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NOTE:

At the 1970 Annual Meeting of ICNAF, Panel 1, in discussing Subarea 1 cod
asgessments, noted the close association between the cod fisheries In ICNAF Subareas
1, 2, and 3 and also those in neighbouring areas of the Northeast Atlantic and drew
attention to the importance of extending the assessments to cover the other cod stocks
in the North Atlantic, especially those In Subareas 2 and 3 and in the northern part
of the Northeast Atlantic.

At its 1970 Annual Meeting ICES supported the idea and proposed that ICNAF
be approached with a view to convening a joint ICES/ICNAF Working Group to study the
effects of increases in and massive re-deployments of fishing effort on the cod stocks
and on fishery management in the North Atlantic.

At the 1971 Annual Meeting of ICNAF the Standing Committee on Research and
Statistics, supporting the proposal by ICES, recommended (ICMAF Redbook 1971, Part I,

p. 13)

(1) that the Commission accept the invitation of ICES to convene a meeting
of a joint ICES/ICNAF Working Group on Cod Stocks in the North Atlamtic,
and

(11} that the Executive Secretary and the Chairman of the Assessments Sub-
committee consult with the Chairman of the ICES Liaison Committee
concerning the composition of the Working Group so that appropriate
experts are invited to meet at the time of the mid~term meeting of the
Assessments Subcommittee.

The change in timing for the Meeting of the Joint Working Group amd the terms
of reference, as given at the beginning of the Report, were established by ICES at its
1971 Annual Meeting.

28 April 1972 Office of the ICNAF Secretariat
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1 -
REPORT OF THE ICES/ICNAF WORKTNG GROUP CN COD STOCKS IN THE NORTH ATTANTIC

Section I. Introduction

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

Y1+ was decided,that:
(a) the Joint ICES/ICNAF Working Group ou Cod Stocks in the
North Atlantic meet in Copenhagen for ome week in ‘March
1972 to summarise existing assessments concerning cod
stocks in the FNorth-Eamst Arotioc, Icelandic and Bast Green-
land Waters, as well as the Westi Greenland, Labrador and
Newfoundland cod stocks, and to examine in general terms
the effects of possible regulatory measures, with parti-
cular emphasis on the interaction batween fisheries on
different atocks,

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

2. Participants
A Pinhorn Canada) R Hennemuth iU.S.A.)
Sv As Horsted Denmark) D J Garrod,Chairman (U.X.
A Schumacher Germany, F.R. B ¥ Jones U.E.
A Meyer CGermany, F.R. J Moller Christensen{ICES
8 Schopka Icelend V Hodder ICRAF
A Bylen Norway L Boerema FAQ
E Stanek Poland J Gulland FAO
The Group wishes to acknowledge the computer programuing asaistance by
Mr J G Pope (Lowestoft, U.K.) and Mr K Lassen (Denmark).
3, Stocks considered
1. Bavents Sea/Bear Island (non-spawning) ) Aroto-  ICES Subarea I and Div.IIb
Nor- ICES Div. ITa
2. Norway Coast (spawning) weglan
3, Tceland (non-spawning) Ioceland/ ICES Div. Va
Greenland "
4. Tceland (spawning) complex n "
5. Greenland, Fast and South-West ICES Subarea XIV and ICHAF
Div. 1E and 1 F :
6. Greenland West ICNAF Div. 1 A=D
7. Labrador/East Newfoundland ICHAP Div. 2G - 27,
3K ~ 3L
8. Flemish Cap ICNAF Div. M
9. Grand Bank ICNAF Div. 3N and 3 O
10. St Plerre Bank ICRAF Div. 3P (south)
11. Weat Newfoundland ICEAF Div. 3P (north) and
4R, 45
12. Southern Gulf of St Lawrence ICKAF Div. T and 4V {north)
13. Banguereau ICNAF Div. 4V(south) and 4W
14. Brown's Lahavre ICHAF Div. 4X
15. George's Bank ICRAF Subarea 5
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Information available for stocks 1-7, 9, 10 and 12 enabled these to be in-
corporated lnto a model of the total North Atlantic cod rescurce to examine
the interactions between figheries. Figure 1 illustrates the geographical
distritution of these stocks. Recent asgesemente of resources 13-15 are
reviewed. Resourceas located in other parts of the ICES area have been ex-
cluded from detailed analysis because they are exploited by trawlers using
smaller mesh sizes than elsewhere and further ressarch is necessary to
determine comparabilities between these and veasels fishing the stocks spe-
cified in the terms of reference.

Section IT. The present status of the North Atlantic cod fisheries

1. Conclusions

(1) Increasing range and mobility of the fleets fishing for cod in
the North Atlantic hes increased their efficiency and their
ability to concentrate on those stocks that happen to be most
productive at a particular {ime.

(11) Por virtually all the stocks considered the current fishing
mortelity has reached the level where further incresses in
fishing will et best produce very small incresses in yield
per Tecrult, and in some stocks will msctually decrease the
yleld per recrult.

(111) There is a probebility that spawning stocks as low, or lower
than the present could lead to a recruiiment failure and con~
pequently to & very large drop in total catch. Taking this
into account, and to some extent the economic benefits jmplied
by an improved catch per unit effort, e 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 eingle year, then, given
aversge recrultment, the cod catch would recover closs to the
current level after a transitional period of five years.

{v) The seame benefit could be achieved by a phased reduction
involving less immediate disturbance %o 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 incresse in the total catch of all aspecles snd a less
severe immediate loss.

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

2.1 Trends in the fishexry

The changes in total cod catch from the North Atlantic are gunarised
in Tables l-3, During the period 1955 to 1970 the totml catches have
fluctusted about a level of some 3 million tons, with & peak of nearly
A million toms in 1968. On the surface, therefore, the state of the
Atlantic cod fisheries appears to be setisfactory. DBut desplte the
rolatively constant value of total catoh, both overall and by country,
there have been great changes in the fishery and the stocks.

4% the beginning of the 1960's the north-east Atlantic resources
were already fully exploited btut the north-west Atlentic 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 oatches and catch per unit effort in the
northeast caused some countries to extend their activities westward,
On these stocks, vhich were relastively lightly fished stocks at that
time, they achioved high catches a part of which represented
accumlated biomass.
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Countries also began to expand their fleets of larger veasels to
improve economle performence on grounds at long range but sufficient
fishing was maintained in the northesst to fully exploii those
stocks. The expension 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
recrultment in several stocks, particularly in the Arcto-Norweglan,
led to very high catches in 1968/69, well above any sustainable
long-term average yield. Thus now, by the early 1570's, all stocks
are fnlly exploited; there are no lightly fished stocks to sustain
the high productivity of fishing operations when, es now, several
stocks suffer poor recruitment, either through natural causes and/or
the effects of mtock/recruitment relation.

Fleet mobility
The changes in the fleets have been twofold:

{a) an incresse in the efficiency of their operations with the
use of improved fishing gear (e.g. mid-water trawle) and
electronic apparatus for navigation and fish detectiong

(b) increasing flexibility in their operations, with incresaed
ability to move from one stock to another in response to
short-term fluctustione in fishing prospecta.

This second change is reflected in Table 4 which, for the two
categories > 501 GRT shows a 29% decrease in units of the 501-500
GRT class counterbalanced by a doubling in the number of the larger,
and operationally more flexible 900 4+ GRT class. Overall, however,
the mmber of equivalent fighing unite appears to have remained
fairly etable through the 1360's; the change has been in the scope
of their fiehing operations. The changes in efficiency are difficult
to quantify; to sllow for it we have assumed, on the basis of
trends in catchability, that an hour of fishing in 1970 was 3095
more effective than in 1960 tut this must vary; for example there
has been a changs in catchability with time at West Greenland.

In sddition, the higher opersiing 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 iteelf forced fleets to concentrate on ares or fisheries where
the availability of fish is high, has gradually altered the eeasonal
pattern of fisheries, Now more than ever fishing concentrates on
seamonal aggregationa of fish in differemt stocks, further increasing
the efficiency of the fleets as a whole.

Tronds in fishing effort and stock abundanoce

The changes in fleet efficiency meke it diffioult to calculate the
real changes in the amount of fishing effort over the past ten years,
snd also make it difficult to emtimate the changes in the abundence
of the stocks, at least in terme of catch per unit effort.

Eatimstes that have been made are given in Table 5.

These reflect the switch which began in 1555 from fishing in the
north-sast Atlantic (as represented by the NEAFC area) to the
north-west (ICNAF), but it appeers that in 1963/64 s proportion of
the fishing effort wea taken out of the cod fisheries in the NEAFC

ares and redeployed, presumebly on other species, &.8. hake, haddock and

herring in the JCHAF ares.

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

Table 6. Catches by the fleet of veaselm <« 500 t are fairly uniformly
distributed through all stocks, TUnlese used with gupport crafi, or
as pair trawlers, this group may be regarded as 'mon-mobile! in the
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senese that their range is very limited. The 501-%00 GRT group has
e degree of mobility, but their operational range is limited and
vessela of this clase fishing the north-east Atlentic are, for the
majority, unable to fish the neoxrth-west Atlantic profitably, end
vice versa. The 500 + GET class devaloped through the decade has,
in 1970, taken most of their cateh at Greenland, Labrador end
Newfoundlend. O0f the total catch in 1970 the non-uobile fleet took
40%, the intermediate 501-%00 GRT group (%, and the fully mobile
901 + GRT fleet 30%. This is roughly equivalent to the distribution
of their effective {but not actunl) fishing %ime in the units used
here (Table 7).

The abundsnce of stocks in the north-east Atlantic, which were
already filly exploited prior to 1960 has shown no trend since that
time, mainly becsuse the total siock estimaies ars heavily in-
fluenced by the sbundance of recruit year classes. There have been
changes in the abundance of some north-wesat Atlantic stocks since
1466, particulerly ah West Greenland, Isbrador and Grand Benk. The
decrease in population et West Greenland Is also apparent in a
decline in the population biomnss as calculated by a dlfferent
method (sea Table 12).

Prosent status of the stocke

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 'imbalance!. Prior to 2550 thore hal always been one
or more stocks which were relatively lightly fished and which could
abeorb, at least temporarily, fishing effort diverted from other
areag. IEven in the late 1960's as all stocks came to be fully
axploited, mzood yesr 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 stoc: resulting in short-term
catches well in excess of the level that may be expected ms a long-
term average, even under management.

The genseral increas: in level of exploitation for spproximately the
game level of effort reflects en improvement in overall harvest
efficlency of the fleetz a3 a wvhole, but it has reduced the average
age of fish in the stocks making short-term fishing prospects over
the whole Atlantic cod rescurce more dependent upon the strength
of new year classes and, wien these spnarr, they attiract the mobile
fleet causing 'pulse fishing'. {The pealk in catehes in ICNAF Div.
INO 1967/68 is a classic example). Dut thiz overexploits the older
part of the stock as well 23 ihe young figh that atiracted the
fishing, and when the fleet moves on it leaves behind a stock
severely depleted throughout its ngo —angs.

The available estim=tesn of +he abim"~ner of recent yvear classes which
will enter the commercial fisherics 1972-1075 are summarised in

Table 8. The most reliable of these indiczte goed recruiiment to

some of the ICHAF stocks (but not West Greealond) whick will reoruit
to those fisherles from 1972, and a rery =fversy 1970 year claus in the
Arcto-Norwezian stock which will racinii to the Barcnis Sea/Bear
Island fishery in 1973. It ie veiry likelyr “hat fisking effort will
concentrate on this last yoar clane

The best available guide .. shorh-term rishing procpects on an
Atlantic wide basiz is given by a ~imulation (=ee Section IIT, 3.4).
This indicates a prospective rield of 2 million tons from the
selected stocks in 1973, if the 1970 level of 7ishing ies continued.
This, and the expecited average long-term cobehes under management
is well below the peak ecatch of 7 milliom Ions in 1965,
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3. Stock essessmente

Detalled ampessments of the state of individual stocks have been presented
by various Working Groups snd Sub-Committees of ICES and ICNAF, and much
of the basic material has been summerised in Section ITI of this Report.
Since the relation between adult stock and subsequent recruitment hes not
been established for any cod stock, 1t iE not possible to state definitely
the relation between the amount of fishing end long-term yield. Cal-
oculations have been made of fishing mortality in relatiom to yield per
recruit, identifying two oritical wvalues of fishing mortality:

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

(v) Foptr calculated following the usage of the 1972 ICNAF mid-term
afgessment 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 umit in a very
lightly exploited stock.

For each stock for which sufficient data are available estimates of recent
fishing mortelity (1966-1970) in Table 9 have been related to Fyay and
Fopt in Table 10. In nearly every case it exceeds Fg 4 and in several
ca.ges Fmax a8 caloulated from the present pattern of giahing over all age
groups.

Recognition of Fypy a8 a criterion has become necessary because sa the
level of exploitatlion has increased and with it the need to locate the
best concentrations of fish, so fishing mortmlity has become more age
gpecific. In some years fishing concentrstes on young age groups, in
others the older sge groups are most attractive. The precise location of
Phex 18 sensitive to these changes and may vary over & wide range whereas
Fopt ie more stable. Moreover if recruitment is influenced by the level
ofp fishing mortality this implies thaet at the modexstely high levels of
fishing represented by most values of Fp,., the recruitment could be de=
cregsed, and that the maximum totml yields would be likely to occur at
somewhat lower levels of fishing, perhaps avound the velues of Fypt.

Since increasing fishing mortality beyond the level of Fypt will only
increase the yleld per recruilt by an amount that is small compared with
the increase in effort, and could well decrease the total yield, it is
suggested that, pending further analysias, the estimate values of F
should serve as target figures for the fishing mortslity to be achleved
on each stock. For most stocks this would imply & sharp decrease in the
amount of fishing from current levels without great change in the yleld
per recrult.

The scale of decrease in fishing mortality that would lead %o Fyp¢ is
glven below together with the long-term yileld that could be expec%ad
under past average recruitment conditions. This compares with the
average ylelds for each stock 1966-1970 in Table 3.
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FEAFC Aren [~ 7" ICHAF Ares

I + IB, Ixv + ]

ITA VA | ICHAF 1E,F || 1a-D [2G-3L | 380 | 3Ps |47-4Vn
Maximum
long=term
catch 800 390 100 230 | 800 ? 60 100
{000 t ‘
per year)
Surplus P
in gﬁ&- 38 5% NIL 50 62 ™ | 67 NIL
157 | |

1) Defined ms the surplus of F in 1966-1970 over Fﬂp‘t a8 a percentage of F in

4.

5.

1966-1970 and calculated as

_F F
100(%%’-&)1.&100(1- 7?2—70‘ )

Eoonomic opportunities

The ICKAF Bio-Eoonomics Working Group estimated in 1967 that the amoumt of
fighing on ood and haddock could be reduced by 10-20%, leading to potential
annual savings in costs of £ 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 reduotion in costs.

The effect of regulatory measures

5.1

5.2

Control of the size at firet capture

Provious aspesements have pointed out the benefits in most of the North
Atlantio cod stocks thet would arise from an increase in the size at
first capture, as might be achieved by the use of a larger mech size.
No new quantitative sssessments of the effeots of mesh changes wers
made by the present Group. It should be pointed out that the greater
mobility of many flsete, and their increased ability to goncentrate

on a strong year olass as scon as the fieh reach a commercial size,
probably combined in the immedimte future with a lack of good aliernate
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 inorease the need for, and potential
benefits from, appropriate control of the size at first capture.

Control of fishing intemsity

Whatever action may be taken to control the size at first capture, it
can provide only s partial solution to management of the Atlantic cod
stocks. Some control of the amount of fishing has become necersary.
Ideslly, for optimum biclogical management, such control should be
applied to each stock separately. Secme of the practical problems ine
volved have been discussed (ICNAF Bio-Tconomics Assessment Report).

An mlternative, the implementation of an Atlantic wide regulation of fish-
ing effort has herebeen sxamined using a simulation model as an example
of this technique and 18 en initial study of the effect of such a
regulation on the distritution of fishing effort and oatches, incor-
porating the interaction between fisheries ceused by the mobility of
fleata.

Details of this model, produced in the Lowestoft Laboratory, are
given in Section LTI of this Report. The acouracy of similation
achieved for the period 1960-1970 ig 1llustrated in Figure 3. TIi
should be stressed that this model does not attempt to produce a
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complete descripiion of the fishery, nor a detalled prediction of future
events. It should, however, provide some measure of the relative effects
of, for example, two different mansgement actions. The particular model
described did not, ae employed thim time, include any provision for a
posaible relation between stock and recruitment. Therefore, on the one
hand it may underestimate the benefits from reducing the amount of
fiehing {and hence increase the spawning stocks), and on the other hand 1%
ignores the poseibility of some spawning stocks becoming so low that there
is a recruitment failure.

Amongst a number of possible menagement actions considered four lmpor-
tant strategies were identified:

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

Strategy 2 (Bun 6}  To decrease fishing effort to a level that
could in total gemerate Fo,i 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 (Run 7) Ae (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 cause a substantial immediate loea of catch,
and strategy 3 an immediate gain. However, in ali four ceses the long-
torm yield following & period of rsadjustment would be much the seme
desplte retention of the mobility of fleets, although the apparent gtsbi-
lity under 3 conceals increased variability in the catches of individusl
stocks, There would, however, be some changes in the catches from
different stocks and, by implication, by some countries. Equally important
the strategies imply substantim! chenges in stock abundance (c.p.u.s.)
with implied benefits from strategy 2 to both commerciml catoh retes and
to the spawning stock size and so, more problematically, to long-term
catchesa,

These results refer only to coneequentiasl 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 stocke, either in the North Atlantic
(e.g. for grenadiers), or cutside (e.g. hake in the south Atlantic), it
seems reasonsble to assume, that the immediste return (catch value

per day fighing) 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 therefaors in the
long term increase the total fieh catch, though the catch from the par-
ticvlar vessels diverted would drop slightly. This possibility iam
illustrated in Figure 5A for two hypothetical levels of catoh per unit
effort for fishing effort diverted on to non-cod stocks.

The change in total catch of cod and alternative species taken 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 ie likely that most would be employed on other stocks. The

total catch might then dron In the firet year, but would recover, and
soon (probably in the second or third year} rise above the present level.

Achievement of an immediate 50% reduction of fishing effort would

involve disturbance of a large proportion of the fleet and would be
impracticable. 4n alternative would be a phased reduction such as the
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10% reduction phased over 5 years ae illustrated in Figure 5B- In fact
other sources of anmual variation in catches are such that & 9% Teduct-
ion per year phased over 10 years would cause still less disturbance
to catch levels.

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

This summary of the effects of four possible management
strategies on the FNorth Atlentic 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 cetch can be studied
in & gimilar way provided the intended strategy ls care-
fully defined.

Section IIT. Data and Methods: Supplementary Tnformation

1. Anslysis of catch and effort gtatistics

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 moet of this period the total catch
of a1l stocks has fluctuated arcund & level of roughly 2.7 million tons,
but cubetantially higher catches were made in 1968 and 1963 with the
1968 catch reaching nearly 4 million tons. There was a rapid decline to
3 mi}lion tons in 1970.

The table identifies at the top eight major stocks for which date weTe
adequate for detalled assessments. These represent 75-85%4 of the total
catch of Atlantic cod. Adequate data were not avallable for the
remeining stocks which are mostly locaied in the gouthern part of the
ICRAF and ICES areas; the catches for these are given as "Other ICHAF
Stocks" and "Other ICES Stocks" in Table 1. The trend iIn total catch
for the principal stocke is similar to that mentioned above for all
Forth Atlantic cod stocks.

Of the eight stocks given above, four have coniributed the major part
of the cod catches. The ecatch in the Arcto-Norwegian stock has
generally fluctuated around esn average level of about 800 000 tone
anmuslly, with catches greater than one million toms in 1955/56 and
sgain in 1968/69, but low catches around 450 000 toms in the 1964/65
period. The 1570 catoh was nearly 860 000 tons. In the Joelund area
‘the ocatches showed a slow but fairly consistent decline from about

500 000 tons in 1955/56 to about 350 000 tons in 1966/67, but increased
steadily to 470 000 tome in 1970. The catches in Vest Greenlend

(Div. 1A-1D) fluctunted irregularly between 180 GO0 and 250 OG0 tons
in the 1555-61 period, betwaen 270 000 and 360 000 tons during 1961-68,
and deoclined repidly to 67 000 tons in 1970. In the Labrador-East

FNewfounmdland area the catches incressed steadily from about 300 000 tona

in the 1955-58 period to nearly T0O 0CO toms b 1967, jumped to
900 000 tons in 1968, and declined thereafter to 560 000 tone in 1970.
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Of the four emaller stocks, the catches in the South and East
Greenland area have fluctusted eround an anrual aversge of about
80 000 tons with catches greater than 100 000 tone in 1962-64 and
again in 1967-68; the Grand Bank stock yielded catches which
fluctusted around 70 000 tons up to 1965, increased rapidly to -
290 000 tons in 1967 and declined again to 100 000 tons in 1970;
the St Plerre Bank and South Gulf of St Lawrence stocks each
yielded catchaes which fluctuated eround an enmual average of
about 65 000 tons over the 1955-70 period.

It is apparent from the above synopsis that the catches from the
individual cod stocke show very different trends end fluctuations,
but together, however, they have varied very little over the
1955-70 period, except in 1968 and 1969 when the exceptionally
high catches were asuociated with the recruitment of very good
yoar classes in the Arcto-Norwegien and Lebrador~-East Newfoundlend
atocks. A typical example of 'pulse fishing! ia to be seen in
the rapid doubling of catches in Div. 3NO in 1566/67.

1.2 OCatches by countries from the gelected stocke

A

The cod catches by countries for the vhole Atlantic in Teble 2b
relate to all stockse in Teble 1 and ere included here for reference
only. In Table 2a the catches by country from ngther ICNAF" and
nOther ICES" stocks have been excluded to isolate the national
catches from the stocks here selected for detalled atudy i.e.

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

ave Norway (17% of 1970 catch), USSR (15%), Iceland (12%3, K (12%),
Spain (11%), Canada (10%), Portugal (6%) eapd Germany {6k

During the 1955-70 period the catchea by Caneda (180 000 - 250 000
tons), Iceland (200 000 - 320 000), Norway (200 000 - 420 000),
Portugal (140 000 - 220 000) end UK (270 000 -~ 3%0 000 tons) have
remained relstively unchangaed except for ammual varietions as
indicated by the ranges of catches given in parantheses. However,
the catch by Germany ineressed from about 100 000 tons in the late
19501s to just over 200 000 toms in 1967 and 1966, 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
cateh fluctuated between 250 000 and 580 000 tons, but in 1968 and
1969 catches of 920 000 and 800 000 tona were taken. The cod
fishery by Prance yielded catches petween 120 000 end 160 000 tons
during the 1455-68 period, but there wes a subatantisl decline

to 35 000 tons in 1970. The Danish cod fishery by Faroces and
GCreenlanders increased from about 100 000 tone in 1955-60 to
nearly 150 000 tons in 1562, but declined gteadily to less than
80 000 tons by 1570. The catches given foxr ngthers” in Teble 2a
and 2b represent mostly the catches by the German Democratic
Republic.

1.3 Catch by country and stoclk

Table 3 gives the average catch by each country from individual
gtocks in the period 1966-70. In the Arcto-Norwegian ares the
USSR catch was sbout 48% of the totel with Norway (33%) and TK
(17%) teking most of the remainder. At Iceland the Icelandic

cod catch sccounts for sbout 60% end UK about 25%. The Fed.
Republic of Germany takes about 5% of the cod catch off South
and East Greenland. At West Creenland, FP.R. Germany, Depmark and
Portugal have teken the greatest ghare and likewise the 2G-3L
stock is exploited by moat cotntries in varying degress, with
Portugel, Canada and Spain baving taken the three highest catchea.
The % NO stock has been fighed almost exclusively by Spain and
USSR, the 3P south atock equally by Canada and Spain and the spall
AT=-4V north stock mostly by Canada.
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While many of the Buropeen countries expleit most of the stocks on
both nides of the North Atlantic in varying degrees, France, Portugal,
Poland and Spain have fished for cod almost exclusively in the North-
west Atlantic. The two North American countries fish exclusively on
the cod stocks which are adjacent to thelr coasts. Thie also applies
to the cod fisheries by Demmark (G) in West and South Greenland, by
Joeland on the Joelandic cod stock, and partly by Norwey 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 arees were returned by all countries except

Faroe, V.S.A. and U.S.5.H. These are summarised in Table 4. The returns

acoount for 80% of the total catch of cod in 1970. The figure for the
category < 150 GRT are very imprecise beceuse such fleets are typically
very heterogeneous and vessela mey not necessarily fish full time. The
category 151-500 GRT shows an inorease of some 25% in the countries
sampled during the period. Except for such vessels of Faros, Spain
and USSR, these categories are henceforward taken to represent 'non-
mobile! effort, i.e. fishing effort whose operation is restricted to
resources in the immediaste vicinity of the home-country. Categories
E01-900 GRYT and 901+ GRT sxe here combined to represent the 'mobile!
fleet capable of redeployment from one part of the North Atlantie to
another, though the 501-900 GRT group has only & limited mobility
betwsen & few Tesources. In these classes a decrease in the mumber of
§01~-500 GRT of the ssupled countries has been balenced by an increase
in the mumber of 601 + GRT units.

An index of the total mumber of equivalent fishing unite has been cal-
culsted for all 501 + GRT vessels as described in the footnote to
Mable 4. In these terms the eize of fleet fishing for cod appears not
to be increasing at the present time but this ignores the increases in
efficlency of vessels due to their improved range and performance
charscteristics.

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 eguivalent of hours fishing
by English trawlers.

In the Arcto-Norweglen and Iceland non-epawning etocks 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. For the South and East Greenland stock English hours fighing
for all trawler categories was used and for West Greemland A-D

F.DI.R. German effort data of daye fished were converted to an English
equivalent with a conversion fector 11.51.

The comparsbility of fishing effort units between fleets fishing the
stocks mentioned sbove and fleets fishing the remainder of the ICNAF
ares is difficult to determine because of lack of overlap between

fleats. The available statistical evidence indicates that otter trawler

hours fished for Portugal, Spain end UK are approximately equivalent
snd they have been teken 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 3N-0, 3Ps and
47-Vs stocks Spanish pair-trawl data were taken as being equivalent to
Portuguese effort dete and consequently equivelent to UE effort unit
ag used for the North-FEast Atlantic stocks. TUsing 1961 as the base
year the effort values for the various stocke were ralsed by % per
year from 1961 yo 1970 in order to provide for a slow but gradual in-
crease in efficiency which must imdoubtedly have occurred especially
for the mobile fleets.

Ala



- 11 -

As indicated above for the catches in Table 1, the effort values for

the various stocks (Teble 5a show differemt trends and fluctuations. The
Barents Sea/Bea.r Island stock hed high affort levels in the early 19%60's
and also during 1%68-T0 with s low level during 1964-65. In contrast, the
Labrador-Esst Newfoundland stock wee subjected to almoet continuously
increasing effort from about 300 000 hours during 1960-63% to nearly

600 000 hours in 1969. Both the Bast and West Greenland stocks had
relatively high effort levels during 1961-64 and in both areas the effort
had by 1970 declined to mot much more than one-third of the 1961-64
levels.

The catch per unit effort velues, given in Table 5 b, are relatively
atable for some stocks {e.g. Aroto-Norweglan and Iceland) over most of
the 1560-70 period, while for others they fluctuate greatly (e.g. 38-0,
AT-4Vn anl?Pa). In South and Fast Greenland the catch per unit effort
steadily inereased betwesn 1960-61 and 19%68-69 with s slight decline
in 1970. In West Greenlend there wae s bteady rise from 1962 to 1966
and a steady decline thereafter. In the labrador-East Newfoundland
arez there was a steady decline from a high level during 1960-63 to a
relatively low level by 1570.

During the period under coneideration significant chenges have iaken
place in the patterns of fishing on scme of the stocks. For example,
it is well known that in the Labrador-East Newfoundlend area there has
been a major shift from mostly sutumm fishing, in the early years, to
mostly winter and spring fishing on spawning concentrations in the
latter years. Beoause of such changes in the semsonality pattern of
fishing, the catch per unit effort values of Table 5b may not reflect
rellable changes in etock abundance.

1.6 The sllocation of catches and fishing effort between different sectors
of the totsl fleet

The proportion of the catch in 1970 taken by each category and on each
ground is summarised in Teble 6. Though the $00 + GRT group takes the
greater part of the cateh from resources most dimtant from centres of
population, overall the greatest part of the catch is iaken by the

< 500 GRT sector of the international fleet.

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

to allocate the availsble fishing effort, i.e. the nationsl units of
English houre fishing adjusted for a 30% inorease in efficiency 1960-70.
The wcorrected mumber of hours fished has been related to the number
of hours fished per day of Germen 501-%00 GRT trawlers giving an esti-
meted 170-150 days fishing per year per vessel. This is reasliptic and
since the estimate of vessels and hours fishing have been derived
independently the comparison adds credibility to the estimate of trend
in fleet structurs summarised in Table 4.

2. Review of stock assessments

2.1 Arcto-Norwegian. JCES I, TTa, 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'a,and then declined as mobile fleets transferred their
activity to other stocks when the sbundence of the Arcto-Norwegian
resource fell in 1964. A period of lower exploitation followed until
1468 when the recruitment of two successive strong year classes, 166%
and 1964, increased the relative attraction of this area %o the mobile
fleet. Catches and the exploitation rate were very high in 1968-1570,
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and the stock mgain became oversxploited et that time with regard to
the long-term yield. The 1963/64 year classes are being followed

by & series of weak year clesgses and in 1971 fishing mortality has
fallen to a level of F = 0.5, and may decline further. The flue-
tustions in the fishery have been primarily due to fluctuations in
recruitment, which, for & peried, attreoted excessive fighing effort.
These factors leave, in 1572, & stock which contains old fish sur-
viving from the good year classes and ore eirong recruit year clase
of 1970 which will enter the fishery in 1973.

The evidence that recruitment is »elated to spawning stock eize ie
the strongest for all cod stocks in this Arcto-Norwegien stock. The
Yorth-East Arctic Ficheries 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, Fishing mortality should be

held as low as practicable in order to ensure an increase in the stock.

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

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

Spewning fishery: a fishery in the spring off the south-west corner
of Ioeland for mostly spswning cod carxied out by Icelandic vessels
exclugively. This fishery, which sccounts for about 46% of the total
catch of cod in the Icelandic waters, is based mainly on the spawning
stock of cod of Icelandic origin but supported by a component of
mature cod lmmigrating from Greenlandic waters. Tiw: proportions of
thosie immigrants probably differs from year to year, and may have s
substantial influence onthe results of thie fishery.

Non-spavning fishery: s general fishery for cod arocund the vhole
Toelandic coast at all times of the year. This fishery ie mostly
for immeture cod and is prosecuted mainly by English, German and
Tcelandic vessels. Immigrante from Greenland which survive from the
Icelandic spawning fishery appeer to stay at Iceland and are at
least partially available to cepture in the non-spawning fishery.

The oatch: during the period 1964 to 1967 the cateh ol cod at
Tooland .declined to 345 00D tons in 1967 due to lack of good year
elasses in the spawning fishery, but since 1968 a part of the strong
year clagses 1961, 1962 and 1963 which originated at Greenland
migrated to Icelend and reised ihe ocatches again to a high level

(471 000 toms in 1570). Previous assessments indicate that an increase
in fishing mortality would mot result in a further increase in a
yield per recruit so this stock can be considered as being fully

exploited.

Igeland-Greenland interrelationship. Methods of calculation

No migration of adult cod from Iceland to Greenland hes been obeerved
in the last decades, whereas migration of mature cod from West
Greenland to East Creemland / Iceland and from Fast Greenland to
Teelsnd 18 known to take place. HResults of tagging experiments make
it reasonable to neglect the small-scaled migration from Div.1A-1D
and to treat the TE-TF and East Greenland cod as a unit stock for
aggessment purposes.

On the basis of tagging experiments the Northwestern Working Group
estimated the actual proportion of mature fish at Greenland
emigrating to Iceland as about 25% per year. A new atiempt to
estimate the migration has been mede, using the virtual population
technique. Back-caloulations to age 3 of mature age groups {i.e.
7+) from the total catch et Iceland and back-celculations from the
catches of immature sge groups only, to age 3, reveala two 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
mltimately migrate to Iceland at maturity.
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The stock size at 3 ysars of age of fiash 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
remaln at Greenland cen be added to the size of the stock of 3 years
0ld nltimately providing the migrants to give the total stock size
of mll fish of Greenland origin. The migrant stock size can then
be expressed as a proportion of the total stock of Greenland origin.

The resulis indicate that migration mey fluctuate between years and
yesr claesses, but generally it takes place from age 7-8 and onwards
by an average proporition of 24% which is comperable to the findings
of the Northwestern Working Group. For simplification in the present
analysis, the migration is regarded ag an extra natural mortality

in the Greenland stock equal to a coefficilent of 0.15 and the corre-
sponding number of fish iz sdded to the mature stock at Iceland for
each year and age RTOUD.

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

South and East Greenland (ICNAF Div.lE-1F, ICES Subares XIV)

In the last decade catches have fluctuated between B2 and 131 thousand
tons, higheat in 1968. The originally mized fishery (cod plus red-
fishs is gradually directed more and more towards cod especially
fished when ooncentrating during and around the spawning season. Catch
per wnit effort has, therefore, been increasing during the decade but
this cannot be taken as an index of increased abundance of cod.

Rather can 1t be teken as & sign of increased fishing mortality on
older age groups.

Emigration of mature cod from thie area to Yceland is mentlioned
abave.

West Greenland (ICNAF Div, 1A-1D)

Catches between 1955 and 1968 fluctuated between 180 and 360 000 tons,
highest in 1962. Recent poor recruitment and adverse physical fishing
conditions has made 1969 and 1970 catches decline to 141 and 67
thousand tone, 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
»id-1970's is bad, and & catch level of not more than 100 000 tons is
1likely.

The ICNAF Assessment Committee 1972 has concluded that the cod wtock
of ICHNAF Divisions 14-F is at least fully exploited.

Labrador ~ Bast Newfoundland (ICKAF Div. 2G-3L)
{(Pinhorn, 1970; Pinhorn and Wells, 1570)

The fishery on this stock increaselateadily from a level of about
300 000 tons during 1955-1959 to about 700 000 tome in 1967, then
increased strongly to 500 000 tons in 1968 and 831 000 tone in 1969,
but fell to 561 000 tons in 1970 {Table 1). Fishing mortality
estimates fluctuated in the vieinity of Fpay of 0.4 during 1960-66
§0. 2.0.6) but were well in excess of the mayimm during 1967-69
0.6~0.75), decreasing to F oy OF 0-4 in 1970 {Table 12).

Total stock size of fish older than 3 years fluctuanted between 2 500
and 5 000 millien during 1960-1970 in responge ito fluctuations in
recruitment, while the numbers of fully recruited fish older than

6 years dscressed from sbout 650 million in 1561 to 365 million in
1969 with an increase to 470 million in 1970. Population blomass
decreased from 3.5 miltion tons im 1960 teo 2.6 - 2.7 million tons
in 1969-1570.
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Grand Bank (ICNAF Div. 3¥0)
{Pinhorn and Wells, 1970)

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

110 000 tone 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 1969 indicates that this yeer clase only contributed
significantly to the fishery for twe years as ages 3 and 4. The
characteristics of the present stock stamtus 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 yleld from a year
class is greatly reduced by heavy fishing at an early age.

Catch/effort aspessments for 1963-1966 indicated P to be at or
beyond the Fp,. of 0.2 during the early 1960's. With incressed catch

and effort since 1566 F of fully recruited ?g groups is almost certain
to have been well beyond the Fp,, eince 1966.

St Pierre (ICNAF Div. 3Ps)

{Pinhorn, 1972)

The fishery on this stock fluctusted only between 50 000 and 80 000
tons during the entire 1955-1670 period (Table 1). Fishing mortalite
ies for the 1960-1970 period varied between 0.30 and 0.55 and were
thus somewhat beyond the F of 0.30 for this stock for the entire
period {Table 12). Total s%ock gize of fish older than 3 years de-
creased from 225 million in 1960 to 150 million in 1%63 and then
increased to 325 million in 1970, in response to variations in recruit-
ment. KFumbers of fully recrulted 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 1965-1970.

Population biomass decreased sharply from 270 000 toms in 1960 to
180-190 000 tons in 1962-1965, and then increased slowly to 220 000
tons in 1968 and 1569 and 290 000 tons in 1970.

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

Landings declined from the peak of 110 GO0 tons in 1964 to 41 000 tons
in 1967, but increased again to 64 000 toms in 1570. The most recent
inerease was duze to the mobile fleet effort in Div. 4Va. Most of

the catch is now taken by otter trawls but gill net effort has ine
creased.

Aspessment of the effect of fishing on this stock is complicated by
denaity-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 reeult it is difficult to
assess en optimum value of F. The recent increase in trawl catches
probably increased F only to about 0.3 on 7-10 year olde as stock
abundance had increased at the same time. This is lowsr then the F

in 1960-1966 of 0.35-0.60. Thus the stock sppears to be in a Telative-

1y good ptate, with some increase in fishing s8ti111 poseible.

Brown's Lehavre, George's Bank (ICNAF Div. 4X snd 5}

Complete assessments for these stocke are not yet avallable;
however,the stocks appear to be rather heavily exploited. For
Div. 4X in fact the present F is sbout twice the value correspon-
ding to maximum-yield-per-recruit. Recent pre-recruit year classes
are known to be poor from research vessel surveys.

For Subarea 5, the present effort is somewhat higher than the level
corresponding to the maximum sustainable catch and it wes considerably
higher in the previous six years.
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Thue, although these stocks are not included in the model, they will
not support additional effort, and, in fact, the effort should be
decreased somewhat., The maximum yields from both stocks are probably
less than 50 OCO tons and a large share of the present effort is
non-mobile.

3. Biologieal characteristics of the stocks ivcorporated in the eimulation model

3.1 Initial stock compoaition and biomass eetimates

The majority of estimates of fishing mortality described in this
Report have been derived by virtual population analysis., This method
also provides estimates of the size of each stock in terms of millions
of fish in eech age group st the beginning of each yesr. The astock
structure in a particular year is neceagary to initiate a simlation
Tun. For the validation of the model and data the simulation was
initiated in 1960; the sppropriate dats are at Table 11. Subsequent
experimenial runs were based on anaslogous stock estimates for 1570,

Though not used explicitly in the model, estimstes of biomass were
derived by multiplying the estimates of standing stock in murbers
Per age group from the virtual population analyses by the mean woight
per fish which was obtained from various sourcea (ses Table 16). They
represent the biomass of the stock of fish azed three and older and
are given in Table 12.

The three largest stocks - Arcto-Norwegian, Iceland and Labrad.or/New—
foundland - amount to 2.1, 2.9 nd 2.7 millien tons, respectively.
For these the blomass haz been rather stable since 1960, although the
Arcto-Norwegian stock iz rather lower than everage in 1570. The other
stocks are all about 0.3-0.4 million metric tons, mnd excepting 3Ps,
have all declined since 1960. The West CGreemland stock in 1570 was
only about + of fte size in 1960.

For most of the atocks, the catch in 1970 was 20-2% of the hiomass.
It was somevhat lower for the Icoland stock (T 16%), and much higher
for the Arcto-Norwegian stock (41%4).

3.2 Fishing mortality and the catchability coefficient, 9

Values for F (Table 9) were taken direetly from the virtual population
analyses, except for 3K0, where a value of q was estimated and spplied
to the estimates of effective fishing effort.

The tabulated values represent fishing mortality on fully recrulted
and, in most caser, the maturs stock ages T-12),

There are no consistent time trends in ¥, excopt that more of the
higher values appear in the later years. The estimated F in 1570
dropped for moot stocks, after some large incresses in 1968-1969
in the Iceland, West Greenlend and ILabrador stocks.

It is important, howsver, io relste the F'a to those epplicable to
the younger, recruiting age groups. In meny areas the t'~ segments
of the stock are fished separately, and a high F on the younger age
groupe covld ncom with a low T on the matvure stock.

In Table 13 estimates of F (from Table 9) have beem used with the
independently detsrmined ceti :*es of fiching effort (Table 5) to
estimate the cetchability coefficient 4+ The estimates of fishing
effort include an adjusinment for incresses in efficiency with time
and for most stocks the Implied valwve of q chows little trend.
However, the value of ¢ for the Grzenlend stock in Div. 4~D has in-
creesed consldershly in mccenmt yesrs: thie is thought to reflect
concentration of the fleet on a sbhrinking stock during the spavming
season with more efficient fighing gezr {midwater travla).
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Seasonality snd seasonal variations in the catchability coefficient

Table 14, the monthly percentage variation in CPUE, gives a plicture
of the different availability of the fish in the course of the year.
I+ shows the concentration of cod during the first half of the yesr
meinly due to the formation of spawning shoals (pre—apavner,
spavners, post-spawners) and partly also due %o emvirommemtal factors.
During the second half of the year the cod are on feeding migration
and thus widely spread (horizontally and vertically) snd less avail-
able to the gears (mlack period). The higher sumer catches in
AT-4Vn are due to profitable fishing on cod returning from 4Vn to

the Gulf of 5t lawrence.

Whilst up to the beginning of the 1560's off Greenland and in
2G-31 the fishery of the mobile fleet was mainly caxried out during
summer snd entumn or over the whole yesr's period, the modern
factory trawlers ars now fishing for cod mostly only during the
first half of the year, when dense concentrations allow profitable
catches. During the uneconomic slack peried, this fleet goes for
other species (e.g. herring).

Recruttment (Table 8)

For the Forth Atlantic cod stocks for which recruitment data were
available, recruitment of 3 year olds has varied considerably,both
in absolute size, in corresponding year classee between stocks

{(cf. Barents Sea/Bear Island with Joeland) and in the degree of
fluctuations of successive year classes within each stock {cf.Barents
Sea/Bear Island with 2G-3L) (Table 8). The Icelandic, 2G-3L, 3Ps and
4T=Vn stocks show only moderste fluctustions in year class strength,
vhereas in the East and West Greenland and 3NO stocks, fluctuations
are greater. The Barents Ses/Bear Island stock demonstrated
ressonably stable recruitment up to the 1964 year clags after wlich
recruitment from the 1965-1968 year classes was only about 5%, the
previous level. Similarities evident in recrultment patterns
between stocks include the importance of the 1963 year clase in the
Barents Sea/Bear Island, East Greenland, E and F and 2G-3L, the im-
portance of the 1961 year class from Iceland and Fast and West
Greenland stocks and the similarity of recruitment trends in the
Barents Ses/Bear Island and 2G-3L stocks up to the 1965 yeer class.

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 & proportion
of fishing mortality on fully recruited age groups. It is derived
from the mortality snalysis and represents the combined effects of
biological recruitment to the area of each fishery and pelection of
the fiching gear in use.

Growth

The growth rate data (weight at age) in Teble 16 are collected
from different sources. Data for the Arcio-Norwegian end Icelandic
stooks are taken from Working Group reports (ICES, 197la, b),
respectively. The growth data for the 2G-3L and 3Ps stocks are
derived from curves of growth in length combined with a length-
weight relationship given in pepers by May ei al. {1965) and Wells
and Pinhorn (1570). The growth data for the 3§0 stock wes derived
from data submitted to the meeting by Pinhorn (pers.comm.). The
AT-4V n stock data wure from a paper by Halliday ?1972).

Interaction between fisheries

In order to examine the interaction hetween flsheries thal follows from the
redeployment of fishing effort from one reacurce to another in response
either to the natural fluctuations in the stocks, or to regulation of indi-
vidual stocks, the data sumrarisced heve been incorporated in a simalation
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model ¢f the total cod resource complex. This model is desmcribed by
Clayden (1972). 4 simplified flow dlagram showing the relationships
between the basic parameters and the resulting computations is at
Figure 2, The results of the first control simulation %o validate the
model are illusirated in Figure 3. This was mchieved by resiricting
the obaerved fishing effort on each stock to fish only that stock.

Thie gimulation i not perfect. There are differences between actugl
and eimulated catches in most stocka. In genersl, these can be
attrituted either to inevitable simplification of weality in the model,
or to poor data. The accuracy is considered sufficient to demonstrate
thet this fishery system can be described by the paramsters chosen,
and that ocur estimates of these parsmeters must be close to the truth.

Having established the validity of the medel, the interactions betwsen
fisheriea were examined for a number of assumptions related to possible
changea in fishing effort deployed on these North Atlantic cod resources.
This was achieved by allocating the available fishing effort to
different sectors of tha fleet (Table 7). The effort capacity of the

< 500 GRT class wes regarded as being restricted to the stocks in the
vicinity of its origin, e.g. Norwegian effort < 500 GRT could only fish
Barents Sea or Norwsy Coast. Fleets of this clasa which do have a degres
of mobility were assigned to moblle categorles as eppropriate. Thus
Spanish pair trawlers were assigned to 501-%00 GRT class capacity fishing
the Northwest Atlantic; Farcese vessels and USSR vessels working with
support craft, which may fish both in the north-esst and in the north-
west Atlantic, wore assigned to the 901+GRT class. The 501-%00 GRT class
has limited range over resources on one sida of the Atlantic or the
other, but not over all resources. It was divided in two parts according
to the 1970 pattern of mctivity and each part was allowed to fish onmly
stocks in the North-East Atlantic, or stocks in the North-West Atlantic.
The 901+ GRT group was permitted to fish any etock. Within the model

the fishing effort of the three mobile groups was allowed to fish any
stock in its range according to their relative ebundance in each month.

In the time aveilable, it was only possible to investlgate a small number
of posaible patterns of interaction, and it has not been possible to
conalder the redeployment of effort on to species other than cod.

In considering these results it is important to remember that such a
model cannot and does not attempt to prediet reality because data on
future recruitment and on fishing effort cannot become available. The
medel is a research tool that enables us to investigate interactions
over a 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 eatches
would not.

Starting from a 1570 stock situation, and recycling recruiiment from
1957 as representing realistie natural fluctuations in stock, five runs
vere mads to study the effect of poseible changes in the pattern of
fishing on aversge catches over a 1(-year period.

Strategy 1 (Run 3) Effort kept conetant at the 1970 ievel.

Strategy 2 (Bum 6) Effort reduced in Yesr 3 and later yoars to half
the 1970 level (= Fouy overall).

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

Strategy 4 (Run 7) Effort reduced by 10% per year between Years
4-8 and thereafter kept constant.

Strategy 5 (Run 4) Effort increasing at 9% per year over the l0O-year
period.

The summary results of these runs are given if Table 17, ‘Figure 4
gives the changes in total effort, toial 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 very widely, but by the end of
the 10~year period the catches from different rume have converged close
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to the same quantity. The exception is for strategy 4 (Rum T7) for
vhich the catches are still in a transitional state =% the end of the
period, but could be expected also to comnverge to the common value
in later years.

The catches per unit effort shown at the bottom of the figure avre
very dtfferent for different rums. By the tenth year the oatch per
1(:1111; e§fort for strategy 2 (Run 6) is three times that for strabegy 3
Bun B8).

The differences between some runs are shown in Figure 5. Im this
Figure an attempt hes been made to estimate the effecte on total
catches taken by the prement fleets, 1.e. including the likely
catches taken by the surplus effart diverted to other stocks. The
present catch per unit effort on cod is sbout 0.65 and two values
of the catch per unit effort on sliernative stocks were apsmed -
0.2 and 0.4, Figure 5i shows that if there were & 50% out in the
effort on cod, the cod catch would drop by about 850 000 tons {1.e.
a little under 50%), inoreasing thereafter, tut recovering close

to the ontch taken with the original effort 5 years later. However,
the total catch (including catches from stooks to which surplus
effort had been diverted) will be considerably higher. AL the more
conservative estimate of the productivity of the alternaiive stocks
(rather less than one-third that of the cod stocks) the total catch
following the reduction of cod effort will be equal to that of the
unregulated fleets after fouxr years. On the aspunption that the
alternative stocks are sbout two-thirds as productive as cod, there
w11l be a loss only in the first year, and by the seventh year the
total catch will be over half a million tens higher.

Similar vesults are obtained from s phased reduction in effort.
There will be & reduction on cod catch over the short period con~
sidered, but the totel catch will inoreass and on the more optimistic
estimates of catches from alternative stocks the initlal decrease
will be insignifioant.
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Table 4 Summary of fleet statistics

Best estimate total
fleet all countries

Total Catoh Veasel Category Non-Mobile Mobile
Toar {*000 tons) | <1502) | 151-500| 501-900| 901+| 1502} 151-500| 50143)
1960 1 840 42 342 456 124 42 342 934
1961 1 886 43 351 447 143 43 357 1 057
1962 1941 45 344 436 144 45 344 1 050
1963 1915 45 358 413 160 45 358 1 084
1964 1 835 45 81 398 165 45 381 1 012
1965 1 861 45 401 397 177 45 401 1 049
1966 1 882 A4 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 avallable for the totsl Korth Atlantic for Denmark

2)
3)

(Fﬂroes), T.3.8.R. » TV.8.4.

Approximate thousands of vessels. Includes 25 000 Norwegian vessels
as estimated by census 1950. Excludes U.S.A. vesmsels.

From the performance of vessels and catches returned for lgTO the
anmal catch of one unit »901 GRT = 2.5 unite (501-900 GRT).
Using this faotor for the sampled vessels, the two vemssel
categorisa have been amalganmated to & mingle class 501 GRT and
then raised to estimate the total fleet of all countries in this
category on the indiocated assumption that 95% of the unsampled
catch was taken by vesmsls in this category, or having equivalent
mobility in cholce of area of fishing.
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Table 6 Percentage distribution of catches in 1970 by vessel

categories with differant degrees of mobility

Koo Part-
Mobile Mobile Mobile
<500 501-300 901+
Btocks in Model
Barents Ses/Bear Island 36 42 22
Horway Coast 717 14 9
Iceland 71 25 4
Greenland Bast, 1E+F 15 17 68
Greenland 1A-D 25 34 41
Labrador 2G-3L 18 18 64
Grand Bank 3HO T 61 32
3Ps 39 53 B8
4T = 4Vn 64 24 12
Other Stocks
3Pn - 4Rs 38 9 53
4Va ~ 4X 34 46 20
5 73 24 3
Catoh ('000 toms) 1 o48) 721 757
% of Total Catch 41 29 30

1) Inoludes 86 000 tons landed by this category of U.5.5.R.
vespela fishing Barents Sea/Bear Igland which may be con-
sldered as mobile effort if used with support crafi.
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vesgel categories

Distribtution of fishing effort in 1970 between

*000 houre corrected 1000 hours uncorrected
(See Table 5a)
Total
<500 501-900] 900+ 501 GRT+

Barents Sea/
Bear Ialand 421 451 257 |1 169 524
Norvay Coast 305 56 36 397 64
Iceland Non-spawning 0 4202) - 420 294
Iceland Spawning (620)1] 0 0
Greenland Hast, 1E&F 8 8 33 49 29
Greenland 14-D 16 22 26 64 z4
Labrader 26-3L 93 93 331 517 297
Grand Bank 32RO T 64 34 105 69
S5t Pierre 3Ps 27 36 5 68 29
4T - 4vn 30 11 3 47 12
BB Estimated total houra fished by veseels 501 + GBTsesee. = 1 352 000

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

fighed = 11.51 English ROUTE) veseeseecsrasesransnsesss = 117 000

Total number of vessele in this class (estimated Table

4 ---o------.--|---o---a-on---r--cn--.c-.----co----.- =600-700

Implied days fishing POT VESSEL JEBT sveesesevecessanes = 195 - 167

1} Adapted to simulate appropriate fishing mortality; 1t does not
measure fishing affort.

2) Ineludes some catch by vemsels of other categoriee which esre not

separated in the statistics for this se

Teceland.

c3
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by virtual population analyeis

Summary of F per total stock &8 mean of ages T-12 estimated

Arcto- Iceland |Greenland Grenland {ICKAF [ICNAP {ICNAF |ICNAF
N L S e g e

I ICES Va
1960 .50 .25 .19 - 26| .43] .47
1961 +65 33 «35 40 «25| <541 37
1962 .63 42 .49 41| a6l a0 .35
1963 «86 60 43 59 32 «16| .30 .45
1964 .72 T .52 .85 .48 | .18] .50| .46
1965 .50 T4 +50 .51 61 | 23] 42| .60
1966 «50 .57 .43 .49 44 | .28 .e0| .39
1967 o63 74 «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)
1970 C60)? | (+30) (49| (40} .37] (.55] (.30)

HeB, Betimates for recent years given in brackets are less reliable.

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

2) These valuer differ gl
Arctic Fisheries Worki.

ightly from estimates presented in the Korth-East
ng Group Report 1972 for technicsl reasons.

3) This value differs from that given for Subsrea 1 as a whole in ICHAF

Mid-term Assessments Committee Report 1972,
been split to take mecount of the interrelst

and Greenland stocks.

C5
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Table 11 Stock composition at the beginning of 1960 (in milliona)

Py

- a4 & f..’ % i =]

A IeE

- o
Age Groups gE ,":‘ gé gg 33 ag a E 5&.

- 0t [ ] o j=2 [}
HENHEDE B ALY
1|5 2)X 9] 213 [3] 3| 3| 4)
3 1 059 124 85 | 371 (999 | 150 | (50)| 135
4 664 228 88 | 115 | 662 | 75| 47 | 143
5 297 102 14 38 1413 | 30 13 71
6 243 43 10 26 1283 | 33 23 48
T 85 57 38 | 90 (243 18| 13{ 20
8 29 26 6 | 15188 7 9 6
9 30 2] 4 11 | 128 6 4 3
10 30 43 10 | 24} 100 3 2 4
10 2 2 6l T2 2 1 1
2 2 1l 2 14| 45 2 1 1
3 1 5 A7 2 1 1
14+ 1 54 b

1) Working papera of North-East Arctic Fisheries Working Group
2) Prement Beport

3) ICHAF Aseesement Committee Report, Mid-term 1972

4) Pinhorn 1970

5) The stock in these fisheries is gemerated by survivors from the
gtocks in the Barents Sea/Baa.r Island and Iceland non-gpasning
fisheries.

ZTable 12 Estimates of population biomass ('000 tons)

]

Years 6 g ? g Eﬁ & = ‘5 o m ﬁ g

8% |8 |82 |21 | 84| 83 | d8 pRER| 8l
1960 | 2 756 3 072 540 | 12712 3413| Jerz | 355
1961 | 2 905 3 272 s70 | 1327| 2 951] [268 | 390
1962 2 978 2 586 538 1 217 2 793 188 401
1963 | 2 556 2 654 498 1085 2 588 180 380
1964 | 2 0%0 2 680 520 | 1059 24715 8 [193 | 324
1965 2 329 2 7122 480 1 069 2 510 :‘: 192 268
1966 3 227 2 951 616 1 023 2 853 g 210 218
1967 | 4 098 3 036 640 875 2 455§ |208 | 213
1968 | 3 645 3 054 a7 6o1{ 2 625 222 | 235
1969 2 853 2 928 509 387 2 625 2186 262
1970 2 091- 2 876 284 282 2 693 206 282
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Table l4s Seasonal pattern of fishing as the devietlion of the sverage CPUE
for each separate month over a number of years, from the
snnual mean CPUE for all months
& £
© o A
z : g& | 4
H 8 . o
Months |+ | @ | S, |o¥e | B | 8 | a
b=t [ B ﬂ I b - [ ;]
o 18- 880 18, 18| o " g
B & o |od& oM @ = P ]
= s |88 |88 B = & 8 "N ™ g
Jan. 95 | 159 67 78 70 | 127 | 168 6 6 T0
Feb. 78 | 164 - 194 80 | 123 | 167 6 6 53
Mar., 92 | 173 | 107 200 100 | 135 | 129 112 112 60
Apr, 108 | 195 | 113 222 135 1100 | 122 200 200 T9
May 131 | 104 | 133 222 150 | 112 | 100 135 135 93
June 152 - 133 111 133 96 89 147 147 157
Jul, 125 - 13 56 15 80 | 134 77 177 199
Aug. 115 T2 93 28 40 o1 55 59 59 180
Sept 102 55 93 28 42 33 63 94 94 118
Oct. 62 36 80 28 43 37 63 106 106 T2
Nov. 7 41 67 28 48 80 55 129 129 67
Dec, 115 68 T7 28 57 | 102 55 112 112 60
Table 14b. Seasonal variation in catchability coefficient
Monthly \ mean
Catcha~ «285| .851 ] .420 |1.000 | 4.813(3.290(1,262 3.500 | 9,589 8.219 l
bility ;
Coefficient
Feb, «21811,3985 - 1.940 | 3.850 |[4.046 2,107 +210 + 575 4,356
Mar, «257 (2,472 | .449 |2.000 | 4.813 [4.441[1.627 32920 | 10.739 42931
May #3661 ,885 | ,559 2,220 { 7.219 |3.684 |1.262 | 4,725 | 12.945 T.644
June +425° - 559 |1.110 . 6.401 |3.158 |1.123 | 5,145 ' 14.095 12,493
July «350 | ~ 550 | 560 | 3,609 2,632 (1.691 | 6.195 | 16,972 16.356
Aug. #322 | o612 1,390 | .280 | 1.925 1.677| 4694 | 2.065 | 5.657 14,794
Sept «285 ,468 (.350 | .280 | 2,021 [1,085| .795 34290 1 9,013 9,698
Cet. «173 | 306 |.33%6 «280 ' 2,069 [L.217 | 4795 34710 § 10.164 5.918
Nov, [.215].348 |.2681 | .280 | 2.310 [2.632| .694 | 4.515 | 12.369 5.507
L Dac., «322 . 578 »323 « 280 L 20743 30 3554[ 0694 3 920 10.739 40931
Sourcess See Table 11 for ICES Stocks
ICNAF Statistical Bulletin, CPUE of selected countries for ICNAF Stocks

co
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Table 15 Pattern of recruitment to the fighery, the fisghing
mortality in_seach age group as a percentage of the
average fishing mortelity of age groups 7-12
. __‘__ . - -
5l e g 2 | &
o8| eg| 2f|a® |2 A A
e | g | oglal| gh|8f.| % | 85] 8 |3 (25
5| B|S8| S5 | BBE BT (BB | B B4
3 .10 0 =05 <01 «01 .09 .02 20! .04 .02
4 «5% 0 23 .03 .08 - 27 W14 .60 | +38 .21
5 ' 1.17 | .03 .82 +04 W41 .64 «34 1 1.00 | #11 51
6 " 1.45| .06 | 1.00 .11 .67 1,00 .61 «85 17
7 : 1.45 | .14 .29 1,00 1,00 1,00 | 1,00
8 P 134 .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 L
14 «48 §11.23% iR + \L @L & A 4
Table 16 Growth rate, i.e. round fresh weight at each age in kilogrammes
—————TT e A T T,
3 «43 1.48 «62 «18 «47 «28| .22
4 .84 2.41 1.18 o44 .79 «69 | .54
5 | 1.36 3,45 2,10 .82 | 1,37 |1l.08]| 1.00
6 I 2,00 4.32 3,080 | 1.24 | 2.47 | 1.68| 1.67
7 L2492 5.16 3482 1,71 3.55 | 2.40( 2.05
8 3487 5.72 4054 2,17 | 493 ] 3.21] 2.84
9 |l 5.25 6.29 555 2.62 | 6,05 | 4410 3.37
10 | 6.50 6473 6,00 |3.07 | 7.50 |5.08| 3.96
11 | B8.23 7.19 6.50 347 | 9,23 | 6,03 | 4.45
12 | 943 7.58 6,50 | 3.83 111,06 !7,00] 4.80
13 10,60 8,00 6450 4415 [12440 | 84051 5.17
14 11.80 8.47 6450 4,43 [13.80 |9.16 [ 5.75

Cc 10




35 -

a 65" BG*® LY 61T | 65" 14 ge* e ge’ 14N L4 G
28° glL® T0°1T Lot | ¥e° oL’ g 1A 11 ¥ L ¥
69° 1% £g° OT°T | bG°* 058° 12° g% 0z* ze* 8 ¢
T0°T Yo°1| 62°'T 66°1 | 86" ¢8* v ¥ e 1 9 2
69° L9 lg* gc*1 | 69 19* (l2*) ge 9z* 6g* 4 T

poTIed xwel QT ¥ Joao jaoF3e ATUL Iod Yo3w0 LIVISAY
0Tt 2 99 il fet L69 671 96 81T 8L 901 oot 14 §
908 T 29 Gl ¥IT 629 61T 18 Got 222 801 892 L 4
It 2 49 9L 22T G69 6T 96 g1t laz 20T Loy 8 ¢
6vL 1 29 64 91T €19 91T LL 201 661 61T g9z 9 2
120 2 g9 il 1444 089 o¥1 16 L1T 14T 1Tt 19¢ < T
Jg+Hf PUBT +dg *ds-noN
w TAVP-TY 84 ¢ 0K ¢ 16~D2 | q=VI |-u9axh*F | PUNTAOL| PusIeoIl | ®IT | QIT+I mmy | AFegeasg
potxed asel (T v X040 (suos 000s) awel zod yogzwo eFmroay
xeel zed 9C 4% 1I0Jye FUTUSTY UT eswaroul Tenper) [sxvel TT® oG+ BUTHBOIOUL 3X05FH ¥ (4
g~ sxwold ged 9nT-‘3X0336 FO UOTIOMPSI POFRUJ 06°0 X g~ Iwak mWoIJ 1IOXJ l ¥
OL6T eaoqs 40G T848T B 03 3I0JF0 Jo eswerout jdnaqy G*T X ¢ I99& WoOXT 3IOFJH ] 4
Tr8xea0 3997 107 Teast oy} 03 3203F9 Jo uwofionpex jdnaqy G*0 T ¢ Tvek woxXJy 4IOFFH 9 2
ToA0T juesoxd 3% PESTITQEIN 1I0JJe SuTUSETY SolIes TOIGUO, 0L6T 4 T
aaT4000q0 4X07JF FUTYSTI JO T6467T Ty ifeguxyg
807301 vI0 JUGNSIYUBW JUSIOIITP I0J POJETUNTS BeUo}ws QoD Fo Arsummg IT o1qQeg

cu



- 36 -

7%
60"
45
0*
90* 75 60P4BI0MIS O 15
rd rd L T T L] h) hl

e 35°
-
-
L A L 'l 1, 1 1 A A

1 L
60" 55 50° 45 40° 35 30- 25 0" 15+ 10

Figure 1. Main North Atlantic Cod Stocks and their Migrations.
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CALCULATED MATRICES

INPUT MATRICES

¥

STOCK NUMBERS

—{(NO. OF FISH AGED 1-12 7 STOCES
STOCK CHARACTERISTIC)

Y

CATCEABILITY
{ANKUAL MEAX AND SEASONAL
FACTOR STOCK CHARACTERTSTIC)

PROSPECTIVE CATCH PER UNIT
EFFORT FER STOCK FER MONTH

GEAR SELECTION PER AGE GROUP
STOCK CHARACTERISTIC

WEIGHT OF FISH PER AGE (fROUP
STOCE CHARACTERISTIC

FISHING EFFORT PER STOCK
PER MONTH

l

FISHING EFFORT PER STOCK PER
MORTH

RELATIVE ATTRACTION OF EACH
STOCK FOR EACH COUNTRY

ECONOMIC FACTORS

TOTAL PISHING EFFORT AVATIABLE
EACE MONTH FOR EACH COUNTRHY

¥

v

‘—=>>| YIELD COMPUTATION |w——

CATCH, NUMBER FER STOCK PER
MORTH

;

CATCH WEIGHT PER STOCK PER
YEAR

NATURAL MORTALITY PER
STOCK FER MONTH

ln | SUVIVORS PER STOCK PER MORTH

WEIGHT AT AGE

f——p= | RECRUTTMENT OF YOUNG FISH

INTER STOCK MIGRATIONS

Figure 2. Simplified flow diegram of the simulation model.
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FIRERE 3; Comperisom of actual estches in each stock 15%60-1570
with catohes pyredicted by a simulation model based
upon the caleulated parameters of each stock.
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FIGURE 3 (otd)
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FISHING EFFORT

CATCH IN MILLION TONS

CATCH PER UNIT EFFORT
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6 r
sk _p-----o-----o-----—o-----o-----o—----o RUN 8
"I " '_____—-I--—_"- RUN &
[12] " .__.—-—.—--—-
Z4F ../—-—-—’""'-_—
2 o1 st ——t et s RUN 3
-l -~
43r ~—
>3 - RUN 7
2F i
z Y o o o o o o RUN 6
1
a
'l \\
25 FA
,' \RUN 8
\.u—___._‘,_—-—" /.--"
RUN 4
201 "'-----"""" / '\_‘—‘ RUN 3
N
"~ ~ — .-¢__/
>~ Bt _+ RUN 7
1.5 \\‘/ -
//
1.0
1.1 I RUN 6
1.0 /
-}
0.9k / _* RUN 7
o //
Y
0.8 ™ / /‘, -
0.7} / ,,//
0.6 | \\ ‘ —.-+ .——- \
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05
'.‘ \'/--—_"\
04f O n e geam T . T« RUN &
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.3 I i i Iy i 1 i I i s
0 1 2 4 5 6§ 7 9 10
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 Atlentio wide basis.

1. (Run 3) To stabilise fishing effoxrt at its 1570 level.

2. (RPun 6) To decrease fighing effort in Year 3 to e level that
could generste Fyn4 on all stocks, but with no re-
striction on m’bﬂity {1.8. 50% reduction in overall
fishing effort).

3, (Ran 8) To allow fishing to inorease in Year 3 to 50% abave
1ts present (1$70) level.

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

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

over all years.
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IN MILLION TONS

RELATIVE CATCH
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1.0p
0 A. ABRUPT REDUCTION IN FISHING EFFORT
TPTAL (i)
+”’
0.5 ’*/,/
pmme ":I'_QTAL (i)
0 . N B — e P emm e .'a ".'
] / —~"¢0D (1)
-05} /
-1.0t
0 0 -50 -%0 -50 -50 -5 -50 -%0
05
B. PHASED REDUCTION IN FISHING EFFORT . TOTAL (i)
7’
d"',
ol _ == =T - TOTAL (i)
\ . coD (i)
_0.5|. \'\'/
] [] 1 L [ [ ] 1 i |
YEAR 1 2 3 4 5 8 7 8 9 10
0 -10 -20 -30 -40 -50 -S0
PERCENTAGE CHANGE IN FISHING EFFORT BY YEARS
FIGORE 5., Catches under different management atretegies comparad to the catch under

A

B.

strategy (1), vhere fishing effort was stebilised at the 1370 level.

Strategy 2 (Run 6) reduction of fishing effort to Fopy in ome year.
1) Catoh of vod relative to strategy 1 (Run 3).

(i1) Ae (1) with the fishing effort displaced from cod redeployed
on other non-cod stocks at an ussumed catch per unit affort
two-thirds the oversll catoh per unit effort on the cod itself.

(111) Aia (i1) with catoch per unit effort of non-cod stocks assumed
one~third that of the cod stocks.

Strategy 4 (Fun 7). Phased reduction of fishing mortality to F,,.
(1), (i1) and (141) as for A. above.
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