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REPORT OF THE NORTH-WESTERN WORKING GROUP 1970

INTRODUCTION

At thé 1970 Cowncil Meeting, it was resolved (C.Res.1970/2:5) that
"The North-Western Working Group be re-convened to re-assess in the light
of further data, the assessments previously made concerning Icelandic cod".

The Group met in Lowestoft from 30 November to 6 December 1970, and
the following members participated:- ¥ ‘ o

‘A. Schumacher Gernany Chairman

J. Jénsson - Iceland

8. A. Schopka "Iceland

D. J. Garrod : K '

B. W. Jones K

R. Jones C ‘ - UK - : .
J.Mpller Christensen ICES Becretary of Liaison Cttee.

In the report of its previous meeting (ICES, 1969) the Group considered,
_amongst other matters, the relative numbers of cod of different sges landed
from the various fisheries at Iceland. In particular, it was pointed out -
that ‘the proportion of fish of 7 years and older in the landings was too
high ‘Yo be consistent with the previous estimate of the mortality rate among
i‘is;h‘younger than 7 years of age. This was believed to be of the order of
6Cfo annually. It was recognized however that if the entire stock of fish
under 7 years of age was subject to such a rate of mortality, there would
be insufficient fish of 7 years and older left to account for the numbers
- actually landed. It was concluded, therefore, that the mortality rate
among fish of less than 7 years of age must be considerably less than 60%
per year. ' To account for this, it was suggested that only part of the
stock of young cod was subject to exploitation at any time. This would
explain how young cod on the trawling grounds could experience a mortality
rate of 60% ammually, and yet the total stock of young cod could experience
& lower mortelity rate. At its previous meeting, the Group recognized
two extreme alternatives: ‘ .

(a) that there was a continual interchange of young cod
‘between those on the exploited grounds and those in
regions not subject to exploitation;

(b)  that the exploited and unexploited part of the young
cod stock were completely independent for at least
part of their lives. If this were so it was thought
most likely that any mixing thot might occur would
take place vhen maturity was reached. For cod at.
Iceland this occurs over a range.of nges from about
6 years onwards, the average age of first moturity
being about 8 yenrs of age. ‘ :

During its previous meeting the Working Group made assessments of
the effects of changes in effort ond mesh size on-the basis of the first
of these hypotheses. In this report, new assessments have been mede on
the bagis of the second hypothesis with particular examination of the
Possibility that the "unexploited" part of the young cod stock might
‘occuxr in Greenland waters, :

RIECENT CHANGES IN CATCHES AND FISHING EFFORT

Landings of cod, catch per unit fishing effort, and estimated
fishing effort at Iceland (Division Va) are listed in Tables 1-3.
Fishing effort by German and particularly English trawlers has declined
substantinlly in recent years but fishing by Icelandic vessels has
increased. The total fishing effort as estimated in English units has
decreased steadily since 1964, the present (1969) amount of fishing
being about half of that in 1964. Caotches of cod reached a low level




in 1967 (345 000 tons) but in the two most recent years catches have
increased to just over 400 000 tons despite the reduced smount of fishing.
This has been possible bedhitse of the intreasefl sbundance of cod as is
shown in the table of dateh per unit effort. The recent increases in

the catch-rates of English and Germaii tiailerd. are due, in part at least,
to the presence of the 1964 year clase which was particularly abundant

at Iceland. Recent Itclandic catches in the spaimiing fishery have
benefited from the immigrarits of the 1961 yeat olass which was excep-
tionally abundent at Greenland, though ‘the Gofresponding year class of
cod of Icelandic origin was of orly average abundahcé, ‘

EVIDENCE OF MIGRATION OF ¢RI D._CoD TO ICELAND
It hes been Iknown for many years that fish of Gieenlandic origin make

a contribution to the stock of dod which spatris off the south-western
coasts of Iceland.  Taghing expérimérits at Greenland since the early 1920s
have yielded a high proportion of récaptures from Leélard, particularly
from tegged fish 1libspdted off Hast Greenland mnd in ICNAT Divisions 1F
and 1E. Additional evidence comée from thé study of otoliths. Diring the
course of routine age detérminationd from otoliths, many workers hhve
obsexved otoliths with a gtructure characteristic of Greenland fish in.
samples obtained from Ieelarid, and this is boriie out by a comparison of
the relative strengths of year tlasses in the different fisheries.
For example, for year clagses of 1959-65 the only abimdsnt one in the
Icelandic non-spawring fishery wis thHat of 1964, with the 1961 year class
being only average: Abundance of yéar classes based on data for all the
fishemios, which ircludes the Icelandic spawning fishery, shows the
1961 year class to be the most gbundant. It #ould thercfore appear that
there was o large-scald immigration into the spawning fishery of fish |
of the 1961 year class which Wete not trepresented in the non-spawning
fisheries. Other year classes which were ebindent in the Icelardic spawning
fishery but not in:the Iéelandié nonwspawning fisheries were those 6f 1956,
1953 and 1950. A1l these year clasbes are known to have boen very abundant

ot Bost Greehladd, and the implication is that their immigration from
Greenland as mhbure fish dcéounted for their increased sbundahce in the
_spavming fishery. '

Yot another indication of imnigration is the chenge in average length
at age observed in the Icelandic spavming fishery. Iéelendic data from
the spawning fishery (Figure 1) show a reduotion in the mean length at
oge of the 1961 year class at the age of 7 and olderi This would be con-
sistent with the faster~growing fish of Tcelundic origin boing diluted
with fish from Greenland vhich have o slower growth rate,; commencing at
an age vhen the Greenland fish are expected to matute. The 1961 year
class at Greenland which was more abumdant than usual contributed a higher
thon normnl proportion of the spawning stock at feeland resulting in o
lower thon avorage mean length ot age. ‘ ' ’

Recaptures of Greenland togged fish show that the majority taken at
Iceland are caught in the spowning fishery. The number of tags recaptured
per unit of fishing effort in the spavming fishery reaches o maximum
value in April. ‘ ' o

Outside the spowning season smoll numbers of fish tagged at Greenland
have been recapturcd all around the coasts of Iceland and thig, combined
with the fact that hardly any of the fish tagged in the Icelandic spawning
fighery have been recaptured at Greenland, suggests that fish from Green-
land which migrate to Iceland to spavm remain at Iceland after spawning
rather than returning to Greenland.

Additional information has also been obtaoined from immunogenetic
studies of cod blood (sce Appendix 1).

Although it hos been known that Greenland cod contribute to the
fisheries at Iceland no previous attempt has been made to obtain a
quantitative estimate of their numbers. This has now been attempted by
the Working Group by stock analysis and an analysis of bagging data.
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ESTIMATE OF IMMIGRATION FROM GREENLAND
FROM. RESULTS OF TAGGING EXPERIMENTS

The date used were the unpublished results of Danish tagging
experiments at Greenland in the period 1946-65, kindly made available
to the VWorking Group by Mr. Sv. Aa. Horsted. A full analysis of the
experiments is not yet available and the aim of the present analysis
was to oblain an estimate of the order of magnitude of fish of Greenland
origin available for capture at Iceland. It is possible that when a

" fuller analysis of the results is completed it may be necessary to
revise the present conclusions. '

Tagging results from three Greenland regions have been analysed:
ICNAT Divisions 1E and 1¥, and East Greenland. Only fish that were
- 70 cm or over at the time of tagging have been included on the assumption
‘that the majority of fish over 70 om are mature. It is believed that
the migration to Iceland is a spawning migration and that after spawning
at Iceland, fish of Greenland origin tend to remain at Iceland rather
than return to Greenland. ‘ : :

Over the whole period of the experiments, the averages of the
percentages of the totals recaptured (all areas) in successive annual
time periods have been caleulated. Percentage recaptures from each
experiment have been used to avoid the average for all experiments com-
bined being weighted by numbers released in individual experiments.

Time Averages af the percentage of totals recaptured
~period Bast " Division Division
(Years) Greenland 1r ~1E

0 - 2.17 3.9

1 » 4.8 7.3 10.3

2 3.7 4.5 4.6

3 1.25 2.7 2.7

4 0.55 1.7 © 3.1

Total mortality coefficients, Z, for the tagged populations have been
estimated from the slopes of the regressions of loge percentage recap-
tures against recapture period for periods 1 to 4 in the table. The
following values of Z were obbained:

Z2 = 0,77 Bast Greenland;
0.48 Division 1F;
0.4l Division 1E,

The intercepts from the same regress‘ions were used to estimate the effective
number of tagged fish liberated as percentages of the actual numbers

tagged:

Number of _ " Bffective number -
fish tagged Percentage - of tags liberated
Fast Greenland | 1 232 47 579
Division 1T 3575 54 1931
| Division 1E 326 71 216

Trom the cffective mumber of tags relessed and the overall total mortality
rate, the numbers of tagged fish surviving in each population have been
estimated from the relationships:

27
= t
Nt Noe
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Eagt Division Division
Greenland 1w 18-
Z 0.77 - 0,48 0.41
Ny 579 1931 , 216
I 268 1 195 144
Ty 124 139 95
N, -/ 458 63
LNA’ | 27 283 | 42

. The actual numbers of recaptures in each time period at Greenland
and Iceland are also known. . Average values of the mortality rates in the
Icelandic spawning fishery are taken to be F = 0.7 and M = 0.2. . From
these the actual population of tagged fish actually at Iceland in each
time period was calculated from the relationships

T <
It = .
1 - I)p;

vwhere I\TI = estimated number of tagged fish at Iceland;

The population of tagged fish remaining at Greenland was then obtained
from the total tagged fish surviving, minus the estimated population
of tagged fish at Iceland. ‘

observed number of recaptures of tagged fish from Iceland.

ft

_ c D ' E
, A B : S

Period 1 clama Betimated tagged Total Lovinated ggg:gﬁﬁgs

reocaptures population at Iceland pggsfation .pglg)'fl ation

at Greenland
(c-B)
(%)

(a) East Greenland
1 37 81 30 " 268 187 23
2: 34 74 60 124 50 7
3 13 28 49 57 - 29 3
4 4 9 33 27 18 4

(b) Division 1F
1 40 87 7 1195 1 108 | 227
2 47 102 14 739 637 103
3 33 72 16 458 386 68
4 20 44 16 283 239 39

(c) Division 1E |
1 ] ' 19 13) 144 125 31
2 7 15 16 95 .80 11
3 6 13 21 6% 50 5
4 4 9 20 45 36 -6
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An estimate of the total mortality rate within each of the
Greenland divisions was calculated from the rate of decline of the tagged
population at Greenland. This mortality coefficient will include a
.component of 'other loss!, X, mortality due to emigration to Iceland, i.e.

ZG = F+M+X |
Values of 4q were calculated and found to be:
| %, = 0.88 Kast Greenland;

0.51 Division 1F;
0.45 DlVlSlon 1E,
The fishing mortality rate in each Greerﬂ.and dlv::.sn.on was 'bhen
estimated from the relationships: ‘
' . n 7

iT' - Gt . G
Gt NGTI: B 1 - e-ZG_)
vhere NG'!: = number of tagged fish at Greenland in périod t3
Do, = number of recaptures of tagged fish from Greenland in period t;
FGt = fishing mortality coefficient at Greenland in period t;
ZG = total mortality coefficient at Greenland.
Period ZG P M X
(a) Hast Greenland
1 0.88 0.18 0.2 0.50
2 0.21 0.47
3 0.16 ‘ 0.52
4 0.33 , 0.35
(b) Division, 1F
1 0.51 0.26 0.2 0.05
2 0.21 0.10
3 0.22 0.09
4 0.21 " 0,10
(¢) Division 1E
1 0.45 0.31 0.2 0.00
2 0.17 ‘ 0.08
3 0.12. . 0.13

Taking these estimates of F and Zg for the Greenland.

divisions the total stock in each division can be calculated from the
catch. For the present purpose it has been assumed that all the fish
attain sexual meturity at the age of 7 years and therefore the stock
of 7 year old fish in each division has been calculated., Ne}.t, using -
the percentages of Greenland fish at Iceland (calculated above), an -
estimate wos made of the nmumber of 7 year old fish. mlgratlng mmua.lly
from Greenland to Iceland.
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Average
annual .
catch Stock Average Nuxzzbe{:..
percentage | (millions).
7 years old |7 years old at migrating
(thousands) | F - Z, | (millions) Iceland to Iceland
m .
Eagt o
creenland 1 235 0.22 ,0.88' 8.4 45 3,8
Davision 1799 |0.22 | 0.51| 10.4 12 1.2
L%‘”Si"n 2021 |0.20 | 0.45] 12.5 17 2.3

THE FISHERY AT TCELAND

- The fishery for cod at Iceland cam, for convenience, be divided into
two components: . :

(1) a fishery in the spring off the south-west corner
of Tceland for mostlymature spawming cod. This fishery
is prosecuted mainly by Icelandic vessels;

(2) a general fishery for cod aromnd the whole Icelandic
coast at all times of the year. This fishery is mostly
for immature cod and is prosecuted by English, German
and Icelandic vessels. '

These will be referred to as the 'spawning! and the !non-spawming!
fisheries, but it should be understood, however, that a small proportion
of immoture fish are taken in the spavming fishery and that a emall
proportion of mature fish are token in the non-spavming fishery. The
relationship between the stocks of fish and these fisheries is represented
‘diagrammatically in Tigure 2.

The numbers of cod taken ammually in each of these fisheries for
the period 1960-69 are shown in Tables 4-6, with the annual averages
showm in Table 7. ’

STABLE AGE COMPOSITIONS OF THE LANDINGS

Estimates of the meon age compositions of the landings have been
determined using the method for determining o 'stable age composition!
described by Jones 1961. The method is intended to estimate mean age
compositions, with the effect of year class fluctuations removed, and

-~ the values obtained are showm in Table 8. The stable age compositions
of the numbers landed were obtained using the data on numbers landed
“at each age in Tables. 4-6. The corresponding age compositions by
weight were obtained by multiplying the numbers at each age by the
mean weight at the corresponding ages given in Table 9.




-7 =

MORTALTTY RATIS

At the previous meeting, estimates of the total instantaneous

mortality rate, (%), were made at each age based on data for the period
© 1960-66. These were applicable to the entire stock: i.e. to both the

exploited and unexploited parts of the stock on which the Tcelandic
fisheries were dependent considered as a single unit. At the present
meeting these values were recalculated, using data for the period 1960-69;
and agsuming values of natural mortality of 0.2 and 0,3. The estimates

of the fishing mortality rate at each age so obtained are shown in Table 10.

However, for assessment purposes, estimates of the fishing mortality
rates within each of the spawning and the non-spawning fisheries were
aleo required. The method of doing this, which ig explained in Appendix 2,
gave estimates of fishing mortality rate within each component of the- ‘
gtock, which are also gshown in Table 10, : ‘ -

ESTIMATES OF STOCK SIZE

‘ Estimates of the numbers of fish in the sea necessary to account for
the actual numbers landed have been made by the virtual population method.
Allovance for deaths due to natural causes as well as to fishifdg has been
made; using values of the instantaneous natural mortality rate (M) of

0.2 and 0.3, BEstimates have been made to account for the numbers landed
from the total and from the non-spewning fisheries on the basis of ‘
different assumptions. - These are given in Tables 11 and 12.. The values
obtained depend to some extent on the mortality rate on the oldest fish -
in the population, estimates of which cannot be made and that have had

to be assumed. Estimates have therefore been made assumings

(a) that the total instantanecus mortality rate (2) is
equal to 0.8 in the oldest age-group in each year
class,neglecting the fact that the oldest fish in the
different year clagsses sampled were not necessarily
the same; :

(b) that 2 = 0.7 in 12 year and older fish, but making
allowance for the fact that for fish less than 12
years old values of Z lower than 0.7 may be more
appropriate.

The results are given in Tables 11 and 12, These alternatives had little
effect on the numbers obtained and these were therefom averaged so as to
axrrive at mean estimates of the numbers of fish in the stock necessary
to account for the landings from the total and from the non-spavning
fisheries (Table 13). Bstimates for the spawning fishery were then
arrived at from the differences between these estimates (Table 13).

To account for the Icelandic non-spawning fishery for example,
'165-237 million 2 year old cod are required depending on whether a -
natural mortality rate of 0.2 or 0.3 ig adopted. In addition, to account
for the spawming fishery, a further 75-151 million 2 year old fish are
‘required. , ‘ o

ASSESSMENTS OF CHANGES IN FISHING EFFORT

- Assessments have been made of the effect of changes in fishing
effort by applying the method of Jones (1961) to the stable age com-
positions of the landings (by weight) in Table 8, using the fishing
mortality estimates in Table 10. Assessments can be made for limiting
possibilities: -

(a) that the spawning and non-spawning fisheries are based on
a single stock between the component parts of which there
is a continual interchange of fish; ’

(b) that the spawning and non-spawning fisheries are based on
stocks that are independent at least until the age of

maturity.
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Assessments under (a) were carried out in the previous meeting and
the results have been carried over; at this meeting new assessments
have been made under (b), which is itself subdivided into two alternatives:

b (1) On the assumption that the spavning and non-
spavning fisheries are based on completely

’ independent stocks, so that changes in fishing
-effort in one stock would have no effect what-
ever on landings from the other stock.

b (2) Because a reduction in effort on the non-
spawning fisheries would lead to an increase
in the numbers of old, and mature fish, some
of these would emigrate to the spavming fishery .
and hence not be available to the vessels

- engaged in the non-spawning fishery. To allow

for this, the effects of reductions in effort
on the non-spawning fishery were determined for
fish greater than and less than 8 years of age
separately. It was then agsumed that the
landings of 8 year and older fish in the non-
spawming fishery would remain the same and that
any potential would simply be tramsferred to
the spawning fishery,

These alternatives will be referred to ag hypotheses b(1) and b(2),
respectively.

RESULTS OF ASSESSMENTS

Assessments of the effects of changes 'In effort have been made
for various combinations of changes in effort in the non-spawning
‘and. spavning fisheries respectively, :

‘Chr.mges in effort by all gears equally

The non-spavming fishery (Table 14)
U.X, Trawlers ‘

Reduction in effort would lead to reduction in yields per
recruit for all hypotheses and for both values of natural mortality.

Others (mainly German and Icelandic vessels)

Reduction in effort could lead to either gains or losses
in the yields per recruit depending on the assumptions made. If
hypothesis b(1) is regarded as, biologically, the least likely,
reductions in effort would probably cause reductions in the yields
per recruit (see (a) and b(2).

Increases in effort would give increases in yield per
recruit on hypothesis (a) but reductions in yield per recruit on
hypotheses b(1) and b(2). In this instance, hypothesis b(2) seems
more applicable than hypothesis (a).

Total non-spawning fisheries

Estimates of the effects of effort changes on the total
non-spawning fisheries according to hypothesis (a) are not available,
as these were not calculated as such in the previous report. According
to hypothesis b(1l), a reduction in effort of up to 40% could lead
to either losses or gains. A reduction to 60% would lead to Jlosses.
According to hypothesis b(2), a reduction in effort would lead bo
Josses.

In the case of an increase in effort, the 'egfects on the yield
per recruit would lie in the range from +1% to -7% for both hypotheses
b(1) and v(2).
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The spawning fishery (Table 15)

Reduction in effort would lead to an increase in y:.elda per recruit
on hypothesis (a), but e decrease in yields per recruit on hypothesis b(1).
In the case of hypothesis b(2) the decreases would not be so great because
of the possible immigration of fish from the non-spawm.ng fisheries. To-
calculate this effect precisely would necessitate consideration of all
possible combmata.ons of effort change in thé. spamning and non-spavming
fisheries J.ndlvn.dually. This has only been done in the Specml case of
the effect of a weduttion of éffort in the non-spatmlnn‘ fa.shery due to the
closure of the north-east comer of Icela.nd‘ ’I‘h:l_s‘ ig dealt with in a later

section. , . )
Inoreases :Ln effort could lead o a decrease in 'the yield per recxmt

in the spawning flshery on hypothesis (a), Bt an increase on hypo‘bheses
(1) and b(?)

A1l fisheriés (Ta.ble 15)

. A reductlon in effort would tend to reduce 'bhe ylelds per recruit
from all flshera.es combined, for both hypo‘bheses (a) end b(1). :

An 1ncrease in effort WOu.Ld affec'b the jields pér recruit by someth:.ng

~ of the order of less than 5% on all hypo’cheses.

ASSESSMENT BY SD’IULA‘I‘IOI\T

The evldence that o proportlon of the f:n.shery at Icela.nd is based
upon fish from Greenla.nd indicates a complex résourcs s:.'buatlon ‘of three .
fisheries, i,e. the non-spawning and spawming fishéries at Icéland and the
fishery at Greenland, based upon two mix:.ng sbocks, A Second method was
therefore used for conflrme,tlon, based upon a Yeeconstruction of the fishery
from recruits which are assumed to originate from East Greenland and in
Divibions 1E and 1F at West Greenland.

The virtual populatlon estitate of the stock of 2 year old fish et

" Iceland necessary to provide the observed catch of fish of lriown Iceland

origin at Igelend is 217 x 106 fish, Tt has been calcilated that a balance
of 100 x 10° fish not available to the Icelandic honsSpawning fishery must
exist to generate tlie observed catch at Greenland and it the Icelandic spawning
fishery following their emigration from Greenland, These are assumed to be at
Bast Greenland, and in Divisions 1E and 1F ot West Greenland. Fishing
mortality in the non<spavming fishery at Iceland is taken to be that shown

by the virtual population analysis (Table 10); that in the Iceland spawning
fishery 1s taken as 2 = 1.4, from recent Icelandic data, end that for the
fishery at Greenland in the relevant areas a8 F = 0.2, Recruitment from

the non-spawming fishery to the spavming fishery at Iceland is governmed by
the kndwm rate of maturation with age, and the proportion of mature fish

-at Greenland available to emigrate to Iceland is determined by the same ogive.

The actual proport:.on of mature fish at Greenland emigrating to Iceland is
taken as 2570 per year, as implied by the analysis of tagging data. All

‘calculations were carfied out with a value of natural mortality, M = 0.2.

The simulation is carried out by applying the appropriate estimates of
mortality to the 'immature! fisheries at Tceland and Greenland. Survivors
were then recruited to the spawning fishery at Iceland by maturation at
Iceland and by maturation and emigration from Greenland, The mature fish
were then subject to the mortality in the Iceland spawning fishery, and
survivors within that fishery returned to it in subsequent years. This
procedure then simuiates the catch in numbers of each age group in each
fighery which was raised to the total catch by the known average weight at
&gee )

The degree of correspondance between the actusl and similated catches
is tabulated in Table 16. In addition the model suggest that the stock of
mature fish of Greenland origin emigrating to Iceland is about 10 million,

vhich corresponds reasonably well with the analysis of the
tagging data. The simulation also estimates the spawning fish ...,
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of Greenland origin to contribute about one-third of the catch by
weight of mature fish in the Icelandic spawning fishery and this
corresponds with the admittedly tenuous estimates that can be
derived from the analysis of otolith types and the decrease in mean
length per age of fish in the Iceland spawning fishery.

The Group considered that this model provides a tolerable
comparison with the biological data and shows that this allocation
of stocks to Iceland and Greenland is consistent with the observed

catches at Iceland. The model was then used to construct a number
of nssessments as set out in Table 17. These confirm the first
method of assessment in showing that variation of fishing effort v
within the Icelandic non-spawning fishery will not make o significant -
difference to the total yield of cod at Iceland, as implied by the.
flat-topped yield per recruit curve characteristic. of cod stocks .
at anything but very low or very high levels of exploitation. However,
the yield would be distributed between the component fisheries in
a different way, the catch of the non-spawning fishery decreasing
and that of the spawming fishery increasing with a decrease in fishing:
mortality in the non-spavning fishery. '

The assessment of an effect of a doubling of fishing effort
. at the relevant parts of Greenland indicates the effect this would
have upon the catch of fish of Greenland origin in the spawning
fishery at Iceland. In this particular example the total yield at
Tceland would be reduced by 20 000 tons and this is equivalent to
the gain in the fishery for mature fish at Iceland achieved by a
20fo reduction in the fishing mortality in the non-spavning fishery
at Iceland. This implies that any diversion of fishing from Iceland
to these parts of Greenland (Bast Greenland and Divisions 1B and
lF) will tend ‘o negate the potential benefits of the reduction at
Iceland to the total yield there.

THE EFFECT OF A PROPOSED CLOSURE OF THE NORTH-EAST
CORNER OF ICELAND TO TRAWLING

This present reappraisal of the effect of fishing upon the
yield of cod at Iceland was requested by NEAFC in 1968 (NC6/98,.Annex D)
and arose from the Commission's consideration of an earlier proposal
by Iceland that an area off the north-east coast of Iceland be closed
to all trawling during the months July-December for an experimental
period of 10 years (NC5/59, NC6/86). Although NEAFC requested a
re~-assessment of the entire cod and haddock fisheries at Iceland, a
re~evaluation of the original proposal for a closure remaing relevant.

: ‘The information considered by the Commission included
estimates of the proportion of the fishing effort in the non-spavming
fishery which tokes place within the proposed area of closure. Thisg
information has been updated and is found in Table 18. Thesc data
are incomplete in that they may exclude small quantities of trawling
by countries other than UK and Iceland, and they exclude fishing by
gears other than trawling., There has been a reduction in the trawl
fishery in the arie since 1967 including that by Icelandic vessels,
but mainly due to the overall decline in fishing by UK trawls at
Icelond (Table 3). As an average for the 1965-69 period, trawling
off north-east Iceland accounted for 6.1% of the total landings in
. the non-spavming fishery; +his can be used as an index of the
reduction of the fishing effort if the arca was closed to trowling
throughout the year. The percentage for the July-December period
would be rather less than this. '

Tablé 19 sun;marizes the effect on the various fisheries of
a reduction of 20% in the fishing mortality in all sectors (gears)
of ‘the non-spowming fishery. Depending upon the value of natural
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mortality, in the non-spawning fishery, losses from the UK trawl fishery
would range from 7 to 11% (15 000 tons), and for other components of S
that fishery catches might range + 3% (3 000 tons) from their current
level giving a decrease of from 4 to 8 per cent on the total non-spawning
fishery, 1In the spawning fishery itself yield is estimated to increase

from 4 to T% (10 000 tons) leaving theoretical yield from the total
fishery at Iceland within 2% of its present yield. ‘

o The alternative method of assessment by simulation of the
. catches of immature and mature fish suggest rathex bigger changes but the
actual non-spawning and spawvning components of the fishery are not pure~
ly of immature and mature fish. Thus the loss of 9.3% from the immature
fishery (Table 19) should be offset by capture of a proportion of mature
figh, if it is to be equated with the non-gpavning fishery and conversely
the increased yield of mature fish would be decreased by the loss of
a proportion of the catch of immature fish if that is 1o be equated
with the spewning fishery. These adjustments bring the two methods of
agsessment within close agreement. The estimated. proportion of the non-
spawning fishery which takes place in the proposed area of closure
(6.1%) lies well within the 20% reduction used ag a basis for Table 19
i.nd the effect of such a closure would therefore be proportionately

ess,

: This agsessment presumes that in the event of a closure all
trawling within the area would be deployed on fishing grounds other
than at Iceland.  If the displaced fishing moved to other areas of
Iceland the changes would be even lower. Alternatively, the results
of the simulation model assessment (Table 17) suggest that if the dis-
Placed fishing were deployed at South or East Greenland it would con-
tinue to exert an effect upon the catches of cod in the spayming
fishery at Iceland. However, at the rresent time it is not possible
to estimate the actual offect of particular levels of fishing effort
redeployed from the area of closure to South and East Greenland.

HADDOCK

In Tables 20 and 21 data on nominal catch and catch per unit of
effort are given for the period 1946 to 1969 for haddock in Icelandic

waterd.,

Changes in landings and fishing effort

Table 22 gives the nunber of fish landed of the various year
classes and from them it is evident that in the period 1951-6% only the
year classes from 1956 and 1957 have contributed any considerable
amount to the haddock fishery. ' o

There hos been a considerable decrease in the English fishing
effort for haddock in Icelandic waters in recent years and this is
responsible for the decline in the English haddock landings. Icelendic
fishing effort increased in the period 1967-69 and this has managed to
keep the landings on a steady level although much lower than the 1962-65

wverage.

The moin couse for the decline in the total haddock fishery in
Tcelandic waters must be considered to be the absence of any good
year classes since 1960.
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Mortality estimates

Examinotion of the estimates of fishing mortality on Iceland
haddock indicates that, as might be expected from the decline in fishing
effort, fishing mortality has fallen slightly since 1965. However, the
current level of fishing mortality does not differ significantly from
the value of fishing mortality which provided the basis for the 1968
assessment which remains valid and is reproduced in Table 23.
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COD STOCK IDENTIFICATION STUDIES AT TCELAND USING .
SFEROLOGICAL, BIOCHEMICAL AND GENETIC TECHNIQUES

Contributed by A. Jamieson (Fisheries Loboratory, Lowestoft)

Information on the frequency occurrences of recognizable genes in cod
stocks ean be used as metaphorical togs capable of defining a pool of genes
perpetuated in each genetic isolate or contemporary unit of stock. The
available data obout genes in cod show that this approach is particularly .
relevent to this species. Isolates of cod stocks are knowm %o have
differentiated genetically allover the range of this species. The few
marker genes known to characterize the stocks can be put to work in those
stock identification problems that are bedevilled by the phenotypic bias

. in the more fomilisr morphometric data. Genetic analyses should supplement
the latter also. : ‘ o

The past 10 years have witnessed a gradual increase in the number of
-genetic variants in cod. Although few have been applied in the present
context their potential value is undeniable, but practical spplication of
the available methods to date has been confined to the well-tried variants
at two independent genetic loci called Hb and Tf, As the symbols suggest,
the alleles at those loci control haemoglobin variants in cod erythrocytes
and transferrin variants in cod blood plasma. The series. of alleles at
both these polymorphic loci occur in clea.rly different proportions in
certain stocks of cod.

‘ An international cod blood sampling programme in Tceland area has _
produced several thousand blood samples which have been tested at Lowestoft

and at Réykjavik. The greatest numbers of samples were from spawning cod

at south-west Iceland during the spring of 1969 and again in 1970, Samples

were also token and tested in different parts of the Iceland cod fishery

through diffevent seasons, also at Greenland.

A preliminary analysis of this blood data suggest the following:

1. Pluxality of stocks in the Iceland afea. This is evident in
the erratic differences in allele frequencies at Iceland,
particulariy during the spawning season.

24 The differences in allele frequencies did not show consistent
regional effects. This was presumably due to migrations in
and out of the Iceland ares giving what may be descr:.bed as
o mosailc effect.

3 Mixing of stocks was occasténally evident within single
hauls of cod. Genetic imbalance in hauls vas interpreted

as evidence for mixing.

4, 4 genetic change in the composition of the spawning aggregate
of cod at south-west Iceland occurred about early April.
This change was expressed as o conspicuous drop in the
frequency of the allele EbIl quring the 1969 spa,xm.mg season
and again in 1970.

5 The Fast Greenland cod allele frequencies were close to the
average values for the some alleles at Icelond as a whole.
More Mast Greenlaond cod blood samples would be welcome at

Lowestoft.

6. The transferrin allele frequencies at West Greenland were
represented in occasional hauls at south-west Iceland at

spavning time,
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APPENDTX 2

SUBDIVISION OF FISHING MORTALITY RATES

Estimates of total and fishing mortality rates were obtained in the
way described in the Appendix to the previous Working Group Report for values
of M = 0,2 and 0.3, using (a) the numbers landed at successive ages in the
entire fishery and (b) the numbers lended at successive ages in the non-
‘spawning fishery alone. ' ’

These provide respectively (a) estimates of fishing morta,lity.(FT),
on the entire stock at each age, and (b) estimates of fishing mortality
(Fy), within the stock supporting the non-spawning fishery at each age.

The assumption was then made that
Tp =0o By + (1 - p)Fs at each age, so that T, = (T},—)[FT - D FN-]

: i ' :
. vhere p = the proportion of the stock supporting the non-spavming fishery
at any particular age :

and <Fs=. the fishing mortality rate within the stock supporting the
spawning fishery at the same age. . 4

Values of p were estimated directly from the values in Table 10
relating to the numbers of fish in the sea in the non~spawning and total
fisheries at each age. These and other values required for calculating
Fg at cach age are shown in Table 10. '
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Table 2. Catches per unit effort of Iceland cod.

A ' B c

Years England Gernmany Tceland
1946 2 310 Co5a -
1947 -1 766 " 3.8 v -
1948 1 527 3.0 -
1949 1 397 3.3 : -
| 1950 - 1190 3 | .
1951 1155 3,2 -
1952 1116 3.2 -
1953 1353 4.0 -
1954 1 237 3.2 .
1955 12712 | 4.5 -
| 1956 1 249 3.5 -
1957 993 2.6 -
1958 980 3.8 -
| 1959 | . 22 4.2 R
1960 701 3.8 1185
1961 569 2T - 663
1962 611 4.3 462
1963 626 4.0 - 365
1964 546 2.1 : S
1965 567 1.5 475
1966 . 604 1.0%) 517
1967 686 1.5 483
1968 921 3.3 650
1969 1 035 2,3 617

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

x)German value low because effort mainly directed
towards redfish, '
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Table 3. Estimates of fishing effort on Iceland cod.

Years England Gzrmany . Igeland Total effort
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 1% 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
1963 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 38 708 591 117
1967 184 548 10 143 45 997 503 088
1968 127 965 8 839 61 788 437 063
1969 91 571 8 581 61 871 390 156

A: Thousand ton hours.

B: Days fishing.

C: Thousand ton hours.

Total effort = English effort x

Mobor and steam trawlers combined.

Total cafch
English catch




Table 4, Cod. Iéeland. Total landings in No x 10™ .

19 -
6

gége///fz;;f 1960 | 1961 [1962 | 1963 |1964 '1965. 1966 | 1967 | 1968 | 1969
2 0.7 1.7 | 0.6 0.9 1.9 | 1.6 | 1.9| 6.2 3.2| 0.2
3 7.9 | 12,5 | 8.4 | 14.3 [12.4 [22,2 [13.2 | 26,9 | 13.1 | 10.3
4 24.1 | 15.9 [25.5 | 25.9 |22.4 [30.6 |28.,2 | 25,0 | 44.1|21.8
5 24.4 | 15,9 [14.4 | 19.5 [18.3 [19.1 |18.3| 23.4 | 19.8 | 35.6
6 10.7 [ 12,7 [13.3 [ 10,2 [11.8 | 9.6 {11.1| 11.7 [ 15.4 | 14.0
7 '9,0| 7.6 [12.217.1 | 8.1 | 8.5 5.9| 9.0 [16.0]12.8
8 7.0 | 9.0 | 4.3 | 7.9 [20.0 | 5.9 [10.7] 2.8 | 5.5(19.0:
9 7.2 | 4.8 [10.6 | 3.0 | 5.4 [12.7 | 2.8 | 7.2 | 1.9| 2.1
10 15,0 | 4.0 | 3.6 7.7 | 1.8 | 1.5 | 7.2| 1.8] 3.3| 0.6
11 49| 8.9 | 2.2 1.9 | 3.4 [ 0.9 | 0.4] 2.6 | 0.9| 0.6
12 0.8| 1.8 | 4.3 ] 1.1 0.9 | 0.8 | 0.2 0.1 | 0.7 | 0.1
13+ 0.7 0.5 | 0.8 2.1 | 2.1 [ 0.7 | 0.2] 0.2 | 0.4 0.2
Table 5. Cod; Iceland. Noh—spawnihg fishery landings
' in No x 107°.
age —~Tear| 1960 | 1961 [1962 | 1963 | 1964 |1965 | 1966 | 1967 | 1968 | 1969
L .
2 0.7 1.7 | 0.6 0.9] 1.9 | 1.6 | 1.9] 6.2 | 3.2| 0.2
3 7.8 12.5 | 8.4 {13.9 |11.6 |16.5 | 12.6| 26,3 | 12.2] - 9.2
4 22.8 | 15.5 [25.1 | 24,8 [ 20.0 |27.1 {26.0| 23.4 |42.6| 18.6
5 18.1 | 14.2 [13.2 [ 18.2 | 16.7 |16.2 | 15.6] 19.8 [ 17.2] 32.8
-6 6.8| T.2 [10.7] 8.1 | 8.9 | 7+3| 6.5| 8.1 ]10.4] 10.4
7 4aT | 307 | 563107 37 | 469 | 2.4 4.9 TaS 543
8 2.7 4.6 | 1.7] 2.3] 7.5 | 2.2| 4.2| 0.8 2.3 3.8
9 2.5 1.9 | 4.0| 1.0 1.1 | 4.8] 0.9] 1.4 0.5 0.7
10 6.9 1.5 | 1.5| 2.2 0.2 | 0.4 | 2.0| 0.3| 0.5| 0.1
11 2.4] 3.3| 0.6] 0.6| 0.5 | 0.1 0.1| 0.3| 0.1| 0.1
12 0.3 0.8 | 1.4| 0.3| 0.1 ] 0.2 0.1| 0.03 0.1| 0.03
13+ 0.1] 0.2} 0.4| 0.6 0.4 | 0.1| 0.1 0,03 0.1| 0.1




Table 6. Cod. Iceland.

- 20 =

Spawning fishery landings in

No x 10~6,

’ﬁgg,//'*’iear 1960 | 1961 [1962 |1963 | 1964 | 1965 | 1966 | 1967 | 1968 | 1969
2 - - - S - - - - -
3 o2 - | - |0 08| 57| 0.6] 0.6] 0.8 | 1.1
4 Ted | 004 | 0.4 |'1.0] 2.3 3.6 2.2 1.6 1.4 | 3.2
5 6.2 1.7 | 1.2 | 1.4 | 1.6 3.0 2.8 3.6 2.6 | 2.8
6 3.9 1 5.5 | 2.6 | 2,2 | 2,9 2.4 4.6| 3.6 5.0 3.6
7 4e3 | 349 | 720 | 6.3 | 4.4 ] 3.6 3.5 4.1 8.1 | 7.5
8 4:3 1 4.5 | 2.6 | 5,3 (12,5 | 3.8 6.5| 2.0 3.2 [15.2
9 AeT 1 3.0 1 6.5 | 2.0 T7a3| 7.9 1.9 5.7 1.4 | 1.4

10 8.1 1 2.5 ) 2.1 [ 5,4 1,6] 1.0] 5.2 | 1.5]| 2.8 0.5
1 2.5 5.7 | 1.6 | 1.4 2.9 0.82 0.28] 2.3 0.8 | 0.5
12 0.48/ 0.94| 2.9 | 0.86; 0.72] 0.59| 0.14] 0.08 0.6 | 0.1
13+ 0.04/ 0.31| 0.37 1.5 | 1.7 | 0.56] 0.14] 0315 0.27| 0.1
Table 7. Mean numbers émillion) of cod landed
from Iceland (period 1960-1969).
B ; Non-~spawning Spawming
Age fishexry fishexy Total
2 1.9 ] ~ 1.9
3 13.0 1.0 14.0
4 24.6 1.7 26.3
5 18.2 2.7 20,9
6 8.4 3.6 12,0
7 5.4 5.3 10.7
8 3.2 6.0 9.2
9 1.9 4.2 6.1
10 1.6 3.1 4.7
11 0.8 1.9 2.7
12 0.3 0.7 1.0
13+ 0.2 0.5 OiZ;_l




1960-1969 landings).

- 2] -

Table 8, Iceland Cod. Stable age compo

sitions of landings (based on

Numbers landed (million)

Non~spayming fishery  Spavming fishery

hge UK. Others Total | Total
2 1.2 0.5 1.7 0.2 1.9
3 7.6 3.3 10,9 - 2.6 - - 13%.5
4 14.1 5.8 19.9 4.9 24.8
5 9.9 Wi 14.3 4.6 18.9
6 5.0 2.5 7.5 4.4 11.9
7 2.6 2,3 4.9 5.9 10.6
3 1.2 ‘1.8 3.0 " 6.8 9.8
9 0.6 1.1 LT 501 6.8
10 0.3 0.5 0.8 3.1 3.9
11 0.1 0.2 0.3 1.5 1.8
12 0,04 0.06 0.1 0.6 0.7
13+ 0.04 0.06 0.1 0.4 0.5

Cb:m_:'esponding weights landed ('bhousands of metric ‘cons)

2 0.7 0.2 0.9 0.1 1.0
3 11.3 4.8 - 16.1 3.9 - 20,0
4 3441 13.9 48.0 11.8 59.8
5 34,1 15.3 49.4 15.% 65.1
6 21.6 10.6 32,2 19.1 51.%
7 13.6 11.6 25,2 30,6 55.8
8 6.7 10.5 17.2 39.1 5643
9 4.1 - 6.8 10.9 31.8 42.7
10 1.8 3.8 5.6 20.4 26.0
11 0.8 1.5 2.3 10.8 15,1
|12 0.4 0.5 0.9 4.3 5.2
13+ 0.2 0.4 0.6 3.1 3.7

Table 9. Moan weight (vound fresh) of age-groups
of cod at Iceland (German ond Icelandic

Data).

Age (years)

Weight (kg)

N

0.10 -
0.54
1.48
2.41

« »
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10. Iceland Cod. Istimates of the fishing mortality

Table
rate (F) within the various components of the stock
(based on 1960-69 data). :
Age P ZT . F& ‘ FN ‘ FS
¥=20.2
3 0.55 0.27 0.07 . 0.11 0.02
4 0.48 | 0.37 | o0.17 0,31 0.04
5 0.1 | 0.39 0.19 0.39 0.05
6 0.34 0.38 0.18 0.36 0,09
7 0.29 0.45 0.25 - 0.43 0.18
8 0.26 0.58 0.38 0.50 0.34
9 0.23 0.70 0.50 0.62 0.46
10 0.21 0.80 . 0.60 0. 70 0.57
11 0.17 | 0.83 0.63 0.64 0.63
12 0.21 0.72 0.52 0.55 0.51
M= 0.3
3 0.44 0.34 0.04 0.08 0.01
4 0.43 0.42 0.12 0.24 0.03
5 0.37 0.44 0.14 " 0.31 0.04
7 0.28 0.50 0.20 0.35 0.14
8 0.24 0.61 0.31 0.43 0.27
9 0.24 -0.72 0.42 ) 0.54 0.38
10 0.21 0.81 0.51 0.62 0.48
11 0.16 0.85 0.55 0.58 0.54
uz 0.21 | 0.78 0.48 0.51 0.47
P = the number of fish in the non~-spavning fishery as a

proportion of the total number in the sean
(calculated from data in Table 13).

= total mortality on the total stock.
= fishing nortality on the total stock (Fp), within the

non-spawming  fishery (EN)yand within the spawming
fishery (Fy).

Table 11. Estimates of the total numbers of cod in the sea

(millions) necessary to account for the total
landings from Iceland.

M 0.2 0.3
Age A ‘ B A B
2 216 264 : 317 460
3 182 205 267 . 324
4 147 163 204 242
5 96 109 128 153
6 61 65 , 78 , 88
7 44 46 55 59
8 28 29 34 36
9 16 16 15 20
10 12 12 15 i5
11 6.2 6.5 7.6 8.3
12 3.2 3.5 3.9 4.5
13 1.9 2,2 2.3 2.8
14 0.3 0.3 0.4 0.4
15+ 0.3 0.3 0.3 0.4
LA Calculated on the assumption that Z = 0.8 in the oldest age-
group in each year class, irrespective of actual age.
B Calculated on the assumption that Z = 0.7 in 12 year and older

fish, but making allowance for the fact that for fish less‘than 12
years old values of Z other than 0.7 may be more appropriate.
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Table 12. Bstimates of the total numbers of cod in the sea
(millions) necessary to account for the total
landings at Iceland from the non-spawning f:.sher:n.es
only.

M . 0.2 _ 0.3

Age A B A B

2 161 169 223 251

3 129 131 172 177

4 96 98 ‘122 125

5 25 56 67 69

6 26 26 31 32

7 15 15 18 17

8 7.7 7.5 9.1 8.8

9 3.9 4,0 4.6 5.0
10 3.1 3.4 3.7 - 445
11 1.4 1.6 1.7 2.3
12 0.7 0.9 0.8 1.4
13 0.4 0.6 . 0.5 0.9
14 0.07 - 0,08 0.09 - 0.1
15+ 0,06 0.07 0.07 - 0.09

~A Calculated on the assumption that % = 0.8 in the oldest age group in each

year class, iirespective of actual age.

B Calculated on the assumption that % = 0.7 in 12 year and older fish, but
making allowance for the fact that for fish less 'bhan 12 years old values
of Z other than 0.7 may be more appropriate.
Table 13, Estimates of the numbers of cod in the sea necessary
: to account for the Icelandic fisheries.
M 0.2 0.3
Non~spawning | Spavning Non-spavming Spavning
fishery fishery | Total fishery fishexry Total
Age. (4) (B-4) (®) (8) (B-4) (3)
2 165 75 240 237 151 388 -
3 130 64 194 174 122 256
4 97 58 155 124 99 223
5 55 48 103 68 72 140
6 26 37 63 31 .52 83
7 15 30 45 18 39 57
8 7.6 20 28 9.0 26 35
9 4.0 12 16 4,8 15 20
10 3.2 9 12 4,1 11 15
11 1.5 4.8 6.3 2.0 "6 8
12 0.8 2.6 3.4 1.1 3 4417
13 0.5 1.5 2.0 0.7 1.8 S 2.5
14 0.07 0.2% 0.3 0.1 0.3 0.4
15+ 0.06 0.24 0.3 |I 0.08 0.2 0.3
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Table 14. Percentage changes in yield per recruit due to changes in

fishing effort¥,

Non-Spavming Fisheries

~

r M 0,2 | 0.3 0.2 | 0.3 0.2 | 0.3
% change : '
in r H |
effort® ' K Others . Total
a | =37 =44 ~25 -39 - -
-60 b(lg -17 ~30 . H16 -8 -4 -21
8 ' b(2) | -34 ~40 -8 =21 -24 =33
LB
By a =21 ~26 -17 ~24 - -
Ejgg -40 b 13 -6 -12 +16 + 3 +3 -6
: é 1 (2 -18 -20 +1 ~ 7 =11 -15
= - a -9 -12 - -3 -6 - -
~20 bglg -2 -6 + 8 + 2 ¥+ 2 -3
b(2 -7 ~11 + 2 -3 -4 -8
By a + 8 +10 +3 + 6 - -
Sl 420 bél) 0 +5 -8 -3 -3 +1
hg b(2) 0 +5 -8 -3 -3 +1
ﬁ E a +14 +19 + 6 +10 - -
% +40 bglg ~2 +5 ~15 -7 -7 o+ 1
b(2) | -2 +5 -15 -7 -7 +1

(1)
B(2) .

More precisely this refers to the percéntage change in the fishing
mortality rate at each age in relation to the average values for
the periocd 1960-1969. ‘

Assuming that the spawning and non~gpavming fisheries are baaed on.

a single stock of cod. Values taken from report of the previous
Working Group. .

Assuming that the spawming and non-spavning fisherics are based on
two completely independent stocks of cod.

Assuming that the spawming and non-spawning fisheries are based on
stocks that are independent until they are 8 years of age. After
this age, it is assumed that potential gains to the non-spavming
fishexry of fish older than 8 ycars of age arc transforred to the
spawming fishery by the migration of these fish. :
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Table 15, Percentage changes in yield per recruit due
to changes in fishing effort,

M 0.2 0.3 0.2 | 0.3

o}

(

)

% :
Total Total
ohange Spevming fishery | ALL ficheries
effort ¥ '
a | w39 | 45 <6 ~24
~60 bglg -24 -33 | ~14 .28
& £ b(2)]. - - - -
e 5
B2 E a +28 + 9 o= 2 ) -12
ﬁ -40 b(1§ -18 © =17 -8 -12
- b(2 - ) - . ¢ .- -
£ (2) |
a 413 +5 | 0 -5
-20 b(1)| -4 -7 -1 =5
- b(2 - - - L -
e a -10 -6 o +3
© Ll +20 bél + 2 + 5. -1 + 2
&g - b(2)) 0 +2 +5 -1 +2
& ) .
gg . a ~20 11 -2 + 6
B |+40 bglg + 3 +9 -3 + 4
b(2 +3 + 9 -3 + 4
#* Morc precisely this refers to the percentage change in the
fighing mortality rate at ecach age in relation to the a,verage
values for the period 1960-1969
a Assuming that the spayming and non-spawning fisheries are
‘based on a single stock of cod. Values taken from report
of the previous Working Group.
" b(1) Assuming that the spawning and non-spavming fisheries are

based on two completely independent stocks of cod.

Assuming that the spavning. and non-spawning fisheries are
based on stocks that are independent until they are 8 years
of age. After this age, it ig assumed that potential gains
to the non-spawming fishery of- fish older than 8 years of
age are twansferred to the spmm:.ng fishery by the migration
of these fish.
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Table 17, Sumar:;f of assessments based upon simulation of the fishery.
Fishing Landings (thousand tons) v ‘
EBffort on : T 4
Tceland Tomature Total Mature F:Lshe:.:'y '
. Mature Fish Mature Fish
Immature Fish of . Total
Flshery as Toelandic of Icelandic of Greenland
% of present Origin Origin OrJ.gJ.n‘
50 148 - 187 54 389
80 235 -106 54 396
-100 259 80 54 393
125 277 58 - 54 .-389
Greenland v » :
fishing 259 80 33 372
doubled v o

¥B. Caleulations checked only by graphical methods.

Table 18,

Iceland Cod.

Total landings of different: f:.sheries,
1965-1969. (Thuusand of tons).

. Non-Spavming ‘ o
- o5 e Overall
Nortthanb Fishing Area E‘lg:;lal. i Spewning | Total
UK [Tceland | Total | Po0=SPEWRing
Year trawl travl trawl Lenery
1965 16.9 1.7 18.6| 206 195 401
1966 18.1 2,3 20.4 175 168 343
1967 5.6 1.5 7.1 205 151 356
1968 8.5 ‘1.1 9.6 230 - 159 389
1969 5.5 1.5 7.0 213 - 198 411
Mean 10.9 1.6 12,5 206 174 380
%: of the
Total 2.9 0.4 3.3 54 46 100
Landings
% of the - - -
Immature 5.3 0.8 6.1 100
Fishery
Table 19. Percentage change in yield. for 20‘73 reduction in fishihg ‘

thousand tons in brackets).

effort in the non-spawning fishery. (Bqu:.valen‘b

Assessment (Hypothesis b(2))

Assesement
by Simuiation

Non-spavming Fishery, UK
Others
Total

Spawning Fishery '

Total Fishery

Fishery for Immature Fish
Fishery for Matuve Fish
Total Fishery

=Tl ( 9. 6)
+1.7 ( 1.4)
-39 ( 8.1)

+6.5 (12.5)
+1.1 ( 1.0)

-10.6 (13.6)
-~ 2.6 ( 2,1)
- 7.5 (15.7)

+ 4.6 ( 8.8)
- 1.7 ( 6.9)

~ 9.3(23)
+19,6(26)
+ 0.8( 3)
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Table 22, Iceland Haddock., Total lendings (thousands of
fish) of the various year clagses.

| Year Classes '
Age | 1548 1549 1550 1 1951 1952 | 1955 | 1954 1555 135
1 N B S " — = -
- - - - - - - - 7 936
3 - | - - - 200 | 57 125 [12.306 | 28 263
4 -~ - - | 252 | 2598 | 233 | 6546 13095 | 37 735 |
5 - - 110 641 |10 386 8 228 | 5 351 3100 (13 317 | 23 067
6 - 13546 | 9859|14979 | 3955 | 1085 | 2046 | 4 370 | 11 884
T | 209 | 5485 | 7037| 5 301 1 250 999 395 | 2 001 _ 5 216
8 85 | 1565 | 1619] 1116 653 | 335 | 222 | 424 | 3574
9 69 |~ 651 350 1 098 282 | 148 37 | 217 | 1621
4-6 - - = | 27889 | 14781 | 8766 | 11 695 |30 780 | 72 686
-5 1 - T | 7135404 | 16966 |10 248 | 12 347 |33 422 | 85 097
LTotal 363 (21 251 | 29 546| 35 404 | 17 166 llo 305 I 12 770 145 728 | 119 296
® |
Table 22 (continued)
1 ][ Year Classes
Age| 1957 1958 | 1959 1960 | 1961 | 1962 | 1963 | 1964 l1965 [1966 | 1967 | 1968
1l- - - A 340 45 14 27| 98| - -3
2| 3604 5531 | 5800 | 1959 2331|2395 1312| 2012]6 140(2 357 |2 045 | -
3 |32 260 9615 | 9268 | 15790 | 7 088|13 516 3 754 |25 124]8 o510 361| - | =
4135783 | 14509 | 7582 | 16 938 | 7 745| 5 540 8 604 |10 044|3 811 - h B
P 141340 | 9493 | 6 920 | 21 055 | 4 683| 4 268| 3 578 |11 935 - | - - -
6126635 | 4251 | 3410 | 11952 | 1735| 1 646] 1 as0| - - |- -]
7 114 118 2445 | 1131 | 2 419 983 538 . S R A R e
81 723 618 234 1 167 386 - - - -~ - | = -
9 | 1063 105 129 507 - - - | - - | - - -

4-6/105758 | 28 253 |17 912 | 49 985 |14 163|11454|B 672 | . | _ | _ - -
4-9/126174 | 31 421 |19 406 | 54 o078 - - - - - - .

Total| 162038 | 44 567 34 494 | 75 858 | 24 985(27 744 |18 7% | 47 142|18 10|13 298/205 | 3
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Table 23, Iceland Haddock. Effect of yield in

" percent of changes in effort by all
gears equally.

% Change in Fishing Mortality Rate from

the 1960-1966 Level

Gear M -60 =40 -20 +20 +40
English (| 0,15 -4 Y B ~10
German’ 0.30 -20 -8 . -2 +0.4 + 0.2
Trawl

)
(2)

Estimates for BEnglish and German trawlers were
similar and so mean values are given in the Table,

Owing to the lack of comprehenéive age composition:

data the trawl estimates above must also be used
as the best estimates for "all gears",
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Figure 1 Growth curve for cod of the 1961 year-clags in the Icelandic spawning
fishery compared with the average growth curve in the Icelandic
fishery (1928-64) and with the average for East Greenland.
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Figure 3 Diagrammatic representaﬁion
inter-relationships
hypotheses A, Bl and B2.

of stocks and

of the assumptions made about the

the fisheries according to




