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Introduction

- This paper documents changes in size-at-age and condition of cod in-Divisions 2J, 3K and 3L, as
determined from sampling during boftom-trawl surveys in the offshore during the auturmns of 1978-1996 and
sentinel surveys in the inshore during the summer and autumn of 1995 and 1996. Earlier studies have examined the
possible relationship between changes in these biological attributes and changes in stock size, environmental
temperature and the stock size of capelin, the most important prey of cod in this area (Akenhead et al., 1982; Wells
MS 1984, MS 1986; Millar and Myers MS 1990; Millar et al, MS 1990; Bishop and Baird 1994; Shelton and Lilly
MS 1995; Shelton et al. MS 1996; de Cardenas 1996; Krohn et al. 1997; Krohn and Kerr 1997). There is also a
possibility that some of the variability in annual means may be caused by small sample sizes and changes in
sampling pattern (Lilly MS 1996a). As a prelude to additienal study of factors influencing changes in growth and
condition of 2J3KL cod, this paper documents the sample sizes availabie for determination of growth and condition,
updates the time-series of both size at age (Shelton et al. MS 1996) and condition (Lilly MS 1996a), and provides
average length and weight at age for the 2J3KL cod stock as a whole (i¢. for offshore observations in all three

. Divisions combined).

Materials and Methods
Research vessel surveys

Cod were caught during random-stratified bottom-trawl surveys designed to assess the biomass of demersal
fish during the autumns of 1978-1996 (Lilly MS 1996c). All surveys in Divisions 2J and 3K in 1978-1994 were
conducted with the 74 m stern trawler ‘Gadus Atlantica’. Surveys in Division 3L in 1981-1983 and 1985-1994 were
conducted with the 51 m side trawler 'A. T. Cameron' (1981-1982) and the sister 50 m stern trawlers "Wilfred
Templeman' (1983, 1985, 1987-1994) and 'Alfred Needler' (1986). There were no autumn surveys in Division 3L in
1978-1980 and 1984. The ‘Gadus Atlantica', "Wilfred Templeman' and 'Alfred Needler' deployed an Engel 145 Hi-
Lift trawl, whereas the 'A. T. Cameron' deployed a Yankee 41-5 trawl (McCallum and Walsh 1997). The surveys in
1995 and 1996 differed from those in previous years in several respects (Brodie 1996). The ‘Gadus Atlantica’ was
replaced by the 63 m stern trawler *Teleost’, the Engel 145 Hi-Lift trawl was replaced with a Campelen 1800 shrimp




traw] with rockhopper foot gear and the ‘Wilfred Templeman’ fished part of Division 3K. In addition, tows were
made at 3.0 knots for 15 min instead of 3.5 knots for 30 min, as had been the case in all years prior to 1995. In all
instances, a 29 mm meshliner was inserted in the codend. Details regarding areas and locations of strata, and
changes in survey pattern, are provided by Doubleday (1981), Lilly and Davis (MS 1993), Bishop (MS 1994} and
Shelton et al. (MS 1996). The most notable change in survey coverage was the addition of depths between 100 and
200 m in northwestern Division 3K (St. Anthony Shelf and Grey Islands Shelf) in 1984 and subsequent years.
Fishing in all Divisions and years was conducted on a 24-h basis. The variability in ships and bottom-trawls may
have resulted in numerous changes in catching efficiency. The Campelen trawl has been shown to be far more
effective at catching small cod than was the Engels Hi-Lift trawl (Warren 1997). The influence of these changes in
ships and trawls on estimates of mean lengths- and weights-at-age has not been investigated.

Sampling of cod for otoliths and various biological attributes was conducted using two distinct procedures.
The first involved determination of biological attributes (eg. fork length, cm) and the extraction of otoliths at sea.
The second involved the determination of body length at sea followed by the freezing of the fish for detailed
examination in the laboratory at the Northwest Atlantic Fisheries Centre, St. John’s. These frozen fish were thawed
in fresh water and weighed (to the nearest 10 g) before being cut (round weight) and again after removal of the
organs from the abdominal cavity (gutted weight). The liver and gonad were also weighed (g ) or measured
volumetrically (ml).

For each of these two methods of sampling, there were several changes in what constituted a sample and
several changes in the biological attributes measured. These changes have not yet been thoroughly documented, but
they were similar to changes in the sampling from research vessel surveys in Subdivision 3Ps (Lilly MS 1996b).
The number of fish sampled for both length and age is reported in Table 1. Sample sizes were relatively high in
Division 2J in 1984 and 1985 when the number of frozen fish was increased considerably. Sample sizes declined in
all Divisions in the 1990s as catches rapidly declined. The increase in sample sizes for the younger ages (especially
ages 1-3) in 1995 and 1996 reflects the change to the Campelen trawl. The number of fish sampled for length, age
and round weight is reported in Table 2. There was a large increase in Division 2J in 1984 and 1985 as noted above.
From 1978-1988, sample sizes were generally much smaller for weights than for lengths. This changed in 1989 in
Divisions 2J and 3K and in 1990 in Division 3L when balances for weighing at sea were first used to obtain round
weight, gutted weight, and weights of livers and gonads for all fish sampled at sea. The decline in sample sizes
through the 19905, and increase in sampling of young fish in 1995 and 1996, were noted above.

The condition of the fish was expressed using Fulton’s condition factor ((we1ght/length3)* 100) The
relative size of the liver (liver index) was expressed as ((liver welghtfiength )*100).

All sampling was length-stratified by Division, so mean length, weight and condition were determined by
welghtmg the value for each individual fish by the ratio of the population number per 3 cm length class to the
number of fish sampled in the same length class, where the population number is calculated by areal expansion of
the stratified mean catch at length per tow (Smith and Somerton 1981). There has also been interest in determining
mean lengths and weights at age for the stock area as a whole. For this metric, a mean length or weight by year and
age was calculated by averaging the values for the three Divisions, weighted by the Divisional population numbers
at age.

Sentinel survey

A sentinel survey for cod was conducted at various sites in Divisions 2J3KL during the summer and autumn
of 1995 and 1996 (Davis MS 1996). In 1995, a total of 635 cod from 18 communities were sampled for condition.
The majority of these cod were caught by fishers operating from 4 communities on Fogo Island in southern Division
3K. In 1996, the number of communities sampled was reduced, and an attempt was made to sample at each site
several times during the survey period. A total of 1297 cod from 13 communities were sampled, and again most of
the samples came from 4 communities on Fogo Island.

The sampling on Fogo Island differed from that at other sites in several ways. In 1995, the sampling
occurred during July-August, and was completed before sampling started at other sites. In 1996, sampling at sites




other than Fogo was earlier than in 1995, and tended to overlap the sampling at Fogo. In addition, sampling on Fogo
Istand consisted of numerous small samples, whereas at other sites there was usually a single, relatively large
sample, Fish caught on Fogo Island were sampled while still fresh, whereas cod from other areas were frozen and
sampled after thawing in fresh water in the laboratory at NAFC in St. John’s.

Results
Offshore lengths and weights at age

As noted by Shelton et al. (MS 1996), mean weights at age for cod caught in the commercial fishery
declined during the 1980s and early 1990s after peaking in the late 1970s or early 1980s. The research sampling
(Table 3,4; Fig. 1,2) illustrates that the changes varied with Division; there was a strong decline in Division 2J, a
lesser decline in Division 3K, and little or no decline in Division 3L. These Divisional differences are more apparent
in Fig. 3, which focuses on changes in mean lengths and weights of cod of ages 4 and 6. Superimposed on the long-
term decline are periods of relatively quicker or slower growth associated with changes in water temperature
(Shelton and Lilly MS 1995; Shelton et al. MS 1996). The trend toward very low mean lengths and weights at age
in the early 1990s appears to have been reversed, but sample sizes at ages greater than age 4 have been very small in
recent years, so the accuracy of these estimates is suspect.

The mean lengths and weights at age for the 2J3KL cod stock as a whole (Table 5; Fig. 4) changed little
after the mid-1980s. This may be largely becanse the decline in Divisions 2J and 3K was counteracted by the
Divisional weighting. In some of the earlier years there were relatively few cod caught toward the south, giving
higher emphasis to the smaller fish in the north, whereas in many of the later years relatively few cod were caught
toward the north, giving higher emphasis to the larger fish in the south,

Offshore condition at age

Average Fulton’s condition for cod of ages 2-12 are provided in Tables 6 and 7 for round weights and
gutted weights respectively. The gutted values for ages 3-6 are illustrated by Division in Fig.5. Illustrations for
older ages are available in previous reports (eg. Bishop and Baird 1994; Taggart et al. 1994; Bishop et al. MS 1995),
and are not provided in the present paper because sample sizes were very small or nil in recent years. The most
notable feature of the gutted weight condition index was the dramatic decline in Division 2J in the early 1990s. A
similar but less dramatic decline occurred in Division 3K, and there was no consistent change in Division 3L.
Condition levels have improved in both Division 2J and Division 3K since the nadir in 1992, Levels continue to
fluctuate without trend in Division 3L.

Average liver indices for cod of ages 2-12 are provided in Table 8, and values for ages 3-6 are illustrated by
Division in Fig. 6. As described in earlier rcports, there was a decline in liver index in Division 2] in the early
1990s, and an increase in liver index in Division 3L at about the same time. There was no change in Division 3K.
Levels have remained almost unchanged in Divisions 2J and 3K, and have declined somewhat in Division 3L. In
Division 2], the continued low level in the liver index contrasts with the improvement in somatic condition.

Inshore condition

As described by Lilly (1996a), the sampling of sentinel surveys in 1995 revealed an increase in both
somatic condition and liver index during the summer in one area (Fogo Island in southern Division 3K), and high
variability in mean values at 14 other sites during the autumn (Fig. 7). The sampling during 1996 (Fig. 8) confirmed
the pattern of an increase in both indices during the summer, and provided evidence of a decline in the autumn. It is
clear that there can be much inter-site variability in mean values on a given date, and even considerable inira-site
variability over a period of just 2-3 days. In addition, there is evidence of annual variability. On Fogo Island, the
increase in both indices started earlier and reached a higher peak in 1996 than in 1995,




Discussion

This paper has simply documented some of the variability in size and condition of cod in Divisions 2], 3K
and 3L on various temporal and spatial scales. There is no new analysis. Several studies have explored the extent to
which annual variability in the size and condition of cod in Divisions 2J, 3K and 3L is correlated with variability in
stock size, environmental temperature, and the stock size of capelin, the cod’s most important prey. While there is
evidence that stock size, temperature and capelin have had an effect, the various studies have not provided sufficient
explanation for the changes which have been observed; none have adequately explained why the temporal pattern of
change in growth, somatic condition and liver index has differed from north to south. Annual temperature anomalies
in 2], 3K and 3L tend to be highly correlated, so why is there Divisional variability in the temporal changes in
growth rate? It is thought that there is just one capelin stock in Subarea 2 and Divisions 3K and 3L, so why should
growth and condition be correlated with capelin biomass in some Divisions but not in others? Part of the
explanation for the Divisional variability in the influence of capelin may li¢ in annual variability in the extent and
duration of overlap between cod and capelin. The overlap will be influenced by changes in distribution patterns and
migration timing exhibited by both cod and capelin-(Lilly 1994, MS 1995; Frank et al. 1996; Nakashima 1996).
Additional study of factors influencing growth and condition of ¢cod in Divisiens 2J, 3K and 3L should first
determine if an important portion of the observed variability is due to measurement error, associated with changes in
survey timing and the way the sampling was conducted, and should then try to determine how individual
components of the northem cod stock complex have been influenced by changes in oceanographic factors, such as
temperature, and changes in access to prey, particularly capelin.
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Table 1. Number of fish sampled for length and age, by Division and age, during autumn bottom-trawl surveys
in Divisions 2J, 3K and 3L in 1878-1996.

Division 2J

Age 1578 1979 1980 1981 1982 _ 1983 1984 _ 1985 1986 1987 _ 1988 _ 1989 1990 1881 1882 1803 1954 | 1885 1886
1 19 73 43 13 8 2 8 43 18 15 1 1 117 44
2 19 16 65 101 4 1 70 54 63 & 121 193 93 61 13 27 71 18 1m0
3 7 40 61 81 122 $7 180 402 83 103 B2 125 202 56 a7 15 27 108 108
4 65 88 52 57 68 88 142 190 85 89 7t g2 M qay 39 20 13 43 43
5 100 73 0 25 40 63 265 133 88 149 55 50 74 8 104 12 8 12 19
8 8t 108 88 77 23 34 123 195 63 143 102 55 67 37 18 15 2 2 2
7 41 47 108 87 71 21 a7 1m 87 1 133 113 52 35 2 1 4 2
8 20 30 35 102 81 70 37 38 57 54 57 124 125 24
9 25 15 25 a7 13 64 82 34 23 63 73 40 72 26
10 18 14 17 25 61 74 57 53 18 22 59 37 20 15
11 1" 17 13 5 34 17 6 27 27 5 20 28 15 4
12 ) 7 15 9 23 14 17 14 19 16 12 7 g 3

Division 3K

Age 1078 1979 1980 1981 _ 1982 1083 1984 1885 1986 1947 1988 1989 1990 1991 1992 1983 1994 | 1885 1996
1 1 16 3 il 60 26 2 33 36 60 88 T2 1 4 1 3 116 94
2 14 10 88 85 110 113 98 58 79 70 188 211 108 122 80 95 10 138 183
3 &8 52 80 131 B4 1068 110 89 58 73 175 135 188 88 118 101 as| 13 1z
4 93 79 47 49 88 66 107 83 90 56 101 128 124 151 73 80 21 55 44
5 86 83 02 0 59 98 7 87 73 78 86 86 84 128 164 29 1 18 18
6 89 B4 125 93 2 a8 ar 52 64 62 130 73 73 03 81 38 2 3 2
7 42 61 68 121 68 a2 38 77 49 53 98 109 654 2 N 10 4 1
8 28 60 71 88 115 89 a 44 9 57 69 89 121 45 8 1 3
a9 20 22 42 35 T2 100 78 a7 42 66 47 52 9 36 1 1
10 23 14 27 21 45 43 77 43 3 46 32 50 39 24
11 2 15 2 18 20 29 51 51 37 a3 9 21 30 3
12 6 2 18 17 g 13 30 21 21 21 11 10 ] 2

Division 3L

Age 1978 _ 40678 1980 _ 1981 1982 _ 1983 1084 _ 1085 1086 1957 1988 1089 1090 1991 _ 1992 1993 1984 | 1995 19908
1 33 Y 38 i 5 16 10 1 [ 13 7 15 ]
2 22 203 11 75 62 102 101 75 45 80 64 53 7 52 s
3 122 118 154 115 63 78 110 115 "7 71 107 a5 27 80 42
4 53 148 74 105 108 78 54 80 118 a8 7107 58 43 37
5 81 58 120 104 7 94 67 51 70 o1 74 60 23 24 21
6 84 54 29 74 99 81 74 71 58 %0 08 45 7 17 12
7 147 M 29 04 50 74 a0 92 64 29 48 15 ] 4 7
8 44 104 94 40 82 52 ) 60 75 3 10 2 1 1 1
9 18 29 65 53 45 7 53 74 66 40 8 1
10 7 1 25 53 24 14 43 4 3 17 7 1
11 4 7 10 44 40 21 22 18 18 12 3
12 3 6 5 24 28 28 19 5 18 5 2
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Table 2. Number of fish sampled for length, age and round weight, by Division and age, during autumn bottom-trawl surveys
in Divisions 2J, 3K and 3L in 1978-1996.

/

Division 2J

Age 1978 1979 1980 1981 1982 1883 1984 1985 1986 1987 1988 1088 1890 1991 1902 1983 1934 | 1995 1886
1 10 4 2 1 3 5 18 14 1 1 118 44
2 7 8 16 20 18 25 17 17 1a 10 24 192 93 61 13 27 7 1186 189
3 18 12 12 19 19 21 74 3z ] 7 22 125 202 58 87 15 27 108 108
4 15 18 12 11 14 16 a0 17 9 10 10 92 1 187 39 29 13 43 43
5 15 13 10 4 g 12 178 80 17 13 14 59 74 o6 104 12 8 12 1
8 14 16 18 12 7 5 75 121 12 13 17 55 87 a7 18 15 2 2 2
7 10 12 18 15 15 3 24 71 12 9 31 113 52 35 2 1 4 2
8 8 8 4 19 12 12 14 13 9 8 13 124 125 24
9 10 8 11 12 17 17 28 8 3 10 15 40 72 2%
10 8 4 5 8 9 22 21 24 5 s 24 kY 20 15
11 9 7 -] 3 3 8 1 11 10 3 8 28 15 4
12 4. 3 11 4 2 11 11 8 7 4 -8 7 8 3

. Division 3K

Age 1978 1979 1880 _ 1981 1982 1983 1984 1985 1986 1987 1986 1989 _ 1990 1981 _ 1992 1993 1994 | 1995 1996
1 1 8 1 ] 8 4 g a3 72 1 4 1 3 116 89
2 7 5 22 14 25 18 1 1 11 9 . M 211 108 122 80 95 10 139 185
3 12 16 1 23 10 15 20 17 8 14 2 135 168 86 117 101 as 138 17
4 26 15 6 10 20 16 20 g 14 10 25 128 123 151 73 80 21 55 43
5 22 8 14 1 7 14 9 15 14 1 14 88 84 128 163 29 11 16 18
8 16 14 30 18 8 7 1% 13 18 10 2 73 3 93 3] 38 2 3 .2
7 10 15 ] 21 10 8 7 13 5 10 20 108 B4 71 34 10 4 1
8 4 14 14 15 19 ] 9 11 9 19 -] 121 45 8 1 3
9 7 9 9 8 20 12 16 8 14 17 i8 52 79 36 1 1
10 7 k] 8 10 12 12 18 1 8 12 23 50 39 24
1 2 8 1 7 7 15 14 18 8 2 7 21 30 3
12 4 1 13 ] 3 2 11 8 3 10 9 10 9 2

Division 3L

Age 1978 1978 1980 1981 1982 1883 1984 1985 1986 1987 1988 1989 1980 1991 1992 1993 1994 1995 1986
1 4 2 7 8 13 1 15 9
2 4 18 20 8 g 17 14 10 45 79 64 53 7 52 35
a 17 7 22 22 8 14 14 17 17 T 107 25 27 80 42
4 14 1 5 16 20 16 12 18 118 a7 1. 106 58 43 37
5 10 18 18 9 15 11 7 70 1] 74 B0 23 24 21
& 15 B 11 18 14 1 13 58 90 98 45 7 17 12
7 24 7 7 13 12 11t 15 64 29 48 15 3 4 7
8 14 1 14 7 12 10 16 13 75 3 10 2 1 1 1
9 10 5 22 14 10 18 8 13 . 66 40 8 1
10 8 5 9 13 7 2 1 10 3 17 7 1
1 4 5 ] 16 15 9 8 ] 19 12 3
12 3 4 3 8 8 14 14 3 16 5 2




Table 3. Average length {cm) at age of cod caught during autumn bottom-trawl surveys in Division 2J3KL in 1978-1996.
Mean lengths at age were calculated by adjusting to the length-frequency of the population. Shaded entries are based
on sample sizes < 5.

* Division 2J

Age 1978 1879 1880 1981 1987 1983 1984 1985 1986 1987 1986 1989 1990 1991 1892 1993 1894 | 1995 1996
1 . .
2 283 301 306 . 209 300 266 274 270 282 294 303 281 265 281 285 262
3 380 413 394 387 379 388 343 336 355 365 373 369 238 312§ W™E 326
4 456 473 496 470 470 461 444 401 46t 434 442 437 419 387 388 40
5 540 553 545 544 534 539 509 485 4T6 489 485 501 465 438 418 439
& 597 609 607 582 593 600 566 532 527 524 536 538 534 511 470 475
7 864 678 643 628 613 628 634 575 567 573 S5B. 570 566 569 IImEHuRyN
B 697 739 695 668 645 647 658 643 595 589 598 596 594 583
9 793 692 820 736 689 686 669 672 676 617 638 627 611 638
10 @804 769 833 842 770 735 716 702 682 678 - 662 647 631 655
1M 877 876 865 .801 855 750 784 728 V22 775 739 698
12 916 859 879 BBE 946 950 B3O 759 762 755 BOS5 678

Division 3K

“Age 1978 1979 1880 1981 1882 1083 1984 1985 18986 1987 _ 1088 1989 1990 1089 1992 1883 1994 | 1995 1996
1 186 182
2 279 309 307 313 293 285 265 287 205 207 258 273 281 292 285 285 293 | 256 287
3 376 421 399 422 403 405 388 360 3BS  3\W1 365 W2 W2 366 3064 375 35 | 342 349
4 470 495 472 504 501 - 479  47.0 439 438 446 442 450 440 427 424 438 422 | 418 433
5 648 554 547 561 540 562 543 518 499 509 515 515 497 478 470
B 624 628 618 603 605 623 616 573 561 543 560 563 561 5489 518
7 643 668 B44 625 568 6801 586 599 584 597 579
8 690 677 G6BE 695 641 628 663 631 612 627 . 652
9 748 725 729 702 673 697 731 681
10 798 764 1B 731 768 745  7BY 740
1 806 849 B49 792 759 808 824 757
12 970 851 902 871 737 866 8BS 822

Division 3L

. Age 1881 1982 1983 1984 1986 1088 1047 1985 1689 1980 _ 1997 1692 1983 1994 | 1995 1898
1 68 177
2 285 287 301 268 279 275 287 287 270 207 279 301 281 | 278 300
3 400 382 394 364 354 347 374 376 353 367 385 383 348 ] 369 383
4 448 502 480 437 437 442 449 442 449 444 45 452 457 | 417 a4z
5 526 564 568 522 803 523 531 523 527 . 511 504 515 518 | 4986 493
6 606 635 624 580 582 589 586 590 592 565 548 558 579 | 586 589
7 64.7 654 626 651 624 639 664 611 IR 667
8 69.5 733 699 690 667 687 709 680 4&%@@
g 736 728 731 752 696 744 753 716 s
10 76.3 826 777 808 743 BT 762 732
11 90.0 865 815 879 889 881 825 745
12 875 978 868 854 957 941 869 811




Table 4. Average weight (kg) at age of cod caught during autumn bottom-trawl surveys in Division 2J3KL in 1978-1996,
Actual weights at age and length were adjusted to the length-frequency of the population. Shaded entries are based
on sampie sizes < 5.

Division 2J
Ago 1078 1979 1980 _ 1981 1882 1983 1984 1085 1988 1987 1988 _ 1980 1990 1991 1992 1993 1994 ] 1995 1996
1 -
2 0223 0263 0240 0228 0215 04176 0153 0200 0253 0204 0158 0187 0139 0.153
3 0487 0682 0528 0548 0501 0587 0384 0363 0553 0488 0355 0307 0318 0.300
4 0947 1023 1046 1077 0855 0956 0829 0622 0819 0810 0697 0518 0482 0575
& 1580 1.593 1363 FITEEEE 1. . 1.138 1145 12683 09587 0743 0620 0751
6 2199 2379 2055 198 1.486 1,653 1,567 1462 1139 0844
T 2515 2748 2548 : 1.880 1690 1507 1784 1540 TIMTEELD
B 3862 2753 HAGBAY 34197 2, . . 2.497 2379 2259 2108 1692
5 4385 6193 5988 Tkt 2717 2816 2299 2367
10 5771 5428 7628 3459 3223 2880 3143 2539 2729

6.358 6.546 5669 4178 3868 3771

& 6.539  4.014 6.732  3.206

Division 3K

Age 10878 1979 1980 1981 1982 1933 1984 1088 1988 1987 1988 1988 1950

1 .

2 0479 0207 0238 0275 0234 0227 0146 0209 0192 0204 0177 0193 0190
3 0410 0577 0576 0720 0738 0540 0404 0466 0454 0493 0476 0491 0414
4 0876 1180 0850 1222 1218 1120 0867 (.89t 0817 0804 0838 0874 0761
5. 1478 1644 1.410 TEFA0% 1555 1670 1412 1219 1154 1350 1411 1325 1100
6
7
8
9

2393 2259 201 2051 1966 2114 2041 1818 1993 1400 1734 1821 1630
2938 3181 3.462 2620 2445 2804 2343 2590 2421 2580 2264 2190 1.908
B30 4281 3179 5081 3151 3440 339 3739 2784 3012 2566 2203
4671 4861 6003 7332 4375 3736 3693 4149 3247 3398 4257 3229 2441

10 6499 4608 7.532 6.321 6.192 4888 4208 2711
] % 2326 6515 . 5408 4604 3251 }

[ 8103 [9885 7628 5593 2665

Division 3L
TAge 18781979 1980 1981 __ 1882 _ 1963 1984 _ 1GB5 - 1986 {987 198G 1989 1980 1991 1990 _ 1993 1964 | 1998 1996
1 0.110 0.047
2 TEaReT 0169 0236 0167 0223 04179 0224 Q186 0173 0248 0.198 (240 0.198 | 0.235 0256
3 C.564 0380 0539 0436 0468 0353 0459 0443 0395 0456 0581 0505 0402 | 0.459 0501
4 0820 TEOA80E 1.142 0BO1 0796 0735 0764 0789 0810 0836 0883 0849 03880 (0668 0.785
5 1.245 1.477 1382 1227 1M3  1.372 155 1,330 1280 1303 1274 4319 [ 1134 1422
6 1.980 1.984 2048 1BO7T 1796 1679 1837 1802 1748 1700 1764 1.893 | 2055 2084
7 2,638 2.278 2247 2703 2351 2103 2567 2767 2191 1862 2327 [WHEEE L3

8 5.077 EE4A0E 2930 3521 28579 2818 3043 3653 3481 3089 2781 LEBRONT3YA0

9 5804 6647 4005 41411 4197 3801 3015 3666 4274 3678 4926

10 11762 8339 4.3%0 6132 5476 TFEATY 3483 6830 4557 3849 3340 HTHEHEY
11 5312 4460 7402 7471 7461 5847 4471
12 12.081 10511 5525 9410 E¥{7408% es42 5307




Table 5. Average length and weight at age of cod in the offshore regions of Divisions 2J3KL combined, as calculated from

'

catches during autumn bottom-trawl surveys in 1981-1996. The mean for each age and year was calculated as the mean of

Divisional means at age and year, weighted by the Divisional population numbers at age and year. The years 1978-1980
and 1984 are not provided because there were no surveys in Division 3L in those years.

Mean length {cm) at age

Age 1978 1979 1980 1981 1882 1983 1984 _ 1985 1088 1987 1888 1989 1990 1991 1992 1993 1994 | 1995 1996
1 178 184 190 187 188 158 171 181 188 201 188 190 200 | 190 193
2 ey 292 277 273 287 281 281 277 276 200 281 287 273 | 281 =285
3 406 382 304 353 358 383 374 372 355 356 376 377 363 | M6 354 .
4 475 493 468 422 428 441 444 447 442 417 440 445 438 | 418 432
5 545 545 555 508 487 504 510 513 510 479 488 507 505 | 482 485
6 584 609 610 552 548 545 552 58D 572 551 542 536 570 | 578 582
7 645 632 646 614 582 605 574 582 6168 598 569 579 608 | 687 660
8 881 670 662 69.0 834 622 631 620 641 629 857 625 620 | 740 700
9 783 706 708 706 690 882 €63 681 682 688 766 680 860
10 872 788 748 742 747, 735 700 730 703 €93 704 870
1" . 931 8798 B804 797 767 828 B80S 753 T3 T8 774
12 935 994 897 B8 775 835 891 BOS B24 734 945
Mean weight (kg) at age
Age 1878 1979 1980 1881 _ 1982 1083 1984 1885 _ 1986 1887 _ 1088 1089 1990 1991 1992 1993 1994 | 1895 1936
1 0037 0053 0070 G030 0058 0058 0042 0048 0082 0070 0053 0080 0088 | 0.060 0058
2 0.238 0185 0.199 0188 0219 0189 ©02t5 0197 0481 0215 0157 0208 0182 | 0.167 0205
3 0B15 0504 0558 0413 0411 0447 0480 0480 0368 0398 0518 0485 0428 | 0376 0369
4 1032 0811 1.024 0734 0748 0838 0808 06848 0778 0664 0838 0807 0760 | 0881 O7F
5 1553 1575 1571 1268 1109 1342 1300 1338 1201 1018 1458 1212 1185 | 1024 1.139
6 2000 1987 1949 1701 1795 1548 1722 1766 1732 1561 1616 1534 1784 | 1951 1903
7 2581 2411 2434 2171 2193 2205 1824 2125 2257 1916 1855 1935 2280 | 3253 3082
8 3841 3157 2,964 3128 2920 2608 2691 2512 2602 2332 2717 2439 2366 | 4200 3440
) 4886 4088 3.593 3720 3506 2902 2954 3179 3493 2881 4778 3280 3200
10 767 6501 4274 4477 4958 5434 3284 4237 3624 3230 32340 6440
11 9129 7262 54878 6554 5170 094170 5380 4.834 484 4440 4948
12 9.657 10086 7.891 7400 7428 5765 B.036 5741 5825 4007 8852 .
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Table 6. Average Fuiton's condition {round weight) at age for cod caught during autumn surveys in Div. 2J3KL.

Division 2J

Age 1870 1979 1680 1981 _ 1882 1983 19B4 1088 1006 197 _ 1988 1988 1980 1981 1992 1983 1994] 1608 1098
Z 0846 0845 0848 0916 0835 0853 0843 0859 0631 06863 0831 0870 0828 0820 0745 0834 0882] 0.634 0.847
3 D872 . 0.900 0.920 0.958 0.904 0.949 0.938 0.927 0920 0880 0832 0.842 (.886 0.845 0.800 0,851 0.850( 0.847 0.884
4 0898 0§23 0814 0873 0B8S 1005 0961 0955 1036 0979 0899 00854 0824 0870 0805 OB872 0851| 0868 0892
6§ 037 0807 0848 0857 0856 08944 0983 0578 1033 0885 0978 -0802 0935 0854 0829 0869 0888| 0864 0953
6 0909 0895 0927 1022 0945 08BY7 0955 0878 1079 1036 1030 0996 0847 0839 0794 0842 0508| 0895 0789
7 0879 08922 0930 1004 0930 0851 0845 0962 1041 0969 1010 1020 0967 0821 0805 0828 0953 0.824
8 0505 O0B18 0535 1058 089% 1015 0831 0873 0574 1102 4013 1052 0894 0846

9 0959 1.041 1037 0821 0800 1.001 0861 0831 1127 0960 1158 1040 0992 0595

10 097¢ 0995 1077 1086 1005 0851 0847 0831 1004 0974 10711 1141 0966 0948

11 1038 1061 08991 1018 1061 0969 0986 0987 1136 1.061 1085 1067 1.048 1.033

12 1149 1031 1116 1059 1105 0855 1007 0988 1054 1089 1098 1003 1079 0983

Division 3K

Ago 1978 1078 1980 1981 188z _ 1883 {9B4__ 1086 1986 1967 _ 1968 1969 1900 1001 1992 1993 1984] 1995 1996
2 0801 0790 0795 08917 0813 0829 0.75 0861 0845 0863 08539 0851 0B17 0835 0840 0847 0837] 0851 0846
3 0BO7 0859 0917 0922 0949 0860 0835 0896 0900 0904 0821 0912 0841 0846 0810 0868 0.869| 0.862 0.866
4 0848 0910 0946 0836 0882 0934 0850 0873 0970 0832 0958 0932 0875 0885 0853 0871 0.882] 0.846 0.851
5 085 0928 0892 0534 0886 0898 0892 0936 08963 0952 0884 0949 0884 0892 0883 0872 0865 0868 0.906
6 0853 0926 0BS9 0659 0BSO 0862 0883 0851 1071 0962 1.012 1013 0911 096 0912 0935 0936 08s2 0900
7 0853 0887 O0B46 0892 0877 08934 0930 0909 1052 1073 1023 1004 0843 08690 0926 0959 0979 0.986
8 0.903 0.828 0.822 0.915 0.894 0.862 0.933 1.015 0.997 1.089 1.004 0.948 0.900 0.917 0.874 0.973

9 0847 0818 0807 1046 ©B858 0958 0841 1067 1044 1034 1020 1006 082 0915 0835 1.043

10 0908 0962 0955 0925 0860 0952 0B60 - 0H24 1402 118 1.057 00997 0966 0936

11 0778 0852 1032 1098 080+ 1048 1031 099 1086 1126 0998 1023 0951 0807

12 1086 1117 0982 1025 1017 0905 0969 1037 1028 1020 1088 0967 1025 0§78

Division 3L

Agn 1978 1879 1980 1881 1982 1983 1984 1985 1986 1887 1088 19'59' 1990 1881 _ 1092 1993 19s4] 1995 1986
2 : CE41 0798 0824 0771 0882 0842 0678 0807 0B89O 0859 0.840 0.870| 1.087 0.887
3 0906 0804 0.830 0876 0878 085 0917 0.574 0861 0889 0977 0877 0920 0.594 0.864
4 0914 0875 0847 0875 0887 0864 0884 0878 0881 0831 0979 0802 0.803] 0.889 0.893
5 0.924 0.846 0882 0931 0877 0925 0526 0892 0831 1000 0823 0937 0912 0900
6 0.884 0.810 0638 0913 0837 0855 09159 0806 0846 1001 0999 0059 0990 0599
7 0.903 0917 0844 0066 0855 0880 0817 0929 0909 0874 0879 0896 1.071 1.084
8 1004 0888 0897 0871 0857 0883 0812 0997 0952 0965 0845 105 1.051| 1.036 1.003
9 0955 0968 0835 0957 0865 0895 0570 0824 0865 0870 1.013 1113
10 1118 0973 0.899 0978 1003 1094 D922 1046 0564 0958 0946 0978

11 1004 0962 0963 0942 0828 0861 0995 1035 1001 1036 1.058

12 1104 0938 0903 1019 1029 0843 1051 {107 0969 0980 1.019
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Table 7. Average Fulton's condition (gutted weight) at ége for cod caught during autumn surveys in Div. 2J3KL.

Division 2J
Age 1978 1979 16980 1981 1982 _ 1983 1984 _ 1985 _ 1986 1987 _ 1988 1988 _ 1980 18991 1882 _ 1983 1994 | 1995 1996 -
2 0733 0718 0738 0781 0735 073t 0713 0722 0718 0730 0753 0745 D718 0710 08668 0741 0803] 0.740 0733
3 0728 0785 0788 0811 0775 0772 0758 0741 0779 0813 0786 0784 0741 0736 0710 0758 0.755 0.743 0.755
4 0762 0763 0718 0810 0757 0803 0774 0755 0814 0792 0816 0772 0745 0735 0693 0759 0.745! 0.758 0.791
5 0771 . 0750 0764 ©0816 0816 0774 0784 0768 OB16 0770 0786 0786 0744 0724 0708 0752 0773 0738 0808
6 0747 0785 0750 0821 0801 0729 0767 0757 OB15 0783 0812 0782 0753 0702 0678 0717 0771 0735 0768
7 0731 0762 0738 0795 075 0661 0778 0751 0614 0783 0798 0782 0743 0707 0687 072 0779 0.824
8 0722 0885 0743 O0B03 0737 0789 0732 0761 0776 0838 0815 0808 0782 0705
9 0764 D0B23 0606 0749 0729 0789 075 0669 0849 0768 0814 0793 0771 0738
10 0779 0.794 0.814 0.859 0.814 ¢.758 0.755 0724 0.754 Q772 0.813 0.874 0.748 0.783
11 ©0B34 0831 0750 0855 0B55 0801 0786 0730 0870 0792 0798 0806 0817 0835
12 0504 0766 0B38 0845 0858 0786 0799 0725 0828 0795 0827 0766 0828 0830
Division 3K
Age 1978 1979 1980 1981 1962 1983 1984 _ 1985 1986 __ 1987 1888 1969 1980 1991 1992 1083 1994 | 1995 1096
Z -0683 0707 0708 078938 0722 0725 0685 0730 0748 0768 0753 0716 0711 0733 0735 0727 0741 0.733 0739
3 0718 0741 0785 0793 0815 0742 0719 0744 0714 0757 0785 0750 0714 0719 0700 0741 0767| 0744 0746
4 0747 ©0757 0805 0769 0758 0781 0733 O07¥ 0774 0772 079% 0755 0724 073 0711 0720 o0768| 0730 0753
5 0747 0780 0747 0826 0754 0768 0753 0765 0783 0785 0799 0763 0734 0733 0718 0717 0730| 0737 o782 -
6 0739 0747 0726 0788 0738 0728 0744 0784 0798 0778 0808 0781 0744 0742 0739 0746 0765 0766 0.745.
7 0730 0739 0729 0749 0731 0799 0784 0746 0820 0OB19 0808 0768 0749 0730 0754 0721 0780 0.801
8 0773 0746 0687 0751 0732 0.809 0764 0795 0788 0833 0779 0749 0738 0738 0732 0798
¢ 0784 0738 0758 0847 0721 0760 0781 0841 0821 0796 0819 0791 0732 0755 D679 0.785
; 10 0744 0761 0795 0756 0768 0762 0717 0744 0B49 0811 0831 0793 0748 0778
11 0642 0752 0861 0836 074¢ 0838 0822 0778 0B40 0832 0788 0808 0771 074
! 12 0845 0812 0762 0815 0813 0755 0789 0835 0785 0810 0B85 0792 0778 0803
| ‘
Division 3L
Age 1981 1982 1983 1884 18985 1pa6 1987 1988 1089 1990 1991 _ 1992 _ 1983 1904 | 1985 1996
2 0718 0707 0716 0680 0769 0721 0748 0734 0716 07 744 0. ; z 772
3 G778 0803 0.724 0748 ©765 0733 0781 0759 0734 0748 0801 0741 0784 0752 0749
4 0794 0785 0748 0740 0757 0745 0730 0764 0729 0789 0788 0737 0741 0758 0770
s 0.767 0.735 0756 0790 D748 0781 0782 0752 0769 0785 G715 0758 0761 o760
6 0728 0700 0717 0781 0714 0796 0776 0742 0773 0798 0777 0776| 0.804 0.806
7 0.751 0775 0715 0B16 0724 0741 0768 0762 0741 0793 0737 0775| 0.861 0.847 *
8 0824 0767 0764 0708 0730 0735 Q758 0804 0777 0763 0723 0741 0725| 0.780 0825
8 0798 0800 0744 0790 0775 0743 0781 0728 0773 0779 0803 0.939
10 0888 0827 0748 0783 0808 0852 0746 0798 0785 0758 0743 0787
1 0800 0807 0793 0774 0775 0803 073 0802 0795 0817 0814
12 0885 0771 0752 0817 0811 0783 0828 0822 0792 0771 0808




Table 8. Average liver index at age for cod caught during autumn surveys in Div. 2J3KL.

Division 2J

Age 19781978 1980 1981 1982 1083 1084 1985 1888 1687 1088 1988 1680 1981 1092 1953 1994 —T99F 198
2 0037 0035 0046 0031 0030 0032 0023 0043 0031 0036 0045 0042 0036 0025 0032 0038] 0042 0038
3 0061 0051 0049 0047 0057 0050 0036 0048 0052 0049 0059 0050 0042 0028 0038 0038] 0041 0043
4 0062 0034 0068 0048 0078 0061 0048 0079 0081 0067 0067 0060 0045 0040 0037 0035] 0041 0040
5 0064 0052 0053 0051 0063 0068 005 0077 0073 0057 0076 0061 0037 0036 0038 0043} 0045 0043
6 0080 0054 0062 0060 0065 0062 0056 0085 0085 0074 0074 0064 0033 0037 0038 0048} 0017 0037
7 0060 0055 0056 0057 D057 0055 0053 0074 0061 0070 0077 0067 0031 0036 0030 0073 0.047
8 0040 0041 0067 0051 0077 0055 0081 0051 00I7 0OC76 0089 0086 0033
) DOBO 0071 0058 0048 0081 0086 0034 0083 0045 0065 0074 0073 0038

10 0.0B3 0084 0083 0058 0053 0063 0052 0071 0060 0072 0.097 0058 0034

11 D097 0074 0058 0052 0062 0085 0085 0092 0075 0068 0083 0065 0.042

12 0.076 0083 0061 0099 0050 0053 0052 0098 0089 0082 0073 0084 0043

Division 3K

Age 1978 1879 1960 1981 1882 1983 b4 1985 1986 1957 1968 1980 1980 1881 1895 1883 1984] 1995 1398 .
2 0030 0019 0021 0040 0020 G024 0013 0035 0029 0029 0025 0032 0035 0037 0035 0042 0034 0045 0039
3 0020 0033 0038 0044 0033 0C3I9 0032 0053 0049 0046 0044 0047 0042 0044 0037 0043 00s4] 0048 0044
4 0032 0054 0047 0041 0045 0052 0037 0053 0061 0040 005 005 0052 0052 0048 0045 0049 0047 0044
5 0040 0086 0046 0035 0061 0047 0046 0054 0069 0056 0069 0057 0051 0054 0055 0051 0053 0050 0.048
6 0037 0062 0052 0054 0044 0035 0041 0054 0082 0064 0070 0071 0055 0052 0058 0058 0054 0.048 0057
7 0040 0061 0045 0043 0049 0035 0047 0044 0082 0078 0061 0071 0057 0043 0064 0050 0.065 0.059
8 0057 0058 0049 0049 0052 0066 0055 0074 0051 0078 0072 0066 0048 0058 0032 0079
§ 0059 0055 0045 0070 0042 0046 0047 0075 0064 0053 0058 0072 0060 0052 0061 0.036

10 0062 0061 0047 0059 0057 0049 0037 0045 0081 0070 0069 0071 0064  (.054

11 0033 0066 0057 0077 0055 0063 0065 0066 0080 009 0073 0075 0062 0.038

12 0.071 0.080 0.068 0.066 0.062 0.024 0.046 0.052 0.097 0.073 0070 0.071 0.079 (0.034

Division 3L

Age 1978 1979 1980 1881 __ 1062 1983 1084 1985 1966 1987 1986 1989 1990 1991 1083 1393 7954 1955 7955
2 0021 0013 0025 0023 0030 0026 0025 0026 0039 0046 0041 0043 0.008] 0033 003
3 0041 0025 0022 0031 0032 0032 0028 0036 0038 0056 0067 0055 0078) 0048 0.040
4 " 0038 00427 0024 0038 0035 0031 0035 003% 0037 0062 0073 0062 0053 0049 0044
5 0.039 0,027 0039 0047 0035 0043 0052 0042 0059 0076 0086 0052 0050 0044
6 0.039 0.030 0033 0040 0030 0045 0045 0048 0080 0074 0075 0074 0066 0064
7 -0.041 0.041 0030 0045 0029 0051 0053 0057 (05 0073 0058 0044] 0080 0078
8 0065 003 0032 0046 0033 0032 0043 0058 0055 0069 0065 0033 0035 0053 0102
9 0049 0061 0039 0051 005 0036 000 0051 0059 0075 0070 0.137
10 0077 0054 0041 0066 0052 ©09F 0039 0059 0057 0066 0074 0098 .
11 0052 0068 0.042 0060 0048 0059 0044 0067 0089 0074 00590
12 0068 0066 0045 0071 0060 0050 0070 0055 0055 005 0068
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Fig. 1. Mean lengths at age for cod caught during the autumn bottom-trawl
surveys. Data from Table 3.
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Flg 2. Mean welghts at age for cod caught during the autumn bottom trawl

surveys. Data from Table 4.
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Fig. 4.. Mean lengths and weights at age for the Cod stock in the offshore area of 2J3KL
during the auturmnns of 1981-1983 and 1985-19g86.
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Fig. 5. Average Fulton's condition (gutted weight) at ages 3-6 for cod
sampled during autumn surveys. in Divisions 2J3KL. A condition factor

of 0.77, which is the overall average reported by Taggart et al. (1994),
is shown for reference. :
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Fig. 6. Average liver index at ages 3-6 for cod sampled during autumn
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Liver index

~Condition (gutted weight)

- 20 -

1.00 T T T T
] I July : August : September I October
1 | [ | | i
0.95 I i I | -
] i | | |
| | | |
| : | :
0804 1 | I y
| | | |
| | I | 5
1 O
0.85 .
|| I| ¢ ° % || & N ll
] Fa¥
I | ® % 2T g @ o
0.80 - I ® ® | | . -
1 | e | o | L2
] I L) I |
I Y 2 | E
0.75 | | | 1 o i
] | ® | | |
| | | | -
- | : | ;
070 llll]lll-[l]lllllllill'llII|I!II|l!|]|IIII]Ill|‘IIIIIIIII|IIII|EIIIIII
170 180 190 200 210 220 230 240 250 260 270 280 290 300
0.12 . : , :
] | | i |
| | | |
| | I 1
] | | | |
0.10 | | | | -
] | | | |
| | | |
| | | |
] | | | |
0.08 - | | | | B
|| | | :
o =
] | | (1 | & O
‘ | | ® | v
0.06 - I I & °I I 4 g
] | e e © | S _
] | | o | E A ]
] | $ ° | Bl S ]
0.04 4 f & ® o | i v a
] I & & ||o I o | i
| I
| | | | i
] | | | |
0.02 l l l i

Fig. 7. Condition of cod sampled during the sentinei survey in Division 2J3KL in 1995. The data
are aggregated by community and day of year. Any influence of fish size has been ignored. All
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samples collected from communities on Fogo Island on a specific day are aggregated. In the legend,
communities are ordered from north {top) to south.
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Fig. 8. Condition of cod sampled during the sentinel survey in Division 2J3KL in 1996. The data
are aggregated by community and day of year. Any influence of fish size has been ignored. All
samples coliected from communities on Fogo Island on a specific day are aggregated In the legend,

communities are ordered from north (top) to south.
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