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REPORT OF THE ICES/ICNAF WORKING GROUP ON COD STOCKS IN THE NORTH ATLANTIC

1.

Section I.

Introduction

Terms of reference

The Group was convened with the following terms of reference (C.Res.1971/3:2):-

2.

30
1.

5.
40
5e

11.

12,
13.
14.
15,

"It was decided,that:

(a) +the Joint ICES/ICNAF Working Group on Cod Stocks in the
Noxrth Atlantic meet in Copenhagen for one week in March
1972 to summarise existing assessments concerning cod
stocks in the North-Bast Arctic, Icelandic and East Green-
land Waiers, as well as the West Greenland, ILabrador and
Yewfoundland cod stocks, and to examine in general terms
the effects of possible regulatory measures, with parti-
cular emphasis on the interaction between fisheries on

different stocks,

(b) Mr D J Garrod will be Chairman of the Working Group.™

Participants
A Pinhorn Canada)
Sv Aa Horsted Denmark)
A Schumacher Germany, F.R.g
A Meyer Germany, F.R.
S Schopka glceland)
A Hylen Norwayg
E Stanek Poland

R Hennemuth gU.S.A.)
D J Garrod,Chairman {U.K.)
B W Jones U.K.g
J Mpller Christensen(ICES

V Hodder ICNAF)
L Boerema FAog

J Gulland FAC

The Group wishes to acknowledge the computer programming assistance by
Mr J G Pope (Lowestoft, U.K.) and Mr K Lassen (Denmark).

Stocks considered

Barents Sea/Bear Island (non-spawning)

Norway Coast (spawning)

Iceland (non-spawning)
Tceland (spawning)
Greenland, Bast and South-~-West

Greenland West

Labrador/Bast Newfoundland

Flemish Cgp

Grand Bank

St Pierre Bank
West Newfoundland

Southern Gulf of St Lawrence
Banquereau

Brown's Lahavre

George's Bank

Arcto~ ICES Subarea I and Div.ITb
Nor- ICES Div. ITa
wegian
) Iceland/ ICES Div. Va
Greenland ,, " "
complex

ICES Subarea XIV and ICNAF
Dive 1E and 1 F

ICNAF Div. 1 A-D

ICNAF Div.
K - 3L
ICNAF Div. 3M

ICHAF Div, 3N and 3 O
ICNAF Div. 3P (south)

ICNAF Div. 3P (north) and
4R, 48

ICNAF Div. T and 4V (north)
ICNAF Div. 4V(south) and 4W
ICNAF Div. 4X

ICNAF Subarea 5

2G’ - 2J,
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Information available for stocks 1-7, 9, 10 and 12 enzbled these to be in-
corporated into a model of the total North Atlantic cod resource to examine
the interactions between fisheries. Figure 1 illustrates the geographical
distribution of these stocks. Recent assessments of resources 13-15 are
reviewed. Resources located in other parts of the ICES areg have been ex=-
cluded from detailed analysis because they are exploited by trawlers using
smaller mesh sizes than elsewhere and further research is necessary to
determine comparabilities between these and vessels fishing the stocks spe-
cified in the terms of reference.

Section TI. The pregent status of the North Atlantic cod fisheries

1. Conclusions

(i) Increasing range and mobility of the fleets fishing for cod in
the North A$lantic has increased their efficiency and their
ability to concentrate on those stocks that happen to be most
productive at a particular time.

(ii) For virtually all the stocks considered the current fishing
mortality has reached the level where further increases in
fishing will at best produce very small increases in yield
per recruit, and in some stocks will actually decrease the
yield per recruit.

(iii) ‘There is a probability that spawning stocks as low, or lower
than the present could lead 1o a recruitment failure and con-
sequently to a very large drop in total catch. Taking this
into account, and to some extent the economic benefits implied
by an improved caitch per unit effort, a desirable level of
fishing mortality (effort) would be approximately half the
present level. This would not affect the average long-term
yield.

(iv) If such a reduction were achieved in a single year, then, given
average recrultment, the cod catch would recover close to the
current level after a transitional period of five years.

(v) The same benefit could be achieved by a phased reduction
involving less immediate disturbance to the catch though it
would take perhaps ten years to realise the full benefits.,

(vi) If the displaced fishing effort remained fishing and could be
redeployed on other lightly exploited species there would be
an increase in the total catch of 2ll species and a less
severe immediate loss.

2. The main features of the cod fisheries 1960-1970

2.1 Trends in the fishery

The changes in total cod caich from the Worth Atlantic are summarised
in Tables 1-3. During the period 1955 to 1970 the total catches have
fluctuated about a level of some % million tons, with a peak of nearly
4 million tons in 1968. On the surface, therefore, the state of the
Atlantic cod fisheries appears to be satisfactory. But despite the
relatively constant value of total catch, both overall and by country,
there have been great changes in the fishery and the stocks.

At the beginning of the 1960's the north-easst Atlantic resources
were already fully exploited but the north-west Atlantic resources
less so; and the development of the highly mobile internmational
fleet of 901 + GRT freezer and factory trawlers had scarcely begun.
About that time a decline in catches and catch per unit effort in the
northeast caused some countries to extend their activities westward.
On these siocks, which were relatively lightly fished stocks at that

time, they achieved high catches a part of which represented
accurmulated biomass.
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Countries also began to expand their fleets of larger vessels fo
improve economic performance on grounds at long range but sufficient
fishing was maintained in the northeast to fully exploit those
stocks. The expansion of fishing effort to the northwest Atlantic
and the development of the 901 + GRT vessel class reached an initial
peak in 1967/68. (Tables 4 and 5). This coupled with favourable
recruitment in several stocks, particularly in the Arcto-Norwegian,
led to very high catches in 1968/69, well above any sustainable
long-term average yield. Thus now, by the early 1970's, all stocks
are fully exploited; there are no lightly fished stocks to sustain
the high productivity of fishing operations when, as now, several
stocks suffer poor recruitment, either through natural causes ani/or
the effects of stock/recruitment relation.

Fleet mobility

The changes in the fleets have been twofold:

(a) an increase in the efficiency of their operations with the
use of improved fishing gear (e.g. mid-water trawls) and
electronic apparatus for navigetion and fish detection;

(b) increasing flexibility in their operations, with increased
ability to move from one stock to another in response to
short-term fluctunations in fishing prospects.

This second change is reflected in Table 4 which, for the two
categories > 501 GRT shows a 25% decrease in units of the 501-500
GRT class counterbalanced by a doubling in the number of the larger,
and operationally more flexible 900 + GRT class. OQOverall, however,
the number of equivalent fishing unilts appears to have remained
fairly stable through the 1960ts; the change has been in the scope
of their fishing operations. The changes in efficiency are difficult
to gquantify; to allow for it we have assumed, on the basis of
trends in catchability, that an hour of fishing in 1970 was 3&%
more effective than in 1960 but this must vary; for example there
has been a change in catchability with time at West Greenland.

In addition, the higher operating costs of the larger vessels causes
them to seek out more dense concentrations of fish (higher catch
rates). This, combined with the depletion of resources, which has

in itself forced fleets to concentrate on area or fisheries where

the availability of fish is high, has gradually altered the seasonal
pattern of fisheries. Now more than ever fishing concentrates on
seasonal aggregations of fish in different stocks, further increasing
the efficiency of the fleets as a2 whole.

Trends in fishing effort snd stock abundance

The changes in fleet efficiency make it difficult to calculate the
real changes in the amount of fishing effort over the past ten years,
and also make it difficult to estimate the changes in the abundance
of the stocks, at least in terms of catch per unit effort.

Estimates that have been made are given in Table 5.

These reflect the switch which began in 1955 from fishing in the
north-east Atlantic (as represented by the NEAFC area) to the
north-west (ICNAF), but it appears that in 1963/64 = proportion of
the fishing effort was taken out of the cod fisheries in the NEAFC

area and redeployed, presumably on other species, e.g. hake, haddock and

herring in the ICNAF area.

The redistribution of fishing effort in the decade 1960-1970 is also
evident in the distribution of catches by vessel categories in

Table 6. Catches by the fleet of vessels < 500 t are fairly wiformly
distributed through all stocks. Unless used with support craft, or

as pair trawlers, this group may be regarded as 'non-mobile' in the
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sense that their range is very limited. The 501-900 GRT group has
a degree of mobility, but their operational range is limited and
vesseéls of this class fishing the north-east Atlantic are, for the
majority, unable to fish the north-west Atlantic profitably, and
vice versa. The S00 + GRT class developed through the decade has,
in 1970, taken most of their catch at Greenland, ILabrador and
Newfoundland. Of the total catch in 1970 the non-mobile fleet took
40%, the intermediate 501-900 GRT group 30%, and the fully mobile
901 + GRT fleet %0%. This is roughly equivalent to the distribution
of their effective (but not actual) fishing time in the units used
here (Table 7).

The abundance of stocks in the north-east Atlantic, which were

‘already fully exploited prior to 1960 has shown no trend since that

time, mainly becsuse the total stock estimates are heavily in-
fluenced by the sbundance of recruit year classes. There have been
changes in the sbundance of some north-west Atlantic stocks since
1966, particularly at West Greenland, Labrador and Grand Bank. The
decrease in population at West Greenland is also apparent in a
decline in the population biomass as calculated by a different
method (see Table 12).

Present status of the stocks

In 1960 the north-east Atlantic stocks were fully exploited but the
north-west Atlantic less so. The developments through the 1960!'s
reduced this timbalance'!. Prior to 1560 there had always been one
or more stocks which were relatively lightly fished and which could
absorb, at least temporarily, fishing effort diverted from other
areas. BEven in the late 1960%s as all stocks came to be fully
exploited, good year classes have occurred in one or more stocks to
permit good fishing. Exceptionally, as in 1968, good year classes
have occurred in more than one stock resulting in short-term
catches well in excess of the level that may be expected as a long-
term average, even under management.

The general increase in level of exploitation for approximately the
same level of effort reflects an improvement in overall harvest
efficiency of the fleets as g whole, but it has reduced the average
age of fish in the stocks making short-term fishing prospects over
the whole Atlantic cod resource more dependent upon the strength
of new year classes and, when these appear, they attract the mobile
fleet causing 'pulse fishing'. (The peak in catches in ICNAF Div.
3NO 1967/68 is a classic example). But this overexploits the older
part of the ssiock as well as the young fish that attracted the
fishing, and when the fleet moves on it leaves behind s stock
severely depleted throughout its age range.

The available estimates of the asbundance of recent year classes which
will enter the commercial fisheries 1972-1975 are summarised in

Table 8. The most reliable of these indicate good recruitment to

some of the ICNAF stocks (but not West Greenland) which will recruit
to those fisheries from 1972, and a very strong 1970 year class in the
Arcto-Norwegian stock which will recruit to the Barents Sea/Bear
Island fishery in 197%. It is very likely that fishing effort will
concentrate on this last year class.

The best available guide %o short-term fishing prospects on an
Atlantic wide basis is given by a simulation (see Section III, 3.4).
This indicates a prospective yield of 2 million tons from the
selected stocks in 1973, if the 1970 level of fishing is continued.
This, and the expected average long-term catches under management
is well below the peak catch of 3 million tons in 1969.



3. Stock assessments

Detailed assessments of the state of individual stocks have been presented
by various Working Groups and Sub~-Committees of ICES and ICNAF, and much
of the basic material has been summarised in Section ITT of this Report.
Since the relation between adult stock and subsequent recruitment has not
been established for any cod stock, it is not possible to state definitely
the relation between the amount of fishing and long~term yield. Cal-
culations have been made of fishing mortality in relation to yield per
recruit, identifying two critical values of fishing mortality:

(a) Fpoxs corresponding to the maximum yield per recruit, which
gives the absolute upper limit to the amount of fishing
that should be allowed, and

(b) Fopts calculated following the usage of the 1972 ICNAF mid-term
assessmen+ report, as the level at which the marginal yield
(the net addition to the total catch produced by an additional
unit of effort) is one~tenth of the catch per unit in a very
lightly exploited stock.

For each stock for which sufficient data are available estimates of recent
fishing mortality (1966-1570) in Table 9 have been related to Fpgy and

Q t in Table 10. In nearly every case it exceeds Fypt and in several
cases Ppax as calculated from the present pattern of ?ishing over all age
groups.

Recognition of Fynt as a criterion has become necessary because as the
level of exp101ta¥10n has increased and with it the need to locate the
best concentrations of fish, so fishing mortality has become more age
specific, TIn some years fishing concentrates on young age groups, in
others the older age groups are most atiractive. The precise location of
Fhpax is sensitive to these changes and may vary over a wide range whereas
Fopt is more stable. Moreover if recruitment is influenced by the level
of fishing mortality this implies that at the moderately high levels of
fishing represented by most values of Fp, ., the recruitment could be de-
creased, and that the maximum total yields would be likely to occur at
somewhat lower levels of fishing, perhaps avound the values of Fopt.

Since increasing fishing mortality beyond the level of Fopt will only
increase the yield per recruit by an amount that is small compared with
the increase in effort, and could well decrease the total yield, it is
suggested that, pendlng further analysis, the estimate values of ¥ pt
should serve as target figures for the fishing moritality to be adhleved
on each stock. For most stocks this would imply a sharp decrease in the
amount of fishing from current levels without great change in the yield
per recruit.

The scale of decrease in fishing mortality that would lead to F, ¢ is
given below together with the long-term yield that could be expecied
under past average recruitment conditions. This compares with the
average yields for each stock 1966~1970 in Table 3.



STOCK
NEAFC Area \ ICNAF Avrez |

I+ IIB, XIv + o

ITA VA | ICHAF 1E,F JA-D |2G=-3L | 3HNC %Ps 4T=AVn,
Maxiwmum
long-term
catch 800 390 100 230 800 ? 60 100
(000
per year)
Surplus F
in lg?G- 38 53% NIL 50 62 75 67 NIL
1970

Ly Defined as the surplus of F in 1966-1970 over Fopt as g percentage of F in
1966~1970 and calculated as

F66-70 - Fopt + . A Fopt
100 ( FE6-T0 } i.e. 100 ( 1 - F66-T0 ).

4. Economic opportunities

The ICNAF Bio-Economics Working Group estimated in 1967 that the amount of
fishing on cod and haddock could be reduced by 10-20%, leading to potential
annual savings in costs ong 50 - 100 million. The present analyses suggest
that the amount of fishing could be reduced by considerably more than 10~20%,
with opportunities for commensurate reduction in costs.

5. The effect of regulatory measures

5.1 Control of the size at first capture

Previous assessments have pointed out the benefits in most of the North
Atlantic cod stocks thet would arise from an increase in the size at
first capture, as might be achieved by the use of a larger mesh size.
No new quantitative assessments of the effects of mesh changes were
made by the present Group. It should be pointed out that the greater
mobility of meny fleets, and their increased ability to concentrate

on a strong year class as soon as the fish reach a commercial size,
probably combined in the immediate future with z lack of good alternat-
ive supplies of larger cod, will tend to an increase in the relative
fishing mortality on the smaller fish (below the optimum size at first
capture). In turn, this would increase the need for, and potential
benefits from, appropriate control of the size at first capture.

5.2 Control of fishine intensity

Whalever action may be taken to control the size at first capture, it
can provide only a partial solution to management of the Atlantic cod
stocks. Some control of the amount of fishing has become necessary.
Ideally, for optimum biological management, such control should be
applied to each stock separately. Some of the practical problems in-
volved have been discussed (ICNAF Bio-Economics Assessment Report).

gn alternative, the implementation of an Atlantic wide regulation of fish-
ing effort has herebeen examined using a simulation model as an example

of this technique and as an initial study of the effect of such a
regulation on the distribution of fishing effort and catches, incor-

porating the interaction between fisheries caused by the mobility of
fleets.

Details of this model, produced in the Lowestoft Laboxratory, are
given in Section IIT of this Report. The accuracy of simulation
achieved for the period 1960-1970 is illustrated in Figore3. It
should be stressed that +his model does not attempt to produce a



complete descripiion of the fishery, nor a detailed prediction of future
events. I% should, however, provide some measure of the relative effects
of, for example, two different management actions. The particular model
described did not, as employed this time, include any provision for a
possible relation between stock and recruitment. Therefore, on the one
hand it may underestimate the benefits from reducing the amount of
fishing (and hence increase the spawning stocks), and on the other hand it
ignores the possibility of some spawning stocks becoming sc low that there
is g recrultment failure.

Amongst a number of possible management actions considered four impor-
tant strategies were identified:

Strategy 1 (Run 3) To stabilise fishing effort (i.e. mortality)
at its 1970 level.

Strategy 2 (Run 6) To decrease fishing effort to a level that
could in total generate Fopt on all stocks,
but with no restriction on mobility.

Strategy 3 (Run 8) To allow fishing effort to increase 50% above
" the present level.

Strategy 4 (Bun 7) As (2) but effort reduced 10% per year over
5 years. :

The consequences of these stralegies are illustrated in Figure 4. Pre-
dictably strategy 2 would casuse z substantial immediate loss of cateh,
and strategy 3 an immediste gain. However, in all four cases the long-~
term yield following a period of readjustment would be much the same
despite retention of the mobility of fleels, although the apparent sitabi~
lity under 3 conceals increased variability in the catches of individual
stocks. There would, however, be some changes in the catches from
different stocks and, by implication, by some countries. FEqually important
the strategies imply substantial changes in stock abundance (c.p.u.e.)
with implied benefits from strategy 2 to both commercial catch rates and
to the spawning stock size and so, more problematically, to long-term
catches.

These results refer only to consequential catches of cod. In the event
of a reduction in cod fishing effort it may be presumed that the surplus
effort could be diverted to other species. If such alternatives exist
in the form of lightly exploited stocks, either in the North Atlantic
(e.g. for grenadiers), or outside (e.g. hake in the south Atlantic), it
Seems reasonable to assume, that the immediate return (catch value

per day fishing) on these stocks is somewhat less than for cod {other-
wise the vessels would already be fishing there). Extra fishing on
these stocks would be expected to increase the total yield from them.

A diversion of part of the effort away from cod would therefore in the
long term increase the total fish catch, though the catch from the par-
ticular vessels diverted would drop slightly. This possibility is
illustrated in Figure 5A for two hypothetical levels of catch per unit
effort for fishing effort diverted on to non-cod stocks.

The change in total catch of cod and alternative species teken by the
present cod fleets is impossible to forecast, as it depends on the uses
to which the surplus effort is put. Some vessels may be scrapped, or
used for non-fishery purposes, thus reducing the total costs of fishing,
but it is likely that wost would be employed on other stocks. The

total catch might then drop in the first year, but would recover, and
soon (probably in the second or third year) rise above the present level.

@chievement of an immedisite 50% reduction of fishing effort would
%nvolve disturbance of a large proporition of the fleet and would be
impracticable. An alternative would be a phased reduction such as the



-8 -

10% reduction phased over 5 years as illustrated in Figure 5B- In fact
other sources of amnual variation in catches are such that a 5% reduct-
ion per year phased over 10 years would cause still less disturbance
to catch levels.

This maintenance of the overall catch would only be possible if the
slternative stocks are not too heavily exploited. However, their
exploitation is rapidly increasing, and opportunities for relatively
painless diversion of the surplus and effort may not last much longer.

This summary of the effects of four possible menagement
strategies on the North Atlantic cod fisheries indicates
an approach to the study of the interactions between
fisheries. The implications of other strategies e.g.
the regulation of fishing effort or catch can be studied
in a similar way provided the intended strategy is care-
fully defined.

Section IIT. Data and Methods: Supplementary Information

l. Analysis of calch and effort statistics

1.1

Catches by stocks

Table 1 shows the total catches of cod in the North Atlantic, by stocks,
for the period 1955-1970. During most of this period the total catch
of all stocks has fluctuated arcund az level of roughly 2.7 million ions,
but substantially higher catches were made in 1968 and 1969 with the
1968 catch reaching nearly 4 million tons. There was a rapid decline to
% million ‘ons in 1670.

The table identifies at the top eight major stocks for which data were
adequate for detailed assessments. These represent 75—85% of the total
catch of Atlantic cod. Adequate data were not available for the
remaining stocks which are mostly located in the southern part of the
ICNAF and ICES aress; the catches for these are given as "Other ICNAF
Stocks" and "Other ICES Stocks"™ in Table 1. The trend in total catch
for the principal stocks is similar to thal mentioned above for all
North Atlantic cod stocks.

Of the eight stocks given above, four have contributed the major part
of the cod catches. The catch in the Arcto~Norweglan stock has
generally fluctuated around an average level of about 800 000 tons
annually, with catches greater than one million tons in 1955/56 and
again in 1968/69, but low catches aroumd 450 000 tons in the 1964/65
period. The 1970 calch was nearly 880 000 tons. In the Iceland area
the catches showed z slow but fairly consistent decline from about

500 000 toms in 1955/56 to about 350 000 tons in 1966/67, but increased
steadily to 470 000 toms in 1970. The catches in West Greenland

{Div. 1A-1D) fluctuated irregularly between 180 000 and 290 000 tons

in the 1955-61 period, between 270 00C and 360 000 tons during 1961-68,
and declined rapidly to 67 000 tons in 1970. In the Labrador-East
Newfoundland area the catches increased steadily from about 300 000 tons
in the 1955-58 period to nearly 700 000 tons i 1967, jumped to

900 000 tons in 1968, and declined thereafter to 560 000 tons in 1970.
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0f the four smaller stocks, the catches in the South and East
Greenland area have fluctuated around an amnual sverage of about
80 000 tons with catches greater than 100 000 tons in 1562-64 and
again in 1967-68; the Grand Bank stock yielded catches which
fluctuated around 70 000 tons up to 1965, increased rapidly to
220 000 tons in 1967 and declined again to 100 000 tons in 1970;
the St Pierre Bank and South Gulf of St Lawrence stocks each
yielded catches which fluctuated around an annual sverage of
about 65 000 tons over the 1955-7C period.

It is gpparent from the zbove synopsis that the catches from the
individual cod stocks show very different trends and fluctuations,
but together, however, they have varied very litile over the
1955-T0 period, except in 1968 and 156G when the exceptionally
high catches were associated with the recruitment of very good
year classes in the Arcto-Norwegian and ILabrador-East Wewfoundland
stocks. A typical example of !pulse fishing' is to be seen in

the rapid doubling of catches in Div. 3NO in 1966/67.

1.2 Cagtches by countries from the selected stocks

The cod catches by countries for the whole Atlantic in Table 2b
relate to all stocks in Table 1 and are included here for reference
only. In Table 2s the catches by country from "Other ICNAF" and
"Other ICES"™ stocks have been excluded to isolate the national
catches from the stocks here selected for detailed study i.e.

those grouped in the first part of Table 1. For these selected
stocks the major cod-fishing countries, in order of importance,

are Norway (17% of 1970 catch), USSR (15%), Iceland (12%%, UK (12%),
Spain (11%), Canada (10%), Portugal (6%) and Germany (6%

-

During the 1955-T70 period the catches by Canada (180 000 - 260 000
tons), Iceland (200 000 - 320 000), Norway (200 000 - 420 000),
Portugal (140 000 - 220 000) and UX (270 000 - 3%0 000 tons) have
remained relatively unchanged except for annual variations as
indicated by the ranges of caitches given in parantheses. However,
the catch by Germany increased from gbout 100 C00 tons in the late
1950ts to just over 200 000 tons in 1967 and 1968, and the catches
by Spain increased more markedly over the same period from 90 000
to 250 000 tons. During most of the 1955-70 period the USSR
catch fluctuated between 250 000 and 580 000 tons, but in 1968 and
1569 catches of 920 000 and 800 000 tons were taken. The cod
fishery by France yielded catches between 120 000 and 160 000 tons
during the 1955-68 period, but there was a substantial decline

to 35 000 tons in 1970. The Danish cod fishery by Faroes and
Greenlanders increased from about 100 000 tons in 19655-60 to
nearly 150 000 toms in 1962, but declined steadily to less than

80 000 tons by 1970. The catches given for P"Others” in Table 2a
and 2b represent mostly the catches by the German Democratic
Republic.

1.3 QCatch by country and stock

Table 3 gives the average calch by each country from individual
stocks in the period 1566-70. In the Arcto-Norwegian ares the
USSR catch was about 48% of the total with Norway (33%) and UK
(17%) teking most of the remainder. A% Tceland the Icelandic

cod catch accounts for sbout 60% and UK about 25%. The Fed.
Republic of Germsny takes about 50% of the cod catch off South
and Bast Greenland. At West Greenland, F.R. Germany, Demmark and
Portugal have taken the greatest share and likewise the 2G-3L
stock is exploited by most countries in varying degrees, with
Portugal, Canada and Spain having tzken the three highest catches.
The 3 NO stock has been fished almost exclusively by Spain and
USSR, the 3P south stock equally by Canada and Spain snd the small
47-4YV north stock mostly by Canadsa.
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While many of the Buropean countries exploit most of the stocks on
both sides of the Noxrth Atlantic in wvarying degrees, France, Poriugal,
Poland and Spain have fished for cod almost exclusively in the North~
west Atlantic. The two North American counbries fish exclusively on
the cod stocks which are adjacent to their coasts. This also applies
to the cod fisheries by Demmark (G) in West and South Greenland, by
Tceland on the Icelandic cod stock, and partly by Norwsy on the Arcto-
Norwegian stock.

1.4 The fleet

Statistics of the number of vessels that have caught cod in the North
Atlantic in the specified areas were returned by all countries except
Faroe, U.S.A. and U,.S.5.R. These are summarised in Table 4. The returns
account for 80% of the total catch of cod in 1970. The figure for the
category < 150 GRT are very imprecise because such fleets are typically
very helberogenecus and vessels may not necessarily fish full time. The
category 151-500 GRT shows an increase of some 25% in the countries
sampled during the period. Except for such vessels of Paroe, Spain

and USSR, these categories are henceforward taken to represent 'non-
mobilet effort, i.e. fishing effort whose operation is restricted %o
resources in the immediate vicinity of the home-counitry. Categories
501~-500 GRT and 901+ GRT are here combined %o represent the 'mobile!
fleet capable of redeployment from one part of the North Atlantic to
another, though the 501-900 GRT group has only a limited mobility
between a few resources. In these classes a decrease in the number of
501~-900 GRT of the sampled countries has been balanced by an increase
in . the number of 901 + GRT units.

An index of the total number of equivalent fishing units has been cal-
culated for all 501 + GRT vessels as described in the footnote to
Table 4. In these terms the size of fleet fighing for ced zppears not
to be increasing at the present time but this ignores the increases in
efficiency of vessels due to their improved range and performance
characteristics.

1.5 Fishing effort and catch per unit effort

The fishing effort and catch per unit effort values, given in Table 5,
are derived from several sets of national fishing effort data, one or
more for each stock, and converted to the equivalent of hours fishing
by English trawlers.

In the Arcto-Norwegian and Iceland non-spawning stocks effort data
(hours fishing) for English (501-$00 GRT) trawlers were used. No time
series of fishing effort data is available for the Iceland spawning
fishery. TFor the South and Fast Greenland stock English hours fishing
for all trawler categories was used and for West Greenland A-D

¥.D.R. German effort data of days fished were converted %o an English
equivalent with a convexsion factor 11.51.

The comparability of fishing effort units between fleets fishing the
stocks mentioned above and fleets fishing the remainder of the ICNAF
area 1s difficult to determine because of lack of overlap between
fleets. The available statistical evidence indicates that otter trawler
hours fished for Portugal, Spain and UK are approximately equivalent
and they have been taken as such. For the 2G-3L stock (Labrador-East
Newfoundland) Portuguese otter trawl data (hours fished) were taken as
being directly equivalent to UK hours fished. For the 3l~0, 3Ps and
4T-Vs stocks Spanish pair-trawl data were taken as being eguivalent to
Portuguese effort data and consequently equivalent to UK effort unit
as used for the North-East Atlantic stocks. Using 1961 as the base
year the effort values for the various stocks were raised by 3% per
year from 1961 yo 1970 in order to provide for a slow but gradual in-

crease in efficiency which must undoubtedly have occurred especially
for the mobile fleets.
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As indicated above for the catches in Table 1, the effort values for

the various stocks (Table 53 show different trends and fluctuations. The
Barents Sea/Bear Island stock had high effort levels in the early 1960's
and also during 1968-70 with a low level during 1964-65. In contrast, the
Labrador-East Newfoundland stock was subjected to almost continucusly
increasing effort from about 300 000 hours during 1960-63 to nsarly

600 000 hours in 1969. Both the East and West Greenland stocks had
relatively high effort levels during 1961-64 and in both areas the effort

had by 1970 declined %o not much more than one-third of the 1961-64
levels.

The catch per unit effort values, given in Table 51, are relatively
stable for some stocks (e.g. Arcto-Norwegian and Iceland) over most of
the 1960~70 period, while for others they fluctuate greatly (e.g. 3N-0,
4P-4Vn 28 %Ps). In South and East Greenland the catch per unit effort
steadily increased between 1560-61 and 1968-69 with a slight decline
in 1970. In West Greenland there was a steady rise from 1962 to 1966
and a steady decline thereafter. In the Labrador-East Newfoundiand
area there was a steady decline from a high level during 1960-6% to a
relatively low level by 1970.

During the period under consideration significant changes have taken
place in the patterns of fishing on some of the stocks. For example,
it is well known that in the ILabrador-Fast Newfoundland area there has
been a major shift from mostly autumn fishing, in the early years, to
mostly winter and spring fishing on spawning concentrations in the
latter years. Because of such changes in the seasonality pattern of
fishing, the catch per unit effort values of Table 5b may not reflect
reliable changes in stock abundance.

1.6 The allocation of catches and fishing effort between different sectors
of the total fleet

The proportion of the catch in 1970 taken by each category and on each
ground is summarised in Table 6. Though the 900 + GRT group takes the
greater part of the catch from resources most distant from centres of
population, overall the greatest part of the catch is taken by the

< 500 GRT sector of the international fleet.

The allocation of catch between vessel categories is used in Table 7

to allocate the available fishing effort, i.e. the national units of
English hours fishing adjusted for a 30% increase in efficiency 1960-T0.
The uncorrected number of hours fished has been related to the number
of hours fished per day of German 501-900 GRT trawlers giving an esti-
mated 170-150 days fishing per year per vessel. This is realistic and
since the estimate of vessels and hours fishing have been derived
independently the comparison adds credibility to the estimate of trend
in fleet structure summarised in Table 4.

2. Review of stock assessments

2.1 Arcto-Norwegian. ICES I, ITa, IIb (North-East Arctic Fisheries Working
Group Report, ' ICES,-1970)

The exploitation rate on this stock reached a very high level in the
early 1960!'s,and then declined as mobile fleets transferred their
activity to other stocks when the sbundance of the Arcto-Norwegian
resource fell in 1964. A period of lower exploitation followed until
1968 when the recruitment of two successive strong year classes, 1963
and 1964, increased the relative attraction of this area to the mobile
fleet. Catches and the exploitation rate were very high in 1968-1970,
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and the stock again became o¥erexploited at that time with regard to
the long-term yield. The 1963/64 year classes are being followed

by a series of weak year classes and in 1971 fishing mortality has
fallen to a level of P = 0.5, and may decline further, The fluc~
tuations in the fishery have been primarily due 4o fluctuztions in
recruitment, which, for a period, attracted excessive fishing effort.
These factors leave, in 1972, a stock which contains old fish sur-
viving from the good year classes and one strong recruit year class
of 1970 which will enter the fishery in 1973.

The evidence that recruitment is related to spawning stock size is
the strongest for all cod stocks in this Arcto-Norwegian stock. The
North~-East Arctic Pisheries Working Group is of the opinion that the
long-term future of the resource as a whole depends largely on the
fate of the recruiting 1970 year class. Fishine mortality should be
held as low as practicable in order to ensure an increase in the stock.

Iceland. ICES Va (Northwest Arctic Fisheries Working Group, ICES, 1971)

The fishery for cod at Iceland can be divided into two components:-

Spawning fishery: a fishery in the spring off the south-west corner
of Iceland for mostly spawning cod carried out by Icelandic vessels
exclusively. This fishery, which accounts for about 46% of the total
catch of cod in the Icelandic waters, is based msinly on the spawning
stock of cod of Icelandic origin but supported by a component of
mature cod immigrating from Greenlandic waters. The proportions of
those immigrants probably differs from year to year, and may have a
substantial influence onthe results of this fishery.

Non~spawning fishery: a general fishery for cod around the whole
Icelandic coast at all times of the year. This fishery is mosily
for immature cod and is prosecuted mainly by English, German sand
Icelandic vessels. Immigrants from Greenland which survive from the
Tcelandic spawning fishery appear to stay at Iceland and are st
least partially available to capture in the non-spawning fishery.

The catch: during the period 1964 to 1967 the catch of cod at
Iceland .declined to 345 000 tons in 1967 due o lack of good year
classes in the spawning fishery, but since 1968 2 part of the strong
year classes 1961, 1962 and 1963 which originated at Greenland
migrated to Iceland and raised the catches again to a high level

@71 C00 tons in 1970). Previous assessments indicabe that an increase
in fishing mortality would not result in a further increase in a
yield per recruit so this stock can be considered azs being fully

exploited.

Tceland-Greenland interrelstionship. Methods of calculation

No migration of adult cod from Iceland to Greenland has been cbserved
in the last decades, whereas migration of mature cod from West
Greenland to East Greenland /Iceland and from East Greenland to
Icelard is known to take place. Results of tagging experiments meke
it reasonable to neglect the small-scaled migration from Div,.iA-1D
and to treat the IE-IF and East Greenland cod as a unit stock for
assessment purposes.

On the basis of tagging experiments the Northwestern Working Group
estimated the actual proportion of mature fish at Greemland
emigrating to Iceland as about 25% per year. A new attempt to
estimate the migration has been made, using the virtual population
technique. Back-calculations to age 3 of mature age groups (i.e.
7+) from the total catch at Iceland and back-calculations from the
catches of immature age groups only. to age 3, reveals twe diffe~
rent figures. The difference between these is regarded as the number
of 3 years old fish in the IE~IF, East Greenland stock which will
uwltimately migrate to Iceland at maturity.
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The stock size at 3 years of age of fish of Greenland origin which
will remain at Greenland was back-calculated from the catches of all
age groups taken at Greenland. The stock size of fish which would
remain at Greenland can be zdded to the size of the stock of 3 years
0ld ultimately providing the migrants to give the total stock size
of all fish of Greenland origin. The migrant stock size can then
be expressed as a proportion of the total stock of Greenland origin.

The results indicate that migration may fluctuate between years and
year classes, but generslly it iakes place from age 7-8 and onwards
by an average proportion of 24% which is comparable to the findings
of the Northwestern Working Group. For simplification in the present
analysis, the migration is regarded as an extra mnatural mortality

in the Greenland stock equal to a coefficient of 0.15 and the corre-
sponding number of fish is added to the mature stock at Iceland for
each year and age group.

Greenland. (ICNAF Assessments: Mid-term Report, 1972)

South and East Greenland (ICN&F Div.1E-1F, ICES Subarea XIV)

In the last decade catches have fluctuated between 82 and 131 thousand
tons, highest in 1968. The originally mixed fishery (cod plus red-
fish) is gradually directed more and more towards cod especially
fished when concentrating during and around the spawning season. Catch
per unit effort has, therefore, been increasing during the decade but
this cannct be taken as an index of increased sbundance of cod.

Rather can it be taken as & sign of increased fishing mortality on
older age groups.

Emigration of mature cod from this area tc Iceland is mentioned
above.

West Greenland (ICNAF Div. 1A-1ID)

Catches between 1955 and 1968 fluctuated between 180 and 360 000 tens,
highest in 1962. Recent poor recruitment and adverse physical fishing
conditions has made 1969 and 1970 catches decline to 141 and 67
thousand tons, respectively. The remaining effort has tended to con~
centrate more on relatively old fish probably maintaining a relatively
high F on these age groups. Prospect for recruitment up to the
mid-1970's is bad. and a caich level of not more than 100 000 tons is
likely.

The ICNAF Assessment Committee 1972 has concluded that the cod stock
of ICNAT Divisions 1A-F is at least fully exploited.

Labrador - Bast Newfoundland (ICNAF Div. 2G-3L)
(Pinhorn, 1970; Pinhorn and Wells, 1970)

The fishery on this sbock increased steadily from a level of about
300 000 tons during 1555-1959 +to about 700 000 tons in 1967, then
increased strongly to 900 000 tons in 1968 and 831 000 tons in 1969,
but fell to 561 000 tons in 1970 (Table 1). Fishing mortality
estimates fluctuated in the vicinity of Fpyy of 0.4 during 1960-66
g0.3-0.6) but were well in excess of the maximum during 1967-69
0.6-0.75), decreasing to I of 0.4 in 1970 (Table 12).

mas

Total stock size of fish older than 3 years fluctuated between 2 500
and 5 000 million:during 1960-1970 in response to fluctwmations in
recruitment, while the numbers of fully recruited fish older than

6 years decreased from about 650 million in 1961 to %65 million in
1969 with an increase to 470 million in 1970. Population biomass

decreased from 3.5 million tons  in 1960 to 2.6 - 2.7 million tons
in 1969-1970.
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Grand Bank (ICNAF Div. 3N0)

(Pinhorn and Wells, 1970)

The fishery on this stock fluctuated between 34 =znd 78 000 tons during
1956-1964 increasing to 96 000 tons in 1965 and 106 000 tons in 1966.
The catch more than doubled to 222 000 tons in 1967, decreasing to

110 000 tons in 1968 and 104 000 tons in 1970 (Table 1). The sharp in-
crease in landings in 1967 was a reflection of the entrance of the very
strong 1964 year class as 3 year olds and the reduction to the 1966
catch level in 196S indicates that this year class only contributed
significantly to the fishery for two years as ages 3 and 4. The
characteristics of the present stock status indicates that the fishery
is heavily dependent on individual recruiting year classes and with
such a fast growth rate in this area, the long-term yield from a year
class is greatly reduced by heavy fishing at an early age.

Catch/effort assessments for 1963-1966 indicated F to be at or

beyond the Fp.. of 0.2 during the early 1860ts. With increased catch
and effort since 1966 F of fully recruited age groups is almost certain
to have been well beyond the Fp,. since 1966.

St Pierre (ICNAF Div. 3Ps)

(Pinhorn, 1972)

The fishery on this stock fluctuated only between 50 000 and 80 000
tons during the entire 1955-1970 period (Table l). Fishing mortalit-
ies for the 1960-1970 period varied between 0.30 and 0.55 and were

thus somewhat beyond the Fpgy of 0.30 for this stock for the entire
pericd (Table 12). Total slock size of fish older than 3 years de-
creased from 225 million in 1960 tc 150 million in 1963 and then
increased to 325 million in 1970, in response to varistions in recruit-
ment. Numbers of fully recruited fish older than age 6 decreased from
30 million in 1960-1961 to 14 million in 1967 and then increased to
slightly over 20 million in 1569-1970C.

Population bicmass decreased sharply from 270 000 tons in 1960 to
180-190 000 tons in 1G62-1965, and then increased slowly to 220 000
tons in 1968 and 1969 and 290 000 tons in 1970.

Southern Gulf of St Lawrence (ICNAF 4T-4Vn )
(Halliday, 1972)

Landings declined from the peak of 110 000 tons in 1964 to 41 000 tons
in 1967, but increased again to 64 000 tons in 1970. The most recent
increase was due to the mobile fleet effort in Div. 4Vn. Most of

the catch is now taken by otter trawls but gill net effort has.in-
creased. ‘

Assessment of the effect of fishing on this stock is complicated by
density-dependent changes in growth rate and recruitment which, in
turn, have caused changes in the rate of recruitment to the fishery
and in age at first exploitation. As a result it is difficult to
assess an optimum value of F. The recent increase in trawl caiches
Probably increased F only to about 0.3 on 7-10 vear olds as stock
abundance had increased at the same time. This is lower then the P

in 1960-1966 of 0.35-0.60. Thus the stock appears to be in a relative-
1y good state, with some incresse in fishing still possible.

Brown's Lehavre, George's Bank (ICNAF Div. 4X and 5)

Complete assessments for these stocks are not yet availlable;
however,the stocks appear to be rather heavily exploited. TFor

Div. 4X in fact the present F is about itwice the value correspon-
ding to maximum-yield-per-recruit. Recent pre-recruit Year classes
are known to be poor from resesrch vessel surveys.

For Suba;ea 5, the present effort is somewhst higher than the level
corresponding to the meximum sustainable catch and it was considerably
higher in the previous six years.
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Thus, although these stocks are not included in the model, they will
not support additional effort, and, in fact, the effort should be
decreagsed somewhat. The maximum yields from both stocks are probably
less than 50 000 tons and a large share of the present effori is
nen-mobile.

3. Biological characteristics of the stocks incorporated in the simmlation model

3.1 Initizal stock composition and biomass estimates

The majority of estimates of fishing moritality described in this
Report have been derived by virituszl populstion analysis. This method
alsc provides estimates of the size of each stock in terms of millions
of fish in each age group at the beginning of each year. The stock
structure in a particular year is necessary o initiate a2 simulation
run. For the validation of the model and data the simulation was
initiated in 1960; +the appropriate data are at Table 11, Subsequent
experimental runs were based on analogous stock estimates for 1570.

Though not used explicitly in the model, estimates of biomass were
derived by multiplying the estimates of standing stock in numbers
per age group from the virtual population analyses by the mean weight
per fish which was obtained from various sources {see Table 16). They
represent the biomass of the stock of fish aged three and older and
are given in Table 12.

The three largest stocks -~ Arcto-Norwegian, Iceland and Labrado;/Néwa
foundland - amount to 2.1, 2.9 and 2.7 million tons, respectively.
For these the biomass has been rather stable since 1960, although the
Arcto-Norwegian stock is rather lower than average in 1970 . The other
stocks are all about 0.3-0.4 million metric tons, and excepting 3Ps,
have all declined since 1960. The West Greenland stock in 1570 was
only about + of its size in 1960.

For most of the stocks, the catch in 1970 was 20~25% of the biomass.
It was somewhat lower for the Iceland stock ( ¥ 16%), and much higher
for the Arcto-Norwegian stock (41%).

3.2 Fishing mortality and the catchability coefficient, 4

Values for P (Table §) were taken directly from the virtual population
analyses, except for 3NO, where a value of q was estimated and applied
to the estimates of effective fishing effort.

The tabulated values represent fishing mortality on fully recruited
and, in most cases, the mature stock (ages T7-12).

There are no consistent time trends in F, except that more of the
higher values appear in the later years. The estimated F in 1970
dropped for most stocks, after some large increases in 1968-1969

in the Tceland, West Greenland and ILabrador stocks.

It is important, however, to relate the F's to those applicable to
the younger, recruiting age groups. In many areas the two segments
of the stock are fished separstely, and a high F on the younger age
groups could occur with a low F on the mature stock.

In Table 13 estimates of F (from Table 9) have been used with the
independently determined estimates of fishing effort (Table 5) %o
estimate the catchability coefficient g. The estimates of fishing
effort include an adjustment for increases in efficiency with time
and for most stocks the implied value of g shows lititle trend.
However, the value of ¢ for the Greenland stock in Div. A~D has in-
creased considerably in recent years: this is thought to reflect
concentration of the fleet on a shrinking stock during the spawning
season with more efficient fishing gear (midwater trawls).
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3.3 Seasonaglity and seasonal variations in the catchability coefficient

Table 14, the monthly percentage variation in CPUE, gives a picture
of the different availability of the fish in the course of the year.
It shows the concentration of cod during the first half of the year
mainly due to the formation of spavning shoals {pre-spawners,
spawners, post-spawners) and partly alsc due %c envirommental factors.
During the second half of the year the cod are on feeding migration
and thus widely spread (horizontally and vertically) and less avail-
able to the gears (slack period). The higher summer catches in
4AT-AVn, are due to profitsble fishing on cod returning from 4Vn o

the Gulf of St Lawrence.

Whilst up to the beginning of the 19%60's off Greenland and in
2G-3%3L the fishery of the mobile fleet was mainly carried ocut during
summer and gubtumn or over the whole yeart!s period, the modern
factory trawlers are now fishing for cod mostly only during the
first half of the year, when dense concentrations allow profitable
catches. During the uvmeconomic slack period, this fleet goes for
other species (e.g. herring).

3.4 Recruitment (Table 8)

For the North Atlantic cod stocks for which recruitment date were
gvailable, recruitment of 3 year clds has varied considerably,both
in absolute size, in correspending ysar classes between stocks

(cf. Barents Sea/Bear Island with Iceland) and in the degree of
fluctuations of successive year classes within each stock {cf.Barenis
Sea/Bear Island with 2G-3L) (Table 8). The Tcelandic, 2G-3L, 3Ps and
4T-Vn stocks show only moderate fluctuations in year class strengih,
whereas in the Bast and West Greenland and 3N0 stocks, fluctuations
are greater. The Barents Sea/Bear Island stock demonsirated
reasonably stable recruitment up to the 1964 year class after which
recruitment from the 1965-1968 year classes was only about 5%, the
previcus level. Similarities evident in recruitment patterns
between stocks include the importance of the 1963 year class in the
Barents Sea/Bear Island, Bast Greenland, E and F and 2G-3L, the im-
portance of the 1961 year class from Tceland and East and West
Greenland stocks and the similarity of recruitment trends in the
Barents Sea/Bear Island and 2G~3L stocks up to the 1665 year class.

3.5 Partial recruitment to the exploited stock

Table 15 gives the pattern of recruitment to each stock in terms
of the partial fishing mortality of each age group as a proportion
of fishing mortality on fully recruited age groups. It is derived
from the mortality analysis and represents the combined effects of
biological recruitment to the area of each fishery and selection of
the fishing gear in use.

3.6 Growth

The growth rate data (weight at age) in Table 16 are collected
from different sources. Data for the Arcto-Norwegian and Icelandic
stocks are taken from Working Group revorts {(ICES, 1971a, b),
respectively. The growth data for the 2G-3L and 3Ps stocks zre
derived from curves of gwowth in length combined with a length~
weight relationship given in papers by May et al. {1965) and Wells
and Pinhorn (1970). The growth data for the MO0 stock was derived
from data submitted to the meeting by Pinhomrn {pers.comm.). The
4T~4Vn stock data are from a paper by Halliday (1972).

Intersction between fisheries

In order to examine the interaction between fisheries that follows from the
redeployment of fishing effort from one resource to another in response
either to the natural fluctustions in the stocks, or to regulation of indi-
vidual stocks, the date summarised have been incorporated in 2 simulation
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model of the total cod resocurce complex. This model is described by
Clayden (1972). A sinplified flow diagram showing the relationships
between the basic parameters and the resulting computations is at
Figure 2. The results of the first contrel simulation to validate the
model are illustrated in Figure 3. This was achieved by restricting
the observed fishing effort on each stock to fish only that stock.

This similation is not perfect. There are differences between actual
and simulated catches in most stocks. In general, these can be
attrivuted either to inevitable simplification of reality in the model,
or to poor data. The accuracy is considered sufficient to demonstrate
that this fishery system can be described by the pasrameters chosen,
and that our estimates of these paramebers must be close to the truth.

Having established the validity of the model, the interactions between
fisheries were examined for a number of assumptions related to possible
changes in fishing effort deployed on these North Atlantic cod resources.
This was achieved by allocating the available fishing effort to

different sectors of the fleet (Table 7). The effort capacity of the

< 500 GRT class was regarded as being restricted to the stocks in the
vicinity of its origin, e.g. Norweglan effort < 500 GRT could only fish
Barents Sea or Norway Coasi. Fleets of this class which do have a degres
of mobility were assigned to mobile categories as appropriate. Thus
Spanish pair trawlers were assigned to 501-900 GRT class capacity fishing
the Northwest Atlantic; Faroese vessels and USSR vessels working with
support craft, which may fish both in the north-east and in the north-
west Atlantic, were assigned to the 9014+GRT class., The 501~900 GRT class
has limited range over rescurces on oune side of the Allanitic ox the
other, but not over all resources. It was divided in two parts sccording
to the 1970 pattern of activity and each part was allowed to fish only
stocks in the North~East Atlantic, or stocks in the North-West Atlantic.
The 901+ GRT group was permitied to fish any stock. Within the model

the fishing effort of the three mobile groups was zllowed to fish any
stock in its range according to their welstive abundance in each month,

In the {time available, i} was only possible ic¢ investigate a swsll number
of possible patterns of interaction, and it has not been possible to
consider the redeployment of effort on to species cther than ced.

In considering these results it is important to remember that such a
model cannot and dees not attempt to predict reality because data on
future recruitment and on fishing effort cannot become available. The
model is a research tool that enables us o investigate interactions
over & time period based on the assumption that recruitment will fluc-
tuate as it has in recent years. The relative yields between different

strategies will be valid for any level of recruitment, but actual caiches
would not.

Starting from a 1970 stock situation, and recycling recruitment from
1957 as representing realistic natural fluctuations in stock, five runs
were made to study the effect of possible changes in the pattern of
fishing on average catches over a 10-year pericd.

Strategy 1 (Run 3) Effort kept constant at the 1970 level.

Strategy 2 (Run 6) Effort reduced in Year 3 and later years to half
the 1570 level (= Fgpy overall).

Strategy 3 (Run 8) Effort increased in Year % and later yesrs to
50% above the 1970 level.

Strategy 4 (Bun 7)  Effort reduced by 10% per year bebtween Years
4~8 and thereafter kept constant.

Strategy 5 (Run 4) Effort increasing at 5% per year over the 10-year
pericd.

The summary results of these runs are given ih Table 17. Figure 4
gives the changes in total effort, total catch, and overall catch per
unit effort over the 10-year period. In Year 3, the first year of major
changes in fishing effort, the catches vary widely, but by the end of
the 10-year period the catches from different runs have converged close
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to the same quentity. The exception is for strategy 4 (Bun 7) for
vhich the catches are still in 2 transitional state at the end of the

period, but could be expected also to comverge to the common value
in later years.

The catches per unit effort shown at the bottom of the figure are
very different for different runs. By the tenth year the catch per
?nit e§fort for strategy 2 (Run 6) is three times that for strategy 3
Run 8).

The differences between some runs are shown in Figure 5. In this
Figure an attempt has been made Yo estimate the effects on total
catches taken by the present fleets, i.e. including the likely
cgtches taken by the surplus effort diverted (o other stocks. The
present catch per unit effort on cod is about 0.65 and two values
of the caich per unit effort on alternative stocks were assumed ~
0.2 and 0.4. Figure 5A shows that if there were a SQ% cut in the
effort on cod, the cod catch would drop by about 850 000 tons (i.e.
a little undex 50%), inecreasing thereafter, but recovering close

To the catch taken with the original effort 5 years later., However,
the total catch (including catches from stocks to which surplus
effort had been diverted) will be considerably higher. A% the more
conservative estimate of the productivity of the alternative stocks
(rather less than one-third that of the cod stocks) the total catch
following the reducticon of cod effort will be equal to that of the
unregulated fleets after four years. On the assumption that the
alternative stocks are about two-thirds as productive as cod, there
will be 2 loss only in the first year, and by the seventh year the
total catch will be cover half a million tons higher.

Similar results are obtained from a phased reduction in effort.

There will bte a reduction on cod cabtch over the short period con-
sidered, but the total caitch will increase and on the more optimistic
estimates of catches from alternative stocks the initial decrease
will be insignificant.



- 19 -

References

CLAYDEN, A.D., 1972. Simulation of the changes in abundahce of the cod
(Gadus morhua L.) and the distribution of fishing in the North
Atlantic. Fish.Invest.Lond., Ser.2, 27(1).

BALLIDAY,R., 1971. A preliminary report on an assessment of the offshore
cod stock in ICNAT Division 4X. ICNAF, Annusl Meeting 1971,
Res.Doc./T1/12.

HALLIDAY, R., 1972. The fishery on the southern Gulf of St Lawrence
cod stock, 1960-1970. ICNAF Assessments Subcttee. Rome, Jan.1l972.

HORSTED, Sv. Aa. and GABROD, DeJ., 1969. A yield per recruit function for
Sub-ares 1 cod. ICNAF Redbook, Pt.3, pp.l7-21.

ICES, 197l.a. Report of the Horthwestern Working Group 1970. ICES,
C.M.1971/F:2 (mimeo).

ICES, 1971.b. Report of the North-East Arctic Fisheries Working Group 1971. ICES,
C.M.1971/F:31 (mimeo).

ICES, 1972. Report of the North-Bast Arctic Fisheries Working Group.
ICES, C.M.1972/F:3% (mimeo).

ICNAF, 1972. Report of Mid~Term Meeting of the Assessments Sub-Committee.
Rome, 1972.

PTNEORN, A. T., 1970. Assessments of the effects of increases in the mesh
sizes of trawls on the cod fisheries in the southern Grand Bank
area (ICNAF Divisions 3N and 30). ICNAF, Res.Bull., No.7.

PINHORNW, A. T., 1972, Virtual population assessment of ICNAF Division 3Ps
cod., ICNAF Assessments Sub-Committee, Rome, Jan.l1572.

PINHORN, A. T. and WELLS, R., 1970. Ca‘tch/effort assessments for the major
cod stocks in ICNAF Subareas 2 and 3. ICHNAF Redbook, Pt. IT,
65-74.

WELIS, R. and PINHORN, A. T., 1970. Growth and mortality changes in cod
from ICNAF Subareas 2 and 3. ICNAF Annual Meeting, 1970,
Res.Doc. 70/88. Ser.No. 4239,



quBsg m.w.w.Homw PuUB OIABYBT 8 ;UMOIg .ﬁﬁmﬁmﬂ—dﬁdm sﬁnm.ﬁ.@go.ﬂpmzﬁ 180H .&dO UsTweT 4 odLe 830098 JgyYNDI T9U30 (TIT
SpuBTE] 90IB DUR SOTSI UST4TaAE OU3 JO M PUB § ‘BOg YRION ‘Ieaxeldedg ‘oTqTeqg oUj UT 4yfnso oxe 830048 gHOT 0U30 (0T
AiTeuuur sU0L Q000 0G=0¢ uUsemjeq Surrenionlf ‘poo PIoly UBTSOMTION JO UY03BO 9PUIOUT 40U OF (6
oubT48T4®BLS UT4OTING WOLF (8
0961 0% xotad pepnioxe upy (L
. 096T o4 xotad pepnioutl udg (9
o T¢=Hg {0048 0f POUFTEs® odB SUOTSTAT(Q I0 sBoasquy £q pogaodex 20U §8I03BO ISqUEN-UOU PUB LBMION .A_mv Jqxeuued (G
Y polsaog pue aofel woxf (f
' BUTLeTING [B0T48Tedy AYNDI woxd (¢
0L6T ‘dnoxyh FuriIoy UIegsom UIION oUs Jo jxodey woxd (g
2L6T-G96T ‘dnoap SUTHION SOTIOYUSTH 0T30ay 8BF-yIof oy Jo sgxodey woxg (T
Lo0 ¢ | 0lG ¢ | VI6 €| TPT €| ¥6L e| GTL g ¢€9 3| 068.3| 296 2| <Ll 2| 2l9e| e6Vz | LoG z| T6G 2| GET ¢ | LéS 2 6 (g) s0028 TT® TBYOL
i 6 % XV SH-BAVésY-udC ‘WC AVNOT
962 ¢ee 062 vve 042 €92 oz 922 91e 6T2 981 A 991 €41 24 2eT TT'¢ 30098 AYNOT IOUL0
GLy GLy 694 VAN z9¥ G6¢ 62¢ Lzg T1¢ G6e 06¢ 6T¢ 1549 1459 91¢ 00¢ 01‘s QA ® ITA *IA ‘AT ‘IIT 8EDI
§30048 GHOI IOU0
9L 08 8l 9l Gl 9L 8L 18 28 18 08 08 9L 08 a8 a8 (a/v) %
lllllllllllllllllllllllllllllllllllllllllllll e et e s v s £ e e A e e e e e e K e 2 £ I!ﬂlllllﬁll!iﬂllau.l,ll.ul.l.lIIII.I.I.IITl.ul!iu«[KI.HE.J.HEH.!IIIIII:II.ﬂﬂlﬂilﬂil.ﬁlll|lll!il.ﬂll!
96z ¢ | els 2| 6%0 ¢| ¢8¢ z| @80 2| LGS0 2]l Y90 | Leg | Gev 2| 6Se @| 94T e 866 T | Y00 2| V90 2| TL9 2| Go¥ 2 (v) Tepom ur B0
= 7 3 -
pL L b6 6v 79 Gl ) 8l 9L 1L ¢l 29 69 L9 89 ov Lt A L e
T 64 YL 19 Y9 09 24 Ly 6V ¥8 ¢L Tl 09 8L 94 9L Q4¢ 8d ¢ IVNOL ‘Sued 9axdTd 38
¥0T. 01T 09T zee 90T 96 29 89 14 Tl 8L 29 14 98 69 ¢It ¢ 0-N ¢ J{VNDI ‘Iueq pusxy
196 | 168 | 906 | slo | 9z9 | 6Ty | lzy | @16 | €16 | €15 | @y | w6 | sge | log | TI¢ | lg S| yoeg czmﬁwnsomsmmwnm@mwmmm
L9 T 6L2 244 162 962 892 444 09¢ gle 18T 081 5¢4 ¢o2 Y62 444 ¢ -V T JVNDI ‘9S5oM PuUBTU®SI)
=3 T IVNDT + ATIX SHOT
2L 06 ¢t 11T 06 28 91T 0¢T 80T 26 98 ¢l 28 LL T4 0¢ , AL Unog DuR 45BH PUBLUSHLH
Ly | 9o¥ 18¢ 944 1&g Y6g 63¥ 20¥ 98¢ GlLg G9¥ cay 606 494 8¥ 8¢G 2 B\ SEOI ‘spumoxd pusTeol
ove 662 €91 621 Ge1 001 601 L1t 8¢T 671 4GT 08T €at LeT ¢ee 91 T ®L] SHADL ‘eag uetSenaop
qri + I SHDI
9¢9 243 116 iy 6¥s. 942 62¢ 199 TLL 2£9 89¥ 995 119 L69 2TT T | 486 1 puBTST aveq/seg siuoTeq
1461 0L6T 6961 8961 Lo6t 9961 G961 961 €961 2961 1961 0961 mmmHA 8G6T Lset 9661 GG6T | mejouqood SBOIB PUR SJ003G

(sm04 000y OLET=GG6T ¢sTo03s £q ‘OT4UBTHY U$ION 9U3 UT GO0 FO U0o3BO TBUTWOU TB4OL  °T miavd



- 21 =

*T 9TqBL X0J S¥0048 04 POLBOOTTE 40U OIOM YOTUM 89Y04BO OUWOE
JO UOTSUTOUT oy} 04 onp eas (y)T OTqel UT osoyj pue TBl03 0soyj UsoMiaq soTtourdorosTp JUSTI® OUL

1€ 2d ¢88 2l 290 ¢ | ¢8¢ 2| L80 2 {€L0 2| G90 & |STL 2| Liv 2| L4g 2| ¢3T € | 000 ¢ 600 2 | 190 2 | L99 2 | 19 Te105
LT a5 28 oL 29 TG 144 T + + T + T - - - ST973.0
06¢% 66L LT6 91V 1494 a9e 892 9LV 844G TLY G9s. ¢he 692 G8e 414 499 *gegesen
T T + + + + + + + + + + + + + + syeqen
0T¢ 9¢e 662 282 Yoe 092 G92 262 01% Yle ¢le LO% 21¢ 21¢ Y6¢ T9¢ N
ove 9¢e 474 022 2LT 081 OLT 26T 6¢T LT 021 20t 88 00T 66 L8 utedg
4 ¢ - - - - - - - - - - - -~ - - BTUBWOY
o¥T | ¢LT 002 812 ¢8t 28t 26T 12 202 9LT 69T L¥T T9T G6T G1e 061 Te8n3.I0g
¢g 9l 88 149 9¢ 02 0T 6 ¢ 4 T T - - - - PUBRTOI
T2¥ LGS ¢S 8Le 9¥e A% Y61 9¥e Y92 6TS Tl2 T3¢ 1444 €62 454 6TE LBMION
- - - - - 4 - - - - - - T - - - spueTIoyleoN
+ + ~ - - - - - - - - - - - - - weder
- - - - - - - - T ¢ 4 G 4 L 6 0T £Te3T
¢1¢ 982 1429 yoe ' 8ee V4% 182 oz ¢ee ave Go% 262 862 LG2 20% 444 puBTeol
16T 88T 822 voz | ol1 28t 24T 61 181 A ¢0T 28 96 T8 0¢T 68 sge g fuswIon
2 ¢ 2 ¢ g G ¥ ¢ ¢ G ¥ G ¢ G L G (as) eouwxg
G LL 62T | LeT | GgT |eTT | 9¢T | Ter | 09T | LbT | L¢T |eeT  (LIT | &¥T 8T | 09T Asw oouUBLY
T2 Ge 22 62 | 0¢ Gz ¢e ¥2 9¢ G¢ 62 8z Lz Ye T2 02 D) IxBUUSQ
94 99 L9 28 28 a8 76 00T 01T 8. Gl 09 69 0L 9. gl me NTBWUD [
¢ot oVt 64T Shan G9T 091 GLT L8T 9.T T9T 902 002 9T L6T 602 26T &) epeuep
04 ¢q 6¥ 9¥ 94 65 LG 09 ¢9 4 94 0L 9. a8 Ge 69 Msw gpeUR)
G ¢ ¢ 2 ¢ ¥ - - 8 g 9 G 0T L ) 6 miESTeg
14611 0L6T | 696T | 896T | L96T | 996T | G96T | V96T | 296T | 296T | T96T | 0961 6G6T | 8G6T | LG6T | 9G6T | GG6T FOTIJUNOD
(suoy 0001) OL6T-GG6T ‘soTaaunod £q (850048 I9YZ0 BuTpnToxe)
(v dnoxp ¢T oTqeL) OFIUBTIV UIJON oU3 UT Q0D FO Y03®O TBUTWOU TBLOL % g 9T14%]




T OTUBL I0F S30038 OF PILBOOTT® 30U JIOM YOTYM SOYO3BO SWOS JO UOTSUTOUT OUY
o3 eup oxe (g) T OTABL UT OSO0U} PUB ST®L0} 983UG USGMie] soTousdeIosTp JUSTIS OUL

vho ¢l ¢19¢| 66 ¢ | 88T ¢ | L9 2| TGL 2 | 899 €| 206 T 086 ¢ 12300
A 49 28 Tl 29 16 44 T + 8I0YL0
6y 8T8 986 2¢s LG¢ 1445 ov¢ LeG 609 sygeg*sen
Y2 92 22 02 LT 9T LT 8T 02 *y*s°q
AN 197 Ly ey 88¢ 08¢ 29¢ =14 98¢ N
¢e G2 T¢ 0¢ 82 92 G2 ¢e 9¢ UepPSMg
892 182 0¢¢ 082 Yee 922 A 21e 66T utedg
.v m - - - - - - - |TUBMWOY
¢9T 28T 6Te Lee 202 L6T 012 1¢2 812 Tedngaod
92T 9vT GGt 91T GOt L9 ¥4 86 Ly pustod
86t o¢l 1494 8672 062 292 vee LL2 062 LenxoN
42 02 1¢ L2 Ye 22 1T 8 8 spuvTIoy3oN
+ + - - - - - - - usdep
- - - - - - - - T £183T
¢ ¢ ¢ ¢ 4 2 2 T T PUBTOIT
80¢ 982 4% yoe 22 VAL 6Le ove €ze puBTSOT
68T €23 VL2 6¢2 802 012 9lt 802 002 g Luswre)d
2 ¢ 2 ¢ g 4 14 ¢ ¢ (dg) eousig
INA! GeT Loz LeT VLI 891 gLt GvT 89T () eouBILI
+ - + + 4 o+ -+ + + PUBTUT
12 Ge 22 62 0¢ ae ¢e 147 9¢ D) sprewua(
Tl L8 T8 06 06 ¢6 ¢oT 90T 91T d) remusq
L6 ¥6 Lot ¢6 06 6L 89 69 ¢9 W) Sremus(q
¢aT 6L T02 9.1 88T 06T Y02 zee 902 Mz BPBUBY
0TI 6Tt 2ot 011 02t 21 AN 21T GTT ) ®epsuER)
2T LT 82 22 12 8T 0T 4} 61 mraTeqd
TL6T 0L61 6961 8961 L96T 996T G96T 96T €961 296T SOTILUNOD
(w03 0004) OLET - 296T ‘®oTI4UMOO
£q (g duoxp ‘T oTdeL) OT4UETLV UIION 9U3 UT (0D JO YO3BO TBUTWOU TBIO[ a4 ¢ °TqBd

%




-~ 23 ~

692¢ | 09 |8T9 |1g |¢el L@ 082 T 061 Let 1144 G2 + 2 Y42 822 g |ecr|f + Ge| ve |96 |6LT} 91| O3 8304
abe + 6T |12 |¢ - ¥9 + 81 2 - = + - + + + 162 = = le | = |ee | ¥9 - 830045 AVNOI I0U30
¢6v e kA1 =~ 12T L2 + - - ¥9 L G2 - 2 + 8¢ - | 2¢ + - |etpe | = | - Lt S)004g GEOI I9Y%Q
09 + + + |+ - § - T + + - - = - + + ¢ - = == |¥ ay - UA-Gy AVNOI
69 + | -t - Le - + + - - + - - - 2 |c - - 1= ]=182 | I - 8d ¢ dYNDI
44" T 65 - T - 89 + 9 T - - + - + = + ]t - == 1= 1|¥ T = 0-N ¢ dVNDI
0Tl 9t |68 + |12 - Tot T 92t 65 12 - + - + 84 + 109 - = | 6T | = |TIT| 2 - T¢=Dz IVNDI
¢ee 6 T + 19 - Y1 - 9¢ + G2 - - - + 65 - | 62 - gri6g|=| = | = - @V T dVyNDI
20T ¥ + = {6 - T - ¢ + 8 - - - L av - ¢ - OT| ¢T |~ | + [ = - -7 T YNDI + AIX SHDOT
16¢ - |t = {ii - - - = + + + - - Lyz 0e - |+ - =le |=-1-1- ¢ BA SEDI
€8T - - = 16% - - - = - T + - - - ¢ - |+ - = loT{= 1| = |~= - 8IT SEOI
349 = j66L | = [60T] - - - - T [N - - - - 2 - |+ - e T I T - qII + I SEDI
B0 BI0UL0 [Hssn|ven|idn |uepeng jutedg (eTuemoy |TBINgI0g |puBTod |LenION |MWMMMZ uede, |[pueTeal |pusTeol hMMMWww Amwwm.mmv PUBTUTT AUWQ%WmMzV Amwdmww nrIreqg g¥aae pue 80098
(suoq 000,) N004s pue Lxjunoo £q OLET-~996T 0D JO WP4EO TenUUe 95BISAY °C WAV




Data from countries returning statisticsl)
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Table 4 Summary of fleet siatistics

Best estimate tobal
fleet all countries

Total Catch Vessel Categoxry Non-Mobile Mobile
Year
(*000 tons) <1502) 151-500{ 501-900| 901+ <1502) 151-500 501+3)
1960 1 840 42 342 456 124 42 342 934
1961 1 886 4% 357 A4T 143 43 357 1 057
1962 | 1 941 45 344 436 144 45 344 | 1 090
1963 1915 45 358 413 160 45 358 1 084
1964 1 835 45 381 398 165 45 381 1 012
1965 1 861 45 401 397 177 45 401 1 049
1966 1 882 44 419 419 172 A4 419 1 048
1967 2 036 43 433 412 210 43 433 1233
1968 2 235 42 426 400 226 42 426 1 440
1969 2 151 40 437 375 224 40 437 1 336
1970 2 090 40 456 356 215 40 456 1 089
1) No data were available for the total North Atlantic for Denmark
(Paroes), U.S.S.R., TU.S.4A.
2) Approximate thousands of vessels. Includes 25 000 Norwegian vessels
as estimated by census 1960. FExcludes T.S.A. vessels.
3) From the performance of vessels and catches returned for 1970 the

annual catch of one unit 901 GRT = 2.5 units (501-900 GRT).
Using this factor for the sampled vessels, the two vessel
categories have been amalgamated to a single class >501 GRT and
then raised to estimate the total fleet of all countries in this
category on the indicated assumption that 95% of the unsampled
catch was taken by vessels in this category, or having equivalent
mobility in choice of area of fishing.
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Tsble 6 Percentage distribution of catches in 1970 by vessel

categories with different degwees of mobility

Non- Part-
Mobile Mobile Mobile
<500 501-300 901+
Stocks in Model )
Barents Sea/Bear Island 36 42 22
Norway Coast 17 14 9
Iceland 71 25 4
Greenland East, 1E4F 15 17 68
Greenland 1lA-D 25 34 41
Labrador 2G-3L 18 18 64
Grand Bank 3N0 T 61 32
3Ps 39 53 8
4Ts - 4Vn 64 24 12
Other Stocks
3Pn ~ 4Bs 38 9 53
AVs - 4X 34 46 20
5 73 24 5
Catch (1000 tons) 1 o48l) 721 757
% of Total Catch 41 29 30

1} 1Includes 86 000 tons landed by this category of T.S.S.R.
vessels fishing Barents Sea/Bear Island which may be con-
sidered as mobile effort if used with support craft.
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Table 7 Distribution of fishing effort in 1970 between
vesgel categories

*000 heours corrected
(See Table 5a)

'000 hours uncorrected

‘ Total
<500 (501-900! 900+ 501 GRT+

hone Totany’ 421 | 491 | 257 |1 169 524
Norway Coast 305 56 36 397 64
Iceland Non-spawning 0 4202) - 420 284
Tceland Spawning (620)1) 0 0
Greenland Ezst, 1E&F 8 8 33 49 29
Greenland 1A-D 16 22 26 64 34
Labrador 2G-3L 93 93 331 517 297
Grand Bank 3NO 7 64 34 105 69
St Pierre 3Ps 27 36 5 68 29
4T - 4Vn 30 11 6 47 12
BB Estimated total hours fished by vessels 501 + GRTesoe.. = 1 352 000

Equivalent number of fishing days (F.R.W. Germany Day

fished = 11.51 English hOUTS) ceeceervvercencennenaasss = 117 000

Total number of vessels in this class (estimated Table

4) ceeiiiiicitiittattcccnctcieatittitescansannacasaass = 600 ~ TOO

Implied days fishing per vessel FEAT sveeeevscscessceea = 195 = 167

1)

neasure fishing effort.

2)

Adapted to simulate appropriate fishing mortalitys it does not

Includes some catch by vessels of other categories which are not

separated in the statistics for this sector of the fishery at

Iceland.
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Table 9 Summary of F per total stock.as mean of ages 7-12 estimated
by virtual population analysis

Arcto- Tceland |Greenland  |Grenland |ICNAF |ICNAF |ICNAF [ICNAF
o R i e ] g s

ITh ICES Va
1960 .50 .25 .19 - 26| J43] 4T
1961 «65 s33 «35 040 25| 541 W37
1962 .63 42 .49 41| .16] .40 .35
1963 .86 .60 43 .59 32 | .16] .30] .45
1964 .72 JTT .52 .85 A8 | .18 .50l .46
1965 .50 .74 .50 .51 61 | .23 42| .60
1966 «50 .57 .43 .49 44 | .28 .80| .39
1967 e63 T4 <53 .70 (.61)| .58] .51 .28
1968 .492) 1.24 .29 1.06 (.75)| 43| .46] .25
1969 .822) .90 (.25) (.76) | (.70)| .37] (.55) (.25)
o | G600 | g (-30) (49)3) | (.a0)| 37| (.55) (+30)

No.Be Estimates for recent years given in brackets are less reliasble.

1) Based upon a value of ¢ for 1960-1964 applied to estimated effective
fishing effort. .

2) These values differ slightly from estimates presented in the North-East
Arctic Fisheries Working Group Report 1972 for technical reasons.

3) This value differs from that given for Subarea 1 as a whole in ICNAP
Mid~term Assessments Committee Report 1972, because the fishery has here

been split to take account of the interrelationship between the Iceland
and Greenland stocks.
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Table 11 Stock composition at the beginning of 1960 (in millions)

B

" & }S ﬁ E%fﬁ A

S {R{8%8 (P | 4

.§-° > .§‘§ .E % §§§2 g
Age Groups 52 S 5% 5% %g ﬁ% = g
HENHEIRER A LR o
HAR I H | HSlHB] G (HE {H& | AN ] A H <
1) 15 2) 5 2) {9 |3} 3] 3|48
3 1 059 124 85 | 371 | 999 | 150 | (50)| 135
4 664 228 88 115 | 662 75 AT 143
5 297 102 14 1 381413 30| 73| T1
6 243 ] 43 10 26 | 283 33 23 48
7 85 57 38 | 901243 | 18| 13| 20
8 29 26 6 15 | 188 i 9 6
9 30 21 4 11 {128 6 4 3
10 30 43 10 24 | 100 3 2 4
10 2 2 é6 72 2 1 1
5 1 2 14 45 2 1 1
3 5 47| 2 1 1

14+ 1 54 5

1) Working papers of North-East Arctic Fisheries Working Group
2) Present Report

3) ICNAF Assessment Committee Reporit, Mid-term 1972

4) Pinhorn 1370

5) The stock in these fisheries is generated by survivors from the
stocks in the Barents Sea/Bear Island and Iceland non-spawaning
fisheries,

Iable 12 Estimates of population biomass (1000 tons)

R

- £ é‘ ’S§§ EEEE 3 &

ez BH 8o |BL 85 | 82| 89 | 2% Bege | BF
H - H g | B 7 i =] = e AN i = [

1960 2 756 3 072 540 1272 3 473 272 355
1561 2 905 3 272 570 1 327 2 951 268 390
1962 2 878 2 586 538 1 217 2 793 188 401
1963 2 556 2 654 498 1 085 2 588 180 380
1964 2 090 2 680 520 1 059 2 475 '3 193 324
1965 2 329 2 722 480 1 069 2 516 ;§ 192 268
1966 3 227 2 951 616 1 023 2 853 % 210 218
1967 4 098 3 036 . 640 875 2 455 -g 208 213
1968 3 645 3 054 417 601 2 625 222 235
1969 2 853 2 928 509 387 2 625 218 | 262
1970 2 091 2 876 384 282 2 693 286 282
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Seasonal pattern of fishing as the deviation of the average CTUE

for each separale month over a number of years, from the

annual mean CPUE for all months

g X E
Months * & : 8 |o o %F—; ?é 3
oL HES RS pad ) 2 ® g
2 18 |<B [53B | 8B | ¢ | ! 2 g 5
= A |S8 1888 |48 | 8 | ® N N =
Jan. 95 | 159 67 78 70 127 | 168 6 6 70
Feb. 78 | 164 - 194 80 | 123 | 167 6 6 53
Maxr. 92 | 173 | 107 200 100 135 | 129 112 112 60
Apre 108 | 195 | 113 222 135 {100 | 122 200 200 79
¥ay 131 | 104 | 133 222 150 {112 | 100 135 135 93
June 152 - 133 111 133 96 89 147 147 157
Jul, 125 - 131 56 75 80 | 134 177 177 199
Avg. 115 72 93 28 40 51 55 59 59 180
Sept 102 55 93 28 42 33 63 94 94 118
Octe 62 36 80 28 43 37 63 106 106 T2
Nove 17 41 67 28 48 80 55 129 129 67
Dece 115 68 77 28 57 | 102 55 112 112 60
Table 14b. Seasonal variation in catchability coefficient
Monthly \ mean
ﬂ§§;ga— «285| 48511 +420 | 1.000 | 4.813{3.290{1.262 | 3,500 9.589 8.219
6;eff§cieni
Jan. «26611,%53 | ,281 «780 | 3.369 |4.1782.120 «210 «575 5.753
Feb. «218]1.3%35 | =~ 1l.940 | 3,850 |4.046 {2,107 «210 « 575 4,356
Mar, «25711.472 | o449 |2.000 | 4.813 4.441|1.627 36920 | 10,739 4,931
Apr. «302 (1,659 | o474 {2,220 | 6,497 [3.290{1.539 T.000 | 19,178 6,49%
May +3661 .885 | .559 12,220 | 7.219 [3.684 [1.262 | 4.725 | 12.945 7644
June «425 1 - ¢559 [1.110 | 6.401 3.158{1.123 | 5,145 | 14.095 12493
July 350 | = #5350 | .560 | 3.609 {2,632 (1.691 | 6,195 16,972 16,356
Aug. #3221 4612 |.390 | .280 | 1.925 1.677| 694 2,065 56657 14.7%4
Sept «285 | 4468 1,390 «280 | 2,021 [1.085] .795 | 3,290 | 9,013 9.698
Octs 173 | 4306 |,.336 »280 | 2,069 [1.217 ! .795 3.710 | 10,164 5.918
Nov, «215 | 4348 [.281 | .280 | 2.310 2,632 .694 4.515 | 12,369 5507
Dec. 322 | 578 |.323 «280 | 2,743 [3.355| o694 | 34920 | 10,739 4,931

Sources: See Table 11 for ICES Stocks

ICNAF Statistical Bulletin, CPUE of selected

countries for ICNAF Stocks
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Table 15 Pattern of recruitment to the fishery, the fishing
mortality in_each age group as a percentage of the

average fishing mortality of age groups 7-12

T -
g g | o o | a
+ Sl e s® | <% o & =
tgegrow | o | ol wf | wElam |3 |malm |w |ut
w 4] w1 w2 19} ) N ot
3 51 B8 28 %%E 89 g4 | B g |84
HH H = =] - m - o< -~ H - l—lﬁ’_
3 .10 0 .05 +01 L0l .09 021 20! .04 .02
4 «59 0 .23 .03 .08 o27 41 601 «38 «21
5 1.17 | .03 .82 .04 W41 .64 «34 1 1,00 | o11 «51
6 | 1.45| .06 | 1.00 .11 .67 1,00 .61 «85 .77
7 b 14451 .14 .29 1.00 1,00 1,00 | 1,00
8 1.341 .51 55
9 1.07 | 1.17 +85
10 <86 | 1.43 1.00
11 <86 | 1.46
12 48 | 1.23
13 .48 | 1.23
14 48 |1.23 || ! | \2 NS b \
Table 16 Growth rate, i.e. round fresh weight at each age in kilogrammes
e e W —
3 43 1.48 62 .18 <47 028 .22
4 .84 2,41 1.18 44 79 69| .54
5 1.36 3.45 2.10 «82 | 1,37 | 1,08 1.00
6 2.00 4.32 3408 1.24 | 2447 | 168} 1,67
T 2.92 5.16 3481 1,71 3.55 |2.401 2.05
8 3487 5.72 454 2,17 | 4.93 | 3.21| 2.84
9 5.25 6.29 5455 2462 | 6,05 | 4.10| 3.37
10 6450 6.73 6.00 3,07 | TeH50 |5.08| 3.96
11 | 8423 7.19 6450 3447 | 9423 |6.03 | 4445
12 9.43% 7.58 6450 3483 |11,06 |7.00}| 4.80
13 10.60 8.00 6450 4415 12,40 {8,051} 5,17
14 11.80 8.47 6450 4e43 113,80 |9.16 | 5.75
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Figure 1. Main North Atlantic Cod Stocks and their Migrations.
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CATICULATED MATRICES INPUT MATRICES

v

STOCK NUMBERS
—{(NO. OF FISH AGED 1-12 7 STOCKS CATCHARTLITY
STOCK CHARACTERISTIC) ! (ANNUAL MEAN AND SEASONAL
\L { | PACTOR STOCK CHARACTERTSTIC)
PROSPECTIVE CATCH PER UNIT < GEAR SELECTION PER AGE GROUP
EFFORT PER STOCK PER MONTH STOCK CHARACTERISTIC
1\_ WEIGHT OF FISH PER AGE GROUP
STOCK CHARACTERISTIC
FISHING EFFORT PER STOCK | RELATIVE ATTRACTION OF EACH
PER MONTH STOCK FOR FACH COUNTRY
l ECONOMIC FACTORS
TOTAL FISHING EFFORT AVATIABLE
'FISHING EFFORT PER STOCK PER EACH MONTH FOR EACH COUNTRY
MONTH <
' NATURAL MORTALITY PER
——>| YTELD COMPUTATION |
- STOCK PER MONTH
| CATCH, NUMBER PER STOCK PER
MONTH
CATCH VEIGHT PER STOCK PER | _ ETGHT AT AGH
YEAR TCHT AT
> |SUVIVORS PER STOCK PER MONTH > | RECRUITMENT OF YOUNG FISH

i

INTER STOCK MIGRATIONS

Figure 2. Simplified flow diagram of the simulation model.
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FIGURE 3. Comparison of actual catches in each stock 1960-1970
with catches predicted by a simulation model based
upon the calculated parameters of each stock.
continued...
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FISHING EFFORT

CATCH IN MILLION TONS

CATCH PER UNIT EFFORT
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TIME SERIES IN YEARS
FIGURE 4. Changes in catch and catch per unit effort as a consequence of manage-
ment to regulate fishing effort on an Atlantic wide basis.

1. (Run 3) To stabilise fishing effort at its 1970 level.

2. (Run 6) To decrease fighing effort in Year 3 +to =z level that
could generate Fgypt on all stocks, but with no re-
striction on mobigity (i.e. 50% reduction in overall
fishing effort).

2. (Run 8) To allow fishing %o increase in Year 3 to 50% above
its present (1970) level.

4. (Run 7) To decrease fishing effort as (2) by 10% per year from
Year 4 to Year 8 and held at that level thereafter.

5. (Run 4) To allow fishing effort to increase by 5% per year

over all years.



IN MILLION TONS

RELATIVE CATCH

1.0
A. ABRUPT REDUCTION IN FISHING EFFORT
TOTAL (ii)
—t
0.5¢
TQTAL (iii)
O l—x x x x
_—€oD (i)
=05}
-1.0*%
0 0 ~50 -5 -50 -50 -50 -850 -~50
05
B. PHASED REDUCTION IN FISHING EFFORT .
4 TOTAL (ii)
//
____,4./ srw
0 F—x x x s\;a—""‘""'".—"*' pod TOTAL (i)
™~ . COD (i)
3
"'0.5 - \.\g/
| L 1 | 1 i 1 1 | 1
YEAR 1 2 3 4 5 6 7 8 S 10
0 -10 -20 -30 -40 -5 -850
PERCENTAGE CHANGE IN FISHING EFFORT BY YEARS
FIGURE 5., Catches under different management strategies compared to the catch under
strategy (1), where fishing effort was stabilised at the 1970 level.
L, Strategy 2 (Run 6) reduction of fishing effort to Fopt in one year.
(i) Catch of cod relative %o strategy 1 (Run 3).
(ii) As (i) with the fishing effort displaced from cod redeployed
on other non-cod stocks st an assumed catch per wnit effort
two~-thirds the overall cabch per unit effort on the cod itself.
(iii) As (i1) with catch per unit effort of non-cod stocks assumed
one-third that of the cod stocks.
B. Strategy 4 (Run 7). Phased reduction of fishing mortality to F

opt*
(1), (ii) and (iii) as for A. adove.




