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Report of the North-Western Working Group

A. lNTRODUCTlON

1. Terms of Reference

At the Council's Statutory Meeting in 1975 the following resolution was
adopted (C.Res.1975/2:29):

"It was

(i)

(ii)

(iii)

deciced, that

the North-Western Working Group should meet at Charlottenlund
from 19-23 January 1976 (postponed to 8-12 March) under the
chairmanship of Mr J M011er Christensen in order to:

(a) investigate the interrelationship between the
cod at East and West Greenland and adjacent
waters, and

(b) report separatelyron the state of the stocks of
cod and haddock in lcelandic and adjacent waters.,

lCNAF should be ihvited to participate in the discussions
under Item (a), and that

this report be made available to the STACRES of lCNAF."

•

2. Participants

A C Burd
Sv. Aa. Horsted*
J Jakobsson
J S Joensen
B W Jones
R Jones
P Kanneworff
J M011er Jensen
J M011er Christensen

(Chairman)
S A Schopka
A Schumacher*
o Ulltang

-l~ also representing ICNAF.

3. Previous and Present Assessments

U.K. ' (England)
Denmark
lceland
Faroe lslands
U.K. (England)
U.K. (Scotland)

. Denmark
Denmark

Denmark
lceland
Germany, Fed.Rep.of
Norway

At its meeting in 1970 the North-Western Working Group made assessments of
the stocks of cod and haddock in lCES Division Va (Iceland Qrounds). lt
also made an estimate of the migration of mature cod from East Greenland to
Iceland.

The assessments of the cod stock~ in these areas were reviewed by the Joint
ICES/ICNAF Working Group on'Cod Stocks in_ the North Atlanticin 1972.

At the present meeting the North-Western Working Group made new assessments
of the cod and haddock stock at lceland Grounds (Sections Band C) •. The
Group also made further analyses of the interrelationship between the cod
stocks at lceland and at Greenland (Section E ) and assessed the cod stock
at Greenland (lCES Subarea'XlV and lCNAF Divisions lE and IF) (Section D ).
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B. COD IN DIVISION Va - ICELAND GROUNDS ..
4. Nominal catches

4.1 Data used

,In Table. 1 the nominal catches by country for each year of the period 1955-75
are presented•. The 'data are in part taken from "Bulletin Statistique" while
others are from national statistics. For comparison,the total catch reported
in "Bulletin Statistique" is given in the table. It is seen that the diffe
rences between the two sets are small •

.Trends "in catches-----------------. .
" In the 'period under review the annual catches of cod have fluctuated between

a minimum catch in 1967 of about 345 obO.tons to a maximum catch of about
540 000 tons in 1955. Within the period, there have been a numberof fluc
tuations. The catches from 1955 declined until' 1961, followed'by a recovery
to a maximum in 1964. Again the catches declined to a minimum in 1967,
followed by yet another recovery reaching a maximum in 1970. Since then the
catches nave'again' decreased, the provisional catch in 1975 of about 370 000
tonsis similar to the catch in 1974. These recent catches are about 13%
below.the 20-year average of 424 000 tons.

•

5., "Spawning" and "non-spawning" fisheries

Reference is made in this report to "spawningli and "non-spawning" fisheries for
cod at Iceland. These terms distinguish between the"spawning'fishery exploiting

'primarilythe spawning aggregationsin the spring season to which non-Icelandic·
vessels do not have access, and the "non-spawning" fishery which includes all
the other fisheries. These terms are used for convenience only"but can be
misleading because the "spawning" fishery catches a proportion of immature fis!l
as weIl as mature adults and conversely the "non-spawning'fishery exploits the
whole age range including mature adult fish.

-
"1975..

6.
6.1

6.2

l

Effort

Data used---------
The data on English effort (trawling hours) arebased'on '''Bulletin Statistiqua
for the respective,years. The data on Icelandic effort (trawling hours'or da,.,
absent) are based on "Bulletin Statistique" for 1972 and; later,years and on
unpublished national statistics supplied by the Fisheries Association of Iceland
for 1970 and 1971.

~ff~~~_~~~_~~~~~_E~~_~~!~_~f_~ff~~~_~2IQ:I2_:_~~~:~E~~~!~~_f!~~~~~~~

Total numbers of hours' trawling for the English,traw1ers, separated into
steam and motor trawlers are given in Table 2.a. The steam and motor trawlers
had about the same catch per hour trawling. Hours' trawling for the two cate
gories,were therefore summed to give an estimate of total English. effort. This
increased from 1970 to 1972 and theri gradual1y decreased again'to 1975. Catch
per hour trawling showed a' total decrease of about 30% from 1970 to 1975.

. , , ' .
The Eng1ish catch per'effort data have been used to derive a measure of the
~ota1,i~t.rnationaleffortin the non-spawning fisheries.' This eff6rt in
creased by 28% from 1970 to1971 and then gradually decreased to 1974. In
it increased rather sharp1y again to about 30% above the1970·level.' The
English effort'raised to the total catches gives an estimate of the total
effort in English units which would be needed to take these catches.

Ice1andic data on trawl effort (Tab1e 2.b,c~ and d) were separated into trawlers
bigger than:500 BRT (Table 2.b), !celandic multigear boats(Table:,&:)and,the'new
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, Icelandic stern trawlers smaller than 500 tons (Table 2.d). The'effort
figures given are the total trawling effort regardless of species sought.

The contribution of cod to the total catches,has varied between years and
categories. ' Without knowing the proportion of the effort which has been
directed towards cod, the total Icelandic trawling effort on cod cannot be
estimated in the way in which it'was done for English effort. Tables 2.b 
2.d, however, give indications of what changes there have'been in effort
during the period 1970-75.

Effort of big trawlers and multi-gear boats has been rather constantduring
the period, while there has.been a big increase in effert of stern trawlers
(300-500 BRT). There is no special trend in the catchper hour trawling for
big trawlers (> 500 BRT) and stern trawlers (300-500 BRT) during the period.
Catch per day absent for multi-gear boats shows, however, a rapid decrease
with time •

~ff~~~_~~~_~~~~~_E~~_~~~~_~f_~ff~~~~~2IQ:I2_:_~E~~~~~g_~~~_~~~~~_f~~~~~~~~

Icelandic data for effort in the gillnet fisheries (Table 2.e), long-line;
fisheries (Table 2.f) and hand-line fisheries (Table 2.g) show some increase"
in effort for gillnet and hand line'during the period and a rather stable
level for long line. There is a rather consistent and considerable decrease
in catch per unit of effort for the three categories.

Conclusions

In both the non-spawning and the spawning fisheries there has been an
increase in total effort from 1970 to1975. There has been a considerable
decrease in catch per uni t of effort in the spawning fisheries., There has
also been some decrease in catch' per unit of effort in the' non-spawning
fisheries •

Age composition of the landings I

Age compositions of national landings were available as numbers landed in each
age group in each year for the main countries involved in~the fishery 
Iceland, England and Federal Republic of Germany - for the period 1955-75.. , '

For Icelandic landings age compositions were presented for the non-spawning
and the spawning fisheries separately. Many of the data have been revised
since the last meeting of the Working Group.

To obtain the agecompositions for the total fishery in each year, the age
compositions of England, the Federal Republic of Germany and the Icelandic
non-spawning fishery were first summed. This total was then raised by the
ratio of the landed weights8

En land & German Countries

.8. Mean weight by age...
Mean weight by age is.'required in order to convert into biomass the.'stock
sizes in number derived from VPA. Neither in the Icelandic' material nor in

~ ·the English data have measurements been made routinely on wei~htper age -
group.

From both countries , data are available for mean length.per.ßge •. These have
been converted to weight by means of'weight/length regressions. The para-

,meters of these regressions are given at the bottom of Table' 4. When the

'-
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lcelandic data were examined ovar the period 1965-75 it was seen that there •
was no trend with time, Tables 5.a and,b. 'lt was decided to use mean values .-~
for the period 1970-74 for further use in calculating biomasses.

When the weights at age given in Table 4 are applied to the catches in number ~

at each age ,for the three major fisheries, i.e. non-spawning lcelandic and '
English and spawning lcelandic, the sum of products is within 5% of theobserved
catches.

The mean weights to be applied to the total stocks have been derived,in the
following manner. The lcelandic non-spawning values were taken as represen
tative of,the catches in the non-spawning lcelandic fishery and the German '
fishery. The English data were applied to the English catches and all other
countries. The lcelandic spawning data were applied to that fishery.
Weighted means were taken which are presented in the final column. (Table 4)~

The sum of products of the stock numbers and relevant mean weights at age
give tonnagfficlose those observed in the period 1970-74.

9. Virtual Population Anal~sis

9.1 !!!E~~_~~~~

,The age compositions used for the VPA were derived as described in Section 7, ...
and ,these are given in Table 3. Natural mortality has been taken as M = 0.2 • ..,
The values of the fishing mortality coefficient for 1975 which are used to
initiate the computation were based on'the values calculated for 1970 in a pre~

liminary VPA rune For this preliminary run any error on the calculated F values
associated with incorrect assumptions of F in 1975 will be minimal for 1970 as
the errors become reduced as calculationsproceed backwards in time. Thus,the
calculated F values for 1970 from the preliminary run have been accepted as
valid. Analysis 'of fishing effort data (Section 6, Table 2.a) indicated that
for the non-spawning fishery the effort in 1975 had increased by 30% compared
with 1970. Three trial runs were, therefore, made taking as 'input F values
for 1975 the values for 1970 increased by 20%, 30% and 40% respectively. ,.
lnitially, however, some adjustments and,smoothing were made to the 1970 F
values as indicated in Table 6 where theactual input values, for F in 1975 used
in 'the three runs are given in Columns (e), (D) and (E).

Table 7 givesthe calculated F values for 1~70 for each of the three trial
runs. This shows, clearly how little these 1970 F values are influenced by
variation in input values for 1975. '

Results

As a check on 'the suitability of the input F values for 1975, the trend in
,fishing mortali ty estimates from the VPA for the years 1970-75 have been
compared with the trend in estimated fishing effort over the same period.
This is illustrated in Figure 1, where the. average F, weighted by stock size,
for age groups 4-6 relative to the 1970 value are plotted against the estimated
relative fishing effort in the non-spawriing fisherycalculated in English
trawling hours •. The.VPA run using F 0'+ 40% for the 1975 F input values
was adopted by the Working Group as t~~ basis of ±he assessment of the state
of the cod stock. Estimates of F values and stock size in each year from
this VPA run are given in Tables 8 and 9.

As a further means of obtaining some independent check on these fishing morta
lities, the weighted means obtained from,VPA have been plotted on the mean
total mortalities obtained from English catch per effort data, Figure 2. .. - ;
Assuming the natural.mortality component in the total mortality to be M = 0.2
as used in the VPA, a line has been drawn through this point on the X-axis
and the 'coordinates of the mean values of X and Y. This line has been:used to
predict the VPA fishing morta1ities for 1973-74. These va1ues are of the same~

order as those used as VPA inputs for these age groups in 1975;,giving some inde:
pendent support to their use.



,. .

5 -

-
The F values calculated in the Iceland VPA will be biassed to some extent by,
immigration ofcod from Greenland. This would be expected to show as lower

~ estimates of F in the younger age groups. In fact, if the F values on age
groups 4-6 are examined'year class by year class, it is clear that the year
classes with the lowest calculated F values are those which are recorded as
most abundant at East and southern West Greenland. This inverse correlation
between Greenland cod year class strength and calculated F from,the Iceland
VPA are illustrated in Figure 10, Section E. ' '

10. Stock Biomass

10.1 Total stock

•

'e

1003

•

For the age groups 3 years and older the total biomass was calculated by multi
plying the stock size in numbers (Table 9) in each age group with the corre
sponding mean weight of that age group using themean weights in Table 4. During
the period 1955-75 the stock biomass was at the highest level in the first year
of observation (1955) (Table 10). In that year the stock was 2.6 million tons.
The overall increase in F in the late 1950s and early 1960s combined with poorer
or an average recruitment resulted in a decline. The total biomass decreased in
the stock to a minimum of 1.5 million tons in 1965. From 1966 to 1969 it
increased' again following an increase in year class strength at Iceland due to
better recruitment there (the 1964 year class) and an immigration of the
abundant 1961-63 East Greenland year classes. Since 1970 tllere has been a very
rapid decline in the total biomass so that in 1974 the total stock biomass was
at the lowest level in the whole period of just above ~ne million tonso This
decline was again connected with somewhat poorer recruitment at Iceland, lack of
Greenland immigrants, and further increases in fishing mortality, particularly
on the younger age groupso

~E~~~~~~_~~~~~

The changes in the spawning stock biomass (cod 7 years and older) have shown
similar trends in the total stock biomass, but these fluctuations have been of
much greater magnitude (see Figure 3)0 The spawning stock (1 January each year)
reached a maximum of 1.2 million tons in 1957 when the strong 1950 year class
recruited to the stock. The spawning stock then declined from year to year to a
minimum of 237 thousand tons in 19670 Combined with the overall increase in the
total stock biomass in the late 1960s the spawning stock increased again to a
peak of 673 thousand tons in 1970 due to the immigration of mature cod from
Greenland waters. Since 1971 the spawning stock has declined very rapidly and in
1975 it was estimated at the lowest recorded level of only 230 thousand tons.

!!~!~_E~~_~~~~~!~_~~~_~E~~~!~~_~~~~~_~!~~~~~_E~~_~~~~~!~

Figure 4 shows the change in biomass with age (age 3 to 15) in an unexploited
year class, assuming M =002 and using the mean weights at'age given in Table 40
The biomass increases considerably from age 3 to age 5 and is ata maximum at
age 6-7.' It then decreases as the annual increment in weights iS,not sufficient
to counterbalance the loss due to natural mortality. The shape of the curve
in Figure 4 from age 8 onwards is probably somewhat distorted because of the
large variance in mean weights in these age groups due to sampling problems.

"

Figure 5 shows the yield per recruit of the cod at Iceland under the present
exploitation pattern, as weIl as stock biomass per recruit with varying fishing
mortalities. The exploitation pattern assumed is shown in the text table below~

.. Aga 3 4 5 6 I 7 8 9-15
Relative F 013 041 .48 .51 r .53 .67 1

The present situation and the position of FOol are indicated with arrows. The
relationship between various ccmbinations of fishing mortality, stock biomass
and yield per recruit is summarised in the following text table: .
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Present situation Y/R % of Y/R max S/R S/R x R
of F = 1.05 II.L.~~ ~~ U.7 .l,4 uuu5~äh~

F = 0.6 1.61 100 2.0 440 000 tons

F 0.40 1.56
,

97, 3.6 792 000 tons=
F = 0.20(F 0.1) 1.40 87 6.5 1 430 000 tons

'.

•

This shows that the present fishing mortality is about 5 times the FO•l advocated
as a guide to optimum exploitation of fishstocks. Assuming an average recruit
ment,and unchanged exploitation rate the spawning stock will stabilise at about ~

150 000 tons or at a level of about 11% of that resulting from fishing at FO 1.
The fishing mortality giving the maximum yield per recruit is 0.6. However,·
the curve is flat-shaped and the ·Y/R does therefore not change significantly
over a wide range of F.

The above comments relate 'to the yield per recruit curve for the present
exploitation pattern. Alternative exploitation patterns might give greater
yield per recruits.

The sharp increase in biomass between ages 3 to 5 (Figure 4) reflects the rela..
tively high growth rates at these ages., Thus restriction of fishingmortality"
in these'age groups could considerably, increase the yield per recruit under '
certain fishing patterns.

11. Recruitment

From the VPA reliable estimates of recruitment may be obtained only as far as
1973 (1970 year class). The estimates of stock of 3 year olds from VPA for
Iceland and East and West Greenland (IE-F) are shown in Table 11. In the latter
series there is a marked decline in recruitment in recent years which has partl~

been associated with a climatic change. The Icelandic data show no such trend
but fluctuate about a mean of 220 million fish.

From catches per effort,estimates of the year class strengths up to 1975
may be derived. Abundance indices from the English trawler catch per effort
of 3 year old fish have been correlated with the estimates of the numbers of
3 year old fish from VPA in Figure 6 for the period 1961-73. The regression is
significant at p = ~02 and could be used as an aid to check input data for the
VPA and catch predictions. It might be concluded:that the 1971 and 1972 year .. -
classes approach the average. ~

As a check on this relation which might be biassed by the concentration of
trawlers, the relation between VPA recruitment as 4 year olds and the corre
sponding abundance as catch per effort is also shown (Figure 7). From this it
would seemthat in relation to the 1970 year class the 1971 year class is about
half that"strength.

The only information available for more recent year classes is that derived
from O-group surveys off Iceland. These are given in Figure 8, together with
their estimates of abundance as 3 year olds in the English catches. For ccm-
parison the mean for the 1958-69 year classes is shown. .

Since the International O-Group Surveys started'in 1970 there are reasonably
good estimates for two year classes from VPA, the 1970 and the 1971 year classes.
These appear in.the same ratio in both sources of information. Judging by ~

these two year classes, it could be inferred that the results of these surveys •
could also be of same use in checking VPA input data and making catch predictions.

, ,
I
I
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12.4

Summary and Conclusions - Cod at Iceland

The recent fishing mortality levels given by the VPA analyses show a conside
rable increase from 1970 ~o 1971 fo11owed by a reduction in 1972 and 1973. This
is in quite good agreement with the effort data. If the effort data can be
taken as a reliable indicator, the fishing mortality has increased again in 1974
and 1975.

Total stock biomass and spawning stock biomass have been dec1ining in recent
years (~ee Figure 3 and Table 10)~

Duringthe period 1955-73, year c1ass strength at 3 years old has fluctuated
(see Table 11). No stock/recruitment relationship could be established. There
is no evidence of recruitment fai1ure up to the 1970 year class which 'is the last
year c1ass for which the abund~nce ,can be estab1ished with reasonab1e' confidence.

It shou1d be noted that the present spawning stock is only about 30% 6ft~e level
in 1970.

Catch predictions have been prepared using the VPA fishing mortality input
values for 1975 and assuming that this exploitation pattern and level of fishing
morta1ity is maintained until 1978.

The starting stock size at 1 January 1975 was as fo11ows:

Age Group Numbers in Mi11ions

3 248·7
4 90.2
5 122·5
6 33.0
7 28.3
8 9.1
9 3·7

10 1.4
11 1.9
12 0.8
13 0.1
14 +,

Recruitment of 3 year old fish for the years 1976-78 has been assumed tobe equal
to long-term average (22D millions) with an alternative calculation, where these
year classes have been assumed to be the lowest recorded year class strength for

~ the year classes 1952-70 (140 millions).

12.5 The results of these calculations give the following catches in thousands of tonsg
-

1976 1977 1978

R
3 = 220 million 359 355 352

R
3 = 140 million 349 309 274

.
The corres~onding spawning stock biomass in thousand tons for these three years
will beg

180 (1976), 217 (1977) and 155 (1978).

It should be noted that these estimates of spawning stock size are independent
; of the assumptions of recruitment made above, because these recruits will not

contribute to the biomass of spawners by those years.

12~6 The present fishing mortality is far above the level needed to give maximum
'yield per recruit with the present exploitation pattern. If fishing morta1ity
was reduced to F = 0.6 (Fmax ) this would in the long term almost double the
catch rate and give the possibility for trebling the spawning stock biomass,
a1though the yield per recruit will be increased by only 1%.
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There will be many advantages if fishing'morta1ity was reduced slight1y be1ow·
Fmax = 0.6. The yie1d per recruit,will be virtually unchanged, the total -.
stock size and the spawning stock size would increase, and the risk of
recrUitment fai1ure wou1d be reduced.

A further reduction of F to about 0.4 would give 97% of the maximum yield
per recruit and a spawning stock biomass of about five times that corre
sponding to the present level of exploitation.

..
C. HADDOCK IN DIVISION Va - ICELAND GROUNDS

- 13. Nominal Catches •

13.1 Data used

As with the cod, the catch data used in the report for assessment are pre
sented by countries in Table 12. Again it is seen that the annual total
catch seems in close agreement with the "Bulletin Statistique" figures.

13.2 Trends in catches

The catches reached a maximum in 1962 with a catch of about 120 000 tons.
Since then the catch has declined to a level of about,44 000 tons in 1975.

, This 1atter catch represents a decrease of 35% from the 20-year average of
about 68 000 tons. Whi1e this decrease has taken p1ace the Ice1andic share
of the catch has increased from 38% for the 5-year period 1955-59 to 75%
in the period 1970-74.

14. Effort and Catch per Unit 6f Effort 1970-75

A large proportion of the haddock catch is taken as a by-catch in the cod
fisheries by Icelandic vessels. Because of this, it was thought that for
this species, the catch per unit effort data and the estimates of total
fishing might prove mis1eading. No effort and catch per unit effort data
have been tabulated therefore. '

15. Catch in Numbers by Age Groups

Numbers landed at each age have been estimated for the period 1962-75
(Table 13). Age composition data were supp1ied by Ice1and, Germany (Fed.
Rep.), England and Scot1and. For Iceland the data provided for the previous
meeting of the Working Group have been revised and updated. The data were
combined annually and raised by weight to provide estimates of the total
international landings for each age group for the entire period.

16. Mean Weight at Age

Tab1e 14 shows estimates of mean weight at age from Ice1andic data. These
were determined from 1ength at age data, converted to weights using the
relationships shown in Table 14. Unlike the cod data, it is seen that
there is a marked increase in weight in recent years. Means have been taken
for the period 1971-75 for use in calculating biomass. Fish of 10 years
and older have been raised using the meanweight for 10 year olds.

-
•
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Input data to VPA

Input values of F were required for the oldest age group (~10 years),and for
each age group for 1975. Three trial sets of input values wem adopted and these
are shown in Table 15.. Input set A was chosen to represent the probable
"average" situation. Input sets Band C were, chosen with 1975 values that were
likely to be too high (set B) or too low' (set C). The natural mortality rate
was assumed to be constant, and a value of M = 0.2 was adopted.

18.

•

Resul ts of VPA

Table 16 shows the values of F obtained using one of the three sets of input I

data tabulated in Table 15 (set B). Comparison of the three sets showed that
in the period 1962-71 in spite of the wide variations in the, input values of F
for 1975 reasonably consistent values of F were obtained. For 1973 and 1974,
.the values of F were found to be sensitiveto the input values used •

Stock size

Table 17 shows the correspondirgestimates of stock size obtained from the same
VPA run. It was noted that, as in the case of the estimates of F, the values
obtained for ,the four most recent years were sensitive to the input values of
F adopted for 1975.

20. Yield curves

./

2)

Yield per recruit curves were calculated for various changes,in effort and
exploitation pattern. ~ecause little reliance could be placed on the
estimates of F from VPA for the years 1972-75, a reference exploitation pattern
was determined for the period' 1967-71. For this period, a mean value of F
was calculated for each age. Data for earlier years were'not incluued, since·
the cod end mesh size was increased from 120 to 130 mm in January 1967. 'The
values of F obtained in this way'are given in Table 18, column A. These
values were used for, determining the equilibrium yield per recruit for the con
ditions pertaining to the period 1967-71 using the method of computation given
in Appendix I. The long-termeffect on this yield per recruit of various per
centage changes in fishing effort was~ then calculated. An'example of the,com
putation method is given in Appendix II. The results are plotted in Figure 9,
which also shcws the results of similar calculations for different exploitation
patterns.

Curve A in Figure 9 shows the effect of changes in effort using·the
exploitation pattern for the period 1967-71. Curve B shows similar results
assuming an increase of 0.5 years in the mean age of first exploitation~ Curve C
shows similar results with the meanage of first exploitation increased by ,
1 year. Intervals of 0.5 and 1.0 years were adopted since these represent the
approximate times tequired for haddock to grow from the 50% retention length'
of a'130 mm cod end to the 50% retention length of cod ends of 140 mm and
150 mm respectively. The exploitation ,pattern used in 'the'assessment are
tabulated.in Table 18. These results indicate that in the long term:

1) a reduction in the F values fron the 1967-71 level could. .
increase the yield per recrui t by up to 5%." An increase in '
F values, such as may have occurred in the years since 1971,
could have led to a decrease in the yield per recruit. An
increase in F values of 30% for example~would decrease the yield
per re,crui t .by 5%. . . , , .

An increase in the age of first capture equivalent to one year
would lead to increasesin the yield per recruit. At the 1967-71
level cf F for example, the"increase would be 12%. It is assumed
that the stated increases in the age of first capture refer to all

'gears equally.

"
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21. Biomass of stock

Tab1e 19 shows estimates of the biomass of the stock and of the spawning
stock from 1962-15. The resu1ts show that there has beena significant
dec1ine for both stock components.

22. Catch predictions

Predictions have been made of haddock catches for the period-1916-18 (Tab1e 21).
The method of computation is illustrated in Appendix III/Input data con
sisted of:

-
1) -numbers 1anded at each age in 1915;

...
I

2) mean weights at age, based on averages for the period 1971':'75 (Tab1e 14);

3) a natural morta1ity rate (assumed M = 0.2); ..
4) values of F at each age. Ca1cu1ations were done using two of the

I

sets ,of F-at-age for 1915 given in Tab1e 15; and

5) estimates of year c1ass strengtmfor t~e 1974-16 year c1asses as·
2 year old fish. e

Va1ues of haddock year c1ass strengths from the VPA results are given in
Tab1e'20 and for each of the three input sets of F used in these ana1yses.
These show that the estimates of year c1ass strength at age 2 years were
effective1y independent of the input F va1ues for the year c1asses 1960-10.
For these year"classes the mean value was 64 million fish and this value
has been used for the sets of predictions in Tab1e 21.A •

. A second ~e1:s of predictions (Tab1e 2loB ) were made assuming 30 million "fish
for the 1914-16 year class strength~ this being the lowest year c1ass
strength observed in the 1960s. . •

D.

For each of the assumptions made about the F, va1ues in 1975, catches are
expected to decline in 1916 and 1911. Estimates for 1918 depend on the va1ues
assessed for the strengths of the 1914-16 year classes. It'shou1d be noted
that the further ahead the forecasts are made, the more depend the predictions
on estimates of the recruiting year class strength; For example, .a 1arge pro
portion of the predictions given for 1978 in Tab1e 21 are due to the va1ues
adopted for,strengths of the 1914~16 year c1asses.· ,

In vi~w of the relatively high variability of year class strengths in practi~
,the confidence limits for these estimates and forthe 1918 estimates in par
ticular, are likely to be large.

COD ··GREENLAND

Nominal catch (ICES Sub-area XIV and ICNAF Divs. lE-lF)

Data used

The catches of cod in Greenland waters are reported nationa11y through the
STATLANT system to ICNAF and ICES for West Greenland (ICNAF Subarea 1) and
East Greenland (ICES Sub-area XIV), respectively. The ICNAF Subarea 1 is ~
further split into six divisions (Divs.1A-IF) whereas nofurther breakdown
of the leES Sub-area XIVexists at present.

In its present report the North-Western Working Group has as far as cod is cor~
cerned confined itse1f to analyses of the stocks at Iceland,at East Greenland
and off the southern part of West Greenland (ICNAF Divs. lE-lF), The inclusion
in the analyses of only part of the ICNAF Subarea 1 creates same difficulties
since same countries have reported part of their catch or even their total'
catch at West Greenland as Div. INK, i.e. without a breakdown on statistical
divisions. It has, therefore, been necessary to allocate such unspecified
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.catches'by divisions. The allocation._ here adopted is the one used by the
Greenland Fisheries Institute (Horsted~ unpubl.), and which is also used in
analyses by ICNAF (Horsted, ICNAF Res.Doc. 75/31). The allocation is made
partlyon various assumptions, e.g. that unspecified catches from one country
are distributed like specified catches from the same country, and partly,on
observations on fishing activities at Greenland. A full list of the alloca
tions and the principles followed 1s available in the Greenland Fisheries '
Inst~tute, but is not given here.

In order to show the magnitude of the problem, the unspecified catches (Div.
INK) are given in Table 22 together with the total amount of these catches
which is allocated to Divisions lE and IF and added to the specified Divs.1E
IF catches to give the best estimate of the actual nominal catch from these
divisions. The figures for which apart or the total,amount.of catch has been
based upon allocation from Division INK are.marked with an asterisk in the
table. It will be seen that of the annual totals for Divisions lE-lF cod
catches up to about 40% of the total have been allocated from unspecified
catches, 1974,being the only year for which all catches were reported by
divisions.

The nominal catches for the fisheries at East Greenland (Sub-area XIV) are
readily available in ICES "Bulle"tin Statistique". For 1975, members of the
Working Group supplied provisional data at the meeting. Sub-area XIV covers
a wide area,. and although the cod fisheries in that area are known to occur
between Cape Farewell and the Dohrn Bank it is not possible tobreak catches
down by smaller units. The problem of a probable break-down of Sub-area XIV
was discussed briefly by the Working Group but referred to the ICES ,Statistics
Committee •

..
23.2 Trends in catches

•

As explained in Section 23.1, the nominal catches for Divisions lE-lF as set
out in Table 22 contain part of some catches reported as West Greenland unspe
cified (ICNAF notation: Div. INK).

In the course of the late 1960s the cod fisheries at West Greenl~nd (ICNAF
Subarea 1) had a tendency to concentrate,more on the southern Divisions
(Divs. lE-lF) than previously, and by 1970 about half the West Greenland catch
was taken in those Divisions. Whereas the overall Subarea 1 cod catches
reached a maximum in 1962, the Divisions lE-lF fishery obtained its'highest
catch in 1968. However, since then, this part of Subarea 1 has also faced the
same drastic decline as the Subarea Ifishery as a whole, and the relative io
portance of the Division has dropped again to about i of the total of West
Greenland (Table 25). The catch in Divisions lE-lF by 1974 was onlTabout
12% of the catch in the peak year 1968. "

Catches for 1975 are not yet known by Division, but the overall Subarea 1 catch
seems,to have had a further small decline froo 1974.

The fishery in Subarea 1 as a whole has been under quota regulation since 1974,
but neither in 1974 nor in 1975 has the total allowable catch been taken. The
TAC for 1976 is 46 thousand tons.

~~~!~~!_~~~~~~~_~f_~~~_~ff_~~~~_~E~~~!~~~_{!Q~~_~~~:~E~~_~!!2_!2§Q:12
The fishery off East Greenland is almost entirely due to trawling, with a few
nations participating, primarily the Federal Republic of Germany and Icelando
The target species are cod and redfish, and although fishing can'be directed
to one of these species the by-catch of the other species is normally so high
that it seems proper to speak of a mixed fishery of the two species. Up to
1969 redfish made up the major part of the fishery but since 1970 cod is the
predominant species.
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In the period 1960-72 the total catch of cod in the area (Table 23) has fluc--
tuatedbetween 13 and 36 thousand tons (1960-72, mean: 22 100 tons), with 1964.
and 1971 as the peak years (35 600 and 31 500 tons, respectively). A drastic
decline in the catches has occurred after 1972 with a provisional figure for
1975 of only 3 400 tons or 15% of the 1960-72 level. This decline is closely
combined with a decline in effort seen in Section 24.

Nominal catches of cod at East Greenland and off Southwest Greenland as a-------------------------------------------------------------------------

The cod catches in ICES Sub-area XIV and ICNAF DivisionslE-lF mentioned in the
,;preceding sections are combined in Table' 24. For the combined area the cod

catches have fluctuated between 74 and 130 thousand tons in the period 1960-71,
the mean for the period being 99 thousand tons. ,Peak years are 1963 and 1968,
both with 130 thousand tons. A drastic decline is observed after 1971, and the.
1974 catch is,only about 20 thousand tons or 20% of the 1960-71 le~el.

•
Effort

Data'used

Both ICES and ICNAF request countries to report fishing effort. For East
Greenland (ICES Sub-area XIV) the effort figures as set up in Table 26 were
obtained from the German research reports to ICNAF (by A Meyer). This eIfort
'is an effort directed partly to cod and'partly to redfish or to both species
combined. The catch per unit effort as a measure of cod abundance must, there
fore, be taken with great reservation.

For ICNAF Divisions lE-1F no attempt was made by the Working Group to set up
a table of an overall effort for the area. Such an exercise would, of course,
also contain the same problem of allocati~n as with the nominal catches.

24.2 Trends in effort

Due to the complexity of the' fisheries at West Greenland and the problem of
allocating unspecified catches no attempt hasbeen made recently to obtain
effort-unit figures fpr ICNAF Divisions lE-lF separately.

, .

As explained in para. 24.1 some effort figures can be given for the fisheries
off East Greenland (Table 26). These clearly demonstrate a decrease of effort
after 1972, so that ,the level of effort by 1974 is 1/4 - 1/5 of the high ~evfein
the mid-1960s. The catch-per-unit of effort figures vary considerably', being
highest in 1971. The c~p.u.e. level in 1974 falls within the same range as
the figures in the 1960s. However, due to the mixed nature of the fisheries, no
definite conclusions are drawn from these c.p.u.e. figures, nor has it been
considered appropriate to use these figures to obtain an overall effort for
ICES Sub-area XIV and ICNAF Divisions lE-1F combined. However, the low catch
figures for Divisions lE-1F in recent years do suggest that effort has declined'
also in these Divisions and henee also in the combined Sub-area XIV-Divisions
lE-1F area.

25. Catch in Numbers by Age Groups

ICNAF Divisions lE-1F

The numbers by age groups for the cod catches in ICNAF Divisions lE-1F for
the period 1960-75 are given in Table 27. These figures are taken from ICNAF ;
Res.Doc'.75/3l (by Sv. Aa. Horsted) for the years 1965-73, and for the years
1974-75 they are preliminary estimated by Horsted.For the years prior to
1969 (including 1960-64) the basic material is wb'niiited by the, Federal Republic 6

of Germany (Schumacher and Meyer, unpubl.), and adjusted to the total catches
for Divisions lE-1F as they occur after allocation of unspecified West Green
land catches (see para.23.l). The German method of raising samples to
catches has generally been based on the observed weight of the total sample,
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whereas Horstedtsfigures are based on sampIes for,whieh a total weight
has been ealeulated by applying mean weights for eaeh age group. This'.
latter method'may lead to more heavily biassed figures than the former, but
the meth6d has been the only possible one sinee few sampIes with observed
total weight exist for reeent years. For the years 1974and 1975 it has
even been neeessary to use sampIes from eatehes eontaining a mixture of fish
from various divisions. The figures given for 1974 and 1975 are, therefore,

. very uneertain, although the 1968 year elass has the expeeted very strong
predominanee.

~~~!_g~~~~~~~~_{~~~~_~~~:~~~~_~~!2
The numbers by age group for the eod eatehes off East Greenland as givenm
Table 28 are based on figures for the German (Fed.Rep. of) eatehes made
available to the Working Group by A Meyer. The raising of numbers in sampIes
to numbers in eatehes is based on observed total weight of the sampIes. The
figures supplied by A Meyer have been raised to total Sub-area XIV eod'
eatehes by the Working Group. Sinee German eatehes aeeount for the major
part of the Sub-area XIV eateh, the possiblebias by this latter raising
seems to be very small. However, due to the wide statistieal area, it is
not elear whether great variation in eateh eomposition exists between the
northern part (the Dohrn Bank) and the southern part (elose to Cape Farewell),
nor to judge whether the whole area, if fished, is eovered by the sampling.

25.3

26.•

~~~~_~~~:~!~~_~~!_E~~~_~~~~!_~!!!~!~~~_~~:~!

The numbers by age group for the overall southwest and East Greenland eod
eatehes as given in Table 29 are simple sums of figures given in Tables 27
and 28.

Mean Weight by Age

The mean weight by age for Greenland eod is known to vary eonsiderably between
years and between year elasses •. In the present analyses the following values
taken from ICNAF Res.Doe.75/31 were used:

~ Mean Weight (kg)

3 0.65.' 4 0·99
5 1.68
6 2·77
7 3.84
8 4·72
9 5·34

10 5.34
11 5.48
12 5·39
13 8·70
14+ 10.00

..

•

These figures were eheeked on the only sample available from Division lE
at present (a length sample from U.K. supplied to the ICNAF Assessment
Meeting, April 1976 and broken down in age groups by means of, a Danish
age/length key for Divisions lC-lE, 1975). The same sample was eonverted
to weight by means of German length/weight datä (A Meyer, ICNAF Res.
Doe.66/18). This exereise showed that the weight figures as given above
eorrespond reasonably weIl both with the weight obtained by German data
and with the aetual observed total weight for the U.K. sample.
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Natural Mortality and Emigration

Natural mortality has been taken as M = 0.20,the value used throughout all
previous analyses of Greenland cod. - However, apart- from this mortality (and •
the fishing mortality) the VPA analyses should also take into account the
"mortality" due to emigration. The emigration has been adopted as being
25% annually for mature cod (see para. 30.2). This cor~esponds to a
coefficient (instantaneous rate) of 0.29. Taking the age of emigration as
knife-edge at age 7, the VPA analysis for the combined stocks in ICES Sub
area XIV and ICNAF Divisions lE-1F has been made with a value of M = 0.20
for age groups to and including six years. From seven years onwards the
M value is taken as 0.49, treating emigration as a comp~t of the natural
mortality.

28. Input Data to Virtual Population Analyses of Cod at Greenland

The basic input figures for VPA analyses are the catch in numbers and the
-mortality rates. Nominal catches and catch by numbers have already been
considered in the previous Sections, and so have the natural mortality and
the emigration parameter. For estimating forecas~,figures for mean weight tt
by age are needed. These are also dealt with above.

The most critical input is the terminal figure for fishing mortality rate,
F. In the analysis carried out it has been assumed that F in 1975 is the
same for East Greenland as for ICNAF Divisions lE-1F. At the same time it
has been taken into account that catches and effort in 1975 are very much
lower than in the years prior to 1974. The actual 1975 catches seem to be
close to those predicted (for Divisions lE-lF) in forecasts by an F value
of 0.20 (ICNAF Res.Doc.75/3l). A value of 0.22 was then chosen for the
analyses, but other values of the same order might as weIl have been con-
sidered. •

29. Results or the VPA and Predictions of stock Size and Catches for 1976-78

The VPA analyses (Tables 30 and 31) carried out for the ICES Sub-area XIV and
ICNAF Divisions lE-lF combined show; as expected from the fisheries them
selves, that there has been an overall decline in the stock over the last
five years. Taking only the spawning stock, i.e. cod of age 7 and older, the
numbers (in millions) at the beginning of each year are as folIows:

Year 1960 1961 1962 l2.§J. 12.€.4 1:lli
Nos. x 10-6 161.2 101.8 65.3 91.5 89.4 70.3

Year 1966 1967 1968 1:lli l2lQ 1971

Nos. x 10-6
39.7 45.2 82.0 76.0 96.4 64.7

Year l2E 1ill 1.ru-. ill.2
Nos. x 10-6 28.3 13.2 7·3 21.4

This reflects the very poor general recruitment to the stock since.year
class 1963 recruited. - The only yearclass of average strength since then
is the 1968 year class. The recruitment of this year class to the spawning
stock may have led-to some increase in spawning stock in 1975. If no good
year classes enter the stock in the next few years, a further decline is to
be expected.

There seems to be evidence that the 1973 year class is of some importance.
Rather arbitrarily it is here judged to be somewhat stronger than other
year classes since 1963 and'about 1/3 of the 1963 year class, i.e. in round

•
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ligures about 70 million individuals by the age 01 3. The 10110wing 1974
year class has not shown any signs 01 importance and is set.at 10 million
by age 3.

On the'basis 01 this a prediction 01 stock.size and catches has been made
10r the area considercd 10r 1976-77, using values 01 F corresponding to
the input F in 1915 in the VPA ( F = 0.22 ) and FO.l = 0.45 (ICNAF Res.Doc.
75/31). The'results are set out in Table 32. "

The predictions show that 10r both F values a slight improvement in the
total stock could be expected Irom 1975 to 1978. However, this improvement
is mainly due to the above-mentioned optimistic judgment 01 the incaming
1973 year class. Figures in brackets in the table re11ect thai part 01 the
predicted catches and stock which is dependent on the incaming year classes
1973 and 1974. II the 1973 year class is overestimated, catches and stock '
size will remain at the present very low level.

INTERRELATIONSHIP BETWEEN THE COD STOCKS AT ICELAND AND AT GREENLAND

Introduction

Throughout the period when investigations·ol cod in Greenland waters have
been made, i.e. since the 1920s, it has been known that part 01 the stock
01 cod at West Greenland migrates to East Greenland and Iceland when reaching
maturity. This has been demonstrated mainly by tagging experiments at Green
land, but also other studies conlirm this migration.

As would be expected the migration to East Greenland and Iceland has been
most pronounced for cod tagged in the southernmost part of West Greenland,
Le. ICNAF Divisions lE and IF., Tagging olf East Greenland has shown a
considerable migration Irom these waters to Iceland but only a small~scale

migration to West Greenland. Tagging at Iceland has revealed a negligible
number 01 recaptures at Greenland thus conlirming that once the cod have
migrated from Greenland to Iceland'they will remain at Iceland.

However, the interrelationship between the stocks is not only a matter of
adult cod migrating and mixing but also a matter 01 recruitment ol.young cod
to one area originating fram spawning in another area. As lar as this
question is concerned, there seems to be some leed-back 01 Iry Irom East
Greenland to West Greenland and Irom Iceland to East Greenland, andpossibly
even to West Greenland •

These two separate aspects.ol the interrelationship between cod at Greenland
and Iceland are described in lurther details 'in the 10110wing.

Migration 01 Adult Fish Irom West to East Greenland and to Iceland

Although it has been known that cod Irom Greenland waters contribute to the
'lisheries at Iceland no quantitative estimates 01 this contribution have
been made until the North-Western Working Group tried to carry out such ana
lyses at its last meeting in 1970. At that meeting the Working Group based
its analyses partlyon tagging experiments and partlyon analyses of stock
size and composition 01 stock and catches at Iceland and Greenland.

~~~~~~~~~_f~~~_~~~~~~~_~~R~~~~~~~~

Based upon tagging experiments at Greenland the Working'Group in 1970 con
cluded that the actual overall· proportion of mature lish at East Greenland
and in the southern part of West Greenland (ICNAF Divisions lE-lF)

'emigrating to Iceland was about 25% per year. / ,

Since thon only few fish have been tagged at Greenland. Danish tagging
experiments at West Greenland in the years 1966-72 were presented to the
Working Group at its present meeting. They reconlirmed that Irom the
northern divisions at West Greenland (Divisions IB-ID) the migration to East
Greenland and Ieeland is insignilicant, whereas tagged cod released in the
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southern part of the area (Divisions lE-lF) revealed several'recaptures
at East Greenland and at Iceland. Considering only fish that were 70 cm W .

or bigger at the time of tagging, the total recaptures fromthe 1966-72 -~

experiments in Divisions lE-lF amount to 7.6% (25 recaptures, 329 fish tagged).
44% of the recaptures came from East Greenland or'Iceland. The overall re- ~
capture rate from these experiments is lower than in previous experiments,
but the decrease is mainly due to a lower recapture rate at West Greenland
than in previous experiments, although also the recapture rate at Iceland
and at East Greenland has decreased somewhat. However, the material is so
limited and fishermen's reporting rate of'tags so uncertain that the Working
Group did not find itself in a position to change the conclusions from the
meeting in 1970.

From Icelandic tagging experiments at East Greenland in the years 1971-74,
only 2% has been returned, probably due to a high tagging mortality. 2/3 of •
the recaptures came from East Greenland and 1/3 from Icelandic waterso Again,
these experiments do not allow any revision of former conclusions.

~~~~~~~~_~~_~~~~~~~~_f~~~_~~~~~~~~~_~~_!~~~~~~

Since no new information on the number of cod of age 7 and older emigrating~

from Greenland to Iceland is available, the percentage of emigrants (25%"
annually)'given in the previous report of the Working Group was used. This
figure, corresponds to an instantaneous emigration rate of 0.29, which was
applied, to the number of cod from age 7 and onwards in each ~ear and age
group derived from VPA (using the parameters c~tlined in Sections 27 and
28) for ICNAF Divisions lE-lF and ICES Sub-area XIV combined. In estimating
the number of cod emigrating from Greenland, Fand Mvalues have 'also been
taken into account (see Section 27).

The annual contribution of Greenland cod to the Icelandic spawning stock '
(Table 33 and Figure 10) varies according to ~he size of the yearclasses
and F values at Greenland, ranging from 34.7 x 106 cod in 1960 to
1.3 x 106 in 1974. From 1971 onwards there was a steady decline of emi
gration from Greenland from 12.1 x 106 in 1971 to 1.3 x 106 in 1974, when the
very poor year classes 1965, 1966 and 1967 entered the spawning stock. In
1975, when the about average 1968 year c1ass was expected to emigrate, the
number increased slightly to 4.4 x 106 • The average over the period 1960-69
of 7 year old fish (8.0 x 106 fish) is of the same order as the estimate
given in the previous report (7.3 x 106).

~~~~_~~~~E!~~~~~~_~~_~~~_~~~_~~_Y~!_~~~_~~~_!~~~~~~~~L~~~~~!~~~_~~~_~~~~~
The Group discussed the difficulties of obtaining valid estimates of Fand
stock size from VPA when dealing with two stocks with interchange between

'them. ' "

A VPA using only catches made at Iceland,wou1d tend to overestimate stock
sizes at Ieeland, especia11y among the younger age groups. This is because
these estimates might include a proportion of fish that had commenced life
in Greenland waters. A VPA using only catches made at East Greenland
might underestimate stock sizes at East Greenland if no account has been
taken of fish that commenced life at East Greenland but were caught at
Iceland. To take account of this, the effective value of M on the older
age groups cou1d be increased to take account of an instantaneous
coefficient of emigration, and the result of a trial made in this way is
given in Tables 30 and 31.

A VPA using catches from Ieeland and East Greenland wou1d be useful since
this should provide estimates of total stock sizes but without any indi
catiori of how this should be distributed between the two areas.

For all the VPAs it was reccgnised that values of F were liab1e to,be
biassed. All assessments depending on VPA Fs were, therefore, regarded
aS,provisional and subject to revisions.

•
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It was recommended that furtherwork be done on a simulation of the
IcelandjGreenland situation with a view to obtaining better, estimates of
F, stock sizes and coefficient of emigration from Greenland to Iceland.

Recruitment to the West Greenland Stock of Cod Originating from East

Greenland and Iceland

32.1

..

.' ,

Distribution of cod at Greenland

The recruitment to the cod stock off West Greenland is dependent on fluc
tuations in the environment not only at West Greenland, but also at East
Greenland and Iceland. These fluctuations in the environment lead to fluc
tuations in the strength of the cod year classes •

The distribution of cod at West Greenland'depends on whether the year
classes originatä ~om West Greenland or from East Greenland-Iceland. A
year class originating from West Greenland seems to come from the spawning
area'in the northern part of ICNAF Division lE and Division lD. The main
nursery grounds are in ICNAF Divisions IB-1D. Seasonal spawningjfeeding
migrations occur between various areas.

,A year, class originating from East Greenland-Iceland has a more southerly
distribution at West Greenland than a West Greenland year class. A year
class from East-Greenland-Iceland is normally observed in ICNAF Divisions lE
Emd, ,lF at an age of one year. They grow up in this area and at an age of
7-8 years old', they beginto migrate from West Greenland to the spawning
grounds in ICES Sub-area XIV and Division Va. Some migration back to West
Greenland may occur from the southern part of,East Greenland.

. ,

The following year classes which were and some of which still are important
for the fishery originate from West Greenland: 1947, 1950, 1953, 1957,
1960, 1961 and 1968. Of East Greenland origin the following were important
or relatively important for the fishery at West Greenland: 1945, 1956, 1958, _

'1961, 1962, 1963, 1964 and 1968. The 1956 and the 1961 year classes ware
the most important.

~!~~~!~~~!~~_~f_~~~_~~~~_~~~_!~E!~~

The ICNAF NORWESTLANT Survey 1963 showed that cod eggsin April 1963 were
distributed in a continuous belt from Iceland to East Greenland, along East
Greenland, round Cape Farewell and over the banks at West Greenland. Concen
,trations of larvae were, however, only found in two areas. One at West
Greenland(ICNAF Divisions IB-ID) which is the normal area ofdistribution
for cod larvae of West Greenland origin. The other concentration was found
from Iceland to East Greenland over the ridge. Thus, the distribution of
larvae was disrupted into two parts compared to the more continuous distri
bution of the eggs.

If the occurrence'of eggs in April 1963 reflects the general picture of
distribution of eggs in April shortly after spawning, then the contribution
of'cod from East Greenland-Iceland to West Greenlandmay. depend upon how .
successful the spawning is in the various areas off East Greenland and at
Iceland, and of course upon the size of the spawning stock.

Icelandic investigations have shown that the incubation time for cod eggs
off East Greenland i8 20-30 days. The speed of the East Greenland Current
is known to be 4.5-9.5 nautical miles per day. Thus, eggs from the South
East Greenland area can be transported to SouthWest Greenland ~efore

hatching•.

In 1963 no larvae were found at South West'Greenland (Divisions 'iE and IF) •.
This indicates that there may have been a spawning failure in an area at
East Greenland from Angmagssalik Bank to Cape Farewell. As the year class
1963 was relatively important for the fishery at West Green1and, and as
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the West Greenland component of that year class contributed very little to
the fishery, it seems likely to assume ,that these catches consisted of cod
originating from the larvae concentrations found in July between Iceland
and East Greenland.

The International O-Group Surveys in the Iceland-East Greenland area in the
years 1970-74 found no O-group cod along East Greenland from 64°N to 60 oN.
Only in the year of 1973 was a dense eoneentration of O-group 'cod'found
over the Dohrn Bank. This year,class was found at West Greenland in
ICNAF Division IF as 1 year old and also as 2 and 3 years old in Divisions,
lE and ID. These 1-3 year old cod from the year class 1973 may have origi
nated from the concentration over the Dohrn Bank'like the year class 1963
did.

These observationsindicate that in some years not only the spawning areas
off East Greenland are important to the fishery at West Greenland, but
also spawning grounds rather elose to Iceland.

, ,

33. Management Problems for Cod at Greenland

Apart from the problems of adequate data and parameters for analyses cf
the state of stocks and for forecasts of stocks:and~c~tches,management
of the cod stocks round Greenland is faced with another problem. ..

The Working Group observed that a quota regulation is applied to' the ICNAF
part of the Greenland area. It is also observed that while for practieal
reasons the ICNAF Subarea 1 cod quota is not split up,in areal sections, the
analyses on which the scientific advice to ICNAF are based consider the
stocks in Divisions lA-lD and Divisions lE-lF separately.

In recent years the ICNAF scientists have advised that due to the very low
stock size and a possible danger of failure in recruitment due to low

, spawning stock size, fishing should' be kept at the lowest practical level.
In this context the scientists have also pointed out that the recruitment to

~,

West Greenland stocks is depending partly upon the spawning stock at East
Greeniliand.

The present report confirms that there is a strong interrelationship between
cod in ICNAF Divisions lE-lF and cod at East Greenland and partly at Iceland.
Although the migration of adult cod is mainly from West Greenland to East
Greenland and to Iceland, the Working Group considers that the cod fisheries
at West Greenland are depending to a certain degree on spawning stocks at
East Greenland and possibly even at Iceland.

The Working Group also eonsiders that for cod in ICNAF Divisions lE-lF the ..
interrelationship with the East Greenland cod is just as pronounced as the
interrelationship with cod in Divisions lA-lD. It therefore seems proper
to consider East and West Greenland as a unit management area. If a break
down for management purposes is to be considered, it may be asproper to
combine Divisions lE-lF with East Greenland (leES Sub-area XIV) as with
ICNAF Divisions lA-lD.

\
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Table 1. Nominal catch of Cod. ICES Division Va (leeland Grounds). In thousand tons. 1955-75 (Bulletin Statistique).

I

I

f,

Species: COD

Country 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 19.71 1972 1973 1974 1975"

Belgium ............. 9.0 7.0 6.7 9.9 5.5 5.6 5.4 8.2 6.3 3.1 3·7 3.0 2.3 3·4 2·7 3·0 3.0 2.5 1,1 1.1 1,0

Denmark .............. +
Faroe laI ••.••••••..• 18.7 16.2 20.9 17.9 7·7 11,8 10.6 a.7 6.3 6.9 5.2 3.4 2.8 4.3 2.6 4.3 8.6 11,1 14.2 12.1 9.6
France ............... 0.1 0.1 0.1 0.4 0.1 0.1 1,9 1,5 - - 0.2 -
Germany (Fed.Rep. )1) •• 48.2 30.0 23.3 37·8 35.6 37.9 21,8 34.2 33.0 19.3 15.3 9.9 15.4 29.6 19.4 24.7 27·3 11,7 6.6 5·5 2.2
German.Dem.Rep.2) •••• 0.3 0.5 0.9 0.5 0.5 0.3 0.4 0.9 0.5 2.7 0·7 0.7
leeland .............. 315.4 292.6 247·1 284.4 284.3 295·7 233.9 221,8 232.8 273.6 233.5 224.0 193.4 227.6 281,7 302.9 250.3 225.4 234.9 238.3 266.8

Netherlands •••••••••• + 0.1 0.5 0.7 0.7 0.5 0.1 +
Norway ••••••••••••••• 7.1 4.6 8.2 6.8 5.5 3.4 4.2 4.7 3.5 2.7 0.4 0.5 0.2 0.3 0.4 0.4 0.3 0.6 0.1 0.2 0.1
Poland2) ............. + 0.2 0.1 1,6 003 0.2

. .

U.K. (England & Wales) 138·7 127·8 144·3 150.5 112·7 109.4 96.5 105.1 123.2 122.2 128.1 109.0 126.6 111.6 95.4 125.2 157·7 144.2 121.3 115·4 91.0

U.K.(Scotland) ....... 1,0 2.5 1,4 1,2 1,3 1,2 2.1 3.1 3·2 4.6 6.8 4.8 3.6 2.8 4.0 5.3 4.1 3.0 1,0 2.1 1,6

U.S.S.R. 2 ) ............ 0.2 .2;0 0.3 1.4 0.2 + 0.1 +

Total ............... 538.1 480.7 451.9 508.5 452.6 465.0 375.0 386.9 410.1 433·7 394.2 357.1 345.0 382.0 407·0 472.0 453.9 399.4 379.2 374.9 372.3

Bull. Stat. Total ..... 536.8 482.2 453.0 510.5 454.2 465.0 375.6 386.4 409.4 434.5 393.6 357·4 344.0 379.5 405.2 470.8 453.0 398.5 379.9 375·0

The national statistics used in the table (see footnotes 1 and 2) differ slightly from those given in Bulletin Statistique.
The order of magnitude of these discrepancies is shown by comparison of the total catches at the bottom of the table.

" Provisional.

1) From national statistics from Bundesforschungsanstalt f. Fischerei, Hamburg.
2) From national statistics.

+ = less than 0.1 thousand tons.

Note: Due to amistake during the preparation of the table minor discrepancies (less than 2 thousand tons) occur between
the total given in the table and the catch data used in the assessment for the years 1966 (2 000 tons) 1967 (300 tons),
1968 ( 1 400 tons), 1969 (200 tons) ana 1971 (100 tons). . '

,



Table 2. Effort and catch per unit of effort 1970-75.

a) English effort

Hours trawling I
Year Tons/hoursl Effort raised to total

Steam Motor Total trawling ! catches (non-spawning)

1970 59 159 140 365 199 524 0.628 491 222 (1.00 )
1971 89 237 211 430 300 667 0.525 627 835 (1. 28)
1972 98 937 220 673 319 610 0.451 606 184 (1. 23)
1973 82 913 194 971 277 8841 0.437 594 )69 (1.21)
1974 68 770 164 612 233 3821 0.495 545 297 ~1.11)
1975 212 608 0.428 640 889 1.30)

b) Icelandic big trawlers (>500 GRT)

Year Hours trawling Cod catch Tons/hours I
(1 000 tons) trawling I-- _._---

1970 59 941 25.7 0.429
1971 62 406 14:5

I

0.232I
1972 61 328 11.8 i 0.192
1973 55 909 7.9 I 0.141
1974 63 752 20.9 )

I
0.328

I1975 65 629 (20 )* (0.305)*)

c) Icelandic multigear boats (less than
500 GRT)

*)Splitting of catch between
big trawler and stern
trawler estimated.

f\)

o

..

Year Days absent Catch
Tons/day absent, when trawling (1 000 tons)

i -
1970 39 103 I 74.2 1.90I

1971 38 669 I 58.2 1.49I

1972 I 39 041
I

29.8 0.76
1973 28 379 20.3 0.71
1974 30 306

i
17.9 0.59

• ,
./...

" "I

il'



Table 2 (Continued)

d) Icelandic stern trawlers (300 - 500 GRT) e) Icelandic long lineo

1 t

/I

Year Rours trawling Cod catch Tons/hours
(1 000 tons) trawling

1970 1 266 0.4 0-326
1971 13 942 6.6 0.472
1972 18 939 8.1 0.431
1973 57 302 25.5 0.445
1974 111 814 51.5 ) 0.461
1975 146 866 (78.6)~ (0.535)~)

~)S~litting of catch between big trawler and
stern trawler estimated.

f) Icelandic gil1 nets

Year Days absent Cod catch Tons/days
(1 000 tons) absent

1970 20 460 132.5 6.48
1971 22 834 not available
1972 27 801 114.3 4.11
1973 30 451 119.9 3.94
1974 28 817 99.9 3.47
1975 94.4

Yeu Days absent Cod catch Tons/days
(1 000 tons) absent

1970 28 629 43.7 1.528
1971 30 442 not available
1972 31 486 33.9 1.076
1973 29 831 34.7 1.162
1974 27 570 28.9 1.049
1975· 22.7

g) Icelandic hand lines

Year Days absent Cod catch To~s/days
(1 000 tons) absent

1970 17 901 23.5 1.31
1971 22 143 not available
1972 25 932 20.8 0.80
1973 23 418 19.7 0.84
1974 25 423 15.6 0.61
1975 16.4

'".....
I



Table 3. leeland Cod.
Age compositions of catches 1955-75 used as input date for Virtual

Population Analysis (thousands of fish).

lAge 1955 1956 1957 1958 1955 1960 1961 1962 1963 1964

I 1 I 0 0 0 ' 0 0 I 0 0 0 0 0
2 169 219 781 2 938 1 945 1 581 ' 1 840 996 1 356 2 268
3 3 981, 6 318 15 967 25 694 20 329 13 434 14 665 12 309 14 884 16 284
4 24 277 16 112 23 354 30 535 44 478 30 544 19 971 28 867 29 298 28 590
5 33 115 28 249 17 250 16 012 22 953 29 000 19 680 19 718 22 390 20 312

'6 25 328 22 879 18 212 11 501 6 693 12 105 18 826 15 786 11 586 10 882
7 9 749 14 945 12 627, 15 304 4 760 8 681 7 617 12 424 17 508 7 482
8 4 545 4 551 12 927 14 876 7 561 5 967 6 502 I 4 243 I 8 295 17 182
9 5 757 3 433 3 734 7 466 11 698 6 512 3 633 7 852 2 640 5 169

10 18 172 1 983 2 197 1 982 7 221 12 136 2 962 2 614 6 063 1 763
11 2 548 14 391 1 327 1 492 979 3 661 6 181 1 866 1 410 3 315
12 1 380 1 475 8 020 6 001 981 911 1 230 3 007 946 768

I 13 2 083 1 679 531 1 192 223 221 90 386 1 396 463
i 14 186 980 740 663 1 203 219 126 68 204 969 j . ..

l\)
l\)

, I

Age 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975

1 0 0 I 3 0 0 I 0 I 0 28 0 0 0
2 2 922 3 852 5 189 , 772 140 315 820 3 685 2 406 2 320 1 445
3 22 039 16 957 27 444 11 514 9 828 10 670' 13 303 8 664 37 583 14 211 29 522
4 30 535 30 039 25 937 49 731 23 168 50 014 35 932 27 765 25 602 58 770 28 786
5 21 562 19 791 24 063 22 280 43 262 24 737 45 939 , 30 861 26 338 22 632 44'057
6 I 11 002 112 338 11 953 . 16 072 '16 96827 188 '21 275 23 346 16 048 15 183' 12 421
7 9 050 6 196 7 807 17 478 12 826 I15 497 117 443 111 190 12 Oll 9 640 11 118
8 6 228 I 7 118 2 838 5 657 17 411 12 066 12 334 10 596 3 607 6 140 4 202
9 11 670 2 305 4 142 1 728 1 881 114 581 j 6 885 ~ 11 243 5 893 1 705 2 212

10 1 694 5 862 1 279 3 169 578 516 4 710 4 298 7 853 3 059 867
11 974 526 2 017 526 498 175 360 1 281 1 452 2 162 1 146
12 587 281 95 598 101 99 108 83 26L 293 466
13 131 374 40 57 63 43 57 33 11 108 83
14 246 54 153 53 29 18 18 3 1 31 19

.' f' • ,)

,,
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Tab1e 4. Cod.
Division Va. . Hean weight at age.
Average of the period 1910-14.

Ice1andic data
Age Eng1ish data Non-spawning Spawning Stock

1 0.22 0.22

2 0.69 0.18 0.43 0.64

3 0.91 1.19 1.30 1.12

4 1.32 1.80 2.18 1.93

5 1.84 2.63 4.51 2.92

6 2.13 3.41 5.40 3.80

1 3.86 4.12 6.11 4.65

8 4.69 4.55 6.60 5.25

9 4.96 4.82 6.18 5.48

10 5.55 5·33 7.30 6.01

11 6.61 6.12 8.31 1.18

12 9.69 1-31 9.68 8.93

13 11.41 9.29 12.82 11.14

14 15.40 12.11 18.10 15.14
15+ 13.41 11.11 23.95 15.90

Length/weight regression parameters: 1 w = a1 + bn
(a) (b)

Non-spawning: England 3.000 11. 6183

" leeland 2.551 9.7361

Spawning Ice1and 3.012 11.8913



Table 5.a. Cod at leeland.
Non-spawning fishery. Mean weight (kg) at age.

Age/Year 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975

1 - - 0.41 - - - - 0.22 - - -
2 1.18 1.06 1.29 0.75 0.69 0.58 0.65 0.63 1. 32 0·74 1.00
3 1.59 1.61 1.64 1.40 1.28 1.04 1.14 1.12 1.40 '1.26 I 1. 32
4 2.62 2.33 2.36 1.57 1.92 1.60 1.80 1.81 I 1.83 1.94 1.87
5 2.98 3.34 3.16 2.56 2.66 2.59 2.54 2.59 2.79 2.62 2.74
6 3·94 4.10 4.11 3.28 3.45 3.47 3.49 3.36 3.40 3.61 3.48
7 4.63 5.09 4.94 I 4.25 4.20 4.10 I 4.16 3.99 4.20 4.14 4.49
8 5.31 5.77 6.21 4.37 4.53 4-31 4.15 4.54 4.67 5.09 4.92
9 5.55 5.18 6.04 6.39 5.41 4.78 4.41 4.85 5.07 5.03 5-32

10 7.07 5.57 7.10 6.77 5.27 6.45 4.93 4.59 5.13 5.56 6.79
11 8.39 6.67 6.81 7.74 6.38 9.09 7.79 5.47 I 5-34 5.89 7.04
12 7.58 8.94 9.70 7.21 9·82 9.44 8.62 7.27 5.37 5.87 7.77
13 13.39 8.43 9.22 11.41 10.40 6.71 9.79 11.90 11.88 6.16 8.61
14 10.86 9.92 12.09 10.32 9.51 - 13.04 - - 11.17 -
15+ 11.67 11.56 13.66 16.26 18.49 "- 11.17 - - - 15.20 "

Table 5.b. C6d at leeland.
Spawning fishery. Mean weight (kg) at age.

l\)

~

I

..
• I ~... ,

!
Age/Year I 1965. 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975

1 i,

2 - I - 0.55 0.42 - 0.33 - - 0~52 0.44 0·53 I!

I3 2.08 I 1.55 1. 72 2.00 , 1.22 0.95 1.07 0.99 1.59 1.92 1.38i I

4 3.80 3.22 3.53 3.47 2.87 2.47 2.42 2.70 2.80 3.51 3.49
5 4-37 4.92 5.04 i 4.52 3.87 4.68 4.44 4.19 4.66 4.56 4.92
6 5.15 5.56 6.10 5.68 4.78 5.30 5.45 5.15 5.30 5.79 5.26
7 5.91 6.69 I 6.85 5.62 5·32 5.45 6.39 6.08 6.29 6.66 6.14

! 8 6.57 7.08 8.21 7.41 6.50 6.01 6.04 6.52 7.05 7-38 7.16
9 7.18' 7.74 7.49 8.40 6.47 6.51 6.53 6.21 6.66 I 7.97 8.04 I10 9.02 8.44 9.61 8.66 7.90 8.52 6.87 6.60 6.73 7.79 8.79

11 12.52 11.66 9.89 10.65 7.94 10.55 8.59 7.43 7.14 8.14 8.82
12 10.09 14.25 13.54 11.80 : 9·52 12.20 10.73 8.63 7.86 8.97 10.09
13 9.92 12.36 10.91 15.99 14·78 11.33 16.04 11.02 13.50 12.24 11.28
14 16.13 14.22 15.32 16.32 14.43 21. 73 16.94 31.12 - 20.69 12.68
15 18.22 14.98 - - - 28.00 18.63 15.44 - - -15+ 21.39 20.76 20.20 18.34 21.80 28.00 29.70 - -, - -

- .. ,
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Tab1e 6. Cod at leeland.
VPA input va1ues of F-for 1975

(A) (B) (0) (n) (E)

F Adjusted F

Aga
1970 1970 (B)x1.2 (B)xl. 3 (B)x1.4from pre1imin-

ary run

1 0.00 0.001 0.001 0.001 0.001
2 0.00 0.01 0.01 0.01 0.01
3 0.06 0.10 0.12 0.13 0.14
4 0.31 0.31 0·37 0.40 0.43
5 0.36 0.36 0.43 0.47 0.50
6 0.38 0-38 0.46 0.49 0.53
7 0.26 0.40 0.48 0.52 0.56
8 0.50 0.50 0.60 0.65 0.70
9 1.00

10 0.55
11 0.67 ,. 0·75 0·90 0.98 1.05
12 0.83
13 0.73 •

Tab1e 7. Cod at leeland •
Derived va1ues of F for 1970 (see Tab1e 6).

Age (0) (D) (E)

3 0.06 0.06 0.06
4 0031 0.31 0.32
5 0-36 0036 0036
6 0.38 0.38 0.38
7 0.26 0.26 0.26
8 0.50 0.50 0.51
9 1.00 1.00 1.00

10 0.55 0.56 0.56
11 0.68 0.68 0.68
12 0.84 0.84 0.84
13 0.77 0·75 0.82



Tab1e 8. leeland Cod.
Estimates of fishing morta1ity coefficients for 1955-75 ca1cu1ated
. by VPA for age and year. .

Age 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964

I 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
I 2 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.00 0.01I 0.12 0.10

I

0.11 0.06 iI 3 0.03 0.04 0.10 0.08 0.09 0.10
I

4 0.15 0.17 0.18 0.30 0.30 0.16 0.22 0.25 0.36 0.30 II

I 5 0.17 0.26 0.27 0.18 0-38 0-33 0.14 0.35 0.32 0.46 I6 0.26 0.17 0.26 0.29 0.10 0.35 0-36 0.16 0.35 0.25

I
I 7 0.39 0.24 0.13 0-37 0.19 0.19 . 0·39 0.44 0.28 1 0 •40

8 0.29 0-32 0-34 0.22 0.31 0·37 0.21 0.40 1 0 .59 1 0 .48 j
9 '0.30 0.36 0.48 0.34 0.27 0.49 0.41 0.42 0.47 0.94

10 0.40 0.16 0.42 0.51 0.65 0.50 0.43 0.58 0.68 0.66

I
11 0.42 0.65 0.15 0.57 0.51 0.84 0.52 0.53 0.73 1.04
12 0.29 0.46 0.97 2.03 0.94 1. 38 0.78 0.52 0.56 11.23
13 0.65 0.68 0.30 0.36 0.37 0.57 0.45 0.60 0.49 0.60
14 0.75 0.75 0.75 0.75 0.75 0·75 0.75 0.75 0.75 0.75

Age 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
.-

1 0.00 0.00 0.00 0.00 0.00 10.00 0.00 0.00 0.00 i 0.00i 0.00
2 0.01 0.01 0.03 0.00 0.00 . 0.00 10.01 0.01 0.02 i 0.01 0.01
3 0.10 0.07 0.09 0.07 0.04 0.06 0.08 0.07 0.15 i 0.13 0.14
4 0.16 0.19 0.14 0.24 0.21 0.32 ! 0.31 0.24 0.30 10.36 0.43,
5 0.40 0.15 0.23 0.17 0.34 10 .36 10.53

1
0

•
49 0.38 i 0.48 0.50 I

I 6 0.50 0.42 0.13 0.23 0.19 1 0 -38 10.61 0.58 0.51 : 0.39 0.53 I
!0.79 ! 0.67

,
I 7 0.34 0.58 0.51 0.28 0.30 10.26 ! 0.45 0.67 0.56 I

8 0.70 0~50 0.58 0;87 0.49· 0.51 i 0~34 0.54 0.64 ; 0.91 0.70 I
9 0.70 0.62 0.62 I0~B7 0.82 1.00 10.61 0.59 0.66 ! O~ 72 1.05

10 0.98 0.98 0.86 1.53 0.84 0.56 11.14 1.02. 1.14 i 0.89 1.05
11 0.98 1.01 1.19 1.16 1.20 0.68 11.01 1.22 1.29 : 1.24 1.05,
12 0.51 0.88 0.49 1. 73 0.73 0.84 1. 28 0.69 0.91 ;1.06 1.05,
13 0.72 0.72 0.28 0.62 0.92 0.82 2.39 2.90 0.18 11. 39 1.05
14 0.75 0.75 0·75 0.75 0.75 0.75 1.05 1.05 1.05 11.05 1.05

..
) •
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Tab1e 9. leeland Cod. .
Estimates of stock size at beginning of year 1955-75 ea1eu1ated by
VPA (thousands of fish). .

Age 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964

1 264 785 386 714 458 889 229 164 284 501 214 518 243 737 438 848 388 094 437 131
2 246 532 216 787 316 614 375 706 187 622 232 929 175 632 199 554 359 297 317 744
3 146 263 201 691 177 292 258 516 304 949 151 856 189 278 142 133 162 481 292 943
4 193 883 116 155 159 427 130 756 188 490 231 330 112 214 141 740 105 268 119 607
5 237 875 136 862 80 586 109 493 79·606 114 343 161 878 . 73 898 90 080 59 880
6 120 581 164 924 86 644 50 465 75 223 44 572 67 561 114 799 42 793 53 632
7 32 788 75 943 114 418 54 558 30 977 55 552 25 622 38 411 79 768 24 631
8 20 045 18 095 48 731 82 296 30 928 21 076 37 665 14 142 20 306 49 566
9 24 630 12 325 10 726 28 287 53 990 18 527 11 898 24 984 7 771 9 205

10 60 008' 14 991 7 009 5 435 16 453 33 683 9 333 6 482 13 412 3 996
11 8 129 32 824 10 487 3 767 2 675 7 018 16 705 4984 2 968 5 565
12 6 033 4 370 14 013 7 390 1 749 1 313 2 484 8 141 2 410 1 171
13 4 746 3 699 2 256 4 342. 797 559 270 936 3 972 1 126
14 384 2 024 1 528 1 369 2 485 452 260 140 421 2 001-

Age 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975

1 513 056 270 268 387 258 284 339 281 503 211 458 456 807 191 024 374 214 195673 1 104
2 357 892 420 054 221 276 317 058 232 796 230 474 173 127 374 001 156 372 306 380 160 203
3 258 098 290 378 340 432 176 480 258 888 190 471 188 412 141 003 302 878 125 854 248 747
4 225 147 191 437 222 440 253 970 134 102 203 088 146 316 142 258 107 627 214 108 90 231
5 72 230 156 826 129 686 158 743 163 190 88 938 121 331 87 504 91 490 65 106 122 523
6 30 818 39 787 110 565 84 523 109 897 94 751 50 605 58 204 43 988 51 263 33 022
7 34 122 15 374 21 506 79 748 54 740 74 696 53 169 22 407 26 764 21 640 28 344
8 13 452 19 808 7 043 10 614 49 576 33 288 47 217 27 890 8 367 11 182 9 104
9 25 182 5 453 9 840 3 227 3 652 24 987 16 .445 27 579 13 347 3 626 3 691

10 2 938 10 197 2 403 4 353 1 104 1 314 7 500 7 307 12 522 5 662 1 447
11 1 696 900 3 137 829 770 389 614 1 964 2 164 3 288 1 912
12 1 612 523 269 781 212 189 162 182 473 487 778
13 279 794 178 135 114 83 67 37 75 155 138
14. 508 112 316 109 60 37 30 5 2 52 32
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Table 10. Cod at Iceland.
Total stock biomass and spawning stock biomass
(thousands of tons).

----
Total stock Spawning stock

Year biomass biomass
age groups age groups
3 and older 7 and older

--- -

1955 2 615 924
1956 2 429 952
1957 2 208 1 138
1958 2 089 1 036
1959 2 006 783
1960 1 868 748
1961 1 745 587
1962 1 635 550
1963 1 505 694
1964 1 480 543
1965 1 474 422
1966 1 592 288
1967 1 846 237
1968 1 959 487
1969 1 994 551
1970 1 899 673
1971 1 677 637
1972 1 371 462
1973 (1 319)*) 337
1974 (1 183)*) (244)*)
1975 (231)*)

*) Values sensitive to VPA input values of F for 1975.

•

•



..

Table 11.
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Estimated year elass strengths of ~Od from the three
VPA's (3 years old, number in 10- ).

•

•

E. Greenland + E. Greenland +
Year Class leeland w. Greenland w. Greenland 1 E & F

1 E & F + leeland

1952 146

1953 202

1954 111

1955 259

1956 305

1951 152 81 232
1958 189 11 260

1959 142 16 158
1960 162 53 215
1961 293 151 444
1962 258 18 336
1963 290 135 425
1964 340 42 382
1965 116 12 188

1966 259 13 215
1961 190 8 200
1968 188 6 220

1969 141 4 151
1910 303 13 342

Average 1952 - 1910 year elasses 220
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Table 12. Nominal catch of Haddock. lCES Division Va (leeland Grounds). In thousand tons. 1955-75 (Bulletin Statistique).

Speciesl HADDOCK
1975"Country 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974

Belgium ••••••••••••• 7·1 6.1 6.6 5·7 2.4 5·2 4.2 4.2 1.9 0.9 1.2 0.7 0.9 1.1 1.0 1.1 1.3 0.8 0.9 0.9 0.8

Denmark ••••••••••••• +

Faroe la1•••••••.•.• 0.4 0.6 1.2 1.4 1.0 1.3 0.8 0.9 2.1 1.2 1.0 1.0 0.5 0.3 + 0.6 0·7 0.6 0.8 1.0 1.2

:France •••••••••••••• 0.1 0.2 + 0.9 + 0.1 1.2 0.6
1) 7.2 8.8 7.8 6.3 3.8 6.2 4.1 4.0 3.1 2.1 1.8 1.1 1.5 2.6 1.6 1.7 2.0 0·7 1.8 1.2 1.2Germany, Fed. Rep•••

2) 0.1 0.4German Dem. Rep. •• + +

Ieeland •••.••••••.•• 21.7 . 22.1 31.3 28.6 26.5 42.0 51.4 54.3 51.8 56.6 53.5 36.0 39.0 34.0 35·0 31.8 32.4 29·3 34.6 34.2 35.4

Netherlands ••••••••• + + 0.2 0.2 0.2 0.1 + +

Norway •••••••••••••• + + + + +

Poland2) ............ +

UK (England & Wales)~ 2709 23·7 28.7 27.5 30.0 31.8 47.2 51.9 39.5 33.3 37·6 19·7 17.4 11.9 7.8 7.4 7.7 7·7 6.8 4.4 4.5

UK (Scotland) ......... 0.7 1.0 1.1 1.0 0.8 0.9 2.3 4.0 3.8 4.9 3·8 1.5 1.0 1.4 1.1 1.7 0.8 0·4 0·3 0.7 1.2

U.S.S.R.2) .......... 0.1 0.2

Total ......... 65.0 62.3 76.7 70.5 64.5 87.4 110.1 119.7 102.4 99.2 99·0 60.2 60.4 51.7 46.5 44·4 46.1 39.5 45.8 42.4 44.3

Bul1. Stat. Total ••• 64.3 61.9 76.4 70.2 63.7 86.4 108.3 119.6 102.6 99.2 99.0 60.1 60.5 51.2 46.6 44.5 46.1 39.3 45.7 42.6

The national statistics used in the table (see footnotes 1 and 2) differ slightly from those given in Bulletin Statistique.
The order of magnitude is shown by comparison of the total catches at the bottom of the table.

" Provisional

1) From national statistics from Bundesforschungsanstalt f. Fischerei, Hamburg.

2) From national statistics.

+ = less than 0.1 thousand tons.

..

I

'"o
I

•
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Tab1e 13. leeland Haddock.
Age compositions of catches 1962-75 used as input data for Virtua1
Population Analysis (thousands of fieh).

"

J

Age 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975

1 3571 521 19 22 76 52 1 80 1 2 5 41 1 1
;

2 4 282 3 833 4 170 2 490 1 380 3 375 2 681 1 893 908 486 2 301 2 463 1 078 581
3 6 683 18 005 27 409 25 817 13 802 18 613 7 153 9 624 4 220 4 613 4 431 9 634 3 565 6 732
4 14 920 5 447 14 125 17 820 13 192 16 002 10 239 5 522 11 095 5 794 9 386 4 922 11 641 8 395
.5 45 797 10 401 4 133 17 999 4 885 4 790 5 079 7 757 3 867 9 026 4 527 4 512 4 625 7 528
6 .9 975 25 018 4 097 1 857 5 308 1 308 2 522 1 450 4 093 3 431 2 321 2 599 2 180 1 614

7 840 5 301 9 517 1 364 696 1 617 1 571 611 1 015 1 951 381 1 614 736 764
8 67 464 2 198 2 460 488 161 1 173 359 347 302 207 470 421 156
9 193 36 234 437 547 50 237 485 321 55 41 290 84 91

10 176 90 88 82 202 211 673 131 356 168 41 69 38 30

The last group is a plus group

. I

\.>l
I-'



Tab1e 14. Haddock at leeland.
Mean weight at age. (kgs)

66 I

I I I ;

MeanI
1

1972 I 1973 I70 1971 i 1974 1975' 1971-75

- 0.19 0.40 0.23 - - 0.27
29 I 0. 61 1 0.78 0.44 0.691 0.59 I 0.62

73 0.89 1.19 0.79 1.001 0.95 I 0.96
I

23 1.32 1.59 1.40 1.381 1.38 I 1.41
91 1.77 2.07 2.22 2.11/ 1.98 I 2.03 I
68 2.40 2·70 3.42 3. 131 2.91 2.91 I

3.21 ! I I
49 3.62 4.08 3. 92 1 4.18 3.80 I

I I31 4.54 3.80 I 5.12 I 4.441 4.88 4.56 I

32 - 5.06 5.03 4.401 4.40 4.72 I
6 i6 Ii 10 2.7 I 3.28 3• 9 i 5. 74 ! 3.58 3. 9 4.00 5.05 I 4.89 4.07 .81 4.52 I 7.5 5.72 5.73 Ii

,
I I ! t I !

I
I I

11 5.46 I i i I 4.52 ! 5. 141 4.52 I 5.35 3·59 5~731 6. 541 5.04 I

I - - j - - - I, I !

I i II ,
I t12 ! 3.94 I 2.57

I
5.47 i 4. 16 1 4.63 i 4.49 5.47 I 6.54 5.47- - - - ,

I I

I I
I

1 i13 i , I 6.54 I I
I - - - - - - - - - - - - -
I I , - I

!

14 j - - - -
I

- - - - 5·78 4.52 - - - -
~

5.58I

15+ I - - - - - 3.69 - - - - - - - -
t

I I I I I I )

Age 1962 1963 1964 1965 1966 1967 1968 1969 19

1 0.33 0.40 0.32 - - 0·44 - 0.22
, 2 -0.42 0.73 0.77 I 0·70 I 0.62 I 0.58 0.60 0.46 I o.

I

1.02 I 0. 95 13 0.84 0.97 1.09 I 0. 99 1 0.87 0.90 o.
4 1.01 i 1.34 I 1.49 I 1.40 I 1.43 ; 1.44 I li141 1.49 I 1.

5 1.45 i 1.51
,

2.04 I 1.71 I 2.04 2.02 I 1.98 2.37 i 1.
6 1.77 2.17 I 2.33 I 2.23 2.49 I 2.61 3.15 2.2.12 I I

7 I 2.81 I 2.22 2.45 I 2.81 i .2.81 ! 2.27 I 3.31 3.77 3·
I i i

I

3.6618 I 2035 I 2.24 3.11 i 3.10 3.41 -3.69 I 3.65 4.
3.84 I

I I

4.20 ,!
,

9 I 4.52 2.92 3.11 3.64 2.96 I 4.41' 4.! ,

Length/weight regression parameters: 1 w = a1 + bn a

a = 3.0259
b = - 11.6350

. , . , " "

'.
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Tab1e 15. leeland Haddock.
Input va1ues of F used in VPA assessments.

For oldest age graups

1962 63 64 65 61 68 69 10 11 12 13 14 15

A 0·1 0.1 0.1 0·1 0.1 0·1 0.1 0.1 0·1 0.1 0·1 0.1 0.1

:B 0·1 0.1 0.1 0·1 0·1 0.1 0.1 0.1 0.7 0.7 0.9 0.9 0.9
c 0·7 0.7 0.7 0.7 0.7 0.1 0.7 0.1 0·7 0·7 0.45 0.45 0.5

Far 1975

Age A :B C

1 0.05 0 0
2 0.10 0.05 0.05
3 0.50 0.25 0.20
4 0·70 0.50 0.45
5 0·70 0.80 0.45
6 0.70 1.00 0.45
7 0.70 1.00 0.45
8 0·70 1.00 0.45
9 9.70 1.00 0.45

"
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Table 16. Iceland Haddock.
Estimates of fishing ~ortality coefficients for 1962-75 calculated by
Virtual Population Analysis, and values assumed for 1975.

Aga 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 0.04 0.05 0.06 0.04 0.02 0.09 0.05 0.06 0.03 0.02 0.04 0.07 0.03 0.05
3 0.29 0.25 0.55 0.61 0.35 0.40 0.29 0.24 0.19 0.17 0.23 0.25 0.13 0.25
4 0.47 0.42 0·32 0.86 0.75 0.88 0.41 0.38 0.47 0.42 0.62 0.42 0·53 0·50
5 0.64 0.70 0.65 0.86 0.61 0.69 0.80 0.62 0.51 0.89 0.68 0.70 0.91 0.80
6 0.64 0.91 0.67 0.69 0.67 0.32 1.00 ~ 0.56 0.81 1.24 0.60 1.12 0.91 1.00
7 0.57 0.88 1.17 0.50 0.61 0.44 0.80 ,0.71 1.02 1.27 0·41 1.17 1.23 1.00
8 0.29 0.73 1.24 1.21 0.33 0.27 0.67 0.42 1.24 1.03 0.41 1.40 1.22 1.00
9 0·91 0.25 1.09 0.92 1.03 0.05 0.81 0.67 0.84 0.66 0.36 1.87 1.11 1.00

10+ 0.70 0.70 0·70 0·70 I 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.90 0.90 0.90
-

Table 17. Iceland Haddock.
Estimates of stock size 1962-75 calculated by Virtual Population
Analysis (thousands of fish).

,

Age 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
1 111 679 97 355 80 005 93 470 50 990 78 739 43 419 49 310 36 471 75 222 51 717 51 383 16 042 1 104
2 114 061 91 113 79 660 65 485 76 507 41 679 64 419 35 548 40 299 29 859 61 585 42 337 42 032 13 133
3 28 762 89'520 71 137 61 457 51 367 61 393 31 080 50 322 27 396 32 175 24 007 48 344 32 441 33 440
4 43 793 17 541 57 095 33 706 27 231 29 660 33 563 19 015 32 541 18 630 22 187 15 668 j 30 914 23 347
5 105 490 22 481 9 474 34 053 11 723 10 524 10 036 18 292 10 612 16 697 10 055 9 773 8 413 14 886
6 22 920 45 434 9 118 4 063 11 848 5 229 4 338 3 689 8 040 5 224 5'634 4 188 3 972 2 772
7 2 106 9 850 14 934 3 805 1 668 4 958 3 106 1 310 1 722 2 934 1 239 2 537 1 123 1 312 I
8 291 973 .3 345 3 791 1 894 743 2 609 1 142 527 508 676 673 646 268
9 351 178 382 792 925 1 112 464 1 088 613 124 148 367 136 156

10+ 226 116 113 I 105 260 ?71 865 168 4'58 216 53 84 46 37

\ :

"
•



..'

Table 18.

- 35 -

leeland Haddock.
Exploitation patterns used in the
yield/recruit assessments.

...

•

Age A B' e

1 0 ,0 0'
2 0.05 0 0
3 0.26 0.15 0.05
4 0.51 0.35 0.30
5 0.7 0.60 0.47
6 0.82 0.72 0.69
7 0.84 0.72 0.72
8 0.72 0.72 0.72
9 0·72 0·72 0·72

10 0.72 0.72 0.72

A Mean values of F for the period 1967-71 from VPA

B Age of first capture increased by 0.5 years

e = Age of first capture increased by 1.0 years •
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Table 19. Iceland Haddock.
Stock biomass and spawning stock
biomass (thousands of tons).

Stock biomass Spawning stock biomass
Year (age grouIB 2 and older) (age groups 4 and older)

1962 453 355
1963 388 246

1964 318 201

1965 264 165

1966 214 118

1967 192 107

1968 181 111

1969 161 91

1970 157 105

1971 140 91

1972 138 77

1973 (142) (69)

1974 (138) (80)

1975 - (78 )
._.

Figures in brackets sensitive to VPA input values of

F for 1975.

...
...

...

•

•
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Table 20. Iceland Haddock.
Year class strengths from VPA (in
million of fish aged 2 years).

Year c1ass A B C

1960 114 114 114
1961 91 91 91
1962 80 80 80
1963 66 65 66
1964 11 17 77
1965 42 42 42
1966 65 64 65
1967 36 36 36
1968 41 40 43
1969 31 30· 35
1970 64 62 76
1971 35 42 45
1972 (24) (42) (51)
1973 (6.1) (13 ), (13)

. Mean year
c1asses
1960-70 64 64 66

A 1975 F va1ues for ages ~ 4 = 0.7

B 1975 F va1ues for ages ~ 6 1.0

C 1975 F va1ues for ages ~ 4 = 0.45
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Table 21. Iceland Haddock.
Catch predictions 1976-18 ('000 tons).

A. 6Assuming 64 x 10 2 year old fish in
the 1974-16 year c1asses.

B.

1916 1911 1918

C

I
32 37 44

D 40 39 43

6Assuming 30 x 10 2 year old fish in
the 1974-76 year classes.

•
---

1976 1977 1978
c---

C 30 26 25

D 39 32 28

C - Using F values far ages~ 4 years 0.1

D - Using F values for ages ~ 6 years = 1.0 l see Tab1e 15 •
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Iceland Haddock

Derivation of stable age compositions of catches per 1 000 recruits.

Age
1)

Z S2) N3) F(l-SYZ Catch4 ) W kg Yield5 )(kg)F

1 0 0.2 0.819 1 000 0 0 0.27 0

2 0.05 0.25 0.779 819 0.044 36 0.62 22

3 0.26 0.46 0.631 638 0.209

I
133 0.96 128

4 0.51 0.71 0.492 403 0.365 147 1.41 207

5 0.70 0.90 0.407 198 0.461 91 2.03 185
I

6 0.82 1.02 00361 81 0.514 42 2.91 122

7 0.84 1.04 00353 29 0.523 I 15 3.80 57

8 0.72 0.92 00399 10 0.470 4.7 4.56 21

9 0·70 0.90 0.407 4·1 0.461 1.9 4.72 9.0

10 0.70 0.90 0.407 '. 1.7 0.461 0.8 5· 73 ' 4.6

1) Means from VPA for the period 1967-71.

2) S = exp-Z

3) e.g. 638 = 819 (0.779)

4) Catch = NF(1-5)/Z

5) Yield = Wcatch (kg per 1 000 recrui~)
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APPENDIX 11
1

Ice1and Haddock

Worksheet for ca1cu1ating effect of change in fishing effort
using conversion factars at each age.
Examp1e: effort increased by 20%.

F1) L;F2)
A B

New yie1d4 )Age 0.2~ exp.-0.2L:F 01d yie1d3)-

1 0 0 0 1.0 I 0 1.2

2 0.05 0.02 0.004 0.996 22 26

3 0.26 0.18 0.036 0.965 128 148

4 0.51 0.56 0.112 0.894 207 222

5 0·7 1.17 0.234 0.791 185 176

6 0.82 1.93 00386 0.680 122 100

7 0.84 2.76 0·552 0.576 57 39
8 0·72 3.54 0·708 0.493 21 12

9 0.7 4.25 0.850 0.427 9.0 4.6

10 0·7 4.95 0.990 0.372 4.6 2.1

756 731

(-3%)

'I)
Mean va1ues for the period 1967-71.

2) Va1ues of F summed to midd1e of age group, e .g. 0.18 = o + 0.05 +(0.26)/2.

3) In kg/l 000 recruits.

4) New yie1d at each age = 1.2 A.B

General formu1a for conversion factor at each age

= (1 + x./lOO) Cold yield) exp.- [[ ;x:. /lOO)LFJ

..

•
•

•
where JL = % change in effort (note if effort is decreased, "X. becomes negative).
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M = 0.2

·e
6

. "

Iceland Haddock

eAPPENDIX 111 #

Worksheet for predictin catches 197 -78
,

A B C D E F G H I

1975* -z F(l-e-z )/Z
1975 1976 1976 1977 1977 1978 1978 - *

Age Catch F* e stock stock catch stock catch stock catch W (kg)

2 581 0.10 0.7408 0.0864 6 725 (64 000) (5 529) (64 000) (5 529) 64 000) (5 529) 0.62

3 6 732 0.50 0.4966 0.3596 18 722 4 982 1 791 47 412 17 049 47 412) (17 049) . 0.96

4 8 395 0·70 0.4066 0.4616 18 188 9 297 4 291 2 474 1 142 ~23 544) (10 867) 1.41

5 7 528 0.70 0.4066 0.4616 16 310 7 395 3 413 3 780 1 745 1 006 464 2.03
I -

6 I 1 614 0.70 0.4066 0.4616 3 497 6 631 3 061 3 007 1 388 1 537 709 2.91

7 I 764 0.70 0.4066 0.4616 1 655 1 422 656 2 696 1 244 1 222 564 3.80

156 0.4066 0.4616 673
-

311 578 267 1 096 506 4.56I 8
I 0.70 338

9 91 0.70 0.4066 0.4616 197 137 63 2741 126 235 108 4.72

10 30 0·70 0.4066 0.4616 65 80 37 56 26 111 51 5·73
Weights of

Catch 42.8 31.5 35·7 43.4
000 1 S tons

Corrected
weight 44 32.3 36.E 44.5

value of M; and year class strength.

'.

4 982 = (0.7408) (6 725) etc.
= (1975 catch)/B
= A x C displaced by one age group e.g.
= A x D displaced by one age group
= A x F displaced by one age group.
=BxD l .
= B x F Catches in numbers
= B x H

CölUmn C
Column D
Column F
Column H
Column E
Column G
Column I

Input data: * 1975 catch (OOOlS); exploitation pattern (FIS); mean weights (W);
"Stocks" refer to numbers at the beginning of the stated years.
e.g.

Weights of catches are sums of products of catches x W.
Corrected weights are weights of catches adjusted in proportion to the actual 1975 catch which was 44 000 tons.

~New year classes are-introduced at the top of Columns D, Fand H (assumed constan~= 64 000 annually in this example.
Values dependent on year class strength inputs are shown in brackets. ....



Table 22. Nominal catch of Cod.
ICNAF Divisions IE and IF in thousand tons 1960-1975 (Statistical Bulletin).

o
o

2.0

1.8

0.8 I

I

I--- CO_D .. _ ...::1~96.:...:0~.....:1:.::9:...:6..:.1-+--=1~96.:.:2::...-..~1:..:::9..::.6.::.-3-+---=.:.19:....:6-.:4-+--=1...::..9~65::..+_1::.::9:....:6..::.6-+--=1...::..9..:-67:.-.+-~19:-6..::.8-+_1~::-9 6.::...:::9:.._+-=1::.:::9~7_0 -+-_1~97~1-+-_1-::9:....:.7~2 -+-~1.:;..9 7.:.....::3~......:19~7~4--t

Faroe Islands 13.0*) 16.3ilf
) 28.5*) 22.7*' 17.7~~ 19.'3*) 22.6*) 20.53f) i 12.tt;); 5.1*) 2.7*) 6.4*) 2.8 ilf) 2.1*)

France 0.1 0.2 0.2 0.7 1.0 0.9 2.0 1.3 7.7 1 3 •2 0.5 0.5 0.3

Germany, Fed.Rep. 7.7 20.4 31.1 44.9 ?-7.9 20.5 21.7 32.3 55.6 138.4 31.0 26.2 6.8 4.0

German Dem.Rep. + 2.2 1.7 0.5x ) 1.8 1.1 4.7 I 1.7 1 3.4*) 0.1 I I
I I) ) I

Greenland 10.2 15.9 17.2 12.1 17.2 7.9 7.1 8.6 110.0 i 8.2x ): 8.6x 7.1X)j 6.9* 6.0 I

Iceland 2.S3f') 3.6*) 0.5 1.7 1.2 0.7 0.6 0.1 I I I I
Norway 14.3") 13.7~) 3.4"') 9.2" 11.6") 8.2~) 10.2") 13+.7~)1' 10.7") 5.8"): 1.6") 1.5"'), 6. 3"),4.2"*)1
Po1end + 0 • 3 0 •2 I + 0 .1 . + O. 1 I I, I
Portugal 5.4 0.4 2.6 I 1.5 + 0.2 + 6.4 5. 8 ' 1.4 + + I + 0.4 I
Spain 0.1 + 0.4 0.1 0.2 I + 3.0 1.0 2.2 i 1.0 0.6 0.6 I 0.6 + I
U.K. (enr1a

)d & 8.1 2.7 6.6 10.7 13.4 I 6.1 11.2 5.2 4.7 i 2.9 I 1.4 I 0.4 ! 0.5 10.8

I-U_S._S_R__a_es__-+_O_.l_I--__---+ -t~~~ ~---+---+-------1-----+i--O _.5_1__~~1-----ii - __1_+__-+1_--4

Total 61.7 73.1 90.8 106.9 81.9 64.1 77.7 85.8 114.0 i 70.5 53.5 43.8 24.0 117.4 13.4.---------+----+----+---- +-__-+ +-__+-__-+-__-+- +-__+-__+-__-+' +-1__4-_--1

Division INKx ) 76.2 88.0 115.9 99.7 84.3 99.2 95.1 95.9 68.6 35.9 23.0 26.4 20.1 ! 1.1

IE-IF Allocated
x

) 25.2 26.5 31.0 29.8 25.9 26.1 32.2 30.9 20.3 10.8 8.2 9.2 7.3 0.7
~ . J.__--:L.._ ~L____L____.J~_---:..l___-L..___L..__-L. ..L___..1.____....I.____L..__-L. -L__~

x)Catches reported as Division INK (West Greenland unspecified) are given two lines above. Parts of these catches
have been al10cated (by the Greenland Fisheries Institute) to Divisions IE-IF as given in the last line.
The countries for which~ catch or part of the catch was reported as Division INK are marked with an asterisk •

• • .,'" -"
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Table 23. Nominal catch of Cod.
ICES Sub-Area XIV in thousand tons 1960-1975 (Bulletin Statistique).

con 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 19751)

Faroe Islands 0.4 1.2 I 0.9 0.2 0.7 0.3

Germany, Fed.Rep. 19.1 15.0 14.3 13.9 30.6 11.0 7.8 I 12.1 8.3 12.6 13.9 25.6 21.6 ! 9.3 2.3 1.5

German Dem. Rep. I I + + 0.3
I

Greenland 1.6 1.2 0.9 0·9 1.1 0.9 0.9 0.7 0.6 0.6 0.5 0.5 0.3 0.2 + 0.2

leeland 2.5 1.4 0·3 I 1.8 2.9 4·7 4.0 10.5 6.7 4.5 5.5 4.6 3.2 1.4 3.0 0.8
I

Poland I
!

0.8 0.4 0.3

1.8/
+ + +

U.K. 0.3 0.9 0.8 1.0 0.9 0.2 1.4 + 0.1 + .. 0.2 0.7 0.5 0.4

USSR 5.7 + + + 0·3 0.1
-"---_.- .. --_.- ~.- _. _._------ -~_. --~

Total I 23.9 19·7 17.3 23.1 35.6 17·5 12.9 24.7 15.7 17·8 20.9 31.5 26.6 11.8 6.6 3.4

l)Preliminary figures based on verbal information by the Working Group.



Tab1e 24. Nominal catch of Cod.
ICES Sub-Area XIV and ICNAF Divisions IE and IF in thousand tons 1960-1974.
(Bulletin Statistique and Statistica1 Bulletin).

COD 1960 196~ 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974- --..-
Faroe Is1ands 13.4*) 17.5~) 28.5*) 22.7*) 17. i!f:) 19.3*) 22.6;) 20.5*) 12.7*) 5.1*) 2.7*) 6.4*") 3.7 2.3 2.7

France 0.1 0.2 0.2 0.7 1.0 0·9 2.0 1.3 7.7 3.2 0·5 0.5 0.3

Germany, Fed.Rep. 26.8 35.4 45.4 58.8 58.5 31.5 29.5 44.4 63.9 51.0 44.9 51.8 28.4 13.3 3.1

German Dem.Rep. 2.2 1.7 0.5*) 1.8 LI
I

4.7 1.7 3.4*) 0.1 I+ + +
Greenland 11.8 17.1 18.1 13.0 8-3 8.8 8.0 9-3 10.6 8.8*) 9.1*) 7.6*) 7.2*) 6.2 7.6
leeland 5.3*) 5.0~) 0.8 3.5 4.1 5.4 4.6 10.6 6.7 4.5 5·5 4.6 3.2 1.4 I 3.0
Norway 14. 3~) 13•7*)1 3.4*) 9.2*) 11.6*) 8.2*) 10.2*) 13.7*)1 10. 7~') 5.83e") 1.6*) 1. 5*), 6. 3")1 4. 2*)1 1.8

I

II I
;

IPo1and + 0.3 0.2 + 0.1 + + 0.1 0.8 I 0.4 I 0.3 + +I I

I I
I IPortugal 5.4 0.4 2.6 1.5

,
0.2 I 6.4 5.8 1.4 I 0.4+

I
+ I + I + +. i

I
ISpain I 0.1 + 0.4 0.1 0.2 + 3.0 1.0 , 2.2 I 1.0 0.6 0.6 0.6 I +I I i I I

" U.K.

I
8.4 3.6 8.4 11.5 14.4 7.0

1
11.4 6.6 4.7 I ! 3.0 1.4 I 0.6 1.2 1.3I I I

IUSSR 0.1 6.7 .
I + 0.5 + ·1 0.3 0-3 I 0.1 +I ,

I 1 I

Total 85.6 92.8 108.1 130.0 117.5 81.6 90.6 HO.5 . 129.7 ' 88.3
,

74.4 75.3 50.6 29.2 I 20.0

Division Imr) 76.2 88.0 115·9 99.7 84.3 99.2 95.1 95.9 68.6 35.9 23.0 26.4 20.1 1.1 0

IE-IF A11ocatedx ) 25.2 26.5 31.0 29.8 25.9 26.1 32.2 30.9 20-3 10.8 8.2 9.2 7.3 0.7 0
-

x)Catches reported as Division INK (West Greenland, unspecified) are given tWQ lines above. Parts of these catches
have been a110cated (by the Greenland Fisheries Institute) to Divisions IE-IF as given in the last 1ine. The
countries for which the catch or part of the catch was reported as Division IliK are marked with an aEterisk.
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Table 25. Nominal catches of Cod in ICNAF Divisions IE-IF compared to
the total catch of Cod in ICNAF Sub-Area I.

Year 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974

Sub-Area I
243 345 451 406 350 360 366 430 394 215 113 121 111 63 48(tons x 10-3 )

Divisions I~-IF 61. 7 73·1 90.8 106.9 , 81.9 64.1 77·7 85.8 114.0 70.5 53·5 43.8 24.0 17.4 13.4(tons x 10- )

Divisions IE-IF 25.4 21.2 20.1 2603 23.4 17.8 21.2 20.0 28.9 32.8 47.3 36.2 21.6 27.6 27.9as %of Sub-Area 1

-
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Table 26. Cod. East Greenland.
Estimates o~ total e~fort (Germany, Fed.Rep. of days ~ished used as unit).

,
Germany, Germany, Germany,

Year Fed. ReE5 Fed.Repä) Fed.Rep. Total catch Total effort
catch e~fort c.p.u.e.

1962 14 299 1 660 8.61 11 295 2 008

1963 13 811 2 182 6.36 23 051 3 625

1964 30 623 3 281 9.32 35 511 3 819

1965 10 965 2 134- 4.01 11 491 4 363

1966 1 186 1 821 4.26 12 810 3 020

1961 12 111 2 151 5.62 24 132 4 403

1968 8 323 1 361 6.12 15 101 2 567

1969 12 635 2 164 5.84 11 171 3 044

1910 13 930 1 532 9.09 20 901 2 299

1911 25 644 1 131 14.8 31 516 2 135

1912 21 592 1 132 12.5 26 629 2 136

1913 9 262 931 9.95 11 152 1 181

. 1914 2 309 312 1.40 6 553 885

1975c ) 1 526 3 435.

a) Germany, Federal Republic o~, research reports to ICNAF.

b) Bulletin Statistique Sub-Area XIV.

c) Provisions1.

I
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Table 27.

- 47 -

Cod. ICNAF Divisions IE-IF 1960-75.
Catch in numbers per age group (1 000 fioh).

..

•

Age 1960 1961 1962 1963 1964 1965 1966 1967" 1968 1969

3 - 11 435 33 77 - 1 180 49 8 -
4 2 214 283 2 022 534 562 2 447 1 996 1 070 994 142
5 798 7 745 4 879 7 710 1 061 5 336 19 836 3 211 10 713 3 167-
6 935 1 860 11 631 8 201 8 239 1 889 4 597 14 391 9 972 15 355
7 5 233 1 343 1 415 11 852 5 550 5 110 1 588 5 800 11 520 6 595
8 1 541 4 741 1 291 912 4 823 3 965 3 018 583 2 236 4 662
9 752 945 2 676 248 542 1 662 2 232 369 182 731

10 1 469 604 475 996 245 223 707 917 123 43
11 220 1 203 308 178 733 158 79 55 314 75·
12 394 129 737 178 81 552 56 28 23 146
13 1 425 245 47 443 48 22 186 36 5 27
14+ 712 1 220 1 303 751 256 129 128 107 ·56 4

-
1960 1961 1962 1963 1964 1965 1966 1967 1968 1969

Total
corresponding)
catch (tons)X

w(kg)

.--
15 693 20 329 27 21 32036 22 217 21 493 35 603 26 616 36 146 30 947
61 705 73 086 90 78 m6 882 81 942 64 137 77 661 85 751 114 001 70 476

3.93 .3.60 3.34 3.34 3.69 2.98 2.18 3.22 3.15 2.28

..

•

..

Age 1970 1971 1972 1973 1974 i975xx )

3 - - 1 4 56 59
4 171 66 2 944 60 145 304
5 1 496 1 118 952 5 133 235 531
6 3 323 2 064 2 218 980 2 664 184
7 8 763 3 274 737 1 005 206 2 587
8 2 989 6 054 1 482 254 240 160
9 1 874 1 266 1 611 742 105 54

10 647 657 293 373 107 27
11 88 207 173 63 205 21
12 33 10 60 36 128 7
13 97 24 4 10 53 3
14+ 27 44 26 10 16 3

1970 1971 1972 1973 1974 1975

Total
19 508 14 784 10 501 8 670 4 160corresponding 3 940

catch (tons) 53 530 43 837 23 970 17 438 13 447 11 300
. w(kg) 2.74 2·97 2.28 2.01 3.23 2.87

x) Inc1uding estimates of catches reported as Division INK.
xx) Inc1uding estimates of catches for countries other than Germany, Fed.Rep. of

(4 652 tons), U.K. (92) and Denmark (G) (3 186) and part1y using sampIes
from Divisions north of Divisions IE-IF. 1975 sampling very poor.



Tab1e 28. Cod. East Greenland.
lCES Sub-Area XIV 1960-1975. Catch in numbers per age group (1 000 fish).

Aga 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975

3 - 23 4 - 1 - 28 - - - - - - 4 4 25

4 78 87 64 61 26 131 21 145 104 31 66 25 27 25 63 25

5 144 240 113 419 108 35 470 302 630 252 76 171 85 197 22 149
6 I 255 203 974 743 933 91 89 2 346 502 849 500 159 254 126 488 38

7 1 321 215 344 2 555 2 281 879 137 564 2 505 770 1 539 1 051 295 250 176 344
8 525 1 080 151 419 3 682 661 1 071 210 238 2 103 1 060 3 785 1 299 82 185 68

9 475 377 1 050 70 383 1 484 359 1 292 62 170 1 715 1 580 3 184 710 52 36
10 1 636 244 298 648 64 59 418 492 144 38 237 1 326 818 959 329 9
11 409 119 132 154 443 27 23 371 69 82 32 171 470 222 259 29
12 60 184 362 96 74 139 3 37 27 68 63 19 136 72 65 23

13 481 64 60 190 35 29 27 17 -
5 24 48 4 26 19 11 "7

14 16 192 15 23 146 41 18 49 10 7 16 9 22 - - 2

15 83 23 143 12 31 80 2 2 9 10 2 5 24 - -
16 - 16 - 71 8 1 5 2 - 10 5 7 3 2

17 - - 64 12 102 2 2 16 - 1 3 1

18 39 - 18 - 37 - - 4 - - -
19 37 29 1 - - - 3 - 3

~20 16 9 12 2 5 1

Total 5 528 3 164 3 774 5 491 8 346 3 713 2 682 5 857 4 311 4 423 5 363 8 305 6 647 2 673 1 6561 755

Corresponding
23 914 18 597 17 295 23 057 35 577 17 497 12 870 24 132 15 101 11 711 20 907 31 516 26 629 11 752 6 553 3 435

catch (tons)
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Table 29. Cod.
ICES Sub-Area XIV plus ICNAF Divisions IE-IF 1960-1975. Catch in numbers per age group (1 000 fish).

,

1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1975x)
t

Age 1970 1971 1972 1973 1974

3 34 439 33 78 1 208 49 8 1 8 60 84

4 2 292 370 2 086 595 588 2 578 2 017 1 215 1,098 173 237 91 2 971 85 208 329

5 942 7 985 4 992 8 129 1 169 5 371 20 306 3 513 11 343 3 419 1 572 1 289 1 037 5 330 '257 680'

6 1 190 2 063 12 605 8 944 9 172 1 980 4 686 16 737 10 474116 204 3 823 2 223 2 472 1 106 3 152 222
!

7 6 554 1 558 1 759 14 407 7 831 5 989 1 725 6 364 14 0251 7 365 10 302 4 325 1 032 1 255 382 2 931

8 2 066 5 821 1 442 1 331 8 505 4 626 4 089 793
2

414
1

6 765 4 049 9 839 2 781 336 425 228 ,

9 1 227 1 322 3 726 318 925 3 146 2 591 1 661 244 . 901 3 589 ,2 846 4 795 1 452 157 90- I

10 .3 105 848 773 1 644 309 282 1 125 1 409 2671 81 884 1 983 1 111 1 332 436 36
\

629 1 922 1 176 426
I

643 46411 440 332 185 102 3831 157 120 378 285 50
I

12 454 313 1 099 274 155 691 59 65 50! 214 96 29 196 108 193 30 ,

I
13 1 912 309 107 633 83 51 213 53 10: 51 145 28 30 29 64 10

I
I

~14 850 1 548 1 525 887 572 164
I

40307 188 811 54 58 79 17 18 5:

Total 21 221 24 093 30 993 37 527 30 563 25 206 38 285 32 473 45 4571 35 370 24 871 23 089,17 148 11 343 5 8161 4 695
i

Corres-
,

ponding
85 619

,
catch 91 683 108 084 129 939 117 519 81 634 90 531 110 483 129 702189 247 74 437 75 353 50 599 29 190 20 000 14 735
(tons) . I

*)Provisional figures.



Table ?O. Cod. ICES Sub-Area XIV plus ICNAF Divisions IE-IF.
Fishing mortalities by year and age.

Age 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975

3 0.00 0.00 0.02 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4 0.02 0.00 0.03 0.03 0.01 0.02 0.02 0.01 0.02 0.02 0.02 0.01 0.07 0.03 0.02 0.02

5 0.04 0.08 0.06 0.14 0.08 0.11 0.18 0.05 0.10 0.10 0.19 0.14 0.18 0.17 0.12 0.09

6 0.06 0.12 0.17 0.15 0.24 0.20 0.14 0.22 0.22 0.21 0.16 0.45 0.45 0.30 0.14 0.15

7 0.11 0.13 0.17 0-35 0.22 0.28 0.30 0.32 0.33 0.27 0.23 0.31 0.46 0.50 0.18 0.22

8 0.16 0.19 0.23 0.26 0.52 0.28 0.43 0-31 0.28 0.36 0.32 0.52 0.47 0.37 0.45 0.22

9 0.12 0.19 0.24 0.10 0.41 0.52 0.34 0.45 0.20 0.21 0.47 0.56 0.78 0.71 0.42 0.22

10 0.19 0.15 0.23 0.22 0.18 0.29 0.52 0.45 0.16 0.13 0.47 0.77 0.66 0.76 0.71 0.22

11 0.09 0.23 0.15 0.20 0.33 0.21 0.22 0.54 0.29 0.18 0.40 0.55 0.95 0.50 1.03 0.22

12 0.06 0.08 0.28 0.18 0.18 0.47 0.13 0.30 0.15 0.37' 0.23 0.22 0.94 0.58 1.18 0.22

13 0.39 0.08 0.05 0.36 0.10 0.11 0.36 0.23 0.09 0.31 0.67 0.13 0.52 0.48 1.36 0.22

14 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.22

. Mean F~ 7 0.14 0.18 0.22 0-31 0.32 0.32 0.38 0.36 0-31 0.30 0.29 0.48 0.63 0.61 0.50 0.22

The last group is a plus group.
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Tab1e 31. Cod. lCES Sub-Area ~lV plus lCNAF Divisions IE-JF.
Stock in numbers at beginning of year.

Age 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975

3 135 469 103 633 25 548 82 807 210 123 116 737 191 570 60 170 15 000 16 137 10 362 60 481 3 786 13 246 25 472 42 172

4 144361 110 912 84 817 20 521 67 767 171 963 95 576 155 753 49 219 12 273 13 212 8 484 49 518 3 099 10 838 20 801

5 24 790 116 123 90 473 67 558 16 264 54 952 138 464 76 430 126 423 39 305 9 892 10 603 6 864 37 861 2 461 8 686

6 21 321 19 446 87 870 69 568 47 986 12 261 40 148 95 075 59 405 93 277 29 097 6 684 7 520 4 686 26 197 1 783

7 78 457 16 382 14 062 60 588 48 899 31 035 8 256 28 647 62 776 39 209 61 783 20 378 3 479 3.940 2 842 18 607

8 17 966 43 009 8 835 7 261 26 111 23 943 14 423 3 737 12 683 27 732 18 375 29 942 9 174 1 346 1 461 ~ 447

9 14 042 9 416 21 871 4 305 3 428 9 541 11 123 5 722 1 683 5 874 11 823 8 160 10 877 3 506 568 571

10 22 965 7 656 4 752 10 540 2 392 1 395 3 458 4 834 2 242 843 2 906 4 515 2 843 3 062 1 054 229

11 9 435 11 681 4 037 2 318 5 194 1 228 638 1 265 1 889 1 168 454 1 109 1 276 903 874 317

12 9 254 5 295 5 681 2 134 1 165 2 283 610 313 452 864 595 187 393 302 337 190

13 7 384 5 318 3 002 2 638 1 097 594 873 328 142 238 366 291 92 94 103 63

14 1 683 3 065 3 020 1 756 1 133 608 325 372 160 79 107 115 156 34 36 16



Table 32. Prediction of catch and biomass for Cod in ICES Sub-Area XIV
and ICNAF Divisions IE-IF.

.
1915 , 1916 1911 1918

Biomassx ) / x)
Predictedx ) Biomassx ) Predictedx ) Biomassx )Biomass

Age;::::4 Age;:::: 4 F(;:::: 1) catch Age;::::4 F( ;::::1) catch Age ;::::4
(1 000 tons) (1 000 tons) (1 000 tons) (1 000 tons) (1 000 tons) (1 000 tons)

0.22 16.5 203
(0.9) (85)

0.22 13.9 181
(0.08) (51)

0.45 30.5 185
(0.9) (83)

0.22 14.1 196
(0.9) (85)

126 136
0.45 26.2 114

(0.2) (56)
0.45 27.1 118

(0.9) (83)

x) The biomass is giv.en by 1 January and therefore includes ,only fish 4 years and older at that
time. During the year 3-year-old fish will recruit, and some of these are included in the
catch figures.

.. 1', •

The figures in brackets reflect that part
dependent on the incoming year classes.

of the predicted catches and stock which is
•
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, Tab1e 33. Numbers of Cod emigrating from Greenland
(lCES Sub-Are~6xlv.and ICNAF Divisions IE-IF) to leeland (lCES Division Va)
in Nos. x 10 •

. ,
.,. ' .....

.. "
•

;x::. 1960 1961 1962 1963 1964 1965 1966 1961 1968 1969 1910 1911 1912 1913 1914 1915Years

1 11.1 3.5 3.0 11.9 10.2 603 1.1 5.1 12·.4 8.0 12.8 4.1 0.1 0.1 0.6 ·3.9
8 3.8 9.0 1.8 1.5 4.8 4.8 2.1 0.1 2.6 5.4 3.1 5.5 1.1 0·3 0-3 0.3
9 3.1 2.0 4.6 0.9 0.1 1.1 2.2 1.1 0.4 1.2 2.2 1.5 1.8 0.6 0.1 0.1

10 4.8 1.6 1.0 2.2 0.5 0.3 0.6 1.0 0.5 0.2 0.5 0.1 0.5 0.5 0.2 -
11 2.1 2.4 0.9 0.5 1.0 0.3 0.1 0.2 0.4 0.2 0.1 0.2 0.2 0.2 0.1 0.1
12 2.1 1.2 1.1 0.5 0.2 0.4 0.1 0.1 0.1 0.2 0.1 - 0.1 0.1 - -
13 1.4 1.2 0.1 0.5 0.2 0.1 0.2 - - .- 0.1 0.1 - - - -
14 0-3 0.6 0.6 0.3 0.2 0.1 0.1 0.1 - - - - - - - -

.

Total 34.1 21.5 13.6 18.3 11.8 14.0 1.1 8.9 16.4 14.2 19.5 12.1 5.0 2.4 1.3 4.4

Age/Year
1953 1954 1955 1956 1951 1958 1959 1960 1961 1962 1963 1964 1965 1966 1961 1968C1asses

1 11.1 3.5 3.0 11.9 10.2 6.3 1.1 5.1 12.4 8.0 12.8 4.1 0.1 0.1 0.6 3·9
8 9.0 1.8 1.5 4.8 4.8 2.1 0.1 2.6 5.4 3.1 5.5 1.1 0·3 0.3 0.3
9 4.6 0·9 0.1 1.1 2.2 1.1 0.4 1.2. 2.2 1.5 1.8 1.6 0.1 0.1

10 2.2 0.5 0.3 0.6 1.0 0.5 0.2 0.5 0.1 0.5 0.5 0.2 -
11 1.0 0.3 0.1 0.2 0.4 0.2 0.1 0.2 0.2 0.2 0.1 0.1

,

12 0.4 0.1 0.1 0.1 0.2 0.1 - 0.1 0.1 - - -
13 0.2 - - - 0.1 0.1 - - - -
14 0.1 - - - - - - - - -'

Total 34.6 1.1 5.1 19.3 18.9 11.0 3.1 10.3 21.0 13.9 20.1 6.1 1.1 1.1 0.9 (3.9)
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Figure 1.

------------------------1

Iceland Cod.

Trends in estimates of fishing effort and of weighted F values
(age groups 4-6) from two VPAs, all expressed relative to the
1970 value.
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Z F Z F'

1961 .510 .224 1913 .880 0.52
1962 .550 .269 1914 .930 0.55
1963 .805 .311
1964 .155 .368
1965 .110 .420
1966 .690 .231
1961 .285 .211
1968 .345 .213
1969 ·540 .283
1910 .610 .338
1911 ·130 .529
12,12 .910 .560
x .630 .312

.2 .3 .4 .5 .6 .1 .8 .9 1.0
5-7 ages - catch per effort/English trawlers

Ieeland Cod.
The relation between fishing morta1ity from VPA and total
morta1ity based on English trawler catch per effort.
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Figure 3. Ice1and Cod.
Spawning stock biomass (age groupe 7+) estimated
from VPA.
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Figure 5. Ieeland Cod.
Yield per recruit and spawning stock
per recruit under the present exploitation
pattern.
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Figure6. Iceland Cod.
Relationship between stock size of 3
yearolds and catch per effort of 3
year olds by English trawlers.
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Figure 7. Iceland Cod.
Relationship between stock size ef 4 year olds
and catch per effort of 4 year eIds by English
trawlers.

Year A

class x y x R
3b 17·8783 1957 4.1 112

a 53.2780 1958 5.2 142
Sxy 37.4695 1959 4.8 105

1960 4.2 120 1970 12.8 282Si 5.3913 19'61 . 5.6 225 1971 5.2 146- 1962 6.4 192x 6.08 , Lx 79.0 1963 5.4 222 .
y S(x-x)2 48.3031 1964 11.1 254
- 1965 5·7 134y 162 ry 2105 1966 9.5 203

S(y_y)2 3.0883 1967 5.9 146R
4 1968 5.6 142

VPA r = .7071 p.<.OOl 1969 5.5 108

30 n = 13
~
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Figure 8.
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Ieeland Cod. .
Relationship between English catch' per effort
of 3 year old cod and estimates from inter
national O-group surveys •
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Figure 9. Ice1and Haddock.
Effect of changes in fishing morta1ity CF values)
relative to situation in the period 1967-71. M ~ 0.2.

A Exploitation pattern in period
1967-71
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Figure 10. The dependence of the estimated fishing morta1ities at Ice1and
(4-6 years old) on the numbers of 7-year old fish at Greenland (B)
and emigration numbers of emmigrants from Greenland (A).

B

• •

A Emigrants from Greenland (age 7 and older)
y = -.001 x + .416; r = .86

B Number of 7-year old fish at Greenland
y = -.0041 x +.431; r = .91
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