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1. Nominal catch 1977 and 1978

TAC for Subarea 1 cod was 31 000 tons for 1977 but although fishing by
non-Greenlandic vessels and by the large Greenland trawlers was stopped by
May-June the TAC was exceeded by about 7000 tons (Table 1).

In 1978 only Greenland vessels were allowed direct cod fishing at West
as well ag at East Greenland. Although, as in 1977, the large trawlers had
their direct cod fishing stopped by May the total Greenland catch for
Subarea 1 is about 35 700 tons and about 1900 tons for Southeast Greenland.
Bycatch of cod in other fisheries, primarily in the fishery for redfish by
the Fed.Rep.of Germany, was reported by the vessels engaged as about 1500
tons at West and 500 tons at East Greenland, but these figures may probably
be regarded as provisional minimum estimates. The total catech of cod in
1978 is thus 37 000 tons or more for Subarea 1 and 2200 tons or more for
Southeast Greenland (ICES XIVb). 1978 catches by divisions and gear are
given in Table 2.

The local, inshore fighing (included in the figures given above) which
for Subarea 1 was as low as 5200 tons in 1976 increased to 14 000 tons in
1977 and to about 18 000 tons in 1978. The increase occurs mainly in the
pound-net fishery in Div. 1E~1F,

The trawlers' proportion of the total catch in Subarea ' increased
from about 37% in 1977 to about 52% in 1978. Inshore catches were caught
mainly by pound nets, but inshore catches are not reported by gear in the

statistics.

2, Trends in catch per unit effort and total effort

Greenland vessels were the only ones allowed direct cod fishing in 1978
and, thus, the only ones for which comparison of catch per unit effort can
be made between 1977 and 1978.

Table 3 gives their effort and catch of cod by divisions for the
years 1976-78., The figures show about a doubling of cpue for Subarea 1 as

a whole from 1976 to 1977 and a very significant increase (by about 160%)

1 Appendices 1 and 2 were prepared subsequent to the writing of the initial manuseript.
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from 1977 to 1978. However, since distribution of effort on divisions and
months was not the same for all three years a better comparison may be
obtained by considering figures for shorter periocds of the year.

Table 4 gives effort and catch per unit effort by divisions and quarter
of the vear for the years 1976-78 and for Januvary 1979,

For 1977 as well as for 1978 there is a remarkable change in cpue
between divisions from first to second guarter of the year. In the first
quarter, especially in 1978 (when for Div. 1C the figures given for the
second quarter are from the first part of April) fishing concentrated in
Div. 1€, but in the second quarter catch rates were better in Div. 1E and
vesgels fished relatively more in this division in the second quarter. The
restrictions on fishing unfortunately mean that data for the third and
fourth quarter are sparse, but the 1977 data suggest that the seasonal
southward shift of fishing (to obtain best possible catch rate) might have
continued in the third quarter had fishing been free. By the end of the year
the more northerly areas again seem to become more attractive. This is also
illustrated in Fig.1. For 1979 the January flgures indicate that Div. 1C
again is the most important.

Assuming that the Greenland trawlers' catch rate can be taken as an
index of cpue for the total catch in Subarea 1 then the figures in Tables
3 and 4 suggest that total effort decreased by about 45% from 1976 to 1977
and by about 62% from 1977 to 1978 {(about 79% from 1976 to 1978) , see
Table 5. However, in terms of fishing mortality the situation is not that
simple. To assume that effort as measured in Tables 3-5 is and index of
fishing mortality requires the assumption of cpue being a direct measurement
of the overall stock abundance. This assumption is not likely to hold. The
shoaling behaviour of cod, e.g. at time of spawning or due to hydrographic
conditions, makes it very difficult to adopt the said assumption. Rather it
cccurs that catchability varies considerably not only between seasons of

the year but also, for any given season, between years. This variation

betwéen ;éérs is'likelQ_ES-Bé&ﬁ;étrbf;nounced for the first and é;cond
quarter of the year (spawning time and extreme temperature conditions).
In fact, in the 1950-60s8 the author used the month of August as the best
month for between-years comparison of stock abundance, measured by cpue
(Horsted, 1965). This is not possible at present with the very limited
amount of effort data for that menth.

It may, however, be important to note that in terms of number of
fish caught the catch dropped by about 24% from 1977 to 1978 (Table 12}.
Furthermore, for both vears the 1973 yera-class was by far the major one
(77% by numbers of the 1977 catch, 81% in 1978). Part of, but not all,
the increase in cpue between 1977 and 1978 is, therefore, simply the
effect of the growth of the individuals of this year class between the two
years, especially as fishing in the first part of 1978 seems to have been
on the mature (fastest growing) part of the year class (see Section 4 of
this paper). Table 5 illustrates the changes in catch and effort between
1977 and 1978 when catch is expressed by numbers rather than by weight.
From this table it will occur that overall effort might have dropped by
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about 46% from 1977 to 1978 when considering numbers caught. However,
considering again the fact that catches in the two years were made up
mainly of the same year c¢lass {the 1973 vear-class) it seems likelv that
the increase in cpue from 1977 to 1978 is to a great extent due to an
increase in catchability rather than to an increase in overall stock

abundance.

3. The stock by January-February 1979

As in January-February of 1978 the Greenland trawlers did again
experience good catch rates in the first part of 1979 {see Table 4 and
ocbserve that catches registered in fourth quarter of 1978 were taken in
late December). Their activity was, however, concentrated in a very narrow
area. The major part of the effort was exercised in the southern part of
Biv. 1C at the western slopes of the Tovqussaq (Banana} Bank and the south-
western part of the Sukkertoppen Bank between 64015'N and 54°4S‘N. A minor
part of the activity took place in Div. 1D, either at the borderline
between Div. 1C and 1D directly connected with the afore mentioned fishing
area, or at the southeastern slope of the Fylla Bank.

Samples of the landings from this fishing are shown in Table 6., For
Div. 1C it will be seen that in terms of numbers as well as of weight the
age-group 5 {(year-class 1974) was the major contributor tc the catch,
whereas for Div. 1D the samples indicate that the 1973 year-class was the
major contributor. The research sample was taken in the southernmost part
of Div., 1D just north of the borderline between Div. 1D and 1F. In this
sample the 1973 year—class is of the same relative importance as it was in
the majority of the samples in 1978. The commercial sample from Div 1D is
from the southern part of the Fylla Bank.

When comparing the mean weight of age groups in the 1979 samples

(Table 6} to those in the 1978 samples (Table 9) one finds a goed
correspondence for age-group & and cnlder. Age-group 5 in 1978 evidently
had a higher mean weight than age-group 5 in January-February 1979. The
explanation may be found in the possibility that the fastest growing
individuals of the 1973 year-class joined the exploited spawning shoals
in 1978. Some research sampling was made in March-April 1978 and maturity
of cod was studied on a limited material. Whereas the samples indicated
that the theory of an early maturation of the 1973 year-class could be
valid so far as males are concerned very few 5 year-olds females were
found to be mature. However, the sampling actually came too late to
demonstrate the January-March situation in Div. 1C., Table 13.

The 1979 samples {(Table 6) indicate that the role of the 1973 year-class
in the fishery is still very important although decreasing. Forecasts made
last year {Table 16 in Res.Doc. 78/VI/44) predicted that the 1973 year-class
would make up about 1/3 - 1/2 (by weight) of the 1979 catch. The data for
January-February 1979 seem to be in conformaty with the prediction. In fact,
for the January catch of 2508 tons in Div. 1C and 1619 tons in Div. 1D
calculations show the 1973 year-class to make up 38% of the combined 1C-1D

catch. (see also Appendix. 1}.
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The occurrence of the 1975 year-class in the 197% samples was expected.
The samples seem to confirm this year class to be relatively more important
in Div. 1C than in Div. 1D.

The fact that the trawlers cluster in a narrow area makes it very
difficult to use their activity and catch per effort in a judgment of the
overall abundance of cod in the subarea. However, some acoustic surveys
were made in January~February 1979 by the R/V ADOLF JENSEN to investigate
the distribution of cod.

On 29-30 January the western slopes of Fiskenes, Danas, Ravns and
Frederikshdb Banks (Div. 1D-1E} and of the south and east slopes of the
latter bank were surveyed. Bottom depth range was 100-600 m. Only on the
southern part of Danas Bank on 300-400 m and on the northeastern part of
Frederikshédb Bank on 240-250 m were fish seen, in the former place possibly
redfish, in the latter mainly single fish supposed to be cod. On 31 January
shoals of cod were observed in the deep east of Ravns Bank at about 250 m.
Two bottom trawl hauls were made resulting in 311 cod caught in about 40
minutes {the research sample in Table 6, Fig.3}.

On the 20-23 February 1979 another survey covered the eastern slopes
of the Fylla Bank and the eastern and western slopes of the Fiskenss, Danas,
Ravns, Frederikshab and Narssalik Banks (Div. 1D=1E}. Only at the scuth
eastern slope of the Fylla Bank were noteworthy shoals of cod observed;
relatively large and dense sheals at 200-300 m. This is where the trawlers
had part of their fishing in January-February and the 1D commercial sample
of Table 6 is from this area.(Fig. 4-5).

In summary, dense shoals occurred in very limited areas giving good
catch rate in these areas, but cod was not considered abundant in the
overall area surveved. It should also be noted that an extensive survey
for sandeel by three commercial vessels in June-September 1978 in Div,
1A-1D (to be reported in the Danish Research Report for 1978) found few cod

in their extensive acoustic survey.

4. Mean length and weight of age groups in 1978 and first part of 1979

Age and length samples of cod in Subarea 1 and off East Greenland (ICES
XIVb) for 1978 were provided by Denmark (G) and by the Fed.Rep. of Germany
(Dr. J.Messtorff kindly provided the author with these).

The FRG samples give figures for mean length and weight of each total
sample while some of the Danish samples have been used to achieve mean length
and weight for each individual age group. These samples are listed in Table 7,
while Table B gives the overall mean length and weight for the FRG samples,

As will be seen from Table 7 the material for age groups older than
8 years or in most cases older than 7 years is very limited. Likewise weight
data for age-group 3 and younger age groups are limited. For age-groups 3
to B the quarterly mean weights from the Greenland samples are given in
Table 9 for the offshore and inshore samples separately. The weighted annual
mean has been obtained by weighting with the quarterly inshore and offshore

catches in Table 10,
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As will be seen from Table 9, for age-groups 4 and clder the 1978 mean
weight turns out to be significantly higher than for 1977, most remarkable
for age-group 5 {the important 1973 year-class). This phencmenon seems to
be related to the first quarter of the year mspecially. As was suggested by
the author in Res.Doc. 78/VI/44 (Horsted, 1978} the rather sudden increase
in mean length and weight of the 1973 vear—class by January-February 1978
may be due to the fact that the very good fishing at that time was on shoals
likely to be pre-spawners and the possibility that the fastest growing
individuals of the 1973 vear-class matured in the winter of 1977/78 and
joined the spawning concentrations.

Studies of this phenomenon are mentioned in Chapter 3, page 4 of this
paper. As mentioned the sampling did occur too late to cover the peak period
of the good fishing in Div. 1C. In fact, trawlers left this area in April,
and the effort and good catch rate listed under the second guarter of 1978
for Div. 1C in Table 4 is occurring in the beginning of April.

The theory of a separation of the 1973 year-class (and probably also

the 1972 year-class) in a mature and an immature component in the first part

of the year 1978 seems confirmed by the fact that in the second to fourth
quarter of the year the mean length and weight of the age groups returned
to a lower, less "abnormal" level.

It should be menticned that, although the tables refer to samples and
thereby include the inevitable possibility of bias, the observations made
through the samples correspond very well with those generally reported by
the commercial fleet. The fleet exploited good, but scattered concentrations
of unexpected large cod in January to mid April, especially in the southern
part of Div. 1C, but thereafter catches again had inflow of smaller sized
cod, and samples confirm that these were also mainly five vears old.

The above described phenomenon secems necessary to take into account
when samples are used to calculate numbers landed by age groups in 1973.
Whereas in former years' calculations the weighted annual mean weight of
each age group was used, for the 1978 catch the monthly or quarterly mean
weights have been used to calculate numbers landed by age groups. This
refers to catches by Greenland vessels. For the FRG catches the mean weight
of the total sample, or of combined samples, was used to convert catches
to numbers.

The variation between years in weight by age makes it difficult to
estimate mean weights to be used in forecasts of catches, The fisheries
trend in 1977-7% will, however, suggest that offshore fishing will continue
to take the major part of any allowed catch in the First part of the year
so that a figure between the weighted annual mean weight found for 1978
and the mean weight for January-February 1979 may be a proper value. These
figures are set out in Table 11 together with figures found for the inshore
fishery in 1978. In order to achieve an overall mean annual figure for each
age group it has been supposed that for the forecast years offshore catches
will make up about 60% of the total TAC. It may occur that the figure for

age-group 7 is too low. Anyway, to the extent that trawlers’ proportion of

A6



the total catch may exceed the assumed 60% the predicted catches will tend

to be underestimates,.

5, Numbers landed by age groups in 1977 and 1978

Numbers landed per age group for the vears 1965-76 are found in the
following Res.Doc. 75/31, 76/VvI/17, 717/V1/8 and 78/VI/44. The latter also
contains provisional figures for 1977.

Revised fiqures for 1977 and provisional figures for 1978 are given
in Table 12. The table also includes figures for Southeast Greenland (ICES
XIVb).

Since no new sampling data were available for the 1977 catches as

compared to those used to obtain provisional figures last year (Res.Doc.

78/VI/44) the revision is simply a raising of the provisional figures to
take into account a higher total catch (37 993 tons) than the provisional
one (35 644 tons).

For 1978 the offshore catch by otter trawl is fairly well sanpled,
especially in the important first quarter of the year, both by Denmark(G)
and by the FRG. There is a very good correspondence between the samples
representing this fishery, all samples showing the high predominance of the
1973 vear—class and, with the exception of one sample, very few cod of age
9 or older occur. The inflow of such old cod seems to occur more common off
East Greenland, but also here the 1973 year-class was the major one in 1978,
Inshore catches are not well sampled, except in Div. 1D and partly Div. 1E,
but the samples do not allow to judge differences in age composition between
divisions. It seems likely, however, that if sampling had occurred in Div.
1C and 1B the inflow of the 1975 year-class might have been higher than
indicated by Table 12.

Year-class 1974 (age—group 4) has partly recruited to the fishery in
1978 while the 1975 year-class, expected to be better than the 1974 year—class,
has been landed only in small quantities and mainly in the northern divisions,
but - as mentioned in the preceding paragraph ~ the figures for this vear

class are probably biassed (underestimated).

6. Information on future recruitment

Recruitment of Subarea 1 cod to the fishery normally starts at an age

of 3-4 years. Local Greenland requlations prescribe a minimum size of 40 cm
total length of ced in landings. Smaller cod may be caught, but generally
only in the inshore pound-net fishery from where they can be discarded
alive. Unfortunately, as stated in Section 5, the pound-net fishery was not
very well sampled in 1978 and information on discard is rather sparse,

The year classes in gquestion for recruitment in 1979-81 are the
vyear-classes 1975-78.

The strength of the 1978 vear-class can at present be made only on
hydrographic and plankton observations in 1978. These will be described in
details in the Danish Research Report for 1978. In brief, water temperatures

in the spring and summer of 1978 were relatively low over the fishing banks
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in Div. 1B-1D, and the hydrographic observations indicate that the year class
may be rather poor.

The number of cod larvae in the plankton was extremely low, and it
must, therefore, be a provisional judgment that the 1978 cod year-class will

be ranged amongst the very poor ones.

Individuals of the 1977 year-class have not yet reached a size where
they could be expected to occur in commercial catches. However, in research
catches (cod-end mesh size 30 mm) of the Fed.Rep. of Germany in December
some samples contain 1-year old cod, most noteworthy in Div. 1E, where as
much as 13% (by number) of the samples (four length samples combined)
consisted of this year class. Here it was more frequent than the 1975
year-class (7,5%). Apart from this sample (samples) the 1977 vear-class has
not yet shown up in any noteworthy amount in research samples. It is,
however, yet too early to make more firm conclusions on the strength of the
year class. It should be remenbered, however, that temperatures were
relatively favourable in 1977. The 1979 pound-net fishery and research
hauls with fine meshed trawls will hopefully allow a better judgment of the
year class at the end of 1979. Anyway, the recent information seems to
confirm last year's judgment of a year-class strength below that of the
1973 year-class but probably above that of the 1976 year-class.

The 1976 year-class did not have the same good environmental condition

in its larval stage as the 1977 year—class. Its individuals do now have a
size when they could be expected to occur in pound net catches and in
research hauls. Danish ocffshore research hauls at standard stations in Div.
1D and 1E have not shown noteworthy amounts of 2-years cld cod, nor do we
have information pointing to a high discard rate of such small cod in the
pound-net fishery.

The research hauls by the Fed.Rep. of Germany did show occurrence of
this year class, but only in the same sample(s) as mentioned above for the
1977 year—class did the 1976 year-class occur as a relatively important one,
viz. by 28.7% (by numbers}. In the 1977 research hauls the year class was
found only in Div 1E. It is thus likely to have a limited distributien,
mainly in Div. 1E, and the new data do not lead to a revision of the view
that year class is a relatively poor one for Subarea 1 as a whole.

On the basis of the information by the end of 1977 the 1975 year-class
was considered a relatively good vear class and with its main occurrence in
Div. 1B-1D. It has to some extent recruited to the fishery in 1978, and
commercial samples seem to confirm its main occurrence in the northern
divisions.

The year class occurs in the FRG research hauls in December in Div.
1C-1F, most common in Div. 1D (10.2%), and it is algo observed in most
Danish research samples. Unfortumately information on discard from the
pound-net fishery is rather limited in 1978, but a good part of the
individuals of the 1975 year-class would have been discarded if they were
caught in this fishery. A pound-net sample from the southern part of Div, 1D,
inshore in July shows about 30% {by number) of this year class. A length

sample from the Godthib Fiord (Div. D) in July is illustrated in Fig.2,
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The fish round modal length 63 cm are most certainly of the 1973 year—class,
while those round modal length 36 cm are likely to be 3— and 4-years old
fish, i.e. year-classes 1975 and 1974, respectively.

The captain of one of the large Greenland trawlers reported that in
late March some of the concentrations seen on the echo sounder on the
Tovqussay (Banana) Bank, Div. 1C, consisted of small cod around 25 cm. The
trawlers evidently tried to avoid such small fish, but the observaticn
confirms the general impression, that the 1975 vear-class will be the main
substitute for the 1973 year-class although it is still considered to be
legs abundant than the latter.

In summary, for the year-classes 1975-77 there is at present no such
new information which seems to require a revision of the estimates made last
year. The 1978 year-clags is tentatively regarded as poor as the 1976
year—class. Consequently, the following estimates of recruitment (thousands

of 3-years ©ld fish) have been used in the forecasts:

~3
Number x 10 at age 3 (beginning of the vear)

Year class 1A - 1D 1E - 1F Subarea 1
1975 50 Q00 25 000 7% 000
1976 10 000 10 000 20 000
1977 25 000 25 000 50 000
1578 10 000 10 000 20 000

7. Values of instantaneous fishing mortality rate (F) for virtual populaticn
analyses

On the basis of catch and effort figures it was concluded last vear that

effective effort (/WF) had decreased from 1976 to 19077 by about 1/3 in the
offshore fisheries but probably increased inshore, so that a range of F
values of 0.16-0,20 was suggested for 1977 as compared to a value of 0.25
in 1976.

From 1877 to 1978 it has already been stated (Chapter 2, page 1) that
data in Tables 3, 4 and 5 would suggest a further decrease in overall effort
by about 453% from 1977 to 1978 when catches are considered by numbers
instead of by weight. However, bearing in mind that the 1973 year-class made
up about B0% of the catch (by number) in both years, so that the age
composition of the stock was roughly the same in the two years, it seems
reasonable to make the consideration that a drop in catch of about 23% from
24.4 mill fish to 18.7 mill fish (Table 12) is less than would be expected
as a function of total mortality in the stock during 1977-78 (z = 0,36-0.40
corresponds to a decrease of 30-33%). However, it should also be taken into
consideration that the 1973 year-class was not fully recruited to the
fishery by 1977 and that the further recruitment in 1978 has to some extent
compensated the decrease caused by fishing and natural mortality. It occurs,
therefore, that fishing mortality may have been of the same scale in 1978
as in 1977, i.e. in the range 0.16-0.20. Figures in Tables 3-5 would then
suggest that catchability was considerably {about B0%) higher in 1978 than
in 1977,
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8, Partial recruitment

A review of all the age samples available for 1978 shows that so to say
all 5-years old cod in the samples are above 40 cm long, also in cases
where smaller cod are present in the sample. It ism, therefore, likely that
the 1973 year-class was nearly fully recruited to at least the trawl and
the pound-net fisheries in 1978, although probably not to the gili-net and
long-line fisheries. Unfortunately the ratio of catch between gears is not
known, but considering that trawls and pound nets caught the major part of
the catch it may be proper to assume a partial recruitment of 5-year olds
of about 90% in 1978 and of 100% for fish of age 6 years or older. For fish
of 3 and 4 vears the same figures as last year, i.e. 60% and 72%, respectively,

are used again.

9. Other parameters for VPA and prognoses

As previously the natural mortality is set at M = 0.20. A coefficient of
emigration for Div. 1BE-1F cod of age 7 or older has earlier been assumed to
have a value of 0.15, and there is no new information to suggest a change
in this parameter. For Subarea 1 as a whole the coefficient is again set at
a value of 0.05.

Weight-by-age figures for prognoses are found in Table 11.

Recruitment figures for prognoses are given in Chapter 6, page 6. The
model further requires an input for recruitment in 1977, i.e. of the
year—class 1974. This has initially been set at values corresponding to
last years' astimates, i.e. 25 mill.fish in Div. 1A=1D and 15 mill. fish in

Div. 1E-1F.

The set of F values used in the VPA for the years 1965-76 is as previously. i.e.

1965 1966 1967 1968 1969 1970-7% 1976 1977-78

Subarea 1 0.46 0.54 0.62 0.80 0,55 n,3s 0,25 see
Div.1A-1D 0.45% 0,52 0.68 1.00 Q.59 n,35 0.25 Table 14
Diy,1E-1F 0.49 0.61 0.55 0.50 4g.50 0.35 g.25%

10, Results and discussion

i) The virtual population analyses (VPA)

Having seen the results of the first VPA-runs (with input values as
given in the preceding chapters) several more runs were made as background
material for the discussion. For all runs the numbers caught of each age
group was in accordance with the figures given in Table 12, but values of
M, F, and emigration coefficient were varied, Table 14 lists the inputs
for the various runs. Some were made for Sukarea 1 as a whole as well as
for Div. 1A-1D and 1E-1F separately. Since the present situation in the
stock and fisheries indicates that the offshore fishing is limited to the
area from the southern éart of Div. 1C and southwards only runs for Subarea 1

as a whole will ke illustrated and discussed.

Runs Sub 1-1 and Sub 1-2 (given as Tahles 15-18} are, in fact, similar
to the runs presented last year except for the updating by one year. One

would, therefore, hope to find similar resvlts for years prior to 1977 as
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were found last year. There is a reasonable good correspondence so far as
stock in numbers in the various years is concerned except for the years
1974-75, where the present runs lead to figures %-% below those found last
year. Also for 1976 the present runs indicate a stock about 25% below that
found by last year's apalyses. So far as the important 1973 year-class is
concerned the present analyses are in very good agreement with those of
last year, pointing to the year class as being in the order of 200 mill fish
at age 3.

When comparing resultant F-values cobtained last year and in the
present analyses there is, however, a great discrepancy between the two
years for age groups 6 years or older in the years 1975-77. Most noteworthy
are the high P-values for age-group 8-13 in 1977 {Tables 15 and 17).
However, looking at the numbers caught by age groups in 1977 and 1978
(Table 12) it is clear that such input data must l»ad to high F-values for
older age groups (when M is kept at the same leveijfor Younger age groups).
Age groups older than 7 years were evidently fished in relatively much
lesser scale than previously. The samples may, of course, be biassed.
However, it should also be born in mind that the previous offshore fishery
by gill nets and long lines practically vanished by 1978. Thereby the
older cod may be relatively less exploited.

The unexpected high fishing mortality occurring for older age groups
in previous years in the present analyses would, however, also occur by
wrong assumptions of some other input parameters. If, for instance, the
emigration of older age groups has been relatively high in 1977-78, as
supposed in run Sub 1-4 (Tables 19-20), then the F-values of 1977 will
decrease somewhat (compare Table 19 to Table 17). Another consideration
could be that if not all catches of cod are actually reported then there
is - in terms of the present analyses - a higher natural mortality than
assumed. In runs Sub 1-5 and Sub 1-6 such assumptions are made, and also
this leads to lower F-values in 1977 than in the initial runs {(run Sub 1-6
is found in Tables 21-22. Compare Table 21 with Tables 19 and 17) . Anyway,
it seems clear from the data for the First part of 1979 (see Chapter 3 and
Appendix 1), that the 1973 year-class is not as abundant now as initial
analyses would suggest. The assumed fishing mortality corresponding to
the 1978 catch could be too low (which would lead to too high estimates of
the stock and the year class) or there might have been other "mortalities”
(emigration and/or non-reported catches such as discards due to requlations
prescribing a maximum allowance of cod in fisheries for species other than
cod) . Whether one or the other (or a combination of) the considerations is

proper, the uncertainties also influence the prognoses.

ii} Forecasts
Forecasts of catches, stock size and spawning biomass will,
of course, differ between the various assumptions made. The catches in 1978
were higher than expected, but illustrated that Greenland may well catch
about 35 000 tons again in 1979, All forecasts made in this paper suppose
that this will be the case. A number of strategies are set up as shown in

Table 23. Spawning stock is defined as all cod 6 years or older.
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Strategy 1 operates with a constant catch level ot 35 000 tons
annually while strategy 2 operates with a constant F equal to that required
to obtain 35 000 tons in 1979. There is practically no difference between
these two strategies but both will, of course, like the other strategies,
result in higher stock levels by assuming F in 1978 = 0.16 instead of 0.20.

Strategy 4 operates with a higher fishing mortality (F = 0.30) from
1980 and onwards. This will, of course, result in higher catches in 1980
and 1981, but will also lead to a spawning stock by 1983 which is about
40% below that obtained through strategies 1 and 2. Strategy 5 operates
with an even higher fishing mortality from 1980 (F = 0.40, estimated to be
the F0.1-va1ue) and leads to a spawning stock by 1983 about 55% below that
in strategies 1 and 2.

Run 7.3 illustrates what would happen if in 1979 and the following
Years catches were kept at an absolute minimum [allowing for small bycatches).
Spawning biomass by 1983 would increase considerably (40% above the one in
strategies 1 and 2).

For run A 1.1 the assumption was made that the emigration and/or non
reported catches has functioned as if natural mortality was higher (M = 0.35)
than assumed in other runs, but (reported) catch level has been maintained
at the 35 000 tons as in strategy 1. It will be seen that the assumption
of a higher M leads to a significantly lower spawning biomass, by 1982-83
about 50-60% below that occuxrring by M = 0.20. It does, therefore, seem
very important to obtain further information on migration and on discards,

to improve the prognoses.

It should be strongly stressed that the 1979 data so far indicate that
the 1873 year-class is not likely to achieve the relatively high importance
as suggested by the forecast analyses. If the 1973 year-class has been
overestimated and/or fished more rapidly than in the model used then the
resultant catches and spawning biomasses in Table 23 are significantly

overestimated.

11. Cod at East Greenland

Samples by Demnmark(G) and the Fed.Rep. of Germany made it possible to
estimate numbers by age in the reported landings from Southeast Greenland
(Table 12). The figures for 1977 confirmed that the stock in this area
normally contains relatively more older cod than the West Greenland stock.
The 1978 samples also have relatively higher frequency of older age groups
but nevertheless considerably below that of 1977. There is, therefore, not
much support to be found for a theory of an increased emigration of old
cod from West to East Greenland waters.

It seems difficult to estimate fishing mortality in this region and no
VPA runs have been made. 1f all fishing is occurring in the Kap Farvel
region (as most of the Greenlandic effort) then figures might simply be
added to the figures for West Greenland and the area regarded as a unity.

Attention is again drawn to the conclusions based upon the report of

the ICES North-Western Working Group, 1376, that a catch for the Greenland

Al2
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area as a whole would be about 25% greater than that in Subarea )1 for the
same levels of F.
The importance of the East Greenland area as a potential spawning area

for the wWest Greenland stock should be born in mind.
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Table 1. Nominal catch (metric tons x 10—3) of cod in Subarea 1 and off Fast Greenland, 1977. Figures
for Greenland (SA t 24220 tons, East Greenland 1833 tons)} taken from STATLANT 21 B as supplied
to ICNAF. Figures for other countries from Summ.Doc. 78/VI/28 (15 June 1978} and thereby still
provisional figures. Catches listed under gill net may contain some catches taken by otter trawl
or long line.

Division Otter trawl Set gill net Long line Gear Unknown TOTAL
1A - 127 - 216 343
1B 3 298 - 580 881
1c 3546 935 - 2505 6986
D 3066 5013 19 2948 11044
1B 6208 2025 573 3521 12327
1F 1090 - 1091 4231 6412
Total SA 1 13913 8398 1683 13999 37993
East Greenland 4253 0 o 365 3218
Grand total 18166 10081 1683 14964 4321

Table 2. Provisional nominal catch (metric tons x 10-3) of cod in Subarea 1 and off East Greenland,
1978. Figures for Greenland {SA 1 35651 tons, East Greenland 1860 tons) taken from internal
reports(final figures for trawlers) while figures for other countries (SA 1 1488 tons, East
Greenland 463 tons) taken from radic reports by vessels to the Greenland administrative
cffices as requested in the management scheme. Figures for Norway (3 tons) supplied as
provisional figures for the 1979 Assessment Meeting.

Division Ctte trawl Set gill net Long line Gear unknown TOTAL
1A - - - 326 326
iB 2 - - 1319 1321
tC 11804 - - 2943 14747
D 2716 - 2 2094 4812
1E 4053 - 1 4078 8132
1P 702 - - 7099 7801
Total SA 1 19277 - 3 17859 37139
East Greenland 1194 - 30 1129 2353
Grand total 20471 - 33 18988 39492
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Table 3. Effort (hours fished), catch of cod and catch per unit effort for the Greenland trawlers
in 1976-78. Only figures for direct cod fishing are included for 1977-78 while for 1976
part of the effort may be for groundfish unspecified, especially in the last half of the

year.
1976 1977 1978
Division hours tons kg/hour hours tons kg/hour hours tons kg/hour
1B 236 9 38 0 0 - 0 0 -
0 5071 3013 594 2432 2478 1019 3562 11803 3314
1D 5912 3197 541 1531 1510 986 465 1148 3759
1E 6319 4756 753 3446 5459 1584 648” 26841) 4142
1r Q 0 - 121 293 2421 5 13 2600
Total SA 1 17538 10975 626 753¢ 9740 1293 1680 15648") 3344
East Greenland 98 109 1020 428 868 2028 386 727 1883
1}

Figures include 35 hours and 148 tons of cod registered in fisheries
for wolffish in May but most likely to be direct cod fishing.

Table 4,

Effort (hours fished) and catch per unit effort by quarter of the vear for the Greenland trawlers in 1976-78
and first month of 1979. Only figures for direct cod fishing are included for 1977-78 while for 1976 part
of the effort may be ground fish unspecified, especially in the last part of the year.

Year 1976
Division Quarter I II III v
hours kg/hour hours kg/hour hours kg/hour hours kg/hour

1B - - 136 22 100 60 - -
1c 3582 736 610 367 600 25 279 498
1D 1406 575 1713 180 1202 428 1591 984
1E 744 942 2672 631 1091 267 1812 1147
1F - - - - - - - -
Total Subarea 1 5732 723 5131 433 2993 276 3682 1027
East Greenland - - 96 1031 2 1000 - -
1977
I 1T I11 w
1B - - - - - - - -
1c 2258 1066 129 341 - - 45 600
n 919 693 566 1498 14 571 32 531
1E 1383 1277 1876 1846 141 113 46 1565
F - - 33 3364 88 2068 - -
Total Subarea 1 4560 1055 2604 1715 243 1428 123 943
East Greenland - - - - 268 2213 160 1719
1978 1979
I 11 ITI v January
1B - - - - - - - - - -
1c 3030 3225 487 3398 - - 45 8333 938 2674
1D 261 2877 162 3679 - - 42 9548 388 4173
1E 260 988 388 6255 - - - - - -
1F - - - - g5 2600 - - - -
Total Subarea 1 3551 3035 1037 4511 5 2600 87 8920 1326 3112
East Greenland - - - - 359 1975 27 667 - -
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Table 5. Effort (hours fished), catch of cod (by weight as well as by number) and catch per unit
effort for the Greenland trawlers, and total effort (trawlerd effort raised to correspond
to total catch) for Subarea 1, 1977-78 (see Table 3 for trawlers' effort and Table 12 for
number landed).

Trawlers' effort Trawlers' catch Trawlers cpue Total catch Total effort
(trawlers' effort
s raised to cover
S total catch)
=
1977 7530 9740 1,293 37993 29372
£
3]
% (1978 4680 15648 3.344 37139 11108
(3]
T
2 [e77 7530 8706 1.156 24454 21151
®
= |1978 4680 7734 1,653 18709 11321
S
o
Q
Table 6.

Age distribution and, for age groups representing 1% or more of the samples, mean length and
weight of age groups in samples from January and February, 1979 of the Greenland trawlers'
landings. Weight has been converted by factor 1.22 from gutted, head-on iced fish to round,
fresh weight. + indicates occcurrence below 0.5%

Age frequency % Mean length Mean weight
(em) (kg, round fresh)

Age pivision 1C iC 1m 1D {research) ic 1c iD 1D(res.} 1C 1C 1D 1D(res.)
group Month JAN FEB JAN JAN JAN FEB JAN JAN JAN FEB JAN JAN
I1r - - + + - - - - - - - -

v 43 25 12 + 48.1 48.6 48.7 - 1.10 1.13 1.16 -

v 44 49 32 26 56.7 58.3 58,0 62,2 1.81 1.94 2,04 2.44
Vi 12 22 53 73 67.4 68.7 67.8 &7.8 2,92 3.05 3.24 3.10
VI + + 1 1 - - 78,4 74.5 - - 4,80 4.00
VIIE + 1 2 + - B6.4 B7.5 - - 6.46 6,81 -
IX=-XITII + + + - - - - - - - - -
Overall mean length and weight 54.6 5B.9 63.8 66.3 1.68 2.1 2.70 2,93
Table 7. Subarea 1 cod, 1978. Danish samples. Only fish which were aged and weighted are given

here and since these were sampled stratified the table does not give the lenpgth nor the
age frequency. Overall mean lengths and weights are, however, calculated on basis of
the total (random) length sample. Information on discard obtained through vegsgels'
logbooks 1s indicated by x) whereas information obtained through direct observation is
indicated by xx}. Samples are from offshore areas unless otherwise indicated,

cm = uncorrected mean total length in cm (below) * standard deviation.

kg = mean weight in kg round, fresh weight * standard deviation. Most fish from
commercial samples were actually weighted as gutted iced fish and were converted
to round, fresh weight by a conversion factor of 1.22,

(Table 7 continued on next 4 pages)
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Table 7. (Cont'd)
1.
Age  Div- 1c 1c 1c 1c D
graup Month January February March May April
Gear OTB comm. |[OTB comm. | OTB comm. | OTB comm. | OTB res.
no. _ - - - -
0 IT cm
kg
no. - - 2 - -
IIT cm 40.8 -
kg 0.60
no. 76 76 100 28 16
Iv cm 53.0 4.2 53.2 4.1 51.0 4.1 52.7 5.0 46.9 4.8
kg 1.47 0.30 |1.48 0.28 11.27 0,32 ]1.33 0.34 10.89 0.29
no. 187 187 222 258 138
v cm 66.9 4.9 66.6 .0 66.1 5.5 60.5 6.1 61.8 6.8
ka 2.99 0.54 ]2.95 0.55 |2.88 0.72 |1.96 0,50 ] 2.15 0.72
no. 23 23 24 5 4
VI cm 68.6 5.3 68.5 5.5 68.7 6.1 65.6 2.5 75.3 5.3
kg 3.22 0.64 |3.20 0.66 [|3.25 0.92 | 2.41 D.24 | 3.59 0.77
no. 38 38 40 2 4
VIl om 78.7 9.1 7.7 9.5 72.7 9.4 79.0 - 76.8 4.3
kg 5.08 t.30 |4.92 1.34 |4.00 1.42 14.02 - £ % 0.46
no. 16 16 16 1 -
VITI e 87.0 4.9 36.3 6.0 80,2 4.0 95.0 -
kg 6.88 0.95 |6.64 1.07 15,29 0.72 |6.47 -
no. 1 1 - - -
IX em 92,0 - 92,0 -
kg 7.50 - 7.50 -
no. ' 2 1 3 1 4
% om 92.3 - 7.0 - or.4 20.0 {87.0 - |s3.0 4.5
kg 8.10 - 4.59 - 7.49 4.37 j4.64 - 4,23 0,98
no. - - - - 3
XI cm 81.0 9.0
kg 4.33 1.37
ne. - - - - 2
XII cm 76.5 -
kg 3.59 -
no. - - - - 1
XIIT Ccm 91.0 -
kg 4.50 .-
no. - - - - -
XIv cm
kg
nG. - - - - 1
XV + cm 109.0 -
kg 10.0
Overall mean | ¢¢ ¢ 66.1 62.1 60.2 62.5
length -
Overall mean 3,04 2.95 2.49 1.90 2.27
welght
Discard, cod none™ none™’ none! none™ none(res.}
“Na. aged and
weighted 343 342 407 295 173
Ref. no. 2722 2723 2725 2732 5553
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2.

Diy.
Month
Gear

Age
group

oTB

1D
April
res.

1E
April
OTB

comm.

1E
November
OTB res.

1F/East Greenl
August

OTB comm.

1F/East Greenl
September
oT8 COomm.

no.
cm

kg
no.
cm
kg
na,
om
kg
no.

v ch
kg
no.
CR
kg
no.
Cl
kg
nG.
cm
kg

II

111

v

VI

VII

VIII

no.
Cm
kg
Ro.
X cm
kg
no.
cm
kg
no.
cm
kg
no.
Ccm
kg
no.
cm
kg
no,
cm
kg

IX

AT

XII

XITX

XIV

XV +

38.6
0.50

18
46.4
0.89

43
54.3
1.39

78.5
4.40

40.0
0.49

17
52.5

1.26 0.

228
55.9
1.58

62,8
2,21

73.5
3.54

73.0
3.23

42.0 -
0.80 -

47.7
T.11

93
63.2 5.4
2.35 0.68

60.3
2.22

95.0 -
7.50 -

84.0 -
4.60 -

315
58.2
2.03

10
64.0
2.59

[= -]
-
= O

(-]
[V ]

76.5
3.81

o uw
.
P

80.0 -
4.00 -

315
55.8
1.82

10
62.1
2.4

L

(=2 |
.
o h

Cverall mean

length

62,5

58.4

56.0

Overall mean

weight

2.35

2.07

1.83

Diacard, cod

none (res.)

none (res.)

)

X
none

}

X
none

No. aged and
weighted

68

105

a3o

325

Ref. no.

5562

5636

2750

2762
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{(Cont'd)

3.

Div,
Month
Gear

Age
group

1D
August
Hand 1. comm.

1D inshore
September
Hand 1. res.

10 inshore
May
Pound n.

COmm .

10 inshore
July

Pound n. comm.

1D inshore
August

Pound n. comm.

no.
cm
kg

no.
cm
kg
no.
cm
kg

no.
v cm

kg
no.
cm
kg

It

IIlI

v

VI

no.
cm
kg
no.
Ccm
kg
no.
Cm
kg
no. !
X cm
kg
no,
cm
kg

Vil

VIII

Ix

XI

No.
[+311]
kg

XII

no.
cm
kg

AIII

no.
cm
kg

XIv

no.
cm
kg

XV +

10
40.2
0.73

78
50.2
1.18

402
62.9
2.31

15
68.8
2.92

66.7
2.29

49.9
1.16 0.

68.0
2.38

62.0 -
1.78 -

Preceding age/length key and weights
used for length sample of €1 specimens

51
45.5 4
1.06 0

127
51.7 6
1.54 0

78
45.5
1.09

402
58.8
1.89

15
71.8
.07

67.8
2.90 1.

Overall mean

length

62.8

62.2

59.7(landing)

55.7

Overall mean

weight

2.1

2.17

2.35

1.72

‘Discard, cod

XX)
none

none (res.)

25% by no.*

x}

44% by no.xx)

4% by xx)

No. aged and
weighted

515

61

178

504

504

Ref. no.

2746, 2754

2760

5570

2745

2747
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Div.
Month
Gear

Age
group

1E inshore
September

Pound n. comm,

1D inshore
May
Gill net comm.

1D inshore
June
Gill net comm.

no.
II cm
kg
no.
I cm
kg
no.
v cm
kg
no.
\'4 cm
kg
no.
vI cm
kg
no.
VII cm
kg
no.
VILX cm
kg
no.
IX cm
kg
no. /
X cm
kg
no.
XI cm
kg
no.
XII1 cm
kg
no.
XIII cm
kg
no.
XIV cm
kg
no.
XV + cm
kg

54
44.0
0.92

218
56.5
1.81

L= ]
v

o w;
.
o —

56.7 9.
1.91 0

.
W @

65.0 -
2.62 -

41.8 0.9
0.81 0.03

57
47.4 6.3
1.25 0.42

127
59.7 4.8
2.23 0.47

72.0 -
3.96 -

62.6 7.4
2.73 1.44

71.0 -
3.90 -

6
40.0 2.4
0.81 0.1

58
45.9 4.5
1.10 0.28

127
56.6 7.5
1.97 0.72

2
63.2 5.1
2.58 0.56

4
73.1 3.3
not weighted

2
70.8 5.2
not weighted

Overall mean
length

58.2

53.4

Overall mean
weight

2,13

Discard, cod

less than 20%
by no.

x}

1-2% by no.xx)

3% by no.xx)

Na. aged and
weighted

215

196

199

Ref. no.

2758, 2759

5567

5577, 5578
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‘Table 8. oOverall mean length and weight of samples fram Fed.Rep.of Germany
fisheries and research in 1%978. All catches taken by bottom otter trawl.
Research hauls 30 mm codend mesh size, commercial 130 mm,

Division Month Typ:ngfsziz?;ng Meanc;ength Meankgeight
1c FEB/MAR commercial ,catch 61.2 2.14
1c DEC research, catch 65.4 2.83
iD MAR commercial ,catch 62.4 2.14
1D DEC research, catch 60,5 2.45
1E MAR commercial,catch 60.3 2.14
1E DEC research, catch 47.3 1.43
1F JFAN commercial,landing 54.4 1.24
1F DEC research, catch 60.0 1.87

East Greenl. JAN commercial,landing 54,4 1.33
" " FEB " " 69.7 2.64
" " My " " 62.2 1.96
" " JuN' " " 62,1 1.80
" * JUL " " B2.9 3.58
" " AUG " " 69.9 2.26

Table 9, .Subarea 1 cod, 1978. Mean weight (kg round, fresh) by age as obtained from samples as
listed in Table 6. Inshore 1377 unweighted mean.

Unweighted mean by gquarter Weighted Weighted
Age group 1 2 3 4 mean 1978 mean 1977
III (0.60) 0.49 0.73 (0.80) 0.59 0.66
v 1.41 1.09 1.18 1.11 1.29 1.03
g v 2.94 .77 2.058 2.35 2.54 1.43
ﬁ VI 3.22 2.74 2,64 (2,22) 2.98 1.87
8 VII 4.67 3.90 3.05 - 4,40 3.39
VIII 6.27 (6.47) {4.00) - 6,29 -
111 - 0.73 0.73 0.86
v " 1.06 1.05 @ 1.06 1,55
g v é‘ 1.54 2.186 é‘ 1.99 2.14
ﬁ VI b - 2.69 a 2.69 2.49
= VII g - 2.63 g 2.63 4.44
VIII - - - -
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Table 10,

Nominal catch of Subarea 1

- 21 -

cod in 1978 by quarter of the year.

Quarter 1 2 3 A Total specified catch in
%.of total nominal catch,.
Tons 10782 5093 293 1624 92,3
offshore "o/ 60,6 P8.6 146 Gl
insh Tonsg 230 4215 11269 2145 100
LASHOre  a 1.3 23.6 631 12,0

Table 171,

Weight (kg round, fresh) used in the forecast for catches in 1979-80. Por age groupa older
than 7 years recent materisl is very limited, and for these age groups mean weights from
previous years' assessment are used,

Basic weight data Figures used in
forecast assuming
Age group 1 2 3 4 60% offshore, 40%
Offshore Offshore Mean Inshore inshore fishing.
1978 Jan-Feb, 1979 of 1978
(Table 9) (Table 6) 1 and 2 (rable 9)

III 0.59 - 0.59 Q.73 0.65
v 1.29 1.13 1.21 1.06 1.15
¥ 2.54 2.06 2.30 1.99 2.18
VI 2.98 3.08 3.03 2,69 2.89
VI1 4,40 4.40 4.40 2.63 3.69
VIII 4.58 "
IX 5.06
X 5.60
X1 6.00 ¢
XII 6.60 a8 in previous years' assessment.
XII 7.70
XI1v 9.00 .
iV 10.50

J
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Table 13.

Maturity stages of cod caught offshore in Div., 1C=~1E between 21 March
and 25 April, 1978. Stage I immatures, II maturing but not yet ready to
spawn, III just before spawning or apawning, IV post-spawners, Figures
are number of fish analyzed,

Length group Males Females
cm III IV I

o
)
-
H
]

ITI Iv

33-35
36-38
39-41 3
42-44 11
45-47 13
48=50 11
5153 13
54-56 3
57-59 3
60-62 2
63-65 4

1

-
t 1 :
1L

]

:

[ T N

I =1 N= o OUITVIY = O] - |

66-68

69~T1

T2=T74 -
5=T7 -
78-80 -
81-83% 1
84-86 -
87=-89 -
90-92 -

108=-110 -

I | =2 =22 NN s
LI I I B |

I =2 RNWHOOWORET DO
]
[T B |

|

B T I P O R S |
LT PRI VOURINOO NI ~3 i |
Ll =1 PRl st |
|
I =1 = 1

Nl

]
1
-—
]
1
[}
1

Total neos, 68 71 10 47 155 24 0 7
% (by sex) 34,7 36.2 5.1 24.0 83,3 12.9

o
N
02}
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Table 23,

by various fishing strategies and by various assumptions of F in 1978. Catches

Predicted catches and spawning biomass (at the beginning of the year)

and biomass given in thousands of tons. Run A 1.1 based on an M~value of 0.35,
the other runs on a value of 0.20. Figures in brackets show the percentage which

the 1973 year-class makes up of the catches and biomass in the analyses,

Strategy 7.3 for
(Ret.no. for ] 5 s 5 F7g=0.16
computer out- A 1.1 for
prints) Fpu=0.20
P 0.11 0.11 0.11 0.11 6.01
1979 catch 35 (69) 35 (69) 35 (69) 35 569) 3 (69)
sp. stock 271 (94) 271 (94) 271 (94) 271 (94) 271 (94)
F 0.10 0.11 0,30 0.40 0.01
1980 catch 35 (57) 39 §57; 97 (57) 124 (57) 4 gss)
sp.stock 298 (80) 298 (80) 298 (80) 298 {80) 329 (80)
F in 1978 F 6.10 0.11 0.30 0,40 0.01
_ 0.1 1981 caten 35 E49; 39 (493 81 5483 95 §483 4 (513
- sp.s tock 354 (59) 349 (59) 291 (58) 264 (58) 423 (59
F 0.10 0.11 0.30 0.40 0.01
1982 sp,stock 321 (51) 313 (50) 217 (50) 179 (50) 417 (51)
1983 sp.stock 325 (39) 314 (39) 186 (37) 141 (36) 450 (41)
F 0.13 0.13 0.13 0.13 0.164
1979 catch 35 {65) 35 (653 35 (65% 35 E65; 35 §67)
¥ in 1978 sp.stock 212 (94) 212 (94) 212 (94) 212 (94) 196 (94)
= .20 P 0.12 0,13 0,30 0.40 0,173
= Ve 1980 catech 35 (52) 39 (52) 82 (51) 104 (51) 35 553)
sp.stock 236 (77) 236 (77) 236 (77) 236(77) 175 (80)
F 0.12 0.13 0,30 0.40 0,205
1981 catch 35 (44) 39 (44; 70 (43) 82 (42) 35 (43)
sp.stock 290 (54) 286 (54) 244 (54) 221 (53) 1715 (56)
F 0.12 0.13 0.30 0.40 0.25
1982 spstock 264 (45) 256 (45) 186 (45) 153 (44) 127 (47)
1983 sp,stock 274 (33) 262 (33) 166 (32) 126 (31} 110 (31)

——— - =
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Fig. 1. Greenland trawlers' catch of cod per unit effort (kg/hr) by division and
quarter of the year (see Table 4). Open columns based an less than 50 hours
trawling. Small circles indicate nil effort,
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Figure 2, Length-frequency diagram of cod caught by pound

net in the Godthdb Fiord (Div. 1D), July 1978.
A total of 2075 cod was measured,
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Fig., 3. Acoustic survey by AV Adelf Jensen, 29-30 January 1979. Black dots are
reference positions. Only at the zig-zag lines west of Ravns Bank and northeast
of Frederikshaab Bank were shoals of fish seen.
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APPENDIX 1

Additional Information for February-March 1979

After the main paper and the tables had been produced two more samples
of the commercial landings by Greenland trawlers in February and in March,
1979, were received. One of the samples was worked up with otoliths from
other samples from January-February (the same as those used for sample in
Table 6 of the main paper). Time did not permit this for the second sample.

The age distribution of the February sample is shown in App, Teble 1,
while the length distribution of both the February and the March samples
is given in App. Table 2.

It will be seen that age~group 4, the 1975 year-class, is now the
predominating one accounting for close to half the landing (by number). The
relative importance of the 1973 year-class has decreased to about 20% by
number and about 35% by weight (applying weight figures from App. Table 1).
Although this latter figure is still inside the range found in the forecasts
made last year, it is at the low end of the range and below that expected
from the analyses.

The fishery is at the same time reporting decreasing catch rate
(verbal information} so unless catch rate improves again and the 1973
year-class again becomes the predominating one (which may happen c¢loser to
the spawning time) the catches of 1979 would seem to be dominated by small
cod of the 1974 and 1975 year-classes. Catches by g9ill net and long line,
if any, would be supposed to conszist mainly of individuals of the 1973

Year-class.

Appendix, Table 1, Age distribution and mean length and weight of age groups in

a sample of a commercial landing from ICNAF biv. 1 C, 23=-28 February ,1979, Gear

is bottom otter trawl, 130 mm ced-end mesh =ize,

Age-group Age freguency Mean length Mean weight
4 em kg, round,
fresh
III + 33,0 0.43
Iy 47 47.0 1.02
v 32 56.0 1.82
VI 20 67.4 3.05
VII + T6LT 4.40
VIII 1 67,2 &.65
I.-X711II + - -
Overall mean length 54,5 1.75
and weight
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Appendix, Table 2. Length frequency (O/ooj of samples of landings by Greenland
commerclal trawlers, February and March, 1979, ICHNAF Div, 1C and 1D, Gear is
bestom otter trawl as for Table 1. The age distribution in the sample from Fe-

bruary is given in App, Table 1. Otoliths for the March sample not yet read at
the time whan_th- paper was produced,

Icm length Div, 1C + 1D Div,.1C
group 23-28 Feb, T=12 March

39-41 20 4

42- 96 49

45- 154 147

48~ 172 171

51~ 124 135

54- 89 92

57= 7T 95

60~ 70 97

63~ 52 64

66= 34 38

69= 44 42

T2= 23 18

75 20 23

78- 8 13

81=- 5 3

B84- 3 3

8T~ 2 -

90- b4 3

93= 1 2

96+ 2 -

99~ 1 3
Total nos.measu- 1548 1180
red,
Totel landing
sampled 29 tOns 66 tons
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APPENDIX 2

Further Analysis at the April 1979 Meeting of the Assessments Subcommittee

Having discussed the status and recruitment prospects for Subarea 1 cod
based upon Res. Doc. 79/VI/59, the ICNAF Assessments Subcommittee felt that some
further analyses should be carried cut based upon the likely trend in the fishery
(also occurring in other cod stocks considered at the April 1979 Meeting of the
Subcommittee) towards a higher concentration on effort with increasing fishing
mortality on newly-recruited age-groups, and with a decreasing effort on older
age-groups.

The analyses presented here are based upon estimates of the 1979 catch
composition as evidenced by catches and sampling in January-March 1979, and on
estimates on fishing mortality created by effort concentrating on newly-recruited
year-classes assuming that offshore fishing by gillnet and longline will be negli-
gible in 1979-82. The following two sets of assumptions were made,

Assumption A. The 1979 catch will be about 36,000 tons. Catch composition by
age-groups and estimates of F for 1979:

Age 3 4 5 6 7 8 9 10 11 12-15+
Nos. x 1073 200 9000 6000 4000 200 20 20 10 5 1 each
F 0.05 0.30 0.30 0.30 0.15 0,10 0.05 0.03 0.02 0.01

Assumption B. The 1979 catch will be of the same order as in Assumptiom A {the
inputs of F and stock composition resulted in 39,000 tons). Catch
composition and estimates of F as follows:

Age 3 4 5 [ 7 8 9 10 1 12-15+
Nos. x 1073 200 5000 3600 9000 200 20 20 10 5 1 each
F 0.05 0.20 0.30 0.3¢ 0.15 0,10 0.05 0.03 0.02 0.01

The actual 1979 situation is very likely to be in between the two sets of assumptiona,
possibly closer to assumption A than to B. For both sets of agsumptions, it was
further regarded that the relatively high exploitation of younger age-groups is
likely to result in a relatively higher degree of discard of especially age-group 3.
Consequently, the natural mortality rate for this age-group has been raised from

0.20 to 0.30 in the present analyses.

The resultant population numbers by age and fishing mortalities are presented
in Tables 1 and 2 for assumptions A and B, respectively.

It will be seen that the results are much more reasonable than those in the
first runs of Res. Doc. 79/VI/59. For example, the extremely high fishing mortalities
for old age~groups in recent years resulting from the former assumptions are now at
a level much closer to that assumed by trends in effort. Furthermore, the relative
strength of year-classes is in good agreement with that judged by direct observations.
The 1973 year-class seems to be in the range of 100-145 miliion fish at age 3, the
1974 year-class 25-46 million, as compared to the initial estimate of 40 million.
The size of the 1975 year-class in the analyses is extremely dependent upon the
rather arbitrary choice of F for age-group 4 in 1979. By the chosen F values the
year-class turns out with figures of 41-51 million fish., This 18, however, estimated
to be too low a figure, and in the projections for 1980-83 the figure has been
increased to the initial estimate of 7§ million fish at age 3.

Projections of satch and spawning biomass have been made under the same two
sets of assumptions as mentioned above. Clearly, for the immediate future (1980),
there 18 a rather great difference between the results for the two mets of assump-
tions. Assumption A implies that the important year-class 1973 was initilally about
100 million fish at age 3 and that it has been fished relatively more than by
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assumption B, where the initial size was about 145 million fish. Consequently, the
residuals by 1980 of this year-class 1s rather much higher by assumption B than by
assumption A (38 and 17 million fish, respectively, by the beginning of 1980). The
projections are presented in Table 3. Strategy 1 assumes that the 1979 estimated
catch level be maintained through 1980-82. Strategy 2 operates at the Fgp ; level
from 1980. Stragegy 3 illustrates the changes in catch and spawning bilomass
occurring if the 1980 catch is kept very low (at the by-catch-only level), but
thereafter raised to a level corresponding to F by 1979 {0.30 for most exploited
age-groups). Strategy 4 1llustrates the development by a catch level corresponding
to half the present level.

It will be seen from the analyses that the 1973 year-class is the major one
in the spawning stock by 1979 (74-87% by weight). It will decrease rapidly thereafter
and, by 1983, it is expected to make up no more than 14-28% of the spawning biomass.
The degree to which the following year-classes will be exploited is highly deciaive
for the resultaunt spawning stock,

The figures for spavming stock can, of course, not be very accurate. They
do, however, demonstrate the relation between the various strategies in terms of
the rate by which the spawning stock will change. The potential of the 1973 year-
class was not utilized very much to rebuild the spawning stock, but some possibilities
seem to exist in the following 1974 and especlally 1975 year-class. It will, however,
require a lower explolitation of these year-classes than that faced by the 1973 year-
class if the spawning stock is going to be rebuilt.

The absolute figures for spawning stock do, as mentioned, vary by the various
agsumptions made. However, the level of spawning stock was noc doubt extremely
low in 1976-78. Table 4 illustrates, for the same two sets of assumptions and
same mean weight of age-groups as by 1979, the relative changes in spawning stock
in the years 1971-78 in relation to the one estimated by the beginning of 1971.

It is pointed out that the overall level for this period is much below that in
the 1950-60's,
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Table 1. Population (nos. x 10™3) and fishing mortality (F) by assumption A,

FOPULATION NUMBERS 3 479
1 1971 1972 1973 1974 19735 197& 197y 13 197a
3 86315 1e12% 12728 14810 16264 1820412 45141 51711 4741
4 | 287 3718 11935 9355 192022 11212 se338 33%8E 38122
51 FB1eB 21293 43077 F8E7 2683 S0a3 SE23 IFITE 25415
6 | c2421 ce3G9 8579 Sbd49 4138 3849 Prdc -1 a2d9d 156943
7o 13580 9358 Vo2 4238 19465 1757 12%6 e 1612
2 1 16826 B33 4153 3774 2208 2982 11a1 =43 23r
2 4845 G393 o443 1234 i34 a3 216 Lt 463
16 Sa5E 1318 1873 E45 o7 bals = S 251 382
1 i 2741 &322 375 353 437 iz el 147 285
12 1 423 1e9d &7 f=rea] 119 385 =iy 147 114
i3 1 416 Fan 232 G 41 59 &1 147 114
14 1 747 &vr9 = 215 183 24 21 147 it4
15 1] 213 464 17 42 a8 132 & o3 114
P J28068 150276 93936 BIEV4S DERE82 129649 125049 1034 22661
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Table 1. {(Cont'd)

FISHING HORTALITY

{ 1597 V372 1973 1977

b . B8 B.l@1e B BIET B

4 i A Bei9l B2dl o 0.379 A&,

5909 B.789 @.545 4, B. G882 @

E B . 8737 4. 982 i EL f.es3 a 7
T8 BLBE4 0,476 .56 .21 B.516 O 158
21 1. B.652 G.424 B.T21 1.144 9.9328 0.567 @ 16
3§ a. Led56 8214 D.EBE  B.73T B.321 BLEES 0. 8. B5a
1 1 @A 8.769 8.867 @.391 0.493 A.467 0.5329 0.039 0,459
S O I S e H.218 B 16l B30 W.P08 8. 008
12 1 " .97 §.326 B.451 8.186 G.347 B.008 0,010
31 B.i49 B8.7E2 6,523 B.282 B.329% 0.i24 9.0062 F.510
14 {1 8.2287 @.&%2 8.577 B.AFF 1.69% 80857 8.882 6. 316
131 6.350 92.355 p.359 R.3580 B.250 P.200 0.85@ G.5i0

Table 2. Pooulation (nos. x 10™3) and fishing mortality (F) by assumption B,

FOPULATION HUNBERS e 479
1 1971 197e 19y 1374 1975 1376 IR=rary LEvE 1978
Do B621S 15183 12780 14010 16254 144698 25156 41155 47d1
4 1 28791 EIF1A 11935 SIEE 18882 gz DEHIG ad 28332
51 366 cig®3 432877 TEST £ Sz Eid2E 127ar7
5 | a2del ceaaa 2573 20443 4138 843 b 3alge
B 1206 HSE TR L Yl 18455 1757 icls
A 158G S 4153 el cIae S 237
N 4843 43959 e T4 19594 13de o7l 43
i | 51514 1318 173 S48 537 B2
o 2741 cE2e 475 333 &85
12 i 435 iz9d4 ELTH St 114
12 1 3ig vl Hng 44 114
i4 1 i X oS e Fog b 1i4
15 L3 ded 157 g4 114
bEEReEd  SREVE W398 53745 SRI43
FIZHIMG FORTALITY R
! 1974 1375 1376 1977 1978 1979
I T - 5 323 G.828 A998 0.002 R.506 9.850
4 & A 5 B.130 @581 A.473 0.237 B.178 @, 200
50 8.3 R E Bo4oh B.535  6.654  B.522 0.596 Q. 308
&t G.eld B.373 B.582 9.470 §.657 B.581  1.863 0.233 @. 204
Tl B8589 A.624 B.476 B.36EH 1,385 8.217  B.516 8.652 @.150
£ 1 1843 2.652 0.4584 B.7E1 1.144 0.938 0 Fec g-028 9. 168
2t B.EFE 1.1596 B804 HLERG BLTET O B.221 Q. 6o0 @. 832 9.08%0
18 1 B.338 BLTE? B.857 B.301 B.493  8.407 4. 534 a.a33
11+ B-361 A.627 B.500 0.248 B.218 0. 161 B B @i
12 v B.227 6.570 0.32%  [.456  5.451 9. 186 8.5 2 B.018
21 B.149 0,789 0.383 @537 A2E2 &. 2. A8
14 0 0eE37 @.@83 B85V L85 @677 1.055 .7 B.09652 8,418
‘13 1 P.359 0.350 9.399 0.358 B8.250 B.250 9.288 8.8950 . 913
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Table 3. Subarea 1 cod: projected catch and spawning biomass (Nos.
x 1073 by various fishing strategies and estimates (A and
B) of the 1979 catch and stock composition. Figures in
brackets show the percentage which the 1973 year-class
makes up of the catch and spawning biomass. For assump-—
tions see text.
Strategy No.
2 3 4
Spawvning biomass 66 (74) 66 (74) 66 (74) 66 (74)
1979 F 0.30 0.30 0.30 0.11
Catch 36 (32) 36 (32) 36 (32) 15 (32)
Spawning biomass 96 (40) 96 (40) 96 (40) 113 (40)
1980 F 0.27 0.40 0.05 0.09
Catch 35 (12) 49 (12) 7 (12) 15 (12)
A .Spawning biomass | 145 (22) 131 (23) 174 (21) 194 (22)
1981 F 0.28 0.40 0.30 0.09
Catch 35 (7 43 (8) 43 (1) 15 (7
Spawning biomass | 133 (19) 110 (21) 158 (18) 202 (17)
1982 ¥ 0.36 0.40 0.30 0.11 -
Catch 35 (&) 34 (&) 33 (4) 15 (4)
1983 Spawning biomass | 144 (14) 126 (14) 169 (13) 238 (13)
Spawning biomass | 127 (87) 127 (87) 127 (87) 127 (87)
1979 F 0.30 0.30 0.30 ¢.10
Catch 39 (66) 39 (66) 39 (66) 15 (66)
Spawning biomass | 121 (71) 121 (71) 121 (71) 145 (72)
1980 F 0.25 0.40 0.05 0.09
Catch 35 (26) 53 (26) 8 (25) 15 (27)
B Spawning biomass | 176 (41) 158 (43) 205 (39) 227 (42)
1981 F 0.26 0.40 0.30 0.09
Catch 35 (15) 46 (16) 46 (15) 15 (16)
Spawning biomass | 159 (36) 130 (39) 181 (35) 228 (35)
1982 F 0.34 0.40 0.30 0.10
Catch 35 (8) 35 (8) 34 (8) 15 (8)
1983 Spawning biomass | 169 (28) 136 {(30) 190 (27) 262 (26)
Table 4. Spawning biomass (age 6+ in tons x 10~3) in relation to that by
1971 and by two sets of assumptions for the 1979 situation.
Assumption | 1971 1972 1973 1974 1975 1976 1977 1978 1979
100 71 39 &4 29 10 8 25
B 100 71 39 &4 29 10 47
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