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Report of the r,1eeting of ~he 

north-East Arctic wisheries VJorl"...ing Group 

Oope:rL1J.agen9 February 1 - 59 1971 

Participants 

V.lr. D. 
Dr. A. 
Dr. A. 
Dr. V. 
Mr. O. 
Jlfr. A. 
:tifr. B. 
}fr. J. 
Hr. J. 

J. Garrod 
Schumacher 
I. Treschev 
P. Ponomarenko 
V. Bakurin 
Hylen 
-"I. Jones 
Uetzel 

DK Chairman 
Germany 
USSR 
USSR 
USSR 
lifOl"1vay 
W..{ 
Poland 

Jlwller Christensen ICES - Secretary, Liaison Committee. 

The Group met to update previous assessments of the north-east 
Arctic cod and haddock fisheries in the light of the most recent data, 
and to prepare estimates of catches in 1971 and 1972 (C.Res.1970/2g4). 

2. Stat-u.s of the fisheries in 1969 and 1970 

a) Cod 

Total nominal catches of cod? fishing effort and catch per unit 
effort are given in Tables 1-4. Provisional estimates of catch in 1970 
indicate a fall from the high level of 1 200 000 tons L~ 1969 to 
900 000 tons in 1970. This level of catch in 1970 is considerably 
g£eater than that estimated 8~ the last meeting although the proportion~l 
decline (25~;) betw'een the tvm years corresponded to the expected change. 
¥11is is reflected in a decline in both the USSR and DK estimates of 
stock abundance 9 overall fishing effort having remained close to the 
1969 level. The character of the fishery changed slightly during 19709 
however? being based primarily upon the 6 and 7 year old cod of the 
1964 and 1963 year classes "Thich contributed 7Cf}~ of the catch by 
numbers. A proportion of these year classes mig£ated to the NoI'itm,y 
coast to spawn for the first time in 1970 and the NoI'itregian catch per 
unit effort data for that area indicate that the availability of cod 
was relatively higher in 1970 than i..'YJ. 1969. This? combined "\\rith the 
development of mid-water trawling for cod at times when mature cod w'ere 
returning to the Barents Sea and Bear Islal"ld has caused a relatively 
higi1.er mortality on oldGr fish than in former years. 

It is evident that the major part of the discrepm1.cy between the 
estimates of expected catch in 1970 (530 000 tons) comparGd to the 
actual catches is accounted for by an underestimate of the abunda..'YJ.co 
of the 1963 and 1964 year classes. The Group believes that previous 
estimates of the abundance of the 1965-68 year classes may also have 
been too low' though the most recent data confirm that they are still 
very poor. 

b) Haddock 

Basic fishery statistics are given in Tables 5-7. Total catches 
have fallen from 130 000 tons in 1969 to 71 000 tons in 1970 9 'with a 
corresponding decline in stock abundance. The fishing effort directed 
"towards haddock also appears to have fallen slightly vli th the declining 
abundance of the stock. Fo110w'ing from the fishing effort estima,teo. 
for 1970 the Group expected a catch of 81 000 tons. This cOl.Tesponds 
,'reIl ,dth the actual catch? the majority of the catch being made up of 
6 year olds from the 1964 year class? and the 3 year olds from the 
1967 year class. 
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30 Estimates of mortality 

Revised estimates of fishing mortality (F) have been prepared by 
virtual population analysis. The initial values for F in 1970 necessary 
for t:b_1.S tech.'I1ique have been deduced from the examination of catch per 
uni t effort data summarised in Table 8. The variation of F w"i th age 
has been modified slightly from that given in the 1970 Report to take 
account of the change in the pattern of fishing 9 refel:£ed to in para~graph 2. 
These have been usec1 in conjunction id th an estimate of the age 
composition of the catches in 1970 also deduced from provisional data for 
one country (me). The estimated age composition vrill not be exact but 
proviCLe a firiller basis for the estimation of mortality than vTas available 
at the previous meeting~ 1"7hen estimates of F in 1969 had to be extrapolated 
from the catch composition of 1968 a.11(:'L the total catch in 1969. 

~ne results of the analysis are summarised in Table 9. The analysis 
for cod show"s the increase in F on 4-5 year olds of the 1964 and 1963 
year classes in 1968 and the prog£ession of increased F on the older age 
groups as these abundant year classes pass through the fishery. 

The estimates for haddock also show the increase in fishil~ mortality 
in 1968 and 1969 vri th the slight a.eeline expected in 1970 on the basis of 
the trend in fishing effort and catch per unit effort data for this fisheryo 

40 Re.c:rui tment 

:estimates of recruitment for cod and haddock are given in Table 10 
as millions of 3 year old fish in each year class since 19629 these being 
the year classes "which "will provide the catches in 1971 and 1972. These 
estimates are derived from virtual population analysis for the year 
classes 1962-65 and by estimates of relative yea!.' class strength in the 
international O-group surveys and USSR young fish surveys for the year 
classes 1966-70~ the estimates for 1969 and 1970 remaining very provisional. 
The regression relating the pre-recrui t indeJc of year class strength "\i"ri th 
subsequent actual numbers derived by the virtual population analysis has 
ver;r vride confidence limits ~ as evidenced by the previous underestimate 
of the 1964 year class, so that the estimates of year classes not present 
in significant numbers in catches in 1970 (Loo 1966 onw"ards) are very 
proviSional and may do little more than indicate the order of magnitUde 
of their abundance. Rovrevers these year classes will contribute to the 
catches in 1971-72 and so the lack of pretJision vrill therefore contribute 
a source of error, in estimates of future catches. 

Revised estimates of recruitment for haddock correspond closely 
iiTith previous estimates for the year classes 1962-649 bu-l:; have been 
roduced slightly for the year classes 1965-67 on the basis of the virtual 
population analysis. 

5. Estimates of future catches 

a) Cod 

Using the parameters described in the previous section~ future 
catches have been estimated assuming four possible levels of fishing 
mortality in 1971g 

(i) that F is reduced to a level close to that giving the 
maximum yield per recruit vrith "the present pattern" of 
the fisheI"h Fmax = 0.53. 

(ii) 

(iii) 

(iv) 

that F is reduced in 1971 to its 1967 level F 
max 

that F remains at its -"resent level F = 1.10 
.L~ max 

that F is increased to the level -w"here F in the 
oldest age groups (Fmax) = 1. 5. 

0.80 
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The same range of possibilities has also been applied to estimate 
catches in 1972~ depending upon the level of fishing mortality in 1971. 
The estimates are summarised in Table 11. 

AI1 independent estimate of catches in 1971 has been derived by 
applying to the age composition of catches in 1970 a matrix of ratios 
defining the average percentage change in catches from a particular year 
class from one year to the next. ~nis method assumes that the catch is 
determined primarily by fluctuations in recruitment; it does not take 
into account the effect on catches of changing levels of fishJ.r.rg mOl."tali ty 
1'lhich have been particularly important in the north-east .Arctic fisheries 
in the period 1965-70. ~his method confirms that if the 1970 level of 
fishing continues a.uring 1971 a total landing of about 700 000 tons may 
be e:l>.'1!ected. 

TE."le estimates of catches in 1972 depend on the level of fishing in 
1971 and in addition to the selected values given in Table ll~ Figure 1 
permits the expected catch in 1972 to be read off for any particular level 
of catch that may be achieved in 19710 

The ne,v estimates of catches in 1971 are higher than those made 
previously 9 in 1970. This is almost entirely due to the up-vlard adjustment 
of the abundance of the 1964 year class. Present evidence continues to 
indicate that the 1965-68 year classes are ve~J poor so the overall 
pro~10sis of a decline in catches in 1971~ and especially in 19729 remains 
valid. It is necessary to emphasize 9 hOvTever? that lli1.der the present 
circumstances vThere the yield is heavily dependent on one or tvTO very 
large year classes 9 estimates of catch lull be very sensitive to errors in 
the estimation of their abunda.Ylce and these errors may be high. They 
IvOl.-l.ld become less important in a fishery Ifhere the yield is distributed 
over a m:!Iuber of year classes of more u.niform abundance because errors 
behreen year classes could be expected to compensate each other. 

It should also be noted that the 1970 year class "las very abundant 
at the O-group stage. If this apparent abu.Ylda.Ylce is correct? fish of that 
year class can be expected to be caught in significant quantities in 19739 
and especially in 1974. The remainder of the stock is expected to be 
relatively weak by that time? so that regulation of the fishery on that year 
class could become more important than ever. 

b) Haddock 

Estimates of catches in 1971 have been prepared for four assumed 
levels of fishing mortalityg 

(i) that F is reduced to a level close to that giving 
the ma.~imum yield per recruit9 F 0.3 

mru[ 

that F is reduced in 1971 to the 1967 level of F 
max 

that F remains at its present level F 0.8 
- max 

0.6 (ii) 

(iii) 

(iv) that F is increased in 1971 to a higher level? F = 1.0. ma."'C 

As for cod9 this range of fishing mortality has also been appliect 
to estimate catches in 19729 depending upon the level of fishing mortality 
in 1971. The estimates are summarised in Table 12 and Figure 2. 

These are similar to the estimates prepared for 1971 LYl the last 
Report with modifications caused by small adjustments to estimates of 
recruitment in the most recent year classes. 
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The estimates indicate that catches can be expected to decline to 
about 60 000 tons in 1971 at the present level of fishing9 with proportionate 
changes for any different level of fishing mortality. The level has also 
been confirmed by the alternative method .. for estimation described for cod. 
By 1972 the recruitment from the 1967 and 1968 year classes is eJ~ected 
to offset removals so that catches I-Till remain clos(:'f to the 1971 catch 
level, given the same fishing mortality in both years. In the longer term 
there is a prospect of slightly improved catches when the stronger 1969 
year class enters the fishery in significant numbers. 

6. Cha~ges in total stock size 

Table 13 summarises recent changes in the total. stock of 3 yeara ans 
older cod, 'wi th comparative information from earlier years. Stock size in 
1968 vIaS close to that of the early 1950: s but the biomass 'jms concentrated 
maJ..ruy in the t·wo very strong year classes of 1963 a.11d 1964g the strength 
of the stock ,·Tas not "rid .. ely distributed over a range of ago groups as it 
was in former years. At the present time the total stock size is declining 
tmmrcls the level of the mid-1960 f S9 w"ith the ammal harvest representing 
an increased proportion of the stock. 1I00'lOVer 9 this percentage c8rillot be 
directly related to the estimates of fishing mortality because although 
the stock existecl as shown, the age groups l'lOre not all equally available 
to the fisheries. 

7. The effects u~on the cod fishery of the closure of fishing grounds. 

At an earlier meeting the Group concluded that the reduction of 
spmming stock size to relatively 10'\'1 levels may reduce the probabili t3T 

of s"crong year classes. loTith regard to the anticipated poor recruitment 
from the 1965-68 year classes, and in view of the high level of exploitation 
of recently strong year classes (19639 1964) i...'1 1968-70 ,the Group eJ\.l,.)ects 
that the spmming stock will become considerably reduced in coming years. 
The Grou~ has therefore discussed alternative methods of regulation 
(particuiarly the closure of fislling areas) that might be used in 
conjuxlC"cion 1·;ri th a catch limitation in order to offset the anticipated 
decline in spmming stock. 

In principle, the effects of closure of either fishing grounds or 
seasons might be estimated from a detailed kn01·rledge of the distribution 
of catches, but in practice the Group concluded that this ,-lould not be 
meaningful because of uncertainty regarding the redeployment of fishing 
effort that .. muld be displacecl by a limited regulation. These lli'lCertain­
ties may be eJCpressed in a number of alternative arrangements as follol'lSg-

(i) Closure of all areas of the fishery closed tl'lroughout the year. 

(ii) Closure of all areas of the fishery closed duxing the same 
season or at different seasons. 

(iii) Closure of limited parts of the fishery closed thrOUglloUt 
the year. 

(iv) Closure of limited parts of the fisnery closed during the 
same season or at different seasons. 

In all cases except (i) it could be expected .. either that part of the 
displaced fishing effort "Tould be diverted to other parts of the stock, or 
that a proportion of the fish surviving from a seasonal closure i'TOuld bo 
caught elsO\\Tl1ere at other times of the year. It is 110t possible to 
prmvide realistic estimates of the effects of such alten1atives on either 
the catch or the stock size 9 but the interaction of fishing bet;,reen 
different seasons or areas would tencl to nullify the potential benefit. 
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In general? the effect of limited closures of either areas or seasons 
upon long-term total catches would be small at the present level of fishing 
mortali ty ~ 1vi th or without redeployment 9 though. catches might be redistributed 
be"cvreen areas and countries in a different vTay. However, the closure of 
Division 110, vTOuld reduce catches to a gTeater extent than the closure of 
Sub-cxea I or Division lIb because the fisher~ there exploits older fish and 
takes place at a time v1hen the availability of cod is low in other areas. 

The effect of closure upon the size of the spawning stock may be judged 
from its effect upon the number of fish surviving to spavr.n once or several 
times, regardless of the age at which fishing mortality occurs. Previous 
assessments have shovm that a reduction in fishing mortality in the fisheJ."'Y 
as a \>7hole, either by regulation of catch or by regulation of mesh sizes, lull 
increase the number of older fish, and hence increase the spawning stock size 
by, in effect, reducing the fislLing mortality on younger fish. Although the 
Group see no prospect of being able to determine precisely the effect of a 
particular closure regulation taken in isolation, calculations assuming no 
redeployment of fishing betw~~mEn::oras can give a maximum estimate of potential 
benefi to Taking the vreight of/7 year old cod and older as an index of 
spavr-Qing stock size these c~lculations suggest that total closure of Sub-area I 
could give a fourfold increase in potential spavr.ning stock for a given level 
of recruitment, and closure of either Divisions 110, or lIb could give a twofold 
increase. However, this cciculs,tion excludes the more uncertain benefits to 
recrui tment that such an incroase in spavming stock might have and its con­
se~uent effect in further increasing spavr.ning stock size over a long period 
of years. Any increase in spmr.ning stock size follOi·ring a reduction in 
fishing mor-I:;ali ty vTOuld also increase the number of cod spawning more than 
once 9 vlhich may have an additional beneficial effect on the cha..l1ces of good 
recruitment. 

The Group does not believe that it vrill be able to add materially to 
these conclusions from fuxther consideration of the problem vii thout postulating 
a complex and 11:;)Tpothetical framm>wrk of 0,1 ternati ve assumptions concerning 
the redeployment of fdlshing effort or the seasonal pattern of fishing mortality 
in different areas of the fisheJ."'Y. 

8. Recommendations 

At its present meeting the Group had available the estimates of the 1970 
age composition of' the catches of one country (ure) in addition to the pro­
visional E'stimates of total international nominal catches in 1970. This has 
permitted estimates of catches in 1971 and 1972 to be based on more closely 
up-ta-date information. (The previous estimates of catches in 1970 had to be 
based upon 1968 data, vli th the detail of stock compOSition in 1969 being 
completely unknown). ~nis information on the age composition in the catches 
in the most recent years should improve the preciSion of the catch estimates, 
especially vdth regard to the abundance of year classes just entering the 
fisheries 9 and the Group therefore recommendsg-

1. that all coun~rles should make special efforts 
to provide data on the composition of landings for 
the year before the first for vlhich catch estimates 
are re~uired; 

20 that, if data for the >whole yoar are not complete, 
efforts be made to provide even incomplete data for all 
fisheries and particularly for important s13'asonal 
fisheries that take place in the first half of the year; 

3. that data for each year be circulated to all members of 
the Group as soon as they are finalizect. 
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Table 1. COD. Total nominal catch by fishing areas (metric tons). 

Year Sub-area I Division IIb Division IIa 

x) Provisional figures. 

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

Total 

630 677 

781 267 

909 628 

778 100 

437 398 

444 751 

483 476 

572 560 

1 073 829 

1 191 260 

898 906 

I I i ! I ! Coastal Cod. 
I Year i E'ngland I Germany NOTIlay I USSR I Others I Total I Nort'laY 

11960 'I: 141 175 I 9 472 231 997 I 213 400 I 34 633 \ 630 677! 43 09-2--+ 
I i 'I I I 1961 I 157 909 I 8 129 268 377 I 325 780 I 21 072 I 781 267 32 359 
I I I I I 

11962 1174 914 I 6 503 225 615 I 476 760 I 25 8361 909 628 29 596 

11963 i 129 779 I 4 223 205 056 I 417 964 I 21 078 I 778 100 40 405 

11964 I 94 549 I 3 202 149 878 1 180 550 I 9 219 11 437 398 46 100 
1965 I 89 874 I 3 670 197 085 152 780 I 1 342 444 751 23 786 

1966 1103 012 ! 4 284 203 792 169 300 11 3 088 1 483 476 27 800 

I 1967 I 87 008 3 632 218 910 262 340 I 670 I 572 560 33 102 

I 1968 i 140 054 1 073 255 611 676 758 I 3331' 1 073 829 47 212 
1969 I 231 066 5 434 305 241 612 215 I 37 287 1 191 260 52 416

x
) 

, ' I 

i 1970x)! 177 141 9 385 358 1263~~ __ 000 _ r 34 2541 898 906 49 000 

x)provisional figures. 

Noteg Landings for USSR exclud.e catches of coastal cod9 provisionally 
estimated to be approximately 40 000 tons per year. The USSR 
is preparing statistics for this fishery. 
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Table 1. COD. Total nominal catch by fishing areas (metric tons) • 

r- Year 
i 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

Sub-area I Division lIb Division IIa 

380 962 94 599 155 116 

409 694 222 451 149 122 

548 621 222 611 138 396 

547 469 113 707 116 924 

202 566 126 029 108 803 

241 489 103 407 99 855 

292 244 56 568 134 664 

1967 322 781 121 050 128 729 

I 1968 642 449 268 908 162 472 

I 1969 670 158 266 117 254 985 

~ 1970x) 546 488 123 980 228 438 

x) Provisional figures. 

Table 2. COD. lirominal catch (in metric tons) by cOU1::.tries 
(Sut-area I and Divisions IIa and Iro combined). 

. _-------,-
! _ i 

TotaL ! 

630 6771 
781 267 1 

909 628 I 
I 

778 100 I 
437 398 I 
444 751 I 

483 476 I 
I 

572 560 ! 

1 073 829 I 
1 191 260 I 

898 906 l 

I i If ... !-_._-- ··1 i I Coastal Cod 

! Year I England I Gel"llany I NOTIlaY ! USSR I Others I Total I lirorvva_y __ : 

11960 11,141 175 i 9 472 I1I 231 997 I 213 400 I 34 633 I 630 677 I 43 092 

1 

. 1 1 I 

I 1961 1157 909 I 8 129 , 268 377 I 325 780 I 21 0721 781 267 I 32 359 

i 1962 1174 914 ! 6 503 I 225 615 I 476 760 I 25 8361 909 628 29 596 

11963 i 129 779 11 4 223 I 205 056 417 964 I 21 078 I 778 100 40 405 

1

1964 I 94 549 ' 3 202 I 149 878 180 550 III 9 219 \ 437 398 46 100 
, 1 1 1 

I

, 1965 I 89 874 I 3 670 I 197 085 152 780 1 342 I 444 751 23 786 

1966 ! 103 012 ! 4 284 'I 203 792 169 300 3 088 1 483 476 27 800 

I 1967 I 87 008 3 632 , 218 910 262 340 670 I 572 560 33 102 

1968 1140 054 1 073 \1 255 611 676 758 333 I 1 073 829 47 212 

1969 I 231 066 5 434 305 241 612 215 37 28711 191 260 52 416
x

) 

I 1970x
) ! 177 141 9 385 i 358 126 320 000 34 254 I 898 906 49 000 

Y) 
~~ Provisional figures. 

Hote ~ Landings for lJSSR exclude catches of coastal cod9 provisionally 
estimated to be approximatel;y- 40 000 tons per year. Th,e USSR 
is preparing statistics for this fishery. 
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Table 4. COD. Catch :per unit effort (metric tons 9 round fresh). 

I ,I Sub-area I I1 Division lIb I1I Division IIaj 
: Year 11 ! I 

I ~) USSR2) i: 'OK USSR I1I 'OK Norway3) I r ! 11 I I 

I 1960 10.075 0.42 11 0.105 0.31 11 0.067 3.0---' 
, 1961 1100079 0.38 11 0.129 0.44 11 0.058 3.7 

1962 ,0.092 0.59 1I 0.133 0.74 ,I 0.066 4.0 
1963 10.085 0.60 I1 0.098 0.55 jl 0.066 3.1 

. 1964 10.058 0.37 i 0.092 0.39 III 0.070 4.8 

1

1 1965 1 0 •066 0.39 III 0.109 0.49 I, 0.066 2.9 
1966 10.074 0.42 I 0.078 0.19 i 0.067 4.0 

I 1967 1 0,,081 0.53 11 0.106 0.87 I 0.052 3.5 
11968 10•110 L09 11 0.173 L21 I 0.056 5.1 
, 1969 1 0•113 1.00 11 0.135 1.17 I' 0.094 5.9 
I 1970 10,,100 0.80 1; 0.100 I 0.80:1 0.030 ._6_.L_~ __ , 

1) 'OK data _ tons :per 100 ton-hours fishing 

2) USSR data - tons :per hour fishing 

3) NonTegian data - tons :per gill net boat vTGek at Lofoten. 

Table 5. RAIlDO(;.t{. Total nominal catch by fishing areas (metric tons). 

Year 

1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970x) 

Sub-area I 

125 675 
165 165 
160 972 
124 774 

79 056 
98 505 

124 115 
108 066 
140 970 

88 960 
41 519 

Division lIb 

1 854 
2 427 
1 727 

939 
1 109 

939 
1 614 

440 
725 

1 341 
428 

Division IIa 

27 925 
25 642 
25 189 
21 031 
18 735 
18 640 
34 892 
27 980 
40 031 
40 208 
29 613 

x) Provisional figures. 

Table 6. RAIlDOCK. Nominal catch (in metric tons) by countries 
and Divisions IIa and TIb combined). 

Total 

155 454 
193 234 
187 888 
146 744 

98 900 
118 079 
160 621 
136 486 
181 726 
130 509 

71 560 

(Sub-area I 

I 
\ Year 

i 1960 

England 

45 469 
39 625 
37 486 
19 809 
14 653 
14 314-
27 723 
24 158 
40 102 
37 234 
20 360 

Coastal Raddoc~ 
NOl"V-Tay 

--~--- , 

J I J 
'Germany ~Tonray USSR I Others I To_t_a1----+_ 

5 597 47 263 57 025 I 100 I 155 454 

[

1961 
1962 
1963 

11964-
\1965 
,1966 

1

'1967 
1968 

11969 ) 
1 1910X 

6 304 60 862 85 345 I 1 098 I 193 234 
2 895 54 567 91 940 I 1 000 I 187 888 
2 554 59 955 63 526 I 900 146 744 
1 482 38 695 43 870 11 200 '\ 98 900 
1 568 60 447 41 750 118 079 
2 098 82 090 48 710 I 1 160 621 
1 705 51 954 57 346 1 323 I 136 486 
1 867 64 076 75 654 I 27 181 726 
1 490 67 549 24 211 j' 27 1130 509 
2 000 39 200 10 000 , I 71 560 

x) Provisional figures. 

5 943 
4 031 
3 293 
4 285 
6 460 
6 217 
5 223 
3 181 
2 766 
2 12oX) 
4 000 
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Table 7. lIADDOCK. Catch per unit effort and estimated total 

international effort. 

I Catch per effort CUK) I1 Estimated total international effort I 
Year 1 Kilos/lOO ton-hours t in UK Units I 

I Sub-area i Divisions I Total catch in tons x 10-6 
I' 

I IIa I IIb tons/lOO ton£hours Sub-area I 

33 34' 2.8 4.7 
29 I 36 I 3.3 6.7 
23 I 42 /1 2.5 8.2 

I 13, 33 0.9 I 1~.2 
I 18 '18 I 1. 6 ::>. 5 I 
I 18 18 2.0 6.6 I 
j 17 34 2.8 9.4 

1967 18 25 2.4 7.6 
1968 19 50 1.0 9.6 
1969 13 42 200 10.0 
1970 10 30 1.0 , 7.2 , 

Table 8. Estimate of fiShing mortality used to commence 
virtual population analysis (VPA) needed to determine 
stock size in 1971 • 

. A. COD CM = 0.3) 

I Total ]Y[orta.li ty Z Fishing Morlali ty I Value selected for 
English. c. p. u. e. d.a.ta F I' 1970 

Age I 1968/69 11969/70 1968/69 I 1969/70 J3_ vyA 10 

3 

4 

5 
5/6 

66/ 7 
77/ 8 
8 
8/9 

9 
9/10 

10 i 

10/111 
11 

0.58 

0.59 
1.04 

1.33 

1.63 

1023 

B .. HADDOCK CM = 0 .. 2) 

2 

3 

4 
5 

0.44 
1001 

0.97 

1074 

1.24 

1004 

0.28 

0.29 

0.74 

1.03 

1.33 

0.93 

0 .. 24 

0.71 
0.67 

1.44 

0.94 

0.74 

5/6 .. 50 .54 .30 .34 
6 
6/7 I .48 1.15 .28 .95 

7 
7/8 I 1.12 .68 .92 .48 

8 
8/9 .92 1.17 .72 .97 

9 
9/10 068 1.08 .48 .88 

10 
riO/Ill .55 .88 .35 .68 

.06 5 

.17 15 

.28 25 

.56 50 

.73 65 

.90 80 

1012 100 

1.12 100 

.04 5 

.16 20 

.40 50 

.50 62 

.60 75 

.70 87 

.80 100 

.80 100 

.80 100 
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Table 9a. FiShing mortality 1967-70 estimated 
by virtual population analysis. 

Cod (H = 0.3) Haddock (11[ = 0.2) I 

·I~ --.re:,,"s I 1967 I 1968 11969 11970") 1967 1968 1969 1970
x

) ; 
Age ',,---..I I I 

I I I j 
2 1.02 I .92 I .01 J .06 <+ 
< i" 14 I . .L3 i 013 I .17 .07 

+ 
.06 

.01 

.09 
026 
.56 
.86 
.72 
.73 
.50 

+ j .18 I .41 I .29 I .28 .35 
5 1.21 I .53 I .63 I 0 56 • 52 

.43 

.71 

.64 

.85 

.71 

.67 

6 .39 I .47 I 10 15 I .73 .57 
7 .51 I .50 I 1040 .90 .53 

I I 
8 .46 i • 54 I 10 2.1 'I 10 12 .69 
9 .77 .29 I .55 1012 .50 

10 .88 .59 I .27 I 1012 .55 1007 
.72 II .87. 42 I I - • 57 

12 .71 1028 i ! 

x) Estimated. 

- __ __ __________ I 

Table 9b. Nean 1-might at age data for cod and haddock 
used in the assessments in this Report. (The 
cod data have been revised~ and these data are 
given here and have been used for the assess­
ment for the years 1968 to 1972~ 

Nean "Jeight in Kilos 

o Cod Haddock A~e I 
3 0.43 0.41 
4 0.84 .62 
5 1.36 .97 
6 2.00 1.59 
7 2.92 2.33 
8 3.87 2.72 
9 5.25 3056 

10 6.50 4.41 
11 8.23 5.40 
12 9.43 6.70 
13 10.60 
14 11.80 
15 12.80 

Table 10. Recruitmentg million of 3 years old fish 
in each year class (Revised from 1970 
Report). 

Year Cod Haddock ! 
1962 920 96 ~ 
1963 2 194 220 
1964 2 016 260 
1965 217 12 
1966 (250) 19 
1967 (400) 95 
1968 (500) (40) 
1969 Average (150) , 
1970 Ve~J rich Average I 

I 

.04 

.16 

.. 40 

.50 

.60 

.70 

.80 

.80 
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Table 11. Estimates of nominal catch of cod (tOOO tons) at 
selected levels of fishing mortali~. 

I 1970 I 1971 1972 
1 

, 

Yield F I Yield F ! Yie~ 
0.53 354 

I 
0.53(i) 387 

0.80 488 
1012 

I 
621 

1050 748 I ! 
I I (Lt:;~ ~n? I 

0.80(ii) 

I 
531 

I 

I 1050 644 
899 

1010(iii) 679 

0.53 251 i 
. I 

0.80 350 I 
1.12 449 I 
1 50 r,- J 

• )Lt-? I 
.. ~ I 

10 50(iV) 818 

0.53 !20L1r 
0.80 I 285 
1012 I 366 
1050 : 447 t ___ -----l. 

(i) F reduced to a level close to that giving the ~~imum yield per recruit 
'wi thin the present pa ttem of the fishery. 

(ii) F reduced in 1971 to its 1967 level. 

(iii) F remains at its present level. 

(iv) F increased to the level where F in the oldest age groups 
is 10 5 (Fmax). 

Table 12. Estimates of nominal catch of haddock (1000 tons) at 
selected levels of fishing mortali~. 

~970 1971 ..l-/, ..... 1972 
, I F Yield F Yield F Yield 

I 

0.3 ! 30.2 
1 
I 

0.3(i) 0.6 54.5 I 
26.7 J 

j 
0.8 67.8 
1.0 I 79.8 

I 0.3 I 25.0 
0 .. 6(ii) I 0.6 45.2 0.8 7106 I 48.3 0.8 I 56.L]. (present 

level) 100 I 66.5 

I (" .. ) I 0.3 I 22.2 
I 0.8 u.~ , 59.9 

0.6 I 40.3 
! , f"I 0 t::f"I "7 

I 
1 

I 
---1 

I 

I 
j 

I 
t 

! I I ~:~ I 6~: '7 I 

I I 0.3 j 19.8 I 
I . I 0.6 i 36.0 I 
I 100(~v) I 70.2 I 0.8 i 44.9 I 
I I I 1.0 I 53~ ~ __ L_ . , ~ __ ~I I 

(i) F reduced to a level close to that giving- tbA mfl.'X'imum yield per recruit .. 

(ii) F reduced in 1971 to the 1967 level. 

(iii) F remains at present level .. 

(iv) F increased in 1971 to a lLigher level. 
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Table 13. Summ~J of estimates of the size and 
yield of the cod stock 

J I : I i ' 
i i i ' I ! 

(L) ! (B) 'I (C) i CD) I (B) I (rr) (G) I 
Year [StOCk Nv.mb~rs I Recruits jTotal ~_" ! Total. liYi~ld Yi,e1cl. as I 

14+ Years OJ.d i 3 years old !Stock l'lumoers I Stock vle~ght (J.n 70 of Stock I 
I
(in millions) I (in millions) (B) + (C) I (in tooo tons)! '000 (F) + (E) ! 

,I i(in millions) I I tons) I 
f:;:-. -----f 
\ I 

I 1950 1 818 833 2 651 4 473 732 16! 

I 1955 2 810 420 3 230 5 164 1 148 

1960 1 387 1 068 2 455 2 804 631 

1965 1 059 920 1 979 2 182 445 

1966 1 295 2 194 3 489 2 936 483 

1967 2 241 2 016 4 257 3 820 573 

1968 3 044 217 3 261 4 042 I 1 074 

1969 I 1 886 250
x

) 2 136 3 416 11 191 

1970x )I 1 086 400 1 486 2 422 I 899 

1971X)j 769 500 1 269 1 769 I 679 
I , __ " __ ----.1 

x) Estimated assuming F = 101 (present level)o 

22 

23 

20 
-/ 
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15 

27 

35 

37 

38 
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SUPPLEMENT 

to replace para.7 on p. 4 and 5 of the Report. 

7. The effects upon the cod fishery of the closure of fishing grounds 

At an earlier meeting the Group concluded that the reduction of 
spavr.aing stock size to relatively low levels may reduce the probability of 
strong year classes. With regard to the allticipated poor recruitment from 
the 1965-1968 year classes~ and in vievT of the high level of exploitation 
of recent strong year classes (1963~ 1964) in 1968 to 19709 the Group 
expects that the spawning stock will become considerably reduced in coming 
years. The Group has therefore discussed alternative methods of regulation 
(particularly the closure of fishing areas) that might be used in con­
junction with a catch limitation in order to offset the anticipated decline 
in spawning stock. 

Leaving aside the complexity of closures vd thin maj or areas of the 
total fisheries four basic combinations of closure might be considered. 

1. Closure of all areas of the fishery~ closed throughout 
the year. 

2. Closure of all areas of the fishery, (a) closed during 
the same season or (b) closed at different seasons. 

3. Closure of major area(s) of the fishery, closed through­
out the year .. 

4. Closure of major area(s) of the fishery, (a) closed 
during the same season, or (b) closed at different 
seasons. 

In principle the effects of any of these combinations might be 
estimated from a detailed knowledge of the distribution of catches, pro­
vided fishing effort directly affected by a regulation 'V;ere not redeployed 
in other parts of the fishery. Hm'1ever, the Group conSiders, that in all 
cases except 1 and 2(a) it could be expected that part of the displaced 
effo~--t 'VTOuld be diverted to other parts of the same stock. These adjustments 
of the fishery to such a regulation would tend to nullify the potential 
benefits and prevent realistic estimation of its effect upon total catCh 
or spa'~lg stock size .. 

In general the effect of limited closures of either areas or seasons 
upon Long-term. total catches would be small at the present level of 
fishing mortf11; ty 9 vd th or 'tvi. thout redeployment, though catches might be 
redistributed between areas and countries in a different i;vay. However~ 
the closure of Di vl'sion IIa vTOuld reduce catches to a greater eJctent than 
the closure of Sub-area 1 or Division IIb because the fishery in 
Division IIa exploits older fish and takes place at a time when availability 
of cod is 10vT in other areas. 

The effect of closure upon the size of the spaVlDing stock may be 
judged from its effect upon the number of fish surviving to spawn once or 
several times, regardless of the age at which fishing mortality occurs. 
Previous assessments have sho'tf.n that a reduction in fishing mortality in 
the fishery as a whole either by regulation of catches~ or by the 
regulation of mesh sizes vdll increase the number of older fish, and hence 
illcrease spavming stock size by increasing survival at restricted, or 
overall age groups.. A closure might be selective to protect partim,llar 
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age groups but it would contribute towards the same general effect. T'ne 
Group sees no prospect of being able to detexmine precisely the effect of 
a particular closure regulation taken in isolation in this re13PSct9 but, 
calculations assuming no redeployment of fishing betvreen areas can give a 
maximum estimate of the potential benefit that might be obtained by veri" 
broad closures. Taking the weight of stock of 7 year old cod and older 
as an index of spavming stock size these calculations suggest that total 
closure of Sub-area 1 could give a fourfold increase in the potential 
spavming stock from a given level of recruitment, ~d closure of either 
Division ila or rIb could give a tw"ofold increase 0 1) However9 these 
calculations exclude the uncertain benefits to recruitment that such an 
increase in spawning stock might have 9 and its consequent effect in 
further increasing spavming stock size over a long period of years. 
Any increase jk~ spawning stock size following a reduction in fishing 
mortality would also increase the number of cod spm-ming more than. once 9 

vThich may have an additional benefieial effect on the chances of good 
recruitment. 

The Group does not believe that it ~l be able to add materi~lly 
to these conclUsions from further consideration of the problem without 
postulating a mpmplex framework of alternative assumptions concerning the 
redeployment of fishing effort. 

1) The effects of a closure of all areas of the fisher.1 for 
the same limited period of time has not been calculated 
but it is unlikely to exceed the maximum benefits to be 
obtained by total closure of one of the areas of the fishery 
-i:;hrov.ghout the yeox. 



ANlifEX 

Data and Nethods used to estimate the catch associated "dth particular 

Objective 

1 A 

B 

Levels of Fishing Mortality in the following Year 

To estimate in absolute numbers the stock of fish per age-group 
at the end of the final year of fishing? i.e. the beginning of 
the first year for which catch estimates are required. 

To estimate the catch itself by application to the stock of the 
appropriate levels of fishing mortality. 

Estimation of absolute numbers 

2 Data 

A 

:s 

3 

4 

National fishery statistics of total catch? by species in round 
fresh weight in tons? and fishing effort 9 s'UIlJ.!Il8Xized by Subarea 1 
and Divisions ila and Irn separately on an annual basiso 
Comparable sUIIllllaries by months are available 't"Ji thin the national 
recording systems but they have not been used as a pr~J source 
of data in calculating catch estimates. 

Estimates of the composition of national catches as the number of 
fish landed per age-group itr.ithin Subarea 1, al1.d Divisions IIa 
alld lIb separately. The length composition of catches is available 
wi:i:ihin national statistics on a monthly basis but since the 
sampling system of some countries is designed only to provide a 
length to age conversion on an annual basis 9 oche age composition 
of catches of the total international fishery is only available 
for the whole year. However? as lr.ith the catch statistics? monthly 
data are mainly used for reference and interpretation. 

~nese data provide the basis for derivation of catch per unit 
effort? or per mille age and length distributions as required. 
Comparisons of mean weight and age of national catches in the 
same area of the fishery reveal any anomalous results which need 
to be checked back to the basic data. 

N.B. Estimates of prospective catches for a given year t must 
necessarily be available parly in a yoar if they are 'GO be incor­
porated in the choice of an allowable catch in that year: 'tho 
data are neoded before national statistica)..returns of data for the 
provious year t - 1 are currently being completodo This means 
that the most recent data available to tho Group relate to year 
t - 2 but not for the most recant completed year of fishingo This 
places a heavy constraint on accuracy "\-Then the fishory has shovm 
substantial changes bet"t'iGen years. Some gl1idc'lllce on fishing activit.y 
:in ycfJX t - 1 has been obtained from provisional estirn8.tes of 
catch, but fishing effort data have not so far been available. 
So serious is the potential error that in this roport9 19719 an 
attempt has been made to judge catches in year t - 1 from the 
8~ge composition of catches of a single country most of whose data 
had been processed in time for the meeting. The estimate is 
made by e:x:trapolation based on a conversion factor for each ago­
group as International catch age-group x/National catch of age­
gToUp x averaged over 10 years. The conversion matrix is s'table 
for age-groups contributing the greatest part of the catch but 
show·s increasing variability (though not treno,) towards the 
extremes of the ago distribution? 1-There the variance of tho basic 
s8ll1p1ing systems may be expected to be increased. 
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5 Method of estimating stock size 

The basic tec:b.IJ.ique used is virtual population analysis (WA) as 
described by Gulland (ICES 9 1965). ~rieflY9 the total population, 
N, of any age-group of a year-class may be determined from the 
total numbers of fish in that year class subsequently caught from 
it (the virtual population, V) and the exploitation rate, E9 to 
vihich it is exposed. Thus for a given age-group in year n the 
total population Nn = vnlEh. 
Similarly Nn+1 = V 1 lE and n+ n+1 

V /E 
n+1 n+1 = Nn+1 = N

n 
e-~ • (1) 

The catch in numbers 9 C 9 during year n can be expressed in lil-ce 
terms: 

Cn N n 

F 
n 

Z 
n 

( -z 1 - 0 n) 

and taking the ratio of (1) and (2) 

V 
n+1 

E+1b-
n n 

N e -Zn Z n n 

N F (1-e-Zn) n n 

vThere Z = F + 1-1. n n 

-(Fn + l'f)(w. + H:) e -n 

(~ -(F + N:» F .L-e n n 

(2) 

For each year class this expression can be solved for Fn and Nn9 
gi-ven estimates of Crl; Vn+1 (L:C1.1.+1 00". Cr? where Cr is the 
catch of the oldest age-group of that year class) 9 r,I and 1Ih.r 1. 
The first three 2~e directly available from data or previo~, 
research. However, an initial value E:n+1 must be assumed for 
the oldest age-group of a year class, and the computation must be 
solved through successively younger age-groups 'with appropriate 
modification of Eh+1. Thus Eh, the exploitation rate applicable 
to fish alive at the beginning of the year n 9 will be the sum 
of the proportion caught during that year and those caught later: 

F E _ --E:... (_'7. -Zn 
n - Z 1 - e '-'ll) + E e n n+1· 

En is then entered as En+1 in the computation for the next 
youngest age-group. This series gives estimates of Fn per age­
group 1rmch can be used in conjunction vU th en and M to estimate 
the number of n.sh dying during the year. 

C Z n n 
F 

n 
= N (1 _ e-Zn) 

n ' 

or the stock from 'which a catch vTaS taken 

C Z 
N = n n 

n Fn( 1 _ e-Zn) 
o 
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The data required for the application of VPA are: 

(i) 

(ii) 

(iii) 

the total numbers caught by age-group~ which 
are obtained and updated from the most recent 
data; 

an estimate of natural mortality? N; 

an estimate of En.+1 to vmcn the stock has been 
fished in the last year of fishing (i.e. an 
appropriate level of F and hence Z). 

Estimates of natural mortaJi ty for Arcto-NoI">regian cod indica-'Ge this 
to be M = Oa3 as described elsewhere (ICES? 1965) and checked by 
Schurna.cher (per. commo) by plotting F detemi..'11.ed from VPA 8.o0'Sinst 
estimated total fishil~ effort (see Figure 1). This value is 
consistent with previous estimates derived by regressing total 
mortaJi ty 9 Z, on fishing effort and has the added advantage that the 
variables are statistically independent. Moreover, for this stock 
the :regression technique has the particular difficuJ. ty created by the 
combination of catch per unit effort data from three separate 
fisheries 0 

The estimate of F and hence F/Z (i.e. En) to 'which the stock has be0u 
subject in the last year of fishing cannot be determined explicitly 
by present methods~ even from the ratios of catch per unit effort in 
the two most recent years.. It has to be judged from that data in 
conjunction with the changes in total fishing effort evident from 
examination of the basic statistics. This is difficult 9 ]?ariicula:rly 
so because a,1 'maj or part of the yield in any year is taken from nge­
groups that are not fully recruited to the fishery and vThich may 
be subject to discarding at sea so that catch per Unit effort data 
offer no guidance at all. 

The procedure adop"!;ed by this Group has been to inspect estimates 
of Z(from the natural logarithm. of: abundance t - 1/abundance t - 2) 
for the fully recruited age-groups to detenmine the direction and 
mngni-'Gude of change in Z 9 if any. This is examined for consistency 
i-rith the available effort data. Having selected a trial value for 
F on these older age-groups9 it has then been extrapolated to 
partially recruited age-groups on the basis of factors determined 
for past years for vfuich the appropriate F can be determined with 
little error from VPA (Pope, 1971). 
The values described above provide an initial estimate of F 9 and 
hence stock, for each age-group at the beginning of year t - i. A 
best estimate is reached by a series of trial values of F and E to 
select that which is most closely consistent with the other evidence 
of changes in F in the most recent years. 

In short, with the data and techniques cuXrentlyavailable, the 
estimate of F and hence stock in yea:r t - 1 has to be a carefully 
judged guess" T'ne potential errors involved IIID¥ not be significant 
for older age-groups which contribute a small proportion of the total 
catch and for 't~ch errors in the basic assumption to initiate VPA 
have little effect on estimates of the relevant yea:r class strength. 
However~ this source of error is crucial to the estimation of stock 
size of: partially recruited age-groups. For example, since the catch 
of: the Arcto-Nortvegian cod in year t is heavily dependent upon 
5-year-olds, it is essential to achieve good estimates of the 
absolute abundance of 4-year-olds in year t - 1, or 3-year-olds in 
t - 2. For these pa:rtially recruited age-groups the ratio F/M is 
relatively low, and, ,men the possibilities of: disca:rding at sea are 
added, there is the real risk of significanteI:~or 'tihen estimates 
of F are used to derive stock size. 
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The computations described provide estimates of stock size at the 
beginning of year t - 1. These are thon further raised to the 
abundance of each year class at 3 years old through VPA on the 
historic record. These are then compared to the independent estimates 
of relative year class strength available from research surveys, thus 
caeclcing that the data series are so far as possible consistent. 

Estimates of future catch 

At tlns point the Group has estimates of stock abundance per age-group 
at the beginning of year t - 1 and F during that year 0 The stock size 
is then updated to the beginning of year t as 

N
t 

= N e - (Ft + 11) 
t-1 -1 

for each age-group. Further basic information re~uired for the compu­
tation of catches is the number of young fish that will recruit to the 
fishe~J for the first time in years t, t + 1, etc. 9 and the current 
weight at age. 

12 Recruitment is estimated from international O-group and USSR young 
fish surveys. The former give a single estimate for each year class 
prior to its first significant contribution to the fishery 9 and the 
latter gives four serial estimates so that the young fish surveys 
are potentially the more reliable source. USSR research has shown 
the mean abun<L"Ulce of a year class as 2- to 3-year-olds to give the 
best correlation with its later performance in the commercial fishery9 
and variEmce may be reducect by adjustments for the nutritional 
status of the young fish in particular years. Even so the confidence 
limits of the regression of rec~mtment from survey data on recruit­
ment from VPA are very wide (± lO~~) over the period for vThich the 
data cover all nursery areas (Le. Bear Island and Barents Sea) 
1957-1965. No doubt the preciSion will improve as the time period is 
extended. 

13 The t1-m forms of pre-recruit survoys have so far given results which 
are sufficiently comparable to indicate the relative magnitude of 
year classes, but at present there is a ,·Tide margin of error in 
estimates of the absolute abun<L'lIlce of newly recruiting year classes. 
The ade~uacy of this level of accuracy is to some a~ent conditional 
on"lhe magnitude of the year class in question and of the stock it 
is entering. Errors on a large year class entering a small stock are 
more significant than the same proportional error on a small year 
class entering a large stock. 

14 I'leight at age is tal~en directly from recent observations rather than 
any theoretical fit based upon data collated over a series of years. 
This because 9 as USSR research has shown, the conditions encountered 
by young fish in this area, poX'"Gicularly the abundance of young from 
preceding year classes, may have a significant effect on the subse­
~uent growth of the ne,'; group .. 

15 The assembly of data described invol~es the direct use of the most 
recent observations, objective calculation to derive estimates to 
simulate recent events in the fishery, and some careful judgement 
in areas where vi tal data are either inddequate or not aveuilable .. 
Raving compiled the par8meters the future yield of each year class 
is then computed using the estimated abundance at the begirming of 
year t, the mortalities it would be subjected to under various 
assumptions concexning fishing effort, and the mean weight at age. 
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Thus the yield in yeox t is given by 

11it 
€ Ft 

€ Ft + 1-~ 

-€ Ft + 1-~ 
Nt (1. - e ) Wt 

where in l1ddi tion to the usual notation € is the partici recruitment 
factor varying 0 >10 

16 These computa;l:;ions 1vill give the weight yield in year t for <JJ.1Y 
given mortality regime 9 o.nd the survivors to year t + 1 o,t age x + 1. 
The procedure is then repe11ted with 11djustment of fishing mort111i ty 9 if 
11ppropriate? nnd the addition of new recruits. 

17 The poxa.gr11phs 11bove outline the procedures follow-ed for computing 
prospective catches. There are? hOi'lever? mo.ny other aspects of the 
biology nnd dynamics of the species ;'Thich are held under review' through­
out 9 e.g. the determination of mo.ximum sustained yield? size and 
struc~Gcrre of the spawning stock in rel11tion to stock nnd recruitment 
problems. The computation of the c11tch levels is mnenable to 11 high 
degree of mechanization and in taking 11dvnntage of this it becomes the 
more important to ensure that no fundamental changes in the biolo~ff 
or the character of the stock nnd its fisheries are overlooked. 
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