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In :Ie," found I and 'f Ish' mo<:ns cod un I ass othen-II se statod wh I eh Q I VGS soma 

Indlcatio!: of. the impoM'ance of this species to the fisheries of the area. It 

has prov;d"d 80~ of ~'he catch of groundfish from Subarea 2 ilnd Division 3K in the 

last 15 ye<lrs. It the cod stocl~ Is In a depressed state the total ground'flsh 

resources of -.. :e3 area r.:ust be depressed res::.rdless of the strength or we<l:~ness 

oi' oi,,(;, Sf';:;C,os. Therefore it Is Im~ort.;;;;;-:- i-o Isolate the ffi<lnagC:i1ont need of 

the cod froco tilcse of the other groundflsh. In doing this, hO~lever, It is 

necess<lry to asl, whether there ilre <lny biological or fisheries Interactions to 

cons I CG, tl i ~'h other Sp<3C ies. C I ear I y it is des I r<lb I e that a ml xea 

fishery n~del such as that developed by Pope (1975al be applied, and proposals 

for m<ln.;;;ger.:em' ..-eg Ions be v I el'led I n the light of the mode I • 

T rlE Ar'r _I C.~T I J', Jr THE SCHAEFER /,10DEl TO THE GROUNDF I SH OF SUBAREA 2 
AND U 1 > . , I ~d 3" 

P',':10rn (i975l found that the groundfish resources of Subai"ea 2 and Division 

3:< exh;Z)itea cr;tch p~r effort tiGr;GS \';~ich coj"rclated signitlcClntly \'dth the 

fis:Jing effort adjusted by Gulland's r..::lthod (Gulland 1968) to allo~1 for non-

equi IlbrllJm ef1ects. This 11as true for three sep::lrate units of fishing effort 

o;;d ill I th:-ee sUS90s"!"ed thot the overo I I r..o:d r.:Ur.l y I e I d for ground;; i sh I'J(JS ot the 

o:-t:!or of ':00 t:'o:.:s.;;;nd r..atri c tons. Thoro I';OS ho~;ever SO;;-k) d I vergonce bo~;cen 

~ ~·: ... o tiiiCO r.:~:r~·~:;.!s ~s to tho procise Cl;7 bz:cl<. in effort \'J~ich \'/ould be rcqulred 

to ;::;::~1cvo t~:s r..:J~!r;;U:il sustalfluble yield. A unit of effort bused on 901-1800 

to;) v~;jsols 0'( r-~rice, PortugQI and Spain Sl!Sgostcd a cut bock 01 17~ fro:i1 the 

1973 lev31 of eHort. A unit of effort b;;;scd eo: tho} 1800 ton vessels of the 
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USSR elrod ?ola:ld StlSS::.stod that a cut b;;:c!~ of <:~out 13): would ba <:ppropriate 

'tlni ,e a unit c' ","for-:- based on Spanish other tra,i1er (oT) coc =,,-;-cho:: suggested a 

CuT back of "tc.,- ~O%, 1'.7 least part of ~his ciVE;rgence is ex:,laincJ Of the diversity 

of the vurious Tleet objectives. Tne Spcnisn effort which Is ~6sed entirp.ly on cod 

51101'15 tho need for the greatest cut bat;!~ 1'1:1i Ie the USSR and Polish effon;, .,hieh 

is arr.ongst tho r..ost divorse, shol'lS the 10asT. Another roason for the discrepancy 

is -ri:at only tho Spanish effort Is adjustc;l fer seasonality a;1d for that flcoij 

at loas,!- the 'rcndency has been for catches to bo Increasingly m<lde In tha e,arller 

r..onths "I' the j:!ar whon coo is ~~t c:::si !,' caught. The lact~ of such an adjustrr.zat 

for the other rr.easures of effort might have "i'>ked the true Increase In fishing 

effort In recent years. Against this point it ,should be noted that the levels 

of fishing mortality estimated by virtual population analysis for the total 

2J-3K 3L cod stocl~ have not shol'm the sama increase in recent years as displayed 

by the Spanish effort. This could be a result of either the SpaniSh otter 

tra,/lers becoming older and becoming lass efficient or possibly as a rosult of 

opt i mist i ca I I Y 10:1 va I ues of fish I ng marta I i ty be I ng used to in I t i ate the 

virtual population analysis. \'Ihlchever effo,.-,. "'Ailsure is uSf'd it is c:ear 

from Pinhorn's 1975 "ork that all three rr.:lasures suggest that the total ground

fish catch per effort for Subarea 2 and Division 3K can be represented by a 

Schaefer type r.odel. It Is also clear that cod is by far the largest component 

of the groundfisn resource and it would therefore seem I il~ely that cod would 

itself folic," a Scnaefer type yield curve. Using the Spanish O.T. measure of 

effort from Pinhorn's (1975) paper and regressing the resulting cod catch per 

effort on six year running averages of the effort gives a significant linear 

regression, 

alternative mathoa of fitTing the Schaefer lielo function was suggested by 

l1altllr (197,) lY~icn consists of regressing ine catch per effort in yeilr i+1 

against the efforT in year i, This method also gives a significant regression 

and t-iC:JrE: 2 5.·-~·,S --9 regression and thc r--=:s .... ;tin r , field curve. -;:e former 

regression gives a MSY of 352 000 matric tons at an effort of 217 thousand hours 

fishing whi Ie the latter sugg·ests a MSY of 417 000 metric tons at an effort of 

263 thousand hours fiShing. Both methods suggest that the stock bas been 

substantially overfished in recent years and that the 1973 level of effort needed 

cutting baCK by 32~ in the forrr~r case or by 18% In the latter case in order to :ring 

the stock back t:: The 14SY level of exploitation. 
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Apart from the cod, one of the other groundflsh resources has also been 

shown to have a Schaefer type. yield curve. This Is the redfish. Pinhorn and 

Parsons (l97·:~ :"~i,,, sevEral possible ~·iela ::urves fer this species, one of which 
is based on a six year averaging period ,ar.c ~a5 an equation gov"rr.ln;; its equll iarlu", 

behaviour of 

R • 32.47 - 0.0056 fr • • • • • • • • •• I 

Where R I s the catch per effort of red fish and fr Is the fish I ng effort on redtrsh 

averaged over the last 6 years and 15 measurec in star,~"rd days fisn,.J by vassals 

of greal'er than 1000 tons. Thl;s two of tile most Imilvrtant sto(;ks of fish I n the 

region Clppear to follow Schaefer type y-Ield curves. Since these stocks have 

accoun tou tor 91 ~ of the tota I catch I n The period it Is nof perhaps so surprl sing 

that the total catch appears to fol Iowa Schaefer type yield curve. Pope (1975a) 

points out that where total effort develops In a constant ratio on two non

interacting fish stocks and both have parabolic yield functions, then the 

resulting joint yield function on total effort will also be parabol ic. But 

the maximum yield It predicts need not necessarily be the true MSY of the system 

nor need the level of effort at which this apparent maximum yield Is attained 

be the level of effort that correctly appl ied would give the true maximum yields 

of the system. Horwood (19751 suggests that the equilibrium development trajectory 

of a fishery need not necessari I y pass through the overa II ~ISY of such a system. 

'" ; ~?~, C:'-I Dr, OF M I XED" F I Sh;:C:;Y 7HEOf<.Y TO THE COD AND F.EJc I SH STOCKS OF SUBAREA 2 
M,D ;:;iVISvi~ 3K 

Since both the cod and the redflsh stocks of subarea 2 and Division 3K 

have yield curves that can possibly be represented by parabolas the mixed fishery 

theory advanced by Pope (1975a) should be applicable, provided that there are no 

strong biological interactions betl":een the species; for example, simi lar to the 

type shown by Pope and Harri s (1975) for the South Afr i can : i 1 CO" ,j and anchovy 

s~ocks and discussed In detail by Pope (1~75b). Attempts to improve the regressions 

for ::od and for redfish using the catch rate of the other species as a second 

Independent variable resulted in no significant coefficients for this variable. 

It would thus seem that If there are biological Interactions benleen these two 

species they are of a suffiCiently 10li order to be Ignored for practical purposes; 

consequently the total yield for the redfish and cod was calculated for different 

levels of fishing effort and assuming no interactions. Figure 3 shows the 

contours of equal yield in relation to the effort on both species. The indlvld~al 
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S70<;(, 'j,c:d c"rves u::;cd to construct this joint stock function tlere Pinhorn ana 

Parson~ (1974) yield curve for the redfl~h fi~ted using the six year running 

o::varagas of effort and .toe yield curve developed for cod in the previoUNi section ="d 

using the six year running avero::ge method of fitting. This tlas chosen:ln order 

to choose the more pessimistic and tnerefore safer formulation and to remain 
I 

cCOlsist;;nt ,;ith the overall yield function of Pinhorn 1I975). The basis of effcrt 

use a for the cod was the Span i sh aT hours fished. I n order to make it compat ib I e 

wiTh the standard days fished figure for the redflsh, it has been divided by 

The I lie. This figure I'las chosen becCluse of a comparison of the cod catch rates ·2:e 

S~ar.ish 0T catch rates; iT su;,uc"ol'ea that Trds was an appro~riaTe figure. Thus 7~e 

pilrallol diagonal Iinos on Figure 3 shol'l the lellols of the total joint offort 

on thd n,v species in standard days fished hy vessels greater than 1800 tons. ;he 

cOOltour~ of equal total yield are concontrlc ellipses with thelr'ffiajor and minor 

axes parallel to the co-ordinate axis. These Indicate that the maximum yield 

for cod and redflsh combined is of the order of 400 thousand metric tons, 

attained at an overall fishing effort of about 21 500 standard days fishing. 

It Is thus interesting that these two stocks alone exhibit the same r4SY yield 

as that obtained from all groundflsh species by Plnhorn (1975) particularly 

as simi lar masures of effort aOld avoraging periods "ere usad. This sccms to 

bear out Pope's (1975a) suggestion that the total yield obtained fro~ assessments 

of tota I gro"nd fish vlOU I d tend to give 1000;er bounds to the tota I r.,ax i mum 

susta i nab ley i a r d of a systEom. Th i sis r..ora be I I evab Ie I'/hen the dave I opment 

trajectory 07 Tnese tl'/O fisher i es is exam; cad. Th i sis superi mposed on the y i e I d 

function in Figure 3 and shows that the :-::orTions of fisoing s"--- ;oioJ on 

tnese tl'lO f' s~ stocks have fluctuated cons i Gerab I yin the peri 00 from 1959 to 

1973. It is of course possible that if Tr,e other groundfish resources of this 

rey i on 1·/ere s-:-rongl y interact i ve vii th coC and redf i sh then the f i,," re of 

400 000 """r;c tons for cod and redfish alone "auld be compatible ,'dth Pin~orn's 

(1975) 400 v~O meTric tons for all grouOlcf;sh. This is Decause in That case the 

other grounGfish species might only nava increased in aDundance afTe. toe cod 

and troe r80tisn "ere depleted. This ~.ypot~esis is superficiilily Tec-.?ting in the 

I ight of Pin:.orn's (1975) Fi:;JrI' 2 '~/i,ic;· -. ':".-JS the p r opc:;TiOr1 0r _. '::;r ~;Jc.:...jes in 

the catch i r.creas i ng dramat I ca I I Y a tter 1,,69 "hen the cod and the redf i sh I'lare 

both eXOiDitino low catch rates. UnforTur.otely, due to the lack of specific 

effort measures for these species in the area this hypotnesis canr.ot be tested 
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directly. hevertheles~ the presence of older fish in significant quantities In 

the catch of several of the species of other groundfish, for example roundnQse 

grenadiers (Pinhorn 1974) and Greenland nalibut (Bowering and Pitt 1975~ suggests 

that they have not increased vastly In ~bundance In the recent pas~ and thus It 

Is probably that they do not strongly Interact with the cod or redflsh. It is 

probable that the total groundflsh MSY for this region Is greater than the 

400 000 tons joint maximum yle'ld of the cod and redflsh. 

POSS I 81 c 17 1;::5 ,,~, ThE 1~f\NAGE~;GJT OF T-lE CC:, REDF I SH AN] OiriER C"O~· ;:;1' I S·j STClCK 
COMPLEX i I. ~u3~t\t:A 2 AND 0 I V I S I C:·J 3K 

Management of fish stocks in Subarea 2 and Division 3K has untl I now been 

based on individual stock catch quotas designed to maximise the yield ot each 

stock In Isolation. In the light of the disturbing trends in catch rate shown . . 
by Plnhorn (1975) and lrodlcated by groundtlsh survey results (Anon. -1975) It 

Is certa I n I y sens I b I e to ask I f other methods of management might bo more 

appropriate. In particular It is Interesting to ask if either a total effort 

quota or a total catch quota would serve a useful purpose. Superficially the 

use of an overal I effort quota as the only management control in this region 

seems likely to be disastrous In the light of the volatility of the development 

trajectory shown In Figure ~and clearly such a constraint would seem unlikely 

to prevent heavy overflshlng of redflsh. For.example the overall level of 

effort in 1973 was not much different from that In 1959, a~d also the situation 

in 1973 for cod was rather similar to that In 1959 (see fo~ exa",cle Figure I). 

However the redflsh stock In 1959 was being exploited at the total destruction 

level of effort while In 1973 the level of effort on it was rather below the 

MSY level. This Is a feature of the much greater level of effort needed to 

attain MSY for cod (18000 standard day) compared to that needed to attain MSY 

for redfish (C 3000 standard days). The case with other species might wei I be 

rather similar with a tendency for them to be heavily overfished if they became 

artractive to fishing effort; Fcr example as a result of a large year class or 

a further dec I ine In the catch rate of cod. In order to examine this management 

method more objectively a simulation was made of the cod and redtlsh fisheries 

Biiuming they fol lowed the non-equilibrium form of the Schaefer curve 

I dP P dt ~ b - aP - qf •••••••••••••••• 2 

wnere P is the stock biomass, f Is the fishing effort and q the catchability 

coeH lei ent. The parameters b and a and q IVere chosen to be cons i stent 
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tli7n ~"G fitted yiela curves but in order to provide the third parameter it was 

necessi..;y to assur.:e the MSY level of fishing mortal ity. 

of MSY F - 0.2 "as adopted for the redf i sh and a MSY F -

Consequently a value 

0.3 "as ado;>ted for 

the cod. In order to be able to simulate the joint fishery for both species It 

"as i..55Um(30 that the proportion of the totfll effort going on cod \'las given by 

(v Lol nf ( (v Cq) n + (I~ Rq)n) 

1.:1ere r. is some pOl<er, v and" are 

respuciively, C is the biomass of 

• • • • • • • • • • • • • • •• 3 

preference ,:eightings for The cod and redfish 
A 

cod, R the biomass of -,,8+; sr and q and q 

arC! T:1C respective catchabi I ities of tile two species. Tr.is Is analogous to the 

econ::Jmic weightings used In the ':-c~GI oy C'uiGer. (1<)72) :;i scusse 1 -::1 Gurrod 

ana Pope ( . c'7') ). I n order to acqu ire va I ues of n, v and w a regress i on of 

In(fc) 
,T r ' 

1n(%) on was perform8Q for the years 1959 and 1973 ,;here fe, 

rr I;ero the effort appl ied to (;0 .. ilna r(;!ufi:;h r8specti /,,1\'- <loch y,:,-,r and c and r were 

recoro'vU ,""tches per effort of tll03 two species. No sigr.ificdnt regresSion emerged 

from thic. Qnalysl5 and consequontly, In ordor to bo able to make a simulation, 

Vol tiCS \If n=L., v"L dnd w .. j were adoptod. A simulation on these values \~as 

perfono"o Dut, not surprisingly. it did not reproduce the historical series 

dnd the developmental trajectory It produced "as far less volatile than the true 

series. In partlcula~ the ratio of effort going on redflsh to that going on 

cod 'JaS very much more regu 1 ar than the rat i a observed in the hi stori c ser i es. 

Taole I shmlS the historic series and the simulated series for the period 1959-73. 

This simulation was extended 'to silow the possible behaviour of the mixed fishery 

under an avera I I effort quota (210UO standard days) designed to achieve the MSY 

for the system. Table 2 shml5 U:e results fro.';) this sin;ulation. It is apparent 

t;16i t:-,8 s i ffiU I at i on r~p i d I y set.! 8C dO~·Jn to a love I of effort for the cod of 

abOUT 17("JO Gays and a I eve I of e -tfcrt fo;- "Tho r0d fish of abo'.lt 4000. Figure 3 

inGico,-w::;) I-·,at this VJOuid in Ti"lt;; (..qi.J:tibiiu~:1 C2SG DchievG a Joint yield in excess 

at 37') -j-housand r.;eT.-ic tons. In ~~ct tl~8 simu;ation finally settles dO'o"m to a 

yle:c c,: 3b9 ·~hou5and r.:o-rric Tens) iJ very 5ubstuntial pOrTion of the joint r·~SY 

of L,jJ ->.:LSu;;O n~,yrlic -tons. IIlL.S if the of fort ~'lCre Gistributed bet\1een stocks 
I 

according ~o 8qudtion 3 n~~ T" ~ -:.~ StOC~5 were preci5~ly ;:v~r-~_ Jy ~'ne SChaefer 

eC;Ja7ion ana 00 other species "77tlcted the u<llaoCE:/ then ttle total. effort quota 

could u..::: eX~Gcieo "fa quite SUCCessfully manaSlG ihese n'/o stocks. This is in line 

~"iir. .;,In''J'':'G'~ (1~75) fin(.ji;L'~ 7001 such cl sys-~o;n \'JQu!o Tand to converge to some 

e~ui I iD'ium i8vel tor the t'.",o STGC"S. In fact)of course) the mod~1 of fisheries 

preforunces for species (equation 3) is at oest a very poor fit to the facts and 
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SChaefer curves very rarely fit a stock closely. Thus the equi librium behaviour 

simulated would in practi~e tend to be disrupted by random events such as 

unusually large or small year classes or changes In catchabi lity. Clearly a 

total effort quota might ~el I be a good deal less efficient than the simulation 

In Table 2 would suggest. 

Similar simulations were made of the-effects of overall catch quotas. The 

levels of quoTa considered ware 2]J, 260, 270, 280, 290, 300, 310, 320 and 330· 

thousand metric tons. The method of making these simulations waS to divide 

each year into ten equal periods and simulate In each period the proportion of 

fishing effort being appl led to each stock, according to equation 3 •. Flshlng 

was stopped at the end of the time period In which the catch quota was exceeded. 

This method of simulating a catch quota Invariably led to the quota being exceeded, 

in some cases by amounts in excess of 10%. (Thus accidentally addL.ng verisimi I itude 

to tne simulation). A total effort constraint of 30 000 days was put into the 

simUlation to avoid quotas being taken by Improbably high levels of fishing effort. 

All of the quotas over 510 thousand tons eventually came up against this constraint
l 

Implying that they would lead to overflshlng of the two stocks if appl led at 

present. It would however be possible to bring total catch quotas up to some 

higher level at a later time If the stocks were first al lowed to rebuild at the 

lower quota levels. The simulations showed the same well behaved distribution 

of fish I ng effort observed for the effort quota s imu I atl on. Since th I s \~as 

achieved under the .ame model assumptions this simulated behaviour Is open to 

the same criticisms as were levelled of effort quotas. A third posslbi Iity for 

management would be a stock constraint as suggested by Garrod (1975). This would 

imply reducing fishing until the cod catch rate Increased to 1.62 

tans per Spanish OT hour and unti I the catc~ rate of redflsh Increase~ 

to 16.24 tons per standard day fished. This would imply resting the cod for 

about 2 years or fishing at an effort level below MSY for a longer period. The 

catch rate of redfish is currently at about this level. 

DISCUSS 10:. 

The 5chaefer curves fitted to the cod for Subarea 2 and statistical area 3K 

suggests that this fish stock has been very seriously overflshed in recent years. 

The avera I I yiela function for redflsh and cod suggests that Pinhorn's (1975) 

estimate of 400 000 tons for the total groundfish resources of this region may 

be somewhat pessimistic but stili Impl ies that the 1973 level of fishing effort 
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needs reducing oy about 28~ on those tOiO stocks. The lack of observable biological 

I nternc"ti on c8t"een these tl10 stocks and indeed the other groundf i sh stocks 

suggests that There Is no biological reason OIhy individual stock catch quotas 

should not oe successful provided they are set at The right level. 

A study of the development trajectory In Figure 3 suggests that the directeq 

fisheries for these tl"lO species are sufficiently pure (ie have 101< 1:" -,,"tcn ra,es) 

to include the joint MSY levels of effort in a region that Is attainaole. Thus 

the possible arguments rela,j;"'o to the OVt?r?: I attainable ~1SY 0'; a systefn's oe:ng lower 

than the joint r~5Y, 3dvanced in Pope (1~:5~:, are n07 valid in~~,is ~Qse.,lni Ie 

The overall l·l:'Y is attainable in the longtarm equilibrium sense simuiwtions of 
J 

a total caTCl quota suggest 

ShOU I d ~e we I I be I 0'1 the MSY 

that such a quota or the sum of the two specidS quotas 

level of 400 thousand tons due to the depleted 

sta~Q ot ihe cod stock. 
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Simulation of the historic aeries ~or the cod and redfish stocks 

Historical levels Simulated levels 
of Cod and Redfish Redfish as of Cod and Redfish Redfish as 

Zffort % of Effort 96 of 
Cod Cod 

Coc. Redi'ish Cod Redi'ish 

1959 21667 5600 27 22139 5661 26 

1960 18333 5700 31 19530 4470 23 

1961 12500 4200 34 14077 2922 21 

1962 10630 1100 10 10907 2092 19 

196-; 12500 1200 10 11620 2179 16 

1904 1;;000 4200 28 16011 2989 19 

1965 20000 2400 12 19276 3723 19 

1966 2250J 2800 12 20685 4115 20· 

1967 19170 2000 10 18414 3586 19 

1966 25830 14C) 5 22613 4387 19 

1969 26330 1700 
, 

25067 I 4933 20 0 

~970 31670 1400 4 26709 5291 20 

191' 30830 1700 6 26734 5266 20 

1972 37500 1600 4 32524 6476 20 

1973 26667 2400 9 24285 4715 19 
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TABLE 2 

Simulation of an overall effort quota from 1974 onwards 

Total effort is 210,000 standard days 

! 
I Year 

Total Effort 
Total Yield 

I Cod Red.fish 
I 

~ 14949 .0051 227582 

11975 15915 5085 260324 

11976 16406 4594 290976 

1977 16654 4346 316071 

1 1978 16772 4228 335382 

1979 16819 4181 349758 • 

1980 16827 4~?3 360282 

1961 16816 4184 367939 

11982 16798 4292 m51Q 

I 1983 16778 4222 377580 

i 1984 16758 4242 380567 

1985 16741,' 4259 382772 

1986 16727 4273 384408 

~987 16716 4284 385627 

1988 16706 4294 386539 

1989 16699 4301 387223 

I 1990 16693 4307 387737 

11991 16689 4311 388124 

1992 16686 4314 388417 

1993 16683 4317 388637 

1994 16681 4319 388804 

1995 16680 4320 385930 

1996 16678 4322 389025 

1997 16678 4)22 3fJS,098 

I 
199G 1 «;77 4323 38915::: 

: 19~9 1(,67G 4)L4 389 1'i , 

2000 16676 4524 389;':~'5 

2001 16676 4324 389248 

2002 16675 4 ;'25 389267 

2003 1G675 4,25 369280 
Fll 
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