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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 combined). 
Data were taken fram the ICNAF Sampling Yearbooks and Statistical Bulletins 
for the years 1955-70 for Division 3L and for 1961-70 for Division 3K. Data 
prior to 1961 for the 3K inshore fishery were scanty. Age keys for the 
inshore catches were available in the files of the St. John'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 adjusting the length frequencies 
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 frequencies 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 1961-70 to produce the numbers caught at 
each age by year in Division 3KL (Table 5). 

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

Results 

Fishing mortalities 

~stimates 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 took place at age 
7. 'I'he 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. Values 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 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 0.5. 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 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 0.5. Values of F exceeding this range were those of 1964, 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 increased. In Table 10, where stock sizes have been averaged 
for 4-year periods, it is apparent that the numbers of the older age groups 
have declined, but that stock sizes 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 aaiDtained by good recruitment. The fishery 
has therefore become more vulnerable to the fluctuations in strength of 
new year-classes entering the fishery. 
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Table l. Numbers of cod (OOO's) C&U&ht at each age by year during the period 
1961-70 in ICNAF Division 3K. Age caapositions were derived by applying age-length 

keys to length compositions. 

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

2 98 611 2481 22 204 637 288 7 163 
3 446 2638 2304 15556 734 3445 4747 1327 54 1543 
4 5619 7145 8153 10639 4592 10611 16692 6999 3258 9630 
5 9818 17025 20543 18981 8713 14908 16610 21909 10225 14846 
6 8459 11654 30443 17033 10423 7683 15015 21733 14290 19413 
7 5529 6694 18377 27693 8365 5361 8871 20467 13291 14477 
8 5561 4590 6777 12356 5975 3686 5174 7467 11355 4349 
9 4392 2415 2806 6502 1673 3305 1627 7665 3555 1564 

10 2451 1973 2384 3411 990 1543 1902 2936 3006 997 
11 2020 832 l346 1960 518 1401 821 858 1573 628 
12 1996 1316 1020 1242 376 968 595 1516 847 307 
13 1136 756 482 888 460 507 530 976 472 110 
14 1242 634 551 737 244 428 299 681 675 92 
15 1127 744 480 549 222 291 176 486 392 94 
16 478 367 314 224 94 416 145 304 387 41 
17 188 603 201 283 49 38 50 110 174 41 
18 86 229 101 253 80 91 44 74 26 
19 25 87 44 41 22 55 18 77 28 4 
20 2 69 80 5 12 126 94 19 49 12 
21 37 29 16 5 2 5 41 20 10 
22 9 7 79 1 4 28 38 36 14 
23 2 40 3 21 21 23 23 
24 5 3 
25 1 1 3 
26 8 1 

50586 59958 97050 120958 43592 55080 74080 95971 63743 68358 

Table 2. Fishing mortality es~imates 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 1964 1965 1966 1967 1968 with age as % 
of average F 

in the ages 7-13 

2 .001 .004 .02 <.001 .001 .004 .0002 .002 1 
3 .005 .02 .02 .10 .005 .02 .03 .01 .026 7 
4 .04 .07 .08 .14 .04 .11 .12 .05 .081 22 
5 .11 .15 .30 .28 .16 .18 .24 .23 .206 55 
6 .17 .18 .42 .43 .24 .21 .28 .58 .314 84 
7 .19 .20 .49 .85 .39 .19 .41 .76 .435 100 
8 .28 .24 .31 .74 .44 .30 .28 .73 .415 100 
9 .31 .19 .23 .56 .20 .46 .21 .89 .381 100 

10 .32 .22 .28 .47 .15 .29 .54 .73 .375 100 
11 .29 .17 .23 .39 .12 .32 .25 .50 .284 100 
12 .42 .31 .32 .34 .12 .33 .22 1.04 .388 100 
13 .35 .27 .18 .50 .20 .23 .30 .65 .335 100 

Average .31 .23 .29 .55 .23 .30 .32 .76 .373 ages 7-13 

Landings 92 88 123 152 73 90 102 157 

F4 



T
ab

le
 

3
. 

N
um

be
rs

 
o

f 
co

d
 

(O
O

O
's

) 
ca

u
gh

t 
a

t 
ea

ch
 a

ge
 b

y
 y

ea
r 

d
u

ri
n

g 
th

e 
p

er
io

d
 1

9
5

5
-7

0
 i

n
 I

C
N

A
F 

D
iv

is
io

n
 3

L
. 

A
ge

 1 2 3 4 5 6 7 8 9 10
 

11
 

12
 

13
 

14
 

15
 

16
 

17
 

18
 

19
 

20
 

21
 

22
 

23
 

24
 

25
 

26
 

* 
> 

15
 

.., U
1 

19
55

 

14
3 

32
35

 
88

69
 

13
49

7 
13

17
2 

22
91

5 
70

69
 

52
26

 
21

39
 

11
73

 
17

78
 

69
3 

64
5 

71
2 

14
0 95
 

81
 

39
 

18
 1 6 

81
64

6 

19
56

 

15
3 

20
66

 
78

22
 

12
32

5 
18

28
4 

13
05

3 
20

74
2 

45
17

 
38

21
 

20
39

 
10

13
 

10
14

 
75

3 
81

9 
18

7 
14

7 35
 

52
 

14
 4 

88
86

0 

19
57

 
19

58
 

19
59

 

78
 

8 
51

 
11

20
 

53
8 

14
28

 
16

29
 

20
36

 
65

04
 

17
69

0 
74

10
 

12
53

0 
11

51
5 

72
47

 
10

78
0 

13
98

4 
72

98
 

51
88

 
12

47
4 

85
42

 
59

51
 

57
23

 
78

79
 

36
67

 
44

26
 

14
16

3 
38

33
 

38
53

 
67

46
 

60
54

 
25

71
 

57
95

 
24

28
 

45
89

 
38

17
 

15
95

 
90

2 
16

44
 

49
6 

11
00

 
13

85
 

40
4 

66
7 

76
3 

37
4 

19
4 

53
1 

32
8 

28
6 

37
2 

24
3 

12
1 

18
9 

10
8 

26
3 

63
 

15
 

51
 

30
 

2 
14

 
29

 
2 

5 
1

1
 6 

1 
1 

76
50

3 
61

98
1 

83
25

6 

a
p

p
ly

in
g

 a
g

e-
le

n
g

th
 k

ey
s 

to
 

le
n

g
th

 c
o

m
p

o
si

ti
o

n
s.

 

Y
ea

r 

19
60

 
19

61
 

19
62

 
19

63
 

19
64

 
19

65
 

19
66

 

16
 

79
 

16
6 

21
1 

72
4 

20
4 

59
 

28
6 

28
60

 
10

05
 

59
02

 
17

99
 

19
20

 
38

94
 

36
84

 
15

00
0 

12
25

0 
17

47
6 

10
95

8 
12

09
4 

17
15

7 
28

81
3 

31
43

6 
19

93
9 

26
77

1 
20

96
4 

17
05

4 
23

65
8 

39
07

3 
15

77
9 

21
39

9 
13

40
9 

25
15

9 
17

79
1 

20
79

1 
19

20
6 

83
54

 
60

26
 

16
80

1 
11

00
3 

18
29

4 
19

82
7 

11
49

5 
67

58
 

46
04

 
61

38
 

83
03

 
97

91
 

11
21

5 
68

56
 

21
63

 
33

60
 

47
74

 
35

72
 

71
65

 
41

92
 

25
71

 
26

76
 

19
96

 
39

32
 

23
66

 
43

42
 

37
83

 
15

16
 

28
80

 
16

82
 

17
07

 
14

48
 

27
49

 
12

82
 

12
20

 
31

05
 

96
9 

15
32

 
96

8 
27

11
 

71
3 

13
9 

55
83

 
13

13
 

72
0 

78
5 

19
39

 
10

08
 

40
3 

10
59

 
95

9 
78

4 
68

4 
18

91
 

64
9 

25
1 

11
36

 
50

9 
65

6 
32

9 
11

48
 

51
2 

46
2 

64
1 

14
6 

10
7 

36
1 

56
0 

41
5 

99
 

36
6 

10
8 

16
0 

10
0 

11
83

 
33

5 
31

6 
43

5 
66

 
30

 
60

 
42

7 
32

4 
10

9 
29

5 
48

 
11

 
14

 
17

0 
55

 
36

7 
30

2 
30

 
4 

25
 

23
0 

16
5 

34
 

10
7 

25
 

7 
11

 
52

 
46

 
54

 
34

 
28

 
9 

14
 

58
 

34
 

2 
43

 
1 

20
 

8 
30

 
9 

69
 

13
 

35
 

10
 

4 

10
12

18
 

76
50

5 
10

12
20

 
89

65
7 

10
17

15
 

11
02

37
 

11
70

13
 

A
ge

 
co

m
p

o
si

ti
o

n
s 

w
er

e 
d

er
iv

ed
 b

y 

19
67

 
19

68
 

19
69

 
19

70
 

90
 

50
 

62
55

 
43

51
 

29
29

 
34

39
 

10
82

0 
20

80
0 

59
71

9 
25

54
9 

40
13

1 
30

13
4 

10
03

77
 

56
43

1 
38

02
8 

34
31

6 
43

02
7 

51
19

0 
30

30
8 

19
12

9 
14

30
0 

21
73

7 
19

73
9 

14
85

9 
39

90
 

57
17

 
65

54
 

76
91

 
19

38
 

12
78

 
21

00
 

73
56

 
81

1 
80

1 
97

2 
22

25
 

64
6 

41
9 

50
9 

17
51

 
40

6 
27

1 
42

0 
59

7 
32

5 
50

4 
15

5 
..,. 

87
8 

25
 

59
 

69
 

37
8 

6 
12

 
85

 
70

 
8*

 
15

 
88

 
29

 
10

 
35

 
47

 
31

 
27

 
6 

65
 

2 
22

 
30

 
20

 2 
14

 
6 

9 
7 

1 
5 

26
 

14
48

49
 

22
85

07
 

16
74

91
 

15
63

84
 



A
ge

 

2 3 4 5 6 7 8 9 10
 

U
 

12
 

13
 

A
ve

ra
ge

 
ag

es
 

7-
13

 

L
a

n
d

in
g

s .., en
 

T
ab

le
 4

. 

19
55

 
19

56
 

.0
0

l 
.0

01
 

.0
4 

.0
2 

.l
O

 
.l

2
 

.1
5 

.2
0 

.1
9 

.3
2 

.2
0 

.2
9 

.2
0 

.2
8 

.l
8

 
.1

9 
.1

3
 

.1
9 

.1
5 

.1
8 

.2
4 

.1
9 

.l
8

 
.2

3 

15
8 

18
7 

F
is

h
in

g
 m

o
rt

a
li

ty
 e

st
im

a
te

s 
o

f 
co

d
 a

t 
ea

ch
 

ag
e 

b
y 

y
ea

r 
d

u
ri

n
g 

th
e 

p
er

io
d

 1
95

5-
68

 i
n

 I
C

N
A

F 
D

iv
is

io
n

 3
L

. 

Y
ea

r 
A

v
er

a
g

e 
C

ha
ng

e 
in

 F
 

19
57

 
19

58
 

19
59

 
19

60
 

19
61

 
19

62
 

19
63

 
19

64
 

19
65

 
19

66
 

19
67

 
19

68
 

w
it

h
 a

g
e

 
a

s
 
%

 
o

f 
a

v
er

a
g

e 
F

 
in

 t
h

e 
ag

es
 

7-
13

 

<
.0

0
1

 
<

.0
01

 
.0

04
 

.0
01

 
.0

01
 

.0
04

 
.0

01
 

<
.0

0
1

 
.0

01
. 

<
,0

0
1

 
.0

06
 

.0
02

 
0

.4
 

.0
05

 
.0

06
 

.O
l 

.O
l 

.0
06

 
.0

4 
.0

1 
.O

l 
.0

2 
.O

l 
.O

l 
.O

l 
.0

2 
3 

.0
2 

.0
7 

.1
0 

.l
2

 
.0

7 
.l

2
 

.0
9 

.1
0 

.1
1

 
.1

5 
.0

7 
.2

3 
.l

2
 

26
 

.0
8 

.l
6

 
.l

6
 

.2
6 

.2
3

 
.2

2 
.2

l 
.1

9 
.3

0 
.3

8 
.2

3 
.5

3 
.2

9 
63

 
.l

5
 

.1
6 

.2
6 

.3
3 

.2
8 

.2
4 

.3
3 

.2
8 

.3
8 

.4
2 

.6
7 

.6
0 

.4
0 

88
 

.1
7

 
.1

5 
.2

7
 

.2
4 

.2
0 

.3
7

 
.3

2 
.4

2 
.5

8 
.3

8 
.9

7 
.6

6 
.4

9 
10

0 
.2

4 
.2

0 
.2

4
 

.2
3 

.2
0 

.3
2 

.3
2 

.5
2 

.5
0 

.4
l 

L
2

5
 

.5
5 

.5
1 

1.
00

 
u

. 

.2
8 

.1
5 

.2
2 

.l
3

 
.1

7 
.3

3 
.3

l 
.5

0 
.4

4
 

.2
0 

L
l3

 
.5

0 
.4

5 
lO

O
 

.3
l 

.2
l 

.2
4 

.2
0 

.1
7

 
.3

0 
.2

7 
.7

7 
.5

3 
.2

8 
L

5
0

 
.3

2 
.5

2 
10

0 
.4

8
 

.2
1 

.2
l 

.2
8

 
.1

8 
.2

2 
.l

7
 

.5
8 

.5
4 

.3
2 

.8
8 

.5
2 

.4
3 

10
0 

.5
0 

.3
2 

.2
4 

.4
l 

.1
4 

.2
5 

.1
9 

.5
5 

.2
9 

.l
O

 
L

0
7

 
.3

8 
.3

7 
lO

O
 

.5
7 

.2
5 

.1
9 

.5
1 

.3
0 

.1
5 

.2
0 

.7
2 

.4
1 

.2
7 

.8
3 

.5
7 

.4
3 

10
0 

.3
6

 
.2

l 
.2

3 
.2

9 
.1

9 
.2

8
 

.2
5 

.5
8

 
.4

7 
.2

8 
L

0
9

 
.5

0 
.4

6 

16
1 

10
6 

13
3 

16
2 

l4
6

 
16

4 
15

6 
21

5 
18

6 
l8

1
 

25
8 

26
6 



- 6 -

Table 5. Numbers of cod (OOO's) caught at each age by year during the period 1961-70 in ICNAF Divisions3K 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 

1 79 
2 309 1335 2685 81 490 727 288 57 6418 3 1451 8540 4103 17476 4628 7129 9098 4256 3493 12363 4 17869 24621 19111 22733 21749 39424 37492 66718 28807 49761 5 29757 43796 41507 36035 32371 53981 46744 122286 66656 52874 6 29858 25063 55602 34824 31214 26889 49331 64760 65480 49721 7 ::'1555 23495 29380 45987 28192 16856 28000 34767 35028 34216 5 lO:i.65 10728 15080 22147 17190 10542 20033 11457 17072 10903 9 7752 n89 6378 l3667 5865 5876 9318 9603 4833 3664 10 444'{ 5905 4750 7753 4773 3059 9258 3747 3807 1969 11 3702 2539 2794 4709 1800 2621 3046 1504 1992 1137 12 2965 2848 1988 3953 1089 1107 2346 1922 1118 727 l3 2449 14,6 1267 2827 1468 910 1127 1301 976 265 14 2201 1418 1235 2628 893 679 1177 706 734 161 15 1636 1400 809 1697 734 753 554 492 404 179 16 624 474 675 784 509 515 215 304 402 129 17 296 763 301 1466 384 354 79 110 184 76 18 152 259 161 680 404 200 91 74 26 31 19 73 98 58 211 n 422 45 77 28 10 20 32 73 105 235 In 160 159 19 51 34 21 25 44 40 68 51 56 35 41 20 30 22 37 16 14 79 59 38 28 38 36 16 23 45 40 4 21 41 8 14 29 32 24 5 9 69 16 7 1 25 1 11 3 5 26 8 5 30 

26 
127091 161178 186707 222673 153829 172093 218929 324470 231234 224742 

Table 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 age as % 

of average F 
in the ages 7-13 

2 .001 .003 .01 <.001 .001 .002 .0004 .002 0.5 3 .004 .03 .02 .05 .01 .01 .02 .01 .02 4 4 .05 .10 .08 .12 .08 .14 .08 .17 .10 24 5 .17 .18 .25 .23 .25 .29 .25 .43 .26 60 6 .23 .21 .37 .35 .32 .34 .48 .64 .37 86 7 .20 .29 .41 .61 .52 .29 .70 .76 .47 100 8 .24 .28 .31 .62 .49 .37 .67 .71 .46 100 9 .25 .26 .27 .52 .33 .31 .66 .81 .43 100 10 .24 .30 .28 .60 .35 .29 1.13 .62 .48 100 11 .23 .21 .23 .50 .27 .33 .53 .55 .36 100 12 .26 .28 .25 .57 .20 .26 .54 .78 .39 100 13 .33 .20 .19 .67 .43 .25 .46 .66 .40 100 
Average .25 .26 .28 .58 .37 .30 .67 .70 .43 ages 7-13 

Landings 238 252 279 367 259 271 360 423 

*Division 3KL 
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Table 7. Numbers of cod (millions) present in the stock at 
the beginning of the year in ICNAF Division 3K, 1961-68. 

Age Year 

1961 1962 1963 1964 1965 1966 1967 1968 

4 158 98 117 96 131 122 158 149 
5 104 129 88 87 64 101 84 118 
6 60 77 96 53 53 45 68 55 
7 35 41 53 52 28 34 29 42 
8 25 24 28 26 18 16 23 16 
9 18 15 15 17 10 10 9 14 

10 10 11 11 10 8 7 5 6 
11 9 6 7 7 5 6 4 2 
12 6 5 4 5 4 4 3 3 
13 4 3 3 2 3 3 2 2 
14 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 440 420 430 361 328 353 390 411 4-15+ 

Table 8. .Numbers of cod (millions) present in the stock a.t the beginning of the year ,in 
ICNAF Division 31, 1955-68. 

Age Year 
1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 

4 91 122 126 101 210 146 228 161 135 151 177 201 335 355 
: ~O3 ,4 99 92 83 151 106 151 123 107 102 134 161 263 
c l.,-'I7 75 56 80 66 61 96 69 98 80 73 61 76 105 

,)4 7_ 51 41 57 43 36 60 44 58 49 40 33 32 
c. _29 57 "4 36 29 36 28 25 33 26 31 22 22 10 

"2'j 93 35 29 24 19 24 19 15 20 13 16 12 5 ., 
.), 29 56 22 20 16 Ih 16 11 9 10 7 10 3 
:.., 2;' 19 35 15 13 11 10 10 7 3 5 4 2 

9 :). 16 10 23 10 8 8 6 7 3 2 3 1 
~) } 'J 6 15 6 6 5 4 3 2 1 1 

0 6 4 5 4 8 3 4 3 2 2 1 
15 5 " 4 2 3 3 2 5 2 3 1 1 
15+ 7 6 7 6 5 7 5 2 4 5 4 4 2 

Ages 1043 586 528 466 546 524 572 535 490 480 471 497 660 777 4-15+ 

Fa 
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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 

4 404 306 264 202 310 374 589 438 
5 209 304 209 200 161 236 234 395 
6 160 145 199 130 125 102 143 149 
7 70 103 96 111 75 74 60 71 
8 52 48 62 52 49 37 45 25 
9 39 34 30 37 23 24 21 19 

10 23 25 22 19 18 13 15 9 
11 20 15 15 13 8 10 8 4 
12 14 13 10 10 7 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 4 2 1 1 1 
15+ 6 8 8 7 6 6 3 1 

Ages 1025 1024 932 796 792 888 1131 1121 4-15+ 

Table 10. Average n~bers of cod (millions) present in the stock at the 
beginning of the year in 4-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 1961-64 1965-68 1961-64 1965-68 1961-64 1965-68 

4 146 169 267 117 140 294 428 
5 106 122 165 102 92 231 257 
6 66 86 79 72 68 159 130 
7 48 50 39 45 33 95 70 
8 36 28 21 26 18 54 39 
9 27 20 12 16 11 35 22 

10 29 13 8 11 7 22 14 
11 21 10 4 7 4 16 8 
12 15 7 2 5 4 12 6 
13 10 5 2 3 3 8 4 
14 4 5 1 2 7 3 
15 3 3 1 2 1 5 1 
15+ 6 4 3 4 2 7 4 

Total 517 522 604 410 385 945 986 

*Division 3KL 
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Fig. 1. Yield per recruit values for cod in ICNAF Divisions 3K, 3L and 3KL. 
Arrows indicate levels of F in various years. Dashed arrows are F values 

for 1969 and 1970 estimated on the basis of catch. FlO 
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Fig. 2. Straight line fits of fishing mortality with landings in ICNAF 
Divis ions 3K, 31 and 3KL. 
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