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Introclpotiop 

It ia obyipn.ly 4e.1rallle to bu •• took u ... _te upon critioal &Dalyae. 

or the parueten iJIn-ilI& population ahe in particular .teea. Por the _t 

:part the.e.tu41 .. ban in the put 4epellded up<lIl catch per unit effort! ettort 

aual,yaia. ar aore recently. upon ·virtual. population' aual,ya1l wb1ch onrcOlll •• 

in _e __ e the 1Dberent variellUity of oatch per unit effart data. The Ute 

at tAia t.chnique hat rec.ntly led to a BUDatantial aod1t1oat1cn or the u •••• -

aeDt; at the Iceland ood .took bued upon the catch per unit effort data (ICES, 

1968&), and 1t ..... poee1ble that analogoue .tu41.a or the DOrth_.t Atlant10 

cod .tocke w1ll al.o .e he'I}I8Nd ~ the ditticulUe. of oonatruot1n& an ..s.q_~ 

.. r:l.e. or oonai.tent data. In thi. l1&bt it i. relevant to .. ek oontiraation ct 

the analyt10al aodela by the altenaative, Dut le .. rigoroue, approach dPelopec1. 

~ Scheerer (1951t.) and ezt.1Ided lIy Gulland (1961). 'I'M. aethod 4Dee have the 

e4Yantaae that 110. I_ral1ty include. the var:l.etiont in alI.olu1i. yield wb10h 

are lenerated DY 4ene1ty 4ependent ohazI&e. 1n the tlm!l' •• ntal population pare-

Mten and wb:I.oh are in pract1o. CUlluded troa ao.t analyt10al ..... aDlent. to 

dat., oriDc to the cJ1tt1oulty or clet'1n1ag th ••• tectars with IIZ\Y degree or 

pE'8Oi.iOQ. Moreorer. the uthod tecll1tatea rapid oOapari.an or data trca 

d1:tt ... nt tiahar1e. and eDUlee one to draw upc::I1 the eftecta of t1lh1Dc in stocke 

that have lIeen uplo1ted intenaively tar a lcmger period than the nortlt-we.t 

Atlant10 eteea. 1Ih1cII have 'been 8I1bjected to a rapid 1noreaae in t1.h1na only 

in rec.nt ,ear •• 

1lfthg4 

<mo. recruitment 11 oa.,plate the eb'mdame or an eatploited tiab population 

11 tar the ."-t part c'IIrter!ll1nAtd lr,r the uaunt ot t1ah1ng to which the oonatituent 

... P'OIIP' bave lIeen expoeed. Howw .. , in all eatplo1ted ood .tocke it 11 .aa7 to 

1dent1t'y a nuab .. of aae aroup, 1Ib1oh oantrillute the aa.1ar proPQi tion at the 

alNnAanol at the uplo1ted nook in an;, 7Iar, am .0, aa an appran.aUon. 1t 

oan b. ea14 that the alnlJlaenol in that year 11 4etera1ned DY the t1eh1n& .ffort 
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to 'tIId.oIa ~ ..... poupe .". __ &qI1." IIoet.t ~ ood atooQ flit 1;ha ~ 

AtluUo MIte 1Ibair ~ _~101l aa !;-. 6- UI4 7-JMZ"-Qlc1a, Ie) the _uar.4 

...... n71 1IOUl4 1Dcl. ... pr1.ar1ly the ettect. at N01'U1tuat, aDd at fiMin, 

cim'1:a& the ,... of aupl1D& and the pnoed1D& =- 7"" 

It' ~ ..... md__ 11 ~ aa the llUllbera at tiah caugllt I*' \III.1t ettcrl 

tIMra th1a 1D4ex 11111 Mcl1De upmenUal17 1I1th 1Dc~1D& t 1 abh ll ettori. 

Bc:Int'er, data tor a aerie. at ;)1Iara 4uriD& wta10b ettori baa chanpd _iderQl,. 
are --Ml7 to 48tact the effact at 1Dcn •• 1n, ettGl"t upoe the ... md.oo .. at 

tM atcolt, u4 at the pre.em t1ae 0Dl.7 the lude4 -1&ht per UIl1t ettort 18 

&ft1lule tor 1;ha -"Ml7 per104 tor _t .tecka. TIM relatim.bip It.tw •• 

the laM.d -1&bt per \III.1t ettGl"t aDd 1JIoreaa1D& ettan; 18 II&t __ t1o&117 ___ 

~l-J in tllet at h1&h 1 .... 11 at eftort tlU. relat1G11 'IIOUld 1te rather lonr 

tban ODe baaed IlD ~_, oIIiD& to tM lonr __ -1&ht at t1ab caupt at kip 

1_11 at aplo1tat1an. COIIYeree17 ClD8 cu araue that tIU. tend.....,. 'IIOUld It. 

ott .. t D7 denatt,. depend.nt eAaD&" in the .took, or b7 a reductiGl1 in tile rate 

of diacard1D& OIl board the tialWl& ve.eels. COIl~17 1t 18 l118an1"1f\1l to 

a~1;e tile relat1oaah1p between catob _1ght per Im1t ettort IIIId ettort b,. 

the lcgtlritM1D reare •• 1aa that would be applied to catch ZIUIIlter.. plotting the 

lopr1tba of the catch per Im1t ettort againat the lieU tbb1nc effort 1A the 

7Nr ot aupl1Di aDd the pqced1Dg two :J1I&ra. 

Tbi. tecbDiqIM baa b4!1IIl applied to data far the tolloriDg ood fiBberi •• , 

Barut. Sea Wo.t Greenl&Dd 

Boar Island Labrador 

IoelllZl4 Nntcnmdl.nd 

J'aroe 

/ 

.-" 

,r 

eet out in Table 1. There are d:lf't1oult1e. ill tb1a area lIreakdown, Iteoauae oacll .. -' 

.rea doe. not nec •• 1IU'1ly wpport 0IIe unique 1II11t .took. Tae Barel1t. Sea/Bear 

leland t1aher1e. are part at the Arcto-NOl"WII,1u .teck ooapln:. '0 that the 

exoluai_ at the Narw.y oout f1ahery. wh10b al.o uploit. the .ue atook, will 

lee to u Wlder •• tiM.t. of eftort. Tbi. 111 perhape not 1IIportant in tIU. 

o.ut, lNo_ the uWldazlo. at the .teck in the •• two tiaber1 •• c1apeDda OR 

the Uundenoe at the ~t_ cod, aDd at tlU.. at&ae of lU. the two .tecka are 

1IIdependeAt. (a.rrod 1 967). j.t J'U'oe two .tocks - the plateau and the Itenlt -

are 1Dclw'ied in the cme .ot of data (Jcme. 1966). A.t Iceland the .took aituat100 

18 Ie •• _11 UDderatood than had b4en thoupt, tor 1t baa Iteocae eYiUat that the 
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'oatch per Wlit effort giTen is not a measure of' the total abundance of' the &took; 

hOW8ftr, it does aeasure a part at it, in the _ 1I1IJ' aa tho Barents Sea and 

Bear Island data llleeaure a part of' the .lrotcMl'OrwgilUl stock. To this uent 

the estimates of' oatch per unit effort are yalid, 'but the total international. 

eftort 18 oertainly overestimated (ICES 1968a). The distrillution ot the north

west Atlantio ood stooks ... desoriloed by Tupleman (1962); from his lUlalysis, 

and subsequent national reeearoh report. (IOlfAJ', 1962-67), and the work at 

Hodder (1965) it is olear that the Labrador stock utends into Subarea :3, aDC..~ 

even excluding this tho oonsideration at the statistios t1'Oll Subarea :3 aa a 

single unit olearly iJIOludes data trom mare than one other stook. 

To fsoUitat. the ocaparison betwen stooks tho oatoh per unit eftort date. 

for the saYen areaa shown in Tabl. 1 have been redIaoed to a stanCard unit, i.e. 

the OItch per hour or a 760 ton EngUsh distant-water side trawler. For the 

north-east Atlantic tisheries this is ..... a11abl. directly trOll national data &ad 

hu been taken t1'Oll the reports of' yarious lOES Worlc1ng Groups in recent years 

(ICES 19,67, 1968a, 1968b). Por the IIQI:'th .... t Atlantic stocks sOlie oonversion 

device has been neo.sslU7. For West Greenland ood tho ltaaio oatoh per unit 

etfort is tho aeu at the in4e:I: recorded by three groups or Portuguese dory' 

vessels, Portuguese side trawlers (901-1800 t), Spanish side trawlers (901-1800 t) 

and Gel'lllSll side trawlers (501-900' t), expreased relaUye to the index at ab'lnd81l(le 

that these groups recorded in 1954.. This tollows a procedure adopted loy the 

West Grsenland Worlcirla Group (ICN.AJ' 1966). Data tor the Labrador stock have 

been derived trCIII thoee given by Hodder (1965) tor Portuguese trawlers in the 

JIIZll.1Al"y-June period, and for Newfoundland the baaic unit is the mean ot the 

oatch per unit effort or French, Portuguese and Spanish trawlers derived in a 

manner analogous to that tor tho West Greenland stock (ICNAF 1954-1 967) • These 

vai'i0\l8 units of' effort have then been oonverted to the English unit by appropriate 

oonversion tactors baaed. on the ocaperisona at fishing between the various fleets 

in recent years, when the English vessels have fished these Subareaa to a 

greater extent. In fact, prOV'ided that this oonversion has remained oonstant 

its acouracy does not matter, because the subsequent treatment of the data 
within 

depends OIl the relative ohanges in oatch per unit ettorj{,rather than between, stocks. 

The total international. effort has been estimated in the converdional wa:y 

frOll the total oatch and the English catch per Wlit effort. 
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Result.a 

The regres.ion equation. of thes~ relationah1ps between catch and effort 

are given in TaI;Ile 2, gi'rin& the intercept u an estillate of the initial 

abvndAme of the unexploited stock, and the rearesGon ooefficient as a aeuure 

at the effect at fiah1n& effort. The correlations .. &ood far the north-eut 

Atlantic stocks, showing that despite the thearetical ahortcoaillgs the relation 

betwen oatch ant effort is a.dequatelT described bT the technique used. Varia

b1lity uout the regr.ssion can be ascribed to variation in year-class str.~, 

and sallpling e=s. If the -=s in the treat~ at data are cCIIIPUabl. 

betwe.n stocks, then the greater varial;lility of the regression far the West 

GreeDland and LaI;Iradar' .tcoka can be attributed to propOrtionately greater 

fluotuations in year-clus strength ar availabl1ty. There is &llple evidence 

of this in IIIOre rigarous atudi.s of those fisheri.s (Harsted 1967; 11..,-1966) • 

Ther. is no regr.sGon far the Newt'OIUIdland fiahery, owing to ita sta'bllitT 

during the period for which data are ava1laltle. 

The regression coefticilmt 1& a .easur. at the .ff.ct of the Wl1 t of effort 

chosen, and clearlT this generates a greater effect on scme stocks. But fishing 

IIIOrtality 1& .ore carrectlT related to fiahiD& intensit;n it is onlJr related to 

effort 'ldlere the area at a stock is oonstant. It a oonstant fishing intensity 

generates a constant fi shins mortality, i. e. if the reaction of cod to fishing 

gear is constant, then the difference 'betwe.n the regression coefficients 

reflects the greater .ffort required to generate equivalellt fishing inteneitT 

in the dif'ferent stocks, which itself II1ght 'be upeoted to .e related to 

differences in the areas occupied by them. That this is so will be shown later 

(eee AppeDdilt 1 and Figure 3). The tishing eftort on each stock baa therefOl'8 

been .eighted "to give a fishing intensitT equal to that on the Faroe stock (that 

with the smallest area), using the ratios of the regression coefficiellts. 

Similarly, although the absolute magnitudes at these stocks are ditterent 

they oan be generalized by measuring the proportional decline trail the ariginal 

unexploited stock size in relatiCill to incr .... ing fishing effort. The data in 

this fora are plotted in Figure 1. The linear regression is an adequate 

expression of these data. It should perhaps be slightly oonoave d.owmIard, and 

this would flatten a derived yield curve, but it has no bearing 011 the relative 

positione of the varioua stocks on this curve, which is the objeot at this 

contribution. 
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This generalized yield ourve aud 'SohAeter plots' are given in Figure 2. 

The :i.llplication or this technique is that all the north Atlantio ood stocks 

have identical relative yield curves. This is not UDaOCeptable wheJ1 ODe oon-

siders the- logical oOllOluaion ot the oonstant parameter model as developed by 

Beverton and Bolt (1964.). The values at IVlt can be presUJDed to be nearly 

oClD8tant, exoept tor Parae cod and, tgr practical purposes, the ratio LciLoo 

is also epprax1mateq constant between stooke, since oomparule .esh sizes are 

in use throughout the are .. , aIId the llQIIptotic leJll1;ha are not very ditt_t, 

within the acouracy or a:ia1I1lIg data, except tgr tlle La1tr8dar stock. 

Di!!OW!a1o! 

The present leval at uploitation or the various tisheries in these ter118 

is added. to l!'1aure 2, ahowiJIg the present li1Yel below the function. 1IDd, wIlere 

releYant, the peak reached in earlier ;years abewe it. 

The Barents Sea tish1:ag reached a peak tishing intensity beyond the optilr.llD 

in 1961-1963; this happened at :Bear Island in 1957-1959. Since then eftort has 

declined, eapeoially at Bear Island. Recent analytical assessment at the Areta

NOl"InIgian stock as a whole ahOlnld that the lIaltiIIIwD yield 1IOI1ld be achieved by a 

25 per oent reduction in ettort (ICES 196&). It should be recalled that 

this present result excludes the ettort in the Norn;r coaat 1'ishery. and to a 

large extent the oontrillutian at mature tish to the yield. So. whilst the p=sent 

levels of ettf7rt lIllY wll relate to the potential yield at individual fisheries 

aa indioated, this 01UlDOt 1te d1reotlr equated nth the requirements of the entire 

stock. In 1'act the yield curve at A1.'Oto-Nornaian ood \Illder the present con

ditions at exploitation is :!'latter t~ that shewn in Figure 2, with a 1llUiDn.ua 

at a lower level ot tishing 41tensity than this scale. 
, 

The recent assessment or the Ioeland stock showed that. at the most reali.5tic 

aasumptions about the rate at natural mortality. the present ;yield is close to 

the maximum. though there 18 some doubt as to the correct measure 01' effort. 

In this examination 01' the data this has been overcome by the adjustment of 

ef1'ort to a cOlllllan baae, using the ass\lllptian that a OOlllDlan 1'ishing intensity 

will generate the same proportional decline in stock abUlldance. 

The Paroe tiaber,y reached a peak tiehing intensity in 1960-1962. froll which 

the level at exploitation has returned to something close to the optimum, though 

the stock has not yet returned to its equilibrium level. 
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In the north-west Atlantic this treatmant i.arplies that the level of fishing 

at West Greenland has reached the 0pU.IIIIIII. This is in broad agreement with 

Gullsn."s cOllClusion(GOLLA.KD1967)'that the 1965 level at ertort is not sub

stantially below the level giving the lIIIXiawa sustained yield, and U3 ... 11 lie 

above it'. Gu.lland was olearly inolinad to .the latter view but this 1fU based 

on estill&tes at .ortelit,. a.rived ult1u.te17 !rca the aae oOlipoaition at 

research vessel samples.. lIherever virtual populaticm analysis has been used 

in oon;juDgUon with oatch per unit effort analysis(e.a. for the Areta-Norwegian 

and IoelaJld stocks) it has shown the oatch per unit eftort analysis to oyer-

estimate lIortality. This is UIlderst8Jldahle, since the size group objective of 

a tishery will decrease as tishing beocaes more intense. In vi.,.. at this the 

oonoluaicm that the level at tishing at West Greenland is olose to an opt:1mwl 

is not unrealistic. 

The position of the Labrada!:- tishery is les. oertain, ow1na to the liJllitat~ 

of the data at hand, particularly the excluaicm at landings trom Subareas 3K and 

3L. The indI.oation froll this analysiB-that the level at exploitation is 

probably to the left ot the optilllum (Figure 2) _ oOllt'licts with the conoluaicma 

drawn by IIq (1967). His eatillate of FI" chosen tor entry into the tables at 

yield tWlCtions was deduoed from age oOllposition data (Mq 1966), and it is 'iIOl-th 

noting that it is rather higher (4.5) than Gu.lland's estimate (3.5) tor the West 

Greenland stock. which ons might expect to be the more heavily exploited at tl:-e 

t'110 by virtue of ita greater aooessililility. The general 10g1o ot the positioli 

given for Labrador in Figure 2 oan be sean by comparison of this fishery with 

that at the Barents Sea. In the latter area a fishing etfort of 520 units 

(Table 1) is adequate to reach a point olose to the optimum. The Labrador filh, 

in Subareas 20-, 2H, 2J ocoupies an area equivalent to about one half' that of the 

Barents Sea fishery, so one would expeot o. 250 units at etfort to reach the 

same level of II%plottaticm at Labrada!:-. The present level is o. 180 units. 

Bowyer, it' Subareas 3K and 3L are included the area of the Labrador fishery 

beocaes alaost equivalent to that at the Barent. Sea, and if the effort at 

Laborador is weighted up by the catches in these Subareas, then the Labrador 

fishery will also lie oloser to the optimum level, at the alternative position 

(6a) shown in Figure 2. 
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The only ;IwItitiable ccmoluai.cm from this 18 that the proportional. declille 

in,catch per unit effort at Labrador has been less than that obsel'Y'ed elsewhere 

in aecurina the optiDa level of f1ahina. Moreover, recruitment to this stook 

is apparently leSB variable than elsewhere, so that the obsel'Y'ed maintenance at 

the catoh rates in that area iB lesB likely to De olWSed by a favourable varia

tion in recrui!tment. 

In the recent data for the NewtouncllllDd stook the trend in effort is not 

suffioient to permit the oalculation of a mean1n&ful regression. There are signa 

at increue in the last two years, but on the whole the fishery has reaa1ned 

rell&rkably stable since 1950. Its pt'esent poaition in Figure 2 has been estiJllated 

froll data given by Beverton and Hodder (1962). In their J'igure 6.1 the catch, 

per unit effort of trawl lending_ is given as 0.35 for the period 1935-1945, 

and o. 22 for the period 1950-1956, IIDd there is no evidellOe to show that it has 

changed aignit10antly since then. The oorreapCllld1m& effort figures for these , 

periods are 7 units and 16 units respectively. Thus the change from 7 to 16 units 

generated a 37 per oent declille in stook aDuDdanoe, and on the logaritbllic aollle 

this oan then be related to the abundance of the unexploited stooke The:pro

portional decline to the present stook abunc1.Uoe can then be traced on Figure 1 

and related to a l_el at ettort for entry on to Figure 2. S:1.Idlarly a regression 

ooeffioient oan be estimated for entry in TaI:Ile 2. This implies that the level 

at exploitation in Subarea :5 111 in the region at its optimal level, or slightly 

beyond it it the true yield outwe is flatter than that shown. 

CCllClusiona 

For an area'suolL_ the IIOrth-west Atlantio, 'Where very rapid ohanges in 

fiah1ng intensity have recently taken place, it 111 difficult to est1llate the 

population paraIIeters vital for oritioal stook useaament, but there is soaet:lling 

to be gleaned troa oOilpariaona with other stooke for whioh aore consistent data 

are available. 

The _thoda used in this paper are obvioualy verr appl'Olt1llate, and the p!,-per 

is oontributed not as a definitive statement but to stimuJ.ate a oritical appraisal 

at oatch IIDd effort analysis before drawing far-reaching oonclusions on the 

present levels of exploitation in the north-west Atlantic, or for that matter the 

north Atlantio as a whole. Although the precision of the present approach is 

not high the results do indLoate that the level of fishing in the north_at 

Atlantic 18 probably very ole .. to the opt1mwl required to secure a y1ald olOBe 
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to the potential maxi/Dlllll, and certainly not a long way beyond this level. 

This points to the need to stabilize fishillg effort at its present level, 

rather than to restrict the expansion of' the existing fleet capacity. 
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Appendix 1. 

The relationship between fishing effort, fishing intensity and the geo-, 

graphical area of.distributian of' the exploited stocks. 

Fraa basic theoretical concepts. and using the international notation 

~ = 7' (1 - e-Z); 

N here represents the initial abundance of the unit stock, and in the relative 

terms of this inter-stockoomparison it is unity. i.e. N = N1 = ~ ••••• , so that 

Y = F (1 - e-
Z

} 
N (Z • 

!lore precisely, F = qf/A, where A is the area of the stock, i.e. F is proportional 

to fishing effort per unit area, and the fishing intensity f/A = (f/A)1 etc. 

Hence 

and 

( -Z 
YN=qf i-e) 

A (Z ) 

( -Z 
AYN = q (1 ; e ~. 
f 

With the exclusion of the effect of area size upon oatchability, the coefficient 

q now has the narrower sense relating to the response of fish to fishing gear, and 

the relative distributions of fish and fishing with time. These can also be 

assumed constant within the species. Hence when the proportional decline in 

1 abundance of two stocks N and N is equal 

q ~ 1 - e -Z~ = Ici (1 - e -Zv 1 
Z L. ( Z 

AYN = ~AY:~ ~ T 

YNf1 Ai 
and = 

YN1f A • 

Furthermore, at this equal level of depletion the yield will be an equal 

proportion of the initial stock, so that YN = YNi and f1= Ai 
1 x' 
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The fishing effort required to generate the equivalent decline in the two 

stocks will be proportional, and the relative catch per unit effort will be 

inverselJ' proportional to their respective areas. Similarly the regression 

coefficient relating the chsnge in catch per unit effort to increasing fishing 
effort will be inversely proportional to this area. Consequently, if the 
theoretioal ooncept that fishing mortality is proportional to fishing intensity 
is valid, then a plot of the ratio of the regression coefficients against th<!
ratio of geographical areas, both referred to a standard, will also be 

proportional. 

The ratios of the regression coefficients and the geographical areas ar~ 

given in Table 2, uaing the data for Bear Island as standard. The geographical 

area has here been defined as the number of nautical square miles lying between 
the coastline and the 200 fathom isobath circumscribing the known distribution 
of the stock, and limited, where necessary, by the boundaries of the Statis

tical Divisions from which the data have been taken. This assumes that IUliY 

UIUIOcounted area of distribution beyond the 200 fathom isobath will be pro

portional to the area within. Although necessarily approximate this measure 
is adequate to indioate the relative sizes of the areas occupied by the stocks 

considered here. 

The relationship between these ratiOS is a measure of the increase in 

effort required to maintain an equivalent fishing intensity in each area. 
This is illustrated in Figure 3 showing also the bisector. There is a sub-. 
stantial anomaly for the Iceland fishery. It suggests that the derivation of: 
a figure for the total international effort at Iceland from the statistics of 

the English fishery has led to a serious overestimate. Subsequent investi
gation has confirmed this j the English fishery is based mainly on immature 

ood, but some 50 per cent of the international catoh is composed of mature 
fish which are barelJ' represented in the English oatch per unit effort date.. 
The method of derivation of the" international effort figure thuB leads to 

I double counting'. 
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Fig. 3. The relation between fishing effort and fishing area in the North Atlant~c. 
The ratio of regression coefficients represents the ratio of fishing effort 
required to generate a given proportional decline in stock abundance. 
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