
(i) 

Restricted 

INTERNATIONAL COMMISSION FOR THE NORTHWEST ATLANTIC FISHERIES 

Serial No. 2784 
(B.g.24) 

ICNAF Res.Doc. 72/33 

NOTE: 

ANNUAL MEETING - JUNE 1972 

Report of the ICES/ICNAF Working Group on Cod Stocks in the North Atlantic 
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At the 1970 Annual Meeting of ICNAF, Panel I, in discussing Subarea 1 cod 
assessments, 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 (ICNAF Redbook 1971, Part I, 
~) 

(i) 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 Atlantic, 
and 

(ii) 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 ttme of the mid-term meeting of the 
Assessments Subcommittee. 

The change in timing for the Meeting of the Joint Working Group and 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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REPORT OF THE ICES!ICIIAF WORBDIG GROUP 011 COD S'l'OCXS III THE JroB'l'I! A'aAJllTIC 

Seotion I. Introduction 

1. Te:tlllll of reference 

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

"It was decided, that. 

(a) the Joint ICES/ICIIAF Wo:<k!ng Geoup on Cod Stooks in the 
North A tla:D.tic meet in Copenhagen for one week in March 
1972 to SlllIIIIIarise existing assesSlD8llts oonoerning cod 
stooks in the 1I0rth-East Arctio, Ioe1andic and East Green
land Waters, as well as the West Greenland, Labrador and 
lIewfoundland ood stocks, and to eyemfne in generol te:tlllll 
the effeots of possible regulatorr measures, with parti
cular emphasis on the interaction between fisheries on 
different stooks, 

(b) Mr D J Garrod will be Cbaiman of the Wo:<k1ng Group." 

2. Pa.rticipants 

A Pinhom 
Sv Aa Horsted 
A Schumacher 
A Meyer 
S Sohopka 
A Ry1en 
E Stanek 

C8llada) 
DeIllD8rk) 
Ge""""'Y, F .R.l 
Ge""""'Y t F.R. 
Iceland) 
1I0rwayl 
Poland 

R Hennelllllth (U.S.A.) 
D J Garrod,Chairman (U.K.~ 
R W Jones U.K. 
J ""'llar Christsnsen!tcES 
V Hodder ICIIAF) 
L Roerema FAOl 
J Gulland FAO 

The Group wishes to acknowledge the oomputer prograllllling assistanoe by 
Mr J G Pope (Lowestoft, U.K.) and Mr K Lassen (Denmark). 

3. Stocks oonsidered 

1. Barents SeajBear Island (non-spawning) 

2. Norway Coast (spawning) 

3. Iceland (non-spawning) 

4. Ioeland (spawning) 

5. Greenland, East and south-West 

6. Greenland West 

7. LabradorjEast Newfouodland 

8. Flemish Cap 

9· Grand llank 

10. st Pierre llank 

11. West Newfoundlsnd 

12. Southam Gulf of St Lawrence 

13· Banquereau 

14. Brown I s I.ehavre 

15· George' 8 Bank 

AS 

< =.to-
l wegian 

ICES Subarea I and Div.ID 
ICES Di v. IIa 

~ 
Ioeland! ICES Div. Va 
Greenland n " " 
oomplex 

ICES Subarea XIV and ICIIAF 
Diy. lE and 1 F 

ICIIAF Div. 1 A-D 

ICIIAF Div. 2G - 2J, 
3K - 3L 
ICIIAF Diy. 3M 

ICIIAF Diy. 3N and 3 0 

ICIIAF Diy. 3P (south) 

ICIIAF Diy. 3P (north) and 
4R,4S 
ICIIAF Diy. T and 4V (north) 
ICIIAF Diy. 4V(south) and 4W 

ICIIAF Di v. <IX 
ICIIAF Subarea 5 



- 2 -

Information available for stooks 1-7, 9, 10 and 12 enabled 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 seographical 
distrlbu.tion of these stocks. Recent a.esesBmente of resources 13-15 are 
reviewed. Resources located in other parts of the 10m area have been ""
cluded from detailed analysis because they are exploited by trawlers using 
smaller mesh sizes than elsewhere and f'urther research is necessary to 
detemine comparabili ties between these and vessels fishing the stocks spe
cified in the tams of reference. 

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

1. Conclusions 

(i) Increasing range and mobility of the fleets fishing for cod in 
the North Atlantic has increased their efficiency and their 
ability to concentrate on those stooks ~t happen to be most 
productive at a particular time. 

(ii) For v1rtuslly 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 deorease the 
yield per recruit. 

(iii) There is a probability that spewning stocks as low, or lower 
than the pressnt could lead to a recruitment failure and con
sequently to a very large drop in total catch. Taking this 
into account, and to some ertent the economic benefits _lied 
by an improved catch per unit effort, a desirable level of 
fiehing mortality (effort) would be approximately half the 
present level. This would not affect the average 10ll8'-tem 
yield. 

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

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

(Vi) If the displaced fishing effort remained fishing and oould be 
redeployed on other lightly exploited species there would be 
an increase in the total catcb of all species and a less 
severe iIImediate loss. 

2. The main features of the cod fisheries 1960-1910 

2.1 Trends in the fisher;y 

The ohanges in total cod catch from the North Atlantic are summarised 
in Tables 1-3. During the period 1955 to 1910 the total catches have 
fluctuated about a level of some 3 million tons, with a peak of nearly 
4 million tons in 1968. On the surface, therefore, the state of the 
Atlantic ood fisheries appears to be satisfactory. But despite the 
relatively constant value of total catch, hoth overall and by country, 
there have been great changes in the fiehery and the stocks. 

At the beginning of the 1960's the north-east Atlantic resources 
were already fully exploited but the north-west Atlantic resources 
less so; and the development of the highly mobile international 
fleet of 901 + GaT freezer and factory trawlers had scarcely begun. 
About that time a decline in oatches and catch per unit effort in the 
northeast caused some countriee to ertend their activities westward. 
On these stocks, Wich w&re relatively 118htly fished stocks at that 
time, they acb1eved high oatches a part of Wich represented 
accrumuJ.ated biomass. 
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Countries also began to expand their fleets of larger vessels to 
improve economic perfo:rmance on grounds at long range but sufficient 
fishing was maintained in the northeast to f'Il.lq exploit those 
stocks. The expansion of fishing effort to the northwest Atlantic 
and the development of the 901 + GR'I' vessel olass reached an initial 
peak in 1967/68. (Tables 4 and 5). This coupled with favourable 
recruitment in several stocks, particulsrq in the Arcto-lilorweeian, 
led to very high catches in 1968/69, well above rmy sueta.inable 
long-term average yield. Thus new, by the earq 1970's, all stocks 
are f'Il.lq exploited; there are no lightq fished stocks to suetain 
the high productivity of fishing operations when, as now, several 
stocks suffer poor recruitment, either through natural causes an~or 
the effects of stock/recruitment relation. 

2.2 Fleet mobility 

The changes in the fleets heve been twofold. 

(a) an increase in the .fficienoy of th.ir operations with the 
use of improved fishing gear (e.g. mid-wat.r trawls) and 
electronic apparatus for navigation and fish d.t.otionj 

(b) increasing flexibility in their operations, with inore .... d 
abU1 ty to move from one stock to another in response to 
short-term fluctuations in fishing prospects. 

This second change is reflected in Tabl. 4 which, for the two 
categories> 501 GRT shows a 2~ decrease in units of the 501-900 
GRT class counterbalanced by a doubling in the number of the larger, 
and operationalq more flexible 900 + GRT class. OVerall, however, 
the number of equivalent fisbing units appears to heve remained 
fairq stable through the 1960's; the change hes been in the soope 
of their fishing operations. The changes in efficiency are diffioult 
to quantify; to allow for it we have assumed, on the basis of 
trends in catchebility, that an hour of fishing in 1970 was 30% 
more effective than in 1960 but this must vary; for example there 
has been a chenge in catchebility with time at West Greenland. 

In addition, the higher operating costs of the larger vessels caUSes 
them. to seek out more dense ooncentrations of fish (higher oatoh 
ra tea). This, combined wi tb the depletion of resources t which has 
in itself forced fleets to oonoentrate on area or fisheries where 
the availability of fish is high, hes gradualq al tared the seasonal 
pattern of fisheries. Now more than ever fis~ oonoentrates on 
seasonal aggregations of fish in different stooks, further increasing 
the efficiency of the fleets as a Whole. 

2.3 Trends in fishing effort and stook abundance 

The chaoges in fleet efficiency make it diffioult to calculate the 
real changes in the amount of fishing effort over the past ten years, 
and also make it difficult to estimate the ohanges in the abundanoe 
of the stocks, at least in terms of catch per unit effort. 
Estimates thet have been made are given in Table 5. 

These reflect the switch whioh began in 1955 from fishing in the 
north-east Atlantic (.s represented by the NEAFO area) to the 
north-west (ICNAF), but it appears that in 1963/64 a proportion of 
the fishing effort was taken out of the cod fisheries in the NEAFO 
aree. and redeployed, presumably on other species, e.g. bake, haddock and 
herring in the ICNAF area. 

The redistribution of fishing effort in the decade 1960-1970 i8 also 
evident in the dietribution of catches by vessel categories in 
Table 6. Catchee by the fleet of vessels < 500 t are fairq uniform4' 
distributed through all stocks. Unless used with support craft, or 
as pair trawlers, this group may be regarded as lnon-mobile' in the 
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senae that their range is very limi teel. The 501-900 GRT group has 
a degree of mobility, but their operational range is limited and 
vessels of this class fishing the north-east A tl9.!ltic are, for the 
majority, unable to fish the north-west Atlantic profitably, and 
vice versa. The 900 + GRT class dev~loped t~ough the decade has, 
in 1970, taken most of their catch at Greenland, Labrador and 
Newfoundland. Of the total catch in 1970 the non-~obile fleet took 
40%, the intermediate 501-900 GRT group 3af" and the fully mobile 
901 + GRT fleet 30%. This is roughly equivalent to the distribution 
of their effective (but not actual) fiehing time in the units used 
here (Table 7). 

The abundance of stocks in the north-east A tlantio f i:lhich were 
already fully exploited prior to 1960 has sho,m no trend since that 
time, mainly beoa.use the total sto('1{ est:ima-~es axo heavily in
fluenced by the abundance of ~ecruit year classes. There have been 
changes in the ahWldance of Bome north-":.{9st Atlantic stocks since 
1966, particularly at lfest Greenland, Labrador and Grand Bank. The 
decrea.se in population at vlest Greenland is also apparent in a. 
deoline in the population biomass as calculated by a different 
method (see Table 12). 

2.4 Present status of the stocks 

In 1960 the north-east Atlantic stocks 'uere fully explOited but the 
north-west Atlantic less so. The developments through the 1960's 
reduced this' imbalance'. ?ri0r to :!.968 ·~h:c:r.e ha.l always bt"!en one 
or more stocks which were relatively lightly fished and which could 
absorb, at least temporarily, fishing effort diverted from other 
areas. Even in the late 1960 l s as all stuck~ came to be fully 
explOited, good year classes have occurred in one or more stocks to 
pe:mit good fishing. Exceptionally, as in 196B, 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 as a long
term average, even under Uk~nagement. 

The general increas') in level of e:':-lJloitatio:l for approximately the 
same level of effort reflects e.n improvement in overall harv'est 
ef'ficiency of the fleets a3 a ',~holet but it haa reduced the average 
age of fish in the stocks 03.king short-ter:m fishing p:.oospects over 
the whole Atlantic cod resource ~ore depend~nt upon the strength 
of new year classes and, 1oi2en th(!ce ~.P!)'3:-r..r, thelr att::.:'act the mobile 
fleet causing 'pulse fishing'. (T.h~ ),10f1k in catches in ICNAF Div. 
3NO 1967/68 is a classic example). ]Jut this overexploita the older 
:part of the Etock a,~ wr:-ll £03 the yo~m.t;' flEn that attracted the 
fishing, and when the fleet moves on it lGavG8 behind a stock 
severely depleted t.hrOug:10Ut its n.geJ .... ange. 

The available estim?tos 'Jot; +119 abp...," .... ncf'. ?f r8Ce:'1t yatU: classes wbich 
will enter the commercial fisherios 1972-.1975 are S'u.'mnarised in 
Table 8. The most reliable of theE:e ir.d:icatc goed. ~ecru.itment to 
some of the ICNAF fltocks (bu.t not 'I:ip.st GreC'.'l.L:-::~d) which '\o1ill recruit 
to those fisheries from 197::::', and a J'er;y z~:;,~o:·.:! 1970 :rear claus in the 
Arcto-Norwsffian stock vrhich '.",ill r~crui t ':;0 th!' E;u-cnts Sea/Bear 
Islnnd fishery in IS75. It ~.s velT l~_kel:,~ ";hat fi8~~~"'p,' effort will 
concentrate on this la,r:t y"!a:::o cJ.a38. 

The beet available guide _, 3hor~;-term li.sh5.Dg' procpGcts on an 
Atlantic wide basip is given by a ~i.mulation (S€!f) Section III, 3.4). 
This indicates a prospective :rie1d of 2 mill10n tons from the 
selected stocks in 1973, if the 1~70 level C"f .i'ishin'j is continued. 
This, and the expected average long-ten1 cC.trhcs uncler Ill3.llagement 
is well below the peak catch of ~ !'lilli'Jn -~')'rJ(l j,n , 969. 
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3. Stock assessments 

Detailed assessments of the state of ind!vidual stocks have been presented 
by various Working Groups and SUb-COIIIIIli ttees of Icm and ICHAF, and much 
of the basio material has been summarised in Section III of this Report. 
Sinoe the relation between adult stook and subsequent rearui tment baa not 
been established for any ood stook, it is not possible to .tate definitely 
the relation between the amount of fishing and Ions-term yield. Cal
culations have been made of fishing mortality in relation to yield per 
recruit, identifying two oritioal values of fishing mortality. 

(e.) Fmax, corresponding to the msyirmlm yield per recruit, which 
gives the absolute upper limit to ths amount of fishing 
that should be aJ.lowed, and 

(b) Fopt, oalculated follOWing the usage of the 1972 ICHAF mid-term 
assessment report, as the level at whiCh the marginal yield 
(the net add! tion to the total catch produced by an add! tional 
unit of effort) is one-tenth of the oatch per unit in a very 
lightly exploited stock. 

For each stock for which sufficient data are available estimates of recent 
fishing mortality (1966-1970) in Table 9 have been related to Fmax and 
Fa t in Table 10. In nearly every case it exoeeds Fo t and in several 
ca~eB Fmax as oalculated from the present pattern of ¥lehing over all age 
groups. 

Recognition of Fopt as a criterion has become neceBsary because as the 
level of exploi ta tion has inoreased and with it the need to locate the 
best concentrations of fish, BO fishing mortality has become more age 
specific. In some years fishing concentrates on young age groups, in 
others the older age groups are most attractive. The precise location of 
Fmax is sensitive to these changes and ~ var,y over a wide range Whereas 
FQpt is more stable. Moreover if recruitment is influenced by the level 
or fiShing mortality this implies that at the moderately high levels of 
fisbing represented by most values of F~t the recruitment could be de
creased, and that the lDaJCimum total yields would be likely to occur at 
somewhat lower levels of fishing, perhaps around the values of Fopt. 

Sinoe increasing fishing mortality beyond the level of Fopt will only 
inorease the yield per recruit by an amount that i. small compared with 
the increase in effort, and could well decrease the total yield, it is 
suggested that, pending fUrther analysis, the estimate values of FQpt 
should serve ae target figures for the fiShing mortality to be achieved 
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 soale of decrease in fishing mortality that wculd lead to Fopt is 
given below together with the Ions-term yield that could be expected 
under pa.st a.verage recruitment conditions. This compares with the 
average yields for each stock 1966-1970 in Table 3. 
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~ ~ 

-~---

-1 
STOCK 

----~ -~- - - ----_. 
lIEAFC Area IClIAF Area 

I + IIB, I XIV + 
ILl. VA IClIAF lE,F U-D 2G-3L 300 3Ps 

!Iaz1mum I 
1011/!'-t81'lll 

1390 catch eoo 100 230 
(000 t 

eoo ? 60 100 
, 

per year) I 

SUrplus F 

i9-r~~6- 38 53 NIL 50 62 75 67 NIL 

-~ ---~- ~ - ~ - ~ ~ ~ -

1) Defined as the surplus of F in 1966-1970 over Fopt as a percentage of F in 

1966-1970 and calculated as 

100 (F6~~70 Fopt ) i.e. 100 ( 1 _ ). 

4. Economic opportunities 

The IClIlli' Bio-Economioe Working Group estimated in 1967 thet the amount of 
fishing on ood and haddock could be reduced by 10-20J', leading to potential 
amwal savings in costs of # 50 - 100 million. The present analyees suggest 
that the BIIlOUllt of fishing could be reduced b;r oonsiderabl;r more than 10-20J', 
with opportunities for oommensurate reduction in oosts. 

5. The effect of resul,atoq meaoures 

5.1 Control of the size at firet capture 

Previous assessments have pointed out the bensfits in most of the North 
Atlantio ood stooks thc.t would arise from an increase in the size at 
first capture, as misbt be achieved by the use of a larger mesh size. 
No new quantitative aseessments of the effeots of mesh ohanges ware 
made by the present Group. It should be pointed out that the greater 
mobi11t;r of men:r fleets, and their inoreased abllit;r to ooncentrate 
on a strong year 01as8 a.s soon as the tish reach & oommercial size, 
probabl;r combined in the immediate future with a lack of good alternat
ive supp11es of larger ood, will tend to an inorease in the relative 
f'ishing mortali t;r on the smaller fish (below the opt:tmum size at first 
capture). In turn, this would inorease the nsed for, and potential 
benefits from, appropriate control of the size at first capture. 

5.2 Control of fiabing intensity 

Whatever action ms:r be taken to control the size at first capture, it 
oan provide onl;r a partial solution to management of the Atlantic cod 
stocks. Some control of the amount of fishing has become necsssar;r. 
ldeall;r, for opt:tmum biological management, such control should be 
applied to each stock separatel;r. Some of the practical problems in
volved have been diecussed (rclIAF Bio-';lconomics Assessment Report) • 

.An alternative, the implamentation of an Atlantic wide regulation of fish
ing effort has he:mbeen examined using a simulation model as an example 
of thie teshnique and ~s an initial stud;r of the effect of such a 
regulation on the distribution of fishing effort and oatshes, inco,," 
porating the interaotion betveen fisheries caused by the mobili t;r of 
neets. 

DetBils of' this model, produced in the Lowestoft Labora tor:\', are 
given in Seotion III of this Report. The aoOUr&O;r of simulation 
aoh1eved for the period 1960-1970 is illustrated in Figure 3. It 
ehould be stressed that this model does not attempt to produce a 
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complete description of the fishery, nor a detailed prediction of future 
events. It should, however, provide Bome measure of the relative effects 
of, for example, two different I!IB1lBi;6ment actions. The particular model 
described did not, as employed this time, inolude any provision for a 
possible relation between stock and recruitment. Therefore, on the one 
hand i t ~ underestimate the ben.fi ts from reduoiDg the amount of 
fiehing (and hence increase the spawning stocks), and on the other hand it 
ignores the possibility of some spawning stocks becomiDg so low that there 
is a recruitment failure. 

AmoDget a number of possible management actions considered four impol.'"
tant strategies were identified: 

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

Strategy 2 (Run 6) 

Strategy 3 (Run e) 

strategy 4 (Run 7) 

To decrease fiehing effort to a level that 
could in total generate Fopt on all stocks, 
but with no restriction on mobility. 

To allow fiehing effort to increase 5~ above 
ths present level. 

As (2) but effort reduced l~ per year over 
5 years. 

The oonsequences of these strategies are illustrated in Figure 4. Pre
diotably strategy 2 would cause a substantial immedinte loss of catch, 
and strategy 3 an immediate gain. However, in all four cases the lone
term yield followiDg a period of readjustment would be much the same 
despite retention of the mobility of fleets, althOU8h the apparent stabi
lity under 3 conoeals increased variability in the oatches of indivi~ual 
stocks. There would, however, be some ohanges in the oatches from 
different stocks and, by implication, by some ommtries. Equally important 
the strategies imply substantial changes in stock abundance (c.p.u.e.) 
with implied benefits from strategy 2 to both oommeroial catoh rates and 
to the spawning stock size and so, more problematically, to long-tam 
oatches. 

These results refer only to consequential catches of cod. In the event 
of a reduction in cod fishing effort it ~ be presumed that the surplus 
effort oould be diverted to other spaoies. If such alternatives exist 
in the form of lightly exploited stooks, either in the North Atlantic 
(e.g. for grenadiers), or outside (e.g. hake in the south Atlantic), it 
seeme reasonable to assume, that the immsdiate return (catch value 
per dq fishiDg) on these stocks is somewhat less than for ood (othel>
wise the vessels would already be fishiDg there). Extra fishiDg on 
these stocks would be expeoted to increase the total yield from them. 
A diversion of part of the effort a~ from cod would therefore in the 
10Dg term increase the total fish catch, though the catch from the pal.'"
ticular vessels diverted would drop slightly. This possibility is 
illustrated in Figure 5A for two hypothetical levels of catoh per unit 
effort for fisbing 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 
ueed for non-fishery purposes, thus redUCing the total costs of fishing, 
but it is likely that most would be employed on other stocks. The 
total catch might then droT.J in the first year, but would reoover, and 
soon (probably in the sec~nd 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 nest and would be 
impracticable. An alternative would be a phased reduction suoh as the 
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10% reduction pbased over 5 Te&rS as illustrated in Figure 5Jl. In fact 
other SOlIZ.'Ces of ammal va.riation in O&tcheo ere such that a 'if, reduct
ion per TSar phaoed over 10 Teare would cause still less disturbance 
to catch levels. 

This maintenance of the overall catch would onlT be possible if the 
altlmlative stocke are not too heaviIT exploited. However, their 
exploitation is rapidlT increasing, and opportunities for relativelT 
peinless diversion of the surplus and effort IIIq not last much longer. 

This summary of the effects of four possible management 
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 oan be studied 
in a similar W&',f provided the intended strateu is oare
f'ullT dofined. 

Section III. Data and Methods: SUpplementm Information 

1. Ana'ysis of catch and effort statisticB 

1.1 Catches by stocks 

Table 1 shows the total catches of cod in the North Atlantic, bT stocks, 
for the period 1955-1970. During most of this period the total catch 
of all stocke has fiuctuated around a level of rousI>lY 2.7 million tons, 
but substantialIT hJ.eher catches were made in 1968 and 1969 with the 
1968 catch reaching nearlT 4 million tons. There was a rapid decline to 
3 million tons in 1970. 

The table identifies at the top eiebt ms.jor stooke for which data were 
adequate for detailed aBaessments. 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 
ICNlF and ICES areas; the oatches for these are given 88 "Other ICNAF 
Stocks" and "Other ICES Stocks" in Table 1. The trend in total catch 
for the principal stocke is similar to that mentioned above for all 
North Atlantic cod stocks. 

Of the eiebt stocks given above, four have contributed the major part 
of the cod catches. The oatoh in the Arcto-Norweean stock bas 
generalIT fiuctuated around an average level of " out BOO 000 tons 
ammallT, with oatches greater than one million tons in 1955/56 and 
again in 1968/69, but low oatches around 450 000 tons in the 1964/65 
period. The 1970 catch WBS nearIT 880 000 tons. In the Ioe1and area 
the oatches showed a slow but fairlT consistent decline from about 
500 000 tone in 1955/56 to about 350 000 tone in 1966/67, but increased 
steadilT to 470 000 tons in 1970. The oatches in West Greenland 
(Div. lA-lD) fiuctuated irregularlT betwsen 180 000 and 290 000 tons 
in the 1955-61 period, between 270 000 and 360 000 tons during 1961-68, 
IIZld deolined rapidlT to 67 000 tons in 1970. In the LabradorwEast 
Newfaundland area the catches increased steadilT from about 300 000 tons 
in the 1955-58 period to naarlT 700 000 tone jn 1967, jumped to 
900 000 tons in 1968, and declined thereafter to 560 000 tons in 1970. 
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Of the four smaller stocks, the catches in the South and East 

Greenland area have fluctuated around an annual average of about 

80 000 tons with catches greater than 100 000 tons in 1962-64 and 

88ain in 1967-68; the Grand 1lank 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 Jlank and South Gulf of St Lawrence stocks esoh 

yielded catches which fluctuated around an annual average of 

about 65 000 tons over the 1955-70 period. 

It is apparent from the above ~opsls that the catches from the 

indiVidual cod stocke show very different trends and fluctuations, 

but together, however, they have varied ver,y little over the 

1955-70 period, except in 1968 and 1969 when the exceptionally 

high catches were associated with the recruitment of very good 

year olasses in the Areto-Norwegian and Labrador-East Newfoundland 

stocks. A typical example of 'pulse fishing' is to be Ssen in 

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

1.2 Catches BY countries from the seleoted 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 28. the ca.tches by country from "Other ICNAF" and 

"Other ICES" stocks have been excluded to isola.te the national 

ca.tches 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)l:l' UK (12%), 

Spain (11%), Canada (lCI%), Portugal (6%) and Ge_ (6% • 

During the 1955-70 period the catches by Canada (180 000 - 290 000 

tons), Iceland (200 000 - 320 000), Norway (200 000 - 420 000), 

Portugal (140 000 - 220 000) and UK (270 000 - 390 000 tons) have 

remained relatively unchanged except for annual variations as 

indicated by the ranges of catches given in parantheses. However, 

the catch by Ge_ increased from about 100 000 tons in the late 

1950's 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 

1969 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 eubstantial decline 

to 35 000 tons in 1970. The Danish cod fishery by Faroes and 

Greenlanders increased from about 100 000 tons in 1955-60 to 

nearly 150 000 tons in 1962, but declined steadily to less than 

80 000 tons by 1970. The ca.tches given for !lOthers" in Table 2a. 

and 2b represent mostly the ca.tches by the German Democratic 

Republic. 

L '3 Catch by country and stocl<: 

Table 3 gives the average catch by each countrJ from individual 

stocks in the period 1966-70. In the Areta-Norwegian area the 

USSR catch was about 49% of the total vith Norway (33%) and UK 

(17%) taking most of the remainder. At Iceland the Icelandic 

cod catch accounts for about 6rJ'/o and UK about 25%. The Fed. 

Republic of G<!rman:r takes about 5afo of the cod catch off South 

and East Greenland. At West Greenland, F.R. Germany, Ilenma.rk and 

Portugal have taken the greatest shere and likewise the 2G-3L 

stock is exploited by most countries in varying degrees, with 

Port1Jgal, Canada and Spain having taken the three highest catches. 

The 3 NO stock has been fished almost exclusively b.1 Spain and 

USSR, the 3P south stock equally by Canada and Spain and the small 

4T-4V north stock mostly by Canada. 
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While.....,.,. of the IIDzopean countries exploit most of the stocks on 
both sides of the North Atlantic in var,y1ng degrees, France, Portugal, 
Poland and Spain bave fished for ood almost exclusively in the North
""st Atlantic. The two North Amerioan countries fish exclusively on 
the cod stocks which are adjacent to their couts. This also applies 
to the ood fisheries by ~k (G) in West and South Greenland, by 
Ioeland on the Ioelandic cod stock, and paztly by No""",," on the Areta
Norwog1an stock. 

1.4 The neet 

Statistics of the number of vessels that bave oaught ood in the North 
Atlantic in the specified areas were returned by all oountries exoept 
Farce, U.S.A. and U.S.S.R. These are lIUIIIIII&1'i8ed in Table 4. The returns 
acoount for Bo% of the total oatch of cod in 1970. The figure for the 
category < 150 GRT are very impreoise because such neets are typically 
very heterogeneous and vessels ~ not necessarily fish full time. The 
oategory 151-500 GRT shows an increase of some 25% in the countries 
sampled during the period. Except for such vessels of Farce, 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 immediate vicinity of the home-country. Categories 
501-900 GRT and 901+ GRT are here combined to represent the 'mobile' 
neet capable of redeplqymsnt from one pazt of the North Atlantic to 
another, tho1l;!h the 501-900 GRT group has onl:y a limited mobility 
between a few resou:roes. 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
aul&ted for all 501 + GRT vessels as described in the footnote to 
Table 4. In these terms the size of neet fishing for cod appears not 
to be increasing at the present time but this ignores the increa.ses in 
effioiency of vessels due to their improved range and performanoe 
charocteristics. 

1.5 Fishing effort and catch per unit effort 

The fishing effort and catch per unit effort values, given in Ta.ble 5, 
are derived from several sets of national fishing effo%'t data, one o%' 
more fa%' each stock, and converted to the equivalent of hours fishing 
b7 English trawlers. 

In the Areta-Norwegian and Iceland non-spawning stocks effort data 
(hours fishing) for English (501-900 GlIT) trawlers were used. No time 
series of fishing effort data is available for the Iceland spawning 
fishery. For the South and EBst Greenland stock English hours fiShing 
fo%' all trawler categories was used and for West Greenland A-D 
F.D.R. Ge~ effort data of ~s fished were convertsd to an English 
equivalent with a conversion factor 11.51. 

The comperablli ty of fishing effort units between neets fishing the 
stocks mentionsd above and fleets fishing the remainder of the ICNAF 
area is diffioul t to determine because of lack of overla.p between 
fleets. The available statietical evidence indicates that otter trawler 
hours fished for Por1;u;!al, Spain and UK are approximately equivalent 
and the7 bave been te.lten as suoh. For the 2G-,L stock (Labrador-East 
Newfoundland) Port_se otter trawl deta (hours fished) were te.lten as 
being directly equivalent to UK hours fished. For the ,N-O, ,Ps and 
4T-Vs stocks Spanish pair-trawl data were taken as being equivalent to 
Portusuese effort deta 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 ?If, per 
;year from 1961 yo 1970 in order to provide for a slow but gradual in
crease in efficiency whioh must undoubtedly have occurred especially 
for the mobile fleets. 
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As indicated above tor the catches in Table 1, the effort values for 
the various stocks {Table 5 III ehow d11'ferent trends and fluctuations. The 
Barents Sea/Bear Island stock bad high effort levels io the early 1960's 
and also during 1968-70 with a low level during 1964-65. 10 contrast, the 
Labrador-Fast Newfoundland stock was subjected to almost contiouously 
iocreasing effort from about 300 000 honrs during 1960-63 to nearly 
600 000 hours in 1969. Both the East and West Greenland stocks bad 
relatively high effort levels during 1961-64 and in both areas the effort 
bad by 1970 declined to not much more than ane-third of the 1961-64 
levels. 

The ca.tch per unit effort values, given in Table 5 b, are relatively 
stable for some stocks (e.g. Areta-Norwegian and Iceland) over most of 
the 1960-70 period, while for othere they fluctuate greatly (e.g. 3N-0, 
4T-4Vn am3Ps). In South and Fast Greenland the catch per unit effort 
steadily increased between 1960-61 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-Fast Newfoundland 
area there W88 8 staady decline Jrom a high level during 1960-63 to a 
relatively low level by 1970. 

During the period under consideration significant changes have taken 
place in the patterns of fiehiog on some of the stocks. For example, 
it is well known that in the Labrador-East Newfoundla.nd area there has 
been 8 m&jor shift from mostly autumn fiehiog, 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 
fiehiog, the catch per unit effort values of Table 5b may not reflect 
reliable ohanges in stock abundance. 

1.6 The allooation of oatches 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 ioternstional fleet. 

The allooation of catch between vessel categories is used in Table 7 
to allocate the available fishing effort, i.e. the. national units of 
English hours fiehiog adjusted for a 30% increase in effioiency 1960-70. 
The uncorrected number of hours fished bas been related to the number 
of hours fished per day of Germ&n 501-900 GRT trawlers giving an esti
mated 170-190 days fisbing per year per vessel. This is realistic and 
since the estimate of vessels and hours fishing have been derived 
independently the comparison sdde credibility to the estimate of trend 
in fleet structure summarised in Table 4. 

2. Review of stock assessments 

2.1 Areta-Norwegian. ICES I, 118. lIb (North-Fast Arctic Fisheries Working 

Group Report, ICES, 1970) 

The exploitation rate on this stock reached a very high level in the 
early 1960 1 s,and then declined as mobile fleets transferred their 
activity to other stocks when the abundance of the Areta-Norwegian 
resource fell in 1964. A period of lower exploitation followed until 
1~68 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 ago.1n became oyeraxploi ted at that time with regard to 
the long-term yield. The 1963/64 year olasses are being followed 
by a series of weak year olasses and in 1971 fishing mortality has 
fallen to .. level of F - 0.5, and IIIq decline further. The fluc
tuations in the fishary have been primarily dne to fluctuations in 
reoruitment, which, for a period, attracted excessive fishing effort. 
These factors leave, in 1972, a stock which containe old fish sur
viving from the good year claeses and one strong recruit year class 
of 1970 which will enter the fishary in 1973. 

The evidence that rsorui tment is rel .. ted to spawning stock size is 
the strongest for all ood stocks in this Areta-Norwegian stock. The 
North-East Aretic Fisheries Working Group is of the opinion that the 
long-term future of the resouxce as .. whole depends largely on the 
fate of the recruiting 1970 year olass. Fiship.g mortality should be 
held as low as practica.ble in order to eIlS'UN an increase in the stock. 

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

The fishary for ood at Iceland oan be divided into two components:

Spawning fishery: 8. fishery in the spring off the BO\tth-west corner 
of Ioeland for mostly spawning ood oarried out by Icelandic vessels 
exclusively. This fishary, which accounts for about 46% of the total 
catch of cod in the Icelandic waters, is based main.ly on the spawning 
stock of cod of Icelandic origin but supported qy a component of 
mature cod immigrating from Greeulandic ""ters. 'h'.: p:roportions of 
those immigrants probably differs from yee:r to year t and IIl.a¥ have a. 
substantial influence onthe results of this f'ishery. 

Non-spawninB' fishery: a. general fishery for cod around the whole 
Ioelandic ooast a.t a.ll times of the year. This fishqry is mostly 
for immature cod and is prosecuted mainly by English, German and 
Ioelandio vessels. Immigrants from Greenland which survive from the 
Icelandic spawning fishery appear to st.,. at Iceland and are at 
least partially available to capture in the non-spawning fishery. 

The oatoh. during the period 1964 to 1967 the oatch of cod at 
Ioeland . declined to 345 ooc tons in 1967 due to lack of good year 
alasses in the spawning fishery, but sinoe 1968 a 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 
(471 000 tons in 1970). Previous assessments indioate that an inorease 
in fishing mortality would not result in a further increaee in a 
yield per recruit BO this stock can be considered as being fully 
exploited. 

2.3 Iceland-Greenland interrelationship. Methods of calculation 

No migration of adult cod from Ioeland to Greenland has been observed 
in the la.st decades, wherea.s migration of mature cod from West 
Greenland to East Greenland / Iceland and from East Greenland to 
Icelani is known to take place. Results of t~ erperimente make 
it reasonable ta neglect the small-scaled migration from Div.lA-ID 
and to treat the IE-IF and East Greenland cod as a unit stock for 
assessment purposes. 

On the basis of tagging erperimante the Nortln,eetern Working Group 
estimated the .. ctual proportion of mature fish at Greenland 
emigrating to Iceland as about 25% per year. A new attempt to 
estimate the migration has bean made, using the virtual population 
technique. :Back-oalculations to age 3 of mature age groups (i.e. 
7+) from the total catch at Iceland aod back-oaloulations from the 
oatches of immature age groupe only t to age 3, revenls two diffe
rent figures. The differenoe between these is regarded as the number 
of 3 years old fish in the IE-IF, East Greenland stock which will 
ultimately migrate to Ioeland at maturity. 
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The stock size at 3 years of age of fiab of Greenland origin which 
will remain at Greenland was back-calculated from the catches of all 
age groups taken a.t Greenland. The stock size of fish which would 
remain at Greenland can be added to the size of the stock of 3 years 
old 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 ~ fluctuate between years and 
year classes, but generally it takes place from age 7-8 and onwards 
by an average proportion of 24% which is oomparable to the findinge 
of the Northwestern Working Group. For simplification in the present 
analySis, the migration is regarded as an extra natural 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. 

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

South omd East Greenlomd (ICNAF Div.lE-lF, ICES Subarea XIV) 

In the last decade catches have fluctuated between 82 and 131 thousand 
tons j highest in 1968. Ths originally mixed fishery (ood plus red
fish is gradually directed more and more towa.rds cod espeoially 
fished when ooncentrating during and around the spawning season. Catch 
per unit effort has, therefore, been increaains durins the decade but 
this cannot be taken as an index of increased abundance of cod. 
Rather can it be taken as a sign of increased fishing morta.ll ty on 
older age groups. 

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

West Gre~ (ICNAF Div. lA-lD) 

Catohas between 1955 and 1968 fluctuated between 180 and 360 000 tons, 
highsst in 1962. Recent poor recruitment and adverse physical fishins 
conditions has made 1969 and 1970 oatches decline to 141 and 67 
thousand tone, respectively. The remaining effort has tended to con
oentrate more on relatively old fiBh probably maintaining a relatively 
high F on these age groups. Prospect for recruitment up to the 
mdd-1970 1s is bad. and a catch level of not more than 100 000 tons is 
likely. 

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

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

'Ele fishery on this ftock increasEd steadily from a level of about 
300 000 tons durins 1955-1959 to about 700 000 tons in 1967, then 
increased stronsly to 900 000 tons in 1968 and 831 000 tons in 1969, 
but fell to 561 000 tons in 1970 (Table 1). Fishins mortality 
sstimates fluctuated in the vicinity of Fmax of 0.4 durins 1960-66 
(0.3-0.6) but were well in excess of the maximum durins 1967-69 
(0.&-0.75), decreasins to Fmax of 0.4 in 1970 (Table 12). 

Total stock size of fish older than 3 years fluctuated between 2 500 
and 5 000 million during 1960-1970 in responee to fluctuations in 
recruitment, while the numbers of fully recruited fish older than 
6 years decreased from about 650 million in 1961 to 365 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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~.6 Gz'and Bank (ICNAF Div. 3NO) 

(Pinhora and Wells, 1970) 

The fishery on this stock fluctuated between 34 and 78 000 tons during 
1956-1964 inoreasing 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 refleotion of the entranoe of the.ary 
strong 1964 year olass as 3 year olds and the reduction to the 1966 
catch level in 1969 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 indioates that the fishery 
is heavily dependent on individual recruiting year classes and with 
such s. fast growth rate in this arss., the lOll8'-term :yield from a year 
class is greatly reduced by heavy fishing at an early age. 

Catch/effort assessments for 1963-1966 indioated F to be at or 
beyond the Fmax of 0.2 during the early 1960's. With inoreased catch 
and effort since 1966 F of tully reoruited ~ groups is almost certain 
to have been well beyond the Fmax since 196 • 

2.7 St Pierre (ICNAF Div. 3Ps) 

(Pinhom, 1972) 

The fishery on this stock fluctuated only between 50 000 and 80 000 
tons during the entire 1955-1970 period (Table 1). Fishing mortalit
ies for the 1960-1970 period varied between 0.30 and 0.55 and were 
thus somewhat be~ond the ~pf 0.30 for this stock for the entire 
period (Table 12 • Total stock size of fish older than 3 years de
oreased from 225 million in 1960 to 150 million in 1963 and then 
increased to 325 million in 1970, in response to variations in recruit
ment. !lumbers of tully 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 1969-1970. 

Population biomass decreased sharply from 270 000 tons in 1960 to 
180-190 000 tons in 1962-1965, and then increased slowly to 220 000 
tons in 1968 and 1969 and 290 000 tons in 1970. 

2.8 Southem Gulf of st Lawrence (ICNAF 4T-4Vn ) 

(Halliday, 1972) 

Landings declined from the peak of 110 000 tons in 1964 to 41 000 tone 
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 sl;ock is complica.ted by 
denei t:r-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 eXll10itation. As a result it is difficult to 
assess an optimum value of F. The recent inorease in trawl catches 
probably increased F only to about 0.3 on 7-10 year olds as stock 
abundance had increased at the same time. This is lower then the F 
in 1960-1966 of 0.35-0.60. Thus the stook appears to be in a relative
ly good state, with some increase in fiBbing still possible. 

2.9 :Brown'. I.ehavre! George' s Bank (ICNAF D1 v. 4X and 5) 

Complete assessments for these stooks are not yet available; 
however, the stocks appear to be rather heavily exploited. For 
Div. 4X in fact the present F is about twice the value correspon
~ to max~yield-per-recruit. Reoent pre-recruit year classes 
are known to be poor from research vessel surveys. 

For Subarea 5, the present effort 1s somewhat higher than the level 
oOrrElspoliding to the ma:rlmum sustainable catch and it was oonsiderably 
hiBber in the previous six years. 
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Thus, although these stocks are not inoluded in the model, they will 
not support additional effort. and, in fact, the effort Should be 
deoreased somewhat. The maximum yields from both stooks are proba.bly 
less than 50 000 tons and a large share of the present effort is 
non-mobile. 

3. Biological characteristics of the stocks inoorporated in the simulation model 

~.l Initial stock composition and biomass esttmates 

The majority of estimates of fishing mortality described in this 
Report have been derived by virtual population analysis. This method 
aloc provides estimates of the size of eaoh stock in tezms of millions 
of fish in each age group at the beginning of each year. The stock 
structure in a particular year is necessar,y to initiate a simulation 
run. For the validation of the model and data the simulation va_ 
initiated in 1960; the appropriate data are at Table 11. Sub_equent 
experimental runs were based on analogous stock estimates for 1970. 

Though not used explicitly in the model, estimates of biomass were 
derived by multiplying the estimates of _tanding 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. 

~e three largest stocks - Arcto-Norwegian, Iceland and La.brador/New
t01m.dland - amount to 2.1, 2.9 Old: 2. '7 :!l.:!.lllo!l tons, respectively. 
For these the biomass has been rather stable since 1960, although the 
Areta-Norwegian stook is rather lower than average in 1970. The other 
stocks are all about 0.3-0.4 million metric tons, and exoepting 3Ps, 
have all deolined since 1960. The West Greenland stock in 1970 wo.e 
only about t of 1 t. size in 1960. 

For most of the stocks, the cat~~ in 1970 was 20-2~ of the biomass. 
It was somewhat lower for the Icoland stock (l: 16%), and much higher 
for the Arcto-NorweITion stock (4170). 

3.2 Fishing mortality and the c"tchnbiUty coefficient, q 

Values for F (Table 9) were tal<eJ' direotly from the virtual population 
analyses, except for ,NO, where a value of q was estiI:!3.ted and applied 
to the estimates of effective fishing effort. 

The tabulated values =eprescnt fiebiD~ mcrtalitf on fully reoroited 
and, in most cases, the Ot!:lture stock (ages 7-12). 

There are no consistent time trends in F, excopt that more of the 
higher values a.ppear in the later years. The p.stim:l.ted F in 1970 
dropped for moot stocks, after some large increases in 1966-1969 
in the Iooland, "fest Greenle.!ld and labrador stocks. 

It is important, however, to relate the F'e to those applicable to 
the younger, racrtti M . .ne agr.1 groups. In Il1P.!W areas the t\... segments 
of the stock are fished e9paxately, and a high F on ~le you.neer age 
groups co't.·~d ncm'L.: with .1. Iow F 011 the W'.tu.re stock. 

In Table 1.3 estimates of F (fzo:c. ~able 9) ha.ve been used with the 
independently de-~eI:l!.inerl :J8ti :·.~·9B of fish.ing efi'ort (Table 5) to 
estimate the catchabili t; coefficj.en·' q. The estimates of fishing 
effort include an adju~troent for increases in effioiency with time 
and for m')st stocks 'ilie Implied v!llue of q Ch0W8 Ii ttle trend. 
However, the ve.J.ue of (1 i"or the G~.3e:nl8.nd stock in Div. A-D has in
creased c01lBider.?bly 1..."1 :>:'2cent yC'£,:!"s: this ia thought to refiect 
concentra.tion of the fleF"t OD a sbxin1(in~ stock duxlng the Spa.lming 
season with J!lore efficient, fishing geax tm1d"""ater traWlS). 
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3.~ Seasonality and seasonal variations in the catohability ooefficient 

Table 14, the montbly percentage variation in CPOE, 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 
mainl.y dne to the formation of spawning shoals (pre-spawners, 
spawners, post-spawners) and partly also due to environmental fsetors. 
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 SUIIlIII8r catches in 
4T-4Vn are dna to profitable fiBhing on cod returning from 4Vn to 
the Gulf of St Lawrence. 

Whilst up to the beginning of the 1960'. off Greenlacd and in 
2G- 3L the fishery of the mobile neet was mainl.y oarriad out during 
SUDlDl8r and autumn or over the whole year's period, the modern 
factory trawlers are now fiBhing for cod mostly only during the 
first half of the year, when dense concentrations allow profitable 
oatches. During the uneconomic slack period, this fleet goes for 
other species (e.g. herring). 

~.4 Recruitment (Table 8) 

For the North A tlactic cod stocke for which recruitment data were 
available, recruitment of 3 year olds baa varied considerably, both 
in absolute size, in corresponding ,-ear classes between stocks 
(cf. llarents Sea./llear Island with Ioeland) and in the dagree of 
nuctuations of successive year classes within each stcck (cf.Jlarents 
Sea./llear Island with 2G-3L) (Table 8). The IcelandiC, 2G-3L, 3Ps and 
4T-Vn stocks show only moderate fluctuations in year class strength, 
whereas in the East and West Greenland and 310 stocks, nuctuations 
are greater. The llarents Sea/Bear IsLand stock demonstrated 
reasonably stable recruitment up to the 1964 year class after w1ich 
recruitment from the 1965-1968 year classes was only about ~, the 
previous level. Similarities evident in recruitment patterns 
between stocks include the importance of the 1963 year class in the 
llarents Sea/Bear Island, East Greenland, E end F and 2G-3L, the im
portance of the 1961 year class from Iceland and East and West 
Greenland stocks and the similarity of recrui tment trends in the 
Jlarents Sea/Bear Island and 2G- 3L stocke up to the 1965 year olass. 

3.5' Partial recruitment to the mloi ted 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 fiBhing mortality on f'ul.ly reorui ted age groups. It is dari ved 
from the mortality analysiS and represents the oombined 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. Da.ta for the Arcto-Norweglan and Icela'1d1_c 
stooke are taken from Working Group reports (ICES, 1971a, b), 
respectively. The growth data for the 2G-3L and 3Ps stocks are 
darived from curves of growth in length combined with " length
weight relationship given in papers by Mq et !!:L. (1965) and Wells 
and P1nhorn (1970). The g>oowth data for the 3NO stock was derived 
from data submitted to the meeting by Pinhcrn (liars.comm.). The 
4T-4Vn stock data are from a paper by Halliday ~1972). 

4. Interaction between fisheries 

In order to examine the interaction betwoen fisheries that follows from the 
redeployment of fishing effort from one resource to another in response 
either to the natural fluctuations in the stocke, or to regulation of indi
vidual stocks, the data. sUlDlI!arised heve been incorporated in a. s1mu.lation 

86 



- 17 -

model ~f the total cod resource complex. This model is described by 
Cl"O'd,en (1972). A simplified flov diagram showing the rel .. tionehips 
betw~en the basic parameters and the resulting oomputations is at 
Figur. 2. The result. of the firet control .imul .. tion to validate the 
mod~ are illustrated in Figur. ,. Thi. was achieved by re.trioting 
the. observed fishing effort on each stock to fish only that stock. 

This simulation is not perfect. There are differences between actual 
and simulated catches in most stocks. In general, these can be 
attributed either to inevitable simplification of reality in the model, 
or to poor data. The accuracy i. considered sufficient to demonstrate 
that this fishery .y.tem can be de.cribed by the parameter. chosen, 
and that our estimates of these parameters 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 sectore of the fleet (Table 7). The effort capacity of the 
< 500 GIlT olass was regarded as being re.tricted to the stocke in the 
vicinity of it. origin, e.g. Norwegian effort < 500 GRT could only fish 
Barents Sea or No~ Cosst. Fleets of this class which do have a degree 
of mobility were assigned to mobile categories a. approprliate. =s 
Spani.h pair trawler. were assigned to 501-900 GIlT olass capacity fishing 
the Northwest Atlantic; Faroese vessels and USSR vessels working with 
support craft, which ~ fish both in the north-east and in the north
west Atlantic, were .... igned to the 901.aBT cl ..... The 501-900 GRT cl .... 
bas limited range over resources on one aida of the Atlantic or the 
other, but not over all resource.. It was divided in two parts according 
to the 1970 pattern of activity and each part was allowed to fish only 
stock. in the North-East Atlantic, or .tocks in the North-We.t Atlantic. 
The 901+ GRT group was permitted to fish any .tock. Within the model 
the fi.hing effort of the three mobile group. was allowed to fish any 
.tock in its range according to their relative abundance in each month. 

In the time available, it was only possible to investigate a small number 
of possible patterns of interaction, and it has not been possible to 
consider the redeployment of effort on to species other than cod. 

In considering these results it i. important to remember that such .. 
model cannot and does not attempt to prediot reality because data on 
future recruitment and on fishing effort cannot become available. The 
model 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 diffexeni 
strategies will be valid for any level of reoruitment, but actual oatcbes 
would not .. 

Starting from a 1970 .tock .ituation, and recycling recruitment from 
1957 as representing realistic natural fluctuations in .tock, five runs 
were made to .tudy the effect of po.si ble changes in the pattern of 
fiBhtng on average catohes over a lo-year period .. 

Strategy 1 (Run 3) 

Strategy 2 (Run 6) 

strategy 3 (Run 8) 

Strategy 4 (Run 7) 

strategy 5 (Run 4) 

Effort kept constant at the 1,70 level. 

Effort reduced in Year 3 and later YGars to r..&:.f 
the 1970 lavel (= Fopt overall). 

Effort increased in Year 3 and later years to 
50% above the 1970 level. 

Effort reduced by 10% per year between Years 
4-8 and thereafter kept constant. 

Effort increasing at 5% per year ovex the 100year 
period .. 

The BUDlIJl8.%'Y results of these runs are given in Table 17. ;Figure 4 
gives the ohanges in total effort, total catch, and overall catch per 
unit effort over the la-year pexiod. In Year 3, the first year of major 
changes in fishing effort, the catohes ve:ry widely t but by the end of 
the la-year period the catcbes from different runs have converged close 
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to the same qwmti ty. The exception is for strategy 4 (Run 1) for 
1oIhioh the catohes are still in a _i Uonal state at the and at the 
period, but cOlll.d be 8lq)8oted also to oonverse to the 0_ value 
in later years. 

The catohes per unit effort shcnrn at the bottom at the ti8Ul"l are 
wrry different tor difterent :r1lI1s. By the tenth year the catoh per 
unit effort ror strategy 2 (Run 6) is three times that tor strategy 3 
(Run 6). 

The ditterences between some :rans are _ in JI'1gure 5. In this 
Figure an attempt has been made to estimate the etrects on total 
catohes taken by the present neets, i.e. including the likely 
oatohes taken by the surplus ertort diverted to other stacks. The 
present oatch per unit eftort on ood i8 about 0.65 and two values 
of the catoh per unit effort on alternative stacks verB aSIItIIDed -
0.2 and 0.4. FiBUl"I 51 shove that if there vera a 50% out in the 
effort on cod, the cod oatoh would drop by about 650 000 tons (i.e. 
a 11 ttle under 50%), inoreasing thereafter, but recovering close 
to the catoh taken with the origiDal effort 5 years later. However, 
the total catoh (including oatches from stooks to 1oIhioh surplus 
effort had been diverted) will be considerably h18her. At the more 
conservative estimate of the productivity of the alternative stocks 
(rather less then one-third that of the cod stocks) the total oatoh 
following the reduction of cod effort will be equal to that of the 
unregulated neets efter four years. On the assumption that the 
alternative stocks are about two-thirds as productive as ood, there 
will be a loss only in the first year, end by the seventh year the 
total catoh will be over half a million tons higher. 

Similar results are obtained from a phased reduction in effort. 
There will be & reduction on cod catCh over the Short period con
sidered, but the total catoh will increase end on the more optimistic 
estimates of catches from alternative stocks the initial decrease 
will be insignifioant. 
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Table 4 au.maZ7 o~ ~eet atatistios 

Data trom oountries returD1Dg atatistios1) 

Tots1 Catoh Vessel CatesoZ7 
Yaar 

<1502) ('000 tons) 151-500 501-900 901+ 

1960 1 840 42 342 456 124 
1961 1 886 43 357 447 143 
1962 1 941 45 344 436 144 
1963 1 915 45 358 413 160 
1964 1 835 45 381 398 165 
1965 1 861 45 401 397 177 
1966 1 882 44 419 419 172 
1967 2 036 43 433 412 210 
1968 2 235 42 426 400 226 

1969 2 151 40 437 

I 
375 224 

1970 2 090 40 456 356 215 

Best estimate totel 
~eet all countries 

Non-Mobile Mobile 

K1502) 151-500 501+3) 

42 342 934 
43 357 1 057 
45 344 1 090 

45 358 1 084 

45 381 1 012 

45 401 1 049 
44 419 1 048 

43 433 1 233 
42 426 1 440 
40 431 1 336 
40 456 1 089 

1) No data were available ~or the total Borth Atlantic ~or Denmark 
(Faroes), U.S.S.I., V.S.A. -----

2) Approximate thouaands o~ ves •• la. Inoludes 25 000 Norwegian vesael. 
8a estimated b7 cenaus 1960. Exolude. U.S.A. vessels. 

3) lrom the per~ormaDCe o~ vesaels and catohe. returned ~or 1?70 the 
8mmal catch at one unit >901 GIlT • 2.5 unita (501-900 GIlT). 
Uaing thia factor for the sampled vesse1a, the two ve •• e1 
categoriea have been amalgamated to e single olaas >501 GRT and 
then reised to e.timate the total ~eet o~ all oountrie. in this 
oategoZ7 on tha indioated a.aumption that 95j1: of the uns •• p1ed 
oatoh waa taken b7 veBBe1a in this oatesor7, or having equivalent 
mobi1it7 in choice o~ area o~ fiahing. 
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T.ble 6 Percentage di.tribatiOD ot c.tches in 1970 by Tes.el 
o.tesories with dittereDt degre •• ot mobility 

lIIo!>- Plrt-
JIIoblle Hoblle Hobile 
<500 501-900 901+ 

Stocks ill Hodel 

Borents Sea/Bo.r Isl.nd ,6 42 22 

liIo"""7 co ... t 77 14 9 
Ioeland 71 25 4 
Greenland Eas t • Hk·)' 15 17 68 
Greenland U-D 25 '4 41 
Labrador 2G-,L 18 18 64 
Grand Bonk ,lIfO 7 61 32 
3P1 '9 53 8 

4Ts - 4Vn 64 24 
I 

12 

Other Stocks 

3Pn - 4R. 38 9 

I 
53 

4V. -41 34 46 20 

5 n 24 3 

Catch ('000 tonal 1 0481) 721 757 

~ at Total C.tch 41 29 30 

1) Includes 86 000 ton. landed b7 thi. catagor7 of U.S.S.R. 
vessela tishiDg Borents ae.lBear Island which may be con
sidered a. mobile ettort it used with support oraft. 
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Table 7 Distribution o~ fishing e~fort in 1970 between 
vessel oategories 

'QOO hours correoted '000 hours uncorreoted 
(See Table 5a) 

Tot"l 
<500 501-900 900+ 501 GRT+ 

:Barents Seal 
421 491 257 1 169 :Baar Island 524 

lforwa;r Coast 305 56 36 397 64 
Ioeland Non-spawning 0 4202) - 420 294 
Iceland Spawning (620)1 0 0 
Greenland East, lE&F 8 8 33 49 29 
Greenland lA-D 16 22 26 64 34 
Labrador 2G-3L 93 93 331 517 297 
Grand :Bank 3lfO 7 64 34 105 69 
St Pie=e 3Ps 27 36 5 68 29 
4T - 4Vn 30 11 6 47 12 

~ Estimated total hours ~ished b;r vessels 501 + GRT...... 1 352 000 
Equivalent number o~ fishing da;rs (F.R.W. German;r Da;r 
~ished = 11.51 English hOurs) •••••••.••••••••••••••••• 117 000 

Total number of vessels in this class (estimated Table 
4) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • •• = 600 - 700 

Implied ds;rs fishing per vessel year •••••••••••••••••• = 195 - 167 

1) Adapted to simulate appropriate fishing mortalitn it does not 
measure fishing effort. 

2) Includes some oatoh by vessels of other oategories whioh are not 
separated in the statistios 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- Iceland Greenland Grenland ICNAl!' ICNAl!' ICIrAl!' 
Year Norwegian non-ap •• East, ICES XIV ICNAl!' 2G-3L 3N01) 3Ps ICES I,IIa + spawning ICIrAJ!' lE-F lA-D 

lIb ICES Va 
1960 .50 .25 .19 - .26 .43 

1961 .65 .33 .35 .40 .25 .54 

1962 .63 .42 .49 .41 .16 .40 

1963 .66 .60 .43 .59 .32 .16 .30 

1964 .72 .77 .52 .65 .46 .18 .50 

1965 .50 .74 .50 .51 .61 .23 .42 

1966 .50 .57 .43 .49 .44 .26 .80 

1967 .63 .74 .53 .70 (.61) .58 .51 

1966 .492) 1.24 .29 1.06 (.75) .43 .46 

1969 .622) .90 (.25) (.76) (.70) .37 (.55 

1970 
(.60)2) 

.94 (.30) (.49)3) (.40) .37 (.55 
---- ________ L _______ 

N.B. Estimates tor reoent years given in brackets are less reliable. 

ICNAl!' 
4T-4Vn 

.47 

.37 

.35 

.45 

.46 

.60 

.39 

.26 

.25 

(.25) 

(.30) 

1) »ased upon a value of q for 1960-1964 applied to estimated effeotive 
fishing eUort. 

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 ICIrAll' 
Mid-term Assessments Committee Report 1972, bscBuse the fiehery has here 
been split to take acoount of the interrelationship between the Iceland 
and Greanland stocks. 
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1960 

1961 
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1963 

1964 

1965 

1966 

1967 

196B 

1969 

i 1970 

- 31 -

Table 11 St k 00 compoe iti t th b"6im>1D8 f 1960 (in on a e 0 millioDS ) 

~ ~ ~ .... ~+ :l ~ n .. l .... " .~ is • iI j:r '" .Ase Groups ~ 1.. Iii 
'" ftl 'i!" a! ~~ II jJ ~~ i~ ~!I: ~~ ft ~§ rJl 

.... '" f:llj .... g ......... .... ..... .... ~ 

1) 5) 2 ) 5) 2) 2) :5) :5) ~} 4) 

~ 1 059 124 85 ~71 999 150 (50) 1:55 

4 664 228 ee 115 662 75 47 14~ 

5 297 102 14 ~ 41~ :50 73 71 
6 24~ 4:5 10 26 28:5 ~:5 2:5 48 

7 85 57 ~8 90 24~ 18 1:5 20 

8 29 26 6 15 188 7 9 6 

9 :50 21 4 11 128 6 4 :5 
10 30 4:5 10 24 100 ~ 2 4 

1 10 2 2 6 72 2 1 1 

2 5 1 2 14 45 2 1 1 

~ 1 5 47 2 1 1 

14+ 1 54 5 

1) WorkiDg papers of Worth-East Arctio Yisheries Working Group 
2) Present Report 
:5) IOWAr Assessment Committee Report, Hid-term 1972 
4) PinhOrD 1970 
5) The stook in these fisheries is generated 1>7 survivors from the 

stocks in the Barents Sea/Be&r Island and Ioeland non-spaVDiDg 
fisheries. 

Table 12 Estimates of population bioma •• ('000 ton.) 

... .. . ~l ~~ is ""Ii:' 
§~ 

'" 
~~ ~9 ~~ ~~ ~~ ~I ~I: !!If;. 

~.:!i ~~ ........ ... '" .... ~ ....'" ......... H~ 

2 756 ~ 072 540 1272 3 413 272 355 

2 905 ~ 272 570 1 327 2 951 268 390 

2 878 2 586 5~6 1 217 2 793 lee 401 

2 556 2 654 496 1 OB5 2 56e 180 3BO 

2 090 2 680 520 1 059 2 475 " 193 ~24 .... 
2 329 2 722 4BO 1 069 2 510 1l 192 26B .... 

':;l 
3 227 2 951 616 1 023 2 B53 to 2liO 21B ... 
4 09B ~ 036 640 875 2 455 8 20B 213 

~ 645 :5 054 417 601 2 625 222 235 

2 B53 2 926 509 367 2 625 21B 2.62 

2 091 2 676 364 282 2 693 286 2B2 
- .. -
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Table 14a Seasonal pattern of fishing as the deviation of the average CPUE 
for each separate month over a number of years. from the 
annual mean CPUE for all months 

• . , 
"'" 

+' 

" n ~ ~ I 

" ... 
H 0 

Months " 1~ '" + .. 1 w~ 5 '" H "' .. " H H ~I> 'j;j'" ... "' 
~ '" ... '" ... i", "'" i! I Ii: .. !; 

'"' ",", ""'"' "'"' " p., I 
0 0 00 0","0 ~~ ~ t!> !;I. H H HH HOlH '" "' "' 

Jan. 95 159 67 78 70 127 168 6 6 70 
Feb. 78 164 - 194 80 123 167 6 6 53 
Mar. 92 173 107 200 100 135 129 112 112 60 
Apr. 108 195 113 222 135 100 122 200 200 79 
Ma7 131 104 133 222 150 112 100 135 135 93 
June 152 - 133 III 133 96 89 147 147 157 
Jul. 125 - 131 56 75 80 134 177 177 199 
AU6. 115 72 93 28 40 51 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 72 
Nov. 77 41 67 28 48 80 55 129 129 67 
Dec. 115 68 77 28 57 102 55 112 112 60 

Table 14b. Seasonal variation in catohability coefficient 

-:~ Catcha- .265 .651 .420 1.000 4.613 3.290 1.262 3.500 9.589 6.219 
bilit7 
Coef!icient 

Jan. .266 1.353 .261 .760 3.369 4.176 2.120 .210 .575 5.753 
Feb. .216 1.395 • 1.940 1 3.650 4.046 2.107 .210 .575 4.356 
Mar. .257 1.472 .449 2.000 

I 
4.613 4.441 1.627 3.920 10.739 4.931 

Apr. .302 1.659 , .474 2.220 6.497 3.290 1.539 7.000 19.176 6.493 
May .366 I .665 I .559 2.220 I 7.219 3.664 1.262 4.725 12.945 7.644 

I 
June .425 I - ! .559 1.110 6.401 3.156 1.123 5.145 ! 14.095 12.493 , 

Jul7 .350 I - i .550 .560 3.609 2.632 1.691 6.195 16.972 16.356 
AU6. .322 i .612 1. 390 .280 1.925 1.6771.694 2.065 5.657 14.794 
sept .265 .468 1.390 .260 2.021 1.065 .795 3.290 I 9.013 9.698 

L" .173 ! .306 1.336 .280 2.069 1.2171 .795 3.710 110.164 5.918 
Nov" •215 1 .348 i .261 .280 : 2.;10 2.6~ .694 4.515 12.;69 5.507 
Dec. .322 L·576 1.323 .280 L 2.74~~.355 .694 3.920 10.739 4.931 

--
Sources: See Table 11 for ICES Stocks 

ICNAF Statistical Bulletin, CPUE of selected oountries for ICNAF Stocks 
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Table 15 

Age group 

3 
4 
5 

, 

6 , 

7 I 
, 

8 
, 

I 9 
10 

I 11 
12 

13 
14 

- 34 -

Pattern of recruitment to the fishery, the fishing 
mortality in_each age group &B a percentage of the 
average fiBhing mortality of age groups 7-12 

------- -

.., ~ ... 
. .... H 

H " "l!!' .. c:l c:l .:!i H .. . 
H ~"" ;i rIl .. 

~~~ ~'i !!J~ rIl til rIl' 

"" "" ~§ 1'lJ. 0 0 0"" H H H'; H" HH H" H'" 

.10 0 .05 .01 .01 .09 .02 

.59 0 .23 .03 .08 .27 .14 
1.17 .03 .82 

\ 

.04 .41 .64 034 
1.45 .06 ' 1.00 .n .67 1,00 .61 

1.45 .14 .29 1.00 1.00 I 
I 1.34 .51 .55 I 

1.07 1.17 I .85 
.86 1.43 

I 
1.00 

.86 1.46 i 

I i 
.48 1.23 I .48 1.23 \ 
.48 1.23 \ 

0 .. 
~ '" '" a ~ 
0 0 
H H 

.20 .04 

.60 .38 

1.00 .11 

.85 
1.00 

Table 16 Growth ra.te, i.e. round fresh weight at each age in kilogrammes 
~ "r "' 

3 .43 1.48 .62 .18 .47 .28 

4 .84 2.41 1.18 .44 .79 .69 
5 1.36 3.45 2.10 .82 1.37 1.08 
6 2.00 4.32 3.09 1.24 2.47 1.68 

7 2.92 5.16 3.91 1.71 3.55 2.40 
9 3.87 5.12 4.54 

1

2
•
17 4.93 3.21 

9 5.25 6.29 5.55 2.62 6.05 4.10 
10 6.50 6.73 6.00 

1
3•07 7.50 5.08 

11 , 9.23 7.19 6.50 , 3.47 9.23 6.03 
12 I 9.43 7.58 6.50 13.83 : 11.06 ' 7•00 
13 J 10.60 8.00 j 6'50~r2'40 8.05 
14 11.80 8.47 6.50 4.43 13.80 9.16 

. - . - ._- '--- .,-

C 10 

,; 

!!I~ 
100, 
0'" H..-

.02 

.21 

.51 

.77 
1.00 

I 

1 I I 

.22 

.54 
1.00 
1.67 
2.05 
2.84 
3.37 
3.96 
4.45 
4.80 
5.17 
5.75 
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Figure 1. Main North Atlantic Cod Stocks and their Migrations. 
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CAWULoITED MATRICES INPIlT MATRICES 

t 
STOCK lI1lMBERS 

- (NO. OF FISH AGED 1-12 7 STOCKS CATCl!ABILITY 
STOCK CllARACTERISTIC) ,..... (AIIIllIAL MEAN ABD SEASONAL ..-

• FACTOR STOCK CllARACTERISTIC) 

PROSPIDTIVE CATCH PER UNIT GEAR SELEXlTION PER AGE GROUP 
..;0-

EI!'FORT PER STOCK PER MONTI! STOCK CllARACTERISTIC 

WEIGIIT OF FISH PER AGE GROUP 
"- STOCK CllARACTERISTIC 

FISHING EI!'FORT PER STOCK _oC- RELATIVE ATTRACTION OF EACl! 

PEEl MONTI! STOCK FOR EACl! COUNTRY 

ECONOMIC FACTORS .. TOTAL FISHING EI!'FORT AVAILA:BLE 

I 
FISHING EI!'FORT PER STOCK PER 

I 
EACl! MONTI! FOR EACl! COUNTRY 

MONTI! 

i 

I I I I- NATURAL MORTALITY PER 
YIELD COMPUTATION 

STOCK PER MONTI! + 
CATCH. NUMllER PER STOCK PEEl 

r-
MONTI! 

I 
CATCH WEIGIIT PER STOCK PER I- I WEIGRT AT AGE I YEAR 

~ISUVIVORS PER STOCK PER MONTI! I .. I RE:lR1JI'rMENT OF YOUNG FISH I 
1 

r INTER STOCK MIGRATIONS I 
I 

Figure 2. Simplified now diagram of the simulation model. 
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FIGUBE 3 (otd) 
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FIGURE 4. Chazlees in catch and oatch per UDit effort as a consequence of 1l1ImII88-
meat to regulate fishing effort on an Atlsntio wide basis. 

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

2. (Run 6) To decrease fishing effort in Year 3 to B level that 
oould _rate F QPt on all stocks. but with no re
striotion on mobility (i.e. 50.' reduction in overall 

3. (Run e) 

5. (Run 4) 

fishing eftort). 

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

To ds""ease fishing eftort as (2) by 10.' per year from 
Year 4 to Year e and held at that level thareafter. 

To allow fishing etfort to increase by "'" per year 
over all yeBrlJ. 
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FIGUIiii 5. Catches under ditterent _t strategies 00IIIp&1'Bd to the oatot. u:nder 
strateQ' (1). where fishing effort vas stabilised at the 1970 level. 

A. 

B. 

StrateQ' 2 (Ibm 6) reduction of fishing effort to Fopt in one year. 
(i) Catch of ood relative to strates:v 1 (Ibm 3). 

(11) As (i) with the fishing effort displaced from ood redeployed 
on othar non-ood stOOD at an &8BU11U1d oatch per unit ettort 
tvo-thirds the overall catch per unit ef:fort on the ood i taeU. 

(iii) As (11) with oatch per unit eftort ot non-ood stookB aBBUllUld 
"",,"third that of the ood stookB. 

Strat&s:v 4 (Ibm 7). l'Ilased reduction of fishing mortality to Fopt. 

(i). (11) and (iii) BS for A. above. 
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