2 367
215632
36258
2459
75
327
155

1

45

68574/

81414
654289
261026

1961

T31415
313456
4499
18251
8907
TAOR
Thos
292
126
(S5
bty

5208¢N

/5Y5Y
623¢57
260052

1932 1983
292590 wsrertrs
H7941 1825869
QU432 21256
14603 28349
0496 0241
3931 2722
641 1789
L4ne 2443
118 157
L7 42
45 34
L97297
110766
581572
326240

1963-79

201754
142559
51435
18958
8470
5729
1632
756
328
125
116

"ZQ -



Tahle 7. VIRTUAL POPULATION AnNALYSIS

HORTH SEA COD (FISHING AKEA TV)

FISHING AORTALITY COEFFICTENT ULHIT: Year-t NATURAL MOKTALITY COEFFICIERT = u.2u
1973 1974 1975 1970 1907 1978 197y 198U 1981 1982 197/7-82
1 .19 n.1z n.16 n.ny Nn.19 Q.15 Nn.19 .15 n.zn n.27 0.19
2 u.r7 .87 U.s4 1.U3 u.98 T.1u U, 91 1.U02 1.U4 1.22 1.04
z .90 N.71 N, 41 N.#i 0.79 a.ve n.y/¢ N.97 N.vy3 .96 0,93
4 U, 52 U.7u U. o9 U, &u U.Se U.rs U.o3 u.68 L./r? u.6b u.67
s n.6n n.7a 0.73% .61 .68 N.93 0.75 N.61 n.61 .67 .71
o Ju. 79 U.5y U.ns J. 77 U, 57 u.7s U.ss U, 62 U.r? U.suy U.64
14 .77 n.r3 a.52 N.76 n.7% n.72 (1. 66 Nn.7% n.ry n.77 0.75
3 U.s7 U. 71 [V 9 U.24 u.ghn U.s3 U.bu u.70 u. /1 U. 74 u.72
9 .34 1.7N n.95 n.72 P.i% 1.00 0. 81 n.esz n.r77 (S 1 0.9
(B3] U.ry Uovs Q.75 u.7s u.r5 0.75 u.su .U ool u. 38U u.78
1+ n./n n.7s n. 75 .75 .75 n.vs n.480 n.xn N.xn N.xn .78
¢ 3~ s)Hu U.74 0.71 D.72 U.bo U. /0 U.os2 U, 08 .73 u.rd u./73

- 16 -



Table 7.6

LIST OF INPUT VARIABLES FOR THE ICES FPREDICTION PROGRAM

NORTH SEA C0D

FIRST YEAR: 1932
LAST YEAR: 1985

YEAKR RECRUITMENT
thousands
1983 110000,
1964 202uu0,
1985 2n200n.
MATURITY WEIGHT IN WEIGHT IN
AGE STOCK SIZE F AT AGE M OGIVE THE CATCH THE STOCK
thousands % kilogram kilogram
1 110000.10 7.199 n.2n c.oan 0.457 N.457
2 130568.4 1.U40 .2y U.uuo U.882 U.s82
3 21226.0 n.ven n.2n 1.000 2.040 2.040
A 281650 u.670 u.2u 1.Uu0 4.385 4.385
5 6215.0 N.7210 n.2n 1.000 6.617 6.617
[} 2711 .0 U.640 .20 1.0UU 8. 80U B.3U0U
7 1777.0 N.740 n.20 1.000 10.064 10.064
8 242.0 u.720 .2y 1.u00 11.450 11.450
9 156.0 0.900 n.z2n 1.000 12.700 12.700
10 2.4 u.rv0 t.2u 1.uul 13.347 13.347
11+ 24,0 N. 770 n.z2n 1.000 14.363 14,363

# Average F 1977-82 rescaled to F =
av 82

- -



Table 7.7 North Sea (IV) COD. Management Options assuming that the fishing mortality remains unchanged from 1982-1983.

1983 1984 1985
SFock Spawning FS—B Tota} ‘Management S?ock | Spawning Fs_s H.C: S?ock Spawning
Biomass Stock H.C Landings Option for 1984 Biomass S?ock H.C. Landings Biomass S?ock
Biomass e Biomass Biomass
465 255 0.73 223 Fb.l 417 259 .12 41 645 412
(= Fgp Fox 0.18 60 613 382
Féq ?é3 .73 183 413 200
Fg, = 0 - - 714 475
?é4 0.2 ?é3 .15 49 632 399
Féq 0.5 ?53 .37 109 533 308
Fg, = 1.5 Fgy hd v 1.1 234 333 131
Fg, = 2.0 'F83 417 259 1.47 270 278 86

-G -

Weights in thousands of tonnes
Recruitment 1983-84 RO = 202 000 x lO3
Stock Biomass = fish at age 1 and older

Spawning Stock Biomass = fish at age 3 and older

Exploitation pattern 1983-84 based on 1977-1982 average



Table 7.8 North Sea COD.

Management Options assuming the TAC agreed for 1983 will be

taken.

1983 1984 1985
Stock Spawning ?3 8 Total Management Stock Spawning Fs 8 H.C. Stock Spawning
Biomass | Stock H E Landings | Option for 1984 | Biomass | Stock . E Landings | Biomass | Stock
Biomass e Biomass U Biomass
465 255 .82 240 Fo 390 233 .12 37 611 378
(=TAC) —
Fmax 0.18 55 581 350
Fgy = Fgq .82 182 376 165
Fgy = 0 - - 674 436
F84 0.2 F83 .16 49 592 360
F84 0.5 F83 W41 110 491 268
F84 1.5 F83 4 1.23 230 301 103
- - N y
84 = 2.0 F83 > 1.64 263 252 64

Weights in thousands of tonnes

Recruitment 1983-84 RO = 202 000 x 10

Stock Biomass = fish at age 1 and older

3

Spawning Stock Biomass = fish at age 3 and older

Exploitation pattern 1983-84 based on 1977-1982 average

-GG -



Table 8.1 Nominal catch (in tonnes) of COD in Division VIa, 1973-1982.
(Data for 1973 - 1981 as officially reported to ICES

Country 1973 1974 1975 1976 1977 | 1978 1979 1980 1981 1982%
Belgium 75 174 49 71 - - 4 57 30 35
Denmark - - 7 - - - - 272 - 3
Faroe Islands 7 13 3 39 43 - 40 3 - -
France 3 445 3 678 3 546 5 611 3 583 14 499 4 590 5 495 7 601 7 237
German Dem. Rep. - - 2 - - - - - - -
Germany, Fed. Rep. 15 6 12 1 3 31 40 1 21 LB
Ireland 583 883 1141 1 341 984 | 1 214 2 237 2 331 2725 3 521
Netherlands 4 5 5 11 5 3 20 1 - -
Norway 13 14 17 22 29 40 32 48 40 183
Poland 184 175 68 18 - - - - - -
Spain 208 137 180 15 202) 1088)| - - - -
Sweden - - - - - _ - _ - 1
U.K.{England+Wales)| 2 074 2 467 2 217 2 742 2 434 | 2 082 2 348 2 302 3 187 2 784
U.K. (Scotland) 5 645 6 084 5 806 | T 475 5 5135 539 6 929 7 603 10 339 7 741
U.K. (N. Ireland) 3 3 3 13 5 5 2 2 7 33
USSR 7 13 107 46 - - - - _ 3
Total VIa 12 263 13 652 13 163 | 17 405 |12 61913 521 |16 242 | 17 870 23 950 21 544

*)provisional
a) includes VIb
®)included in VIb

_9g_



Table_ 8.2 VIRTUAL POPULATION ANALYSIS

COD IN FISHING AREA VIA (Hw. COAST OF SCOTLAND, N. IRELAND)

CATCH IM NUMBERS UNIT: THOUSANDS
1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978
1 1u1 222 <24 92 555 22U 153 27 126U 19388 179 6380
2 1nn4 859 Y56 272 L1 2204 5us4 1347 2U43 4753 1183 1792
b 1427 1862 97N Yih 523 Tned 1201 752 1217 1362 1497 1038
4 141 1290 1519 L57 (4% 453 ER R 814 Sub 535 59U /28
5 140N 112 624 %56 220 A 145 235 2609 255 245 2389
o 1us 121 Tusb 133 185 %1 101 53 ou 135 81 90
7 21 7e 22 24 0% 2 be 52 11 5% 49 49
3+ 2 18 53 3y 35 47 &y 22 9 13 13 30
TOTAL 295N 4562 4424 2317 296N 46510 2541 4556 5535 Y204 48357 4699
1979 1930 1981 1982
1 244 1200 447 1824
2 15u0 325U 6947 To5Yy
2 2150 1997 3232 3193
4 5056 794 917 1183
5 34N 190 189 265
6 140 73 31 111
7 34 28 8 20
3+ 33 9 6 12
TOTAL 5714 7552 11787 8367

- )G -



Tabla_8.3

COD IN FISHING AREA

VIRIUAL

VIA (HW.,

MEAN WEIGHT AT AGE OF THE STOCK

N =

~N O VSN

Co
+

1967

0. 606
1.372
2.9588
5.052
6.573
7.906
R.H807
9. 664

1964

.66
.372
2.988
5.052
6.573
7.960
R.807
9. 664

198U

n.e27
1.385
3.0Nn4
5.28Y9
7.43232
$.319
9.262
9.595

1969

J.ouJo
1.3/7¢
2.938
5.Ub52
6.573
7.Y00
5.807
Y.c04

19381

0.5 44
1.163
2.830
4,930
7.481
9. 5U7
10.225
11.USY

POPULATION ANALYSIS

UNIT:

1970

u.elo
1.372
2.988
5.u52
6.573%
.960
H.807
Y.664

1982

n.704
1.506
2.777
4,508
6.177
7.277
9.055
TU. 502

COAST OF SCOTLAND, H.

KILOGRAMN

19¢1

J.oue
1.372
2.98%
H.US2
6.573%
(9006
R.807
Y.b04

IRELAND )

1972

u.oubL
1.372
2.9388
S.U52
6,573
7.966
8.807
9.604

1973

u.ouo
1.372
é.933
S.uvne
6.57%
19006
8.30 7
9.0064

1974

U.oto
1.3572
2.933
5.u52
6.57%
7.9066
R.8N7
9.664

1975

U.oio
1.5¢02
2.948R
>.Ub2
6.57%
7.7o00
8,307
Y.oudb

1976

U.odo
1.572
2.983
5.uU52
6.572
7.v06
#.807
9.064

1977

U.ole
1.572
2.98%¢
5.u52
6.573
7.9606
Ro80N7
9.064

1978

U.6n06
1.572
2.933
5.U52
6,572
7.9066
R.3N7
9.064

_gg—



Tahle 8.4 VIRTUAL PUPULATLGE ALALYS IS

CCD IN FISHING AREA VIA (M4. CUOAST UF SCOVLAND, N. IRFLAND)

FISHING MORTALITY COEFFICIENT LNIY: YeAr-1 MATURAL MORTALITY COEFFICIENT = p.2n
1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 197 1778
1 U, u2 0. us J.us u.u2 U, ub U.ub u. U2 u.1u u.12 1. 35 U4 0.0Y
2 .16 n.2» n.z24 .14 0.27 N.ab U1 U.46 U.46 U.31 U.3c U.34
3 U, 3y n.47 N.52 .39 0. 44 N.59 .50 0.45 N.o62 0.64 (.66 .62
4 [V 3] u.z2 u.v2 u.éu u.>7 u.vv U.ob U. v U.o% u.rls U. 65 u.x1
5 .26 N.42 7. v6 N.57 .06 n.7/ N.vs n.70 .57 N.76 0.79 0.79
6 U.3% U.3s U.av U, 54 u.o? U.o4 U. ol 1215 U.se I.u4 u.by u. g
7 g.50 n.54 n.50 n.s50 O.oN N.en 0.70 n.70 0.8N0 0.80 0.90 N.90
o+ U.old J.s5u J.ou u.5u U.ni u.eu u./u U.7u U.st u.3u u.9u U.9u
( 3- 4)u N.24 .60 .75 N.b4y 0.5 N7 0.57 0.61 n.63 .69 0.66 u.71
1979 1980 1931 1982 197/7-82
1 U, u7 U,y 0.uv u.1u u. 9
2 D.27 n.2y n. o6 n.37v 0.4n
3 U, 586 U.74 do s U.74 u.ss
4 1.1N0 n.v9s 0. 94 n.v4 n.9n
5 1.23 1.21 U, 04 T.41 T.ul
6 1.22 1.13 0. 64 1.07 0.91
/ u.ou 13.9u .90 1.19 Uu.95
8+ n.9n n.90 N.90 1.19 (1.95

C 3= 4)u u.y3 U.ys u.vu U, 84

..6g_



Table 8.5 YIRTUAL POPULATION ANALYSIS
COD IN FISHIKG AREA VIA (NwWw, COAST OF SCOTLAND, N. IRELAND)

STOCK SIZF IN NUMBERS UNIT: THOUSANDS

8I0MASS TCTALS UNIT: TONNES

ALL VALUES ARE GIVEN FOR 1 JANUARY

1967 1963 1969 1970 1971 1972 1973 1974 1975 1976 1977 19738

1 45861 6356 2R47 5189 8706 4312 cgol} s2n7 12047 7420 Y734 89 84

? 7690 3389 5004 2255 4705 6825 5332 5478 6Uss 93Ul 42389 oYU?

3 4933 5291 2412 321N 1601 26715 3558 2274 2335 5133 3578 2450

& 595 2753 2745 Thus 1431 862 11380 1irs 11838 1233 1345 14628

5 6604 zZ6n T 890 497 Re3 260 508 673 52n 487 5706

6 359 4138 195 347 475 2706 313 34 2u6 310 19 1381

7 53 200 234 6/ 165 174 91 113 22 115 90 9n

o+ 33 5U 147 TUs 37 114 Tu2 3] 54 36 24 55

TOTAL MO 19194 19422 14635 13178 17417 159106 15701 18436 25072 22067 19542 2U669
SPS Ho 6643 9178 68335 5(34 L5646 LYY 550¢% 4300 49061 5347 5525 4779

TOT.BION 39302 47170 419354 317064 55036 33770 31537 357Uy 37132 4091 3442y 36007
SPS BIO? 25807 37928 23342 25465 22646 21793 22609 21217 21048 223834 227105 21081

1979 1980 1941 198¢ 1983 1967=-79

1 14373 2Us53s 7726 21310 4casashss 77359

2 6742 110N % 15727 5922 151807 5534

3 4U45 4171 6U906 0o6 8 3359 321¢

4 10489 1397 1623 2112 2010 1466

5 52U 293 [T 521 or? 6uY

6 2714 125 72 18y 104 265

7 62 51 33 31 56 114

2+ 7n 16 11 19 12 70

TOTAL NO 27111 37600 31735 306779
SPS [N} 5991 6054 32382 9541
TOT.BIOY 43104 5191u 52195 S5/78Y
SPS BIOA 23279 23786 29702 33766

-09 -~



Table 8.6

LIST OF INPUT VARIABLES FOR THE ICES PREDICTION PROGRAT

VIA Cud
FIRST YEAR: 1932
LAST  YEAR: 1935

YEAR RECRUITMENT
thousands

1943 /739,
1984 /739,
1945 7739,
AGE STOCK SIZF F AT AGE
thousands =
1 7739.n n.n9n
2 158U7.U U.414)
2 3259.n O.760
4 20144 U. 920
5 677.N0 1.03%n
6 134 .1 U.9siy
7 56.N a.9rn
S+ 2.0 .97y

# Average F 1977-82 rescaled to iav

n.z2n
J.2u
n.2n
D.2u
n.2n
J.2u
n.z2n0
0.2u

MATURICY
OGIVE

n.nnn
U.ubu
7.00N0
IV
T.n0n
1L uduls
1.00n0
1.Ulu

WELGLHI IN
THE CATCHK
kilogram

N.635
1.369
2.903
5.ule
6, 821
8.11U
9.319
Tu.u87

WEIGHT IN
FTHE STOCK
kilogram

N.635
1.369
2.90%
S5.LUs
6.821
8.110
9.21y
1.usy

- 19 -



Table 8.7 West of Scotland COD.

Management Options.

1983 1984 1985

Stock Spawning F(3_4) Total Management Stock Spawning F(3_4) H.Cj SFock Spawning

Biomass | Stock H.C Landings | Option for 1984 | Bicmass S?cck H.C. Landings | Biomass S?ock
Biomass U Biomass Biomass

55.5 28.9 .84 22.6 Fb.l 52.2 39.3 .17 6.2 68.4 55.0

(=Fgp) F .31 10.7 62.0 48.7

max

Fg, = ?‘83 .84 23,2 44,1 31.1

Fy, =0 ' - - 7.4 63.8

Fg, = 0.2 Fsa 17 6.1 68.6 55.1

Fst; =0.5 ‘F‘83 .42 13.8 57.6 44.4

qu = 1.5 F83 1.26 29.8 34.7 22.2

ng. = 2.0 Fsa ¥ N 1.68 34.4 28.1 15.9

Weights in thousands of tonnes

Recruitment 1983-84 R0 = 7 739 x 10

Stock Biomass = fish at age 1 and older

3

Spawning Stock Biomass = fish at age 3 and older

Exploitation pattern 1983-84 based on 1977-82 average

-29 -



Table 9.1

(Data for 1973-1981 as officially reported to ICES).

Nominal catch (in tonnes) of COD in Division VIb, 1973-1982.

Country 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982%
Belgium - - - 1 - - - - - -
Denmark -2 - _
Faroce Islands - 5 3 22 40 10 92 75 2 77
France 320 1 128 4 4 3 1 2 1 4 27
Germany, Fed.Rep. - - - - - - 111 136 443 133);
Ireland - - - - - 3 - - I - - g
Norway - 3 - 8 3 69 138 g0 | 134 40 %
Poland 8 - - - - - - - g - - j
Spain - - - - .2 2l - 33 g - }
U.K. (Engl.&Wales) 1 - 28 77 89 285 129 1 g 67 3 ;
U.K. (Scotland) 128 39 98 61 33 384 198 370 143 157 |
USSR 26 - 110 1 398 - - -

Total 483 1175 243 1571 168 752 670 696 793 317

%) Provisional

a) Included in Division VIa

_59_



Table 10.1

Nominal catch (in tonnes) of COD in Divisions VIId and VIIe, 1973-1982

(Data for 1973 - 1981 as officially reported to ICES)

Country 1972 1973 1974 1975 1976 1977 1978 1979 1980 |1981 1982%
Belgium 124 93 67 59 65 53 435 699 163 ) 363 293
Denmark - - - 2 718 1 506 1 120 2 160 2 052 660a - -
France 2 658 1 425 3 099 2 143 1 646 5 185 8 044 4 848 4 001 4 4801 3 234
Netherlands 30 2 4 + 2 1 + - - 4 -
Poland . ) T 13 6 - - - - - - - -
U.K. (England & Wales) 17 499 260 159 142 581 ° 654 485 365 422 564
U.K. (Scotland) - - - - - - - + -

U.S.S.R. 8 45 - 3 4 - - - -

‘Total VIId,e 3 544 2 077 3 436 5 082 3 365 6 940 11 293 8 084 5 189 5270 4 091

#)provisional

a)includes VIIb, c

_Vg—



Table 10.2 Nominal catch (in tonnes) of COD in Division VIIb, ¢ and VIIg, k, 1972-1982
(Data for 1973-1981 as officially reported to ICES)

- 69 -

Couniry 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982%
Belgium 323 167 116 159 85 52 51 110 198 97
Denmark - - - - - - 18 ,,,b) - -
Faroe Islande 256 - - - - - - -

France 2 791 2 302 2 877 3 196 1 972 2 192 2 918 4 475 5 947 5 782
Germany,Fed. 1 - - _ _ 33) _ 7

Rep. .

-Ireland 568 283 474 506 315 - 323 552 1 028 1 542 1 780
Netherlands 14 9 54 46 291 279 - 5 - -
Norway - - 1 - + - - = - =
Poland 75 39 19 40 6 - 2 - - -
Spain 301 232 588 1 140 51 11 - 17
UK(England+Wales) 60 26 73 44 33 28 33 83 230 306
UK(Scotland) - - - - - 2 1 12 + -
USSR 16 72 134 203 - - - -

Total VIIb,c, g-k | 4 399 3 130 4 336 5 234 2 753 2 890 3 575 5737 | T 917 7 965

*)provisional

@) cateh in VIIg only

b)included in VIIe




Table 11.1

Nominal catch (in tonnes) of HADDOCK in Sub-area IV, 1973-1982.

(Data for 1973-1981 as officially reported to ICES)

Country 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982%
Belgium 2 385 1 137 2 209 2 166 2 293 1 295 732 1 414 1217 | 966
Denmark 13 118 | 44 342 | 32 930 | 46 B899 | 20 069 8 093 B 248 | 12 928 | 13 198 ' 32 159
Faroe Islands 1 198 435 267 183 385 12 7 27 46 15
France 4 695 4 020 4 646 5 500 6 914 5 122 7 208 7 407 y 12 344 | 15 989
German Dem.Rép. 22 8 44 20 8 37 12 36' - -
Germany,Fed.Rep. 4 587 3 478 2 396 3 433 3 744 2 589 2 549 2 354 3 387 4 861
Ireland - - - 31 53 101 - - - -
Fetherlands 3 185 3 035 1 901 1728 1 598 857 955 1 557 2 279 1121
Forway 2 454 324 331 367 374 609 968 | 1191 | 2283 | 1782
Poland 2 553 3 001 1 485 1 155 485 62 106 59 31 317
Spain 101 210 - - - - - - - -
Sweden 4 550 3 098 2 083 2 455 113 9 907 1165 1301 1 856
UR(England+Wales)| 16 586 | 10 798 | 11 499 | 17 238 | 17 167 | 12 200 | 10 774 | 12 195 | 14 570 | 16 108
UE(Scotland) 88 132 | 71 679 | 64 686 | 80 576 | 89 465 | 58 406 | 54 119 | 64 058 | B2 798 | 105 875
USSR 43 356 | 42 234 | 49 686 | 42 852 8 010 54 18 - - -
Total IV 190 922 | 187 799 [174 163 | 204 603 [150 678 | 89 437 86 603 | 104 391 133 454 | 181 049
Total IVa 126 662 | 122 977 (110 848 | 138 591 |116 577 | 57 886 | 51 741 | 64 886 | 83 374 | 106 154
Total IVb 62 288 | 63 695 | 62 761 | 65 594 | 34 030 | 31 457 | 34 361 | 39 o72 | 49 197 | 74 738
Total IVe 1972 1127 554 418 71 94 501 433 833 157
WG total catch®)|287 099 | 307 689 |401 053 |334 888 |219 953 |170 804 140 635 |218 924 |207 914 227 771

#)provisional

a)Figures from Norway do not include haddock caught in Rec. 2 fisheries. For 1973-1974 Rec. 2 fisheries were
but have been deducted in the figures given here to make a consistent data series.

b)

1972-1974 includes IIIa

¢)includes discards

d)

included in III-

officially reported
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Table_11.2 VIRTUAL POPULAT LN wial YS IS
NORTH SFA HADPUCK (FISHING AKEA (V)

CATCH [N pUM3ERS

UNIT: THOUSANDS

1973 1974 [ 19706
) 596209 clUliya H449 15 TorfuUlu
{ 366092 12712964 209 ¢h] = Torsss
2 560823 174435 05705+ 1uLbspy
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Tablell.3

WHORTH SEA HADDOCK

VIRTUAL

POPULATION

ANALYSIS

(FISHING AREA [V)

MEAN WEIGHT AT AGE OF THE STOCK

1903

J.U044
n.iz6
u.240
n.37s2
U.585
N.649
u.725
1.N44
1.3u2
2.7364
1.726
2.Nen

1974

.024
0.124
0.220
n.xzes3
O.543
n_a9n
U.n9s
n.os5%
1.512
2.2Mm
2.00¢
L o1by

UNIT:

1976

Jouts
n.12s
U.224
N.404
u.b5uy
n.sxn
U.s93
1.876
1.740
T.2325
2.330U
2.527¢

KILUGRAM

1977

UL.uty
n.ing
U, 24l
0.346
[P
J.609
U.rn3
1.0948
1o

19738

VRV AT
N.14%
U.254
N.4715
U, het
n.6vh
U.7u9
n.ves4
T.30)
T.%74
1.913
1.400

197y

U,uuy
N.024
u.l2agy
Noa2y
Uu.625
.65y
U.rt2
1.072
1T.1065
1.559
2.13U
1.390

1980

[V
n.no9v
u.279
N, 469y
b7y
n.z62
(N2
1.%291
1.761
1.718
2.u29
2.291

1937

oyt
0.2
U.eob
N.466
U.334
1.132
T.b04
1.211
1./U3
1.842
T.ouUud
1.493%

1982

O.uts
0.095
u.2vu
N.446
L.r261
1.097
1.449
1.829
1.519
2.544
2.173
2.561

-89 ~



Tehle_11.4 JTRTUAL FOPULATLION ANAL YSIS

NORTH SFA HANDUCK (FISHING ARFA V)

FISAING MORTAL ITY COFFFICTENT UNIN: Year-i RATURAL MURTALITY COEFFICIENT = U.2U
193 1974 1975 1Y 7e 19¢7 1975 1979 1950 19¢1 1982 197/7/-82
a .02 n.11 a.1n .24 0.11 0.20 N.35 .70 n.z9 0.36 .35
1 U./s .71 .s69 .62 U.ob U.vv U3y J.49 v.od u. 30 u.53%
2 N.64 1.Nn3 1.6 n,92 1.n? 1.04 D91 n.75 N.57 0.90 0.86
3 1,21 1.0y .30 T.37 By U.vu 1.4 1,05 U.v3 1. UL 1.UU
& e n2 1.n2 1.1¢ ). %0 To16 1.6 N. 7o 1.14 .00 1.02 1.n4
S U.9s .65 1.1 1.3u U, 96 U.e7? U. vy t.5u U, 09 .12 1.0
& 1.17 0.R¢ . =1 1.0z 104 n. &9 Tobs 1.9% N.57 1.12 1.nn
s oyt 1.7 1,41 U.36 U, 53 1.24 Jort 1.642 U.y3 1.%2 T.US
4 D44 N.4z2 .13 fi.50 N,49 n.vxy 1. N.93 Telt 0.96 N.%0
k4 J. 37 .o 1.27 1.1 [EIARS] U.oeh U.n 1.04 1.14 1.U4 u.9s
1n n.vn n.en N, w0 0.90 Navn n.vn .99 n.9n n.yn 1.90 N.90
11+ u.9n b, ou g, vu U.ou U vl .vu U.9u U.yu U, vid u.9u U, 9y
¢ 2= olu .99y n.et . 1.8 1.0y Tons n.vvy [aTA 1.0%8 Dottt 1.0Nn3

_69=.



Teble 11,5 VTRTUAL POPULATION ALALYSIS
NORTH SEA HAODOCK (FUSHING ARRA [V)
STOCK SIZF IN JUMHERS UNIT: 1HUUSANDS

HHNTIT: TonuNes

ALL VALUES ARFE GIVEN FOR 5 JAHUARY
193 1974 Ty 1970 (X vy Ly (Y IR 1401 192 TYRE 1961-79

W 3251482 0279968 53545 /3037 120084606 1770200 35355257 359650 22034248 1320001 vadtdrss 26953183£

1 755441 26NB2 44 4599293 298047 504305 Q33442 VU RK2 /73 202 R4 40y 1257241 F59N6% 2235408
2 1306LUY 2953740 1UST564 1692276 Tr0USY 255619  $550355 654411 1018240 TH5882 (62530 1N61472
3 2606670 HoPa4n U5 444 2I9NE7 G1YNLY 5191 69147 1165270 255549 4720152 51223 412301
4 Ti8Y 4 BO70L Yty 18y tu 62190 /a0y Trlhs A 34406 Be4YT 142179 125324
5 7307 47221 2ozen L5266 e 1E0 G LaH1)b GO2H 5211 1009 24356 412338
é 6235109 2h3u Tabd fesd 1 auel ?lun 2456 13472 TAUS 2149 2097 12185
7 2247 16576 455 o7 ¢ do 2904 A NG Ly SH7 574 3839
4 311 739 4192 T 347 a4 08y MG 2L2 12701 157 1146
9 13 161 297 1104 %0 24 29¢e 1985 v 52 398 364
T 19N 5Y 112 Qs 299 A /> 128 29 lh 15 119
Ti+ 97 15 2 5 5 17 20 b4 Gb 26 ¢ 24U

TOTAL A0 5764553 9358470 6458406 55350574 2706027 218878Y 5214755 3695149 5957150 3305739
SFES NO 1757627 97N264 1240567 22655M ROCEPT 4RB529% 493245 R16671 1317935 722037
TOT.RBIVM 748805 816595 802382 0507YN2 294257 326075 222597 441725 &L6R2YR 472427
SES RIOM 510614 332021 357140 589593 509221 1743898 179140 273688  4209(7 535385

# 1967 excluded
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Table 11.6 Input data for catch predictions for HADDOCK North Sea.

age Stock H.C. landings 1982 Discards 1982 Ind. landings 1982 Total F Reference Period: 1977 - 1982
ECO I g) | F a0 T | | wao |7 we | p 18 HIC. catch Discards Ind. catch
5y 2 _ _
F W Prop. W F w
ret.

0 o2 |- - - J15 185 072 |.015 {351 120 | .o11 |.345 | 0.36 .010 - | .000 | .00 360 | .o11

1 102 | 7226 | .29 | .007]o3 671 197 [.095 {195 924 | .o3e  |.198 | 0.30 .263 .286 | .050 |.167 277 |.039

2 267 {37859 | .355 | .406 |31 850 248 341 | 14285 | 211 [.153 | 0.90 779 .361 | .48 | .215 110|180

3 .430 211 332 | 492 | 768 |49 360 271 |.180 {14202 | .381 |.052 | 1.00 .962 471 | 852 | 253 074 | .309

4 .664 | 45100 | 786 | .947|1 841 264 1.039 | 1660 | .e40 |.034 | 1.02 1.036 .666 | .970 | .338 043 |.502

5 .843 5817 [1.126 [1.038] - - - 462 | 7135 j.om2 | 1.12 1.030 .852 1 .997 | .420 029 |.606

6 |1.022 | 133 j1.449 [1.12 | - - -] - - - |11z 1.029  [1.031 | .984 | .284 010 |.s29

7 | 1.254 365 {1.e29 f1.12 | - - -] - - - 12 1.091  |1.254 h.ooo | - - -

8 |1.52 722 D519 Jo.se | - - -] - - - | o0.9 935 |1.520 h.ooo | - - -

9 |1.873 31 fe.sas fL.o4 | - - S - - | 104 987 |1.873h.000 | - - -

10 |1.910 13 2.173 Jo.go | - - -] - - - | 0.9 935 [1.891 fi.000 | - - -

11+ | 2.286 14 |e.s16 lo.go | - - -] - - - | o.0 935 |2.595 i.oo0 | - - -

Weight 165 475 41 308 20 988 - -

tonnes

1963 = 2 695 318 x 1070 1) Rescaled to Fy, = F,
Recruitment at age O: 1984 = 2 695 318 x 1072 2) Human consumption landings
1985 = 2 695 316 x 1077

il VAR



Table 11.7 Management Options: HADDOCK in the North Sea

1983 1984 1985
Spavning | F Total | Management Spawning| F Total | H.C. |Indust. Spawning

Stock |stock (2-6) | land~| Option for Stock | stock (2~6) | land~- | land- |land- |Discards| Stock | stock

Biom. |biomass E.C. ings 1984 Biom. | biomass | H.C. ings | ings |ings Biom. | biom.

455 345 .968 182 F84 =0 450 259 0 35.5 0 35.5 0 745 552
Fgq = 0.2 F83 .194 | 70.0| 36.0 34.0 20.0 683 490
F84 0.5 F83 .484 1 111.5 79.4 32.1 46.8 605 414
F84 = 1.0 F83 .968 | 160.2 | 130.8 29.4 84.9 509 218
F84 = 1.5 FSB 1.452 [ 191.7 | 164.5 27.2 | 116.3 441 251
Fs4 = 2.0 ﬁsa 1.9%6 | 212.3 | 186.9 | 25.4 | 142.7 391 202

Weight in '000 tonnes 3

Recruitment 1983-84 R, = 2 695 318 x 10

Stock Biomass = fish at age 0 and older

Spawning Stock Biomass = fish at age 2 and older

Exploitation pattern 1983-84 based on 1977-82 average

F values relate to the Human Consumption Fishery (Landings - Discards) only

_ZL._



Iable 12.1 Nominal catch (in %onnes) of HADDOCK in Division VIa, 1975-1982 -
(Data for 1973 - 1981 as officially reported to ICES).

Includes VIb

COUNTRY 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982%
Belgium 45 98 23 45 - - 2 3 1 2
Denmark - - - 13 - - 37 - - -
Faroe Islands 2 1 - - - - 2 - - -
France 5 141 3979 2 328 3 026 3 401 4 255 4 786 2 808 3 40% 3 789
German Dem.Rep. - - 9 - - - - - - -
Germany, Fed. Rep. 15 18 3 30 + 20 2 3 7 75%)
Ireland 2 631 1 715 599 1115 616 441 877 726 1 891 4 402
Netherlands 169 63 19 30 28 13 2 2 3 -
Norway - - - 3 7 13 9 16 29 38
Poland 402 97 20 - - - - - - -
Spain 497 540 - - - - - - - -
UK (Engl. and Wales) 2 187 1512 1 214 1971 3 827 2 805 1654 1279 1 052 2 035
UK (Scotland) 17 631 9 58% 8 973 11 992 11 422 9 629 7 459 8 198 12 051 | 18 541
TK (N. Ireland) - - - - - - - + - 1
USSR 110 364 495 533 - - - - - -
Total VIa 28 83%0 17 970 | 13 683 18 758 | 19 301 17176 | 14 830 | 13 035 18 437 28 883
WG Total inol. 40198 | 33342 | 46655 | 34011 | 25657 | 19510 |27 147 | 17470 | 35278 | 39 308

K) Provisional
..a)

- ¢l -



Table 12,2

VIRTUAL

POPULATION

BADDOCK IM FISHIMG AREA VIA (hd.

CATCH IN NUMBERS

1973

J 19589
1 47291
2 To9 U
3 19479
& 2538
5 1221
5 35195
7 149
i3 33
9 [
1) 124
T1+ )

TOTAL 13835%

UNIT:

1974

63689
64%21
11565
1770
6325
8%
449
V496
PASEY]
Z4

b4

5

173363

CuAsH

ANALYS IS

THOUSANDS

1975

H34Y
179560
349 56
2241
3552
123
Yo

95
s657
I

3

N

2535484

1974

42e6
24212
72555
1527
1o5n/¢
T490
56¢
21
2380
331

4

5

121uzs

OF SCOILAN

Mo LRELAKD)D

T9n

56
15945
PUve
P6Y
AL3u9
292%Y
552
24 ¢
5w

14

16
204

47543

1y 79

p50¢
05%4>
Todtld
1752
L
ve 52
(34
137
157
26

3

47

Tuuiss

1940

13
220208
21918

5621
922
142

U8l
225

22

5
2u
6

54716

/o3
251
83092
20656
1708
Y4
39
322
39

14

2

z
S

r1udse 2

1952

133
15249
49644
72046
suol
887
1U6
268
284
zn

e
i

Tllo2U
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Tahle 12.4 VIRTUAL POPULATION ANALYSIS

HADDICK IN FISHING AREA VIA (Nw. COAST OF SCOrLAND, N. IRELAND)

FISHING MO0RTALITY COEFFICIENT UNIT: Year-Il MATURAL MORTALITY COEFFICIERT = U.2U
1973 1974 1975 1976 1977 197y 1979 193U 19481 1982 197¢-82
n .10 n.ie n.16 0.16 0.97 n.0n 0.01 n.nn 0.01 0.0025 0.02
1 1.U6 0.59 J.6u 1.35 u. 99 U,y u.>7 u. 07 u.u2 u.ls u.37
2 n.55 n.32 n. 69y N.52 0n.7n N.4n .83 0.38 n.37 N.54 0.54
3 u.387 0.384 .01 u.7>5 u.>53 U.43 [V u.79 .75 U.66 U. 64
4 .52 n.81 n. /0 .60 0.72 0,565 0.35 1.06 Nn.62 0.75 0.73
b U. 66 0.31 0.6uU u.7v u.o7 1.U8 u.v? u.18 U.o? u. 74 J.72
6 1.0n N.54 n.71 n.62 N.67 n.v2 101 1.10 n.07 1.0 .80
7 U.Jb 0.92 Q.21 U.323 U.47 U.o? u.s2 u.97 1.U5 u.39 u.385
3 0.41 3.N6 1.10 1.69 0.78 1.62 2.57 N.328 0.42 1.52 1.25
2 U.ug 1.01 2.12 u. 89 u.2s v.r2 u.4y u.8u U.4s U.67  u.506
1n n.z7sn n.70 n.70 n.70 0.3n n.gn 0. 380 n.90 n.yn 0.90 0.385
11+ u.7u .70 N.ru u.7u u. sl U.su u.gu U.9u u.90 u.90 u.8b
( 2= 0)u n.72 n.67 N. 64 N.6¢ N.66 n.74 0.77 n.70 N.50 0.74

- 9L -



Tahia 12,5 VIPTUAL

HADLOCKN LN FISHING ARFA VIA (Hiw. CUAST UF SCOTLAND, N.

STOCK SIZF I JHUAIBERS
3 UMIT:
ALL VALUES AHE GIVEM FOR
1973 1974
227527 o217
1 73762 168617
2 L3671 22404
v 26271 2N621)
o 7l 12431
5 2765 Z4o
B SrutLA 1173
7 2957 17179
% 147 2311
7 LA 5
1 2oy HY
11+ gl 11
TOTAL 19 450206 o4L7392
SFS N 163976 7659 ¢
rer.s3iro "a233 87?213
SkES RIUN LR TVES 36316

POPULATION

UNIT:

TONNES

1905

SUa 1
435607
(647
B12%0
7756
4547
Z2Ud
554
Sel4
Xy

T

0
i

5591727
(D EETSA
TUYI94

370905

AHALYSILS

IHUUSANDS

1T JARNUARY

1y706

523844
2535302
19621
2148
5591
2ure
2uis
e
So0¥
1529
v

N

505800
224192
B3OS
(5923

Y7

75207
226/(3

/5¢4
FLRALY
12Uy

5h
s172

[l

2T 5h85%
TIve 24
w347
23701

19708

PUlugr
55 Ky
690
INGy
4243
Loigy
a5
Y&

(%)

321ues
0117
S
EETA S

IRELAND)

b7y

Livsup
165296
31447
5009
loals
Todird
135y
2
(=X

[

O

41

nYvels
24v L/
(34
20595

1950

TYoNs
IR?S5 77
784UY
112un
152¢
40
suie
4530
4%

T

5¢

1%

502953
V5674
AR

ESTras)

1Yae1

lene7
Tein2
A9651%
425(9
4189
442
o4 f
1500
TS

(3

A

5

437320
S465u5
tlaro s

LA R YAy

1902 1985 1965-79
F*
D3/07 setsnssy 173%6
1N #23n 47995 161660
12957 69635 ¢ 88165
167730 o1 %2 53601
Tuoks 72435 322U4
1449 U438 15400
137 (22 6328
474 54 2034
391 160 749
67 71 184
22 25 70
2 % 36
36Uyl
PANVEY
1M114e
52925

# 1967 excluded
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Table 12.6 Input data for catch predictions for HADDOCK in Division VIa.

age Stock H.C. landings 1982 Discards 1982 Ind. landings 1982 Total F Reference Period: 1977 - 1982
W (k) [ yq0-3 Vg | F M0 | T o(ke) | F w073 |7 (ke 1oe2 HIC. catch Discards Ind. catch
t) ;7 Prop.| W F 7
ret.

0 .056 - - 133 .038 |.0025 .0025 .021  |(.443)| .000| .055
1 .170 247 .285 | .003 |15 002 155 |.177 .18 397 | .276 |.175 | .140
2 .286 1324 .369 | .145| 3 620 .238 |.395 .54 579 | .368 |.427 | .224
3 445 | 45 684 | 452 | 402 | 26 962 247 | .238 .64 .687 | .478 |.823 | .277
4 T4 7 900| .754 | .735 160 .363 [.015 .75 .783 | .718 | .988 | .300
5 .916 887 | 1.126 | .74 JTh 772 | .918 | .998 | .284
6 1.185 106 | 1.539 [1.01 1.01 .858 |1.188 |.997 | .308
7 1.327 268 | 1.548 | .89 .89 .912 J1.327 L.000 | -
8 1.481 284 | 1.514 [1.52 1.52 1.341 |1.481 p.ooo | -
9 1.665 30 |1.738 | .67 .67 .60l [1.665 [L.00O | -
10 1.573 12 | 2.068 | .90 .90 .912 |1.573 L.000 | -
11+ | 1.670 1 ]1.543 | .90 .90 .912 |1.670 fL.0CO | -
Weight 29 228 9 910
tonnes

1983 = 173 286 x 1072 1) Rescaled to F,, = Fy,

Recruitment at age O: 1984 = 173 286 x 1072 2) Human consumption landings
1985 = 173 286 x 1072

-8l ~



Table 12.7 Management Options: HADDOCK in the West of Scotland

1983 1984 1985
Spawning F Total | Management Spawning| F Total | H.C. Indust. Spawning
Stock |stock (2-6) | land-| Option for Stock | stock (2-6) | 1and~ | land- |land- |Discards| Stock | stock
Biom. {biomass H.C. ings 1984 Biom. | biomass | H.C. ings | ings |ings Biom. | biom.
929 82 .736 38 Fs4 =0 85 52 0 0 0 0 0 126 92
Fo, = = -
(_83 F,,=0.2F 147 7.1 7.1 o} 1.8 115 82
F82 84 83
Foy = 0-5 Fgz 368 | 16.1 | 16.1 | o 4.2 | 102 68
F84 = 1.0 FBE .736 27.4 27.4 0 7.5 84 51
FB4 = 1.5 F83 1.104 | 35.5 | 35.5 0 10.2 71 38
F84 = 2.0 F83 1.472 | 41.3 | 41.3 0 12.5 62 29

Weights in '000

tonnes

Recruitment 1983-84 R, = 173 286 x 103
age 1 and older
Exploitation pattern 1983-84 based on 1977-82 average

Stock Biomass =

fish 9t

_6L-



Table 13.1 Nominal catch (in tonnes) of HADDOCK in Division VIb, 1973 - 1982.

(Data for 1973-1981 as officially reported to ICES)

1974

Country 1975 1976 1977 1978 1979 1980 1981 1982%
Belgium - - - 33 - - - - - -
Faroe Islands - 2 1 8 3 11 20 5 1 21
France 600 353 21 4 4 3 4 1 10 39
Germany, Fed. Rep. - - - - - - - 17 _ e
Ireland - - - - - 61 - - - -
ﬁorway - - - - - + 4 16 2 10 3
Poland 54 - - - - - - - - _
Spain - - - - - - - 6 - -
U.K. (Engl.&Wales) 1 - 5 2 111 2 694 2 365 1 654 6 261 9 005 7 692
U.K. (Scotland) 72 22 71 640 297 2 060 548 1 051 27 5
U.S.S.R. 3 291 48 911- 49 330 40 474 - - - - - -
Total VIb 4 018 49 288 49 928 43 243 2 998 4 504 2 242 7 343 9 053 7 760
#)provisional

a)

included in VIa

- 08 ~



Table 14.1 Nominal catch (in tonnes) of HADDOCK in Divisions VIId and VIIe, 1973-1982.
(Data for 1973-1981 as officially reported to ICES)

Country 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982%
Belgium 1 + + + 1 - 1 + 2 1
Denmark - - - - 2 22 21 15 - -
France 208 487 868 405 438 356 333 298 420 365
Germany, -

Fed.Rep. - - * - - - - - -

Ireland - - - - 4 - - + - _

Netherlands 1 - 1 - - - - - - -

Poland 12 - - - - - - - - -

land

T {mnslan 135 173 99 45 29 22 51 59 119 60

USSR 2 33 3 - - - - - - -
Total 359 633 971 450 474 400 406 372 541 426
VIId,e

*)provisional

=18 -



Table 14.2 Nominal catch (in tonnes) of HADDOCK in Divisions VIIb,c and VIIg-k, 1973-1982.
(Data for 1973 to 1981 as officially reported to ICES)

Country -] 11972 1973 1974 - 1975 . 1976 1977 1978 1979 1980 1981 lgg2#
Belgiun 45 65 35 33 19 13| s 2 2 | s 3
Denmark - - - - - - - 1 - - -
Faroe Isl. - 3 - - - - - - - - -
France 6 456 |5 524 6 057 4583 | 3706 2 244 |1 479 1951 2 219 2070 | l2n
Feraay - 1 - . 3 - - N 3 ) -
Ireland 1105 |1 348 829 s07 | 287 153 1 {155 274 679 853
Netherlands 56 12 2 4 14 1 - 16 - - -
Poland - 62 143 - - - - - - _ -
Spain 733 890 1 100 - - 294 | - - 5 _ -
Tt | aor |z 39 T 24 1 | 1 19 50 2 | 1%
UK(Scotland] - - - - - - 8 22 56 4 -
USSR | 253 24 456 1 290 183 - - - - _ )
Eg;i end (8 755 |7 953 8 661 6 463 | 4 256 2273 |1 616 2 146 2 606 2848 | 2249

* .
) provisional

- 28 -




Table 15.1 Nominal catch (in tonnes) of WHITING in Sub-area IV, 1973-82.
(Data for 1973-81 as officially reported to ICES.)

Country 1973 1974 1975 1976 1977 1978 1979 1980 1981 1QBZX)
Belgium 3 387 3 156 3 27¢ 2 640 3275 3 304 3 941 3153 2 623 2 277
Denmark 73 928 109 654 61 941 116 973 46 479 15 741 41 965 17 916 16 430 31 103
Faroe Islands 1 453 1126 764 1 262 472 42 581 21 12 9
France 20 353 19 825 20 079 19 557 17 592 22 525 27 590 23 626 24 744 24 261
German Dem. Rep. 5 - 3 18 - 22 5 - - -
Germany, Fed. Rep. 403 454 446 302 461 348 1 280 1 267 601 228
Ireland - - - 4 9 38 - - - -
Netherlands 8 811 12 057 14 078 12 274 9 406 11 030 13 417 14 389 14 600 11 220
Norwaya) 39 58 55 71 33 64 49 27 27 15
Poland 7 1 002 888 509 445 8 3 1 - -
Spain 119 110 65 18 - - - - - -
Swedenb) 2 328 2 440 255 153 341 oo 3l 16 9 11
UK(England & Wales) 4 592 5 519 5 246 5 112 6 185 7 542 7 581 6 778 5 964 4 723
UK (Scotland) 20 756 25 274 27 969 26 167 33 017 42 779 44 841 42 218 31 399 28 796
USSR 3 522 2 978 5 098 5 612 2 413 - - - - -

Total Sub-Area IV 139 703 183 653 140 166 190 672 120 128 103 443 141 284 109 412 96 409 102 638

Total Div. IVa 29 616 76 761 75 444 100 001 61 499 42 837 48 554 42 529 33 799 35 015
Total Div. IVb 96 678 87 842 41 930 69 908 42 911 40 943 68 775 41 156 40 145 55 791
Total Div. IVc 13 409 19 050 22 792 20 763 15 718 19 663 23 955 25 727 22 465 11 832

WG total catchC) 364 740 351 266 290 589 345 951 294 635 178 773 234 947 225 221 192 173 134 375

x) Provisional figures.

a) Figures from Norway do not include whiting caught in Rec.2 fisheries. For 1973 and 1974 Rec.2 fisheries were officially
reported, but have been deducted from the figures given here to make a consistent time series.

b) 1973-74 include Div. IITa, 1978 included in Div. IIIa.

¢) Include discards.

-¢g -




Table 15,2

VIRTUAL POPULATION ANALYSIS

NORTH SEA WHITING (FISHING AREA IV)

CATCH IN NUMBEKRS

1972

J 555426
1 938807
2 317317
3 42449
4 5390
5 58347%
6 8328
7 3787
3 242
) 61
¥l 137
11+ n

UNIT:

1973

17564%
1156N06
064584
131494
1509y
3136
17527
2297
31y
115

Ly

n

THOUSANDS
1974 1975
570112 239142
7564672 956417
974691 4UT312
228625 29v052
32U94 54982
4876 Y172
1223 7937
5422 116
3v2 1385
52 142
19 2
0 0

1976

4245359
473651
1114173
161154
16447
13317
2716
545

22

291

23

n

FTOLAL 1928292 2166264 2572538 1970310 22714874

1977 19738

664955  HY¥62 82
017151 4138232
43U4LUU 335745
261985 20349v
31540 09155

1x292 7613
4637 5387
406 1422
LK-Y4 245

4 7

135 v

3 0

1979

L77685
619543
L66684
211643
8623U
250%2
3115
1179
194

15

1

3

24797Us 1720629 1891579

1980

332373
321704
437785
282591
83419
38185
8U27
755
S48

45

13

5

1505450

19381

543293
198342
354910
261111
935U63
21701
U186
1761
24U

in

36

1

1484674

1982

102892
196694
1U01 75
237755
863006
24979
6375
1716
566

58

23

7

1635546

_VB_



Ieble 15.3

NORTH SEA WHITING (FISHING AREA IV)

VIRTUAL POPULATION ANALYSIS

MEAN WEIGHT AT AGE OF THE STOCK

NGV NN =

-
-
+ oo

1972

0.0¢22
n.N71
0.2u0
n.28n
u.375
N.417
0.519
N.573
0.742
n.809
0.863
n.onn

1973

0.027
N.034
0.166
nN.278
0.387
0.459
0.458
N.563%
0.730
n.9n4
0.862
0.n90

1974

J.l2e
n.071
U.149
0.253
U. 376
0.463
U.521
0.543
U.7s87
1.033
u.9ss
n.non

UNIT:

1975

J.u3u
0.100
u.214
0.275
U.369y
N.465
u,353%
N.&18
U.59¢
N.770
1.U22
n.oco

KILOGRAHM

1976

u.ui9
0.107
U.194
0.294
u.359
0.440
u.512
N.64"
U.4s57
0.092
U.917
0.000

1977

u.u19
0.n90
U.1vo
0.28%8
u.375
0.449
U 43
0.532
U.332
0.932
0,44y
N.941

19738

[V TN Y]
0.074
u.tssb
0.239
u.33¢
N.460
U.462
0.514
u.ogy
0.741
1.82%8
n.000

1979

0.00y9
N.098
U.165
0.25v
u.313
N.434
0.492
N.541
U.617
N.669
G.73%
0.521

1980

U.wi3
0.082
U.irs
0.255
U.3537
0.346
U.4386
0.472
u.620
0.540
u.795
n.717

1981

C.uls
n.ov1
U.165
0.241
0.33u
N.411
0.4 33
N.574
0.662
N.Y14
1.U51
0.695

1982

u.u29
0.061
U.13u
n.2s2
0.303
N.381
U.439
N.526
u.71u
0.727
T.141
0.778

- Gg -



Table_15.4

VIRTUAL POPULATIONR

ANALYSI

NORTH SEA WHITINu (FISHING ARREA 1V)

FISHING MORTALITY COEFFICIENT

97?2

nN.14
u.55
N.a36
0.70
U.65
1.00
1.19
2.20
U, 84
N.54
1.00
1.0N

1973

n.n9
0.49
0.9%
1.17
U.59
1.04
1.U0L
1.44
1.74
1.41
1.00
1.n0

J.es

1974

n.o1s
U. oo
T.U4
1.19
1.0
n.s4
1.92
1.20
U.94
2.65
1.0l
1.00

1.12

UNIT:

1975

n.11
U.4U
u.92

S

Year-i

1976

.16
u.35
1.18
1.32
1.8
0.95
1.36
1.27
u. 1
0.75
1.0l
1.00

1.20

NATURAL MORTALITY COEFFICIENT

1977

n.2y
U, r3
U.7u
1.05
1.L9
1.07
1.13
n.7r6
2,17
n.26
1.uu
1.00

1.u1

IEXE-]

D.27
n.2%
u.sv?
0.74
u. 91
0.87
1.18
1.49
1.73
1.52
T.Uu
1.00

U. 8>

1979

N.26
n.43
u.é2
N.89
U. 84
1.N6
1.17
0.92
u.87
n.s7
1.0U
1.n0

u.92

1950

N.47
n.z22a
U.o1

N.v9
1.17
1.24
1.54
1.07
1.94
0.50
T.uu
1.00

1.07

u.2U

1931

0.46
0.57
u.57
0.94
1.15
T.24
1.6U
1ot
1.33
0.52
100
.00

1.70

1982 1977-82

0.17
0.30
u.70
0.98
1.0U
1.22
2.01
1.70
1.54
1.72
1.0uU
1.00

.18

u.32
0.43
U.63
0.93
1.03
1.12
1.40
1.23
1.71
0.83
1.0U
1.00

98 =



Table 15.5 VIRTUAL POPULATION ANALYSIS
NORTH SEA WHITING (FISHING AREA IV)

STOCK STZE IM MNUMBERS UNIT: THOUSAMNDS

BI0MASS TOTALS UNIT: TONNES

ALL VALUES ARE GIVEN FOR 1 JANUARY

1972 1973 1974 1975

N 4588703 2282263 4504824 2457057
1 2433057 32581382 1710126 3174531
2 597852 1155639 1631305 725762
3 1763 206870 355324  47U398
4 12327 37225 52416 3K23%
5 TUUU39 5275 16969 14 (55
6 12976 2nnsz 1534 Y516
7 4546 3244 9uL29 183
2 464 414 628 2234
9 159 164 59 201
19 255 76 X 2
11+ i) U u U

TOTAL {0 7347099 6979404 3283140 6942975
SPS 40 823060 1438959 2068197 1311387
TOT.RIOM 475671 617541 605585 (2u2Kp
SPS BIOM 2M1619 282223 367040 329117

1961-79

i) 2819656
1 1915119
2 938086
2z 333750
4 103719
5 31340
5 9807
7 2423
3 537
9 156
10 42

11+ 1

1976 1

977

3N79136 2939046

1796U56 2138534

1740872 1040589
237099 437913

119534 51

617

23550 30116

1944 7437
420 829
47 189
oul 19
29 222

i3 5

7001697 6646527

21265U5 156895UL
714245 594672
403564 346303

19738 1979 1980 19381 1982 1983

3142488 2288004 971841 1602786 (247107 ssss rhds
18UB420 1956U57 1443013 497750 826047 500166
843042 T1N4599 1045770 892674 230037 499522
422985 389785 4B7UIT  L64TUT 415264 93526
125380 164721 130716 147615 148206 126987
14208 41532 S3Usy 35u86 38342 44639

%419 4897 11/26 13710 7873 Y263
1976 2119 12438 2512 2255 864
316 363 o¥6 352 502 337
14 44 125 31 70 38
12 2 22 62 39 11

u > 9 2 12 16

6368222 5952127 4150880 3656336 2390759
T4lo9Us 1708067 1735426 1554301 640605
4704406 568894 S5125U8  39/U97 2820694
311193 356609 381298 229349 211306

- /8 -



Table 15.6 Input data for catch predictions for North Sea WHITING

Stock H.C. landings 1982 Discards 1982 Ind. landings 1982 Total F Reference Period: 1977 - 1982

B I 3= Y - 3= 1982

& Nx10 w (kg) F Nx10 w (kg) F Nx10 w (kg) F HIC, catch Discards Ind. catch

2)
gt W {Prop. W F W
ret.
o .029 - - - 20 337 047 .03 82 555 .025 4 .17 .021 .146 .000} .060 .301 014
1 .061 9 906 .188 02 |58 647 .091 .09 1128 141 .038 .19 .30 .205 .200 092} .127 .248 054
2 .180 36 004 .231 .24 129 375 .182 .19 | 40 796 .133 .27 .70 .430 .233 393§ .170 .248 147
3 .252 112 393 .284 .46 |57 116 .211 .24 | 68 246 .232 .28 .98 T4 .282 683 | .209 .242 .250
4 .308 55 927 2336 .65 {19 890 .225 .23 110 489 .319 .12 1.00 1.006 2347 LB4T | 240 136 .362
5 .381 19 292 | .407 .94 | 3 243 .241 .16 2 444 .366 .12 1.22 1.155 424 8891 .268 093 463
6 .489 5 101 | .474 (l1.61 373 244 .12 901 -676 .28 2.01 1.475 480 | 964 .317 .089 .482
T .526 1 691 .530 |L.68 23 .261 .02 2 .247 .00 1.70 1.362 .527 .996| .275 019 479
8 .710 366 710 [L.54 - - - - - - 1.54 1.900 .607 |L.000[ - 021 503
9 727 58 | .727 [L.72 - - - - - - 1.72 .934 .761 {1.000| - - -
10 1.141 23 {1.141 |L.00 - - - - - - 1.00 1.125 -999 {1.000| - - -
11+ 778 7| .778 [L.00 - - - - - - 1.00 1.125 .730 {1.000] - - -
Helght 72 381 29 004 32 990
tonnes
Recruitment R 1982 : 724 107 x 10° 1) Rescaled to Fy, = Fsz
1983 : 2 700 x 106 X .
1984 : 2 700 x 10 2) Human consumption landings

- gg -



Table 15.7 Menagement Options:

WHITING in the

North Sea

1983 1984 1985
Spawning | F Total | Management Spawning| F Total | H.C. [ Indust. Spawning

Stock (stock (2-6) | 1land~| Option for Stock | stock (2-6) [ land~- | land- |land~ |Discards| Stock | stock

Biom. |biomass H.C. ings 1984 Biom. |biomass | H.C. [ ings | ings |ings Biom. | biom.

285 176 .968 93 FO.l 303 127 .197 58 12 46 9 448 270
FoL. 303 127 419 | 68 24 44 18 425 248
f84 §83 303 127 .968 86 45 41 38 380 204
Fgg =0 303 127 0 47 0 47 0 471 293
FB 4 = 0.2 Fea 303 127 .194 | 58 12 46 9 448 271
1‘“84 = 0.5 FBB 303 127 484 TL 27 44 20 419 242
F84 =1.5 F83 303 127 1.452 | 97 58 39 52 350 175
Fa4 = 2.0 1‘"85 303 127 1.936] 104 67 37 65 325 | 151

Weights in '000 tonnes

Recruitment 1983-84 R, 2 700 000 x 107
Stock Biomass = fish at age 0 and older

Spawning Stock Biomass = fish at age 2 and older

Exploitation pattsrm 1983-84 based on 1977-82 average
F values relate to the Human Consumption Fishery (La.ndings - Discards) only

- 68 -
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a)

includes Divisioun +.ib

Table 16.1 Nominal catch (in tonnes) of WHITING in Division VIa, 1973-1982.
(Data for 1973-1981 as officially reported to ICES)

.Country 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982%
Belgium 5 10 1 14 - - - + - 2
Denmark 121 - - - - 119 92 32%) - -
Faroce Isl. 5 1 30 2 - - 770 - - -
France 2 777 2 983 2 763 3 655 3 395 3 610 2779 2 609 1 637 1 803
German _

Dem.Rep. - - 31 - - - - - -
Germanyv

Fed.Rep. 127 80 62 1 1 2 4 1 49 100
Ireland 2 117 2 431 2 429 3 255 2 752 2 080 - 2 791 4 407 .8 148 3 040
Netherlands 57 23 85 255 78 23 17 2 6 _
Norway - - ' - 1 - - - -

Poland 10 9 - - - - - - - :
Spain 1 540 1 479 1 871 821 763a) - - - _ -
UK(Engl. '

& élalgs) L 112 132 244 520 669 320 227 115 166
UK(Scotland) 9 796 9 929 12 668 16 658 9 873 8 174 10 613 7 386 8 519 8 422
UK(N.Ireland) - - - - - - - - - 7
Total VIa 6 646 1'7 057 20 041 24 937 17 382 14 677 17 386 14 664 18 477 13 540

*)provisional -




Table 16.2

VIRTUAL POPULATION ANALYSIS

WHITING IN FISHING AREA VIA (NW.

CATCH IN NUMBERS

TNV AW =

3

TOTAL

1963

11263
23890
3126
753
252
36

n

4

39324

1975

14931
16762
36244
2811
279
57

9

237

71330

UNIT:

1964

2214
32114
11047

1421

431
149
56
4

47486

19706

8526
46222
15711
17433

1513

65
14
45

89529

COAST OF SCOTLAND,

THOUSANDS
1965 1966
690U 1638
6070 10477

434932 2219
43UU 28202

289 1862
TU3 187
16 34
5 16

61776 44687
1977 1975

16037 10712

13325 18177

2507u 667U
3125 v38Yy
4711 931

292 1429
13 64

10 5
02583 5437¢

1967

5343
26358
10949

19
13598
813
116
33

58429

1979

0322
34233
13272

3392

3492

264
374

613538

N. IKELAND)

1968

7241
16452
9232
3659
325
5037
328
39

42313

1980

11631
11479
15216
4307
12US
1120

B84

45127

1969

887
25143
3623
2564
1204
118
2106
219

40874

1981

3791
253862
11501

4753

1546

450
197

48105

1970

664
6773
28090
3237
664
211
17
519

40175

1932

3U74
5842
296306
6839
2U44
799
258
95

438637

1971

2535
8393
4032
33360
1300
254
67
151

50372

1972

16668
11973
4022
1357
14832
797
79

70

49798

1973

13715
36395
5583
1471
359
4330
2738

62167

1974

9031
50779
10018

1165

182
42
330
31

72078

- 16 -



Table 16,3

VIRTUAL POPULATION ANALYSIS

WHITIKG IN FISHING ARFA VIA (NW.

MEAN WEIGHT AT AGE OF THE STOCK

9

“L

+ NV BN -

+ NS W

1963

N.196
0.276
n.330
0.412
0.440
0.675
0.0u0
n.7in

1975

0.209
0.245
0.3U06
n.4z2
0.652
n.612
0.853
n.713

1964

N.192
0.213
0.382
N.551
0.629
N.740
0.672
N.46%

1976

0.201
0.243
0.311
N.263
0.500
N.691
1.045
1.169

1965

0.218
u.255
u.312
0.465
u.620
0.769
U.s42
0.753

1977

U.2uu
0.240
U.293
0.3388
u.429
N.023
U.853
1.065

COAST OF

UNIT:

1966

0.238
U244
0.325
0.374
u.ely
0.720
U.516
0.371

1978

u.199y
0.2%5
U.235%
0.338
U.51s
0.549
u.6M
n.973

SCOTLAND,

KILOGRAM

1967

0.204
U.240
u, 319
0.424
v.412
0.639
U.s24
0.873

1979

U218
0.232
u.3u6
0.495
U.536
0.691
U.695
0.651

N, IRELAND)

1968

0.206
U.263%
U.306
0. 444
U.554
n.539
0,701
0.854

1980

u.172
0.238
U.324
N.419
U.480
0.499
u,652
N.786

1969

0.17%
0.223
0.3535
n.500
U.571
0.649
U.61s
0.725

U.19u
0.226
U.238
0.382
u.su7
0.531
U.54U
0.665

197U

N.206
n.290
D.273
N.381

0.517
0.619
0.670
0.667

1932

0.175
0.213
U.264
N.341
0.493
n.sn2
0.483
0.534

1971

0.209
0.247
0.277
0.316
U.426
0.551
U.6v6
1.006

1972

n.211
N.258
0.346
0.369
0.426
N.495
0.604
0.712

1973

0.197
N.234
0.362
N.479
U.485
0.533
0.654
0.750

1974

0.194
0.216
0.3138
0. 445
G.592
0.640
0.574
0.843

- 26 ~



Table 16.4 VIRTUAL POPULATION ANALYSIS

WHITING IN FISHING AREA VIA (NW. COAST OF SCOTLAND, N. IRELAND)

FISHING MORTALITY COEFFICIENT UNIT: Year=1 NATURAL MORTALITY COEFFICIENT =
1963 1964 1965 1966 1967 1968 19069 1970 1971
1 U.Js .16 .16 0,03 u.11 0. U4 U.us 0.03 0.u9
2 N.63 0.21 0. 33 0.40 0.94 0.59 u.13 0.63 U.¢5
3 u.7n n.68 N.48 0.R86 0.95 1.07 0.71 n.32 1.02
4 U, 64 0.33 0.73 U.6o G.77 1.U5 1.US5 u.65 U.s2
5 0.77 1.20 n.s8 0.72 0.80 1.02 1.36 0.88 N.59
b u.29 1.75 0.94 u.61 U.33 .81 1.52 0.97 U.93
7 0.00 1.N00 1.00 1.00 1.00 1.00 1.00 1.n0 1.00
3+ u.uu 1.00 1.00L 1.0U 1.u0 T.0U 1.UU 1.00 1.00
( 2- &) N.66 N.5% n.64 0.64 0.389 n.va 0.65 0.53 0.86
1975 1976 1977 1973 1979 1980 1981 1982 1977-82
1 u.12 0.21 u.2s U.20 u.12 0. 11 u.23 U.138 u.18
2 N.492 n.62 n.s7 0.51 0.76 n.32 0.37 0.65 0.53
3 U.76 1.28 0.85 U.63 u. 338 U.95 u.63 0.97 Uu.31
4 N.76 1.03 1.m 0.90 0.78 0.83 0.92 1.01 0.91
5 1.26 1.33 1.U038 1.02 1.07 u.71 u. 83 1.56 1.U4
6 1.13 1.27 1.21 1.n9 N.96 1.37 0.65 1.65 1.15
7 1.00 1.00 7 1,00 1.0U 1.u0 1.0u0 1.Uv 1.0 1.00
3+ 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

¢ 2= 4)u U.67 .99 0.30 U.6s u.31 0.70 U. 64 U. 88

-¢6 -



VIRTUAL POPULATION ANALYSI

Table 16,5

WHITING IN FISHING AREA VIA (NwWw. COAST 0% SCOTLAND, N. IKELAND)
STOCK SIZE IN NUMBERS UNIT: THOUSANuS
BIOMASS TOTALS UHIT: TONNES
ALL VALUES ARE GIVEN FOR 1~ JANUARY
1963 1964 1905 1980 1967 1968 1969
1 242523 16762 50491 6U253% 55419 2038130 2U242
2 55813 188396 11729 35123 47807 40556 163871
3 6748 24338 125335 4193 19354 1525u 138485
4 1731 2733 mnnse 65637 1457 6108 42v0
5 511 744 972 3951 26901 551 1751
6 157 193 183 448 1572 9901 163
7 8} 96 27 58 199 563 3610
3+ n 7 9 1 57 67 376
TOTAL NO 307483 233269 1933U5 167694 152767 2811335 212795
SPS NO 66960 216508 148314 107441 97347 72997 192552
TOT.BIOM 66547 54829 583553 50876 41873 67930 52097
SPS RIOM 19013 51611 47540 36536 30567 25054 L8494
1975 1976 1977 1973 1979 198U 1981
1 150246 50495 73620 105310 62511 124776 20463
2 47016 109549 33606 499462 TU275 45450 91674
3 74456 23478 43360 156338 24606 26995 26922
& 5728 28623 5319 17253 6840 8329 8567
5 421 2183 7961 1573 5768 2575 29 81
o 91 943 45U 2333 465 1622 1u32
7 15 24 22 110 642 T46 333
3+ 4U7 77 17 9 15 144 9
TOTAL W0 278330 214524 174415 192174 171123 210067 151983
SPS NCe 128135 164029 95790 6864 1U3612 85291 131520
TO0T.8I10M 69041 55735 43770 46012 44700 46791 37582
SFS 8104 37640 45586 28U46 25U56 30473 25350 33694

1970 1971
21982 U714
15772 17398

111519 6859
7431 66066
1235 3191

370 420

29 115

891 259
159234 125422
137243 Q435U7
42440 35425
37912 29uUé

19382 19483
204 86 k% vt ttnhn
13342 14u04
51834 5703
11760 16U838

27385 3507

1U63 479

443 167
163 143
101877
81391
26337
22752

1972

93225
23041
o7 55
2033
23911
1649

136

120

15U67U

57445 .

39772
20193

1965-79

BB728
65753
32438
13708
4847
1458
445
145

1973

194078
61325
5196
19538
L6k
6419
477

62

272978
78901
60493
22260

1974

67364
146525
17681
1774
309

64
1425
53

235395
163032
52280
39212
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Table 16.6

LIST OF INPUT VARIABLES FOR THE ICES PPEDICTION PROGRAM

WHITING WST OF SCOTLAND ICES VIA

FIRST YEAR: 1983
LAST YEAR: 1935

YEAR RECRUITMENT
thousands
1983 20000,
1934 BB72R8.,
1985 83728.
= MATURITY WEIGHT IN WEIGHT IN
AGE STOCK SIZE F AT AGE ] 0GIVE THE CATCH THE STOCK
thousands kilogram kilogram
1 200u,.0 u.219 .20 u.uuo u.192 0.192
2 14000.0 N.620 n.20 1.000 .231 nN.2321
3 5703.0 u.950 a.20 1.u000 U.293 0.293
4 16N88.0 1.060 n.z2n 1.000 N.387 n.387
5 3507.0 1.220 .20 1.0u0 U.478 0.4738
é 479.N0 1.340 n.z2n 1.000 0.56¢6 n.s566
7 167.0 1.170 .2u 1.uu0 Uu.637 0.637
2+ 183.0 1.170 n.z2n 1.000 0.787 n.787
* FAV scaled to F82
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Table 16.7 Management Options:

WHITING in Division VIa

1983 1984 1985
Spawning F Total | Management Spawning| F Total | H.C. Indust. Spawning
Stock |stock (2-4) | land-| Option for Stock | stock (2-4) | 1and- | land- | land- |Diseards| Stock | stock
Bicm. |bicmass H.C. ings 1984 Biom. | biomass | H.C. ings | ings |ings Biom. biom.
17 13 0.88 | 8.2 FO 1 25 8 0.22 2.4 40 23
Foy = Fez 25 8 0.88 7.5 34 17
Fgy =0 25 8 0.00 o 42 25
F84 = 0.2 FBB 25 8 0.18 1.9 40 23
Fgq = 0-4 Fgz| 25 8 0.35 3.6 38 21
F84 0.6 FS3 25 8 0.53 5.1 37 20
F84 0.8 F83 25 8 0.70 6.4 35 18
F84 = 1.2 F83 25 8 1.05 8.5 33 16
Weights in !'000 tormes 3
Recruitment 1983-84 RO = 88 728 x 10

Stock Biomass = fish at age 1 and older

Spawning Stock Biomass = fish at age 2 and older

Exploitation pattern 1983-84 based on 1977-82 average

_96—'



Table 12.8

Nominal catch (in tonnes) of WHITING in Division VIb, 1973-1982.

(Data for 1973-1981 as officially reported to ICES)

Country

1973

1974

1375

1976

1977

1978

1979

1981

1982%

Denmark
Faroe Isl.

France

Germany,
Fed.Rep.

Ireland

Spain

U.K.(Engl.
& Wales)

UK(Seotl,)

62

12

15

24

59

Total VIb

63

12

18

30

62

*)provisional

35 neluded in Division VIa

- 16 -



Table 17.1 Nominal catch (in tonnes) of WAITING in Division VIId and VIIe in 1973-1982

(Data for 1973-1981 as officiz.ly reported to ICE3)

Country 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982%
Belgium 38 39 70 103 36 és 92 85" 102 101
Denmark - - - 18 - 1 2 585 6 2 -
‘France 5 050 T 917 ld 060 8 390 8 886 8 010 5 352 7 690 8 842 7 317
Germany, - - - - - - - -
Fed.Rep. 25 1
Ireland - - - - 11 12 - 13 - -
Netherlands 42 12 14 5 1 2 1 2 2 -
UK (Engl. 12 1504 | 1 342 1 038 930 839 1136 1 222
& Wales) 498 579 55 504 34
TSSR 19 - - - - - - - _ _
%;31 5 647 8 572 |11 400 10 020 |10 276 9 148 8 960 8 635 10 084 8 640
,e

*¥)provisional

- 86 -



Table 17.2

VIRTUAL POPULATION ANALYSIS

WHITING IN THE ENGLISH CHANNEL (FISHING AREAS VIIE AND VIID)

CATCH IN NMUMBERS

toUm W - 3

~

TOTAL

1976

140
12727
7313
SU/4
1410
521
74

27259

UNIT:

1977

0
13847
13004

2835
843
253

46
5

3N82e6

THOUSANDS
1978 1979
150 a
19949 7333
9201 7982
4649 4542
1556 2482
433 639
Ay 93
u 10
36026 23081

1980

33
4375
11628
51U3
2037
523
58

3

23765

19581

0
2764
1neévo
103831
3200
3217
1044
683

37414

1982

381U
110060
123946
2736
1507
585
191

34337

- 66 -



Table 17.3

WHITING IN THE ENGLISH CHANNEL (FISHING AREAS VIIE AND

VIRTUAL POPULATION ANALYSIS

MEAN WEIGHT AT AGE OF THE SI0CK

-~

TSN =D

1976

n.218
0,230
N.374
u.479
N.594
0.696
N.742
0.740

1977¢

n.z2no
0.258
n.347
U.4906
N.642
G.749
n.850
0.955

1978

n.130
u.207
3.260
u, 346
0.412
U. 668
0.711
L.711

UNIT:

1979

N.170
.29y
nN.379
U.435
0.518
U.594
1.052
U.679

KILOGRAHM

1980

0.195
U282
0.336
U.436
0.4061
U.>38
N.033
u.rub

VIID)

1981 19682
n.none c.n0on
U.157 u.1 50
0.223 0.201
U,259 u.2¢s9
N.297 0.329
U.3rU 0,402
N.455 0.431
u.3382 U.445

= 00T ~-



Table 17.4 VIRTUAL POPULATION ANALYSIS

WHITING IN THE ENGLISH CHANMEL (FISHING AREAS VIIE AND VIID)

FISHING MORTALITY COEFFICIENT UNIT: Year-i NATURAL MORTALITY COEFFICIENT = U.15
1976 1977 1978 1979 1980 1981 1982 1977-82
n 0.00 n.no n.nn 0.00 0.00 0.00 0.00 0.00
1 u.36 0,40 U.47 U.19 U.ue 0.09 U, 32 u.,26
2 n.75 n.71 N. 49 .33 0.4 .32 0.52 N.48
3 1.3¢4 0.70 u.s56 U. b4 U. 34 1.17U u.72 u.64
4 1.36 n.79 1.03 1.63 0.35 1.37 0.91 N.35
5 1.96 0.94 1.206 1.94 u.24 1.38 1.UL 1.13
6 1.00 1.N0 1.00 1.n0C 1.00 t.00 1.00 1.00
’+ 1.u0 1.0U 1.Uu 1.00 1.U0 1.00L 1.0u0 1.UU
« 2- 4)u 1.15 n.73 N0.69 N.47¢ 0.39 0.93 0.72

- TOT -



Table_17.5 VIRTUAL POPULATION ANALYSIS
WHITING IN THE ENGLISH CHANNEL (FISHING AREAS VILE AND VIID)

STOCK SIZE IN NUMBERS UMIT: THOUSAMDS

BIOMASS (OTALS UNIT: TONNES

ALL VALUES ARE GIVEN FOR 1 JANUARY

1976 1977 1978 1979 1980 1931 1982 1983
0 51926 66145 53181 61351 42426 2616U Usedr d 3 e bk
1 45386 44563 56932 45635 52405 36486 22516 0
2 14785 27320 25586 3U619 32497 41399 238844 14017
3 72386 6010 11506 13545 18936 17258 25733 14642
4 2006 1644 2568 5676 7472 11632 4949 10802
5 638 441 641 786 2603 4551 2536 1706
6 125 7 148 157 98 1757 9384 303
’+ 0 12 0 17 13 1158 321 413

TOTAL HO 122152 146214 150622 157785 156900 1404UU 85934
SPS NO 243841 35506 4N509 50800 61669 77754 63418
TOT.BIOM 34776 38652 30944 45151 47277 26224 19633
SPS BIOM 10748 13925 12246 21077 24113 20496 16255

1976-79

58151
43129
24577
9602
2974
627
127

- 20T -



Table 17.6

Nominal catch (in tonnes)

of WHITING in Divisions VIIb,c and VIIg-k in 1973-1982.
(Data for 1973-1981 as officially reported to ICES).

Country 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982¥
Belgium 20 124 75 83 97 60 37 26 31 61 28
France 5 695 4 035 | 4 331 3 637 4 731 3 962 3 868 4 127 5 603 5 442 14 673
Germany, ' - - -
Fed.Rep. - * - 2 = 1 45 *

Ireland 1141 .| 1894 |1 641 2 562 1 980 1201 1172 2 674 3 710 | 3 612 4 076
Netherlands 377 2 080 915 66 112 86 63 3 4 2 -
Poland - 14 - - - - - - - - _
Spain 1491 | 1121 |1 367 2 974 2 172 - - - - - -
UK(Engl. & ‘
wales) 34 21 15 61 21 26 38 23 60 217 146
UK(Scotland) - - - - - 2 1 1 80 1 -
USSR 3 16 - 64 2 - - - - _ _
mag ™ s 6 | 9305 |s3as | 9449 | o715 | 533 | 9 224 | 6854 | 9488 |93 g oo3

*)provisional

- ¢0T -
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(stock)
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Average relative abundance
of O~-group, I-group and II
group COD in the southern
North Sea during the period
1980~82 according to re-
search vessel surveys

(1st quarter: TYFS; other
quarters: Dutch GOV surveys)

Symbols of increasing size
indicate increasing per—
centage of total catch

in the delineated area
taken within an individual
square.
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APPENDIX A
THE LEVY-METHOD

The basic idea is to evaluate the development of the catchability for each fleet
and age group separately. This is an advantage compared to the Gamma and Rho
methods. Both these methods consider the catchability of the total fleet.

Hence it is not possible to distinguish between technological developments in
each fleet and changes in the total fleet composition., As, for example, the
structure of the Scottish fleet has changed drastically since 1966 this improve~
ment might be important. Estimation of catchability on fleet disaggregated data
should result in better estimates of F than are obtained using the Rho model.

The Model

It is assumed that
P(f,a,y) = a(f,a,7)B(f,y) B R T R ¢ B
where F denotes fishing mortality rate, q catchability coefficient, B the effort,

f the fleet, a the age, and y the year.

Contrary to the Gamma method q is assumed to be independent of the number of
fish in the sea.

According to (l) q can be estimated as follows

C(f,a,y)
a(f,a,y) = = N )
8(a,y) E(f,y)
where C is the catch, and N the average rumber of fish in the sea estimated from
the VPA,

NOTATION '
Age g =1,2,...,A
(Al,AZ) is the age range, where reasonable estimates of q are obtain-~
able)
Fleet f=1,2,...,F1
Year ¥ =1,2,000,Y
Y1l = the last year for which estimates of q are used in regression
analysis

q f,a,yg and Q(f,a,y) denote catchability coefficients

F(f,a,y) denotes fishing mortality rate for fleet f

C f,a,y) denotes catch in numbers for fleet f

E(f,y denotes fishing effort

Fla,y and FNEW(a,n) denote fishing mortality rates for total mortality
rates for total international values

an,yg denotes catch in number for total international values

N(a,y denotes the average number of fish in the sea

Computational Procedure

1. Input arbitrary values of F(a,,Y) and F(A,y),
a=1,2,.44yA, and y = 1,2,,.,,Y in the VPA

2, Perform VPA
3. Estimate

¢(£,a,y) o(£,2,y) F(a,y) =
= = [a<A2 eeveneniannaes |
f,Y)'N(a9Y) E(£93’) 'C(a;Y) Alﬂa:

Q(f’a,Y) = E(
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4. Perform linear regression for each fleet and age group:

Q(fvad’) = (x(f,a) + s(f)a)(Y“;) ¥ =1,2,...,Y1
5. BEstimate 4(f,a,Y) -
6. Bstimate B(f,a,Y) = 4(f,a,Y) B(£f,y)

7. Reestimate total internmational F in year Y

FNEW(a,Y) =ZfF(f,a,Y) = ?;Y AL a<a?
£
A2 5
8. If v (WEW(a,Y) - F(a,7))°< 10~ then stop else g0 10 2. vueenrs (4)
a=Al

The Variance of Terminal F

From the computational procedure it is po‘ssible to calculate the variance and
therefore the confidence limits of the estimated terminal F.

Let the age group be given.

For each age group we have that

ﬁ‘(f,y) = B(E,7) 8(5,7) evertnnniatiiniaiannaieiioiiiisisnanaes (5)
FNEW(y) =§f‘(f,y) . C(y)/% (€8 BN (<))

Assume that the effort, B, and the catches, C, are determined without any sampling
or other errors, such that their variances are assumed to be zero. Assume further
that the catches of one fleet is stochastically independent on the other fleets.
As a consequence COV(F(f,y), F(g,y)) = 0.

The variances of (5) and (6) are now

VAR/P(£,y)7 ®(£,5))% VAR /A(E,7)_Teveerrereirivneennnns (7)
van fm(y) 7 - g s #(s5)7 -(c<y>/§o<f,y>>2 N ()

[

The variance of the estimated catchability in the last year, @(i‘,y), is estimated

by —2

WRA(EY)) = b (kg + iy
¥y

2 . . . .
where ¢~ is the variance about the regression line.

The variance (9) should be congidered as a minimum value as the variances of the
catches and the effort figures of course are bigger than zero. The variance of
terminal F estimated in (6) is therefore a lower limit too.






