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Introduction

As part of a continuing effort to assess the state of various cod
stocks in ICNAF Subareas 2 and 3, virtual population assessments were made
of cod in ICNAF Divisions 3K and 3L and in 3KL (Divisions 3K and 3L cambined) .
Data were teken from the ICNAF Bampling Yearbooks and Statistical Bulletins
for the years 1955-70 for Divisicn 3L and for 1961-7C for Division 3K. Dats
prior to 1961 for the 3K inshore fishery were scanty. Age keys for the
inshore catches were available in the files of the St. Jchn's laboratory.

Materials and methods

Length compositions of the otter-trawl landings for each division
for each year were derived in a manner identical to that used by Pinhorn
{1971) for Division 2J cod. It consisted of edjusting the length fregquencies
by country and month to the numbers caught and then combining these by
quarters. Age-length keys for each quarter available were then applied to
the length freguencies to provide numbers caught at each age by quarter and
these were combined into Yearly totals. Catches by inshore gears were
treated in the same way and added to the offshore catches to arrive at the
annual numbers caught by age in Divisions 3K and 3L (Tables 1 and 3). These
tables were combined for the period 1961-T0 to produce the numbers caught af,
each age by year in Division 3KL (Table 5).

The virtual population technique as outlined by Schumacher (1970)
and used by Pirhorn (1971) was applied to the data of these 3 tables. An
estimate of natural mortality of 0.2 was used for all areas. Tnitial F
values were 0.8, 0.7 and 0.8 for Divisions 3K, 3L and 3KL respectively.

Results

Fishing mortalities

rstimates of F for cod at each age by year are shown in Tables 2,
4 and 6 for Divisions 3K, 3L and 3KL. Full recruitment tock place at age
T. 'The fishing mortality at age 3 was low. Yield per recruit values
were calculated incorporating the partial recruitment shown in the tables.
Yield per recruit values at various levels of F are shown in Fig. 1.
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Division 3K

The maximum yield per recruit was available at an F = 0.3. Yields
of at least 95% of the maximum value could be obtained at levels of F from
0.2 to 0.6, Valuea of F were within this range for all years considered
except 1968. Interpolated values (Fig. 2) for 1969 and 1970 were also
within this range.

Division 3L

The maximuwn yield per recruit was available at an F = 0.3, Yields
of at least 95% of the maximum value could be obtained at levels of F from
0.2 ta 0.5. Values of F exceeding this range were those of 1964, 1967, and
also of the interpolated values (Fig. 2} for 1969 and 1970.

Division 3KL

The maximum yield per recruit was availsble at an F = 0.3, Yields
of at least 95% of the maximum value could be obtained at levels of F from
0.2 to 0.5. Values of F exceeding this range were those of 196k, 1967 and
1968. Interpolated values {Fig. 2) for 1969 and 1970 were within this range.

Stock sizes

Numbers of cod present at the beginning of the year are shown in
Tables 7-10. In each division the total stock size has remained fairly
stable or even incressed, In Table 10, where stock sizes have been averaged
for Lb-year periods, it is apparent that the numbers of the older age groups
have declined, but that stock slzes have been maintained by good recruitment.

Discussion and conclusions

Fishing mortality of cod off the northern and eastern coasts of
Newfoundland in recent years are probably somewhat beyond that required to
obtain the maximum yield. Increases in fishing effort are not likely to
result in increased long-term yield. Older age groups have been reduced
but the stock size has been maintained by good recruitment. The fishery
has therefore become more vulnersble to the fluctuations in strength of
new year-classes entering the fishery.
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Table 1.
1961~T0 in ICKAF Division 3K.

keys to length compositions.

Numbers of cod (000's) caught at each age by year during the period
Age compositions were derived by spplying age-length

Age Year
1961 1962 1963 1964 1965 1966 1967 1968 1969 1970
2 - 98 611 2hk81 22 20k 637 288 7 163
3 Lyg 2638 2304 155%6 T3h 3445 L4t 1327 5k 1543
N 5619 Tiks 8153 10639 ksgz 10611 16692 6999 3258 9630
5 9818 17025 20543 18981 8713 1h908 16610 21909 10225  1L48LE
6 8459 11654 30443 17033 1olz23 7683 15015 21733 14290 19413
7 5529 6694 18377 27693 8365 5361 8871 20467 13291  1L4TT
8 5561 k590 6777 12356 5975 3686 S1Th TWET 11355 h3ho
9 43gz2 215 2806 6502 1673 3305 1627 T6ES 3555 1564
10 2h51 1973 2384 3411 990 1543 1902 2936 3006 997
11 2020 832 13L6 1960 518 1401 821 858 1573 628
12 1996 1316 1020 1242 376 968 595 1516 8LT 307
13 1136 756 L82 888 L6o 507 530 976 ht2 110
14 12h2 63k 551 737 24l Lo8 299 681 675 92
15 1127 Thy L8o Shg 202 291 176 L86 392 gl
16 L8 367 314 224 gl e 145 30k 387 41
17 188 603 201 283 Lo 38 50 110 17h 41
18 &6 229 101 253 80 91 bl Th 26 -~
19 25 87 Ly 41 22 55 18 77 28 N
20 2 69 80 5 12 126 gl 19 Lo 12
21 - 3T 29 16 5 2 5 L1 20 10
22 9 T - 79 1 L 28 38 36 1k
23 2 Lo 3 21 21 - - - 23 23
24 - 5 - - - 3 - -
25 - - 1 - 1 3 - - - -
26 - - - 8 - 1 - - - -
50386 59958 97050 120958 43592 55080 TLOB0 95971 63743 68358
Table 2, Fishing mortality estimates of cod at each age by year during the period

1961-68 in ICNAF Division 3K.

Age Year Average Change in F
1961 1962 1963 196L 1965 1966 1967 1968 with age as %
of average F
in the ages T-13
2 - .001 ,00L .02 <.,001 .C0O1 .OOL .0002 .002 1
3 .005 .02 .02 ,10 .005 .02 .03 .01 . 026 7
L .04 o7 .08 .14 0% 11 .12 .0S .081 22
5 .11 .15 .30  ,28 .16 .18 .2k .23 . 206 55
6 A7 .18 b2 k3 24,21 .28 .58 .31L 84
7 19 .20 .49 .85 .39 .19 .l .76 k35 100
8 .28 .2k .33 .7h W4 .30 .28 T3 .h1s 100
9 .31 .19 .23 .56 .20 .46 .21 .89 .381 100
10 .32 .22 2B .47 .15 .29 ,54% .73 .375 100
11 .29 .17 .23 .33 .12 .32 .25 .50 .284 100
12 L2 ;1 32 .3k L1200 .33 .22 1.0% .388 100
13 .35 .27 .18 .50 .20 .23 .30 .65 .335 100
Average
ages To13 .31 .23 .29 .55 .23 .30 .32 .76 .373
Landings 92 88 123 152 73 9¢ 102 157
Fa4
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Table 5. HNumbers of cod (000's) caught at each age by year during the period
1661-70 in ICNAF Divisions 3K and 3L combined* Age compositions were derived by
applying age-length keys to length compositions.

Age Year
1961 1962 1963 1964 1965 1966 1967 1968 1969 1970

79
309 1335 2685 81 hgo T21 288 57 6418
1451 8540 4103 17h76 L628 7129 9098 L2s5g 393 12363
17865  2b621 19111 22733 217hg  39k2h  37h92 66718 28807 ko161
29757  B3796 41507 36035 32371 53981  L6TuL 122286 66656 52874
29858 25063 55602  3LB2L 31014 26889 L9331  &LTED 65480 o7
14355 23495 29380 45987 28192 16856 28000 34767 35028 34216
10165 10728 15080 22147 17190 10542 20033 11457 17072 10903
7752 7189 6378 13667 S865 5876 9318 9603 4833 3664
10 ubly 5905 4750 7753 4773 3059 9258 3TuT 3807 1969
11 3702 2539 2794 4709 1800 2621 3046 1504 1992 1137
12 2965 2848 1588 3953 1089 1107 2346 1922 1118 27
13 2449 1476 1267 2827 1468 910 1127 1301 976 265
14 2201 ik18 1235 2628 893 679 1177 706 T3k 161
15 1636 1L00 809 1697 T34 753 55k 492 Loy 179
16 624 ien 675 T84 509 515 215 304 Loz 129

W ORI W

17 296 763 301 1466 384 354 T9 110 184 76
18 152 259 161 680 Lok 200 91 Th 26 31
19 T3 98 58 211 T7 420 4s 77 28 10
20 32 73 105 235 177 160 159 19 51 34
21 25 Lk ko 68 51 56 35 L1 20 30
22 37 16 14 79 59 38 28 38 36 16
23 L5 Lo N 21 41 8 14 29 32
2h - 5 9 - 69 16 T 1

25 1 - 11 3 b}

26 8 S

30 26

127091 161178 186707 222673 153829 172093 218929 32k4T0 231234  22h7he

Teble 6. Fishing mortality estimates of cod at each age during the period 1961-66 in
ICNAF Divisions 3K and 3L combined®

Age Year Average Change in F
1961 1962 1963 1964 1965 1966 1967 1968 with ege as %
of average F
in the ages 7-13
2 - .001L .003 .0l <«.001 .00L .Q02 000k .002 0.5
3 .00k .03 .02 .05 .01 .01 .02 .01 .02 L
i .05 .10 .08 .12 .08 .14 .08 .17 .10 24
5 17T .18 .25 .23 .25 .29 .25 b3 .26 60
6 .23 .21 .37 .35 .32 .34 .48 .6k .37 86
7 .20 .29 .h1 6L .52 .29 LT0 L T6 AT 100
8 .2 28 (31 62 kg .37 BT .M 46 100
9 .25 .26 .27 .52 .33 .31 .66 .81 .43 100
10 .24 .30 .28 .60 ,35 .29 1.13 .62 .h8 100
11 .23 .21 .23 .50 .27 .33 .53 .55 .36 100
12 .26 .28 .25 .57 .20 .26 .5k .78 .39 100
13 .33 .20 .19 67 k3 25 6 66 Lho 100
Average
ages T-13 .25 .26 .28 .58 .37 .30 67T .70 .43

Landings 238 252 279 36T 259 271 360 kg3

*Division 3KL
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Table T,

NHumbers of cod (millions) present in the stock at
the beginning of the year in ICNAF Division 3K, 1961-68,

Age Year
1961 1962 1963 196k 1965 1966 1967 1968
4 158 98 117 96 131 122 158 1k9
5 104 129 88 87 &l 101 84 118
6 60 7 96 53 53 ks 68 55
T 35 41 53 52 28 3k 29 42
8 25 2k 28 26 18 16 23 16
9 18 15 15 17 10 10 9 1%
10 10 11 11 10 8 7 5 6
11 9 [ T T 5 6 b 2
12 6 5 N 5 in b4 3 3
13 b 3 3 2 3 3 2 2
1L 5 2 2 2 1 2 2 1
15 3 3 1 1 1 1 1 1
15+ 3 6 5 3 2 2 2 2
Ages o L2030 361 328 353 390 L1

L-15+

Teble 8. Numbers of cod (millions) present in the stock at the beginning of the year 'in
ICNAF Division 3L, 1955-68.
Age Year
1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968
G 91 122 126 101 210 146 228 161 135 151 177 201 335 355
= -03 T4 99 g2 83 151 106 151 123 107 102 13k 161 263
G o7 7S 56 80 66 61 96 69 98 80 T3 61 76 105
N b Tu 51 b3 57 L3 36 60 Ly 28 Lo Lo 33 32
< -39 s7 LY 36 29 36 28 25 33 26 31 22 2p 10
> T a3 35 23 2k 19 24 19 15 20 13 16 12 5
L 35 29 30 22 20 16 14 16 21 9 10 T 10 3
Lo iy 2h 19 35 15 13 11 10 10 T 3 5 4 2
. 9 1i i 10 23 10 8 8 6 7 3 2 3 1
i3 3 2 ) 6 15 6 6 5 N 3 2 1 1
i 3 & 4 4 5 L 8 3 b 3 2 2 1 -
15 5 L i 2 3 3 2 5 2 3 1 1 -
15+ 7 5 7 6 5 T 5 2 4 5 i L 2
i‘f;; 1043 586 528 U6 SM6 sek  S5T2 535 k9o L8O b7 k9T 660 77T
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Table 9. Numbers of cod (millions} present in the stock at
the beginning of the year in ICNAF Divisions 3K and 3L combined”
1961-68,

Age Year
1961 1962 1963 1964 1965 1966 1967 1968

b Lok 306 264 202 310 3Tk 589 438
5 209 30L 209 200 161 236 23k 395
6 160 iks 199 130 125 102 143 149
T T0 103 96 111 75 Th 60 T1
8 52 L8 62 52 49 37 b5 25

9 39 3L 30 37 23 2} 21 19
10 23 25 22 19 18 13 15 9
11 20 15 15 13 8 10 8 I
12 14 13 10 10 e 5 6 4
13 10 9 8 6 5 4 3 3
14 12 6 6 5 3 2 3 2
15 6 8 3 n 2 1 1 1
15+ 6 8 8 T 6 6 3 1

AgeS  y0p5 102k 932 796 7192 888 1131 1121

Table 10, Average numbers of cod (millions} present in the stock at the

beginning of the year in lU-year periods in ICNAF Divisions 3L, 3K, and

3K and 3L combined¥ The figures for 3K and 3L combined were derived separately
from the individual Divisions 3K and 3L figures.

Age 3L 3K 3KL
1957-60 1661-64  1965-68 1961-64  1965-68 1561-64  1965-68

N 146 169 267 117 140 294 428
5 106 122 165 102 g2 231 257
6 66 86 79 T2 68 159 130
7 48 50 39 45 33 95 76
8 36 28 21 26 18 5h 39
9 27 20 12 16 11 35 22
10 29 13 8 11 7 22 14
11 21 10 H T L 16 8
12 15 T 2 5 h 12 6
13 10 5 2 3 3 8 4
1hb i 5 1 - 2 T 3
15 3 3 1 2 1 5 1
15+ 6 y 3 in 2 T b
Total 517 522 604 410 385 ghs 986

*Divigion 3KL
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Fig. 1. Yield per recruit values for cod in ICNAF Divisions 3K, 3L esnd 3KL.
Arrows indicate levels of ¥ in various years, Dashed arrows are F values
for 1669 and 1970 estimested on the basis of catch. F 10
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Fig. 2. OStraight line fits of fishing mortality with landings in ICRAF
Divisions 3K, 3L and 3KL.
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