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Nominal catch and catch at age

Cod catches, along with corresponding TACs, from NAFO Div. 3NO for a recent period are ag
follows ('000 t):

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988

TAC 25 26 26 - 17 - 17 26 33 KX 33 40
Catch 28 20 24 32 29 27 37 51 38

Catches for 1986 & 1987 are provisional.
TAC's for 1982 & 1983 excludes expected catches by Spain.

Catches of ced from this stock declined from a peak of about 225,000 t in 1967 to a low
of about 15,000 t in 1978 and have subsequently increased (Figure 1). The average catch for
the past three years has been just over 40,000 t. Historical catches by country are presented
in Table 1. Catches by Canada have been stable for the 1985-87 period. Table 2, which shows

1987 catches by month for Canada, indicates that most of the 1987 catch was taken by
Newfoundland based vessels and is distributed over all months.

Sampling data available (Table 3}, obtained by Canadian Port Samplers, were used to
adjust monthly catches (Table 2) to produce catch, average weight and length at age for that
portion of the commercial catch taken by Canada in 1987. Average weights-at-age vere
determined by applying a length-weight relationship (log weight = 3.0849 log length - 5.2106)
to length frequencies age-length keys. For Canadian vessels the calculated catch was about 95%
of the reported catch. The dominant year-classes in the catch by Canada were those of 1981
and 1982. These year-classes were among those that dominated the commercial catch by all
countries from the previous year.

Research vessel survey data

Stratified-random research vessel surveys have been conducted by Canada in Div. 3N since
1971, with the exception 1983, and in Div. 30 since 1973 with the exception of 1974 and 1983.
Surveys from 1971 to 1982 were conducted by the research vessel A, T. CAMERON, and those since
1984 were conducted by the sister ships A. NEEDLER and W. TEMPLEMAN. Biomass estimates by
gstrata for these surveys are presented in Tables 5 and 6, with mean number and weight per tow
values in Table 7. Biomass in both divisions increased sharply from 1982 to 1984, vas somewhat
stable from 1984 to 1986, and increased sharply again in 1987, especially in Div. 30.
Estimates for 1988 indicate that biomass levels were similar to the 1984-86 period. The
stratification scheme used fer the stratified-random research vessel surveys in Div. 3NO is
shown in Flgure 2.

As survey coverage is incomplete ,mostly in the earlier peried, estimates of abundance
for non-sampled strata vere obtained using an analysis of variance of the ln catch per tow for
sampled strata. The method used is the same as that described in Bishop et. al. (1984), with
the exception of the weighting factors. The previous weighting factor used was the inverse of
the ln variance for each sampled stratum mean. The current analysis weights each stratum mean
by it’s stratum area in square nautical miles, Tables 8 and ¥ show survey abundance estimates
for Div. 3N and 30 respectively with estimated values for strata which were not surveyed.
While estimated abundance for 1987 in both Divisions were the highest in there respective time
series, estimates for 1988 are amongst the lovest.

See Appendix {page 25) for additional information.
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Estimates of mean number of cod per standard tow at age are given in Table 10, with these
same estimates adjusted for non-sampled strata shown in Table 11. The 1981 and 1982
year-classes, which dominated the commercial catch, are also relatively strong in the survey
catch. There appears to be more older figh in the survey population than previcusly observed,
with the age group 14 and older about double the next highest value in the time series.

Commercial catch-effort data

Catch and effort data for 1977 to 1985 was obtained from NAFQ statistical bulletins,
while that for the Canadian otter trawl fleet for 1986 and 1987 was provided by the Department
of Fisheries and Oceans, Canada. Spanish pair trawl data for 1986 was' taken from Vasquez
(1987). Seasonal patterns for otter travls and pair trawls are different (Tables 12 and 13)
and are therefore analyzed separately. Data with greater catch and effort were less variable,
so estimated veights calculated according to Judge et. al. (1980 p. 132) were applied in a
veighted regression of a multiplicative model. Four categories used in this model are
country/gear/tonnage class, month, NAFO Division and year. The possible effects of truncation
and rounding errors vere reduced by eliminating data with less than 10 t catch or 10 hours
effort from the analysis. The model explained about 35% of the variation in the otter trawl
data, but, with the exception of division, all categories were significant. The model

explained about 60X of the variation in the Spanish pair trawl data and all categories were
significant. Canadian otter trawl catch rates (Table 14, Figure 3) increased from 1977 to 1982
and have subsequently declined. Spanish pair trawl catch rates have generally increased from
1977 to 1984 and declined to 1986.

The current method for determining directed fishing effort by the Canadian otter trawl
fleet for cod in NAFQ Div. 3NO is by identifying those trips that have cod defined as main
species (MSP) from vessel logbooks. Main species is that species comprising the largest
portion of the catch. These records are then aggregated to produce monthly catch and effort
statistics. It is this type of database that is used for the catch rate standardization
mentioned previously. An alternate method for determining directed fishing effort was
attempted for this assessment. The data used for this analysis was aggregated monthly as
described above, Directed fishing effort for the new analysis was defined as those months when
(1) 50% (2) 60X (3) 70% of the total groundfish catch was cod. Catch rate standardization was
conducted and results are presented in Tables 16 to 19. All of the regressions were
significant. For the analysis when the cod catch vas 70% of the total} significance was
marginal so this analysis was not considered further. CPUE trends derived from the original
analysis and those from the 30% and 60X analyses are shown in Figure 5. Trends in all three
analyses are the same, so it appears that the original analysis is adequate. For a more
appropriate analysis the calculation of percentage cod catch of the total should be done on a
trip basis, and these trips aggregated by month. These data are available and this analysis
vill be forthcoming at the next assessment of this stock.
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Table 1. Catch (metric tons) of cod in NAFO Divisions 3NO.

Year Canada Spain Portugal USSR Others Total

1953 39,884 12,633 7,919 - 5,761 66,197
1954 17,392 88,674 24,045 - 4,650 134,761
1955 6,053 64,987 27,711 - 15,605 114,356
1956 5,363 42,624 15,505 - 1,390 64,882
1957 9,641 51,990 21,740 - 6,819 90,190
1958 4,812 29,436 11,608 - 2,195 48,051
1959 3,687 39,994 17,730 48 2,911 64,370
1960 3,408 33,972 14,347 24,204 3,746 79,677
1961 5,428 32,284 9,059 22,854 3,099 72,724
1962 3,235 17,413 3,653 7,971 2,712 34,984
1963 5,079 37,632 10,004 10,184 6,843 69,742
1964 2,882 37,185 8,095 9,510 6,789 64,461
1965 4,229 64,652 1,692 17,166 11,448 99,187
1966 6,501 52,533 5,070 39,023 5,792 108,919
1967 3,446 77,948 9,703 118,845 16,842 226,784
1968 3,287 69,752 6,752 78,820 6,900 165,511
1969 3,664 71,160 4,940 29,173 8,768 117,705
1970 4,771 67,034 3,185 28,338 8,233 111,561
1971 2,311 89,915 6,589 19,307 8,174 126,296
1972 1,736 76,324 11,537 12,198 1,579 103,374
1973 1,832 42,403 7,759 27,849 586 80,429
1974 1,360 38,338 6,602 26,911 178 73,389
1975 1,189 16,616 5,560 20,785 24 44,174
1976 2,065 9,880 2,620 8,992 726 24,283
1977 2,532 8,827 1,742 4,041 462 17,604
1978 6,246 5,813 641 1,819 199 14,718
1979 9,938 13,782 1,140 2,446 545 27,941
1980 5,084 8,999 1,145 3,261 871 19,360
1981 6,096 13,299 1,091 3,187 671 24,344
1982 10,185 14,361 2,466 3,985 608 31,605
1983 11,374 12,320 1,109 3,238 778 28,818
1984 8,705 13,590 1,071 3,306 431 27,103
1985 18,179 13,682 608 3,968 462 36,899
19862 17,204 23,395 6,890 1,181 2,802 51,472
19872 18,426 15,788 4,108 375 233 38,930

a . .
Provisional.
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Table 3. Commercial sampling by Can (N) for cod in NAFO Divisions 3NO during 1987.

Number  Number Total

Quarter  Gear ~ Div., . aged . Honth _ measured  Country/month Can (N+M)
1 oT 30 369 Jan. 122 265 374
oT 30 . Feb., - 307 . 421 541
0T 30 Mar. 642 559 675
1590
2 0T 30 1ZBa Apr. 230 916 1582
. . June 133 565 1068
N 254 Hay 286 878 3047
June 1099 947 1373
' ! 7070
3 0T 3N 229 Aug. 323 1294 1570
Sept. 791 981 1367
’ 5217
W or 30 88 oct. 246 55 59
3N 544 Oct. 1440 1605 1777
Nov. 491 1297 1574
. . 7549
Total =~ 0T 380 1612 6110 18426

%Combined A/L keys for Div. 3N+30 by quarter were used to obtain age
frequencies. ’

Table 4. Estimated catch, average weight, and average length at
age for the commercial fishery for cod by Canada in NAFO Div. 3NO
during 1987.

AVERAGE CATCH
AGE WEIGHT LENGTH MEEJWH“;;ET_E;E:_ C: v,“
3 0,545 40.000 1 0,03 0.02
4 0.929 47,428 &3 17.52 0.2
] 1,298 52.633 2425 150,94 0.06
4 1.74% 57,924 2473 154.68 0.06
7 2,498 46,419 830 464,99 4,08
8] 3.524 F3.944 324 48.00 0.15
K 6£.5469 88,782 285 24,55 0.0%
i0 TOThE R2.95% 199 14.89 2,14
11 F.063 ?8.3463 124 14,49 0,13
2 10,7257 104,851 125 11.75 .07
13 10,7023 162.897 41 1:.70 0,19
14 13,253 113,439 23 9450 [/}
(] 14,02y 115,227 12 3,035 0. 24
14 14,918 115.322 3 1.63 G.48
17 146752 120,040 7 3.27 0.4%
it 15,663 118.4005 2 1.0¢ 0,535
1y 12.044 109.000 0.30 1.02
20 23,933 136,078 0.00 Q.02
21 23.8%54 134,000 4 0.0%9 G.02



- 6H -

7051 13322 -17800

56674

' Table 5. Biopass estimates (MT) by stratum from survey c¢ruises in Div. 3N.

‘ Strate 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 19862 1984 1985 1986 1987 1988
157 1383 29 52 332 135 92 0 2102 259 13
358 1061 1772 383 483 1054 229 236 182 122 547 16803 229
359 312 258 660 147 150 478 208 13 71 0 134 43 44
3160 1966 ’ 306 1950 4040 2182 1416 1738 3743 1238 7877 9161 1945 1282 494
361 2909 4525 2525 350 3246 2618 5894 8203 2666 4173 8125 12838 29220 509%7 27584 15887
362 2127 9695 4222 2233 306 1666 6836 6621 1632 5847 8701 3708 40764 16509 19686 69852 12714
kx| 8159 3423 1855 2362 1031 1750 4300 1838 857 4578 6647 17916 2446 2097 6798 5959
I 501 702 273 0 135 1248 1324 479 0 146 2359 8335 877 169 1058 4032
375 3270 9977 1042 955 1060 5429 3598 369 3229 29835 5943 2404 18475 14586 8034 16512
376 1892 806 383 77 9672 102 868 855 2208 2 1049 391 1883 2876 4454
377 550 14 83 283 1380 130 22 287 428 22 29 13 54 328 0
378 530 4146 404 632 687 90 281 939 104 303 133 470 256 73 96
3719 1828 515 50 0 601 178 53 179 129 324 365 4 15
380 9 322 1317 206 52 232 57 25 224 847 135 454 181
381 480 1429 2386 359 122 - 2677 393 196 427 533 2186 473 1544 747 82 270
382 142 2458 9 69 42 948 2215 220 285 182 36 0 16 61 12 7
383 231 1479 1 16 44 324 1564 146 0 430 5 294 0 '] 818 71

Total 18357 43935 20096 7781 15381 8088 41546 30722 11692 20736 51538 31104 92725 82515 95280 121091 50982
Upper
limit 35959 58509 29260 13257 35224 13399 61360 37915 16334 28150 120675 46068 123845 108355 162513 159833 80483
Lower
limit 755 29362 10931 2304 -4462 2776 21732 23529 16141 61608 20046 02300 41481




Table 6.

Biomass

estimates (MT) by stratum

from survey cruises in Division 30.

Strata 1973

1975

1976

1977 1978 197% 1980 1981 1982 1984 1985 1386 1987 1988
329 211 6422 180 2008 357 18 487 3713 560 840 304 453315 9436
330 9251 475 287 593 2218 3753 470 3371 123 3626 4642 2130 - 5654 2767
331 288 729 454 342 150 609 38 2630 3423 685 804 1224
332 830 351 940 4525 2266 9 3474 2358 13471 2499 9808 8681
333 525 82 0 2 v} 28 153 0 147 232 1057 0
334 0 6 0 43 8 0 570 3481 59 248
335 22 0 0 10 11 0 0 126 18 39
336 29 0 136 3 1 286 104 0 34 45 17 18
337 78 1906 32 630 614 23 133 610 434 1203 8497 26T4 3g2
338 4298 5563 1876 6953 1334 5729 1795 5659 29905 T485 14405 9838 9124
339 1547 40 249 1478 505 610 1087 359 29 354 233
340 2029 2690 298 966 3718 386 4294 2849 6827 5431 5796 77479 12421
351 3092 1562 2684 8141 4334 47954 5629 6621 4498 43455 23490 38217 66032 15852
3is2 3075 426 142% 6120 3961 10008 5625 6236 34168 29692 15071 49765 57457
353 3265 77 2 262 84 1573 2 472 0 6083 951 9610 626
354 439 38 8 k1] 273 44 125 489 219 180 21719 530
355 76 o 4 24 167 32 135 0 135 12 114 19
356 11 12 49 9 0 0 32 ? 102
Total 25681 14161 16360 24261 20646 76966 15733 15363 25478 125339 92699 926699 280807 119157
Upper
Limit 35514 58392 65071 38015 34853 133278 24517 25164 33764 169942 126100 136099 38259% 179304
Lower
Limit 15848 30070 -32350 10508 6442 20645 6950 80736 68346 49299 179014 59009

5561 17191
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Table 131. Mean numbers of cod at age per tow from research vessel surveys
in NAFO Divisions 3NO including estimates for non-sampled strata. (1971,
1972, and 1974 survey in 3N only.)

2/ 6/88
bOI971 1972 1973 1974 1975 1974 1977 1978 1979 1980 1981 1982 1983 1954 1985 19846 1987 1988
e e e e e e e e T e A o o e k£ e e o i e -————— -
P00 601 0,07 ¢.05 0,44 0,57 G.01 0.5 .34 G601 0,38 134 0,00 0,00 0,01 0,02 21 0.01
210 282 1,15 247 1,26 .00 384 2,29 0,77 0,95 5.30 0.3% 9,23 0,00 3.28  0.41 0,70 .76 1.47
30128,38 8,87 1,52 4,50 446 285 944 2,31 217 1,36 5,48 1,16 0,00 200 447 071 2,84 2,22
41 5,91 18.98 .76 0.81 2.3 1.80 4,12 8.5 9,40 0.6 .61 3,49 0,00 .90 6,05 7,72 9,30 0.44
SR8 1,469 2,32 040 056 1,64 450 256 7,97 1,05 1,88 0,59 0,00 5,29 2.41  4.47 34,75 0,41
61 071 0,70 0.47 0,34 0.29 0.2 150 0,99 (.79 0,43 2,36 0.44 0,00 5.40 0.88 1.67 21.18  1.04
700,73 0537 0,28 0.1 0,37 6,07 - 0,48 0,63 .53 021 1.5 0.77 0,00 1,87 0.97 0.48 8,30 1.17
Bl 0,32 0.40 0,19 0,04 0.24 0.3 0,21 0.04 0,26 0.2 0,91 0,57 0,00 1,00 0.73 0.845 1,77 (.78
1016 030 6,21 0.0 24 006 010 6,01 0,10 0418 ot 0,26 0,00 1,81 0.88 6.30 1,93 0.82
10t 0,02 047 042 0,06 0,08 0,07 010 6,03 0,02 0,09 0.24 0,14 0.00 1,57 1,34 0.7 0,49 0.57
10 0.0% 0,08 0,06 0,03 0,01 0,02 0,01 0.04 0,06 0,05 0,04 0,07 .00 0,86 0,98 1,20 0.77 0.44
20 0,09 0,05 0.8 0.0¢ 0,02 0,00 0,04 0,00 0,00 0.07 0.14 0,05 0,00 0.32 0.4% 0.85 0.71 0.55
20 600 0,00 013 0,00 ¢.01 0,00 0,09 0,04 0.04 0,03 0,06 0,01 0,00 0.1 0.24 0,36 0.8 .79
144 0,32 0,35 047 0014 G140 0005 0.12 0 0,01 010 0.2 0,17 G.14 0,00 0,22 0,39 0,52 0,77 1,24
o e e e e L o A e Rl ik e e e e L B
1+ 40,50 13,33 11,01 7,75 1296 11,39 24.?% 21,42 2674 %.22 %1.9& 19.;% %.%% %g.gg %g.%i %%.g% gg.gg lg.zg
2“ 4OD\JO 33“;2 liDOJ ?'70 12» 2 1(’078 2409 .-.0.85 23066 el .5..; 161 ] + LViL (1] o [
IOI268 317 8,58 b0 .12 6,94 22,70 20,12 22.45 4,42 14,17 7,72 0,00 34,76 19.83 .82 63,83 10.81
4 9,30 23,30 406 1,95 . 46 409 13,25 12,81 20,28 I,06  S.49  6.36 0,00 28,56 15.34 21.1 8099 8.5
SHOOS40 431 430 114 206 229 704 436 1088 240 7,08 3,07 0,00 18.65 9.3t 13,39 71,469 8,13
0,74 1,09 065 2464 180 291 115 522 480,00 13,36 490 693 3% 772

4 241 282 1,96
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Table 13. Analysis of variance and regression coefficients from the regression

of In catch rate for cod in Div. 3NO for the 1977-86 jod usi i :
trawl data. - period using Spanish pair

FEGRESSION OF MULTIFLICATIVE MODLEL

MULTIFlLE F:""‘"'..“"Oi- 0.?8?
MULTIFLE R SGUARELD, ., ,, O.b19
AMALTSILYS OF VAaRIONCE
S50URTCE OF SUMS OF HEOM
VYarIaTIon nF SRUARES SQUARES F-VaLuE
IHTERCERT 1 9,848E1 7.848E1
REGRESS IO 23 1,003E2 4,362EQ 14,468
TTRE  f 2 3, PS4EQ 1,477E0 4,900
TTFE 2 1 1,121E0 1,121E0 3,719
TTFE 3 11 L2A5EQ 7, 477E71 2,480
TTFE 4 ¥ 5.,067E] 8.9646E0 29.742
RESIDUALS 205  4.180E1 3.015671
TOTAL 299 2,406E2
REGRESSION COEFFICIENTS
CATEGORT CODE VORTIAEBRLE - CQEFFICIENT STD. ERROR ND. DFS.
1 19144 IMTERCEFT C-1.224  0.285 " Tane
- 7 4
I u;
4 ¥
1 19165 i 0,192 0,076 109
19165 5 0\ 49% 0,232 10
2 35 E 0,228 0.118 45
3 2 4 0,284 0,357 v
3 5 “0.132 0.298 15
4 % ~0.077 0,297 13
5 7 0,150 0.274 54
% g 0,356 0.272 27
7 9 0.535 0,282 2%
3 10 0,168 0,588 20
§ 1] 0,026 0.284 21
10 15 0,149 0,577 55
11 13 0,086 0,277 54
17 14 0,434 0.285 20
4 76 ig 1,133 0,154 30
76 16 0,987 0,197 16
30 17 ~G.179 0.167 30
g1 18 0631 0.18% 20
g2 i9 0.361 0.173 53
6% 20 0,592 0,181 50
84 21 1.177 0.177 50
£ 50 0,664 0,177 21
86 23 0.218 0.170 21




Table 14. Catch rate index for cod in NAFO Div. 3NO using

data for the period 1977-87.

TERAFR
1977
1978
1979
1230
1981
1982
1983
1984
1985
1786
1987

AVERAGE C,V,

Table 15.
data for

TEAR
1977
1978
1979
1986
1981
1982
1983
1934
A
1984

AVERAGE WV

ha 4
MED B

TOLEATD
“0.9820
0. 4687
T0.9144
T0.46949
“0.4332
“0.44678
T0. 4407
00,4418
00,7544
O E0B3

Catch rate index for cod in NAFO Div.

FOF:

FREDICTED

TRAMNSF ORM

-
DOEO

0.0297
¢.0141
G.0110
0.,0209
0.0199
0.Q120
0C.0114
0,01328
¢.0124
0.0108
0.0107

the period 1977-86.
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L
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CATCH RATE

FRETRANSFORMED

ME AN
D.455
0.417
0.972
445

A

Lol o ) o B o
o~y

0

G
+ ‘:.)
* ?
0.587
0.587
0,524

0.497

THE RETRAMEFORMEL

RAaTE

s,E,
0.,08¢
0.049
G.060
0,044
6.078
0.079
0.074
G.068
0,045
0.054
0.051

MEAM !

FETRAMSFORMED

MEAT
0.46409%
0,176
i. 6)23
0,508
1.142
0.873
1.0%99
1.974
1,182
0.758

s,E,
0.093
0.028
0.303
0.080
0.185
0.130
0.174
0.301
6.180
0.109

MEAM] 0,156

¢.121

Canadian otter trawl

CATCH EFFORT
17404 37852
14718 35272
27941 48872
19340 43308
24344 43907
31605 43705
28918 41239
27103 46139
36899 6528735
21472 ?8274
375812 75432

3NO using Spanish pair trawl

CATCH EFFORT
17604 28924
14718 75013
27941 17213
19360 38078
24344 21308
31605 36186
28818 26226
27103 13729
36899 31208
51472 67933
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Table 17. Analysis of variance and regression coefficients from the regression of
in catch rate for cod in Div. 3NO for the 1977-87 period using Canadian otter trawl
data when cod is at least 60% of the monthly catch.

FEGRESSION OF MULTIFLICATIVE MODEL

MULT:[F.LE F:’.'.'....'.'. 0.556
MULTIFLE B SQUARED, ,,, . 0,310
AMALTSIS OF VAaRIAHCE
SOURCE OF SUME OF QEQH
VARIATION nF SQAUARES SQUARES F-VYALUE
IHTERCEFT 1 3, 39060 3,392£0
FEGRESSION 25 - 1,805E1 2, 018E~1 3,031
TYRE g 3 2.531E0 8,438E"1 2,543
TYRE 2 11 g.238E0 7. 48981 3.145
TTRE 3 1 1.5438~] 1.042e"1] 0.522
TYRE 4 10 5.395E 5.390E"1 Ty
FESIDUALS 169 4.025E] 2,382 1
ToTaL 195 6.169E1
FEOGRESSION COEFFICIERTS
CATEGOR'T CQDE YvarIAakelLE COEFFICIENMNT STt" EEROR HO. OBS,
Ty 3124 InTERCEFT 0.187 0.400 T 195
5 1
3 34
4 5
1 3195 1 0.166 0.101 73
25194 5 0.243 0,129 35
59155 3 0,345 Giild 51
2 5 3 ~0.357 0,181 18
X 5 “0. 540 0.174 18
2 : 0,491 0,178 19
5 7 ~0. 461 0,180 18
b 4 ~0.414 0,187 13
7 9 0 860 0216 13
8 10 ~0. 4832 0.745 g
5 id -0.515 0.223 8
10 1o -0.820 0,180 18
11 13 0.453 6. 159 59
13 13 ~0. 225 0,171 50
3 35 15 0,077 0,106 152
2 78 1% -0, 152 0,374 21
79 17 ~6.034 5,370 30
80 18 -5.206 0,398 10
81 1o 0.126 01807 7
g7 20 0,301 0.376 17
83 51 0,315 3.368 24
84 20 0,007 0,374 5%
B85 53 0,073 0387 15
9% 3 ~0.04% 0,235 S
27 35 “0.116 0.367 37
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Analysis of variance and regression coefficients from the regression

of 1n catch rate for cod in Div. 3NO for the 1977-87 period using Canadian otter

trawl data when cod is at least 70% of the monthly catch.

Table 18.
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Table 19. Catch rate indices for cod in NAFO Div. 3NO using
Canadian otter trawl data for the 1977-87 period when cod is at

least (A) 50%, {B)} 60%, and (C) 70% of the monthly catch.

A) FREDICTEL CATCH RATE
LH TREAMSFORM RETRANSFORMED

TEAR MEAM S,E, . ME M 5,E,
1977 TG.O787 G.04462 0.613 0.13¢
1978  70.8143 0.0206 0,487 0.070
1979 AY-19Y: 0.0142 0,409 0,072
1980 ~0.8286 0.0267 0,482 ¢.078
1981 044614 0.0284 3,695 0.117
1982 ~0.,3087 0.G164 0.815 0.103
1983 70,3014 0.0154 0.821 0.102
1984 T0.52352 0.0149 §.696 0.08%
1985 0.4610 0.0230 0.6%7 105
1986  “0.5464 0.05604 0.627 0.158
1987 70,4582 ¢.0144 0.575 G069

AVERAGE C,V, FOR THE RETRAHSFORMED MEAM! ()

B) FREDICTED CATCH RATE
LM TRAHSFORM FETRANSFORMED

TEAR MEAH 5,E, MEAN 5,E,
1977 “0.3380 0.1469 0,747 0,277
1978 “0.48%7 0.0379 0.578 0,131
1979 “0.,3724 0.0245 0.7867 G.120
1980 “0.3438 0.0330 0.637 G145
1981 “0.2116 0.0602 {885 0,215
1982 “0.0347 0.0304 1.070 0,186
1983 “0.0228 6.0308 1.085 0,189
1984 00,3107 0.0330 0.813 0,147
1985 “0.24650 0.0449 0,845 0,178
1984 “0.3840 0.0812 0,737 0.205
1987 T0.4542 0.0288 0,705 0,119

AVERAGE C,Y, FOR THE RETRAHSFORMED MEAN! (
C) FREDICTED CATCH RATE

LM TRAHSFORM RETRAMNSFORMETD

TEAR MEAHM 5,E, MEAM §,E,
1977 “0.46534 0,2221 0,931 0.238
1978 “0.,3922 0.,0722 0,745 0,197
1979 “0,07%5 G,051¢9 1.028 0.232
178G T0.4239 0.1047 0.710 0.225
1781 T0.2050 G.08%4 0.890 0.261
1982 0.2008 0.0600 1.335 0.330
1783 0.1109 0.0624 1.238 0,306
1984 ~0.1187 0.0712 G.979 0,258
1985 0.0817 0.0904 1,027 Ge303
1784 “0,4044 0.1141 0,719 0,237
1987 “0.,2828 0,0699 0,832 0.217

AVERAGE C,V, FOR THE RETRAHSFO
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FIG. 1. LANDINGS OF COD IN.DIVISIONS. 3NO. FOR- THE
PERIOD 1953-87.
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FIG 5.
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COMPARISON OF CATCH RATE INDICES FOR COD IN
DIV 3NO WHEN COD IS A) IDENTIFIED AS MAIN

" SPECIES ON LOGBOOKS, B) 50%0F TOTAL CATCH,

AND C) 60% OF TOTAL CATCH.
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Appendix. Further Work on the Assessment of Cod in Division 3NO

Research Vessel Survey Data

Mean numbers of cod at age per tow, presented in Table 11 of NAFO SCR 88/19, suggest
that results of the 1987 Canadian R/V survey may be anomolous. The age structure
estimated from this survey was not consistent with those from adjacent years.
Results of this survey indicate that age 6+ abundance for this stock had increased
by a factor of 5 from 1986 to 1987 and then declined by about the same factor

from 1987 to 1988. During the last assessment of this stock (NAFO SC Reports,

1987) the survey results for 1984 were also considered anomolous because of

similar inconsistencies. The degree of inconsistency for the 1987 survey results

'is much greater than that of 1984.

A number of possible eXplanations for the discrepancy in the 1987 survey results

. were investigated.

Original data sheets were checked to determine if errors in coding or keypunching
maf have been included in the analysis of the 1987 survey data. From this
investigation it was concluded that all data were appropriately coded and key-—
punched.

Average bottom temperatures (°C)} by stratum for 1984-88 are presented in Tables 1

to 5 respectively. A summary of this data for strata which comprise a large

portion of the biomass (84% of total 3NO survey biomass) in 1987 is as follows:

NAFG Div, Stratum 1984 1985 1984 1987 1988
3 361 2.76 0.86 1.43 1.02 1.59
362 1.51 -0.03 0.04 -0,10 0.76
373 0.36 -0.1% -0.11 -0.47 -0.25
30 329 ~1.30 -1.30 -1.14 -1.07 1.87
338 1.94 -0.11 0.44 0.23 2.53

340 0.02 -0.,79 -0.63 -0.32 -0.60-
351 1,15 -0.23 -0.41 ~0.19 0.35
352 2,99 0.76 0.36 0.93 1.73

All of the above strata are’ in the 31-50 fathom depth range with the exception

of stratum 329 in Div. 30 which is in the 51-100 fathom depth range. A surmary

of average éemperatu;e by'depth range is presented in Table 6. From a preliminary
‘examination of this temperature data by stratum and depth-zome, there is no.
reason to expect that changes in bottom temperature may have altered distribution

or produced the large biomass estimated for 1987,

Research vessel survey biomass estimates from Div. 3L and Div. 3NO from strata
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contiguous with the 3L/3NO boundary were examinad {Table 7, Figure 1) to
determine if increases in biomass in these strata in 3NO were consistent with
decreases in the biomass for contiguous strata in Div. 3L. Although there may

be incidences of a slight shift in divisional abundance, during 1987 when biomass
increased in the Div. 3NO strata it also increased in the strata in Div. 3L

that are contiguous with 3NO.

The inconsistencies in the age structure estimated from the 1987 survey certainly
exist, but it is difficult to explain the discrepancy in the 1987 survey results

from the investigations that are described above.

Commercial Fishery Data

Catch and average weights-at-age for the Spanish fishery for cod in Division 3NO
were combined with Canadian estimates and the total catch-at-age was adjusted

for catches for which no sampling data were available {Table 8). The calculated
catch {the sum of the catch-at-age X average weights) was about 97% gf the reported
catch. The 1980-82 year-classes dominated the commercial catch and the 1983

year-class was not well represented.

Pair-trawl catch-rates, derived from an analysis conducted by Spain for the
1982-87 period, related quite well (Figure 2} with overlapping years frem the
pair-trawl index estimated from a multiplicative analysis conducted by Canada

using data for the 1977-86 period.

The 1987 index, estimated by Spain was adjusted by this relationship (Table )

and appended to the 1977-86 pair-trawl catch-rate series.

As was the case last year (NAFO SC Reports, 1987) Canadian otter—trawl and Spanish
pair trawl CPUE indices were combined (Table 10) after weighting each to an
estimate of the geographical-area inside (BOZ) and outside (20%) the Canadian

200 mile £ishing zone. The combined index, presented in Figure 3, alcthough quite
variable in the earlier period, shows an increase to 1982 stability to 1985

with a subsequent decline.

Catch-at-age values for fish at older ages {1] and older) are presented in Table 11
for the 1959-87 time pericd. It can be seen that in a number of years f£ish up

to and in some cases exceeding age 20 were evident in the commercial catch. Catch

and average weight-at-age data from the commercial fishery for the 1959-87 period,

that were used in cohort analyses, are presented in Tables 12 and 13.
Fishing Mortnlity in 1987

Sequential population analysis for this stock was conducted assuming natural
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mortality = 0,20 and fishing mortality for 'the oldest age group (12 years) set

at the level for fully recruited ages {7-10). Partial recruitment for 1987 was

estimated by iteration as the average for the 1981-85 period (Table 18).

Research vessel survey results, from Canadian and USSR surveys for the 1977-87
period were considered for calibration with cohort analyses. . It was stated
earlier that the 1984 and 1987 Canadian survey results were considered anomolous
and were not included in further analysis. An examination of the USSR survey
results indicated that ‘the 1985 age structure was not consistent witﬁ adjacent
years and this survey was also excluded from further analysis. Discrepancies
with the age structure for the 1987 USSR survey results were identified and
precluded the use of these da;a in catibration. The Canadian and Soviet survey
indices, although not dispiaying a one-to-one correspondence showed the .same
general trend, that of lower abundance for the early time series (abour 1977-82),

with subsequent increases. Results from both of these surveys were combined

{Tabie 14) to produce a single index of abundance from research vessel surveys.

The relationship between Canadian, Soviet and Soviet/Canadian survey abundance
for ages 6+ with cohort numbers averaged over the year for ages 6+ are presented
in Tables 15-17 for a range of fishing mortalities. The velationships using a
fishing mortality in the terminal year of 0.20 are shown in Figures 4-6. For
each of these calibraticns the r? values increase as FT decreases. The only
apparent discrimination betweén FT's is the pattern of residuals in the most
recent few years. If the sum of residuals for the 1984-86 period were minimized

the resultant FT would be in the range 0.20-0.30.

Results from a Canadian survey conducted during 1988 indicate that the age 6+
abundance is only slightly larger (about 10%) than that of 1985-86. It may be
reasonable to assume, therefore, that the age 6+ average population abundance is
relatively stabie over the 1985-87 period although it is higher than the earlier
perioa (1977-82). This conclusion Qould ignore the results of the 1987 Canadian
survey. Average populati;n biomass estimated using terminal fishing mortalities
ranging from 0.20 to 0.30 (Table 17A) are not inconsistent with these trends in
survey abundance. Results of cohort analysis, showing beginning of the year
population numbers, average population biomass and fishing mortality matrix

are presented in Tables 19-21 respectively using terminal fishing mortality of

0.20.

Calibration of SPA using the combined otter-trawl/pair-traw! CPUE index did not

give any significant relationships. This may be due to the definition of directed
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cffort for this fishery. FPurther investigation into this possibility will be
conducted for the next assessment of this stock. A plot of CPUE index and cohort

exploitable biomass is shown for illustration in Figure 7.

Recruitment

Research vessel survey indices for Canada and the USSR at
age 3 were correlated (r? = 0.77, Table 22) for overlapping years
{1977-82), so they were normalized to their respective means and
averaged to provide a single estimate of year-class strength.

The relationship of this index with corresponding abundance
estimates for the 1974-80 year-classes from cohort analysis
indicated a significant regression {r? = 0.92, Table 23). The
predicted sizes of the 1981 and 1983 year-classes were outside
the range of the data examined, and there was no index value from
which to predict the 1984 year-class. The sizes of the 1981-83
year-classes were determined by the average PR values at ages 4-7
in 1987. The 1984 year-class was also considered weak from
results of the Canadian surveys and set at the lowest age 3
cohort abundance observed in the 1977-83 period (23.5 million
fish).

TABLE 1. AVERAGE DEPTH & TEMPERATURE BY STRATUM FOR DIV 3NO (1984-88)

------------------------------- YEAR=84 ==——— e e e
ubs STRATUM NUMBER DEFIH reme tMin_TEMP MaxX_TEMF
1 329 3 107.800 -1.3000 -1.4 ~1.1
4 33U 4 79.5U0u -0.723u -1.2 0.1
3 331 3 89.667 1.5333 1.1 1.9
4 S & 10250y &L SULU b.1 6.9
3 333 2 212.300 7.2500 7.0 7.5
b 334 Z2 S42 . DuU b.UUVY 6.0 6.0
7 333 2 316.500 5.8300 5.8 5.9
-} Sdo <2 2ol . o9uU 6.1000 5.1 7.1
2 337 2 83.000 3.8000C 3.6 4.0
v 338 =] 7780V 1.94909 -u.Y8 3.9
11 339 2 98.000 |, -1.0000 -1.1 -0.9
12 J4u S 8Ll .4U0 U.uz0u -1.2 3.8
13 331 6 76.167 1.15Q0 0.1 2.8
14 20 I'e 6Y,. 571 2.9697 2.5 3.6
15 353 2 79,500 1.5000 0.9 2.1
1t 304 2 Ye.500 J 600 1.0 2.2
17 355 2 240.000 5.0500 5.0 5.1
18 S0 2 J1l.ulu 5. 7500 9.7 5.8
19 357 2 352.500 4.9000 4.6 5.2
20 3oy 2 223 .000 5.40U0 $.3 5.9
21 359 2 100.0400 2.0500 l.6 2.5
22 deu 7 o4,807 1.9429 u.uy 3.4
23 361 b} 63,200 2.7600 2.0 3.3
24 Jez 4 7i.143 1.9143 -4 3.1
25 373 7 6€.429 0.3571 ~-0.9 2.0
P 374 K] S5Y.667 L.l667 -U.4 2.5
27 378 S S52.400 1.&000 -1.1 3.9
] g/ 4 47,5UU 3.8750 3.9 q,0
29 377 2 140.000 -1.2000- -1.2 -1.1
3u 4/ Z 227 .90 - 1.400U 1.0 1.4
31 379 2 "312.000 2.9300 2.7 3.2
3= CET) 2 314.000 1.4U00U 1.0 1.8
33 381 2 257.35040 1.6000 0.7 2.5
34 61 3 94,667 -L.4667 1.9 -1.4
2% 383 3 82.667 -1.2000 -1.4 -1.0
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AVERAGE DEPTH & TEMPERATURE BY STRATUM FOR DIV 3NO (1984-88)

STRATUM

329
330
331
332
233
3349
235
336
237
339
339
34U
351
3592
353
354
35S
396

. 357

=58
359
36U
3el
Ses
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374
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101.000
B4 .667
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7a.538
76.000

1US, 333

208.000

311.000

310.000

214,500

106.000
65.313
64.000
72.00U
64.889
62.90U
51.88%9
51.457

106.000

206.000

318.667
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222.500

116.900
75.333

YEAR=85

TEMF

-1.3000
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-0.3667
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TABLE 3.

UBy

71
e
73
/4
73
76
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/8
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gu
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g
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wu
2l
s
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Yo
97
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1uy
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1ue
103
1u4
105

- 30 -

AVERAGE DEPTH & TEMPERATURE BY STRATUM FOR DIV 3NG (1984-88)

STR&TUM

329
33U
231
oL
333
334
335
336
337
338
339
340
351
352
353
354
355
3506
357
39
359
JeU
361
362
373
34
275
376
377
378
379
38U
381
JuL
383

NUMBER

g .
RN RN NN RPN ON WO &K@

H LK WON NG O

DEFTH

119.750
/9,444
§6.500

147 .667

217.667

286 .50U

325.000

242,000

101,800
g2.88Y

107.333
g1 .75V
74.071
71.071
77.429

122,333

252,500

$13.U0U

302.500

239,00y

122.500
65.071
€0.909
7U. 786
€2.429
5Y.1b7
50.125
49 . 889

124.000

226,500

308.333

31%, 333

225.000

lle.23U
80 .250

TEMF

-1.137S
~U.b22e
-0.7000
1.3l
7.4333
b.430U0
4.5500
6.2UUl
1.1000
U.4444
-1.06067
-U.b2Z0Y
-0.4071
U.3571
1.6000
4.900U
4.9000
D.39U0
3.3000
S.Yuuu
S5.8000
Uu.7zs357
1.4182
U.u3ov
-0.1143
~U.31l67
0.6375
U.90u0u
1.2000
1.430u
2.3667
2.23933
2.5667
=1.0230
-1.0000

MIN_TEMP
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TABLE 4. AVERAGE DEPTH & TEMPERATURE BY STRATUM FOR DIV 3NO (1584-88)

e ————— ———— ——— — T —— . ———

UBS

106
1U7
108
1y
110
111
112
113
114
119
116
11/
118
119
120
121
122
123
124
129
126
127
128
129
130
131
132
133
134
139
136
NG g
138
139
140

STRATUM

329
33U
331
. 332
333
Sd4
335
336
337
358
339
34U
351
febu
203
394
355
306
357
308
339
Jel
3el
Sbe
373
374
375
376
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3y
379
38U
381
382
383

NUMBER
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e
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ey
WWMRNPRAPRNMNDEWERWME QU RN PP WRR

DEFTH

120.444
77275
85.500

109.400

250.000

330.00U

321.333

241,000

123.500
73,889

101.33%
80 .300
76.000
72,4867
73.167

102,000

249.000

332,333

340.000

22U .UlU

105.500
63,46/
63.000
71L.769
€3.846
6U. 40U
52.000
52,222

143.000

216.500

340,500

316.500

254.500

121 .667
74.333

YEAR=87

TEMF

-1.0667
~U.E909
~0.6000
Z.8200
4.,7500
4.6500
4.9667
5.3000
4.4667
U.2333
-0.5000
-0.3200
-0.1923
U.9267
1.7500
4.5500
. 4.8500
37333
3.9000
6.uuuU
€.1000
4,703
1.0222
—u.14uu
-0.4692
-U ., 2600
1.0222
1.8333
3.9000
S . 350U
4,1000
2.300U
1.9500
~0.600U
-0.5667

MIN_TEMP
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-1.1
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uBs

141
142
143
144
145
l4e
147
149
149
15u
131
132
133
1504
135
196
157
ios
159
leu
i1el
lez
163
leyg
165
leb
167
16y
169
170
171
1ve
173
L74
175
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AVERAGE DEPTH & TEMPERATURE BY STRATUM FOR DIV 3NO (1984-88)

S1TRATUM

329
33U
231
I3z
333
334
333
d3e
337
338
339
34U
3351
Iz
353
354
353
Jab
357
398
353
36U
26l
Soz
373
374
375
376
377
378
379
Jgu
381
Jg
383

NUMBEK

o

WEMPKMNNNERUOCSCWURMNDNMNNMR R O N 08 BN S RSK N

o

b

DEFRTH

113.429
/o.bb/
86.300

L11o.900

222.000

3U3.000

315.000

22U.000

107.250
78 .250

101.667
gl.o7/1
75.900
71.091
78.800

114.00U

246.000

B13.000

314.000

241 .00U

119.000
b/.333
62.000
s0.700
64.300
bl . BUY
51.500
45 .30yU

151.000

2z0.,u0u

323.500

3U3.U0U

240 .500

103.667
78.333

YEAR=88
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TEMF

1.8714
-U.1333
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7.3500
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-g.7a00
-U.el0U
0.3500
1.7273
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o.b000
4.£000
/L BUUD
&.3500
1.5083
1.5889
U.veuu
-0.25300
-U.z4uuU
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TABLE 6. AVERAGE DEPTH & TEMPERATURE BY DEPTH RANGE (FATH) FOR DIV 3NO.

------------------------------- YEAR=B4 ~——mmmmmmmo oo mmmm e
Ubs RANUE NUMBER DEFTH TEMP MtN_TEMP MAX_TEMPJ
1 g-3¢ 2 30.222 2.61111 -1.1 4.0
P 31-51 b4 i 2Ll 1.32857 . -1.4 3.9
3 J1-100 21 104,333 0.55238 -1.5 6.9
4 1UL1-150 1z 237 . ubd 4.86667 u.7z 7.9
) 151-200 12 324,750 4.47500 1.0 6.0
------------------------------- YEAR=HH ——w-r—m—mmm e m
& 0-30 13 51.538 0.e8667 0.1 1.3
7 31-90 liz 73.094 U.u3a7l -1.% 1.7
8 S51-100 33 107.848 -0.53636 -1.7 3.8
Y lul-19y .le glg. 75U 4.458333 -0.7 .. 8.5
10 151-200 13 312.84%6 3.73077 0.1 7.9
- g - i 5y o YE‘_\R_‘.HB ————————————————————————————————
11 0-30 13 49,200 0.74667 -1.2 1.7
1l g1 -bu 128 U977 0.1e734 -1.2 2.0
13 51-100 35 112.686 0.74286 -1.3 7.2
14 1U1-1%0 14 z232.0uu 4.77897 a.7 g.1 '
15 15i-200 14 309.571 3.79286 1.6 6.6
——————————————————————————————— YEAR=SZY ——————r e m e —mm o m e
i6 0-30 le 51.313 1.018795 -0.5 z2.6
17 31-5U 126 71,2954 uU.71111 -1.1 8.7
1g 51-100 32 116.938 1.78438 -1.5 8.1
1y 1U1-19v 12 Z38.0UY 4., 7uguu 1.9 6.9
20 151-200 13 328.846 4,00769 2.0 S.4
——————————————————————————————— YEARSHY ——m—— e — e e — e
21 0-30 .12 49,833 1.77500 -0.7 2.3
2 31 —-50 1lul Z1.802 U, 92277 -1.2 8.1
23 51-100 27 113.889 3.77407 -1.5 9.7
24 1ul-15U 12 231 .667 ©.33333 .2 11.3
25 151-200 12 312.000 4,91667 1.7 6.8
Table 7, Research vesse! survey biomass (x 1000 t) in Div 3L and 3ND from
strata contiguous with the 3L./3NU boundary.
vear . - T/
Biomass lﬂ/f ivwryg  19vy 1§8U 198 198 1l9ds 1984 1ygh 1Y8e 1987 1Ygy
<1 19 1o 434 e =y 2 - - oy _;;—_'_;;“”"~::—
3NO 22 25 62 1g9 30 21 -= 119 56 70 273 &0
Strata included:
3L - 328 341 350 363 372 384 390 391 392
SNU - 329 330 331 34U 491 J62 3¥3 S80 381 3Bz 383
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Table 8. Catch-at-age and average weights of cod in Div 23NO during 1987,

Age compositions (x 1lUOU) Average weight (kg.?
Age spain Lanada Spaint Total Spain Canada Spain+t
Canada 3NO Canada
2 lel 1el ig3 0.2e 0.28
J 426 1 427 4586 U.4y U.54 U.49
4 283 63 240 s394 0.79 0.53 Q.82
5 4331 24 2856 424y 1,33 1.30  1.30
& 344 2473 2817 3204 2.40 1.75 1.83
7 15¢ g3u yg/ 113 3.84 2.70 2.88
8 209 J26 939 609 6.08 3.92 4.76
Y 441 £63 oYb I4=r= /.70 6.57 /.27
10 200 - 109 409 465 9.38 7.77 8.9
11 205 124 3249 374 10.34 Y.Vl 9.86
12 209 125 24 380 : 13.357 10.%¢ 12.5%
13 34 ol luu 114 14,24 .7 11.09
14 i3 23 36 41 16.84 13.253 14.55
19 13 13 19 19.03 15.03
16 () 3 3 3 _ 14,92 14.92
17/ () 14 ‘. g . 18,73 16.73
18 ( 4 3 2 6 7 17.29 15.66 16.75
19 ( )
20+ { ) 4 q 3 23.85 23.85

No. d2le | bood Luu6e 11450
' ' Reported catch = 3
Latch 1978y 18426 34214 28930 Caiculated catch = 37,719 t
Difference = 3

Av. Wt, 4.92 &84 2.40 3.40
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Table 9. Estimation of "standardized" catceh rate for Spanish pair
trawls tor 1987,

o —— IS W — T — T ———— ————— T o o . o o . o i T o TS MR, Mk Sy rm TR

Lanadian Spanish
Year Analvsis(al Analysis(b)
1982 0.873 0.5z20
1983 l.Uu2y U.bsg a = 1.9/b - uU.13
1984 1.974 1.053
19485 1.182 U.S76 R—Squared = 0,94
1986 0.758 0.467
19857 (0.876) 0.910

lable 1U. Latch rate 1ndex obtained by averaging Canadian otter
trawl and Spanish pailr trawl catch rates.

Standardized Normalized Weighted

catch rates catch rates aver age
Year Ut [l ui i Ut &1
1977 U.4659 U.aU9 U.odd U.855 U.g45
1978 0.417 0.1%¢€ 0.755 8.199 0.644
1979 u.are 1l.623 1.Ude 1l.648 1.15%9
1980 0.445 - 0.3508 ¢.306 0.818 0.809
198l u.od4 1.142 1.0U4 1.159 1.035
1882 u.723 0.873 1.210 0.88¢6 1.225
1983 U.byYy 1.U03%y 1.£66 1.1l6 1l.z4¢
1884 0.587 1.974 1.063 2.004 1.251
1985 U.oe/ 1.182 i.Ue3d 1.200 1.090
1986 g.524 0.758 G.949 0.770 0.913
1987 U.497¢ u.g7e U.9uuy U.ggy U.898
Mean 0.522 ¢.985
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Table 11.‘Catch~at—age {x 1000) for cod age 12 years and older from Div.3NO
tor the period L1299-H7.(Weights 1n tons.)

Age 1909 196U 1961 1Yoz 196y L1964 19gh 1veb 1967 1968
13 191 sy Yo 3493 b 29 =g /g 45 20
14 229 649 147 129 e4 2 2 17 73 10

1o - 108 1r 134 154 2 117 26 2
ie 80 104 24 128 78 = € 9

1s 3 4 el 1s 46 iu ¢ ) 26 le

18 549 211 46 23 11 2 (63) 144

1y bu] & 29 21 P ¢ ) o 73

20+ 29 33 43 2 18

13+ 1129 14uy g9 B4b 473 =1 276 1934 339 91
3+ 33718 42128 37557 15372 30686 53875 47107 67480 161847 143862

Wt bdsb/ /7721 /1404 34405 bZ/42  blIed 99631 105943 226784 158859

o e - — —— — —— T —— " A i —— T okl i S 1 e e ey AT . ek e e e S S o e v . et oy Y T A o T o o o e he e e <

— o A b e e T S A U e S M N S L s T S N ML Sk i o S S U ke e o e Y LA dh e e ey U o - o . R = T = Y B M S TEY MR T M A e — — T —_

13 170 30 97 355 71 8 18 1
14 14 121 lb 26 o s 7 S
15 186 314 42 81 36 S

16 239 = e 40 1 2

17 497 a 49 135 1 1
iy Z2il 2 iz = 2 5
19 132 1
2u+t 24 3y e B

13+ 374 1472 173 881 396 17 36 21
gt b4 4983 /e7UU 0 DEBUY 69ZU2  delrd 21813 20692 8234 Y2195
Wt. 117705 111561 126296 103374 80429 73389 44174 24283 17575 14738

—— T —————— T —————— — ! T —————— PEY FED (—— ————— — T ¥} ot e T o o o e W e e o e i e g T D L e ) Sy g D Sk o e e e S T B P o e ek

Aqe 1979 19y 19al 1L9g< 1983 1984 1969 1446 1987
13 4 iu 11 1z 1lU 4qu ob 114
14 9 13 6 28 18 17 41
10 g 1 Ll o 1lv b =Y 15
16 1 6 S 7 3 5 3
17 2 5 G 2 3 3 2 g
i8 5 2 1. 1 2
19 1 s 4
20+ 1 3 1 5
13+ lb 4 g3 b gb FU 7L -]=) 19y
3+ 17149 8243 7946 8901 7895 8350 16914 14578 11267
Wt . 28U4Y 1854z 23U34 SleUH 28818 27103 41750 42147 38930

LData tor 1971 & 1972 15 not availlable.
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TARLE {2, CATCH-AT-AGE FOR THG 00D, {959-87, 147 4/88

1959 1960 1961 1960 1987 1944 174D 1%he 1967 1943 19aF (¥0 1971 1972 1973 194

f

+

I1711 1846 BI2 i92s M3 a2 A3 7R3 X060e 16359 Bi3A 210G 900 6f 10038 4420
| 13034 4503 4400 IBRD 5757 (59GS a1l 1R4IZ G3447  H7TT 12924 1GTLY 24300 19797 27400 9501
PoOS0e8 22050 11856 2206 Li2i0 19494 7419 19eE1 50317 ARBAQR I4G4§ 1079% 0300 {2269 15098 10907
| 4025 3095 15258 iGB!  4B4% 7919 11258 11799 1BS17 18485 11191 7481 11700 114312 5989 10872
| 3935 2377 2014 3594 1935 2073 9R4L BB 4774 8337 20BY  3A4é 3500 SBRT 1971 2047
| 1397 2504 1672 773 A0 1109 2§77 447 24310 1892 1393 1A3D 25300 1486 972 1147
{757 533 847 44R 1143 7RE 1081 1225 236 305 918 941 g 285 707 1019
Po§26 187 19 431 &08  3EB 148 14%4 150 © 178 292 149 00 é 43 47e
| 1220 898 T S 37 143 22 71 9 13 227 100 78 137 428
120163 242 245 Ip 208 120 14 37 43 43 202 o a0 4 is 27

T+ IA173 404BS I7L4S 14405 30207 53010 ALB2D 47297 141319 148974 &dR4é 43374 76700 SIROT 42891 4447%
A¢] 32462 3BAIY 4S5 17579 29RP4 47417 45809 44544 141233 132415 Dh&%r 46271 770 §3740 52831 3B0S
Sef 19426 32174 31953 9497 24137 32082 38196 48131 76791 7SB40 42748 24545 48850 11943 25273 28349
s+ 14358 10084 20297 7491 12927 12544 30979 28450  IRA74 27232 1SB19 1578 1EOG0 21854 10130 17842
b 1975 1974 1977 1978 1979 1980 1981 1982 19E3 1964 1980 1984 1997
e e e e e ol o T Tl e s e S —
I 671 a0 A07 0 92 72 280 478 305 1173 o8 37 Ga 434
4 | 8781 7534 244% 43317 3827 1138 1037 1978 447 1090 2933 236 W4
S 1 3523 5945 2331 2518 92eE 378y 1194 1591 1393 1M1 4203 4375 149
&1 2505 1084 1500 918 I7Ba 2057 2173 1012 104 33 303a 4357 3204
71 3637 21 5§72 I BEZ 465 1805 1528 8B4 1220 2519 1505 1121
B 1059 238 177 102 263 185 543 1492 1R 70 797 %40 409
g1 92 4 ¢ i 58 73 182 9% 774 g9lg 489 e 792
101 . 481 7o Al 17 %7 &9 211 zx 85t 533 I: 44D
111 232 17 41 g 12 S-S - S LD (V- cJ-S S
21 152 ¥ X 3 ;oo 12 27 8 4 ?7 149 38D
I+l 21387 19149 Bi%é 9171 17133 8236 7947 8901 TBOS S350 14915 17474 11074
4+ 20716 15115 7589 8251 17041 7954 7049 8594 4714 8292 15BE@ 17921 10390
S+l 11935 7981 5120 3944 11234 4818 4037 4413 A0AD 7292 13905 14685 10194

b+l 847 143 2589 1396 402e 029 A 3027 75 GBAT 7A07 83M0 494

TAELE 13, AVERAGE WEIGHTS-AT-AGE FOR FHD 00D, {§59-E7, 147 &/3R
| 1959 1960 1041 1042 94T 1944 1945 1946 1047 194 199 1970 1971 1973 1973 1974 1975
e e e e e e e e e e M e U R T T T T e e e o e i i e B S e e o i S St o et e ke e e L Y
T1 0,42 0,42 0,42 0,42 0,47 642 0,47 0,46 0,48 3,48 0,48 0,48 0.8 0,54 0,57 0,42 0,78
41 0,82 0,82 0,82 0.2 6.82 0,82 4,82 0,90 0,90 0,90 0,90 9,90 6,80 0.5 1,00 0,73 0,89
S1 1,25 1,25 1,25 1,28 1,25 1,25 1,25 0,3 4,3 LI 4,35 1,35 1,35 L4 - 1,43 1,20 1.2
&1 1,95 1,95 1,95 1,95 1,95 1,95 1,95 2,44 2,44 04 214 204 234 208 2,17 1,9 2,43
71 2,87 2.8) 2,87 2,87 2,82 2,87 .87 6 Nis 06 316 Hd6 36 2,89 L83 2,88 314
g1 1,39 1,39 1,35 3,39 LI 1,30 39 42 4,70 &2 41 421 4,21 156 443 447 414
S| 3,98 1,98 3,98 3,98 3,08 1.9F 593 6,34 &34 434 &34 43 4,30 555 425 7,30 583
101 468 4,48 2,68 4,68 4,68 2,63 A28 .89 T 769 79 709 749 7,69 7,55 9,56 Si4o 6,74
HE 525 5025 5,95 505 525 525 %25 846 8.4 9.8 .46 B4 B8 8,32 11,17 BAD 5.2
121 617 517 817 517 &17 17 &17 10,24 10,24 15,24 10,24 10,24 10,24 10,14 13,99 7.51 7.09
1976 1977 1978 1979 198G 1981 1962 198 1984 198BS 1986 1587
_...-.+ ——————————————————————————————————————————————————————————————————
T1 6,50 0,57 0,72 0.5 0,71 690 094 085 0,79 0,48 0,39 0449
a1 091 1,00 1,05 0,98 1,04 1,27 1.7 1,17 115 GB6 1OC  0.E
Sl a4l 1,48 1,55 1,3 1.9 L84 50 1,87 151 137 1.5 1.30
31 7,33 D4R 2,25 2,09 250 149 120 D6 228 205 2415 L.l
71 5,25 351 L7 2.7 1,49 155 383 160 .04 325 1,50 2,68
Bl 4,03 474 461 370 549 533 535 5,20 405 445 43 474
91 6,67 7.7 A9 475 F.88 W3 7,49 6.7 526 .42 795 .7
104 8,74 881 7.23 715 9,22 .10 &80 5,08 7,22 832 %74 8.95
111 9,44 11,70 2.48 7,98 10,40 9,0f 9%.82 699 2.9 75 9,91 9.8
121 12,49 11,47 12,87 10,11 12,61 10,15 12,28 11,01 12,61 1113 3.90 12,5
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Table 14. Age 6+ research vessel survey abundance index for Div.

by averaging results from Lanadian and USSR Surveys.

Lanada USSK Canaaa Mean
IR- Vs 6.9 Z.04 u.81 u,79 u.go
1973 6.9 1.80 0.?27 0.52 0.65
i9vy 3.3 2.91 0.39 U.g7 U.63
1980 4.8 1.39 0.37 0.41 0.49
19yl 2.9 5.2 0.34 1.57 U.9%8
19g2 10.8 2.48 1.28 0.74 1.01
1993 i6.3 - 1.92 - 1.9z
1934 13.5 (13.36) 1.59 - 1.59
LYgs (£5.9) 6.90 - 2,67 2.07
1986 249.1 6.93 2.89 2.08 2.47
1987 (5.2) (36.949) - - -
77-82,8¢6
AVerage 8.47 3.33

Data in parenthesis not included in averages.

Table 15. Relationship of Canadian survey age &+ numbers with cohort age 6+
_(average} abundance for the years 1977-§2,80-B6.

F=U.,1u F=u.19 F=u.gy F=uU.z9
Survey  —---mmmmmmem mkee e e -
Year Age bt ups. Kes Ubs. Kes. Ubs. Kes uUbs .
1977 2.4 9.4 =19.9 0.4 -12.1 D =-iu.& 5.U
1578 i1.80 7.8 -7.4 7.0 -6.6 6.6 -6.2 6.4
19/ 2.91 12.7 -1u.1 11.4 -7.3 1u.7 -b.U 0.3
1980 1.35 21.5 a.5 19.2 7.7 18.0 6.8 17.4
19yl D.13 Jo.Y -&.U 30.7¢ A 2 2.9 259.8
1982 2.34 40.8 21.0 '32.5 15.7 28.3 13.1 25.8
1983 - - - - - - - -
1984 13.36 - - - - - - -
198> b.YU oL.Y 1.4 F8.1 1.0 E1.3 u.r 27 .2
1986 6.93 53.2 2.7 37. 0.3 29.8 -0.8 25.1
19y 30 .94 - - - - - - -
R-Squared = 0.8%5 0.58 0.51 0,44
Slope = b.Ye 4,62 4.4/ 2.79
Intercept = 2.66 5.29 5.59 7.38

3ND cod derived
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Table 16é. Relationcship of USSR survey age &+ numbers with cohoert age &+
(average) abundance tor the years 1Y//-84,86,

F=U.1U
Survey  —-——m——m—mee—
Year Age bt ' Ubs. "Kes.,
1u/7s .Y 0.4 =-l9.4
1978 6.9 7.8 -1&6.4
1979 =S, 1z2.7¢ —2.1
1980 4.8 21.9 0.7
1ol 2. Sb.9 14.7
1982 10.8 40.8 8.2
-1 1 1.3 44 .9 1.9
1984 13.5 53.8 1.9
198D - - -
1986 24.1 33.3 -5.6
1997 -
R-Squared = 0.52
Slepe = 1.97
Intercept = 11.31

F=4.19
ubs. Kes
0.4 =159.1
7.0 -13.0
Li.4 -4.9
19.2 1.3
dU.7 15.2
32.5 7.0
a349. 7 £.3
40.7 11.7
37.6 -4.8
0.43
1.27
11.74

F=U.2U

Ubs, Kes

0.2 -13.<

6.6 -11.3
¢, 7 -4.3
18.0 1.7
27 . b 14.U
28.3 6.4
SU.U 2.9
34.1 9.7

F=U.2%

Ups Kes
= ~1leg.U
6.4 -10¢.3

10¢.3 -4,1

17.4 1.8

29.9 11.7

26.8 &.0

2b. D 2.7

30.2 8.4

25.1 -4.2

0.27
U.7e
12.07

Table 17. Relationship of CanadasUSSR survey age 6+ numbers with cohort age 6+
(average) abundance tor the years 1977/-8ob.

F=U.lyu
Survey — —me—e————————
Year Age bt Ubs. Kes
1977 U.gy 0.2 -1lb.2
1978 0.63 7.8 -11.2
1979 U.b3 12,7 -5H.4
1980 0.49 21.3 6.2
198l U.Y%e 36,4 0.7
1982 1.01 40.8 13.6
Lugd 1.92 44 .9 4.2
1984 1.59 53.8 12.3
1440 Z.ur bl.9 U.3
1986 2.47 . 53.3 -7.3
1987 - - -
R=Squared = 0.70
Slope = 23.0U
Intercept = 3.37

F=U.19
ubs. Kes
3.4 -l4.3
7.0 ~-9,4
11.4 ad-
19.2 5.2
sU./ 9.0
32.5 10.3
B4.7 ~-1l.1
40.7 2.9
S35.1 u.u
37.6 -&6.6
0.61
19,20
6.54

F=U L 2U

ubs., Res.
0.2 -11.7
6.6 -8.6
1.7 —4.2
18.0 4.7
27,0 H.d
28.3 9.0
29.06 ~-U.1l
34.1 8.2
4l.3 -u.l
29.8 -5.1

0.352

11 .49

7.81

F=U.z5
ubs. Res,
©.U -lu.g
6.4 -8.0
iu.3 -3.9
17,4 4.3
29.49 .0
26.5 g.1
26.9 0.5
30.2 7.2
27 .2 -u.1
25.1 -3.8
0.43
9,03
8.58
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Firshing Mortality

u.lu

U.15
11.4
19.2
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32.5
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ELECTIVITY COEFFICIENTS
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6.9
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Annual partial recruitment values for Div. 3Ng cod
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Table 17A. Average age 6+ population abundance (x 1000000) for cod in Div.
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150399

115244
44441
24428
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Table 19. Beginning of the year population numbers for cod in
Div. 3N@ from an analysis with terminal P = 0.20.
FOPULATION HUMEBERS
AGE | 1959 1941 1946 1566 1969 1970 171 1972
e e e e e o e e e e e e e e T T T e T T T T e E e T T ———
3 1 53690 33183 82163 210010 100515 12787¢ 60340 BA4ED 1130
4 1 93897 42 41872 13180 131853 47495 97313 43872 6BAOB
1 19833 45081 29838 53801 Bi7ia  G6SE0 43566 61845 7%
& 1 16314 11407 33333 24335 27434 24859 21939 2589§ 23218
71 12480 6359 17570 11432 7372 7960 9l8d 10417
B | 4172 4455 §393 o4 Je26 4146 4871 4516
91 288 71 a7 155 o INs 191G 8
10 1 38 1372 2053 FEC RN 0. S R U VA
111 24 1024 232 G446 444 401 103 363
1?4 KkS1 759 145 85 612 242 123 157
- e e i e e e e e e e AL e ey e et —_—
I+ b 209315 193457 203447 460614 153429 290574 260170 253601 200304
4 | 153624 140274 121383 290604 262910 142724 179830 189120 128175
St 1723 97864 79491 118424 {31058 95F22 82517 1G0248 69867
& 1 42192 33/B1 50633 34423 47242 18&4Y 38951 41403 41913
AGE | 1974 1575 1976 1931 1982 1983 1984 1963 1986 1987
e e e T T T T e e e e e e R e e AR A RS L i e s e e
30 37008 23195 27974 34031 23395 4BI6  5B51E 4443 95BS  cINV4
4 1 19630 24484 135497 20762 0L7 O IBR78 2¥07T 478LE 37567 767
3 1 16622 7314 12101 19106 16043 22008 148 22900 3511 28520
& 1 17361 374G 2941 18315 11287 11713 183G 10398 13136 24124
71 4215 4459 795 9318 13029 8328 Ba0r 11248 4174 813
§ | 3829 1416 B84 3234 5% 285 &1%4 3836 4929 5494
g1 1879 119 203 1186 215 a9 435% 4411 4073 4805
10 1 1138 147 Blt 807 1227 2214 4540 3294 o
11 727 20 239 583 459 735 1314 3235 249
12 1 484 3 5 i%7 3 1 5500 833 2305
__-..+ _______________________________ -
I+ | 103021 67334 43737 105064 102343 112612 142740 154024 121558 106633
44 | 48015 42957 15761 49033 79140 97 84322 109385 112073 33059
5+ 1 48335 19472 17211 48270 30081  TaP19  SI7A6 41727 74104 75352
6+ I 29713 11937 41l 33184 34016 34910 40875 38827 3753 4433



Table 20.
analysis with F

Avera

ge population biomass for cod

= (.20,
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POPULATION EFIOMASS {AVERAGE)

in Div. 3N@ from an

1971 1972

193110
173022
108339

89573

181520
161632
132799

734835

175864
144776

161934

115440 114083

90349

81108

1978

231503

201781 214487

113134

139229
38447

197

44279
33373
36344
12876
13837
6028
1208
461

74743
110079
73904
44639
13138
15267
5729
7901
10§82
487

979 5

agoza 49

53121

34102 34647 31636 38672 27899

21437

8741 10727 12

7241
4452
8113

940

2819499

40T
LoVl

139140
120734

198G 1061

359844
268675
187108
104829

352373
277474
167348

9344

1994

232531
178821
129626

80264

1735

28
1690
1747

231963 217020
197363
127084

21

15

24 8

141377

185412
0498 153222
103083

8151 76144

23300
18223
9287
8233
3324
1513
2504
439

-
a2

4%

47014
41114
26891
17404

i¢

29567
A W79
17042
3379
7304
2541
1031
1302

71793
358275

21234

13641
it
4586
1807

749
PEN:

231

Jaz

29182
21258
24112
41754
378
14170
7017
6284
1744
110§ 533

1362 100808
846403
29383
28761

134345
117%24
79924
a2439

174813
143631
123372

78251

41478
29745
17301
31055
21973

T i

182738
152445
137757

112095

11409
12453
5507

3292

218112
176234
146499
12716%

20190
35097
24068
17043
28973
2285
25075
32035

2494

5011

120931
200741
144682
140613

3359
33020
49321
20758
16203
Hes?
27100
oy
27199

4795

242348
238989
209970
156649

10354

557
31520
7110
10171
14494
28789
20309
15438

2391

209934
182059
162407
126891

202177
176823
171252
159732
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Table 21. Fishing mortality matrisc for cod in Div. 3N@ from an
analysis with terminal F = 0.20.

FISHIHG MOFTALITY

1959 1940 (06t 1947 1947 1964 1965 1946 1967 1948 LR4T 197G 1971 1571 1971 1974 1975 1976 197V

AGE |
..-.-..+ _______________________________________________________________________________________________________________________________________
31 04038 0,039 0,011 0,011 0.004 0.063 0,007 0,004 9.129 §.193 0.073 0,029 ¢.012 0,061 4,380 CLMT 0,032 G174 0,015
G 1 0,167 0,186 0,123 €.067 0,076 0,314 0,103 0,187 0,516 0,646 0,238 0,253 0,826 0,388 0,917 0763 0,505 0,376 04183
5 10,338 0,459 0,395 0,084 0,279 0 030,240 0,417 0,935 1,026 0,747 0,720 0,730 0,885 0,378 1.292 0,731 0,783 0,40/
6 | 0,516 0,356 0.705 0,144 O.LUE 0,105 0,511 0,767 0,907 1,124 0.700 0,649 0,482 1.020 0.827 1.163 1.348 0.U18 C.43
7 1 0,429 0.394 0,414 0.349 0,263 0,193 0.877 0,735 0.845 0 248 9, 3/u 0,517 0,531 0,948 0,382 0,890 1.418 0.347 4.597¢
& | 0,434 0,539 0.524 0,277 0,787 §.237 0.804 1.498 1.312 778 0,553 0,572 0,837 0,512 0,384 0,947 1.74% 0,237 4,582
¢ 1 0,342 0,325 6,350 G,424 0,885 0.357 0.363 0,851 0,254 1.446 0,631 0,431 0,340 0,201 D.444 G707 1,920 0,274 Q.690
10 1 0,362 0,294 0,172 6,303 0.886 ¢.473 1.768 2.240 0.176 0,210 0.506 0,369 0.27% (.241 0,264 1.048 1,725 0.337 O, 844
111 0,907 0,728 0,077 0,307 0,388 5,112 0.874 §,848 0,581 0,125 ,404 0,987 (,456 0,186 0,237 1,052 2,037 (.173 ©.782
12 | 0.417 0.438 0.436 0,343 0.509 0,274 0,784 0.883 0,947 0.353 0,449 0,522 0.588 €.723 0,394 0.522 1,947 9,342 0.578
aGE | 1978 1979 1780 1981 1%82 1983 1984 1%8% 1986 1987
310,022 6,003 6,012 0,015 6,015 0.030 0. 01 0,061 0,018 .02
4 | 0.136 0,123 0,064 0,056 0.u78 039 0,217 9,071 0.086 0,053
S 1 0,230 0,476 ¢.172 0,091 (. 118 0,100 0211t 0,354 §.714 0,133 -
6 | 0.221 0.430 0,182 0,141 0.104 0,221 0,171 0,748 0,437 0,138
710,182 0,394 (.17t 0.241 0,127 C,O%% 0,173 (.284 0,214 U200
g 10,186 0,202 0,132 0,795 0,322 (.147 0,137 0,143 04168 0,200
% 1 0,391 0,153 0,080 0 134 0,369 4,275 0,188 6,127 0,167 0200
10 1 0,285 0,163 0.0%9 4,12 9 0,741 0,241 0322 04135 0.145 0,200
111 0,222 0,100 0,093 0,202 0,347 0,202 0,151 C.548 0.13% {000
12 1 0,193 0.306 0,148 0,228 0,209 0,147 0,151 0,05 8,247 4,000



Table

- 44 -

22. Survey abundance for age 3 from Canadian and Soviet
research vessel surveys.

' Normalized
Canada USSR Canada USSR
Year Y/C Age 3 Age 3 Age 3 Age 3 Ave.
1977 1974 9.44 23.0 2.04 2.11 2.08
1978 1975 7.31 18.4 1.58 1.65 1.62
1979 1976 2.37 3.8 0.51 0.35 0.43
1980 1977 1.36 3.6 0.29 0.33 0.31
1981 1978 5.48 6.6 1.18 0.61 0.90
1982 1979 1.79 10.0 0.39 0.92 0.66
1983 1980 - 12.4 - 1.14 1.14
1984 1981 - 33.4 - 3.06 3.06
1985 1982 4.47 - 0.97 - 0.97
1986 1983 0.71 (12.4) 0.15 - 0.15
1987 1984 - - - -
1988 1985 2.22 0.48 - 0.48
= 0.77

1977-82

Ave. 4.625 10.90

Table 23. Relationship between survey age 3 and cohort age 3.

Survey Abundance

Cohort Numbers

Y/C (Age 3) (Age 3)
1974 2,08 41.3
1975 1.62 38.8
1976 0.43 20.0
1977 0.31 21.3
1978 0.90 29.8
1979 0.66 19.4
1980 1.14 30.3
1981 3.06 (55.9)
1982 0.97 (28.0)
1983 0.15 (17.1)
1984 - -
1985 0.48 (21.5)
r? .92
slope 13.32
intercept 15.12
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FIG 5, THE RELATIONSHIP OF USSR SURVEY ABUNDANCE AND COHORT

NUMBERS (MILLIONS) FOR AGES &+.




6+ COHORT ABUNDAHSE

EXPLOITADLE B IOMASS

- 47 -

I ¥ ’_J'\"
B4
’,.l
30 & ¥ B z
o IVRA - < &
25 o
207
¥ L
| 80 .
15 SLOPE = 44,38
T, INTERCEPT = 7.84
S I b R~SOUARED = 0.52
t
] % F= 0.20
5 A
0“ r L] R L Ll ¥ T v
0.0 0.3 06 09 4.2 4.8 LB 241 2.4 2.7

&+ SURVEY ABUNDANCE INDEX
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