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REPORT OF THE NORTH-EAST ARCTIC FISHERIES WORKING GROUP

1. DParticipation

Mr & Bylen, Chairman Noxrway

Mr B W Jones TeKo

Dr 4 Meyer Germany (FoR.) and I.C.N.A.F,
Dr A T Treschev UsB8e5.He

2. Termg of Reference

At the Statutory Meeting of TCES in 1972 the following Resolution (C.Res.1972/2:15)
was adopted:
"It was decided, that:

the North-Bast Aretic Pisheries Working Group will meet 12 - 17 February
1973 at Charlottenlund with My A Hylen as Chairmen to:

(a) continue assessments of the Arcto=Norwegian cod and haddock
stocks,

(b) 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 spawning stock of Arcto-Norwegian cod, and

(4) inelude in its study the Polar cod, owing %o its ineressing
imporbance for the Lisheries in the Barents Sea.

(2) TIeelasndic scientists will be invited to participate in the
consideration of Item (b) sbove,"”

Tcelandic scientists had been invited to participste in the consideration of

Iten b) above, bubt no one was able t0 attend the Meeting.

%3s Preamble

In order that the Werking Group cen do worthwhile work, it nesds reliable data,
especially when predictions and recommendations for fubture fisheries have 4o be
given. Final data for 1971 catches showed considerable differences from the
provisional dazts on which the 1972 RBaport was basged. The corrections concerned
nainly the Te.S.5.H. data as well as the data for "Other Countries” (France, DIDR,
Poland and Fasroes), Due to the fact that these countries fish meinly in the non-
spawning areas (I and IIb), an error in the weight of the landings can lead to

an even larger error in the numbers of fish in each age group. This is particu-
larly so in the case of the recrniting year classes, and any error is carried

all through subsequent caleunlations.



Even less basic materizl for 1972 wers presented %o this Mesting, and it was
also more unrelizble, nh

present only very preliminary
data councerning catal age composition data of the

Boviet cod and haddonk landing: ; a0t availabls. Further, no catch figures

e

For the meetings of this Working Group it is especially important to have availe
able precise informstion concerning the year classes enbering the fishery as a
basis for the assessments for recommendations for future management of the
fishery.

On the basis of vecent experience the Working Group iz obliged %o wmake the
following strong recommendation: in future, this Working Group should meet only

LY

when gufficient deate are svailable.

4, Status of the Fisheries

(1) Cod (Tables 1 - 4)

Provisional figures for the landings in 1972 were given by Norway, U.K. and the
Federal Hepublic of Germany. U.S.S.E. was able to give only some indications
of the size of their landings for 1972, No data for other countries were
available, but estimates of their landings have been prepared on the asssumption
that they have changed in the same proportion az U.K. landings. The total
landings in Sub-area I and Division ITh are, therefore, all very preliminary,

but landings in Divisien Ilz are relisblsa,

2 o

The preliminary figures for the landings in 1971 given In the last Report had to
g about 88 000 toms. This was due mainly to the poor initial
for 1271 was 705 000 tons, of

which 48% was $aken in Division IIa. According to the very preliminary figures

egtimate for Sub-aregs L. The £inal cateh figuw

@

total landings in 1972 decvessed to 643 000 tons, The Norway coagt fishery
remained on much the same level as in 1871, be

ing 350 000 toms compared with
336 000 toms in 1971, The very strong 1963 and 1

catches again in the Norwsy coast fishery., The fishery at Besr Island and in

964 year classes provided high

m

2

the Barvents Sea was relatively poor, owing o the series of weak year classges

1965=68. However, the recruliting vear class 1969 appsrently made up a bigger
rea

part of the catches in these areas than oxpected.

PFishing effort in the Barents Sea/Bear Island fishery appears to have hesen

relatively stable during recent years, ut the fishing effort in the Norway
coast figshery hes incressed %o some extent in 1572,
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The catch per unit effort in the Barenis Sea/Bear Island and Norway coast
trawl fishery has decreased year by year since 1970. However, an increase
in catch per unit effort has been observed in the Norway coast non-trawling

fishery during the period 1968-T1.
(ii) Haddock (Tables 5~7)

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

were too high., This was caused by an oversstimate 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 1969, Catch per unit effort in 1972 in the
Barents Sea was, therefore, about double that in 1971, while it decreased

by 28% in Division IIa.

5. Fighing Mortality (Tables 8=9)

Provisional data for the age composition of the catches in 1972 were available
only for Norway, U.K. and Federal Republic of Germany. No information of the
age composition of the U.8.5.Rs catches could be made aveilable at this time
of the year. In an attenpt to construct zan age composition of the btotal 1972
landings the U.K. age conposition for Sub-ares I snd Division IIb was applied
to landings of the TU.S.5.R. and "0Other Countries®. Since the Soviet landings
from these aress normally make up a great proportion of the total eatch, it is
importaut for the assessments that relisble U.S.S.R. data should be available,
It must bs appreciated that the age composition of the total landings used in
the zssessments could be unreliable, and partieulsrly so for the estimates

of catches of the 1969 year classes of both cod and haddock, which are critically
important to the assesémen%w Ag a result estimates of the fishing mortality

and the stock size in the recent years are very unceritain.

4 number of approximate methods have been used to estimate fishing mortality
in the most recent year., BEstimates based on the trend in total mortality
between years determined from cateh per unit effort dats were not valid this
year, besczuse the patiern of fishing appeared to have changed in 1972, compared
with the previous year. It appeared that U.K. itrawlers may have concentrated
to some extent on the recruiting 1969 year class of cod, and catch rates on
older age groups appear artificially low.




It was considered that the values of fishing meortality for fully exploited
age groups assumed 2t the last Meetbing for 1971 were $oo low, but the Group
thought there had probably been +

1ittle change from 1971 to 1972. Accordingly
the initizal values chosen to iniitiate

e

e Virtual Population Analysis for 1972

]

[s

a
were incressed somewhat compared with those used last year.

Updated estimates of fishing moritalities for the years 1968-1971 are lower
than given in the 1972 Report. This is to some exitent 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 conmpletely passed through the
Tishery. This bias in the fishing moritalities gave estimates of stock size
which were too small, with & consequent underestimate of predicted catches

At least some of the earlier discrepancies between the predicted catch, and

that subsequently recorded, can be explsined on this basis.

6. Growth (Teble 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
UsSeSeRey, Paderal Bepublic of Germany, Norwaey and the U.K., In some cases

3 6

1" x 96 x o

in overall average was then caleulated weighted by sach nation's cateh of each

age Lroub.

length data were converted to age using the relationship W =

7. Recruitment (Tables 11 snd 12)

For cod the abundance estimates of the 1965-1968 year classes derived from
compereial landings have confirmed earlier estimates based upon pre=recruit
surveys. They sre 3ll very weak, The 1962 year class was estimated in 1972

o

0o be below zverags. e mos

<

gtriking point coming out of the V.P.A, is the
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very high estimate of the £ the 1969 year class present at the beginning
of 1972, The present estimate of the size of the 1969 year class is four times
thet obbtained at the last Meeting and is of the same magniitude as the 1964
vear class at the same age. TU.S.S5.R. young fish surveys assessed the 1969 year
clagSs as very poor. However, the O=group survey report indisated that this
vear class was only slightly less sbundsnt than the 196% and 1964 year classes,

It is posgsible that previous estimates of the size of this year class adopted



by the Working Group may have been tco low. However, the current estimates
are critically dependent on the nunber of the 1969 wear class taken in the
U:sSeS.R. fishery in 1972, and this is still unknown. The 1970 year class
is still expected to be rich. Based on the U.S.3.E. young fish survey

the 1971 and 1972 year classes are estimated to be below average and poor,
respectively, while they appeared from the C-group surveys to be above

averages,

For haddock the 1969 year class appears in the present study to be stronger
than expected and almost double the estimates given in 1972, This depends,
as for cod, very much on the reliability of the age composition of the
landings in 1972. Howsver, the O=group survey and the U.S.S.R. yvoung fish
surveys both indicazted it to be very abundant. The sbundance of the 1970
year class is probably a little less than the 1969 year clzss. The 1971
vear class is less abundant than the two preceding ounes, although still
above average, but the 1972 year class appesrs to be of lower abundance
than the 1969=1971 year classes.

8., Bstimates of fubture catches (Table 13)

Estimates of catches have been prepared on the basis of the meterial avail-
able at the Mesting and on the sssumption that the fishing morbtality
continues at the szme level as estimated for 1972 (f@r fully recruited age
groups)s The expected catches have been divided between the Sub-area I/
Divisgsion IID and the Division IIs fisheries on the basis of the ratios of
catches of the different age groups in the regions in the period 1967-1971,
These estimates for catches in Division IT2 are not precise, but they are

thought to give a realistic trend.

Estimates of future catches of haddock have been prepsred on the assumption
that fishing mortality remains at its 1972 level in 1973 and 1974, Since
the stock of older age groups is so swall, the future yield of haddock will
be highly dependent on the abundance of newly recruiting age groups and
especially the 1969 year class.
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9« Mesh Change Assessments

Mesh assessuenis were made for North-East Avetis cod znd haddeck, but it
was not considered possible to do this for redfish or saithe beecause 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 Norith-Western

Working Group.

(i) Arxcto-Norwegian Cod and Haddock {Tables 14-15)

The method of assessment adopted was the same as that previously used at
the 1969 Working Group Meeting. The previocus assessments had been done
using a selection factor of 3.7 for cod {msnila, without chafer) although
there were some data to indicate that z lower value might have been more
approprizte,. The present Working CGroup had the benefit of advice from

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

be 3.2 for manila and 3.5 for polysmide for both cod and haddock. These
values differ from the average valuss given in ICES Coop.Res.Report

(N0325, 1971) g0 a range of selection factors is given in Table 14. Tield
per recrult was calculated for ages at first capbture ranging from 2.5 to

5 years. Growth data for cod in terms of length st age data corrvespond to
the weight at age dasts given inm Table 10. Haddock mean lerngth at age data
were based on U.S:S:R: cobservations. The relationship of fishing moritzlity
with age used was that which was thought to repressent the likely levels in
the next two or three years. These data arve soomarised in Table 14. Yield
per recruit for ths total fishery was estimated and this was then sub-
divided to give estimztes of yield per recruit in the Division IIs fishery
and in the Sub-area I and Division Ilb fisheries. This division was made
on the basis of the average proportion (1967-1971) of the catch of each

age group tsken in the IIs fishery. Mature stock biomass was also caleulated.

The resulis of the assessments ave given in Table 15 and Pigure 1, For
haddock the estimated yields per recrult over the range of ages gt first
capture agree closely with the results of the 1969 assessment which shows
increasing gaing with increasing age at first capture over the whole range.
Catches in ITa would henefit more than catches in I and IIb if the size at

first capture was to be increased.
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Subztantisl incressss to th e would be expected to
result if size at first capbure was increased to the upper limit used

in the caleculsticne.

For cod the calcoulated yields per recruit gre slightliy higher than in
the previous assessment and there is nc significant change in yield
over the range of age gt first capbure. Mature stock biomass per

reeruit increases with increasing size st first capture,

The wesults of this method of assessment will depend to a large extent
o the values that are sdopbted for the fishing wmortsiity coefficients.
If the fishing wmoriality on the young age groups is small in relation
o that on the older age groups, the gains likely %o result frem an
incresse in mesh size will be less than if the mortality on the

younger age groups was relatively high, This is illustrated to some
exbent in the present examples where the Tishing moritality on the
younger age groups of haddock is relstively higher than in the case

for cod, and the gains for increazssed mesh gizes avre correspondingly
larger. From the present assessments it must be concluded that,
provided the values of fishing mortality wunsed correctly represent the
fature fishery, an increase in mesh size could not be expected to give
significant increazses in yield per recrult except in the case of haddock
where, Lf the mesh was increzssed fto the upper limit used in the present
vield of zbout 16%

gtudy (1556 = 174 mm polyemide) an incresss in
2ould result. With the present assessment the nm

°

n gain from & mesh

2
gizge inecrezse would be an increasse in the size of the mature sitock.

this zssessment end the one wads zt the 1969
Meeting result from the different values of fishing mortality adopted.
ent sgsessment the mesh sizes corresponding to the
various ages at first capture differ from the sarlier report because

of the differing selection factors used.

The computer simulation in the Appendix paper slso gives some indications
es to 145 mm and
%

0% the benefits which might result from mesh incre
O mm. In this case the expected gains sre grester than in the sbove

-2
[WAN

agsessment, but the simulation used a different relstionship of fishing
mortelity on 2ge. The relatively higher mortaliity on the younger age
groups In the simulation would be expected 4o give grester benefits from



(ii) Redfish Selection

Treschev's method gives a2 value for the selestion factor for redfish of 2.9
for double manila. However, Bohl (1964) has shown that the selection factor
decreases with increasing size of catch, and that in big catches there is

nearly no selectiocn.

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

experiments on Bast Greenland redfish (Sebastes marinus) thats

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 catches,.
There is no meshing of redfish in the codends with very small mesh sizes,
However, the number of meshed redfish increases with increasing mesh size up o
the size which corresponds to the most frequent length. If the mesh size is
further increased the number of meshed fish decreases. Soviet investigations
(Treschev, 1964) have shown, however, thet meshing of redfish takes place

mainly during the hauling of the trawl.

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

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

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

force and 2 modal length of Sebastes marinus of 40,6 em. PFurther increases in

mesh sizes in Division ITa would therefors decrezsse the rate of meshing.
In 21l other areas an increase in nesh size will tend o increase somewhat
the rate of meshing. Nothing can be szid about the alteration of the rate of

meghing of Sebastes mentells when the mesh size is increased.

iii) Iceland Cod (Table 18)

Dr 4 Schumacher (Germany)}, the Chairman of the North-Western Working Group,
presented to the Meeting a mesh assessment on Iceland cod for zn increase

in mesh size from 130 mm to 140 mm (Teble 18), These assessments

(Gulland, 1961) based on the length composition of the 1371 and the length-
welght relation calculated from Icelandic data show that the English
fishery, which mostly is engaged in the non-gpawning fishery, would have the
highest immediste losses (7.2%) and would also suffer & long=term loss

(2% or less). ALl other fisheries, especially the Icelandic spawning
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Tishery, would have g long-term gaiv of 5.5 o 70.1%. It is known that
mature East Greenland cod join the Icelandic spaswning stock from

year to year in varying proportiocns. These immigrants could not be
elininated from the length composition of the total spawning stock
off Iceland, Therefore, the long-term gain in the catches of cod of
Tcelandic origin is greater than estimated (Table 18). In 1971 the
proportion of East-Greenland immigrants in the total spawning stock
at Iceland was relatively high and thus itended to undersestimate the

long=term gain.

4n increase in mesh size from 130 to 140 mm in the Icelandic area
would, in the long term, vesult in sn increase in the total inter-
national output of the Icelandic stoek of ced, but the allecation of

the total calbeh between the various fisheries would be changed.

10, The Optimum Size of the Arcito=Norwegizn Cod Spawning Stcek

In its 1972 Report the Working Group pointed out that the present size
of the spawning stock is very low, snd is expected o decline still
further into the mid=1570%s. It was considered that when the

spawning stock is at a low level there are increased risks of pocr
recrultwent. The Group recommended that steps should be taken to
reduce these rigks., So far no progress has been made in this

direction.

4% the present nmeeting the Group was asked to estimate the optimum
size of the Arcio=Norweglan cod spawning stock, & paper on

this subject was prepared in advance of the meeting by D J Garroed
and B W Jones of the Fisheries Iaboratory, Lowestoft, to provide a
basis for discussion. This paper entitled "Stock and recruitment
relationship in the North=East Arctic cod stock and the implications
for management of the stock"™ is included as an Appendix to this
Report. Figure 1 of the Appendix shows clearly how low the mature
stock size has become compared with earlier years, and by 1976 it

ig expected Ho be only 1/@0 of the mature stock size observed in the
mid-1940%s, The sbtock/recruitment relationship which was fitted

to the observed data indicates that the optimum stock size would be
equivalent %o that which prevailed in the stock in the early

1950's when, according to the fitted stock/recruitment relationship,

an average of about 1200 million 3=year-old recruits might be



= 10 =

expected, although the normsl fluctuations in year class strength about this
mean value must be expected. If the spawming stoeck was allowed to build up
to the optimum size an average annual yield from the fishery in excess of
800 000 tons could be expected while maintaining the stock in egquilibrium.
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 fishing mortality ( ©F) on each cohort of fish through-
out its life up teo the mean age of the mature stocks For the optimum

stock size this has been estimated as TF = 1.8. If the selection pattern
in the fishery is known, LF can be expressed in terms of annual fishing
‘mortality on the fully recruited age groups. The selection pattern used

at the 1972 Workihg Group meeting was as follows:=

Proportion of F on fully

Age recruited age groups
3 - 30
4 «60
5 290
6 1.00

For this selection pattern ZF = 1.8 corresponds to an annual fishing
mortality rate on the fully exploited age groups of F = 0,26, The average
gnnual yield in these circumstances would be expected to be just over

800 000 tons. I+% 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 re&ubing the
fishing mortality on the younger age groups. If ZF is maintained for =z

long periocd at a value greater thanZ F = 2,5 (equivalent to an annual

F = 0.4% with the selection pattern given), the stock would be expected

to decline towards extincition.

The Appendix paper includes a compuiter simulation whick provides some
indication of the yields which wight be expected from the stock from 1971
onwards if fished at a range of values of F which were held constant for 25
years. The selection pattern used in the simulation is that' given above.

The recruitment data used were the year class strength estimates given in the
1972 Working Group Report up to the 1971 year class. Subsequently recruitment
for the model is determined from the mature stock size using the stock/
recroitment relationship. Again the results indicgte that for annual fishing

nortality rates in excesg of F = 0.4 the long-term trend is one of declining



yields. 4t lower values of P the yvield bends to incrsase. No attempt

)
cb

was made Ho estimste the size of the mabure stock in each yezr of the

simulation. It is possible that for scme values of P this might increase

{=

above the opbtimum. 1t is 1ikely that z constant low level of fishing
rportality would not give the greatest possibvle yield or the most rapid
rate of recovery of the fishery. Beltter yields and g more rapid recovery
rate nmight be obtained with & different selection pathtern and/or variation

of fishing wmortality according %o year class strength.

With the present very low stock size and the prospect of further decline
before some recovery can be expected, the Working Group once again wishes
te stress the increased risks of poor recruitment. The Group emphasizes
the need for immediate measures designed to permit the spawning stock teo
increase, At the present time there is the prospect ¢f a series of above
average year classes recruiting to the fishery. The 1969 year class may
be better than earlier estimstes indicated, and the 1970 and 1971 year
classes are both expected %o be good. & smzll sacrifice at the present
time, by reducing the amount of fishing on these recruiting year classes
at the youngest ages, counld make g significant contribution to the future
size of the spawning stock and would also be expected t¢ increase the

overall yield from these year classes.

11. Polar Cod (Tables 19 and 20)

The Polar cod, DBorecogadus saids, is 2 circumpolar species. Besides its

conmercial importance, the speciss forms an important link in the food

web in Arctic waters. It is distributed in the szstern and northern

parts of the Barents Sez znd around Spitsbergen. The distribution of the
O=Group Polar ccd suggests that there are twe separsted spawning areas in
the Barents Sea (Benk@ et al. 1970), One area is situated in the south-
eastern part of the Sea. The exact lecality of the other one is not known,

but it may be to the east of Spitsbergen.

The following observations relate %o ithe sountheastern Barents Ses., The
Polar cod spawn for the first time at 3=4 years old. They are first
exploited at an age of 2 years, but the main part of the caiteh is taken

as 4 and 5 yesr olds (Table 19). On the basis of date from 2 Norwegian
echo survey in the eastern Barents Sea in Ausust 1972, the stock was
estimated to be about 4 million tons. However, Polar cod wers alsc present
outside the arss investigated snd the s%aak was definitely greater than

5 million tons (Gjsszter, 1973).
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The Polar cod have been subject to increasing exploitation during the

last years by UsSsSeR. and Norway. The main part of the catches is

taken by bottom trawl and only small guanitities by purse seine and pelagic
trewl. The fishery tazkes place from LApril to December, but the main
segson is in November and December. The catch per hour trawling for all

categories of Soviet trawlers was 3.4 tons in 1972,
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Table 1. COD. Total nominal catch by fishing areas (metric tons).

-

Sub~area I

Year Division IIb Division Ila Total
1960 380 962 94 595 - 155 116 630 677
1961 409 694 222 451 149 122 781 267
1562 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 3598 .
1965 241 489 103 407 99 855 444 751
1566 292 244 56 568 134 664 483 476
1967 322 781 121 050 128 729 572 560
1968 642 449 268 508 162 472 1 073 825
1569 670 158 266 117 254 985 1 191 260
1970 551 015 85 423 240 150 876 588
1571 311 788 56 907 336 269 704 964
1572%) 244 287 47 856 350 497 642 640

x) Provisional figures.

Table 2. COD.

Nominal catch (in metric toms) by countries
(Sub~area I and Divisions IIa and ITb combined).

Note: Estimates of coastal cod landed by Norway
in 1971 and 1972 are not complete.

Year |England | Germany|! Norway U,.,5.5.R. Others Total |Coastal Cod Norway
11960 {141 175 |9 472 231 997 213 400 34 6331 630 677 43 092
1961 |157 909 |8 129 268 377 325 780 21 072] 781 267 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 078f 778 100 40 405
1964 | 94 549 |3 202 149 878 180 550 9 219| 437 398 46 100
1965 89 874 "} 3 670 197 085 152 780 1 3421 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 %10 262 340 670{ 572 560 3% 102
1968 1140 054 |1 073 255 611 676 758 33311 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 65 232§ 704 964
1572x) | 55 633 |3 382 | 392 525 | 142 000 45 100; 642 640
|
x) Provisional figures.
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Table 4. COD. Catch per wnit effort (mebric toms, Tound fresh).
Sub-area I ‘ Division ITb Division ITa

Year | k%) | wsse®) | w USSR T | Norway3)
1960 | 0,075 0.42 | 0.105 0.31 | 0.067 3.0
1961 { 0.079 0.38 0.129 0.44 | 0.058 . 3.7
1962 | 0.092 0.5 0.133 0.74 | 0.086 4.0
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 0.3 | 0.109 0.49. | 0.066 2.9
1966 | 0.074 0.42 | 0.078 0.19 | 0.067 4.0
1967 | 0.081 0.5% 0.106 0.87 | 0.052 3.5
1968 | 0.110 1.09 0.173 1.21 | 0.056 5.1
1969 | 0.113 1.00 | 0.135 117 | 0094 | 5.9
1970 | 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
1572 | 0.044 0.50 0.043 0.16 | 0.056
1) TK data - tons per 100 von~hours fishing

2) USSR data - tons per hour fishing

3) Norwegian dats - tons pex g_ill' net boat week at Lofoten.

Zable 5. HADDOCKTotal nominal catch by fishing areas (metric tons).

Year Sub-grea I Division ITb Division Ilz Total
1960 125 675 1854 27 925 155 454
1961 165 165 2 427 25 642 15% 234
1962 160 §72 1727 25 189 187 888
1963 124 774 939 21 031 146 744
1964 79 056 1 109 18 735 98 900
1965 98 505 935 18 640 118 079
1966 124 115 1 614 34 892 160 621
1567 108 066 440 27 980 136 485
1968 140 970 725 40 031 181 726
1569 88 960 1 341 40 208 130 509
1570 59 493 457 26 611 86 601
1971 56 300 435 21 567 78 302
1972X) 145 620 % 165 17 432 166 217.

x) Provisional figure.




Table 6. FEADDOCK.

- 15 ~

Hominal catch (in metric tons) by countries

(Sub-ares I and Divisions ITa and ITb combined).

. Coastal Haddock
Year | England | Germany Norway TU.5.5.R. Others Total - Norway
1560 45 469 5 597 47 263 57 025 100 155 454 5 943
1961 | 39 625 | 6304 | 60 862 85 345 1 098 193 234 4 031
1562 37 486 2 855 54 567 91 946 1 000G 187 888 3293
1963 15 809 2 554 5% 955 63 526 900 146 744 4 285
1964 | 146535 | 1482 | 38 695 43 870 200 98 900 , 6 460
1965 | 14 314 | 1 568 60 447 41 750 | - 118 079 { 6 217
1966 | 27 723 2 098 82 090 48 T10 - 160 621 5 223
1967 A24 158 1 705 51 954 57 346 1323 1%6 486 3 181
1968 | 40 102 1 867 64 076 75 654 27 181 726 2 766
1963 | 37 234 1 450 67 549 24 211 27 130 509 2 120
1570 | 20 344 2 115 35 716 26 802 620 86 601

1571 15 605 896 45 715 15 778 308 78 302

1972501 16 792 | 1656 | 46169 | 101 000 600 | 166 217

X}Provisional figures.

Table 7. HADDOCK. Catch per unit effort and éstimated total inter-

national effort.

, Catch per Effort (UK) Estimated Total International Effort in UK Units
Year Kilos/100 ton-hours Total catch in toms x 1076
Sub-gres Divisions : ;
I Ila IIb tons/100 ton-hours Sub-area I
1960 33 34 2.8 4.7
1561 25 36 3.3 6.7
1562 23 42 2.5 8.2
1563 - 13 %3 0.9 11.2
1964 18 18, 1.6 5.5
1965 bk 18 2.0 6.6
1966 17 34 2.8 5.4
‘1967 18 25 2.4 7.6
1568 1 50 1.0 9.6
1969 13 42 2.0 10.0
1970 7 31 1.0 12.4
1571 8 25 3.0 9.8
1972 15 18 22.0 11.1
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Table 10. Mean weight at age data for COD and BADDOCK
used in the assessments in this.Report.

Mean Weight in Kilos |

Age Cod ‘Haddock

2 0.45 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
11 9.25 5.40
12 10.85 6.70
13 12.50 T.40
14 1%.90 8.00
15 15.00. -

Table 11, COD, Arctic Cod. TYear class strength. The number per hour
fishing for U.S.S8.R. young fish survey is the mean of 2- and
3-yeaxr old Tish.

Year USSR Survey,No/hour of Virtual Population
class fishing USSR O-Group [No. of 3 year olds
Subares. T | Div.ITb Mean | Assessmen % Survey | 1076
1956 12 24 15 -average 914
1957 10 15 1 ~average 1 028
1658 10 20 14 +average ' 1 233
1959 12 13 12 +average 1 034
1960 6 13 10 poox’ 693
1961 2 2 2 poor 513
1962 6 5 5 poor 1 117
1563 14 84 46 rich 2 111
1964 51 39 45 rich 1 458
1965 <1 <1 <1 very poor g very low 198
1966 <1 <1 <1 very poor abundance 135
1667 1 <1 . <1 very poor below average 180
1968 4 <1 2 very poor v.low abundance (376
1969§1+2) 3 1 2 very x) 1 691
1970(1) 23 64 44 rich xx) 1 700
1971 8 -average xxx) 1 200
1972 4 poor XXXX ) 1 000

%) Abundance may not be so abundant as the 1963 and 1964 year classes.
More abundant than the 1964-69 year classes.

Above average abundance.

Above average abundance.
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mean of 2~ and 3-year old fish.

Table 12. HADDOCK. Arciic Haddock. Year class sﬁrength. The number per
hour fishing for U.S.S.R. young fish survey is the

USSR Suxvey . .
Year No. of fish/hour fish- glrt“? P 09“13“%3“ -
class ing 0-Group Survey o. of 3-year olds
Sub~-ares I
1956 23 326
1957 12 241
1558 4 109
1559 25 239
1960 56 270
161 42 307
1962 3 93
1963 10 223
1964 14 255
1965 <1 Very low abundance 13
1566 <1 Very low abundance 10
1567 10 Average abundance 167
1968 8 Vexry low sbundance 5%
1969(1+2) 50 Most abundant recorded
in the period 1565~6% (602)
1970(1) (10) Probably lower abundance ,
than 1969 but second in (275)
strength in the period
1665-70
1971 % (Less abundant than 1969~
70, but more abundant (200}
E than 1965-68
1972 3 Less sbundant compared
with the 1969-71 year {100)
classes
Table 13. Estimates of nominal catches of COD and HADDOCK at
‘ selected levels of fishing moritality.
1972 1573 1974
Yield YTield Yield
o {Totar| mma | ¥ |Total| ta | T |Total | Ifa
COD 0,6% 643 350 | 0.63} 500 | (140){ 0.63] 650 (115)
HADDOCK 0.65 166 17 0.651 125 0.65{ 150




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

Age at Age at Mean Length Mesh Size (mm)

First Mean at Mean

Capture - Selection Selection Manils - Polyamide

(Years)| F | (Years) (zm) S.Fs = 3.2-3.4 | S.F. = 3.5-3.9

COoD

2.0 0 3.5 452 141-132 129~116

2.5 0.01 4.0 481 150-141 1377-123

3.0 0.02 4.5 515 161-151 147-132

3¢5 0.03 5.0 556 174-164 159-143

4.0 0.08 5.5 639 200-188 183~164

4.5 0.12 6.0 680 213-200 ‘ 194-174

5.0 0.45 6.5 726 227214 207-186

6.0 0.60

7.0 0.65

8.0 0.70

8.F. = 3.2-3.3 B8.F. = 3.5-3.8

HADDOCK

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 143128

3.5 0.06 5.0 529 165-160 ) 151-136

4.0 0.17 5.5 565 175-172 160-146

4.5 0.2% 6.0 590 184-179 165-151

5.0 0.55 6.5 610 151-185 174-156

6.0 0.65
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Tgble 15. Bésults of mesh assessments for COD and HADDOCK.

Age at First Yisld per Recruit (kg) Mature Stock
Capiure ‘ Biomasslg

(Years) I+ IIb ITa Total (kg per Recruit)
oD

2.5 452 .0%6 - 588 « 310

3.0 452 096 . 588 314

5.5 <454 097 <591 -319

4.0 <456 .059 .595 330

4.5 +459 .103% .602 «356

5.0 . 489 <110 « 555 . 402

HADDOCE

2.5 « 397 .138 535 444

3.0 -398 «139 «537 448

3.5 <403 144 547 <466

4.0 + 407 151 « 558 » 156

4.5 421 .167 .588 .587

5.0 422 . 200 »621 J741

1) Assuming for cod 50% of 7 year-olds and 2ll older fish
are mature, and for haddock 50% of 6 year-olds and all

older fish,
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Table 16. Relation between mesh size and modal length of Fast Greenland

REDFISE.
Mesh Size of Perlon Length of Most Frequent
Codend (mm) : Meshed Redfish (cm)
121.3 = 0.1 40.8 x 0.2
131.0 + G.2 42.0 x 0.1
138.8 + 0.2 45.3 = 0.2
145.7 4+ 0.2 - ' 46.0 0.3

Table 17. Modal length of REDFISH in German research and commercial
catches in 1971 and 1972 in different regions.

Region Species Number Mean Modsl Bange
of Samples Length (cm)

ITa S. marinus 22 40.6 3Te5 = 43.5
Va, SW 8. marinus 19 42.8 37.5 = 46.5
Va, SW 8. mentella 28 42.8 38.5 - 46.5
Va,Rosengarten S. mentella 25 44.1 40.5 = 47.5
X1y S. marinus 10 46.7 45.5 = 45.5
West Greenland S. marinus 4 45.3 40.5 ~ 49.5

Table 18. ICELAND 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 B Immediate Loss Long~-Term Gain
England .7 7.2 -2,0
.8 ~1.3
.9 ~-0.01
Germany .7 0.56 5.0
.8 5.7
» 9 60 5
Icelsnd .7 2.5 2.5
non-spawning .8 3.7
-9 4.5
Iceland T - 5.5
spawning® ) .8 6.3
.G 7.1

%) Calevlated from the totel spawning fishery (including immigrants).




Table 15.
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Percentage age compositions of landings of POLAR COD

from Sub-ares I.

Year Cowntry Aoe
2135 14 15 & | 7 B
1571 T.5.8.R 1.3 | 11.3 §44.2 35.0] 6.0 1.5{ 0.7
1570 Norway 1 23 62 12 2
1971 4 21 (42 129 | 4
1972 3 13 41 34 9 1
Table 20. Total landings {tons) of POLAR COD from Sub-area I.
Year Norway U.5.5.R. Total
1965 13 182
1970 8 948 116 550 125 4598
1971 16 48% 330 680 347 163
1572 3 878 139 130 143 008
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APPENDIX 70 THE REFCRT OF THE NORTH-ZAST ARCTIC FISHERIES WORKING CROTUP

[EENAR IR £« E I A N 4 O A :

Stock and recruitment relstionship in the North-Fast Arciic

cod stock and the implications for manasement of the stock

by

D J Garreod snd B W Jones

5

Fisheries Laboratory, ILowesioft

Introduction

Since 156% the annual reports of the ICES North-Fast Arciic Fisheries Working
Group have expressed concern at the declining size of the spawning stock of the
Arcto-Norwegian cod. In its 1972 Report the Group poinmbed out that the spawning
stock would become very small indeed by the mid-1970's. The Working Group con=
sidered that at low levels of spawning stock the risk of poor recruitment was
increased. The terms of veference for the 1973 Meeting of the Working Group
include & request "to consider the possibility of an estimation of the optimum
size of the spawming stock of Arcic-Norwegisn cod". In this paper we have
calculsted a stocke-rscruitment relationship for the Arcio~Norwegisn cod stock,
snd using this relationship we have shown what size of catch can be expected

at any equilibrium level of stock size, a2nd the level of fishing mortality bo
teke this catch has been estimated. TUsing 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 catchies to be
expected over the next 25 years has besn calculaied if the stock is exploited

at a range of constant valuves of fishing mortelity. Similar catch trends have
been cazlculaied at the same levels of fishing moritality assuming exploitation

with minimmm trawl cod-end mesh sizes of 145 mm and 160 mm.

.

The shtock-recruitment relsticnship

Estimates of parent stock in each year have been derived as follows:-

n of the stock was derived for the beginning of esach

1. The sge compositi 5
‘ Virtual Population fnalysis

year from the Vi

2. The mature stock was then calculated assuming 50% of seven year old
fish were mature and all fish of eight yeazrs or older were mature. From
this the azmmual ITz catch was deducted on the assumption that the
majority of fish in tThe IXa catch are taken in the pre-spawning fishery
and are thersfore effectively lost %o the spawning stock.

3. Mature sbock bicmass was estimated by multiplying the number of
mature fish of each age group by the average weight at each age and
sumning for all age groups. The weight/age data used was the aver-
age weight at age in the Bnglish catches from Division Ila.

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

The number of resultant 3 year old recrults was taken from the Virtual
el

Population Analysis. Estimates of the number of recrults are indepen-
dent of estimates of meture stock size.



R = a8 embs
where R = opumber of recruits
S = parent stock size
a = coefficient of density independent mortality
b = coefficient of density dependent moritality.

=b3
The curve was fitted by the method of least squares to minimise E(R aSe b )2
The calculated curve is shown in Figure 1 of the Appendix with 95% confidence
limits of the curve. The parameters of the curve ares

o

3,8981
0.1122

a
b

il

i

Wheii R is measured as numberq x 10~ -8 of 3 year old recruits and S as eggs x
10= ‘

Alternatively recruitment can be expressed in the szme units as parent stock by
calculating the potential egg producticn of the recruit (filial) generation
assumlng they are subject, throughout thelr life, to natural mortality only
(10° 3 year cld recruits ® 3.12 x 1014 eggs). The stock-recruitment curve
tranformed in this way is defined by B = 12, 16408e=0011225 yhere R and S are
both measured as eggs x 10=14, This curve is plotted in Figure 2.

If parent stock and recruits are measured in the same units the stock will re-
place itself when R = S If R > S recruits are produced in excess of the number
required to replace the stock and the suxrplus can be harvested. The degree of
surplus can be expressed as the ratioc B or in the inverse form £ i% represents
the extent to which R can be aepleted and stlll provide replacemeént of the parent
stock, Thus if R = 100 and § = S/R = 0.1 and 90% of R can be removed
leaving R = S. The logarithm of 'bhls ratio loge ( /R) is plotted against

stock (S) as the points in Figure 3. The fitted line is that given by the Ricker
stock-recruitment curve R = 12.16408 ¢~0-11225, a1so plotted in Figure 3 is the
loge reduction in potential egg production per unit of fishing mortality plotted
against anmual fishing mortality on fully expleoited age groups. It can he

shown that log, reduction in potential egg production per unit of F is eguivalent
to IF up to mezn age of mature stock. Thus by relating the twe lines plotted
in Figure 3 it is 2 simple matier to determine the level of ammual Fishi
mortality required to harvest the surplus production at any stock level. (For the
purposes of this paper recruitment to the exploited stock is considered complete
at 6 years of age. Proportional recruitment for younger age groups has been
taken as 3 years = 0.3, 4 years = 0.6 and 5 years = 0.9, as adopted at the 1972
meeting of the North=Bast Arctic Fisheries Working Group ).

Interpretation of the stock=recruitment curves

In Figures 1 and 2 the points for each year are identified. The curve has

beer fitted to the points for 1942=1968 for which estimates of 3 year ocld.
recruits are available from Virtual Population Analysis. Points are alsc plotted
in Figurs 1 for the years 196%=71 using recruitment data estimated from pre-
recruit surveys. Also indicated in Figure 1 zre the estimates of mature stock
size for the years 1972-77. 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-=76.

The stock=recruiiment curve is more easily interpreted when stock and recruit-
ment are plotted in eguivalent units as in Figure 2. In this figure the 45°
replacement line is drawn. Recruitment above this line under the dome of the
stock-recruitment curve is recruitment in excess of that required to provide



a replacement stock. and
the stock is meintsad
size of 22.%
of fishi

Wherse

Sust e
7,

nis polint *cc*u;“r 25 than ghe parent
stock and there is no surp?u~ production of reu*ult The wesimam number of

: SZES. Maxlmum surplus

recruits is produced from az stock size of 8.9 x 1@*4
production is cobtained with z stock size of 7.3 x 1034 eggs {indicated by

the arrow in Figure 2) when the pumber of recruits produced is eguivalent o
39.2 X 10+4 eggs of which ?*1.% x 104 are surplus te that required for replace=
ment. The optimum stock size of 7.3 x 1044 eggs is eguivalent to the
observed stock size in the early 1550%s.

In the alternative plot in Figure 3 the stock=tecruitment curve has been
plotted as log | “/ﬂ,agaansﬁ S and in tnés x@Tm it is = straight line. At the
point_at which the stock just rep?aces ltseix in the absence of fishing

log {5/B) =0 and B =8 = 22.3 = 1044 cops, and this is indicated by the
breken line. In the zbsence of fishimg the stock will ftend to stzbilise at
this level under the influemecs of natursl moriality onily. A% stock levels
below the replacement level there is surplus production of recruits. If, for
any size .of stock, the whole surplus is removed by fishing the stock will
remain in eguilibrivm, Using Figure % the smount of fishing moritality which
has to be applied to remove the surplus production czn be determined as
followss

Fox amy given stock size read the value of log (Q/R) from the graph of

log { /ﬁ)/so This value is mumerically equal %o =TF {or the log reduction
in potential egg production per F) amd the znmusl value of F on the fully
recruidted sge groups is read 1“©m.tne sgraph ~SF/F, Hg. For g stock size of
10 x 1014 eggs the value of log Q fR, = m1058 czn be read from the graph
of log /E)/Wo Then from the graph of =IF/F, -IF = =1.3%8 can be seen
to be equivalent to an annual F = 8,205, This value of annual P is bhased
on the pattern of recruitment to the exploited stock as defined on page 27.

A0

The following conclusions can be mzde from Figure 3

(2} A%t eash stock size up to the replacement point there is an
appropriate level of fishing mortality which will remove
surpius production and mainitain the stock in eguilibrivm, This
value of F is greatest at low sbtock levels and decresses to
zerTo at the replacemsent point.

(21} If TF is grester than 2.5, squivalent %o = sxmmel F of (.43
the stosk will iﬁavi“ﬂblg tend to exiinciion becsuse losses
by fishing sxceed the sperplus genersabed when density dependent
morvality is ot s nminjzes.

{iii‘ The naximum cobeh is obbained with a stock size of 7.3 x 1@14
egge exploited with ap znymel fishing mortality of V.26,

(iv) There is a clear increase in varismce, i.e. populziion
instability, =about the stock-recrultment curve gt low

levels { < 6 x 10M4 egas).

igure 4 the amnual fishing mortality appropriaste to meintain the stock
n eaui?j briws is plotied sgainst stock size. The resultant eguilibrium

catch is slso plotied in the I gure. Exploited at the optimum level the
Arcto=-Norwegian cod stock would give sn anmual yield of over 800 000 tons,

Computer simmiztion

A version of the computer simulation program described by Clayden (19?2}
was used to predict catch trends from the Arcito-Norwegian cod stock,iT
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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 moritality which remained
constant over the whole pericd. 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 % provide estimstes of the benefits
to be derived from the introduction of larger minimum mesh sizes.

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=7. The initial fluc-
tuations result from the year class strengths as estimated from Virtual
Population Analysis or O-group surveys up to 1971l. The initisl decline in
catches is due to the strong 1963 and 1964 year classes fading out of the
Tishery. 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 fluctustions are gradually
damped out. PFigure 8 provides a compariscn of yields at selected values of
fishing mortality for changes of mesh tc 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 P greater than F = 0.3 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 = 0.4 (145 mm mesh) or

F = 0.5 (160 mn mesh) without causing a long-term dowmward trend. Figures
5~7 also provide some indication of the rate at which the fishery might be
expected tc recover if fishing mortaliity was to be stabilised at adequately
low levels. TFrom 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 = 0.2 after an initial period of reduced yields. The long-term gain
is greater at higher levels of fishing mortality.

Summagz

1. A Ricker-type stock-~recruitment curve has been fitted to cbserved data
of parent stock size and the size of the resultant recruitment. The
data covered the pericd 1942-15968.

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 eguilibrium, assuming the selection
pettern would be the same as at present.

3. The optimum size of the mature stock, in the wnits used, would be
7.3 x 1014 eggs. This corresponds to the observed size of the mature
stock in the early 1950's. At this stock size, and with the present
selection pattern, the optimum level of fishing mortality would be
F = 0.26 when an average amnual yield of over 800 000 tons could be
expected. It is possible that by changing the selection pattern an
even greater yield might be obtainable,
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The size of the mature stock is presently at & very low level and is
expected to decline still further before showing some recovery after

the mid-1%70's. The present mansgement strategy for the immedizte future
should be to reduce fishing to g level where the harvest is less than the
surplus production allowing the differemce *to go towards building up the
size of the mature stock to the optimum level.

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 modified selection patterns as
might result from the adoption of larger minimum mesh sizes. It is not
intended to suggest that a constant low level of fishing mortality would
give the most rapid rate of recovery or would give the greatest possible
yield during the period reguired for the stock te build up o its
optimum size. It would be more efficient to vary fishing mortality
according to thé 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 $o achieve in
practice. '

The conclusicns 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=recrultment relationship. The stocke
recruitment curve would be expected to represent the aversge relation-
ship between stock and recruitment but individual annual values would be
expected to show the same variance gbout the curve as has been the case
for the observed data for past years.
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Data used in computer model

1.

2,

30

4o

50

Age composition of stock: 1971 stock as estimated at the 1972 N=E Arctic
Fisheries Working Group meeting. This includes estimates of recruitment
for the 1969-71 year classes based cn O-group and pre-recruit surveys.
The capacity of the model permits only age groups 0=11 to be used in the
calculations. 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 size.

Age/maturity relationships 0% mature up to age 7, 7 year olds 50% mature,
8 and older 100% mature. No allowance has been made for the deduction

of each year's Ila catch from the mature biomass estimated as at the
beginning of each year as was done in fitting the stock recruitment

curve. A correction was made for this in some later computer runs but
the difference in the results was quite small, ’

Selection pattern: the values of F referred to are those relating to the
fully exploited part of the stock. The proportion of the given value
of F acting on partially selected age groups are as followss

Age Proportion of F
Present mesh 145 mm mesh 160 mm mesh
3 0.30 0.14 0.04
4 0.60 0.43 0.24
5 0.90 0.76. 0.56
6 1.00 0.%4 - 0,82
7 0.96 0.89
8 1300 0096 °

The proportions for the 145 mm and 160 mm mesh sizes were calculated from
selection ratios for each age for 150/ 145 mm and 130/ 160 mm mesh changes
based on a selection factor of 3.6. .

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

Instantaneous coefficient of natural mortalitys M = 0.3, :

Stock-recruitment relationship: as developed in this paper.
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Figure 2  Stock-recruitment curve for Arcto-Norwegian cod. Recruits and

stock measured in the same units.

R

12.1648e0.11228,

The arrow indicates the point of maximum surplus production.
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Figxre 8  Comparison of yields for minimum mesh sizes of 130, 145 and
160 mm, at selected constant values of fishing mortality.



