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INTRODUCTION

Following a request made by the Liaison Committee at the 1967 Council Mee‘ung, the
North-Western Working Group was reconvened under the chalrmanshlp of Mr. R. Jones. The -
meeting was held in Copenhagen from December 4th to 13th, 1967, and the following members
participated:~ V ' '

" R. Jones (U. K.) Chairman
J. Jénsson (Iceland)
A. Schumacher (Germany)
A. Meyer (Germany) ) part‘-timeA
H, Knudsen (Denmar_k) )

The primary task of the Group was to further assess the state of the fish stocks at Iceland

with particular reference to the determination of the effect of changes in fishing effort on the

" Iceland cod and haddock fisheries.

ICELAND COD

Statistics relating to the landings of Iceland cod have been brought up to date in Tables 1 to
3. Total landings have continued to decline and in 1966 amounted to 357, 000 tons, The catches per ‘
unit effort by both English and Iceland trawlers decreased but this was due to the fact that much of
the German trawler effort was directed to catching redfish. Estimates of total effort in English
trawler units showed a decline in 19686,

Fluctuations in the total yield of Iceland cod cannot be interpreted directly in relat1on to
fluctuations in fishing effort, however. This is because landings are also influenced by the level of
recruitment. This is illustrated by the data in Figure 1. These show the tctal landings of Iceland
cod for the past thirty-five years. Also shown are the contributions to the landings (in millions of
fish) of the year classes spawned eight years prévidusly. The agreement is good. In particular it is
seen that the high yield from 1930 to 1933 was associated with the good year classes of 1922 and
1924. Again, in 1954 landings were very high and can be associated with the good year class of
1945. Since then there have been fluctuations due to fluctuations in the level of year class strength,
and for the future it is known that all year classes after 1959 are poor or very poor in Iteland
experimental trawling material (J6nsson, unpublished data). These results show that fluctuations in
year class strength can cause fluctuations in the landmgs large enough to mask the pos51ble effects
of changes in fishing effort. Assessments of the effects of changes in fishing effort cannot therefore
be obtained from commercial statistics directly, but have to be obtained indirectly. This is done
by.first estimating the level of mortality in the stock due to fishing. The effect of changes in this
fishing mortality on the expected yield can then be calculated and this is the method of assessment

used in this report.

Numbers of Fish Landed

The Iceland cod stock is fished by several countries, some of which use different gears.




English trawlers land mainly immature cod, i,e. cod seven or less years of ‘age., German trawlers -
land proportlonately fewer young cod. Of the Iceland landings about 80% by weight come from a
fishery operated by various gears centred on the spawning conicentration of mature cod, This
fishery lasts from January to May. :

Estimates of the numbers of fish landed at each age are g1ven in Tables 4 to 6 for the
:English and German trawl flsherles and for the Iceland spawning fisheries. These fisheries account
. for 83% of the landings by welght A further 12% is landed by Iceland vessels not directed at the
spawning fishery and 5% by other countrles. The numbers of cod landed by these vessels were
estimated 1nd1rect1y. For the Iceland non-spawning fishery estlmates were made using the age
composition of the 1and1ngs by German trawlers. For other countrles the age comp051t10n of the
landings by English and German trawlers combined was used. In this way estimates of the numbers

landed by all gears were obtained (Table 7).

Mortality Rates

Previous estimates of the mortality rate of Iceland cod have suggested that this might be
quite high and of the order of 60- 70% for all ages. In the previous report of the North-Western
Working Groupl) a value of 60% among 1mmature cod is quoted, based on the age compos1t10n of
the landings by English trawlers. A o

Among older cod a mortality rate of 70% per year is referred to in the previous report,
This was obtained by determining the rate of decline in the numbers of fish'from one spawning class
to the next in the Iceland spawning fishery, In this way an estimate of the mortality rate operatlng
within that fishery was. derived.

The fact that mortality within the various fisheries is about 60-70% annually does not
necessarily mean that it is as high as this throughout the entire stock. In fact, analysis of the
numbers of cod landed at each age suggests that it is not, This is shown by comparing the number
. of 3-6 years old cod 1anded with the number of 7 years and older cod landed. These, for all gears,
amount™to 73 and 36 m11110n fish, respectlvely. Calculation shows that from a stock that experiences
a 60% annual mortality, the number of 3-6 years old and the ‘number of 7 years and older fish
caught should be in the ratio of 1:0, 028, i.,e. corresponding to 73 million 3-6 years old fish there
should only be 2 million 7 years and oldér fish landed. To account for 36 million 7 years and older
cod it isnecessary to postulate that the mortality‘ rate on younger fish as a whole is really much
smaller than this, If, therefore, some young fish experience a mortality of 60% within the 't'rawlv
fisheries there must be a further source of young fish that are not fully exploited until they are 7
years old, More correctly the time of transition from being unexploited to being exploited is most
likely to occur at the time of maturity, rather than at a particular age such as 7 years. Itis in fact
known that cod go on maturing up to at least 10 years of agé and that there is a recruitment of cod -
up to at ‘least this dge to the Iceland spawning fishery every year.

The question then ia: "Where do these fish come from'"? In some years, mature cod have
been known to»inigrate from Greenland to Iceland. This almost certainly happened in the case of the
1956 year class in 1963 and 1964, Recruitment from Greenland is not thought to account for the
whole Iceland spawnibng fi‘syhery ‘every year however. This fneans, therefore, that the fishery is
also dependent on cod that, when immature, are situated around Iceland in areas not normally
exploited by trawlers. ' ‘- ‘ '

The mortality rate of the immature cod at Iceland can then be assessed in either of two
ways according to the degree of mixing of the exploited and unexploited parts of the stock, In the
extreme situation where no movement occurs at all, the immature stock could be treated in two ‘

1) Coop. Res, Rep, Ser, B, 1966, Annex 1,




parts, One part would experience a mortality rate of about 60% annually and the other part would
experience natural mortality only. The alternative is that there is some interchange of fish between
the two parts of the stock possibly coupled with some movement away from the trawling grounds as

the fish mature, v v .
In order to determine the mortality rate on the stock as a whole in the case of the second

alternative, the method described in the Appendix (p. 10) was used. This was applied to the
numbers landed in Table 7, excluding the landings of the 1956 year class, because of the influence |
“on this of 1mm1grat10n from Greenland.

The mortality rates are shown in Table 8 for three values of the natural mortality rate (M)
of 0. 0.5, 0. 15 and 0, 30. The values given are for the total instantaneous mortality coefficient (Z)
‘and the values of 1 2 shown for eleven and twelve years old fish are equivalent to 70% annually. It
should be noted that below eleven years of age, the estimates which apply to the stock as a whole
are lower than the estimates obtained within the individual fisheries. This is especially so in the

case of the younger fish, o ' A
Fishing mortality, and 1ts subd1v1s1on into components due to the Iceland spawning fishery

and to '"Others'' is shown in Table 9,

Effects of Changes in Growth and Recruitment

Since changes in effort would lead to changes in the size of the stock it is possmle that this -
in turn could influence such stock characteristics as growth, recruitment or natural mortallty.
There are no data on the effect of chariges in stock density on natural mortality but there are some

. relafing to growth and recruitment.

In the case of growth, Jonsson (unpublished data) has related stock 'density (in terms of
landings per unit effort by Iceland trawlers) to the mean length. of the 8-12 years old eod in the
Iceland spawning fishery. The mean lengths have been converted to weights, and the results are
plotted in Figure 2, They show that there has been an increase in the mean weights of 8-12 years
old cod since 1930. In the period 1960-64, for example, 8-12 years old cod were 31% heavier, age
for age, than 8-12 years old cod in the period 1930-1934,

In the case of recruitment and stock size, further data from the Iceland spawning fishery
suggest that the output from year classes spawned when the stock density was high, were higher
than the output when the density was lower (Jonsson, 1966), Changing from a low to a high stock
density could, therefore, be associated with changes in growth and recruitment acting in opposite
directions, Their effects could partly offset eaeh other, although the data indicate that the gains
from increased recruitment could easily exceed the losses from reduced growth rates.

'Applying“ these results is more difficult since both the growth and recruitment data have
been collected over a period during which there have been changes in, for example, the temperature
and salinity of the Arctic., There is no way of khowing, therefore, to what extent a reversal of the
process, i,e. a return to higher stock densities, would in fact lead to either a decrease in growth
rate or an increase in recruitment,

No account has therefore been taken of this factor in the assessments but it is useful to
note the effect this would have if it did occur, With a reduction in effort, the gains would become
high'er than those shown in the tables of assessments, With an increase in effort the gains would

become lower,

Changes in Effort

Assessments have been made of the effects of changes in fishing using the mortality
estimates in Table 8 and the method of Jones (1961). As a first approximation, it was supposed that




a given change in effort would affect the fishing mortality rate at each age by the same proportion.
This is equivalent to making the second of the two hypotheses above, i,e. that there is mixing

between the exploited and unexploited parts of the immature stock,

Assessments .
Assessments depend on the assumptlons made about the distribution of the 1mmature flSh.

Either (a) there is mixing between the exploited and unexploited parts
of the immature stock '

or (b) the exploited and unexploited parts are 1ndependent until v .
maturity is reached. (Note the unexploited part of the '
immature stock may then be either at Iceland or at Greenland)..

In the time available to the Group it was only possible to make detalled assessments for
alternative (a) and these are described below, Whereever possible, the probable effects of
adopting alternative (b) are also given,

According to aiternative (a) the Iceland cod stock as a whole is not subject to so high a
mortality rate as has been supposed in previous reports. The assessments suggest that at the
1960-1966 level of effort, the yield per recruit is much closer to the theorétical optimum than
would be concluded if mortality rates of 60-70% were thought to apply to the stock as a whole.

According to alternative (b) the exploited part of the immature stock supports a fishery
with a relatively high rate of mortality, The yield per recruit in this fishery is therefore likely to
be lower than the theoretical maximum with a lower fishing effort. However, it is qﬁite possible
that a reduction in effort, -by allowing more fish to survive to maturity would allow more fish to

reach the Iceland spawning fishery.
There are various ways in which fishing effort may be varied and four of these have been

treated in detail.

1, Iceland spawning fishery kept constant.
Changes in effort by other gears only (Table 10).

2. Effort on the Iceland spawning fishery varied,
 Other gears kept constant (Table 11).

3. Equal changes in effort by all gears (Table 12 and Figure 3).

4, An increase in fhe effort at Iceland due to the
arrival of trawlers from outside that area (Table 13).

Assessments for alternative (a) are given in Tables 10 to 13. The values in Tables 10 1o
12 show the expected changes (as percentages) in the yield per recruit in the various fisheries.
These are given for various percentage changes in the mean fishing mortality rate from the mean
level o‘pérating from 1960-1966. For practical purposés these can be intérpreted as percentage
changes in fishing effort from the mean 1960-1966 value. Assessments are given for three values
of natural mortality (M) equal to 0. 05, 0,15 and 0, 30. Data supplied by Jonsson to the previous
Noi‘th-Western Working Group report suggest that the natural mortality rate of mature cod in the
Iceland spawning fishery lies between 0, 15 and 0, 30. Assessments were also made for a natural
mortality rate of 0, 05, however, to allow for the possibility that the natural mortality rate of
immature cod was lower than that of mature cod.. The values given therefore provide a range of

assessments for each category of change,




1. Icelandic spawning fishery kept constant. Effort changed iﬁvall other gears, Assessments of -
the effects of changes in effort by all gears other than those engaged in the Iceland spawning

f1shery are g1ven in Table 10 for alternative (a).

English and German trawlers; alternative (a): A decrease in effort
would decrease the yield. An increase in effort would increase the.yield.

Alternative (b): A reduction in effort could increase the yield for values .of M = 0,05 and
0,15, If somethmg between alternatives (2) and (b) is taken as the most realistic posfclon it can be

concluded that a reduction in effort would decrease the yield, but not as much as in Table 10,
Similarly an increase in effort would not increase the yield as much as in Table 10,

Iceland spawning fisher yy alternative (a): A reduction in effort by other
gears would increase the yield. An increase in effort v_vould decrease the yield, If alternative (b) is
adopted the losses and gains would not be as great as those.shown in Table 10, '

All gears; alternative (a): A reduction in effort would increase the y'ield. An
increase in effort would decrease the yield, ‘ o ’
v>A1terna"cive (b): For a reduction in effort, alternatlve (b) would reduce the losses in ‘the
trawl f1shery but Would also reduce the gains to the Iceland spawning fishery, The effect on the
values in Table 10, for either a reduction or an increase in effort can only be determmed by further

. assessmen’cs..
2, Changes in effort in the Iceland spawnihg fishery only, These assessments, for alternative (a)
are given in Table 11. It is not likely that alternative (b) will affect these assessments very much
and as a first approximation the assessments in Table 11 can be used for both alternatives.

For the English and German trawlers, a decrease in effort on the Iceland spawning fishery

would increaee their yield. An increase in effort would decrease it,
For the Iceland spawning flshery, a decrease in effort would decrease its yield. An increase

in effort would increase it, _
For all gears a reduction in effort on the Iceland spawning fishery would lead to very

small changes, An increase would lead to negligible gains.

3. Changes in effort by all gears equally, Assessments for alternative (a) are given in Table 12

and Figure 3,

English and German trawlers,; alternative (a): A reduction in effort
would reduce the yield, An increase in effort would increase the yield. The adoption of alternative

(b) would reduce both the losses and the gains,

Iceland spawning fisher y; alternative (a): A reduction in effort would
increase the yield. An increase in effort would reduce the yield. Adoption of alternative (b) would

reduce both the losses and the gains.

All gea rs ; alternative (a): The effect of changes in effort are critically affected by
the level of natural mortality adopted. Either increases or decreases in the total yield could result
from a change of effort in either direction. The effect of alternative »(b) on these assessments can

only be determined by further calculations.




4, An increase in trawler effort due to the arrival of vessels from outside Iceland (Table 13).
Here the situation is considered in which thga»Iceland effort is increased due to the participationb in
the fishery there of trawlers previously fishing elsewhere, such as in the north-eastern Arctic,
Adopting alternative (a) the effect on total yields can, to a first approximation be seen from the -
values tabulated in Table 10. All vessels previously fishing at Iceland would however experience a
decrease in catch per unit effort and the extent of this, for the various classes of vessel, is shown
in Table 13.

If alternative (b) is adopted, English and German trawlers would exper_ierncve greater losses
in catch per unit effort than those shown in the Table. Catches per unit effort in the Iéeland

spawning fishery would not decline so much however.
In these calculations it has been assumed that any increase in effort would be equivalent to

an increase in both English and German trawler efforts by equal amounts.

Effect on Catch per Unit Effort and the Size Composition of the Catches. In all cases, the catch
per unit effort would increase, when the fishing effort decreased and would decrease when the

fishing effort increased,
In all cases, where effort was increased, the catch would contain relatively more young

and fewer old fish. Conversely a decrease in effort would give relatively more old and fewer young

fish (Figure 4).

Mesh Assessments

Mesh assessments for Iceland cod were made in the previous report of the North-Western
Working Group, These depended on estimates of the parameter E that méasures the proportion of
the fish released by a larger mesh that would subsequently be recaptured in the fishery. Because of
the much lower values of mortality calculated in this réport for the young cod, estimates of E have
had to be revised and have been found to be about 0, 25, 0,5 and 0. 8 according to the values of
natural mortality adopted (0, 30, 0.15, 0. 05 respectively). In the previous report, values of E of
0.6 and 0. 8 were used, If values of M of 0. 15 or 0, 30 are adopted, the values of E are lower than
the previous ones, and this means that the small gains predicted in the previous report will be too
large and that the correct values will be a few percent lower. Similarly, any long-term losses
would become a few percent greater. Only if one accepts the very low value of M = 0, 05 does E
become 0.8 permi’cting the estimates in the previous report to remain unchanged. Mesh assess-

- ments from the previous report are shown in Table 14,

ICELAND HADDOCK

The basic data relating to the landings of Iceland haddock and the fishing effort to which it
is subject have been brought up-to-date in Tables 15 and 16, Esgtimates of the numbers of haddock
landed at each age are given in Tables 17 to 19 for the landings by English, German and Scottish
trawlers, The numbers landed by all other gears have had to be estimated from these. This was
done by using the German trawler age-composition data to estimate the numbers landed by Iceland
trawlers and long-liners, and by using the English trawler data to estimate the numbers landed by
Iceland Danish seine and all other cou’nfries. In this way estimates of the to’gal numbe_rs landed at

each age were obtained (Table 20},




Mortallty Estimates

Mortality estimates were determined from the estimated total numbers landed at each age
using the same methods as were used for cod. Total mortality estimates (Z) were determined for
two values of M (0. 15 and 0. 30), - ‘and the results are shown in Table 21, These are hlgher at all

‘ ages than those obtained for cod.

Changes in Effort

The effects of various percentage changes in effort from the mean 1960-66 level were
determined, assumlng that the changes in each case affected all gears equally. The results are
shown in Table 22 and Figure 5 for English and German trawlers. The results depend on the value
of natural mortality adopted. With a value of M = 0, 30, the yield appears to be close to its
maximum value at the 1960-66 level of effort, For M = 0.15 gains up to 4% are predicted for 40%
reduction in effort. The actual value of the natural mortality rate is not known, but 1t was felt that
this value should lie somewhere between 0, 15 and 0. 30,

As in the case of cod any changes in stock density resulting from a change in effort could
influence the growth rate, and recruitment. The magnitude of such effects cannot be computed
exactly, but they should nevertheless be kept in mind as factors that could 1nf1uence the estimates
in Table 22. As was found for cod, fluctuations in recruitment can influence the landlngs of haddock
very considerably. The high yield from 1961-63 for example (Table 15) was due to the influence of
the very good year class of 1957, and the subsequent decline in landings is mainly due to the
gradual disappearance of this year class from the fishery. » -

Another factor that must be taken into account is that dlrect estimates of the numbers |
1anded at each age were only available for about 50% of the total landings. Estimation of Iceland
long-line catches of haddock using German trawler age- compos1t10n data, for example, may have
led to bias in the estimates. These estimates, therefore, should be revised once more extensive

data can be obtairi'ed.

Mesh Assessments

Mesh asSessments for Iceland haddock were made in the previous report of the North-
Westerh Working Group. As in the case of cod, these depend on the values, 0.6 and 0. 8, used for
the parameter E. Revised estimates suggest that for 2.to 3 years old fish, E should not differ
much from 0, 6. Mesh assessments in the previous report for values of E = 0, 6 are likely therefore

to be the more approprlate ones to take and these are shown in Table 23.

RECOMMENDATIONS

The North-Western Working Group recommended that further effort should be made to
- collect age-composition data from the 1andinge of Iceland haddock and cod from the Iceland non-
spawning fishery,

The Group further recommended that after these data have been collected for at least two

~years', that the effort assessments for the Iceland cod and haddock should be re-assessed.
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- APPENDIX -

For detefmining mortality rates when F varies with age, a modification of the methods
described by Jones (1961) and by ‘Gulland (1965) has been used. The method described by Gulland
(1965) for determining the fishingrmorta'lity rate makes use of the ratios of the numbers of fish
caught at a particular age to the numbers subsequently caught at older ages. ‘

If Cn is the catch of a partlcular year class at age n and V +1 is the number

caught at age n+l and all subsequent ages it is the ratio % Cn or more
conveniently its re01proca1 nt+l '
V'n+1v , . . _
B oirm that is used as the basis for the assessments,
Thié/is incofporat\ed in the relationship,
Zn e” 40 _ Vil .
Fn (1-e ) Cn En+1

to determine values of Fn and Zn for any value of M,

In this equation the parameter En is defined by

Fn(1-e® | -zn g
Zn

n+1--o-ona-.--.cou-oa-cocnoooo-cuooo--vaoto- (2)

En =

Given En+1’ Equation (1) can be solved for Fn and Zn and then Equation (2) can be used to

give En and so on.

If a year class has not passed completely through a flshery, or if it is appropriate to use
the data from a year class in two successive years only, the values of Vn will be unknown. In that
case it is appropriate to consider the ratio of the catches of & year class in two successive years

(i. e. Cn and Cn+1)‘ Then let

Cn = N (l-e'zn) Nn
Zn '
where Nn is the number alive at the beginning of age n, and similarly let

F
n+1 ~Z .
-z-;l:-]j-'(l-e n¢1) Nn+1

Cn+1

- :
n+l (1—e-Zn-1) e~Zn

) ~Zn . _
but Nn+1 = Nn e so that Cn+1 = Zn+1 Nn

10




Now, consider their ratio

Cn+1\ - An+1 g™

Cn An

where
- Zn)

ooo-coooo.oo-anc.nc,aoo-o-.o...‘-oona....-u.-c.-.no(g)

‘ _ Fn
An = -2-1-1— (l-e

or on re-arranging terms

-Zn C
£ = ot ereeea(d)

An "Cn .- An;l-l

. Thus given A ... Bquation (4) can be solved for Fn and Zn, and Equation (3) can be used for

determining An and so on,

11
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Table 2 . Catches per unit effort of Iceland cod.

Years A B C Relative C.P.U.E.
England Germany Iceland England Germany
1924 1,337 2.5 1,096 . 0,746
- 1925 1,559 2.2 1,278 ~ 0,657
1926 1,327 2.6 1,088 0,776
1927 1,209 2.9 . 0,991 0,866
1928° 1,073 2.3 0,880 0,687
1929 1,021 2.7 0,837 : 0,806
1930 1,343 543 1,101 0,985
- 1931 1,328 5.5 1,089 1,045
1932 - 1,635 4.7 1,340 1,403
1933 1,562 4.3 1,280 1,284
1934 1,390 2.6 1,139 0,776
1935 1,416 3.2 1,161 0,955
1936 1,398 3.0 1,146 0,896
1937. 1,088 3.2 0,892 0,955
1938 S 1,361 3.4 1,115 1,015
1946 2,310 5.1 1,893 1,522
1947 1,766 3.8 1,448 1,134
1948 1,527 3,0 1,252 0,896
1949 1,397 3.3 1,145 0,985
1950 1,190 3.3 0,975 0,985
1951 1,155 3.2 0,947 0,955
1952 1,116 3.2 0,915 0,955
1953 1,353 4.0 1,109 1,194
1954 1,237 3.2 1,014 0,955
1955 1,272 4.5 1,043 1,343
1956 1,249 3.5 1,024 1,045
1957 993 2.6 0,814 . 0,776
1958 980 3.8 0,803 1,134
1959 822 4.2 0,674 1,253
1960 701 3.8 1,185 0,575 1,134
1961 569 2.7 663 0,466 0,806
1962 611 4.3 462 0,501 1,284
1963 626 4.0 365 0,513 1,194
1964 - 546 2.1 411 0,448 0,624
1965 56T 1.5 475 0,465 0,447
1966 604 1.0%) 517 | 0,495 0,299

A: Tons per million ton hours (steam trawlers)

B: Tons per day fished

¢: Tons per million ton hours.

*) German value low because
effort mainly directed

towards redfish.

14




Table 3. Estimates of fishing effort

on Iceland cod.

4 B ¢
Years - England Germany Iceland Total effort:
1924 53,599 12,962 208,768
1925 53,553 13,899 194,183
1926 59,178 14,617 212,390
1927 76,918 13,834 274,367
1928 89,909 14,526 327,449
1929 91,540 14,055 373,209
- 1930 85,773 13,833 . 357,698
1931 103,807 14,003 360,833
1932 99,717 11,726 305,732
1933 - 100,325 11,691 342,309
1934 104, 202 -~ 10,840 328,549
1935 107,724 11,278 299,257
1936 100,420 12,966 223,736
1937 132,650 11,432 301,381
1938 94,167 12,274 236,736
1946 15,952 2,174 115,971
1947 29,543 2,858 163,373
1948 59,306 3,725 222,635
1949 65,202 7,117 259,504
1950 91,510 8,851 305,369
1951 89,109 9,957 - 300,030
1952 83,825 11,732 354,496
1953 128,143 13,349 387,889
1954 133,521 13,546 441,153
1955 108,789 10,442 422,101
1956 101,840 8,307 383,122
1957 144,229 8,375 451,725
1958 153,601 9,865 519,171
1959 137,455 8,683 551,744
1960 157,309 9,731 38,300 668,563
1961 171,282 7,795 46,139 - 664,745
1962 177,962 7,938 28,038 653,832
196% 210,897 8,371 39,116 688,157
1964 234,447 9,185 36,735 823,612
1965 225,425 9,965 43,609 694,095
1966 181,784 9,630 38,708 591,717

A: Thousand ton hours. Motor and steam trawlers combined.

B: Days fishing.

C: Thousand ton hours.

Total effort = English effort x

Total catch

English catch

15
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Numbers of cod landed (millions)

Table 4.
from Iceland by English trawlers.
;;;\ziér | 1960 1961 | 1962 | 1963 | 1964 1965 1966 Total
2 0.7 1,6 | 0.5 | 0.8 1.7 1.2 1.7 8.2
3 6.7 10.8 7.1 8.8 | 10.6 | 13.4 9.6 67.0
4 16.6 12.4 16.7 18.0 16.6 | 2.0 20.1 122.4
5 12.5 10.1 8.8 | 11.7 12.9 | 13.4 12.9 82.3
6 4.4 4.5 6.4 5.1 5.9 5.4 5.5 37.2
7 1.5 2.2 2.6 4.9 2.3 3.0 1.8 18.3
8 0.40 1.0 1.0 1.3 2.3 | 1.2 1.0 8.2
9 0.52 0.60 | 1.0 0.57 0.58 | 1.3 0.27 4.8
10 0.41 0.33 | 0.23 | 0.53 0.09 | 0.23 ©0.43 2.2
11 0.42 0.43 | 0.12 | 0.15 0.07 | ~0.04 0.06 1.3
22  0.18 0.34 | 0.25 | 0.11 0.07 | 0.06 0.04 0.8
13+ 0.06 0.07 | ©0.12 | o0.12. | o0.08 | 0.08 £ 0.02 0.6
Total 44.4 44.2 44.8 52.1 53.2 61.4 53.4 35343
Equivalent ‘
weight 109.4 96.5 [105.1 [123.2 |122.2 |128.1 109.0
landed : :
(000" tons)




Table 5.

Numbers of cod landed (millions) from
Iceland by German trawlers.

1964

1965

pgotesr | 1960 1961 1962 | 1963 1966 | Total
2 - : - - 0.04 |0.08 0.01 | 0.13
3 0.25 0.27 0.30 | 1.63 | 0.19 |0.54 0.44 |3.62
4 1.81 0.63 2.90 | 2.08 | 0.91 |0.94 0.84 [10.11
5 1.63 0.90 1.46 | 2,04 | 1.14 | 0.49 0.35 | 8.01
6 0:66 | 0.56 1.47| 0.95 | 092 |o35 | o1 | 500
7 0.98 0.28 0.79 | 1.85 | 0.4l |0.41 | 0.05 |4.77
'8 0.72 0.85 0.19 | 0.35 | 1.60 |0.19 :no;51‘ 4.41
9 0.60 0.29 1.01 | 0.11 | 0.12 |0.74 0.09 | 2.96
10 2.10 0.27 0.44 | 0.49 | 0.02 |0.03 0.22 | 3.57
11 0.62 0.65 0.15 | 0.12 | 0.09 |0.01 | 0.01 |1.65 |
12 0.04 | 0.17 0.37 | 0.04 | 0.00 -|0.02 | 0.01 |0.66
13+ 0.02 0.02 0.10 | 0.14 | 0.07 |0.01 0.01 | 0.37
Total 9.43 4.89 9.18 | 9.78 | 5.52 |3.81 2.65 |45.26
“TEquivalent |
?gég?ttizgged 3749 21.8 34.2 | 33.0 [19.4 5.3 9.9
Table 6. Numbers of cod landed (millions) from -
Iceland by the Iceland  spawning -
fishery.
Nr 1960 | 1961 1962 | 1963 | 1964 | 1965 | 1966 | motal
> i - - i 3 i ) N
3 0.2 - - 0.4 0.8 5.7 0.6 7.7
4 1.4 0.4 0.4 1.0 2.3 3.6 2.2 | 11.3
5 6.2 1.7 1.2 1.4 1.6 3.0 2.8 | 17.9
6 3.9 545 2.6 2.2 2.9 2.4 | 4.6 | 241
7 ‘4-5 3.9 7.0 6.3 4.4 3.6 3.5 33,0 |
‘e 4;3 4.5 2.6 5.3 12.5 3.8 6.5 39.5
9 4.7 3.0 6.5 "2,0 7.3 7.9 1.9 33.3
10 . 8.1 2.5 2.1 54 1.6 1.0 5.2 25.9
11 2.5 5.7 1.6 1.4 2.9 0.62 | 0.28 | 15.2
12 0.48 0.94 2.9 0.86 | 0.72 0.59 | 0.14 | 6463
13+ 10.04 0.31 0.37 | 1.5 1.7 0.56 | 0.14 4.62
Total 36.1 28.4 27.3 | 27.8 | 38.7 33,0 | 27.9 |%19+15
Equivalent : _
| ?éiﬁfsliﬁi§§ P29.2 179.3 176.6 |176.9  |240.9. |195.2 |168.1"
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Table 7'. Numbers of cod landed (millions) from
- Iceland by all countries.
pgo~Jear 1960 1961 | 1962 | 1963 | 1964 1965 1966 | motal
2 0.8 1.9 0.6 | 0.9 2.0 | 1.7 2.0 9.9
3 8.6 13.9 9.2 1 14.5 '13.0 | 22.9 | 13.9 | 9.0
4 25.7 17.5 27.4 | 26.3 23.2 | 32.0 | 29.6 181.7
5 25.3 | 17.1 15.3 | 19.8 18.9 | 19.9 | 19.2 135.5
6 11.0 12.9 13.8 | 10.2 12.0 9.9 | 11.3 8l.1
7 849 7.6 12.0 | 16.8 ‘V8.1 8.6 5.9 6749
8 6.8 8.8 4.3 T.6 19.5 5.8 10.5 63.3
9 7.0 4.7 10.2 | 2.9 5.3 | 12.4 2.7 45.2.
10 14.7 3.9 3,5 | 7.4 1.8 1.4 7.0 39.7
11 4.8 8.6 2.1 | 1.8 3,3 0.9 0.4 21.9 |
12 0.8 1.7 4.1 | 1.1 0.8 0.7 0.2 9.4
13+ ‘ 0.7 0.5 0.9 | 2.0 2.0 | 0.7 0.2 7.0
Total 115.1 99.1  |10%.4 |111.3 | 109.9 |116.9 102.9 758.6
Table 8. Iceland cod. Showing estimates of the total
instantaneous mortality rate (2) at different
ages. -
Age 2] 5 | & 5 6 7 8| .9 | 1o ; 1 12
( 0.05 0.06 | 0.19 |0.39/0.43|0.37 | 0.40 [0.50 | 0.68 | 0.86 | 1.2 1.2 |
M E 0.15 <0.16 |0.25 |0,41/0.44 |0.40 | 0.44 | 0.54 | 0.71|0.88 | 1.2 1.2
5 0.30 <0.3L | 0.36 |0.46/0,49 |0.47 |0.5L | 0.60| 0.75| 0,91 | 1.2 1.2




Table 9, Iceland Cod. ‘
Estimates of fishing mortality (F) due to various geers.

(N Negllglble)
. M= .05 M=0,15 M= &
Iceland | Iceland : Ioceland ‘
Ag o spawning | Others | Total| spawning | Others|Total || spawning| Others|Total
2 - 01 01 - N N - N N
3 011 - 2129 .14 008 092 «10 005 - 055 .06
4 .021 .319 « 34 .0186 .244 .26 || 010 +150 .16
5 080 « 330 «38 +038 .252 .29 ||.085 .165 .19
‘ 6 .095 .225 32 | LO074 .176 025 |1 .081 .119 #17
7 170 180 . | .35 | .14l 149 | .29 ||.102 .108 .21
8 .280 <170 45 242 . 148 « 39 «186 114 "0 30
9 <421 .209 83 | 375 .185 .56 . 301 «149 45
10 «532 278 81 | .479 251 .73 | .401 «209 .61
11 ' .798 352 1.15 | .729 .321 |1.05 [ .625 |.275 .90
12 «799 «351 1.15 . 729 .521 11,05 || .625 275 .90
13+ .850 ~ . 300 1.15 . 776 274 |1.,05 || .665 235 «90
Table 10. Iceland Cod. Effect of changes in effort by all
gears other then those engaged in the leslandic
spawning fishery. . ‘
% chenge from 1960-1966 fishing mortality rate

Gear M -80 =40 -20 +20 +40

England .05 -37 -20 -8 +5 411

o 15 ~44 . =26 «1l1- +8 +15

«30 -850 -31 -14 +11 +23

Gemany .05 -31 -14 -6 2 +2

.16 -38 -22° 10 +6 +10

«80 =47 -27 -14 +10 +18

Iceland .05 +136 +76 +32 -24 -41

spawning 15 +97 +56 +24 -19 -34

+ 30 +59 +35 +16 -13 . -26

411 gears .05 +47 +27 +12 -10 -16

+15 +25 +14 +6 ~5 -13

30 +3 +2 0 -1 R
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Table 11. Iceland Cod. Effect of changes in offort by the
Iceland spawning fishery only.

"¢ change from 1960-1966 fishing mortelity rate
Geaxr M -60 -40 ’ =20 +20 +40
Englend .05 +17 +10 +4 -3 =7
.15 +13 +8 +3 -3 -6
.30 +9 +5 +3 -2 -4
Germany .08 +26 +15 +7 -5 -=10
.15 +20 +12 +5 -4 =9
.30 +15 +9 +4 -4 -7
Iceland .05 -24 -11 -5 +3 +5
spawning .15 ~31 -16 -7 +6 +10
« 30 ~40- =23 -10 +8 +156
All gears .05 -1 +1 .0 -1 -2
.15 ~7 -3 -1 +1 +1
.30 -13 -8 -3 +2 +4

Table 12. Iceland Cod. Effect of changes in effort by
all goears equally.

- % .change fram 1960-1966 fishing mortality rate

Goear M -60 -40 ~20 +20 +40

Fngland .06 ~18 -9 -3 +1 +2

.15 =32 -18 -7 +6 +10

.30 -44 -26 =12 +10 +19

Gemeny .05 -2 +2 +2 -2 -6

' .15 -18 -10 -2 +2 +2

» 30 -39 ~-24 -6 +6 +10

Icoland .05 +72% +5E# +28 -20 -34
spawing »15 +52% +36% 417 -13 25"

« 30 +5 +9 +5 -6 -11

Al goars .08 +37 +23 +10 =8 ~-14

.15 +4 +5 +3 -3 -5

« 30 - =24 ~12 -5 +3 +6

20
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Tebls 13, Ioceland Cod. Effect on thé existing fisheries of incrésse
in effort due to the arrival of thawlers from outside
-the Iceland ares. .

(expressed as percentages decline in the landings per
unit effort by boats fishing at Iceland before the change)

% change from 1960-1966 fishing mortality rate

Goear M +20 +40
England .05 ~13 -23
15 -10 -18

;30 ) -7 o —12

Germeny .05 -16 -28
.15 -12 -22

W30 -8 -15

Iceland .05 - -24 . =41
spawning .15 -19 - 34
] .30 - -13 -25
All gears 056 =17 -31
.15 -14 A -25

«30 -10 ~-18

Teble 14, Percentage change in yield per recruit for
various changes in mesh-size. - '

Gear Chenging effective mesh-size from 100 m to
Group E 110 - 120 130 140 160
England |[Inmediate loss 0.7 1.8 3.8 6.2 13.3
~ |Long-term 0.6 0.4 0.8 0.8 " 0 -2.8
- |Gain 0.8 0.5 1.7 Red 2.1 0.7
Germeny |Immediate koss 0.1 0.3 0.7 1.3 3.3
Lceland |Long~-term 0.6 1.0 2.4 4.1 5,2 8.4
(non~ Gain 0.8 1.4, 3.3 5.7 7.3 12.4
spawning
Iceland |Immediate loss - - 0.1 0.2 0.5
spewning | Long- torm 0.6 1.1 2.7 4.7 6.4 11.6
fishery |Gain 0.8 1.5 3.6 8.3 8.6 15.6
Other Immediate loss - - - - -
{non- Long=-term 0.6 1.1 2.7 4.8 6.6 2.1
trawl) Gain 0.8 1.5 3.6 8.4 8.8 16.2
goears
Total Immediate boss 0.3 0.7 1.4 1.9 4.2
& Long-term 0.6 0.8 2.0 3.3 4.6 7.4
Gain 0.8 1.2 2.9 4,9 6.7 11.3




Years Iceland England ‘Germaeny Faroes Scotland France Norway Holland Belgium Dermark Sweden Total
1923 10,000% o 5,729 5,986 .3 21.718
1924 10,000* 20,131 7,777 294 267 58, 469
1925 10,000% 20,317 6,821 70 9 272 37,489
1926 6,260 23,240 9,136 12 9 213 38,870
1927 9,834 36,205 11,824 166 - 226 10 58,265
1928 11,088 37,350 10,901 349 - 229 234 80 4 60,235
1929 13,055 32,963 10,313 i 427 45 257 4286 42 23 57,552
1930 10,863 20,125 9,584 75 468 - 7 365 304 100 - 51,891
1931 7,118 27,446 8,062 45 438 7 51 148 119 210 - 43,654
1932 4,933 22,409 7,124 96 478 264 82 140 296 30 35,852
1933 4,683 - 16,824 6,284 29 220 242 - 225 341 10 28,858
1934 5,937 17,777 4,724 51 256 174 6 206 545 29,676
1935 6,313 18,762 4,037 35 275 99 - 342 569 0,432
1936 4,205 17,428 4,866 118 364 49 - 366 840 28,363
1687 4,063 17,470 5,146 134 379 71 - 372 695 28,320
1938 4,609% 17,780 4,808 115 01 75 6 442 644 285580
1946 14,120 12,078 4,601 150% 1,679 45 472 33,145
1947 18,601 14,901 3,762 180% 2,246 - 2,019 v 41,679
1948 24,862 23,610 7,553 150%* 2,807 350 1,314 57 21 60,824
1949 30,264 28,683 10,499 150% 3,960 - 2,120 96 178 - 75,951
1950 27,099 26,886 7,300 160% 2,271 759 1,640 603 41 66,749
1951 22,173 21, 576 7,326 150% 1,365 220 2,857 362 56,029
1952 15,166 18,571 7,734 168 660 41 4,063 84 46,487
1953 - 14,954 28,268 6,384 219 708 ~ 4,295 - 54,828
1954 21, 322 28,872 6,135 435 611 89 5,187 3 62,652
1965 21,703 . 27,938 7,153 359 683 - 7,106 6 64,545
1956 22,054 23,748 8,750 610 980 - 6,147 62,289
1957 31,302 28,663 7,796 1,168 1,187 29 6,631 . 76,726
1958 28,624 27,483 6,311 1,376 966 5,738 70,498
1959 26,534 30,002 3,794 1,025 81l 2,412 64,578
1560 41,988 31,803 6,238 1,330 ‘936 5,198 87,493
1961 51, 360 47,164 £,087 770 2,314 125 49 4,237 110,086
1962 54,288 61,862 3,965 919 4,024 164 204 4,189 119,615
1963 51,834 39, 538 3,064 2,108 3,818 198 1,884 102,444
1964 56, 586 33,269 2,077 1,200 4,877 181 857 99,047
1965 53,506 37,543 1,753 1,006 3,761 4 89 1,235 99,127
1966 36,028 19,706 1,139 968 1,498 676 60, L41¥*

¥  Estimated

#%  Including 69 m.btons - USSR.

Table 15. Landings of heddock from Iceland (Round fresh weight in metric tons) .«
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"Tablelb, Landings per unit effort of

‘haddock from Iceland.

A B C Relative C.P.U.EB
Years ~ England Germany ' Iceland -England Germany
1924 373 0.6 1,323 . 0,870
1925 378 0.5 1,340 0,724
1926 391 0.6 1,387 0,870
1927 469 0.9 1,663 1,304
1928 414 0.8 1,468 1,159
1929 359 0.7 - 1,273 1,014
1930 350 0.7 1,241 1,014
1931 264 0.6 0,936 0,870
1932 224 0.6 0,794 0,870 -
1933 167 0.5 0,592 0,724
1934 170 0.4 0,603 0,580
1935 173 0.4 0,613 0,580
1936 172 0.4 ‘0,610 0,580
1937 131 0.5 0,464 0,724
1938 189 0.4 0,670 0,580
1946 757 2.2 2,684 2,899
1947 496 1.3 1,759 : 1,884
1948 393 2.0 1,393 2,899
1949 435 1.4 1,543 2,029
1950 288 0.8 1,021 1,159
1951 238 0.5 0,844 0,724
1952 220 0.6 0,780 0,870
1953 . 220 0.4 0,780 0,580
1954 216 0.5 0,760 0,724
1955 258 0.6 0,915 0,870
1956 233 1.1 0,826 1,595
1957 201, 0.7 0,713 1,014
1958 178 0.6 0,631 0,870
1959 219 0.5 0,777 0,724
1960 211 0.3 221 0,748 0,435
1961 260 0.5 212 0,922 0,724
1962 268 0.5 274 0,950 0,724
1963 152 0.4 223% 0,539 0,580
1964 111 0.2 227 0,394 0,290
1965 126 0.2 201 04446 0,290
1966 74 0.1 158 0,262 0,145

A: Tons per million ton hours (steam trawlers)
B: Tons per day fished

C: Tons per million ton hours
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Table 17. Numbers of heddock landed (millions)

?rom Iceland by English trawlers.

\; Year | 1960 1961 1962 1963 1964 1965 1966 Total
g
1 0‘02 0006 0.08
2 2.7 2.12 0.76 1.08 1,08 0.8% 0.77 9.31
3 24,69 - 5,23 -3+45 8.32 3.22 5.24 1.81 51,96
4 16.69 18.67 8.67 2.64 | 9.14 3.5l 2.50 59.82
5 " 2,95 6,94 18,55 3. 71 2.78 11.53 2.44 49.00
6 0.35 1.42 3.88 8.28 | L1l.32 1.22 3.55 20.02
7 0.16 0.09 0.38 1.76 3.15 0.70 0.44 6.68
8 0.06 0.08 0.03 0,13 - 0.61 1.09 0.15 2.13
9 0,04 0.08 0.09 - 0.09 0,12 0.15 0.57
10+ 0.08 0.13 0.06 | 0.04 0.056 0.056 0.08 0.47
Total 47,70 34,74 33,87 25.94 21,42 24.42 11.95 | 200.04
Teble18. Numbers of haddook landed (millions)
{from Iceland by Geman trawlers.
Age Yoor 1960 1961 1962 1963 1964 19656 1966 Totel
2 0.21 0.02 0.02 0.25
3 0.13 0,35 0.38 0.08 0.21 0.03 1.18
4 2.00 0.73 0.38 0.24 0.15 0.10 0.06 3.65
5 1.20 1.04 1,18 0.26 0.12 0.18 0.03 4,01
6 0.20 0.19 0.5 0.90 0,08 0.06 0.20 2.13
7 0,10 | 0.02 | 0.11 0.16 [ 0.37 |0.05 0.02 0.83
8 0.07 0.02 0.01 0.01 0.10 0.19 0.01 0.41
9 0.13 0.01 0.00 0.00 0.00 0.05 0.02 0.21
10+ 0.04 0.01 0.01 0.01 0.01 0.01 0,01 0.10
| Total 3.T4 2.38 2.54 1.96 0.93 0.85 0.39 12.77
Equivalent
woight landed 6.24 4.07 3,97 3.06 2,08 1.75 1.14 22,31
(000ts tons)




Teble 19. Numbers of haddock landed (millions) from
Iceland by Scottish trawlers.

Ag\e¥ear- 1960 - | 1961|1962 | 1963 1964 | 1965 | 1966 Total
N
L - 0.03 |0.05 . | 0.04 0.01 | 0.07 | 0.0% 0.20
2 - 0.25 [0.90 | 0.87 0.57 | 0.22 | 0.19 3,00
I 0.01 0.80 |0.22 2.24 0.64 0.54 0.24 4.69
4 0.40 0.0 |0.65 | 0.12 | 0.96 | 0.40 | 0.26 5.69
5 0.13 0.60 |1.35 | 0.29 0.23 | 0.74 | 0.10 5. 44
6 0.02 0.08 |0.30 | 0.61 0.43 | 0.09 | 0.22 1.75
7 0.01 0.04 {0.04 | 0.14 0.43 | 0.17 | 0.01 0.84
g+ 0.05 0.01 |0.03 | 0.03 0.15' | 0.27 | 0.05 0.59
Total 0.62 2.71 |8.52 | 4.34 .| 3.42 | 2,50 | 1.09 18,20
BEquivalent
welght 0.79 2.01 |3.50 | 3.32 4.25 | 3.28 | 1.30
landed
(000! =ons)
Table 20. Numbers of haddock landed (millions) from
’ Iceland by all countries.
Agw\s\Yejr 1960 1961 1962 1963 1964 | 1965 | 1966 | Total
1 0.03 | 0.04 | 0.0 0.08 | 0,10 | 0.21
2 3,89 5.27 | 5.28% 1.86 | 2.25 | 2.5 | 1.28 | 1.95 | 18.19
5 asug]  29.89 8.6703| 8.8 | 18.92 | 6.89 | 12,94 | 5.65 | 89.48
4 wes|  sa.ee | sB.21%h[ 13.82 | 7.26 [16.46 | 7.53 | 5.38 |118.61
5 Noe] 12,34 21.39 Wi 30.86 | 9,08 | 6.72 | 20.47 | 4.55 |118.91
R 1.90 | 4.095%] 1152 [ 25.46 | 418 | 5.52 [11.65 | 61.67
7 ot - o.es | o.sasm| 190 | 4.99 1872 [ 2.38 | L0 | 25.36
8 061 0.59 _ | 0.32:%| 0.20 0.39 | 3.35 |- 6.82. | 0.57 | 12.24
9 R 0.99 0.279%| 0.18 0.05 | 0.20 | 1.55 | 1.02 | 4.19
10+ Y 0.34 0.2707| 0.13 0.15 0.22 0.28 | 0.25| 1.64
Total % 85.21 75,54 77.59 | 68.54 | 54,02 56.60 | 30.20 | 445,70
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Iceland haddock. Showing estimates of the

Table 21,
total mortality rate (2) at different ages.

ige 2 3 | 4 15 16 |7 T8 19

26

0.15 0419 | 0.40 | 0,64 [0.85 | 0,86 |.0.80 | 0.96 | 1,17 0,72
M .
0.30 0033 | 049 | 0.69 |0.86 |0.87 [ 0.86 [1,02 | 1,28 o Yo
: ]
Table 22. Iceland haddock. Effect of changes in effort by
all gears equally. '
% change from 1960-1966 fishing mortality rate
Gear M =60 =40 -20 +20 +40
English 0.15 -4 +4 +3 -5 -10
and
German 0.30 =20 -8 =2 +0.4 +0.2
trawl ‘ o

(1) Estimates for English and German trawlers were

similar and so mean values are given in the Table.

(2) Owing to the lack of comprehensive age composition
data the trawl estimates above must also be used as
the best estimates for "all gears'.




Table 23. TIceland Haddock. Percentage change in yield per

recruit for various changes in mesh-size.

. Changing effective mesh-size from 100 m to
" Gear Group B 110 120 130 140
Englend Immediate loss| 2.5 8.0 15.9 25,1
Long-tem 0.6 § =0.9 ~2.6 -8.7 ~12.3
Gain
Gomeany ' |Immediate loss 0.6 4.1 6.9 12.5
Long-term  {0i6 1.1 1.6 3.2 2.5
Gain '
Scotland Immediate loss 3.1 8.2 14,5 21.5
Long-tem 0.6 -2.4 -2.8 -5.2 -8.1
, Gain : '
Dantish Immediate loss 0.3 - 3.5 8.2 16.4
seine Long-term 0.6 1.4 2.2 R4 2.1
. : Gain
Other Immediate loss| - - - =
(non=trawl)| Long~term 0.6 1.7 5.9 10.9 17.1
gears Gain
Total |Immediate loss 1.5 4.7 . 9.6 16,3
Long~term 0.6 0.2 0.9 0 -0,8
Gain '
Table 24, Age/length/weight relationship of Iceland cod
and heddook - fresh gutted weights (German and
Iceland dede. ).
Ago | oD HADD(CK
(yoars)* Length (em) Weight (g) ||Length (om) Weight (g)
1 .20.0 . 80. 25.0 180
2 37.2 4R 36.0 430
3 80.7 1235 46,0 975
4 60.9 . 2005 52.0 1410
5 69.2 2875 56.0 1760
6 75.7 3600 60.0 2220
7 81.2 4300 64.0 2705
8 85.2 . 4770 67.0 3075
9 88.2 5240 69.0 3325
10 90.4 6610 70.5 3535
11 92.4 5990 72.0 3770
12 94,2 8320
13 v 96.0 6670
14 98,0 7060

* Data given for ebout July-September in each case
and aversged for all areas.
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Figure 1. Iceland cod. Relationship between total yield and

year class strength.




Average weight (g)
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FPigure 2. Iceland cod. Relationship between mean weight

of  8-12 year 0ld fish and size of stock.

29




+40

+20

~20

-40

+20

=20

-40

+80

+60

+40

+20

=20

Percentage change in yield

+40

+20

=20

~40

-60 -40 =20 0 +20 +40

1 i 1 T T T

England 0.30

0.15
0.05

Germany ' 0.30
0.1

0.05

!\\ Iceland spawning fishery

\

-40

X, .
\\\ \\
\\ \\
\\
~
M
0.30
0.15
0.05
All gears

0. 30

‘ 0.15
0.05

| e 1 i

L L.
-60 =40 =20 0O 420 +40

Percentage éhange in fishing mortality rate from mean 1960-66 value.

Figure 3, Iceland cod. Assessments for changes in effort by all gears.
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Figure 4. ‘Iceland cod. Predicted weights landed at each age
for various changes in effort (M=0.15
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Figure 5. Iceland haddock.
Effort assessments for trawlers.




