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Report of the Meeting of the

North-Fast Arctic Fisheries Working Group

Copenhagen, February 1 - 5, 1971

1. Participants

Mr. D. J. Garrod TX Chairman
Dr. A. Schumacher Germeny

Dr. A. I. Treschev USSR

Dr. V. P. Ponomarenko USSR

Mr. 0. V. Bakurin USSR

Mr, A. Hylen Norway

Mr. B. W, Jones K

Mr. J. Hetzel Poland

Mr. J. Mgller 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.1970/2:4).

2. Status 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 I-4. Provisional estimates of catch in 1970
indicate a fall from the high level of 1 200 000 tons in 1969 to
500 000 tons in 1570. This level of catch in 1970 is considerably
greater than that estimated at the last meeting although the proportional
decline (25%) between the two years corresponded to the expected change.
This is reflected in a decline in both the USSR and UK estimates of
stock abundance, overall fishing effort having remained close to the
1969 level. The character of the fishery changed slightly during 1970,
howvever, being based primarily upon the 6 and 7 year old cod of the
1964 and 1963 year classes which contributed 70% of the catch by
numbers. A proportion of these year classes migrated to the Norway
coast to spawn for the first time in 1970 and the Norwegian catch per
it effort data for that area indicate that the availability of cod
was relatively higher in 1970 than in 1969. This, combined with the
development of mid-water trawling for cod at times when mature cod were
returning to the Barents Ses and Bear Island has caused a relatively
higher mortality on older fish than in former years.

It is evident that the major part of the discrepancy bebtween the
estimates of expected catch in 1970 (53%0 000 tons) compared to the
actual catches is accounted for by an underestimate of the abundance
of the 1963 and 164 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 daba confirm that they are still
Very pooT.

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, with a
corresponding decline in stock abundance. The fishing effort directed
towards haddock also appears to have fellen slightly with the declining
abundance of the stock. Following from the fishing effort estimgted
for 1970 the Group expected a catch of 81 000 tons. This corresponds
well with 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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%. BEgtimates of mortality

Revised estimates of fishing mortality (¥F) have been prepared by
virtual population analysis. The initial values for F in 1970 necessary
for this technique have been deduced from the examination of catch per
unit effort data summarised in Table 8. The variation of T with age
has been modified slightly from that given in the 1970 Report to take
account of the change in the pattern of fishing, referred to in paragravh 2.
These have been used in conjunction with an estimate of the age
composition of the catches in 1970 also deduced from provisional data for
one country (UK). The estimated age composition will not be exact but
provide a firmer basis for the estimation of mortality than was available
at the previous meeting, when estimates of P in 1969 hag to be extrapolated
from the catch composition of 1968 and the total catch in 1969.

The results of the analysis are summarised in Table 9. The analysis
for cod shows the increase in F on 4-5 year olds of the 1964 and 1963
year classes in 1968 and the progression 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 fishing mortality
in 1968 and 1969 with the slight decline expected in 1970 on the basis of
the trend in fishing effort and catch per unit effort date for this fishery.

4. Recruitment
fistimates of recruitment for cod and haddock are given in Table 10

as millions of 3 year old fish in each year class since 1962, these being

the year classes vhich will provide the catches in 1971 and 1972. These

estimates are derived from virtual population analysis for the yeaxr

classes 1962-65 and by estimates of relative year class strength in the

international O-group survey, and USSR young fish surveys for the year

classes 1966-T70, the estimates for 1969 and 1970 remsining very provisional.

The regression relating the pre-recruit index of year class strength with

subsequent actual numbers derived by the virtual population analysis has

very wide 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 (i.e. 1966 onwards) are very

provisional and may do 1ittle more than indicate the order of magnitude

of their sbundance. However, these year classes will contribute to the

catches in 1971-72 and so the lack of prevision will therefore contribute

a source of error, in estimates of future catches.

Revised estimates of recruitment for haddock correspond closely
with previous estimates for the year classes 1962-64, but have beeu
reduced slightly for the year classes 1965-67 on the basis of the virtual
population analysis.

5. Bstimates of future catches
2) Cod

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

(i) that F is reduced to a level close to that giving the
maximum yield per recruit withthe present pattern of
the fishery, F = 0,53,

masxt

(ii) +that F is reduced in 1971 to its 1967 level F o = 0-80

(iii) +that F remains at its present level F . =110

(iv) +that F is increased to the level vhere F in the
oldest age groups (Fmax) = 1.5,
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The same range of possibilities has also beeld applied to estimate
catches in 1972, depending upon the level of fishing mortality in 1971.
The estimates are summarised in Table 11,

An 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. This 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 fishipg mortality
which have been particularly important in the north-east Arctic fisheries
in the period 1965-70. This method confirms that if the 1970 level of
fishing continues during 1971 a total landing of about 700 000 tons may
be expected. :

The estimates of catches in 1972 depend on the level of fishing in
1971 and in addition to the selected values given in Table 11, Figure 1
permits the expected catch in 1972 to be read off for eny particular level
of catch that may be achieved in 1971.

The new esgtimates of catches in 1971 are higher than those made
previousiy, in 1970. This is almost entirely due to the upward adjustment
of the abundance of the 1964 year class. DPresent evidence continues to
indicate that the 1965-68 year classes are very poor so the overall
proguosis of g decline in catches in 1971, and especially in 1972, remains
valid. It is necessary to emphasize, however, that under the present
circumstances where the yield is heavily dependent on one or two very
large year classes, estimates of cabch will be vexry sensitive to errors in
the estimation of their abundance and these errors may be high. They
would become less important in a fishery where the yield is distributed
over g number of year classes of more uniform abundance because exrrors
betwcen year classes could be expected to compensate each other.

It should alsgo be noted that the 1970 year class was very abundant
at the O-group stage. If this apparent abundance is correct, fish of that
year class can be expected to be caught in significant quantities in 1973,
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 mortality:

(i) that ¥ is reduced to a level close to that giving

the maximum yield per recruit, Fﬁax = 0.3
(i1) that P is reduced in 1971 to the 1967 level of F = 0.6
(iii that F remeins at its present level ¥ = 0.8
(iv) that F is increased in 1971 to a higher level, Fma; = 1.0.

X

Az for cod, this range of fishing mortality has also been applied
to estimate catches in 1972, depending upon the level of fishing mortality
in 1571. The estimates are summarised in Table 12 and Figure 2.

These are similar to the estimates Trepared for 1971 in 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 toms in 1971 at the present level of fishing, 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 expected
to offset removals so that catches will remain close to the 1571 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.

e . . - v -
6. Changes in total stock size

Table 13 summarises xecent changes in the total stock of %3 yearsa ans
older cod, with comparative information from eariier years. Stock size in
1968 was close to that of the eariy 1950's but the biomass was concentrated
mainiy in the two very strong year classes of 1963 and 1964: the strength
of the stock was not widely distributed over o range of age groups as it
was in former years. At the present time the total stock size is declining
towards the level of *the mid-1G60ts, with the annual harvest representing
an increased proportion of the stock. However, this percentage camnot be
directly related to the estimates of fishing mortality because although
the stock existed as shown, the age groups were not all equally available
to the fisheries.

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

At an earlier meeting the Group concluded that the reduction of
spawning stock size to relatively low levels may reduce the probability
of strong year classes. With regard to the anticipated poor rccruitment
from the 1965-68 year classes, and in view of the high level of exploitation
of recently strong year classes (1963, 1964) in 1968-70 ,the CGroup 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
conjunction with a catch limitation in oxrder to offset the anticipated
decline in spawning stock.

In principle, the effects of closure of either fishing grounds or
seasons might be estimated from a detailed knowledge of the distribution
of catches, but in practice the Group concluded that this would not be
meaningful because of umcertainty regarding the redeployment of fishing
effort that wonld be displaced by a limited regulation. These uncertain-
ties may be expressed in a number of alternative arrangements as followss~

(i) Closure of all areas of the fishcry closed throughout the year.

(ii) Closure of all areas of the fishery closed during the same
season ox at different seasons.
(iii) Closure of limited paxrts of the fishery closed throughout
the year.

(iv) Closure of limited parts of the fishery 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 would be diverted to othexr parts of the stock, or
that a proportion of the fish surviving from a seasonal closure would he
caught clscewhere at other times of the year. It is not possible to
pravide realistic estimates of the effects of such sltermatives on either
the catch or the stock size, but the interaction of fishing between
different seasons or areas would tend to nullify the potentisl benefit.



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
mortality, with or without redeployment, though catches might be redistribubed
between areas and countries in a different way. However, the closure of
Division ITa would reduce catches to a greater extent than the closure of
Sub-area I or Division ITb because the fishery there exploits older fish and
takes place at a time when 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 spawn once or several
times, regardless of the age at which fishing mortality occurs. Previous
assessments have shown that a reduction in fishing mortality in the fishery
as a whole, either by regulation of catch or by regulation of mesh sizes, will
increase the number of older fish, and hence increase the spawning stock size
by, in effect, reducing the fishing mortality on younger fish. Although the
Group sec no prospect of being able to determine precisely the effect of a
particular closure regulation taken in isolation, calculations assuming no
redeployment of fishing betyggryayeas can give a maximum estimate of potential
benefit. Taking the weight of/% year old cod and older as an index of
spavning stock size these calculations suggest that total closure of Sub-area 1
could give a fourfold increase in votential spawning stock for a given level
of recruitment, and closure of either Divisions ITIa or IIb could give a twofold
increase. However, this calculation excludes the more uncertain benefits to
recruitment that such an incrcase in spawning stock might have and its con-
sequent effect in further increasing spawning stock size over a long period
of years. Any increase in spawning stock size following a reduction in
fishing mortality would also increase the number of cod spawning more than
once, vhich may have an additional beneficial effect on the chances of good
recruitment.

The Group does not believe that it will be able to add materially to
these conclusions from further consideration of the problem without postulating
a compiex and hypothetical framework of alternative assumptions concerning
the redeployment of fashing effort or the scasonal pattern of fishing mortality
in different areas of the fishexy.

8. Recommendations

At its present meeting the Group had available the estimates of the 1970
age composition of the catches of one country (UK) in addition to the pro-
visional estimates of total international nominal catches in 1970. This has
permitted estimates of catches in 1971 and 1972 to be based on more closely
up-to-date information. (The previous estimates of catches in 1970 had to be
baged upon 1968 data, with the detail of stock composition in 1969 being
completely unknown). This information on the age composition in the catches
in the most recent years should improve the precision of the catch estimates,
especially with regard to the abundance of year classes just entering the
fisheries, and the Group therefore recommendss-

1. that all countries shovld make special efforts
to provide data on the composition of iandings for
the year before the first for which calbch estimates
are required;

2, that, if data for the whole year are not complete,
efforts be made to provide even incomplebte data for all
fisheries and particularly for important seasonal
fisheries that toke place in the first haif of the year;

3 that data for each year be circulated to all members of
the Group as soon ag they are finaliged.
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Table 1. COD. Total nominal catch by fishing areas (metric tons).
Year Sub-area I Division IIb Division ITa Total
1960 380 962 94 599 155 116 630 677
1961 409 694 222 451 149 122 781 267
1962 548 621 222 611 138 396 909 628
1963 547 469 113 707 116 924 778 100
1964 202 566 126 029 108 803 A3T 398
1965 241 489 103 407 99 855 444 751
1966 292 244 56 568 134 664 483 476
1967 322 7T8L 121 050 128 729 572 560
1568 612 ALY 268 908 162 A72 1 073 829
1969 670 158 266 117 254 985 1 191 260
1976%) 546 488 123 980 208 438 898 906
x)

Provisional figures.

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

Coastal Cod
Year |England | Germany Noxway USSR Others Total Norway
1960 141 175 9 472 231 997 | 213 400 34 633 €30 677 43 092
1961 | 157 909 | 8 129 268 277 | 325 780 | 21 072| 781 267 32 359
1962 1174 914 | 6 503 225 615 | 476 760 | 25 8%6| 909 628 29 596
1963 129 779 | 4 223 205 056 | 417 964 | 21 078, 778 100 40 405
19564 94 549 3 202 149 878 | 180 550 g 219 437 398 46 10C
1965 89 874 3 670 197 085 | 152 780 1 342 444 751 23 786
1966 | 103 012 | 4 284 20% 792 | 169 300 3 088 | 48% 476 27 800
1967 | 87 008 | 3 632 218 910 | 262 340 6701 572 560 %3 102
1968 | 140 054 | 1 073 255 611 | 676 758 333 | 1 073 829 47 212
1969 | 231 066 | 5 434 305 241 | 612 215 | 37 287 |1 191 260 52 416X)
15709 177 141 | 9 385 356 126 | 320 000 | 34 254| 898 906 49 000
x)

Notes

Provisional figures.

Tandings for USSR exclude catches of coastal cod, provisionally

estimated to be approximately 40 000 tons per year.

is preparing statistics for this fishery.

The USSR
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Table 1. COD. Total nominal catch by fishing areas (metric tons).

Year Sub-area I Divigion ITb Division ITa Total
1560 380 562 94 599 155 116 630 677
1961 109 694 222 451 149 122 781 267
1962 548 621 222 611 138 396 509 628
1963 547 469 113 707 116 924 778 100
1564 202 566 126 029 108 803 437 398
1965 241 489 103 407 99 855 444 751
1966 292 244 56 568 134 664 43% 476
1967 322 781 121 050 128 729 572 560
1968 642 449 268 908 162 472 1 07% 829
1969 670 158 266 117 254 985 1 191 260
1576%) 546 488 123 980 208 438 898 906
x)

Provisional figures.

Table 2. (COD. Nominal catch (in metric tons) by coumtries
(Sub-ares I and Divisions ITa and IIb combined).

Coastal Cod
Year |England | Germany Noxrway USSR Others Total Norway
1960 | 141 175 9 472 231 997 | 213 400 34 633 €30 677 43 092
1961 | 157 909 | 8 125 268 377 | 325 780 | 21 072| 781 267 32 359
1962 | 174 914 | 6 503 225 615 | 476 760 | 25 836| 909 628 29 596
1963 1129 779 | 4 223 205 056 | 417 964 | 21 078 | 778 100 40 405
1964 94 549 3 202 149 878 | 180 550 9 219 437 298 46 100
1965 89 874 3 670 197 085 | 152 780 1 342 444 751 2% 786
1966 |10% 0i2 | 4 284 20% 792 | 169 300 3 088 | 48% 476 27 800
1967 | 87 008 | 3 632 218 910 | 262 340 670 | 572 560 33 102
1968 | 140 054 | 1 073 255 611 | 676 758 333 1 1 073 829 A7 212
1969 | 231 066 | 5 434 305 241 | 612 215 | 37 287 | 1 191 260 52 416X>
1970X9 177 141 | 9 385 358 126 | 320 000 | 34 254 | 898 906 49 000
%)

Hotes

Provisional figures.

Tandings for USSR exclude catches of coastal cod, provisionally
estimated to be approximately 40 000 tons per year. The USSR
is preparing statistics for this fishery.
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Table 4, COD. Catch per unit effort (metric tons, round fresh).
Sub-area I | Division ITb ' Division ITa
IR | s | 3)

TK USSR TK Noxrway

1960 {0.075 0.42 0.105 0.31 0.067 %.0
1961 {0,079 0.3%8 0.129 0.44 0,058 3.7
1962 10.092 0,59 0.13% 0.74 0.066 4.0
196% |0.085 0.60 0.098 0.55 0.066 3.1
1964 10.058 0.37 0.092 0.39 0.070 4.8
1965 |0.066 0.39 0.109 0.49 0.066 2.9
1966 [0.074 0.42 0.078 0,159 0.067 4.0
1967 1 0.081 0.53% 0.106 0.87 0.052 3.5
1968 10,110 1,09 0.173% 1.21 0.056 5.1
1969 10.113 1.00 0.1%5 1.17 0.094 5.9
1970 | 0.100 0.80 0,100 0.80 0.030 6.4

1) UK dsta - tons per 100 ton-hours fishing
2) USSR data - tons per hour fishing

3) 1o

rweglan data -~ tons per gill net boat week at Lofoten.

Table 5. HADDOCK. Total nominal catch by fishing areas (metric tons).
Year Sub-ares I Division IIb Division ITa Total
1960 125 675 1854 27 925 155 454
19561 165 165 2 427 25 642 193 234
1662 160 g72 1727 25 189 187 888
196% 124 774 939 21 031 146 744
1964 79 056 1 109 18 735 98 900
1565 98 505 536 18 640 118 Q79
1966 iz24 115 1 614 34 892 160 621
1967 108 066 440 27 980 136 486
1968 140 970 725 A0 031 181 726
1969 88 G60 1 341 40 208 130 509
19701) 41 519 428 29 613 71 560
x)

Provisional figures.

Provisional figures.

Table 6. HADDOCK. Nominal catch (in metric tons) by countries (Sub-area I
and Divisions ITa and TIb combined).
| Coastal Had&oc:'

Year Ingland Germany Noxrway USSR Others Total Noxrway
1560 45 469 5 597 47 263 57 025 100 155 454 | 5 943
1961 39 625 6 304 60 862 85 345 | 1 098 193 234 4 031
1962 37 486 2 895 54 567 91 940 | 1 000 187 888 3 293
1963 19 809 2 554 59 955 63 526 900 146 744 4 285
1964 14 653 1 482 38 695 43 870 200 98 900 6 460
1965 i4 314 1 568 60 447 41 750 - 118 079 6 217
1966 27 723 2 098 82 090 48 710 - 160 621 5 223%
1967 24 158 1705 bl 954 57 346 | 1 323 136 486 3 181
1668 40 102 1 867 64 076 75 654 27 181 726 2 766
19569 3T 234 1 490 67 549 24 211 27 130 509 2 12OX)
1970X) | 20 360 2 2 000 39 200 10 000 - 71 560 4 000
x)
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Table 7. HADDOCK. Catch per unit effort and estimated total
international effort.
Catch per effort (UK) Estimated total international effort
Year Kilos/100 ton-hours in TK Units
Sub-area | Divisions Total catch in tons x Zi.O"6
I ITa I1b tons/100 ton<hours Sub-area I
1960 33 34 2.8 4.7
1961 29 36 3.3 6.7
1962 23 42 2.5 8.2
1963 13 33 0.9 11.2
1964 18 18 1.6 5.5
1965 18 18 2.0 6.6
1966 17 34 2.8 9.4
1967 18 25 2.4 7.6
1968 19 50 1.0 9.6
1969 13 42 2.0 10.0
1970 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 (M = 0.3)

Total Mortality Z Fishing Mortality Value selected for
English c.p.u.e. data F 1970
Age 1968/65 | 1969/70 1968/69 | 1969/70 pPA %
3 .06 5
4 .17 15
5 : .28 25
5/6 0.58 0.44 0.28 0.24
% /7 0.59 1.01 0.29 0.71 -56 20
T1/8 1.04 0.97 0.74 0.67 -15 65
8 .50 80
8/9 1.33 1.74 1.03 1.44
S 1.12 100
9/10 1.6% 1.24 1.3% 0.94
10 1.12 100
10/11 1.23 1.04 0.93 0.74
11
B. EADDOCK (M = 0.2)
2 .04 5
3 .16 20
4 40 50
5 .50 62
5/6 .50 .54 .30 <34
6/7 .48 1.15 .28 .95
7 .70 87
7/8 1.12 .68 .92 .48
8 .80 100
8/9 .92 1.17 .72 <97
9 .80 100
9/10 .68 1.08 .48 .88
10 .80 100
10/11 55 .88 .35 .68
11




Table 9a.

Fishing mortality 1967-70 estimated
by virtual population anaiysis.

Cod (M = 0.3) Haddock (M = 0.2)
~Years 1967 | 1968 1969 197OX) 1967 1968 1969 197OX)
Age ™
2 .02 .02 .01 .06 <t + N .04
3 o 14 .13 .13 .17 .07 .06 .09 .16
4 .18 41 «29 .28 «35 o 43 026 - 40
5 .21 5% .63 .56 .52 .71 <56 «50
6 «39 AT 1.15 =73 57 .64 .86 .60
T .51 .50 1.40 .90 <53 .85 072 .70
8 46 <54 1.21 | 1.12 «69 - T1 .73 .80
9 <17 .29 .55 | 1.12 .50 .67 .50 .80
10 .88 «59 £27 1 1.12 «55 1.07 - -
i1 .87 A2 - - 5T .72 - -
12 <71 1.28 - - - - - -
x) Estimated.
Table 9b. Mean weight 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.
| Mean Weight in Kilos
Age
Cod Haddock
3 0.43 0.41
4 0.84 .62
5 1.36 <97
6 2.00 1.59
7 2.92 2.33
8 %.87 2.72
9 5.25 3456
i0 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. Recruitment: million of 3 years old fish
in each year class (Revised from 1970
Report).
{7 Year Cod Haddock
1962 920 96
1963 2 194 220
1964 2 016 260
1965 217 12
1966 (250) 19
1967 (400) 95
1568 (500) (40)
1969 Average (150)
1970 Very rich Average




Table 11.
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selected levels of fishing mortality.

Estimates of nominal catch of cod (000 tons) at

1970

1971

1972

Yield

F

Yield

b

Yield

1,10
(present
level)

0,55(i)

387

.

©

L

°

354
488
621
748

0.80tit)

531

L]

F‘H‘C)F) OO
O N OW OMNOW

302
118
534
644

lelO(iii)

679

. L4

..

251
350
449
545

1,507

818

L4

L]

o
Ul = oW i = @aun U = QWU Ut = Ui
ONOW ONMDOW

= OO0 t‘k’C)C)

Qo

204
285
366
A4T

(1) T reduced to a level close to that giving the maximum yield per recruit
within the present pattern of the fishery.

(ii) F reduced in 1971 to its 1967 level.
(iii) T remains at its present level.
(iv) P increased to the level where T in the oldest age groups
is 1.5 (Fpax).
Table 12. Estimates of nominal catch of haddock (1000 tons) at
selected levels of fishing mortality.
1570 1971 1972
i Yield iy Yield F Yield
(1) 0.3 30.2
i 0.6 54.5
0.5 26.7 0.8 67.8
1.0 79.8
0.3 25.0
i3 !
0.8 71.6 0.6(3%) 18,3 0.6 45.2
(present 0.8 56,4
ievel) 1-0 66.5
0.3 22.2
(iii) 0.6 40.3
0.8 999 0.8 50.3
1.0 62,7
0.3 19.8
(iv) 0.6 36.0
1.0 70.2 0.8 4.9
1.0 53.2
(i) ¥ reduced to a level close to that giving the maximum yield per recruit.
(ii) P reduced in 1971 to the 1967 level.
(iii) P remains at present level.

(iv)

P increased in 1971 to a higber level,
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Summary of estimates of the size and
yield of the cod stock

(L) (B) (c) () (®) (r (@)
Year Stock Numbers | Recruits Total Total Vield Yield as
44+ Years 014 3 years old Stock Numbers | Stock Weight (in % of Stock
in millions) | (in millions) (B) + (C) (in 1000 tons) '000 (F) + (B)
(in millions) tons)
1950 1 818 833 2 651 4 4T3 732 16
1555 2 810 420 3 230 5 164 1148 02
1960 1 %87 1 068 2 455 2 804 631 23
1965 i 059 920 1 979 2 182 145 20
196 1295 2 194 3 489 2 936 483 15
1967 2 241 2 016 4 257 3 820 573 15
1968 3 044 217 3 261 4 042 1 074 27
1669 1 886 250X) 2 1%6 3 416 1191 35
1970X) 1 086 400 1 486 2 422 899 37
1571%) 769 500 265 1 769 675 38
x)

BEstimated assuming F = 1.1 (present level).
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F max
‘i' (1972)

04 02 02 04 05 06 07 08 09 10 11 42 43 Fjﬁg.”
A A
1\ | 1\ i ﬁ\ Corresponding Yield
26.7 344 48.3 59.9 70.2 in 1974

Figure 2. North-East Arctic Haddock. Yield in 1972 at different

levels of I in 1971 and 1972.
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SUPPLEMENT

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

Te The effects upon the cod fishery of the closure of fishing grounds

At an earlier meeting the Group concluded that the reduction of
spavning stock size to relatively low levels may reduce the probability of
strong year classes. With regard to the anticipated poor recruitment from
the 1965-1968 year classes, and in view of the high level of exploitation
of recent strong year classes (1963, 1964) in 1968 to 1970, the Group
expects that the spawning stock will become considerably reduced in coming
years. The Group has therefore discussed alternative methods of regulation
(pa:cticularly the closure of fishing areas) that might be used in con-
Junction with a cotch limitation in order to offset the anticipated decline
in spawming stock.

Leaving aside the complexity of closures within major areas of the
total fisheries four basic combinations of closure might be considered.

1. Closure of all areas of the fishery, closed throughout
the jyear.

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 kmowledge of the distribubtion of catches, pro-
vided fishing effort directly affected by a regulation were not redeployed
in other parts of the fishery. However, the Group condiders, that in all
cases except 1 and 2(a) it could be expected that part of the displaced
effort would 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 spawning stock size.

In general the effect of limited closures of either areas or seasons
upon Long-teim total catches would be small at the present level of
fishing mortality, with or without redeployment, though catches might be
redistributed between arcas and countries in a different way. However,
the closure of Division ITa would reduce catches to a greater extent than
the closure of Sub-area 1 or Division ITb because the fishery in
Division ITa exploits older fish and takes place at a time when 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 spawn once or
several times, regardless of the age at which fishing mortality occurs.
Previous assessments have shown that a reduction in fishing mortality in
the fishery as o whole either by regulation of catches, or by the
regulation of mesh sizes will increase the number of older fish, and hence
increase spawning stock size by increasing survival at restricted, or
overall age groups. A closure might be selective to protect particular
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age groups but it would contribute towards the same general effect. The
Group sees no prospect of being able to determine precisely the effect of
a parbicular closure regulation token in isolation in this reppett,; but,
calculations assuming no redeployment of fishing between areas can give a
maximum estimate of the potential benefit that might be obtained by very
broad closures. Taking the weight of stock of T year old cod and older
as an index of spawming stock size these calculations suggest that total
closure of Sub-area 1 could give a fourfold increase in the potential
spawming stock from a given level of recruiitment, d closure of either
Division ITa oxr IIb could give a twofold increase. However, these
calculations exclude the uncertain benefits to recruitment that such an
increase in spawning stock might have, and its comsequent effect in
further increasing spawning stock size over a long periocd of years.

Any increcse in spawning stock size following a reduction in fishing
mortality would also increase the number of cod spawming more than once,
vhich mey have an additional beneficial effect on the chances of good
recruitment.

The Group does not believe that it will be able to add materialily
to these conclusions from further consideration of the problem withoutb
postulating o momplex framework of alternative assumptions concerning the
redeployment of fishing effort.

1) The effects of a closure of all areas of the fishery 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
throughout the yeor.
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ANNEBEX

Data and Methods used to estimate the catch associated with particuiar

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 begimning 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

Wational fishery statistics of total cabch, by species in round
fresh weight in tons, and fishing effori, summarized by Subares 1
and Divisions ITa and ITb separately on an annual basis.
Comparable summsries by months are available within the national
recording systems but they have not been used as a primery source
of dats in calculating catch estimates.

Bstimates of the composition of national catches as the number of
fish landed per age-group within Subarea 1, and Divisions Ila

and ITb separately. The length composition of catches is availablie
within national statistics on a monthly basis but since the
sampling system of some countries is designed only to provide o
length to age convergion on an amnual basis, the age composition
of catches of the total intermational fishery is only availabie
for the whole year. However, as with the catch statistics, monthly
data are mainly used for reference and interpretation.

These 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 resulis which need
to be checked back to the basic data.

N.B. IEstimates of prospective catches for a given year + must
necessarily be available gariy in a yeaxr if they are to be incor-
porated in the choice of an ailowable catch in that year: the
data are necded before national stabisticglreturms of data for the
previous year t - 1 are currently being completed. This means
that the most recent data available to the Group relate to yvear

t ~ 2 but not for the most recent completed year of fishing. This
places a heavy constraint on accuracy when the fishery has shown
substantial changes between years. Some guidance on fishing acbhbivity
in yecax t - 1 has been obtained from provisional estimates of
catch, but fishing effort data have not so far been availablie.

So serious is the potential exror that in this report, 1971, an
attempt has been made to judge catches in year t - 1 from the

e composition of catches of a single country most of whose data
had been processed in time for the meeting. The estimate is

made by extrapolation based on o conversion factor for each age-
group as International catch age-group X/Na,tional catch of age- .
group x averaged over 10 years. The conversion matrix is stable
for age-groups contributing the greatest part of the catch but
shows increasing variebility (though not trend) towards the
extremes of the age distribution, where the variance of the basic
sampling systems may be expected to be increased.
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5

Method of estimating stock size

The basic technique used is virtual population amalysis (VPA) as
described by Gulland (ICES, 1965). Briefly, the total population,
W, of any age-group of a year-class may be determined from the
totol numbers of fish in that year class subsequently caught from
it (the virtual popuiation, V) and the exploitation rate, E, to
which it is exposed. Thus for a given age-group in year n the
total population Ny = V/E.

Similarly Ny =V, /En+ ) and

/E

e = Mo

. (1)

V].’J.+'1

The catch in numbers, C, during year n can be expressed in like
terms:

S U .\ ~n
Cn —hn Zn (1 - e ) (2)

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

- m_e ng, T+ M(p 4 w)
B+ 18, N T (1-c70m) F (- o Unt )

vhere 2 =F + M.
n n

For each ycar class this expression can be solved for F, and N,,
given estimates of Cpn; Vpi (ZCniq eo-.. Cp, vhere Cr is the
catch of the oldest age-group of that year class), M and By qe
The first three are directly available from data or previouss
research. However, an initial value Epn;4, must be assumed for
the oldest age-group of a year class, and the computation must be
gsolved through successively younger age-groups with appropriate
modification of By - Thus En9 the exploitation rate applicable
to fish alive at the begimning of the year n , will be the sum
of the proportion caught during that year and those caught later:

R “Zn 7 -Zn
o= Z (1-e )+En+1e *

B, is then entered as Epyq 1in the compubation for the next
youngest age-group. This series gives estimates of B, per age-
group which can be used in conjunction with Cp, and M to estimate
the number of fish dying during the year.

-7
——— = (1 -em),
n

or the stock from which a catch was taken
C Z
nn

N =
"R (1 - &n)

°
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6 The data required for the appiication of VPA are:
(i) +the total numbers caught by age-group, which
are obtained and updated from the most recent
data;
(ii) an estimate of natural mortality, M;
(iii) an estimate of B, . to which the stock has been
fished in the last year of fishing (i.e. an
appropriate level of F and hence Z).
7 Estimates of natural mortality for Arcto-Norwegian cod indicate this

to be M = 0.3 as described elsewhere (ICES, 1965) and checked by
Schumacher (pe:c. comm. ) by plotting P determined from VPA against
estimated total fishing effort (see Figure 1), This value is
consistent with previous estimates derived by regressing total
mortality, 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 difficulty created by the
combination of catch per unit effort data from three separate
fisheries.

8. The estimate of F and hence F/Z (i.e. E,) to which the stock has been
subject in the last year of fishing cammot be determined explicitly
by present methods, even from the ratios of catch per wnit 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
exemination of the basic statistics. This is difficult; particulaxrly
s0 because @ major part of the yield in any year is taken from age-
groups that are not fully recruited to the fishery and which may
be subject to discarding at sea so that catch per imit effort data
offer no guidance at all.

The procedure adopted by this Group has been to inspect estimates
of Z(from the natural logarithm of abundance + - 1/abundance t - 2)
for the fully recruited age-groups to determine the direction and
magnitude of change in Z, if any. This is examined for consistency
with the available effort data. Having selected a trial value for
F on these older age-groups, it has then been extrapolated to
partially recruited age-groups on the basis of factors determined
for past years for which the appropriate F can be determined with
little error from VPA (Pope, 1971).

The values described above provide an initial estimate of F, and
hence stock; for each age-group at the beginning of year £ = 1. A
best estimate is reached by & series of trial values of F and E to
select that which is most closely consistent with the other evidence
of changes in ¥ in the most recent years.

S In short, with the data and techniques currently available, the
estimate of P and hence stock in year t - {1 has to be a carefully
Judged guess. The potential errors involved may not be significant
for older age-groups which contribute 2 small proportion of the total
catch and for which errors in the basic assumption to initiate VPA
have 1ittle effect on estimates of the relevant year 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-Norwegian cod in year + dis heavily dependent upon
S5-year-olds, it is essential o achieve good estimates of the
absolute abundance of A-~year-olds in year T -« {1, oY 3-year-olds in
% - 2, For these partially recruited age-groups the ratio F/M is
relatively low, and, vwhen the possibilities of discarding at sea arve
added, there is the real risk of significant error when estimates
of F axe used to derive stock size.
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The computations described provide estimates of stock size at the
begimming of year t -~ {. These are then 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 availabie from research surveys, thus
checking that the data series are so far as possible consistent.

BEstimates of future catch

At this point the Group has estimates of stock abundance per age-group
at the beginning of year t - 1 and ¥ during that year. The stock size
is then updated to the beginmning of year + as

F, . + M)

N, =N e'(‘t_1

] t=1

for each age-group. PFurther bagic information required for the compu-
tation of catches is the number of young fish that will recruit to the
figshery for the first time in years t, t + 1, ebc.,and the current
welght at age.

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, and the
latter gives four serial estimates so that the young fish surveys
are potentially the more reliablie source, USSR research has shown
the mean abundance of a year class as 2- to 3-year-olds to give the
best correlation with its later performance in the commercial fishery,
and variance may be reduced by adjustments for the nutritional
status of the young fish in particular years. Iven so the confidence
limits of the regression of recruitment from survey dats on recruit-
ment from VPA are very wide (+ 100%) over the period for which the
data cover all nursery areas (i.e. Bear Island and Barents Sea)
1957~1965. o doubt the precision will improve as the time period is
extended.

The two forms of pre-recruit surveys have so far given results which
are sufficiently comparable to indicate the relative mognitude of
year classes, bubt at present there is a wide margin of error in
estimates of the absolute abundonce of newly recruiting year classes.
The adequacy of this level of accuracy is to some extent conditional
onthe magnitude of the year class in question and of the stock it

is entering. Errors on a large year class entering o small stock are
more significant than the same proportional error on a small year
class entering a large stock.

Weight at age is teken directly from recent observations rather than
any theoretical fit based upon data collatéd over o series of years.
This because, as USSR research has shown, the conditions encountered
by young fish in this area, particularly the abundance of young from
preceding year classes, may have a significant effect on the subse-

guent growth of the new group.

The assembly of date described involwes the direct use of the most
recent observations, objective calculation +o derive estimates to
similate recent events in the fishery, and some careful Judgement
in areas vhere vital data are either inddequate or not aveilable.
Having compiled the parameters the futuvre yield of each year class
is then computed using the estimated cbundance at the begimming of
year 1, the mortaiities it would be subjected to under various
assumptions concerning fishing effort, and the mean weight at age.
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Thus the yield in year 3+ is given by

e:l";G ~€ FJG+M

JRs U )T,
hiy eF, +U U

where in addition to the usual notation e is the partial recruitment
factor varying 0—1,

16 These computations will give the weight yield in year © for any
given mortality regime, and the survivors to year t + 1 ot age x + 1.
The procedure ig then repeated with adjustment of fishing mortality, if
appropriate; and the addition of new recruits.

17 The poragraphs above outline the procedures followed for computing
prospective catches. There are, however, mony other aspects of the
biology and dynamics of the species which are held under review through~
out; e.g. the determination of maximum sustained yielid, size and
structure of the spawning stock in relation to stock and recruitment
problems. The computation of the catch levels is amenable to a high
degree of mechanization and in taking advantoge of this it becomes the
more important Yo ensure that no fundomental changes in the biology
or the character of the stock and its fisheries are overlooked.

References

ICES, 1965. Report of the Meeting of the Arctic Fisheries Working
Group in Hamburg, Jan. 18-23%. Annex 1.

POPB, Jo Go, 197L. LIn investigation of the accuracy of virtual
population analysis. ICNAF Res. Doc. (mimeo).



T oxustg

{suun yn) Moye Buiysy 1pjoy
000L 008 003 007  00Z 0

pr
S

I 1 i i i A 1 i o] A

! |
o T
o o

i
Ay
o

pyow Buysiy

|
Lo
=

|
&~ 0
{ e Y oo

k

L
hacng
=]

¢ og *TdIng/TLET WS



:3 Suppl.

i/F

197

COI&O

UH0L3

ogdu
3T AUFTON

_

[ e e e e e

5O109/80
10 uotsTsoduoo ofe
oT(BLe U0 Paseq
2 andan) uo o8l
opnaTudew SuTrinoxqng

30D o

B
o [ 1= u_ﬂoopm_. ‘ by
. SUBDLI. { — L - R
yg8uUeILs S8CTO 7 ~ /&\
aeof oATYETOY AN
SONBWTL80 TCUTT 2 3009 1
Awu oepdn peumnssy
- |
| VaA H_. & i
| — J \
; T 93BWLES0 48T 2 30038 ade 4%

ecec ey gIROA

dnox3-efe /cof Uoteg

|
!
!
| 39
!
!
_
|
_
|

B e s I DU |

=1 Jeok

UOTATSOdWOO 8T I0F

XTILCW UOTSIOAUO)

I=q.0° 0 z=0 sxeal
0T2TS0dWoo Y0LED
Te30% o%epdn

geuTo aealk
Jo sfoarns
2 TRLODI ~0Xd

¢

|

sq00loxd
TOIVOSOT $00IN0E BB

¢ NANT

A

ofe uceu
LUBTON
ugew 0T

/N

£9.TTTABUOYEO 0BT

f

Jusneo °oN 1ySTON

il

I

i UT
PUSIY. OUTWEXT

N

\ 7 0qEmTISE

A\

qI0330 UF 1 aEef uT
PUST] OUTWEXE (09GO 01 CUTYSH
¢ INdLNo

- _.fi/@l

_

110370 2Tun aad

01180 osATeUY

NIOIFO TCUOTITCULOAUT

¥

T840 ©3CWT4SH

4

( uSnoue SunT soTIes BTD JI)

*

dnoxd-o3e

w

\

TI0II0 SUTUSTE

zod 2uSnoo °of
_ S0T48T)BES SUTUST]
M mﬂO
|~ 3 JCOK IoF (r=a 7 = pv goTqe) oTseq oupdn
guInlax Teroads gIveL X YATOW L UOTSTATD T 04100

IO TOUOTSTAOLJ

X BOZT QNS AIOJIO PUC (OLED
SOT3ETLELS TOUOTICH $00IN0S 0200

T OAIET |

Figure 2.



