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Report of the North Sea Roundfish Working GrouE 

Terms of Reference 

At the 1975 Statutory Meeting of ICES in Montreal it was decided (C.Res.1975/2:2S(i)) 
thatz 

lithe North Sea Roundfish Working Group should meet at Charlottenlund 
from 15-19 March 1976 to assess TACs for 1977 for cod, haddock and 
whiting in Sub-areas IV, VI and VII". 

The Working Group was also asked, at the request of the Liaison Committee,"to con
sider the necessity of including gurnards in Recommendation 2'.' 

ParticiEation 

The meeting was held in Charlottenlund from 15-19 March 1976 and was attended by: 

o V Bakurin 
R De Clerck 
N Daan 
J P Hillis 
J Janusz 
J Lahn-Johannessen 
R Jones (Chairman) 
H Knudsen 
C T Macer 
A S Malkov 
J G Pope 
C J R0rvik 
P Sparre 
G Wagner 

U.S.S.R. 
Belgium 
Netherlands 
Ireland 
Poland 
Norway 
U.K. (Scotland) 
Denmark 
U.K. (England) 
U.S.S.R. 
U.K. (England) 
Norway 
Denmark 
Germany (Federal Republic of) 

ICES Statistician, Dr V M Nikolaev, also attended the meeting. 

Total Allowable Catches 

Recommended TACs for 1977 are summarised below~ 

Sub-areas Cod Haddock Whiting 

IV 174 000 190 000 130 000 

VI 9 300 12 000 21 000 

VII 14 000 6 500 20 000 
----- ._- - -_._---

The estimates from which these values were chosen are given in Tables 33 and 34. 

In each case the estimates given are the best that oould be arrived at on the 
basis of the data available. None of the estimates can be regarded as accurate, 
however, and an assessment of the effect of adopting incorrect TACs is given in a 
later section. 

In recommending these TACs, the objective has been to stabilise fishing mortalities 
at levels experienced during the past 4-5 years. 

The Inclusion of Gurnards in Recommendation 2 

Gurnards are not protected species, and the Group was asked by the Liaison 
Committee to consider the necessity of including this species in "Recommendation 
2". 
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Table 31 shows length composition data for this species for Scottish commercial 
vessels. Measurements on Aberdeen fish market showed that landed fish mainly 
ranged from 28 to 45 cm in length. Measurements by observers on board commercial 
vessels showed that fish caught ranged from about 14-45 cm in length. 

There would appear to be no basis, using these data, for the inclusion of this 
species in "Recommendation 2". 

Details of the Calculations of TACs 

TACs have been calculated by one of two methodsg 

1) By arrlvlng at up-to-date estimates of the state of the stocks and 
then projecting forward to determine catch levels in 1977. 

2) For some stocks the data have been inadequate to enable this method 
to be employed. In these cases, precautionary TACs have been deter
mined on the basis of previous catch levels. 

~ 3) For one of these stocks (Division VIb haddock) special problems were 
encountered and these are described below. 

In the first category are included stocks of cod, haddock and whiting in Sub-area 
IV and Division VIa and also ood in Division VIIa. The remaining stocks under 
consideration are included in the second category. 

Cod, Haddock and Whiting in Sub-area IV and Division VIa and Cod in Division VIIa 

Details of the input data used for calculating TACs for these stocks are given 
in Tables 38-44. A worksheet showing an example of the method of computation 
used is given in Table 45. 
The following input data were employed for the most recent year for which sufficient 
data were available (i.e. for 1975 in most oases): 

1) Estimates of the total numbers landed at each age (Tables 9-15). 
2) Mean weights at age (Tables 38-44). 
3) Assumed values of the natural mortality rateo 

4) The strengths of the recruiting year classes (Tables 35-44). 
5) Values of F (the instantaneous fishing mortality rate) at each 

age, based on the use of VPAo 

Numbers Landed 

Estimates of the numbers landed at each age or length group, provided by the 
following countries, were utilisedg 

Cod 

Haddock 

Whiting -------

Sub-area IV (1975) 

Division VIa (1975)g 
Di~ision VIIa (1975)~ 

Sub-area IV (1975) ~ 

Division VIa (1975)g 

Sub-area IV (1975) ~ 

Division VIa (1974)8 

Belgium, Denmark, England, France, 
Netherlands, Norway, Scotland 

England, Ireland, Scotland 

England, Ireland 

Belgium, Denmark, England, Netherlands, 
Norway, Poland, Scotland 

England, Ireland, Sootland 

Belgium, England, Netherlands, Norway, 
Poland, Scotland, U.SoS.R. 

England, Scotland. 

Netherlands data on the discarding of whiting in Sub-area IV were reviewed and 
estimates were made for 1975. 
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Mean Weights 

The Working Group produced appropriate estimates of mean weight at age data from 
several national sources. 

Natural Mortality Rate 

For cod,in all areas, a constant value of M = 0.2 was used. 

In the haddock and whiting assessments a proposal was made to investigate the effect 
of different values of M on the catch predictions. For these species, therefore, 
separate assessments were made using values of M = 0.2 and 0.4, the value of 0.4 
being based on estimates made by Malkov and Yefremov using the method of Tjurin (1972). 
The estimates obtained using these two values of M were not found to affect the 
catch predictions significantly. The TACs finally adopted were therefore based on 
the average of the results from the two methods. 

Year Class strength 

Estimates of year class strengths were provided from several sources. For cod, 
haddock and whiting in Sub-area IV, the estimates obtaine.d by the two days I IIMeeting 

) Gadoid Data from the North Sea Young Herring Surveys" were made available and are 
glven in Table 35 in addition to Scottish research vessel catches and VPA estimates. 
For haddock in Division VIa estimates of year class strength obtained from Scottish 
research vessel catches were updated (Table 37). From these data the best possible 
estimates of year class strength were used in the catch predictions. 

Estimates of Fishing Mortality Rate in Recent Years 

Values of F at each age were first obtained from the results of VPA. Input data con
sisted ofg 

a) Estimates of the numbers landed at each age and annually which 
were revised and updated and which are shown in Tables 9-15. 

b) Terminal values of F for all age groups in 1975 and for the oldest 
age groups in each year. 

Trial runs were made to investigate the effect on the VPA values of F, of adopting 
different input values of F for 1975. In each instance it was found that variations 

the 1975 input values of F had relatively little effect on the estimates of F 
and stock size for years up to about 1971. For subsequent years, however, the values 
of F and stock size were sensitive to the 1975 input values and cannot be regarded as 
reliable. 

In order to arrive at estimateR of F values for 1975, it was also necessary to take 
account of probable trends III fishing effort. The difficulties encountered under
lined the urgent need for meaningful fishing effort data for each species (see 
Appendix I for further details). It was recommended therefore that members of the 
Working Group should collect data on recent trends in fishing effort for conside
ration at future meetings. 

Cod, Haddock and Whiting in the Remainder of Sub-Areas VI and VII 

For these stocks there were insufficient data for making catch predictions in the 
way described above o During a period of stability, average landings might be used 
as a means of predicting catcheso However, post-war trends in landings have been 
far from stable (Figures 2 and 3) so that estimates by this method are not easily 
carried outo Furthermore, in the case of one stock (Division VIb haddock) a sudden 
increase in recorded landings from around 1 000 tons annually prior to 1972 to 
about 50 000 tons annually in 1974 and 1975 made it extremely difficult to arrive 
at catch predictions on the basis of average catch levelso 



- 4 -

The Group considered these problems and suggested TACs on the following grounds; 

1) 2~~L_~~~~~~~_~~~_~~~!~~~_~!~~~~ (excluding VIb haddock) 

TACs were arrived at from an examination of the landings shown in 
Figures 2 and 3. It was agreed that there was little scientific 
basis for the values actually recommended, but that precautionary 
values should be recommended to avoid the danger of these grounds 
becoming exploited due to the possible diversion of fishing effort 
from other parts of the North A~lantic. 

2) ~~~~~~~_{~~~~~~~~_~!£2 
A difficulty was experienced with this stock since the recorded 
landings of haddock in Division VIb rose dramatically to 49 000 tons 
in 1974 and to 51 000 tons in 1975, largely as a result of catches 
reported by the U.S.S.R. Since the area of Rockall Bank within the 
100 fm line is about 2 700 square miles, this amounts to an annual 
catch per square mile in these two years of approximately 18.5 tons. 
This is extremely high when compared with the 1.0 to 6.0 tons of 
haddock per square mile normally sustained from the North Sea. If 
the VIb haddock catches of 1974 and 1975 were made from an accumu
lated biomass, it seems unlikely that such high catch rates could be 
sustained. Furthermore, the removal of such large quantities might 
even have reduced the stock to a below-average level, in which case 
further heavy fishing might seriously endanger the stock. 

Direct evidence is scanty, although Scottish research vessel sampling 
suggests that haddock catch rates on Rockall Bank were of the same 
order as those 'around Scottish north and west coasts in 1968 (Table 32). 
This suggests that at that time at least there was not a relatively 
large unexploited haddock stock on Rockall Bank. 

The Group considered that the data on this matter were insufficient 
for making a reliable estimation of the TAC. As a precautionary measure there
fore it was decided to estimate a TAC for Division-VIb haddock on 
the basis of average landings, but excluding the landings in 1974 and 
1975. The recommended value is 2 000 tons and this value has been in-
cluded in the total given for Sub-area VI. 

For none of the Sub-areas VI and VII stocks considered in this section is there 
sufficient evidence for estimating the TAC necessary for estimating the levels 
of fishing mortality required for maximising conditional sustainable yields 
per recruit. 

The Effect on Fishing Mortalities of a TAC being set too high 

If a TAC is overestimated the percentage increase in fishing mortality can be 
greater than the percentage by which the TAC exceeds its correct level. 

As an e~ample, the TAC for the North Sea haddock has been assessed at 190 000 
tons. Figure 4 shows a possible relationship between predicted catches and 
fishing mortality in 1977,the fishing mortalities being expressed as a percen
tage of current values. The figure shows, for example, that if the TAC should 
really have been set at 160 000 tons, the recommended level of 190 000 tons 
would lead to a 25% increase in fishing mortality if the whole of this catch was 
taken. The effect on fishing mortality in 1977 of other incorrect TACs can 
also be determined from this figure. 

More generally, such a graph must always pass through the origin and rise 
as symptotically to a TAC level equal to the exploitable biomass of the stock. 
Consequently, the effect of successive unit percentage increases in TAC will 
produce increasingly large percentage increases in the fishing mortality. 
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Mixed Fisheries 

The overlapping distributions of cod, haddock and whiting in the North Sea results 
in a substantially mixed fishery. Appendix 11 (po 10) summarizes some of the 
theoretical work done on this subject. 

Trends in Landings (Figso 1-3 and Table 1) 

Sub'-area IV 

The general trend for all species and areas was for landings to increase during 
the post-war period un~l the late 1960s or early 1970s. Since then these 
landings have tended to decline. 

Cod 

Cod landings have tended to increase since the War and reached a maximum of 
346 000 tons in 19720 Since then, the landings have declined to 211 000 tons 
in 1974. 

~~~~~~~ 
Haddock landings have also tended to increase since the War, the peak value attained 
being 672 000 tons in 1970. Since then landings have decreased to a value of 
193 000 tons in 19740 

~~~~~~~ 
Whiting landings have tended to increase during the post-war period, reaching a 
maximum of 216 000 tons in 1969. The value for 1974 was 188 000 tons. 

Sub-area VI 

Cod 

Cod landings increased during the post-war period to a maximum of about 25 000 tons 
in 1967. Since then landings have decreased and the value for 1974 is 15 000 tonso 

Haddock 

Haddock landings have increased during the period reaching a maximum of 70 000 tons 
in 1975. The increase in 1974/75 was largely due to very large recorded catches 
by U.SoSoR. vessels from Division VIbo 

~~~~~~-
Whiting landings increased to a maximum in 1967 of 20 000 tons. The 
value for 1974 is 17 000 tons 0 

Sub-area VII 

Cod 

Cod landings increased to a maximum of 23 000 tons in 1967. Since then they have 
declined to 18 000 tons in 19740 

Haddock 

Haddock landings increased to a maximum of about 15 000 tons in 1964. The value 
for 1974 was 10 000 tons o 

~~~~~~ 
Whiting landings have tended to fluctuate irregularly during the post-war period. 
The 1974 value was 28 000 tonso 
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For all three species and areas the data for 1975 are provisional and cannot 
necessarily be taken as reliable. 

APPENDIX I 

NOTES ON STOCK ASSESSMENT AND TAC CALCULATIONS 

Cod 

North Sea - Sub~area IV 

Since TACs should be based upon the North Sea as a whole and the separation of 
catches according to Divisions as reported -by several countries in "Bulletin 
Statistique" is incomplete, no stock assessments have been carried out for 
Divisions IVa and IVb,c separately, as was done in former yearso The age distri
butions of the catches were raised to reported catches for these two areas 
separately, before they were added and raised to the total international catch ~ Dm 
the North Seao Landings by Norway and Sweden were excluded as in previous reports, 
except for landings from Recommendation 2 fisheries in 19750 

A. VPA (Table 16) 

Three VPAs were run using different input values of F after a trial run to estimate 
the general level of fishing mortality in 1971, for which year the Fs obtained from 
VPA are hardly affected by the absolute values of the input Fso The different 
assumptions underlying these three runs-reflected three different possibilities of 
trends in fishing effortg 

I. Fishing mortality in 1975 equals the values in 1971 

20 Fishing mortality in 1975 is 20% higher than in 1971 

30 Fishing mortality in 1975 is 20% lower than in 19710 

The weighted average Fs for the population older than 2 years obtained wereg 

1963 1964 1965 1966 196L 1968 1969 1970 1971 1972 1973 1974 19Qj 

057 063 060 064 061 067 .59 062 .89 093 074 ·72 .78 

057 063 060 .64 .62 067 059 063 090 ·95 078 ·78 093 

057 063 060 064 061 066 .58 062 087 088 066 .59 059 
~-.-.--

- _ ... _--_ ... _- -- ---_. --- "- -- "-------- '-------"-------.--~ -_. __ .... _.- -----_ ... _----

These results indicate that fishing mortality dropped in 1973 and 1974 as compared 
with the peak mortalities in 1971 and 1972 under all three assumptions upon the 
F level in 19750 Other indications (English copouoeo data) that mortality in 1975 
decreased since 1974 lead to the selection of Run 3 as the most likely real 
situation since in this case estimated F values in 1974 were at least not lower 
tha.n the input valueo 

Bo Year class strengths 

Predictive regressions of the VPA estimates of year class size (Run 3) were highly 
correlated with the IYHS survey indices (r = 0095, Table 3~. Although the con
~idence limits are rather wide due to the limited number of observations, the year 
class 1975 appears to be a poor oneo Using the predictive regression, the size 
of this year class is estimated at 124 millions of I-year old fish in year class 
19750 
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The year class 1976, which enters the fishery in 1977, was assumed to be of 
average size (230 millions of l-year old fish), but alternative predictions were 
made for a poor and a good year class entering the exploited stock. 

Co TACs (Table 38) 

The values of the different parameters used in the catch predictions are given in 
Table 380 Numbers landed are the provisional figures available for 1975. F values 
for each age group were taken from the VPA for the year 1974 as the most recent set 
available to reflect the present exploitation pattern. Smoothed values were used 
for the older age groups 0 Weight at age data were the same as those used during 
the 1975 Working Group meeting, but in the prediction programme these were adjusted 
so that the simulated catch corresponds to the actual catch. 

The predicted catch for 1977 on the basis of constant F at age pattern and an 
average year class 1976 (230 millions of l-year old cod) is 170 000 tons. The 
alternative assumptions of a poor year class 1976 (J15 million) and a rich year 
class 1976 (345 million) resulted in TACs of 168 000 and 181 000 tons respectively, 
indicating a very limited effect of the uncertainty about this year class. 

Although fishing mortality rate on 2 and 3 year old cod is too high,the exploitation 
':ate on older fish is approximately at the level required for maximising yield per 
~~cruits4 Therefore an increase in mesh size applied in the cod fisheries without 
reducing effort seems appropriate (ICES, Doc. CoM.1974/Fg5). 

A TAC of 174 000 tons was selected by the Working Group as the most appropriate one, 
if the mesh size remains unchanged. 

West of Scotland ~ Division VIa 

Ao VPA (Table 19) 

Taking the F values from the VPA for the year 1971 as a reference level the input 
values of F in 1975 had to be increased considerably above this level in order to 
stabilis,e the F value in the period 1973-75. However, since catches in 1975 might 
not have been completely reported for this Division not too much attention was 
given to the estimated level of fishing mortality in those years o Nevertheless, the 
output is consistent with a general increase in fishing effort. 

~. Year class strengths 
) 

lITo data are available for the size of the year classes 1975 and 1976. Thus, average 
values of the numbers of l-year old cod in 1966-73 were used to simulate the 1977 
catcho 

Co TACs (Table 39) -- , 

Catch predictions were carried out on the assumption that the level of fishing mor
tality ~n 1975 was, 20% higher than that estimated from VPA for 1971. Input values 
are shown in Table 39. The average weights were calculated from English mean length 
at age data for 1974 and 1975, using a generalised length/weight relationship 
(W ~ 0001 L3), and adjusted to generate the 1975 catch. 

Alternative TACs were calculated on the assumption that the fishing mortality 
remained constant throughout 1975 to 1977 at a level 20% above the 1971 level 
and for the case that the fishing mortality was reduced again in 1977 to the level 
in 1971, after having been 20% above this level in 1975 and 1976. The values ob
tained for the catches in 1977 were 9 428 and 7 972 tons, respectively. 

The TAC proposed by the Working Group was based on the reduction of fishing mor
tality in 1977 to the level in 19710 
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Irish Sea - Division VIla 

A. VPA (Table 22) 

A summary of English catches of cod in the Irish Sea made available to the Working 
Group by K Brander was updated and revisqd by inclusion of Irish data for 1974 and 
1975. The VPA indicated an approximate. constant mortality throughout the period 
1968-75. 

The F values chosen for predicting the 1977 catch were the averages per age group 
for the period 1969-73. 

B. Year class strengths 

No estimates of year class strengths were available for the 1975 and 1979 year 
classes, which thus had to be assumed to be of average size as estimated from the 
numbers of I-year old cod during the period 1968-73. 

C. TACs 

Input values are given in Table 400 Two alternative catch predictions using the 
average exploitation pattern in 1969-73 for the period 1975-77 and a reduction by 
20% in 1977 yielded catches of 7 658 and 6 529 tons respectively. The estimated 
values of fishing mortality appear to be rather high by comparison with other areas, 
and must be expected to be above the level required to maximise) yield per recruit 0 
Therefore, the TAC advised by the Working Group is based upon a reduction of the 
fishing mortality by 20%. 

Haddock 

North Sea - Sub-area IV 

Ao VPA (Table 17) 

A trial run was made to estimate the exploitation pattern for the latest reliable 
period. By inspection, the period 1970-72 was chosen to provide a reference level 
(RL). 

For each of the two values of the natural mortality coefficient, M = 0.2 and M = 0 
3 VPA runs were made, using terminal values for 1975 of F = RL, F = RL + 20% and 
F = RL - 20%0 

Bo TACs (Table 41) 

Catch prediotion runs were then made by computer using the 6 arrays of Fo The array 
finally adopted for the TAC values was F = RL, since (a) this gave the most stable 
recent F values in the VPA and (b) it seemed unlikely that F in 1975 and 1974 was 
lower than in the 'period 1970-720 

For M ~ 002, two prediction runs were made, one in which F values were held con
stant to give a TAC at current effort and a second in which F in 1977 was reduced 
by 50% to the level approximating to the conditional sustainable yield (see yield 
curve in ICES Doc. CoMo1974/F g5). For M '"' 0 04 it is probable that at the current 
level of F, the yield/recruit should be close to the conditional sustainable level. 

The prediction runs were made using both 1974 and 1975 catohes as the starting pointo 
It was conBid~red that for this species, the 1974 ,age compositions and catch data 
were more reliable than the 1975 data; 1974 was therefore chosen as the starting 
point in the calculations. It should be noted that O-group fish were not included 
in the predictions 0 

The recommended TAC is the average of 1977 catch predictions for M = 002 and M = 004 
with F in 1977 held at the RL values. 



- 9 -

c. Year class strengths 

Values for the 1974 and 1975 year classes were obtai.ned from the results of 
the Young Herring Survey, using a plot of catch per hour against VPA numbers. 
For the 1976 year class, an average VPA value for the year classes 1965-73 was 
used, but the exceptional 1967 year class was excluded. 

D. Mean weights 

These values were provided by U.K. (Scotland). 

West of Scotland - Division VIa 

The same methods were used as in the previous section dealing with haddock 
in the North Sea, with the exception of the following~ 

VPA (Table 20) and TAC (Table 42) 
For M ~ 0.2 a reduction of F of 30% was used for calculating the TAC at condi
tional sustainable yield/recruit, assuming the same yield/recruit curve as in 
the North Sea (Sub-area IV). 

The reoommended TAC is the same as that for Sub-area IV. 

Recruitment 

The 1974 year class was obtained from the results of Scottish research vessel 
data. The 1975 year class was assumed to bear the same relation to the average 
as in the North Sea. The 1976 year class was assumed to be average, the latter 
being caloulated from VPA using year classes 1964-73 and excluding the exceptional 
1967 year class. 

Mean weights 

In the absenoe of better data, the same values as in the North Sea were used. 

Whiting 

North Sea - Sub-area IV 

As values of fishing mortalities for age groups the output from the VPA for the 
year 1971 was chosen, these being the most reliable up-to-date values from the 
analysis (Table 18). 

The 1975 catches per age group include an estimated amount of Dutch discards 
(no actual data were available and the mean age composition for 1973-74 was used). 
Predicted catches were reduced by 7% to take account of Dutch discards. 

The strength of the 1975 year class was estimated from a plot ofaze of stock 
of l-year old whiting from VPA on catch per hour in IYHS for year classes 1964-73. 
For the year class 1976 a mean of the VPA values for the same year was used. 

With these assumptions simulated catches were calculated using a) the same F 
values for age groups through the years 1975-77 and b) the same values for 
1975 and 1976 but reducing the F values in 1977 with 50% (Table 43). The 
resulting values are probably very near to the values givingaonditional sustamable 
yield per recruito 

For M = 0.4 the same comments apply as for hadock. 

West of Scotland - Division VIa 

Divisions VIa and VIb were treated together using the~length and age compo
sition data from Division VIa. 

The procedure was in principle the same as for Sub-area IV. The main difference 
is that data for 1975 were not available so that the prediction had to be based 
on catch composition for 19740 For this reason the prediction is less reliable. 

(Details are given in Tables 21 and 44). 
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The strength of the year class 1974 is estimated from a plot of values of stock 
size for I-year old whiting from VPA on catches from Scottish research vessels 
for year classes 1964-72 excluding 1966 and 1968. 

The strengths of the year classes 1975 and 1976 were taken to be average of the 
years 1964~72o 

APPENDIX II 

by 

J G Pope 

MULTISPECIES PROBLEMS 

Multispecies problems may be sub-divided into two parts. These are~ 

1) The mixed fishery problem, where a fishery for one species also catches 
another species in sufficient numbers to prejudice managemento 

2) The problem of interspecific interactions where the population of one 
species may, through predation br competiuon for some common resource, 
effect the population size of another species. 

The former of these two problems is of more immediate concern to this Working 
Group since the North Sea roundfish clearly constitute a mixed fishery. This 
problem has already arisen in the more southerly ICNAF regions and investigations 
of this problem have been reported to that Commissiono In particular, 'Garrod 
described the by-catch matrix approach 0 The by-catch matrix shows in tabular 
form the average effect of fishing for one species on another specieso 

A simple example is shown belowg 

Species caught Species sought 
(catch rate) A B 

A 10 5 
B 2 8 

The consequence of this particular matrix is that if a unit of effort is directed 
at species A it results not only in a unit of effort directed at species A but 
also the equivalent of a i of a unit of effort directed at species B. Similarly, 
a unit of effort directed at species B will result in one unit of fishing effort 
on species B and also! a unit of effort directed at species A. For ICNAF 
region, 5 and stat~stical Area 6 the by-catch matrixes were estimated from the 
tables of the effort of each nation, vessel category and gear in each month. 
Using these data the species sought in each case was taken to be the species which 
contributed the largest proportion of the catch of the effort group. A similar 
analysis for the North Sea roundfish would require catch and effort data on this 
from at least and preferably in greater detail from all countries and fleets 
fishing these resourceS 0 
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The consequences of a by-catch matrix such as that shown in the example are 
best shown graphically plotting resulting fishing mortalities for both species. 
If the catchability of both species was the same then Figure 5 shows the conse
quences of the example. The lines OA and OB represent the loci of fishing 
mortality generated by fisheries directed at species A and B respectively. 
It is clear that only those values of FA and FB which lay between the lines OA 
and OB can be realised in practise. If the Fm 4 for species 1 was 0.2 and Fmax 
for species B was 0.6 then it would not be pos~lble to achieve the MSY of B 
without overfishing species A even if all fishing effort were directed at 
species B. Clearly, the more the distribution of species overlap the more 
mixed the fishery is likely to be and the more is it likely that probl~ms 
in the similltaneous achi~vementofquotas arise. 

The roundfish fisheries of the northern and central North Sea are very mixed 
and problems of this nature can be anticipated. 

Brown et alo (1973, 1975~sFukuda (1973) and Gundermann et al. (1974) investigate 
these problems and use linear programming techniques to maximise the total catch 
subject to the constraimthat no species should be overfished. The drawback with 
this approach is that on occasions it may be necessary to restrict, the catch of 
an important and numerous species in' order to avoid overfishing some rather less 
numerous species. 

In some cases it may be possible to circumvent these problems by reducing the 
mixture rate by closing areas or seasons where by-catch rates are highest. 
Where this is not possible it may be necessary to violate the TAC for one species 
in order to maximise the total yield of all species. Pope (1975) has shown that 
taking the maximum yield for two species may in circumstances similar to the 
example require that one species be overfished and the other species underfished. 
If such an adjustment in TAC was made the appropriate method would be to in
crease the one TAC by a percentage and to reduce the other TAC by the same per
centage. It would, however, be prudent to restriot such manipulations to fairly 
small percentages. 
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Table 6 Nominal catch of Cod for Divisions IVa-IVc by 
Country in metric tons, 1970-1975 (Bulletin 
Statistique) 

- '-' .. _--
Country 1970 1971 1972 1973 1974 

-
Belgium 8 076 . 19 334 21 133 11 741 10 253 

Denmark 40 017 68 179 72 520 47 950 54 207 
England 38 464 55 525 62 503 47 327 39 857 
Faroe Islands 78 123 284 803 416 

France 16 058 24 254 23 507 14 373 6 853 
German Dem.nep.b) 3 18 122 343 132 

Germany, Fed.Rep. 20 093 46 647 49 431 21 410 17 089 

Iceland 0 1 - - + 
Netherlands 25 212 46 614 47 634 25 758 24 029 

Norway 5 374f ) 7 732f) 4 377f ) 4 831 2 461 

Scotland 30 079 37 229 55 190 48 844 \ 39 887 

Sweden 8 9250.) 9 0620.) 8 769<'1) 8 0740., 8 1680. 

Poland 219 178 189 1 551 4 750 
USSR 32 147 5 153 774 2 497 2 667 

Total ~24 745 320 049 346 433 235 502 210 769 
--

a)Preliminary 

--

1975a ) 
r-------"-

6 420 

46 989 

32 554 

c) 

4 764 
2230.) 

13 806 

-
21 790 

2 767 

37 329 
965(6 2730.» 

2 991 
I 

6 413 
. - j 

177 011e ) 
I 

-.J 

b)The catch for the German Democratic Republic was not includ.ed in 
Bulletin Statistique until 1973 

c)Data lacking for 1975 

d)IncIUding IlIa 

e)Spain reported 45 tons caught in 1975 and 80 tons 1974 

f)The figures do not include cod caught in Recommendation 2 fisheries • 

... .' .' .. ~:'-" 

:-.,: 
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Table I. Nominal catch of Haddoc~ for Divisions IVa-IVc by 
country in metric tons, 1970-1975 (Bulletin Statistigue) 

\, 

Country 1970 

Belgium 3 691 
Denmark 158 276 
England 19 500 
Faroe Islands -
France 10 392 
German Dem.Rep. -
Germany,Fed.Rep.of 5 075 
Iceland 0 
Netherlands 8 278 
Norway 963d) 

Scotland 112 952 
Sweden 8 704c ) 

Poland -
USSR 344 000 

Total 671 831 
~-.--

a)Preliminary 

b)Data Lacking for 1975 

c)IncIUding IlIa 

1971 

971 
31 043 
16 648, 

-
8 436 

-
3 045 

1 

6 914 
1 063d) 

121 539 
5 857c ) 

-
62 398 

257 915 

1972 1973 1974 

1 601 2 385 1 137 
34 858 13 118 44 342 
20 827 16 586 10 798 

5 1 198 435 
7 595 4 496 3 892 

~ 22 8 
4 020 4 587 2 478 

~ - ~ 

5 188 3 185 3 035 
1 146d, 5 611 6 059 

96 197 88 132 71 679 , 
5 305c ) 4 550c ) 3 098c 

38 2 553 3 001 
36 467 49 356 42 234 

~13 247 195 779 193 196 

d)Figures do not include Haddock caught in Recommendation 2 Fisheries 

e)Spain reported 90 tons caught in 1975 and 210 tons caught in 1974. 

1975a ) 

1 778 
33 262 
10 823 

b) 

3 190 
44c ) 

1 869 

-
1 859 

17 572 
65 063 
2 493(2 946c ») 

1 485 
58 787 

198 225e ) 
---- ----
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. Tabl~ Nominal catch of Wh~~ for Divisions IVa-IVc by 
country in metric tons, 1970-1975 (Bulletin Statistique) 

--
Country 1970 1971 1972 1973 1974 

1---- -
Belgium 2 799 2 108 2 745 3 387 3 156 

Denmark 102 698 55 618 50 109 73 928 109 654 

England 3 398 4 158 3 789 4 592 5 518 

lParoe Islands - - - 1 453 1 126 

France 25 842 15 863 19 J.71 22 219 19 537 
German Dem.Rep. - - - 5 -
Germany, Fed.Rep.of 392 233 264 403 454 
Netherlands 10 115 6 322 7 613 \ 8 811 12 057 

\ 
43d) 25d ) 28d Norway 1 527 5 080 

Scotland 21 080 26 755 \ 23 846 \ 20 756 25 274 
\ 

Sweden 820c ) 616c 
596

c 2 328c 
2 440cJ 

Po 1 ana. -
USSR 14 319 

Total 181 506 

a)preliminary 

b)Data lacking for 1975 

c)Including IlIa 

-
541 

112 239 

- 7 1 002 

613 3 522 2 978 

108 774 142 938 188 277 

, d)Figures do not include Whiting caught in Recommendation 2 fisheries 

e)spain'reported 50 tons caught in 1975 and 111 tons in 1974. 

.-
1975a ) 

• 

--. 
2 729 

61 948 

4 654 
b) 

13 268 
3c ) 

832 

14 481 

13 856 

27 826 

281(808c )) I 

888 

6 923 

147 689 0
) 

-.--
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Table.2Q North Sea Cod, Haddock and Whiting. Total numbers (1000) 
at each length group landed quarterly by Norway in 1975a ), 

-- -COD Quarter 

Length group 1 2 3 4 Total 

15-19 - - - 68 68 
20-24 302 230 50 128 710 
25-29 504 91 14 70 679 
30-34 369 431 50 63 913 
35-39 468 245 7 78 798 
40-44 122 139 18 10 289 

Total 1 765 1 136 139 418 3 457 

HADDOCK 

Length group 

5-9 168 495 542 436 1 641 
10-14 32 757 4 328 2 528 7 786 47 399 
15-19 15 295 16 648 3 013 4048 39 004 
20-24 4 315 3 174 2 682 5 509 15 680 
25-29 2 476 4 167 1 616 2 515 10 774 
30-34 607 1 020 624 1 120 3 371 
35-39' 76 580 258 354 1 268 
40 ... 44 24 103 41 97 265 

Total 55 718 30 515 11 304 21 865 119 402 

WHITING 
Length group 

5-9 4 85 89 
10-14 1 604 176 153 181 2 114 
15-19 13 168 2 995 382 30 16 575 
20-24 6 985 6 842 775 403 15 005 
25-29 5 131 10 764 2 051 4 130 22 076 
30-34 2 494 4 417 1 547 5 078 13 536 
35-39 772 2 497 928 3 676 7 873 
40-44 85 881 333 1 239 2 538 

Total 30 243 28 572 6 254 14 737 79 806 
-- --~ _._-- _._-

a) Measurements from Recommendation 2 fisheries only. 
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Table 31 Length composition data for Gurnards (Scotland 1975). 

Numbers measured on Aberdeen fish market (1975) 

Length Outer Butt of North Total Hebrides Lewis Coast 

20 

21 1 1 

22 

23 

24 

25 
26 1 1 

27 

28 1 1 2 

29 4 6 10 

30 6 2 8 16 

31 6 2 14 22 

32 8 9 17 

33 7 13 11 31 

34 15 9 14 38 

35 14 5 14 33 

36 12 5 9 26 

37 9 10 7 26 

38 9 3 6 18 

39 9 9 6 24 

40 2 12 1 15 

41 5 8 13 

42 3 5 8 

43 1 3 4 

44 3 3 

45 1 2 3 

46 

47 

48 1 1 

57 1 1 
--

I 

i 

Fish measured by observers on 
board commercial vessels (1975) 

Cruise Length Range 

1 14-21 

2 18-35 

3 15-25 

4 14-39 

5 16-36 

6 14-43 

7 18-33 

8 21-35 

9 20-36 

10 19-38 

11 22-25 

12 17-34 

13 20-22 

14 15-25 
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Table 32 Numbers of Haddock caught per 10 hours' fishing by F.R.S. 
"Explorer" at Rockall and off the north and west coasts 
of Scotland in 1968. 

- --------
Area 

Year Mar. Apr. May Oct. 
I 

class 
Year North North Outer South 
class Coast Minch Hebrides Minch 

1968 - - - 21 302 1968 67 3 0 0 
1967 18 40 77 139 1967 3 397 4 700 3 780 526 
1966 17 2 16 13 1966 331 500 60 46 
1965 65 83 89 42 1965 32 71 0 11 
1964 49 71 64 71 1964 24 8 3 2 
1963 108 137 11 22 1963 43 9 7 2 
1962 132 87 34 17 1962 231 361 80 88 
1961 63 57 51 24 
1960 III 38 34 10 

1961 & 
4 34 10 10 older 

1959 39 2 20 1 
1958 & 

14 5 4 2 older 

Total 4 129 5 686 :; 940 685 
'---~ ~--

'Total 616 522 400 21 643 . 
From Annales Biologiques 

Table 33 TAC's for maintaining the level of fishing mortality 
at the same level as in recent years. 

Cod Haddock Whiting Sub-areas -
:M = 0.2 M = 0.2 M = 0.4 M = 0.2 M = 0.4 

IV 174 000 173 000 203 000 134 000 125 000 

VI 10 700 - - 20 200 21 400 

VII 15 000 6 505a ) 20 OOOa) 

Divisions & 
Sub-area 

VIa 9 450 10 200 8 900 - -
I VIb 1 300 2 OOoa) - -

VIIa 7 500 - - - -
VII 

7 500a ) (excluding - - - -
VIIa) 

- ---- ----------- - ~ -

a) Estimates based on post landings and therefore dependant of M. 

, 

South of 
Lat. 56DN 

0 
2 725 

10 
0 
0 
0 
0 

0 

2 735 
, 

I 
I 
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Table 34 TACs for adjusting fishing effort in 1977 to a 
level required for improving yield per recruit. 

( M = 0.2 for all speciesa )) 

Sub-area & 
Divisions Cod Haddock Whiting 

IV 146 000 103 000 76 000 

VIa 8 000 7 800 12 000 

VIIa 6 500 - -
I 

a) For haddock and whiting, with M = 0.4, current levels of 
fishing mortality should approximately achieve the 
conditional sustainable yield per recruit. For these 
species, the TACs for maximising the conditional yields 
per recruit are therefore the same as the TACs given in 
Table 33 under the assumption of M = 0.4. 
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Table 38 North Sea Cod (Sub-area IV). Input data for catch prediction. 

Age 1975 Catch F Values Mean Weight 

'000 1975-1976 kg 

1 20 087 , 0.13 0.54 

2 46 464 0.68 0.92 

3 17 232 0.62 2.02 

4 4 281 0.42 3.82 

5 7 787 0.44 5.75 

6 2 139 0.45 7.64 
I 

7 458 0.45 9.11 i 
I 

8 224 0.40 10.37 I 

I 

9 252 0.40 11.24 

10 93 0.40 12 

II 50 0.40 12 

12+ 10 0.40 12 

Recruitment at age 1 Simulated catches 

'000 '000 tons 

Year F77=F75 F
77

=0.8xF
75 

1976 124 000 180 180 

1977 230 000 174 146 :i 
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Table 39 West of Scotland Cod (Division VIa). Input data for catch prediction. 

Age 1975 Catch F Values Mean Weight 

'000 1975-1976 kg 

1 274 0.1 0.58 
2 1 724 0.34 1.22 
3 1 044 0.53 2.66 
4 380 0.71 4.25 

i 

5 186 0.83 5.13 
6 50 0.9 6.41 
7 8 0.9 8-38 
8+ 14 0.9 9.0 

~--- ---- ~.---

Recruitment at age 1 Simulated catches 

'000 '000 tons 

Year F =F 77- 75 F
77

=0.8xF75 
1976 5 570 9·7 9.7 
1977 5 570 9.4 8.0 I 

Table 40 Irish Sea Cod (Division VIIa). Input data for catch prediction. 

Age 1975 Catch F Values Mean Weight 

'000 1975-1976 kg 

1 795 0.23 0.61 I 2 655 0.72 1.66 I 

3 1 409 0.84 3.33 
4 234 0.69 5.09 
5 138 0.92 6.19 
6 32 1.04 6.76 
7+ 15 1.00 8·30 

~------- ----_ .. -_ ... - ------ ------ -- ------_ .. _--- "----- -~---.--

Recruitment at age 1 Simulated catches 

'000 '000 tons 

Year F77=F75 F
77

=0.8xF
75 

1976 6 760 6.7 6.7 
1977 6 760 7·7 6.5 
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Table 41 North Sea Haddock. (Sub-area IV). Input data for catch prediction. 

Age 1974 Catch F Values 1974-1976 Mean Weight 

'000 M = 0.2 M = 0.4 kg 

1 241 200 0.18 0.10 0.23 
2 78 100 0.50 0.30 0.28 
3 252 100 0.80 0.60 0.41 
4 49 000 1.00 0.80 0.58 
5 2 600 1.20 0.80 0·71 
6 1 100 1.10 0.80 0.94 
7 9 600 1.00 0.80 1.21 
8 200 1.00 0.80 1.44 
9 20 1.00 0.80 1.50 

10+ 40 1.00 0.80 1.60 

Recruitment at age 1 Simulated catches Recruitment at age 1 Simulated catches 

'000 '000 tons '000 '000 tons 

Year F77=F74 F77=0.5xF75 F77=F74 

1975 1 250 000 220 220 2 122 300 225 

1976 130 000 214 214 218 000 236 

1977 594 000 173 103 1 008 500 204 
-_.-

Table 42 West of Scotland Haddock (Divis~on VIa). Input data for catch prediction. 

Age 1974 Catch F Values 1974-1976 Mean Weight 

'000 M = 0.2 M ~ 0.4 kg 

1 1 996 0.03 0.02 0 .. 23 
2 3 740 0·30 0.30 0.28 
3 10 353 0·70 0·50 0·41 
4 5 626 0·70 0·50 0.58 
5 108 0.60 0·50 0·71 
6 504 0.60 0·50 0.94 
7 11 259 0.60 0·50 1.21 
8+ 208 0.60 0.50 1.44 

Recruitment at age 1 Simulated catches Recruitment at age 1 Simulated catches 

'000 '000 tons '000 '000 tons 

Year F77=F75 F
77

=0.7xF
75 F77=F75 

1975 80 000 13.4 13.4 141 700 13.2 

1976 10 000 10·7 10·7 17 700 10.6 
i 

1977 32 900 10.2 7.8 58 200 8.9 I 



- 45 -
Table 43 North Sea Whiting (Sub-area IV). Input data for catch prediction. 

Age 1975 Catch F Values 1975-1976 Mean Weight 

'000 M = 0.2 M == 0.4 kg 

1 1 015 218 0.45 0.32 0.079 

I 

2 375 394 0·38 0.26 0.142 
3 180 766 0·57 0.38 0.157 
4 44 952 0.68 0.51 0.182 
5 7 441 0.64 0.48 0.222 
6 1 556 0.58 0.40 0.277 
7 650 0.49 0.35 0.332 

I 
8+ 2 009 0.80 0.60 0.406 

Recruitment at age 1 Simulated catches Recruitment at age 1 Simulated catches 

'000 '000 tons '000 '000 tons I 

Year F77=F75 F
77

=0.5xF
75 F77=F75 F

77
=0.5xF

75 
! 

1976 1 363 144 144 2 013 138 138 

111977 1 272 134 76 1 879 125 68 
I 

Table 44 West of Scotland Whiting (Division VIa). Input data for catch prediction. 

Age 1975 Catch F Values 1975-1976 Mean Weight 

'000 M = 0.2 M = 0.4 kg 

1 7 577 0.09 0.06 0.213 
2 42 873 0.63 0.48 0.241 
3 12 215 0.99 0.81 0.267 
4 2 035 0.62 0.46 0·310 
5 505 0.65 0.47 0.377 
6 68 0.87 0.59 0.471 
7 1 387 0.24 0.15 0.563 

,8 64 0.60 0.40 0.690 
~-~~-~ '---~ - _._ .. -

Recruitment at age 1 Simulated catches Recruitment at age 1 Simulated catches 

'000 '000 tons '000 '000 tons 

Year F77=F75 F
77

=0.5xF
75 F77=F75 F

77
=0.5xF

75 

1975 207 000 20·4 20·4 350 000 20.8 20.8 

1976 76 000 24.6 24.6 128 000 25.7 25.7 

1977 76 000 20.2 12.0 128 000 21.4 12.2 
-~ - ~~- ---- -- -_._.- - -- -- '-
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Figure 1. Total International Landings, Sub-area IV. 
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Figure 2. Total International Landings, Sub-area VI. 
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Figure ~ Total International Landings, Sub-area VII. 
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Figure 4. North Sea Haddock. 
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