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REPORT OF THE NORTH-EAST ARCTIC FISHERIES WOP~NG GROUP 

le Participation 

~~ A Hylen 9 Chairman 

Mr .::8 1'1 Jones 

Dr A Neyer 

Dr A I Treschev 

l~onray 

U"K6 

Germany (FQR$) and IoCoNoAoFo 

UwSeS"Re 

2~ Terms of Reference 

At the Statutory Meeting of ICES in 1972 the following Resolution (C"Reso1972/2g15) 

was adopted: 

lilt was decided, that: 

the North=East Arctic Fisheries Working Group will meet 12 - 17 February 
1973 at Charlottenlund with V~ A ~~len as Chairman tag 

(a) continue assessments of the Arcto-Norwegian cod and haddock 
stocks~ 

(b) 

(c) 

(d) 

(e) 

consider particularly the effects of increase in mesh size 
on those species for which sufficient data exist~ 

consider the possibility of an estimation of the optimum 
size of the spaW!ling stook of Arcto-Non-egian cod 9 and 

include in its study the Polar ood~ owing to its int'Jre@,sin.g 
importanoe fer the fisheries in the Ba,rent:s Sea" 

Icelandio scientists "lill be invited to partioipate in the 
oonsideration of Item (b) above,,!1 

Ioelandio scientists had been invited to participate in the consideration ef 

Item b) abQve~ but nQ ene was able to attend the Meeti:ng" 

3.. Preamble 

In Qrder that the Working Greup can do worthwhile work~ it needs reliable data 9 

espeoially when predictions and recommendations fQr future fisheries have to be 

givene Final data for 1971 oatches showed considerable differences from the 

provisional data on whioh the 1972 Report was based s The t'Jorreotions ooncerned 

mainly the U0 S®SoR G data as well as the data for "Other Countries!' (France 9 DDR9 

Poland and Faeroes)" Due to the fact that these co~~tries fish mainly in the non= 

spa~naing ~reas Cl and IIb)~ an error in the weight of the landings can lead to 

an eve~. larger error in the numbers of fish in each age group® This is partiou= 

larly so in the case of the rec~liting year t'Jlasses§ and any error is oarried 

all through subsequent calculations~ 
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Even less basic 'W'e.:rep:r68,:;;nted t::) this Meeting9 and it was 

also mOTe lmreliable., The iJ .. S .. S~R" tiaS ablE', present only very preliminary 

data. concerning catches of 0051 auct and age composition data of the 

Soviet cod and 

from "Other CountriesW! c 
,\;(I"e1."e not I?c'ra.ila,ble" Further 9 no oatch figures 

be obtained .. 

For the meetings of this Working Group it is espeoially important to have avail= 

able preoise information concerning the year classes entering the fishery as a 

basis for the assessments for recommendations for future management of the 

fishe~r® 

On the basis of reoent experienoe the Working Group is obliged to make the 

following strong reoommendation~ in future~ this Working Group should meet only 

when suffioient data are available~ 

40 Status of the Fisheries 

(i) Cod (Tables 1 = 4) ......... 
Provisional figures for JGhe landings in 1972 were given by NorwaY9 U"Ko and the 

Federal Republic of Germany" U"S"S"R" ";o1as able to give only some indications 

of the size of their landings for 1972e No data for other countries were 

available~ but estimates of their landings have been prepared on the assumption 

that they have chariged in the same proportion as U ,,:lIe landings 0 The tota,l 

landings in Sub-area I and Division lIb are~ therefore, all very preliminar~9 

but; landings: in Division IIa are, reliablee 

Th'B preliminary figures for the landirlgs :Lo 1971 given in the last Report bad to 

be inoreased 88 Jr,o:ns" This was due mt?,inly to the poor initial 

es-1:;imsd,e for Sub=area le The final c~d;;oh figu!:'re for 1971 was 705 000 tons 9 of' 

which 48% was in Division IIac According to the very preliminary figures 

tot!?),l la~:ldings in 1912 decre~,sed to 643 000 ton,s" rflhe Norway ooast fishery 

remained on mu,eh the same level as in 1971 ~ being 350 000 tons compared with 

336 000 tons in 1971" The ver.! strong 1963 and 1964 ye1?l,2;' olasses provided high 

catches again in the NOr"'W"2Y ooast fisher"lJo The fishery at ::Bear Island and in 

the Barents Sea was relatively poor~ o'\lring 'bo series of weak year olasses 

1965-68c However 9 the reo:t'lliting class apparently made up a bigger 

part of the oatches ill these areas eApected o 

Fishing effort in the Barents Sea/Bear Island fishery appears to have been 

relatively stable during recent years~ but the fishing effort in the Norway 

ooast B increased some exte:rl'l~ in 1972" 
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The catch per unit effort in the Barents Sea/Bear Island and Norway coast 

trawl fishery has decreased year by year since 1970w However 9 an increase 

in catch per unit effort has been observed in the Norway coast non~trawling 

fishery during the period 1968-710 

(ii) Haddook (Tables 5-7) 

Provisional figures for total landings in 1971, given in the 1972 Reports 

were too high~ This was caused by an overestimate of the preliminary figures 

for the Barents Sea~ According to the preliminary figures for 1972 the 

total landings may have been as much as 166 000 tons, which is more than double 

the 1971 landings. Overall fishing effort deployed on haddock is thought 

not to have changed much since 19690 Catch per unit effort in 1972 in the 

Barents Sea was, therefore~ about double that in 1971p while it decreased 

by 28% in Division IIa~ 

5. Fishing Mortality (Tables 8-9) 

Provisional data for the age oomposition of the catches in 1972 were available 

only for Norway, UoK. and Federal Republio of GermanYe No information of the 

age composition of the UeSGSeRs catches oould be made available at this time 

of the year. In an attempt to construct an age oomposition of the total 1972 
landings the UoKe age compOSition for Sub-area I and Division lIb was applied 

to landings of the U$SeS~R0 and nOther Countries"" Since the Soviet landings 

from these areas normally make up a ~~eat proportion of the total oatoh w it is 

important for the assessments that reliable U@S e S.R0 data should be availableo 

It must be appreoiated that the age oomposition of the total landings used in 

the assessments oould be unreliable, and partioularly so for the estimates 

of catohes of the 1969 year classes of both ood and haddook~ which are c.ri tioally 

important to the assessment" As a result estimateS] of the .fishing mortality 

and the stook size in the recent years are very unoertaine 

A number of approximate methods have been used to estimate fishing mortality 

in the most recent years Estimates based on the trend in total mortality 

between years determined from oatch per unit effort data were not valid this 

year 9 beoause the pattern of fishing appeared to have ohanged in 19729 oompared 

with the previous year~ It appeared that U~K6 trawlers may have oonoentrated 

to some extent on the recruiting 1969 year class of cod~ and catch rates on 

older age groups appear artificially lowe 
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It was considered tha.t the vaJ:ues of fishing mortality for fully exploited 

age groups assumed at the last J:.1eeting fer 1971 <&qere· too low ~ but the Group 

thought there had been little change from 1971 to 19720 Accordingly 

the initial values chosen to initiate the Virtual Population Analysis for 1972 
were inoreased somewhat oompared with those used last yearo 

Updated estimates of fishing mortalities for the years 1968=1971 are lower 

than given in the 1972 Report.. This is to some extent caused by a correction 

introduced in the Virtual Population Analysis to compensate for the fact that 

the recent year classes in the stock have not completely passed through the 

fishery~ This bias in the fishing mortalities gave estimates of stock size 

which were too small, with a consequent underestimate of predicted catcheso 

At least some of the earlier disorepancies between the predicted catch9 and 

that subsequently recorded, can be explained on this basiso 

60 Growth (Table 10) 

Estimates of mean weight at age of cod have been revised~ The new data have 

been calculated from weight at age data determined separately for landings of 

U~SoSGRe~ Federal Repub1io of Germany~ Norway and the UoKo In scme cases 

length data were converted to age using the relationship W = 13 x 9 x 10=6 0 

~tn overall average was then calculated weighted by each nation~s catch of each 

age groupo 

70 Recruitment (Tables 11 and 12) 

For cod the abu....1'1dance estimates of the 1965-1968 year. classes derived from 

commercial landings have confirmed earlier estimates based upon pre=recruit 

surveysQ They are all ve~J weak& The 1969 year class was estimated in 1972 
to be below average" The mosdlj st:riking point coming out ef the VoPoAo is the 

ver-:/ high estimate of the size of -the 1969 year class present at the beginning 

of 19720 The present estimate of the size of the 1969 year class is four times 

that obtained at the last JYlee-l:;ing and is of the same magnitude as the 1964 

year class at the same age" UQS&SeRe young fish suxveys assessed the 1969 year 

class as very poor" However, the O-gr®up survey rep®rt indicated that this 

year class was <o>n1y slightly less abu.r.tdant -l;han the 1963 and 1964 year classeso 

It is possible that previ<o>us es"~imates ef the size of this year class adopted 
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by the Working Group may have been too lowo However, the current estimates 

are critioally dependent on the number of the 1969 year class taken in the 

U.S.SeRe fishery in 1972~ and this is still unknownG The 1970 year class 

is still expected to be rich$ Eased on the UeS~S~R~ young fish survey 

the 1971 and 1972 year classes are estimated to be below average and poor, 

respectively, while they appeared from the O-group s~~veys to be above 

average., 

For haddock the 1969 year class appears in the present study to be stronger 

than expeoted and almost double the estimates given in 19720 This depends 9 

as for cod~ very much on the reliability of the age composition of the 

landings in 1972e However, the O-group survey and the UoSoS~Re young fish 

surveys both indicated it to be very abundant0 The abundance of the 1970 
year class is probably a little less than the 1969 year classo The 1971 

year class is less abundant than the two preceding ones~ although still 

above average, but the 1972 year class appears to be of lower abundance 

than the 1969-1971 year classess 

8.. Estimates of future catches (Table 13) 

Estimates of catches have been prepared on the basis of the ma,terial avail= 

able at the Meeting and on the assumption that the fishing mortality 

continues at the same level as estimated for 1972 (for fully reoruited age 

groups)~ The expected catches have been divided between the Sub=area I/ 

Division lIb and the Division IIa fisheries on the basis of the ratios of 

oatohes of the different age groups in the regions in the period 1967=19710 

These estimates for oatohes in Division IIa are not preois8 9 but they are 

thought to give a realistio trend~ 

Estimates of future catches of haddook have been prepared on the assumption 

that fishing mortality remains at its 1972 level in 1973 and. 19740 Since 

the stook of older age groups is so small~ the future yield of haddook will 

be highly dependent on the abundanoe of newly reoruiting age groups and 

especially the 1969 year class~ 
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9" Mesh Change Assessmen-bs 

Mesh assessments were made for Horth-East ..Ikrctic: cod and haddcck9 but it 

'tvas not considered possible to do this for redfish or saithe because of 

lack of data at the Meeting$ It is hoped that an assessment for saithe 

will be made by the Saithe Working Group$ Redfish assessments will be 

prepared by Dr A I Treschev$ For the cod fishery at Iceland an assess= 

ment was prepared for the Meeting by the Chairman of the North-Western 

,,'forking Group. 

(i) Arcto-Norwegian Cod and Eaddoc~ (Tables 14-15) 

The method of assessment adopted was the same as that previously used at 

the 1969 Working Group IVJ:ee~Ging~ The previous assessments had been done 

using a selection factor of 3~7 for cod (manila, without chafer) although 

there were some data to indicate that a lower value might have been more 

appropriate~ The present Working Group had the benefit of advice from 

Dr H J Bohl, who suggested that the appropriate selection factors would 

be 3~2 for manila and 3~5 for polys.mide for both cod and haddocko These 

values differ from the average values given in ICES Coop&Res&Report 

(No~25, 1971) so a range of selection factors is given in Table 140 Yield 

per recruit was calculated for ages at first capture ranging from 2.5 to 

5 years~ Growth data for cod in terms of length at age data correspond to 

the weight at age data given in Table 10" Haddock mean length at age data 

were based on U~S9S~R~ observations~ The relationship of fishing mortality 

with age used ''\Tas that which was thought to represent the likely levels in 

the next two or three yearsQ These data are summarised in Table 140 Yield 

per recruit for the total fishery was estimated and this was then sub

divided to give estimates of yield per recruit in the Division IIa fishery 

and in the Sub~area I and Division lIb fisheries. This division was made 

on the basis of the average proportion (1967-1971) of the catch of each 

age group taken in the IIa fisherys Mature stook biomass was also oalculated o 

The results of the assessments are given in Table 15 and Figure le For 

haddook the estimated yields per recruit over the range of ages at first 

capture agree closely with the results of the 1969 assessment which shows 

inoreasing gains with inoreasing age at first capture over the whole rangeo 

Catches in IIa would benefit more than catohes in I and lIb if the size at 

first capture was to be increased~ 
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Substantial increases to the mature s-Go.ck size would be expected to 

result if size at fi:rst capture was increased to the upp(?r lim! t used 

in the caleulatione 

For cod the calculated yields per recruit are slightly higher than in 

the previous assessment and there is ne significant change in yield 

over the range of age at first capt;u:ceG 1.![ature stock biomass per 

recruit increases with increasing size at first captureo 

The results of this method of assessment will depend to a large extent 

on the values that are adopted :for the fishing mortality coefficientso 

If the fishing marts.li ty on the young age groups is sm.all in relation 

to that on the older age g:roups~ the gains likely to result f'rom. an 

increase in mesh size will be less than if' the mortality on the 

younger age groups was relatively high" This is illustrated to some 

extent in the present examples where the fishing mortality en the 

younger age groups of haddock is relatiiTely higher than in the case 

f'or cod" and the gains for increased mesh sizes are correspondingly 

largers From the present assessments it must be concluded that9 

provided the values ef fishing mortality used correotly represent the 

future fishery, an increase in mesh size could net be expected to give 

signifioant increases in yield per recruit except in the case of haddock 

where, if the mesh was increased to the upper limit used in the present 

study (156 - 174 mm polyamide) an increase in yield of about 16% 
re suI t" \fi th the present assessment thE! main ga,in from a mesh 

si~e increase would be an in0rease in the size of the mature stocko 

Di:ffc~:r".""l'lCeS bei:~.;ree.n this assessment and the one made at the 1969 

IVleeting recs'ul t from the d:i.fferent 'Values of fishing mortality adopted", 

Also i11 the :p:t'8:3ent ass<9ssment the mesh sizes oorresponding to the 

\?ariOU8 ages eJ:t first capture differ from the earlier report because 

of the differing seleotion factors used o 

The oomputer simulation in the Jl:ppendix paper also gi'V9S some indications 

the benefits whioh might result from mesh increases to 145 mm and 

160 mm. In this case the expeoted gains are greater than in the above 

3;!il\Sessn!lent, but the simulation used a. diffe:rent relationship of fishing 

mt[~rtalit:y on age a The relati"1ely higher mortality on the you~ge:r age 

g:r-oups in the simulation would be e:x:p,ected to give greater benefits from 

increases in mesh size. 
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(ii) Redfish Selection 

Treschev9 s method gives a value for the sele0tion factor for redfish of 209 

for double manila& Rowever 9 Bohl (1964) has shown that the selection factor 

decreases with increasing size of catch~ and that in big catches there is 

nearly no selection~ 

The meshing of redfish is a further problemo Bohl found in mesh selection 

experiments on East Greenland redfish (Sebastes marinus) that: 

a) the number of meshed redfish increases with the size 
of the catch~ and 

b) the number of meshed redfish depends on the mesh size and 
the length composition in the catchesa 

There is no meshing of redfish in the codends with very small mesh sizeso 

Rowever~ the number of meshed redfish increases with increasing mesh size up to 

the size which corresponds to the most frequent lengthe If the mesh size is 

further increased the number of meshed fish decreaseso Soviet investigations 

(Treschev, 1964) have shown 9 however s that meshing of redfish takes place 

mainly during the hauling of the trawlo 

If the findings off East Greenland hold true for all other regions where 

there is fishing for Sebastes marinus it can be deduced from Tables 16 and 17 

that the meshing in Division IIa is at its greatest with the mesh size now in 

force and a modal length of Sebastes marinus of 4006 cmo Further increases in 

mesh sizes in Division IIa would therefore decrease the rate of meshingo 

In all other areas an increase in mesh size will tend to increase somewhat 

the rate of meshinge Nothing can be said about the alteration of the rate of 

meshing of Sebastes mentel1a when the mesh size is increasedo 

(iii) Iceland Cod (Table 18) 

Dr A Schumacher (Germany)~ the Chairman of the North-Western Working Group~ 

presented to the Meeting a mesh assessment on Iceland cod for an increase 

in mesh size from 130 mm to 140 mm (Table 18)0 These assessments 

(Gulland 9 1961) ba.sed on the length composition of the 1971 and the length

weight relation calculated from Icelandic data, show that the English 

fishery $ which mostly is engaged in the non=spa.wning fishery, would have the 

highest immediate losses (7~2%) and would also suffer a long=term loss 

(2% or le88)0 All other fisheries 9 especially the Icelandic spawning 
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fisberY9 would have a long-term gain of 505 to 701%0 It is known that 

mature East Greenland cod join the Icelandic spawning stock from 

year to year in va~jing proportionse These immigrants could not be 

eliminated from the length compOSition of the total spawning stock 

off Icelando Therefore 9 the long=term gain in the catches of cod of 

Icelandic origin is greater than estimated (Table 18)0 In 1971 the 

proportion of East-Greenland immigrants in the total spawning stock 

at Iceland was relatively high and thus tended to underestimate the 

long-term gaino 

An inorease in mesh size from 130 to 140 mm in the Icelandic area 

would~ in the long term, result in an increase in the total inter

national output of the Icelandic stock of cod~ but the allocation of 

the total catch between the various fisheries would be changedo 

10.. The Optimum Size of the hoto-Norwegian Cod Spawning Stock 

In its 1972 Report the Working Group pointed out that the present size 

of the spawning stook is very low~ and is expected to decline still 

further into the mid-1970vso It was considered that when the 

spa~ming stock is at a low level there are increased risks of poor 

recruitment@ The Group recommended that steps should be taken to 

reduce these risks@ So far no progress has been made in this 

directiono 

At the present meeting the Group was asked to estimate the optimum 

size of the Aroto~Norwegian cod spawning stook o A paper on 

this subjec:t ~,;ras prepa,red in advanoe of the meeting by D J Garrod 

and B \'1 Jones of the Fisheries Lab orator;r , Lowestoft, to provide a 

basis for disc:ussion" Tl-ds paper entitled "Stook and reoruitment 

relationship in the North-East Arotio ood stook and the implications 

for management of the stook!Y is inoluded as an Appendix to this 

Report 0 Figure 1 of the Appendix shows olearly how low the mature 

stook size has become compared with earlier years~ and by 1976 it 

is expected to be only 1/40 of the mature stock size observed in the 

mid-1940wse The stook/reoruitment relationship whioh was fitted 

to the obser~ed data indicates that the optimum stock size would be 

equivalent to that which prevailed in the stook in the early 

1950~s when~ aocording to the fitted stock/recruitment relationship9 

an average of about 1200 million 3-year=old recruits might be 
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expected9 although the normal fluotuations in year class strength about this 

mean value must be expectedc If the spawning stook was allowed to build up 

to the optimum size an average annual yield from the fishery in excess of 

800 000 tons could be expeoted while maintaining the stock in equilibriumo 

The fishing mortality required to harvest the equilibrium catch while 

maintaining the stock size at the optimum level has been determined in 

terms of the total fisping mortality ( ~F) on each cohort of fish through= 

out its life up to the mean age of the mature stock~ For the optimum 

stock size this has been estimated as ~F = 1 0 8 0 If the selection pattern 

in the fishery is known~ ~F can be expressed in terms of annual fishing 

mortality on the fully recruited age groupso The selection pattern used 

at the 1972 Working Group meeting was as follows:-

Age 

3 
4 
5 
6 

Proportion of F on fully 
recruited ageg.:!:'Oll.'2S 

030 
,,60 
090 

1,,00 

For this selection pattern ~F = 1,,8 corresponds to an annual fishing 

mortality rate on the fully exploited age groups of F = 00260 The average 

annual yield in these circumstances would be expected to be just over 

800 000 tonse It is probable that this selection pattern is not the optimum 

one for the fishery~ and it is likely that even greater yields could be 

obtained if' the selection pattern was changed~ for example by reducing the 

f'ishing mortality on the younger age groupso If ~F is maintained for a 

long period at a value greater thanL F = 2,,5 (equivalent to an annual 

F = 0043 with the selection pattern given)9 the stock would be expected 

to decline towards extinctione 

The Appendix paper includes a computer simulation which provides some 

indication of the yields which might be expected from the stock f'rom 1971 
onwards if fished at a range of values of F which were held constant f'or 25 

years.. The selection pattern used in the simulation is that' given abov9o 

The recruitment data used were the year class strength estimates given in the 

1972 Working Group Report up to the 1971 year classc Subsequently recruitment 

for the model is determined from the mature stock size using the stock/ 

recruitment relationship., Again the results indicate that for annual fishing 

mortality rates in excess of F = 0 .. 4 the long=term trend is one of declining 
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yields 0 At lower values F the tends to increaseo No attempt 

was made to estimate the size of the m.ature stock in each year of the 

simulation., It is possible that for some values of F this might increase 

ab0ve the optimum~ It is likely that a consd:;al'lt low level of fishing 

mortality would not give the greatest possible yield or the most rapid 

rate of recovery of the fishery., Be-tter yields and a, more rapid recovery 

rate might be obtained with a different selection pattern and/or variation 

of fishing mortality according to year class strength~ 

With the present very low stook size and the prospect of further decline 

before some recovery can be expected, the Working Group once again wishes 

to stress the increased risks of poor recruitmento The Group emphasizes 

the need for immediate measures designed to permit the spawning stock to 

inereaseo At the present time there is the prospect of a series of above 

average year classes recruiting to the fisheryo The 1969 year class may 

be better than earlier es~imates indicated~ and the 1970 and 1971 year 

classes are both expected to be goode A small sacrifice at the present 

time, by reducing the amount of fishing on these recruiting year classes 

at the youngest ages~ could make a significant contribution to the future 

size ef the spawning stock and would also be expected to inorease the 

overall yield from these year c1assess 

110 Polar Cod (Tables 19 and 20) 

The Polar cods ~oreogadus saids 9 is a oircumpolar specieso Besides its 

commercial importanoe, the species forms an important link in the food 

web in Arctic waterso It is distributed in the eastern and northern 

parts of the Baren~!is Sea and around Spi tsbergen" The distribution of the 

O-Group Polar cod suggests t;hat there are two separated spawning areas in 

the Barents Sea (:Benko et ale 1970)0 One area is situated in the south= 

eastern part of the Seae The exaot locality of the other one is not knoWll 9 

but it may be to the east of Spitsbergeno 

The following observations relate to the southeaste:!:'n :Barents Seao The 

Polar ood spawn for the first time at 3=4 years old~ They are first 

exploited at an age of :2 years 9 but the main part of the catch is taken 

as 4 and 5 year aIds (Table 19) <> On the basis of data from a liorwegian 

echo st!Xvey in the eastern ::Barents Sea in August 1972~ the stock was 

estimated to be about 4 milli,:;:n tons.. Eowever 9 Polar cod were also present 

outside the area investigated and the stock was definitely greater than 

5 million tons (Gj0sreter~ 1973)0 
,·f '.' 
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The Polar cod have been subject to increasing exploitation during the 

last years by U .. S"S"R" and 1:Tc:r-way", The ma.in part of the catches is 

taken by bottom tra'tll'l and only small quanti ties by purse seine and pelagic 

trawl" The fishery takes place from April to December~ but the main 

season is in November and DeClembero The catch per hour trawling for all 

categories of Soviet trawlers was 304 tons in 1972. 
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Table 1. COD. Total nominal catch by fishing areaS (metric tons). 

r 
! Year Sub-area I Division lIb Division IIa Total 
I 

1

1960 380 962 94 599 155 116 630 677 , 
1961 409 694 222 451 149 122 781 267 
1962 548 621 222 611 138 396, 909 628 
1963 547 469 113 707 116'924 778 100 
1964 202 566 126 029 108 803· 437 398 , 
1965 241 489 103 407 99 '855' 444 751 
1966 292 244 56568 134 664 483 476 
1967 322 781 121 050 128 729 572 560 
1968 642 449 268 908 162 412 1 073 829 
1969 670 158 266 111 254 985 1 191 260 

1970 551 015 ,85 423 240 150 876 588 
1971 311 788 56 907 336 269 704 964 
191~) 244 287 . 47 856 350 491 642 640 

x) Provisional figures. 

Table 2. COD. Nominal catch (in metric tons) by countries 
(Sub-area I and Divisions IIa and lIb combined). 

Year England Germany Norway U.S.S~R. Others Total Coastal Cod No~ 

1960 141 175 9 472 231 997 213 400 34 633 630 671 43 092 
1961 151 909 8 129 268 311 325 780 21 072 181 261 32 359 
1962 174 914 6 503 225 615 476 760 25 836 909 628 29 596 
1963 129 779 4 223 205 056 417 964 .21 078 178 100 40 405 
1964 94 549 3 202 149 878 180 550 9 219 431 398 46 100 
1965 89 814 . 3 670 191 085 152 780 1 342 444 751 23 786 
1966 103 012 4 284 203 792 169 300 3 088 , 483 476 27 800 
1967 87 008 .. 3 632 218 910 262 340 670 572 560 33 102 
1968 140 054 1 073 255 611 676 758 333' 1 073 829 47 212 
1969 231 066 5 434 305 241 612 215 37 287 1 191 260 52 416 
1970 179 562 9 451 377 606 276 632 33 '337 876 588 49 000 
1971 78 160 9 726 407 044 144 802' 65 2321 704 964 
1972X) 55 633 3 382 392 525 142 000 49 10°1 642 640 

t __ .. __ _ . I 
x) Provisional figures. 

Note: Estimates of coastal cod landed by Norway 
in 1971 and 1912 are not complete. . 

i 
I 
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Table 4. CODo Catch per unit effort (metric tons, round fresh)~ 

Sub-area I Division rIb I Division IIa 

Year UKl) USSR2) DE: I USSR 
t 

m{ Nor;.;ray3) ~ 

f 
I 

1960 0.075 0.42. 0.105 0 .. 31 ! 0.067 3 .. 0 

1961 0.079 0~38 0.129 

I 
0~44 ·0.058 3.7 

1962 0.092 0.59 0.133 0.74 0 .. 066 4.0 I 
1963 0.085 0.60 0.098 0.55 0.066 3.1 
1964· 0.058 0·37 0 .. 092 0~39 0~070 4.8 

1965 0.066 0.39 0 .. 109 0.49. 0 .. 066 2.9 
1966 0.074 0.42 0.078 0.19 0.067 4.0 
1967 0.081 0.53 0.106 0.87 0.052 3.5 
1968 0.110 1.09 0.173 L21 0.056 5.1 

1969 0.113 1.00 0.135 1.17 0.094 5.9 
l~nO 0.100 0.80 0.100 0.80 0.066 6.4 
1971 0.056 0.43 0.071 .0.16 0.062 10.6 

1972 0.044 0.50 I 0.043 0.16 0.056 
I , 

1) UK data - tons per 100 ton~hours fishing 

2) USSR data - tons per hour fishing 

3) Norwegian data - tons per gill net boat ;,-reek at 1?foten. 

Table 5. EADDO~Total nominal catch by fishing are~s (metric tons). 

Year Sub-area I Division: IIb Division ITa; Total 

I 
1960 125 675 1 854 27 925 155 454 
1961 165 165 2 427 25 642 193 234 
1962 160 972 1 727 25 189 187 888 
1963 124 774 939 21 031 146 744 
1964 79 056 1 109 18 735 98 900 
1965 98 505 939 18 640 118 079 
1966 124115 1 614 34 892 160 621 
1967 108 066 440 ! 27 980 136 486 
1968 140 970 725 I 40 031 181 726 
1969 88 960 ! 1 341 ! 40 208 f 130 509 . 

I • 1970 59 493 I 497 26 611 I 86 601 
1971 56 300 435 21 567 78 302 1 I 1972x ) 

i 145 620 I 3 165 ! 17 432 I 166 217, -. 
) P .. 1~' X rOVlSlona~ Il~Jre. 
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Tabie 6. HADDOCK. Nominal catch (in metric tons) by countries 
(Sub-area I and Divisions IIa and lIb combined). 

Year England - Germany Norway U.S.S.R. Others Total 
Coastal Haddock I 

- NoZ'"'I'1a.y 

i96q 45 469 5 597 47 263 57 025 100 155 454 
1961 39 625 6 304 60 862 85 345 1 098 193 234 
1962 37 486 2 895 54 567 91 940 1 000 187 888 
1963 - -

63 526 146 744 19 809 2 554 59-955 -900 
1964 14 -653 1 482 38 695 43 870 200 98 900 
1965 14 314 1 568 60 447 41 750 - 118 079 
1966 27-723 2 098 82 090 48 710 '- 160 621 
1967 24 158- 1 705 51 954 57 346 1 323 136 486 
1968 ,40 102 1 867 64 076 75 654 27 181 726 
1969 37 234 1 490 67 549 24 211 27 130 509 
1970 20 344 2 119 36 716 '2_6 802 620 86 601 
1971 15 605 896 45 715 15 778 308 78 302 
197~) 16 792 1 656 46 169 101 000 600 166 217 

X)Provisiona~ figures. 

Table 7. HADDOCK. Catch per unit effort and ~stimated total inter
national effort. 

I 
5 943 
4 031 
3 293 

I 4 285 
6 460 
6 217 
5 223 j 
3 181 

t 2 766 
2 120 I 

! 

~ 

Catch per Effort' (UK) 
Kilosllno ton-hours 

Estimated Total In.ternational Effort in UK Units 

I 
year Total catch in tons x 10-6 

Sub-area Divisions 
tons/lOO to~-hours Sub-area I I IIa lIb 

l 
J 

1960 33 34 2.8 4.7 I 
1961 29 36 3·3 6.7 I 

I 
1962 23 42 2.5 8.2 I 

1963- 13 33 0.9 11.2 
1964 18 18, _ 1.6 5·5-
1965 18 18 2.0 6 .. 6 
1966 17 34 2.8 9.4 

-1967 18 25 2·4 7.6 
1968 19 50 1.0 9.6 
1969 13 42 2.0 10.0 
1970 7 31 

J 
1.0 12.4 

1971 8 25 3.0 9.8 
1972 15 18 22.0 11.1 

J 
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Year 
class 

1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
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Table 10. Mean weight at age data for COD and HAJIDOCK 
used in the assessments in this"Report. 

Mean Weight, in Kilos ! 

Age Cod 'Haddock 1 
l 

2 b.45 0.25 
3 0.65 0.41 
4 1.00 0 .• 62 
5 1.55 0.97 
6 2.35 1.59 
7 3.45 2,.33' 
8 4.70 2.72 
9 6.17 3.:56 

10 7.70 4.41 
11 9.25 5.40 
12 10.85 6.70 
13 12.50 7.40 
14 13.90 8.00 
15 15·00. -

-------~ ... - -

Table 11. COD. Arctic Cod. Year class strength. The number per hour 
fishing for U.S.S.R. young fish survey is the mean of 2- and 
3-year old fish. 

USSR Survey, No/hour of Virtual Population 
fishinP; =J O-Group No. of 3 year olds 

Subarea I Div.lIb Mean Assessmen Survey , 10-6 
I 

12 24 15 -average 914 
10 15 11 -average 1 028 
10 20 14 +average 1 233 
12 13 12 +average 1 034 

6 13 10 poor 693 
2 2 2 poor 513 
6 5 5 poor 1 117 

14 84 46 rich 2 III 
51 39 45 rich 1 458 
<1 <1 <1 very poor ~ very low 198 
<1 <1 <1 very poor abundance 135 

1 <1 <1 ·very poor below average 180 
4 <1 2 very poor v.low abundance (3761 

1969~1+2) 3 1 2 very x) ~1 691 
1970 1) I 23 64 44 rich :xx) 1 700 
1971 8 -average xxx} 1 200 
1972 4 poor xxx:x:} 1 000 

------ ------- ---

x) Abundance may not be so abunda;q.t as the 1963 and 1964 year classes. 

:xx) More abundant than the 1964-69 year classes. 

xxx) Above average abundance. 

xxxx) Above average abundance. 

J 
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Table 12. HADDOCK. Arctic Haddock. Year class strength. The number per 
hour fishing for U.S.S.R. young fish survey is the 
.mean of 2- and 3-year old fish. 

Year 
USSR Su-T'Vey 

No. of fish/hour fish- ~ 
Virtual Population 61 

- I O-Group Survey No. of 3-year olds 10 ' class ing 
Sub-area I 

1956 23 
1957 12' 
1958 4 
1959 25 
1960 56 
1961 42 
1962 3 
1963 10 
1964 14 
1965 <1 Ver.y low abundance 
1966 <1 Ver.y low abundance 
1967 10 Average abundance 
1968 8 Ver.y low abundance 
1969(1+2) 50 ( :Most abundant recorded 

1970(1) (10) 
( in the period 1965-69 

iProbably lower abundance 
than 1969 but second in 
strength in' the period 
1965-70 

1971 3 (Less abundant than 1969-
~ 70, but more abundant 

than 1965-68 

1972 3 iLeSS abundant compared 
with the 1969-71 year 
classes 

Table 13. Estimates of 'nominal catches of COD and HADDOCK at 
selected levels of fishing mortality. 

1972 1973 1974 
Yield Yield Yield 

F Total ITa F Total IIa F Total 

0.63 643 350 0.63 500 (140) 0.63 650 

0.65 166 17 0.65 125 0.65 150 

326 
241 
109 
239 
270 
307 
93 

223 
255 I 

13 I 10 I 167 I 
59 I 

I 
I 

(602) 

(275) 

(200) 

(100) 

I 

IIa 

(115) 
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Table 14. Data used for the mesh assessments for COD and HADDOCK. 

Age at Age at Mean Length Nesh Size (mm) i First :Mean at Mean 
I. Polyamide I Oapture Selection Selection Manila 

(Years) F (Years) (mm) S.F. = 3.2-3.4 S.F. == 3.5-3.9 

OOD 

2.0 0 3.5 452 141-132 129-116 

2.5 0.01 4.0 481 150-141 137-123 
3.0 0.02 4.5 515 161-151 147-132 

I 3.5 0.03 5.0 556 174-164 159-143 

I 4.0 0.08 5.5 639 200-188 183-164 

4.5 0.12 6.0 680 213-200 194-174 I 
5.0 0.45 6.5 726 227-214 207-186 

6.0 0.60 
! 7.0 0.65 

8.0 0.70 

i 
S.F. = 3·2-3.3 S.F. = 3.5-3.8 

HADDOCK I I 
2.0 0 3.5 420 131-127 120-108 
2.5 0.01 4.0 462 144-140 132-118 
3.0 0.04 4.5 500 156-152 143-128 
3.5 0.06 5.0 529 165-160 151-136 -
4.0 0.17 5.5 569 175-172 160-146 

4·5 0.23 6.0 590 184-179 169-151 
5.0 0.55 6.5 610 191-185 174-156 
6.0 0.65 

t 
~-
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Table 15. Results of mesh assessments for COD and HADDOCK. 

Age at First I Yield: per Recruit (kg) Mature St)Ck 
Capture ::Biomassl 

(Years) I + lIb IIa Total (kg per Recruit) 

! 

COD 

2.5 .492 .096 .588 .310 
3.0 .492 .096 .588 .314 
3·5 .494 .097 .591 .319 
4.0 .496 .099 .595 .330 
4.5 .499 .103 .602 .356 
5.0 .489 .110 .599 .402 

HADDOCK 

2.5 .397 .138 .535 I .444 
3.0 ·398 .139 .537 .448 

3·5 ·403 .144 .547 .466 
4.0 .401 .151 .558 .496 
4.5 .421 .167 .588 .587 
5.0 .421 .200 .621 .741 

-~-----. --------------" 

1) Assuming for cod 50% of 7 year-olds and all older fish 

are mature, and for haddock 50% of 6 year-olds and all 

older fish. 

I 

I 

I 
I 
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Table 16. Relation between mesh size and modal length of East Greenland 
REDFISH. 

Mesh Size of Perlon Length of Most Frequent 
Codend (mm) Meshed Redfish (cm) . .-

121.3 ± 0.1 40.8 ± 0.2 

131.0 ± 0.2 42.0 ± o 1 .-
138.8 ± 0.2 45.3 ± 0.2 

145.7 ± 0.2 46.0 ± 0.3 
------- .. --- -----~-.-. 

Table 17. Modal Length of REDFISR in German research and commercial 
catches in 1971 and 1972 in different regions. 

Region Species Number Mean Modal Range 
of Samples Length (cm) 

IIa S. marinus 22 40.6 37.5 - 43.51 
Va, SW S. marinus 19 42.8 37.5 - 46.5 

I 
Va, SW s. mentella 28 42.8 38.5 - 46.51 

I 

Va,Rosengarten S. mentella 25 44.1 
I 

40.5 - 47.5 I 
1 

XIV S. marinus 10 46.7 45.5 - 49.5 
West Greenland s. marinus 4 45·3 40.5 - 49.5 

Table 18. ICEIJu~ COD. Percentage change in yield per recruit for in
crease in mesh size from 130 to 140 mm. M = 0.20. 
A selection factor of 3.2 and a range of 140 mm. 

Fishery E Immediate Loss Long-Term Gain 

England ·7 7.2 -2.0 
.8 -1.3 
.~ -0.01 

Germany .7 0.56 5.0 
.8 5.7 
.~ 6.5 

Iceland .7 2·5 2.$1 
non-spavming .8 3.7 

.9 4.5 
Icela."ld ·7 - 5.5 
spa'tmingX ) .8 

1 
6·3 

.9 __ L __ 7·1 

x) Calculated from the total spawning fishery (including immigrants). 

I 

I 
, 

, 
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Table 19. Percentage age compositions of landings of POLAR con 
from Sub-axea I. 

Year Country Age 
2 3 4 5 6 7 8 

1971 U.S.S~R 1.3 11.3 44·2 35.0 6 .. 0 1.5 0.7 

1970 Norway 1 23 62 12 2 

1971 4 21 42 29 4 
I I 1972 3 13 141 34 9 1 I 

'---~------- ~--~----'------ ------ - - _._-

Table 20. Total landings (tons) of POLAR COD from Sub-axea I. 

Yeax l\"for'ilay U.S.S.R. Total 

1969 18 182 

1970 8 948 116 550 125 498 

1971 16 483 330 680 347 163 

1972 3878 139 130 143 008 

t 

, 
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l1'pP:E:J);"DIX TO TI-rE REPORT ',L.tlE .;.\RaTIa FISHERIES vlOBY:ING GROUP 

Stock and recn;titmep,t relationship in the jJorth-East Arctiq 

cod stock and the_ implicati~2F ma...llagement of the stock 

Introduction 

by 

D J Garrod and B ·lrl J ones 

Fisheries LaboratG:ry~ Lowestoft 

Since 1969 the annual reports of the ICES North~East Arctic Fisheries Working 
Group have expressed concern at the declining size of the spawning stock of the 
ArctO=NorloTegian cod. In its 1972 Report the Group pointed out that the spawning 
stock 'would become ver"lJ small indeed by the mid-1970l s. The \iJorking Group con= 
sidered that at low levels of spawning stock the riSk of poor recruitment was 
increasedo The te:t:ms of reference for the 1973 Meeting of the \verking Group 
include a request lite consider the possibility of an estimation of the optimum 
size of the spawning stock of p.;..rcto=Nonregia.ll coduU 

0 In this paper we have 
calcu1a,te(l~ a stock=recr'lli tment relationship for the Arcto=Non.~egian cod stock9 
and using this relationship we have shown "That size of catch can. be expected 
at any equilibrium level of stock size, and the level of fishing mortality to 
take tr~s catch has been estimatedo Using this stock=recruitment relationship 
the optimum stock size has been calculated together with the yield that can be 
expected from it~ Using a computer simulation the trend in catches to be 
expected over the next 25 years has been calculated if the stock is exploited 
at a range of constant values of fishing mortality 0 Similar catch trends have 
been calculated at the same levels of fishing mortality assuming exploitation 
1Nl th minimum tra"l'll cod=end mesh sizes of 145 mm and 160 mIlL 

The stock=recru.itment relationship 

Estimates of parent stock in each yeax have been derived as follows~~ 

10 The age composition of the stock "ras derivea. for the beginning of each 
year from the Virtual Population .~alysis 

20 The mature stock "vtas then calculated assuming 507~ of seven year old 
fish were mature aJ.'ld all fish of eight years or older t.,ere ma"Vlll'eo F'rom 
this the annual IIa catch 1ITa8 deducted on the assumption that the 
majority of fish in the IIa catch are taken in the pre=spawning fishery 
and are therefore effectively lost the spa"bming stocko 

3$ Mature stock biomass i!las estimated by multiplying the number of 
m.attlre fish of each age group by the a,yera.ge ,I/"eight at each age and 
summing for all age groups< The weight/age data u.sed was the aver~ 
age weigi~t at age in the English catches from Division I1a. 

4. The mature biomass was then ()onverted into eggs assuming a production 
of 400 eggs per gm of mature biomass (based on Botros, 1962)0 

The nUIJ1':ber of resultant 3 year old recrui tSylaZ taken from the Virtual 
PopUlation Analysis 0 Estimates of the number of recrm ts are indepen
dent of estimates of mature stock size. 

A Ricker stock=recru.itment C1.11Ve was f'itted to the resultant data for the 
years 1942=19680 The equation of the C1L..~e vrasg 



where 

R 

R 

S 

a S e-bS 

number of recruits 

parent stock size 

a coefficient of density independent mortality 

b coefficient of density dependent mortalityo 

The curve was fitted by the method of le~ squares to minimise ~(R ~ aSe~bS)2o 
The calcu~ated curve is shown in Figure 1 of the Appendix with 95% confidence 
limits of'the curveo The parameters of the curve areg 

a ::: 308981 

b = 001122 

where R is measured as numbers x 10=8 of 3 year old recruits and 8 as eggs x 
10=140 

Alternatively recruitment can be expressed in the same units as parent stock by 
calculating the potential egg production of the recruit (filial) generation 
assuming they are subject9 throughout their life, to natural mortality only 
(108 3 year old recruits ~ 3012 x 1014 eggs)o The stock=recruitroent curve 
tranformed in this way is defined. by R = 12016408e=0011228 where R and S are 
both measured as eggs x 10=140 This CtlrVe is plotted in Fi@xre 20 

If parent stock and recruits are measuxed in the same unl,"Gs the stock will re= 
place itself when R = So If R > S recruits are produced in excess of the number 
required to replace the stock and the surplus can be harvestedo The degree of 
surplus can b~.expressed as the ratio ~ or in the inverse form H it represents 
the extent to ·which R can be depleted and still provide replacement of the parent 
stockQ Thus if R = 100 and S :: 10, SIR = 001 and 9afo of R can be removed 
leaving R =: 80 The logarithm of this ratio loge (SIR) is plotted against 
stock (8) as the points in Figure 30 The fitted line is that given by the nicker 
stock=recruitment CUl:ve R = 12016408 e=0011228 0 Also plotted in Figure 3 is the 
loge reduction in potential egg production per unit of fishing mortality plotted 
against annual fishing mortality on fully exploited age groupso It can be 
shown that loge reduction in potential egg production per unit of F is equivalent 
to 1]' up to mean age of mature stocko Thus by relating the two lines plotted 
in Figure 3 it is a simple matter to determine the level of annual fishi~ 
mortality required to harvest the surplus production at any stock levelo tFor the 
purposes of this paper recruitment to the exploited stock is considered ~omplete 
at 6 years of ageo Proportional recruitment for younger age groups has been 
taken as 3 years = 003, 4 years = 006 and 5 years = 009, as adopted at the 1972 
meetin~ of the North=East Arctic Fisheries Working Group)o 

Interpretation of the stock=recraitment curves 

In Figures 1 and 2 the points for each year are identifiedo The curve has 
been fitted to the points for 1942=1968 for which estimates of 3 year old 
recruits are available from Virtual PopUlation ~~alysiso Points are also plotted 
in Figure 1 for the years 1969=71 using recruitment data estimated from pre= 
recruit surveyso Also indicated in Figure 1 are the estimates of mature stock 
size for the years 1972=770 It will be seen that the present very low size of 
the mature stock is expected to decline still further, probably reaching a 
minimum level in 1975=760 

The stock=recruitment curve is more easily interpreted when stock and recruit~ 
ment are plotted in equivalent units as in Figure 20 In this figure the 45° 
replacement line is drawn 0 Recruitment above this line under the dome of t4e 
stock~recruitment cuxve is recruitment in excess of that required to provide 



·~~8 

a replacement amD"(;m~: "ltLich can be 'ha...:.~ested if 
the stock is Irn:J.ere, the lines intersect ~ at a stock 
size of 2203 x re:place i tse:l.f in the absence 
of' fishing. r,ecruitm.ent is less than the parent 
stock and there is no SUl."'plus production of recrui}';s. TI1.e raa.,,::i,runID. number of 
recruits is produced from a stock size ·;)f 809' x 101.4 eggs o Maxirm.IDl suxplus 
production is obtained with a stock size of 703 x 1014 eggs (indicated by 
the arrow., in Figoll'e 2) when the :a:C!,mper of recruits produced is 6Quiva.lent to 
3902 x 10L4 eggs of vmich 3109 x 1014 are1~1~~lus to that re~~red for replace= 
mento The optim1;rnl stock size of 703 x lo.!.4 eggs is equivalent to the 
observed stodk size in the early 1950\)s. 

In the alternative plot in Figuxe 3 the stQck=:t'ecrJitm.ent cur,re has been 
plotted as log (SjR)ag'"'ainst S alldin this f<fyrm it is a straig1lt lineo At the 
point,...at which the stock just replaces ~ tsel! in the absence .of fishing 
log (i::i/R) = 0 and R := S = 2203 x 1014 eggs ~ and this is i:adicated by the 
broken linec In the absence of fishing 'the stock "Will tend to stabilise at 
this level undex' the -fnflue!lce \)I natu~J ill.oria.li-b,r only" At stock levels 
below t..h.e replacement level there is surplus production of' recn1itso If~ for 
any size ·of stock, the whole sa:cplus is removed fishing the stock will 
remain in eqv..ilibriumQ tisi..l1g Figo.re 3 the amO!.h'1.t of fistdng mortality wp..ich 
has to be applied to remove the s1J.rplu.B production CfL."1 be deter.mi:..l'led as 
follows::g 

For a:gy given stock size read. the Yalue of log (S/R) from the graph of 
log (S/R)/So This yalue is numerically equal to =EF (or the log reduction 
in. potential egg production per F) and the ~"'1n:ual value of F on the .fully 
recruited age groups is read from the graph ='EF/Fo Ego I;or a stock size of 
10 x 1014 eggs the value of log (SIR) :; =10 38 can be read from the graph 

(S' '/ " of log /R) ~o Then from the gra-ph of =l:F/F3 =LF "" =1038 can be seen 
to be equivalent to &"1 annual F:=; 2050 Tt~s 'iraJ.:v.e of aJOD.1.lal F is based 
on the pattern of recruitment to the ex:ploited stock as defined on page 270 

The. following conclusions can -lOe made from F'igure 30 

(ii.) 

(iii) 

(iv-) 

At each stock size up tCi th,8 repla.cement point i~here is an 
appropriate level of fishing mortali ty ~v:tdcb. will remove 
surplus production and maintaL~ the stock in equilibriumo This 
value of F is greatest at low stock levels and decreases to 
zero at the replacement POint0 

It IF 50s g'Z"eater than 205, equj,valent to an annna.l F of 0043 
the stook inevi ~;abq tend to ex.t,inctio~ because losses 
by fishing exceed the ~lus generated when density dependent 
morlali"'Gy is at a minimt!mc 

The maxiIiTllIll catch is obtained 1ITi in a stock size ot 7<>'3 x 1014 

eggs exploi tea. 1Jd tb. an a:t]llu.el fishi:l:1g mortal! t;r of 260 

There is a clear increase in vaxiance, 10 e 0 poptl>lation 
instabili ty ~ ai/Qut the s'tock=recrui tment cUJ:'Ve at low 

- 14-levels ( < 6 x 10 eggs) 0 

In Figure 4 the a:rmual. fishing mortality appropriate tc maintain the stock 
in equilibriUJll is pl'Dtted against stock sizeo The re suI taut equilibriu:m 
catch is also plotted in the figureo Exploi ted. at the optimUIll.- level the 
Arcto=Norlt,regian cod stock i/lOuld give al'l ann:ua.l yield of over 800 000 tonso 

Computer simulatiqg 

A version of the computer simulation program described by Clayden (1972) 
was used to predict catch trends from the Arcto=Norwegian cod stock/!!'? 
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starting from the stock situation as in 1971~ the stock was exploited over a 
period of 25 years at a range of values of fishing mortality which remained 
constant over the whole period. Three runs were made~ the first with the 
selection pattern as at present and the other two with selection patterns 
equivalent to the use of 145 mm and 160 mm mesh sizes. Comparisons of the 
yields given by runs 1 and 2, and 1 and 3 provide estimates of the benefits 
to be derived from the introduction of larger minimum mesh sizeso 

The computer model works as follows~= The initial stock is subjected to 
natural and fishing mortality. The numbers at each age removed from the 
stock by fishing mortality are multiplied by the appropriate weight at age 
and the products summed to give the catch for the year. The survivors 
at the end of the year are carried forward as the stock for the next year 
and their ages are incremented by 1. The estimates of O-group recruits are 
added to this stock. Recruitment is calculated from the size of the 
mature stock in the previous year and the stock-recruitment relationship. 
This cycle is then repeated 25 times to simulate 25 years fishing. The data 
used in this model are summarised in Annex 1. 

The results of the three runs are given in Figures 5-70 The initial fluc
tuations result from the year class strengths as estimated from Virtual 
Population Analysis or O-group surveys up to 1971. The initial decline in 
catches is due to the strong 1963 and 1964 year classes fading out of the 
fishery. The subsequent upsurge results from the recruitment of the good 
year classes of 1969-1971. After the 1971 year class recruitment is deter
mined by the stock recruitment relationship and the fluctuations are gradually 
damped out. Figure 8 provides a comparison of yields at selected values of 
fishing mortality for changes of mesh to 145 mm and 160 mm. 

Conclusions from the computer simulation 

With the present mesh size and selection pattern (Figure 5) it can be seen 
that a constant level of F greater than F = 003 results in a trend of 
declining catches. If larger mesh sizes were to be used (Figures 6 and 7) 
fishing mortality could be increased to about F = 004 (145 mm mesh) or 
F = 0.5 (160 mm mesh) without causing a long=term downward trendo Figures 
5=7 also provide some indication of the rate at which the fishery might be 
expected to recover if fishing mortality was to be stabilised at adequately 
low levelso From Figure 8 it is clear that mesh size increases up to at least 
160 mm would give a long-term improvement in yields for all levels of F 
above F = 002 after ~~ initial period of reduced yieldso The long=term gain 
is greater at higher levels of fishing mortalityo 

Summa:r.x 

I. A Ricker-type stock-recruitment curve has been fitted to observed data 
of parent stock size and the size of the resultant recruitmento The 
data covered the period 1942=19680 

2. A relationship was derived between stock size and the level of annual 
fishing mortality required to harvest the production in excess of that 
required to maintain the stock in equilibrium, assuming the selection 
pattern would be the same as at present 0 

30 The optimum size of the mature stock in the units used, would be 
703 x 1014 eggso This corresponds to the observed size of the mature 
stock in the early 1950 us. At this stock size~ and with the present 
selection pattern, the optimum level of fishing mortality would be 
F = 0026 when an average annual yield of over 800 000 tons could be 
expectedo It is possible that by changing the selection pattern an 
even greater yield might be obtainableo 
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40 The size of the mature stock is presently at a very low level and is 
expected to decline still further before showing some recovery after 
the mid-1970 gs. ~ne present management strategy for the immediate future 
should b~ to reduce fishing to Ej, level v.ihere the ha....."""Vest is less than the 
surplu.s production allowing the difference to go towards building up the 
size of the mature stock to the optimum levelo 

5. The computer model gives an indication of how the fishery could be 
expected to recover if fishing mortality was to be stabilised, assuming 
a selection pattern as at present or for ~odified selection patterns as 
might result from the adoption of larger minim~~ mesh sizes. It is not 
intended to suggest that a constant ~ow level of fishing mortality would 
give the most rapid rate of recovery or would give the greatest possible 
yield during the period required for the stock to build up to its 
optimum sizeo It would be more efficient to vary fishing mortality 
according to the' ,size of the year classes in the fishery with the aim of 
producing each year a spawning stock of optimum size but no larger or 
smaller. This would be very difficult or impossible to achieve in 
practiceo 

60 The conclusions in this paper are based on the assumption that the size 
of recruiting year classes would be determined from the spawning stock 
according to the calculated stock=recruitment relationshipo The stock
recruitment curve would be expected to represent the average relation~ 
ship between stock and recruitment but individual annual values would be 
expected to show the same variance about the curve as has been the case 
for the observed data for past yearso 
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Data used in computer model 

1. Age composition of stock: 1971 stock as estimated at the 1972 N-E Arctic 
Fisheries Working Group meetingo This includes estimates of recruitment 
for the 1969=71 year.classes based on O-group and pre=recruit surveyso 
The capacity of the model pe:r:mi ts only age groups 0=11 to be used in the 
calculations 0 When older age groups constitute a significant proportion 
of the stock the model will tend to give an underestimate of the catch 
and of the mature stock sizeo 

20 Age/maturity relationship~ 0% mature up to age 7, 7 year olds 50% mature, 
8 and older 100% matureo No allowance has been made for the deduction 
of each yearUs IIa catch from the mature biomass estimated as at the 
beginning of each year as was done in fitting the stock recruitment 
curve 0 A correction was made for this in some later computer runs but 
the difference in the results was quite smallo c 

30 Selection patternz the values of F referred to are those relating to the 
fully exploited part of the stocko The proportion of the given value 
of F acting on partially selected age groups are as follows~ 

Age Proportion of F 

Present mesh 145 mm mesh 160 mm mesh 

3 0030 0014 0004 
4 0.60 0043 0024 
5 0.90 0.76 0056 
6 LOO 0.94 . 0082 
7 0.96 0089 
8 LOO 0.96 

The proportions for the 145 mm and 160 mm mesh sizes were calculated from 
selection ratios for each age for 130/145 mm and 130/160 mm mesh changes 
based on a selection factor of 306. 

4. Weight at age: as given in the 1971 Report of the North-East Arctic 
Fisheries Working Group. 

50 Instantaneous coefficient of natural mortalityg M = 0030 

60 Stock=recruitment relationship~ as developed in this papero 
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Figure 2 Stock-recruitment Curve for Arcto-Norwegian cod. Recruits and 
stock measured in the same units. R = 12.164Se-O.1122S. 
The arrow indicates the point of maximum surplus production. 
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Figure 8 Comparison of yields for minimum mesh sizes of 130, 145 and 
160 mm, at selected constant values of fishing mortality. 


