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Introduction

Because of increased concern for the state of the cod stocks in
Subarses 2 and 3 as a result of incressed fishing intensity in recent
years, it was recommended at the 1970 ICNAF Annual Meeting that detalled
assessments were necessary for these stocks of the type performed by the
West Greenland Cod Working Group and presented by Schumacher (1970). A4s
a8 result of this, assessments have been performed for cod in ICNAF
Division 2J and are described in this report. This particular area was
chosen first because the sampling data were more complete and it supports
one of the most important cod fisheries in the ICNAF zrea.

Materiaels and Methods

The "virtual populations” method developed by Fry (1949, 1957)
and modified by Gulland (1965) and Jones (1961, 1967) has been used to
estimate F. This method requires the total annual number in each age-
group taken from a stock for a series of years., The period chosen for
this study was 1959-69 and the basic data used were length frequencies,
age-composition and age-length keys published in ICNA¥ Sampling Yearbooks
for this pericd and the nominal catches published in ICNAF Statistical
Bullietins for the same period. In addition age-length keys from Canada
(Nf1d.) research vessel cruises to the ares during the period as well as
those from the inshore fishery were also used to supplement or replace
the Sampling Yearbook data. ’

Compilation of Length Composition
of Otter Trawl Catches

The procedure used to obtain respresentative length compositions
of the total catch by otter trawl in each year was identical to that used
by Pinhorn and Wells (1970a) for mesh assessment studies and is as follows:

* This is a revised version of a Report to the Mid-term Meeting of
Assessments Subcommittee, 25-30 January 1971.
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Total catches by country and quarier were obtained by applying appropriate
discard rates to the landings of esch country in each quarter for each year
(Teble 1). These discard rates were calculeted from information supplied by
member countries in Research Reports, Discard Documents and variocus other
documents throughout the period. In years where discard rates were unknown
for a country they were estimated from known rates in other years for the
same country or from rates for countries with related fishing practices or
by using a rate of 5% which is close to the overall average for the period.
From a knowledge of average weights of fish caught, total numbers caught
could be calculated for each month, quarter and year as needed for esch
country. Where these average weights were not supplied in the Sampling
Yearbooks, they were cslculasted from average lengths by the length-weight
relationship of May (1966a). Per mille lengih frequencies for each country
reporting frequencies for each month were then adjusted to numbers caught
by that country in that month. These monthly frequencies were then com-
bined by quarter for each country snd the frequencies of all countries
reporting then combined for the guarter. This frequency was then adjusted
tc the numbers caught by all countries in each quarter. Quarterly

frequencies were then combined tc produce annual catch fregquencies by all
countries.

Compilation of Numbers Caught at each Age

Two methods were used to estimate numbers of cod caught at each
age. The first of these was identical to that used by Wells and Pinhorn
(1970) and is as follows: Per mille age compositions of otter trawl
catches for each month and country reported in ICNAF Sampling Yearbooks
were adjusted to numbers caught in that month by that country. These
monthly age compositions were combined by quarters end adjusted te the
numbers caught by all countries in each quarter. Quarterly age-compositions
were then combined to produce the annual number caught per age-group. This
method was used for the 196L4-68 period. The second method was used for
the entire 1959-69 period and consisted of applying the quarterly age-
length keys of each country reported in Sampling Yearbocks to the gquarterly
length-compesition of the otter trawl catches as derived above. In
addition Canada (Nfld.) age-length keys from research vessel survey cruises
and from samples from the inshore fishery by various gears were used where
available., This method produced several estimates of the numbers caught
at each age for some quarters and served as a means of validating the
age-length keys from various sources. In quarters where no age-length
keys were available cther keys were used as follows: For the first quarter
age-length keys from the second querter were used if available; otherwise
those from one of the adjacent years was used. For the fourth quarter keys
from adjacent years were used. For the second and third quarters keys were
available for all years except 1959 where 1960 keys had to be used for the
third quarter. These gquarterly age compositions of otter trawl catches
were then compiled into annual compositions by combining minimum, maximum
and average estimates of numbers caught st each age producing three sets of
estimates of numbers caught at each age in each year. To these were then
added the estimates of numbers caught by the Cesnada (Nfld.) inshore fishery
as determined by applying age compositions averaged for =1l gears to the
estimated number caught by this fishery in each year. The "virtual
populaticn"” technique as modified by Jones (1967) was then applied to
each of these estimates of npumbers caught at each age to produce three
series of estimates of F for the 1950-67 pericd.

AMthough no accurate value for M is available &t present, age
distributions in earlier years when fishing effort was low and calculations
based on the change in effort from a low level to a high level (Silliman
Method) indicate that M is probebly in the vicinity of 0.2 (May, 1966b)
and this figure was used in the present analysis, DBased on this assumption
a value of E of 0.7 and of E(l—E’Z) of 0.3L42 for the oldest age-group vwas
taken from Wells and Pinhorn (1970).
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Results

Accuracy of length compositions of the catches

To assess the accuracy of length compositions of the otter trawl
catches, Canada (Nfld.) research length frequencies for quarters in which
they were available were adjusted to the minimum regulation mesh size in
force during the particular year and compared with the length compositions
of the commercial catches. In this way compositions could be compared in 9
quarterly periods and in 7 of these the agreement between the two was
considered quite satisfactory for assessment purposes (Fig. 1). However,
in the Lth quarters of 1966 and 1967, the commercial length compositions
¢tontained more of the smaller fish than the research length compositions
although the 1967 compositions are still fairly similar. Therefore the
commercial length compositions represent what would be expected to be
caught by vessels using an otter trawl of minimum regulation mesh size as
determined from research vessel surveys in the same area and this indicates
that they are probably representative of the actusl catch by the otier
trawler fishery.

Accuracy of age compositicns of the catches

To provide some estimate of the accuracy cof the age composition
of the otter trawl catches, average ages of the actual compositicons deter-
mined by applying age-length keys as described above were compared with
those caleculated from the average lengths of the length compositions using
growth curves determined in 1959~62 from Canada (Nfld.) research age-length
keys and in 1963-68 from commercial age-length keys published in the
Sempling Yearbooks. Although the differences between the two average
ages are quite variable from year to yeer, except for 1959 and 1960 the
differences are all less than one year and in some cases the agreement 1s
extremely close {Table 2). As a further means of examining the variations
in age compositions derived from different age-length keys, the minimum
and maximum estimates of the numbers caught at each age are plotted for
each year in Figure 2. Again the differences are not large except in
1964 and maybe 1968 and they indicate these age~-compositions are probably
accurate enough for our purposes. The average estimates of the number
caught at each age for 1964-68 from applying age-length keys are practically
ldentical to the estimates obtained by adjusting age distributions as
described above {(Fig. 3).

Fishing mortality

Table 3 shows average estimates of numbers of cod caught per year
and age-group cbtained by epplying age-length keys to length compositions
as described sbove. Table 4 shows fishing mortality estimates calculated
from the figures in Table 3. These estimates differ somewhat from those
Presented at the Mid-term Meeting of the Assessments Subcommittee, January
19TL for the following reasons:

(a) The assumed values of E and E{1-e"%) for the oldest age—-groups in the
previous calculations were 0.6 and 0.236, respectively. On further
analysis of the data it was obvious that these estimates were too low
and resulted in estimates of fishing mortality (F) by the Jones
Method which were also too low compared with estimates by the
Gulland Method, especially in the later years (Fig. 4). Conseguently,
values of 0.7 and 0.343 were assumed in the present calculations and
these produced estimates of F by the Jones Method which were almost
all very close to the Gulland estimates (Fig. L). Since the Gulland
estimates were affected very little by the change from 0.6 to 0.7,
the latter value (0.7) is probably closer to the true value.
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(b) In the previous calculations no account was taken of the obvious fact
that when the oldest age of a year-class is less than the age of full
recruitment, an adjustment in the asgumed E of the oldest age is
necessary since the exploitation rate for the younger age is obviously
not as high as for the fully recruited sge, where E was assumed to
be 0.7.

(¢} The 1969 sampling data were included in the present calculations.
These changes did not alter the general conclusions from the Mid-term
Meeting (ICNAF Comm. Doc. T1/1).

It can be seen that F for ages L4-13 ircreased from 0.06 in 1959
to 0.36 in 1961 and 0.38 in 1962 and then decreased to a level of 0.28-
0.38 during 1963-68 except for 1965 when the level incressed to 0.57 for
one year only. This was caused by a high proportion of older fish in the
catches in 1965. t can also e seen that the cod are fully recruited to
the gear in the area at 8 years of age and 50% recruited at about 6 years
of age with insignificant numbers of 2~ and 3-year-old fish being taken.

Stock size

Nurbers present at the beginning of the year were calculated from
fishing mortality estimates and numbers caught at each age for each year
(Table 5 and Fig. 5). It is obvious that the numbers of older Tish in the
stock (7+) have declined in recent years. However, indications are that
the total stock has not declined accordingly and in fact has increased in
1966~68 as a result of better recruitment in these years from year-classes
in the early 1960's. The extent of this increased recruitment may be
exaggerated in the stock table (Table 5) especially in relatiocn to estimates
of stock size at age 4 since the fishing mortality estimates for this age in
Table 4 are 0.02-0.03 and errors in these estimates seem to lead to large
errcrs in the estimate of stcck size at this age. Also, there may have
been a shift in the fishery from older spawning fish to the younger re-
cruiting ages especially sinee recruitment was betiter in this period.

This shift may have some effect on the F-values estimated for these ages.
However, even disregarding the lW-year-old fish and considering the 5- and
6-year-old fish, where fishing mortality estimates were more relisble,

the increase in recruitment is still apparent in 1966-68., The fishery

has become increasingly dependent on these younger age-groups recruiting
to the fishery and fluctuations in year-class strength, although not as
great as in the southern stocks, will probably influerce the success of the
fighery more in the future.

Yield per recruit

Yield per recruit calculations incorporating the partial recruitment
estimates shown in Table 4 produced a curve somewhat similar to that presented
by Pinhorn and Wells (1970) (Fig. 6). The level of fisking mortaltiy in
1961-68 has been within 92-08% of the meximum sustained yield per recruit
and may have been beyond this point in one year (1565) although the validity
cof this fishing mortality estimate may be questionable since the fishing
effort did not increase accordingly in this year. This may have arisen
from some inadequacy in the sampling data in 1965 but re-examination of the
data faliled to reveal it. These older cod may have been concentrated by
hydrographic conditions in 1965 and may have been more susceptible to capture
as a result of this. In any case these virtual population assessments have
substantiated the conclusion drawn from the previous catch/effort assessment
that further increases in fishing mortality will not give a long-term
increase in yield, although short-term increases in catch in particular
years may result from increesed recruitment and/or from pecularities of cod
distribution in relation to temperaturs variastions. Increased catches would
reduce the abundance of the stock.

C5



Fishing mortality and fishing effort

Fishing mortality values derived from aversge estimates of numbers
caught are plotted ageinst measures of fishing effort as determined by
Pinhorn and Wells {(1970b) in Pigure 7. The correlation coefficient is 0.85
and the Y-intercept is ~0.021T indicating that the value for M used is
probably close to the true value.
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Table 2. Comparison of average ages calculated from length frequencies
and age distributions, ICNAF Division 2J, 1959-69.

Average ages Aversage ages

Tear From length From age Year From length FProm age
quarter frequencies distributions guarter frequencies distributions
1959 1965

1st 7.9 7.7-8.4 1st 7.8 8.1
2nd 6.7 7.1 2nd 7.6 7.6-8.0
3rd 8.2 8,8-9.8 3rd 6.9 6.6-6.8
Lth 6.3 6.7-8.0 Lth 7.5 6.8-7.0
1960 1966

1st 9.0 g.0 1st 6.8 6.9
2nd T4 8.8-8.9 2nd 5.8 6.0-6.3
3rd 7.5 §.2-8.9 3rd 6.6 6.2-6.4
hth 8.2 7.8-8.5 Lth 5.0 k,7-L4.9
19€1 1967

1st 9.2 9.0 lst 5.6 5.8
2nd 6.9 7.7 ond 6.4 6. 46,7
3rd 8.4 8.6 3rd 6.0 5.5-6.1
Lith 7.8 7.6-8.2 Lth 4.9 5.3
1962 1968

1lst - - let 6.1 6.3-6.5
ond 8.0 8.8 2nd 5.6 6.2
3rd 7L 7.0-8.k 3rd - -
hth £.2 7.0 hkth 5.bL 5.9
1963 1969

1st 6.4 £.0 1st 6.3 6.9-7.1
2nd T.4 7.2=T.6 2nd 7.0 6.7
3rd 7.4 6.7-7

Lth 6.3 6.4

1964

1st 7.3 7.3-7.8

2nd 6.8 6.9=7.7

3rd 6.2 6.8-T7.7

Lth 6.6 €£.6-6.8

Table 3. Number of cod caught per year and age group, LCNAF Division 27,
1959-69, using average estimates of numbers caught by applying age-length
keys to length compositions {x 10-9).

Age 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969

2 - Lo - - T6 - - 336 Tl - -
3 132 932 92 326 1541 70T 41k TOL8 6289 1737 699
N 4253 L4oge 14399 2061 7958 3943 6285 26866 L0958 24588 9291
5 L6k 9779 15935 22024 17666 20286 13262 L0253 54160 76738 29710
6 5260  1hk052 28604 34010 60262 24133 3L26T7 36332 L7873 80238 87890
7 b675 18512 33790 251k0 28495 52063 34670 42915 27252 L6135 65617
8 3117 16307 2k738 17661 13680 27678 L9916 2011k 18787  26&34 32270
9 4380 12730 21728 13559 8808 6524 27488 18169 7872 12828 13537

10 2282 12251 17722 12694 £621 4039 9901 5769 6845 3900 7733

11 2770 7938 9091 8228 5267 3724 5045 2031 2916 3870 k010

12 2720 TOh2 9060 6907 2129 2158 2591 1thT 101k 1kko 3077

13 2193 5028 7317 6562 2588 1984 2413 926 986 €01 1&

1k 1567 5439 5197 4536 1637 12L1 2779 515 346 596 TLS

15 505 3691 2390 3398 2055 918 1951 219 129 310 19k

15+ 55) 2049 3657 9549 3692 1855 2230 554 416 339 398

Total 39272 119889 193720 167555 162475 151253 193212 203194 21591k 280134 257010

D1



- 15 -

*Q96T UT UD3BO PUB Q96T JO SutuulSeq 9e juessad sisqEnU WOIJ PYIBWILSH

*q8neo sxsquUMU JO $33BWTY)Se UMW TXEW Fursn ssnTeA-J = CXEBR
+qugneO SisqUMU JO S59BU1S3 IFeasar FUISH sanTBA-J = AV
*qUENBY SJaqUnU JO S33BUIIS? WNWIUTW gursn ssn(eaA-] = ‘UTH
19¢ ThE The fhe A 710¢ g1c 062 T9S 6LT LS Bulpue|
i ot 90T 60T 61T LOT 16 0TI 16T 26 en 3I0F 3G
'O £R°0 60 ¢ 0 9E* 0 gt o 760 L0 62 0 L0"0 £1-Q S03Y
“AY
T80 TE*Q ge"0 1670 ge o 62" 0 ge" 0 9t 0 6170 90°0 €1- 803y
‘A%
0E"0 TE'O 0570 0E"0 9c°'0 £L°0 20 eT 0 900 £T1-t SoBy
Ty
GEO PR 8370 12°0 £€°0 L0 00 61°0 §0°0 £T-h 93y
Tutk
00T 00T 00T éc0 060 65°0 of*0 H'0 09°0 €T T 60 geE" 0 H.°0 250 LAY 9600 €1
00T 00T 00T €£°0 gE* O w0 06°0 e’ o ge o TL°0 "0 £2'0 2670 an" o Q2 0 7600 AN
00T 00T 00T  JE'0 H' 0 g’ 0 6" 0 gn'o SH' 0 £9°0 Lno 250 050 9t "0 120 9L0°0 T
00T 00T 00T Of"0 LA A) gh 0 LAY Eqt0 g0 68°0 lgto a0 650 £€6°0 62" 0 670" 0 ot
CoT 00T 00T ENCO £ 0 6" 0 on*0 g0 96" 0 16°0 ge'0 GE"0 im0 640 22 0 1L0°0 6
00T 00T 00T LETO 6570 o%°0 RE'O LET0 65°0 89°0 0 0 GE'O 6£°0 0 TS 0 6£0°0 8
9l 9l L) 62°0 1€°0 He" O AN AN oh*0 E%°0 GE*0 e 0 LE°0 ™o 02-0 w00 L
IR Tt £4q 8T 0 g1 0 61°0 91" 0 LT1*0 02'0 22 0 02 0 G20 020 e’ 0 TT°0 ™Moo 9
BT LT 9T Lo"0 L0"0 100 06070 cL0’0 01°0 £60°0 2600 0T°0 G900 9900 090°0 620°0 4
S G S ¢0'0 200 20" 0 TS0 0 Te0°0 TEOQ' O ETO'0 £10°0 £20°0 600°0 T£0°0 9T0'0 Te0°0 i
- - - TI0°0 > TO°O0 > T0°0 T0°0 > T0°0 > TO'G > TO0°0 > T0°0 > T0°0 > tT0'0> TO'0O> TO°O > T0°0 €
"XER TAY *UTH *Xey TAY TUTH 696T #8961 L96T 9961 G96T 96T £96T 296T 1961 0961 6661 o3y
Lo-6G6T L9-656T 4

* gdnoad-o3e
pajmnasex LTTnJ
ut g JO ¢ su 38w
U3ta 4 UuT sFusy)

" qgEneo

aqUMU JO S93BWIQSS aFBISAE Fursn ‘Qo-HG(

‘Pz UCTSTATI JAYNDI UT poo JoI dnoxd-o8e

e aeok £q s2qvUTlse A3TTBIdoW SUTUSTJ

STABL

D2



Table 5.

_16..

Number of fish present in the stock at the beginning
of the year (x 10-5), ICNAF Division 2J, 1959-68.

Age 1959 1960 1961 1962 1963 196k 1965 1966 1967 1968
4 226 293 522 25 318 340 5Lh2 973 2179 {1324)
5 188 183 255 Lo1 198 254 279 hs2 800 1747
6 145 140 142 212 300 146 g1 220 341 628
7 120 11z 110 c 1L 192 98 127 149 233
8 51 95 75 £0 50 92 111 Lg &7 100
9 7L 71 62 Lo 33 29 50 6 23 38

10 53 sh g 1 20 19 18 17 20 12

11 u? b1 23 23 14 1 12 6 9 11
2 2 32 26 19 11 7 6 5 3 i

13 26 25 20 1h 9 7 L 2 3 )

14 19 23 15 10 5 5 L 1 1 2

15 A 16 12 7 6 3 3 1 - 1
U+ 9L 802 797 907 788 765 776 926  1h18 2778
5+ 606 619 542 506 590 511 Lo7 L7l £18 1031

57 h73 iLs 507 703 6To 5T2 568 799 1290 2722

2778 ~ ' 5971
+117%
T+ 3?1 357 290 20k 208 127 128

T

jro

D3



