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Nominal catch and catch at age

Cod catches from subdivision 3Ps since 1975 along with corresponding TAC'S are as

follows:

1975 1976 1977 1978 1979 1980 1981 1982 1983 1984
TAC ('000t) 62.4 47.5 32.6 25 25 28 30 33 KK] 25
Catch{ '000t) a5 37 32 27 33 38 39 34 38

Landings by all countries since 1959 are shown in Table 1, while those for Canada in 1983
by month and gear are in Table 2. During the period from 19593 to the mid 1970's catches were
mainly from the offshore otter trawl fishery {Fig. 1). Since 1977 only Canada and France have
prosecuted this fishery and because of restrictions on offshore allocations, inshore catches
have been making up the larger portion of the total. Catches by the major inshore gears over
the period 1964 to 1983 are shown in Figure 2. Catches by linetrawl have shown a general
increase 1n recent years while that for codtrap has declined. The catch at age for 1982 was
adjusted to a total catch by France of 6964 t as opposed to that used in the 1983 assessment
of 5170 t. Catch at age data for the commercial fishery in 1983 (Table 3) were obtained using

sampling data as shown in Table 4. An estimate of catch by France of 7000 t was obtained from
the Resource Management Division of DFO.

Age frequencies for the major gear components in the Canadian fishery in 1983 along with
estimated total catch at age with associates variances are shown in Table 3. Average weights
at age were obtained by applying a length weight relationship (Tog wt = log length x 3,0879 -
5.2106) to the length frequencies and age length keys. The calculated total catch weight was
found to be 2% lower than that reported. As indicated in Table 3 and Fig. 3, the 1978 year-
class was the most abundant in the commercial catch in 1983.

Survey Data

The estimates of biomass calculated from the stratified random research surveys are shown
in Table 5. It can be seen from this table that there are a number of strata that have not
been sampled consistently. Table & shows estimates of abundance with values for the
non-sampled strata estimated using analysis of variance of the 1n catch per tow. This
approach is similar te that of the multiplicative model developed by Gavaris {1980} for catch
rate standardization. The catches were adjusted to the age 4-14 catch using the mean catch
per standard tow (Table 7).

The model used is defined by:
In C4_]4 =pt [H + ¥4 L
This model takes the In catch as a function of some mean . with a strata effect (B }, & year
effect (y; } and an error term (c), To account for the varying levels of precision on the mean

catch per tow, each was weighted by the inverse of its 1n variance. The 1n variance was
estimated by:

* Subsequent to the preparation of this document for the June 1984 Meeting, some additional infor-

mation became available during the meeting. This resulted in the analysis given in the Appenrdix
(pages 23-27).




Tn (standard error) = In {mean + S.E.) - 1n {mean).

The age distribution of survey catches in 1983 and 84 (Fig. 3 and 4} cenfirm the strength

of the 1978 year-class. Abundance and biomass values were much lower in 1984 than that for
1983.

Catch-effort data

Catch rate data for Canada, France (STPM}, Spain and Portugal were analysed using a
multiplicative model {Gavaris, 1980). Data for 1959-81 were obtained from ICNAF/NAFO
Statistical Bulletins while data for 1982-83 were provided by the Statistics and Systems
Branch of the Dept. of Fisheries and Oceans Canada. Plots of the residuals indicated that the
data were less variable when values of catch and effort were higher. Estimated weights,
calculated according to Judge et al. (1980, p. 132), were applied in a weighted regression for
the multiplicative model. This procedure was effective in giving weight to data values with
large catch and effort. Data with less than 10 t catch and for 10 hr effori were excluded
from the analysis to reduce the possible effect of truncation and rounding errors.

A strong seasonal trend was once again indicated (Table B) with catch rates being highest
in the winter months. The annual catch rate indices (Table 9, Fig. 4) show an increasing
trend since 1977 to a level in 1982 similar to that in the early 70's. The high catch rate
value for 1983 was obtained using only Canadian otter trawl catch rate data. Catch rates from
this data set have shown an increasing trend in recent yers along with some large fluctuations
(Tabte 10). The reliability of catch rate data for a restricted (quota) fishery is aiso
questionable as the tendency to fish an allocation when catch rates are traditionally best
might introduce bias in a particular year.

The present catch rate series also includes data from France (STPM} 0T-5 where data
{catch/hr) were available (1978-79, 1981-82). In previous years this data series was not
considered long enough for inclusion into the multiplicative model.

Cohort analysis

Catch and weight at age data from the 1983 commercial fishery (Table 3} were added to
previously used matrices (Table 11), and these were used in a cohort analysis. Partial
recruitment estimates were obtained initially by iteration having first input the value used
in the most recent assessment (Bishop and Gavaris 1983} with fishing mortalities at age 14
(F4) similarly estimated as the fully recruited fishing mortality for ages 7-11. A partial
selection determined as appropriate for 1983 was derived as described in NAFQ Res.

Doc. B4/VI/50 {Gavaris and Bishop, 1984).

The method described provides an estimate of partial selection for each gear used in the
fishery. The selectivity for all gears was then obtained by weighting the individual gear
selectivities by the catch for that gear (Table 12).

Using this selectivity pattern and data previously described, cohort analyses were
obtained using values of fully recruited F ranging from 0,15 to 0.30.

In the most recent assessment, a suitable value for fully recruited F in the current year
(1982} was obtained using the relationship of exploitable 'offshore’ biomass to catch rate
indices. The 'offshore' biomass was obtained by multiplying the fishing mortality from the
total fishery by the proportion of the catch taken offshore for 1978-82 to obtain an offshore
fishing mortality. 'Offshore’' selectivities thus obtained were used to obtain an offshore
exploitable biomass.

In the current assessment this approach was considered to be less appropriate as a means
of cohort tuning. The rationale for an 'offshore' exploitable biomass approach was that the
fishing pattern had changed in recent years (mainly on inshore fishery since 1977) and that it
was not appropriate to determine a suitable value for the fuily recruited F by using the
relationship of exploitable biomass available to the total fishery with catch rate indices
from the offshore fishery.,

It is felt that while this concept has theoretical merit, there were sufficient changes
in catch rate data currently used, along with known data Inadequacies, to question its
appropriateness for the present analysis. The current data series uses France (STPM) catch
rate data (for which selectivity estimates were not available} as well as that for Can(M).
Analysis of 'offshore' selectivities for all years {1959-83) indicated that the change was
abrupt beginning in 1978 and that the values for 1983 were very Tow at age 6, It might also
be difficult to determine a precise selectivity pattern when catches by the gear are low as
the current case for otter trawl. Selectivities for any one year could be effected
substantially.
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For these reasons it was decided to use the relationship of catch rate indices to
exploitable biomass from the total fishery for the purposes of cohort tuning. Table 13
indicates the results obtained from cohorts at Ft = 0.15, 0,20, 0.25, and 0.30. Data were

used for the period 1961-83 because of the inconsistency of the 1959 and low catch rate valees
with populaticn biomass estimates.

|
The best'fit' of catch rate indices to exploitable biomass with respect to regression
parameters and predictability of values for 1981 to 83 was considered to be with an Fy between
0.20 and 0.25 (T?bTe 13).

The relatienship of survey mean number per tow {Age 4-14, Table 6) with cohort popujation
numbers {Age 4-14) was also used to determine a suitable fully recruited F in 1983.
Preliminary analysis indicated that the survey values for 1979 and 1981 were high and variable
and as such wereinot included in subsequent analyses. Also, the data values for 1973-80 were
cTustered (Fig. 6) such that the outlying 1972 value would be the main determinant in a
regression analysis. It was, therefore, decided to consider 2 regression line of mean number
per tow data from 1972 to 80 through the origin (no intercept) and subsequently determine a
Fywhich would estimate the 1982 and 83 population numbers closest to this regression line,
Table 14 shows the results of this analysis from cohorts at Fy = 0.15, 0.20, 0.25, and 0.30,

The relationship lbetween mean number per tow and population nimbers was best at F¢ between
0.20 and 0.25. i -

'
It was decided that the results from a cohort run at F, = 0.25 best 'fit' the data
available (Fig. 7). The relatively high catch rate value for 1983 may be overestimated and,
if so, would tend to produce a Tower value for fully recruited F. Tables 15, 16, and 17 show
the results in terms of population numbers, population biomass {average), and fishing

mortality of a cohort at Fy = 0.25.
1

Catchabilities over the period 1961-83 in terms ratio of catch rate indices to
exploitable biomass are indicated in Fig. 8.
I

Recruitment |
|

- From the relationships of mean number per tow at ages 2 and 3 (F, = 0.25) estimates of
the strengths of the 1973-81 year-classes were obtained (Table 18); Fyg. 9 and 10}. A
comparison of cohort recruitment estimates at age 3, by year, with the geometric mean of
cohort recruitmenF for the period 1959-82 is shown in Fig. 11.

[
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Table 1.
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Cod landings in metric tons from Subdivision 3Ps.

I

Can(N} France

Year Offshore Inshore Can{M) STPM M Spain  Portugal Other Total

1959 2,726 32,718 4,784 3,078 4,952 7,794 3,647 471 60,170
1960 1,780 40,059 5,095 3,634 2,460 17,223 262 2,123 72,636
1961 2,167 32,506 3,883 4,140 11,490 21,017 4,985 3,434 83,622
i962 1,176 29,888 1,474 2,241 4,138 10,289 1,873 1,560 52,639
1%63 1,099 30,447 31 1,757 324 10,826 209 5,058 50,051
1964 2,161 23,887 370 2,097 2,777 15,217 169 7,268 53,956
1965 2,459 25,902 1,203 2,570 1,781 13,404 - 4,081 51,400
1966 5,473 23,785 583 3,207 4,607 23,678 519 3,897 65,749
1967 3,861 26,331 1,258 2,244 3,204 20,852 980 3,663 62,393
1968 6,536 22,940 585 1,880 1,126 26,868 8 18,274 17,217
1969 4,269 20,009 849 2,477 15 28,141 57 7,286 63,103
1970 4,649 23,411 2,166 1,970 3% 35,750 143 8,037 76,161
1971 8,657 26,651 731 1,651 2,730 19,169 81 4,297 63,967
1972 3,323 19,276 252 1,436 - 18,550 109 1,379 44,325
1973 3,107 21,349 181 1,165 - 19,952 1,180 5,707 52,641
1974 3,770 15,999 657 948 5,366 14,937 1,246 3,783 46,706
1975 741 14,332 122 775 3,549 12,234 1,350 2,270 35,373
1976 2,013 20,978 317 904 1,501 9,236 177 2,007 37,133
1977 3,333 23,755 2,171 1,262 1,734 32,245
1978 2,082 19,560 700 1,974 2,860 45 27,221
1979 2,381 23,413 863 4,289 2,060 33,006
1980 2,809 29,427 715 1,936 2,681 37,568
1981 2,690 26,075 2,321 4,101 3,706 38,905
1952 2,648 20,886 2,945 4,780 2,184 33,443
1983 2,141 23,495 2,578 7,000 35,214

Téble 2. Canadian cod landings in 1983 (t) from NAFO Subdivision 3Ps, by month

and gear.
Can(N) Gan(M)

Month oT? Trap GN 1L HL o1 LL
January 362 51 637 9 426
February 49 76 865 5 200 14
March 451 97 1,064 14 97 - 14
April 63 56 308 597 29 80 3
May 91 443 787 705 269 226 539
June 51 2,218 1,796 1,298 678 402 348
July 10 921 2,065 660 357 1 97
August 40 2 443 1,377 722 1 90
September 515 121 1,939 329 3 :
Oc tober 263 1 76 1,318 98 8 28
November 200 42 524 25
December a6 1 100 358 14 1

2,141 3,642 5,962 11,342 2,549 1,445 1,133

31 nciudes pajr trawl (52 t} and Danish seine {10 t}.
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Total -
Can.

GN Trap HL

LT

, by gear, from the Canadian fishery in Subdivision 3Ps
Can,

during 1983, along with an estimate of catch at age for the total fishery.

o7

Cod catch at age
Can.

Table 3.
Age
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Table 4.

Commercial sampling for NAFO Subdivisions 3Ps cod in 1983

—rr

No. Landings tons
Quarter Gear Country MNo. aged Month measured WDWTW%F'—W‘
1 0t Can N 184 Jan. 415 362 788
Mar. 655 451 548
Other 249
Can N (Qtr. .2} 913
LT Can N 729 Jan. 4,465 637 637
Feb. 5,526 865 879
2 LT Can N Mar. 6,260 1,064 1,064
Apr. 1,026 597 597
May 6,755 705 705
Can M 1,452 May 233 539 556
Trap Can N May 972 443 499
GN May 3,747 787 1,319
HL May 611 269 326
: ' 5,000
3 0t Can N 307 Sept. 1,252 515 665
Can M 5
U
LT Can N'] June 4,412 1,298 1,298
Can N July 889 660 660
Can N Aug. 4,247 1,377 1,377
: Can M June 446 348 563
Trap Can N 775 June 4,504 2,218 2,218
can N r July 323 921 925
GN Can N June 4,268 1,796 .
€an N July 1,098 2,065 4,643

HL Can N June 241 678

Can N | Aug. . 1,748 722 2,223
4 oT can N 307 oct. 313 263 509
Can M 9
518
LT Can N Sept. . 9,031 1,939 1,939
Can N 1,142 Oct. 4,048 1,318 1,318
Can N Nov. 4,844 524 882
T, 135
Totals 4,589 72,329 28,214
Estimated catch by France 7,000

Auarter 3 and 4 ALK.

TR ot g g W T




Table 5.

Cod biomss {MT} fram stratified randan cruises in Subdivision 3ps.

[epth

1974 1975

Range(An. )} Strata Area 1972 1973 1976 1977 1978 1979 1980 1981 1982 1983
0-30 314 974 0 - 1328 - 2357 249 0 - 432 39 2028 13103
320 1320 - 729 - -~ 1338 - - - 2946 23087 1920 5618
TUTAL 0 729 1328 - %92 29 0 - 338 Z
31-20 Riv:) 112 - 181 29 b 193 Tl 1T V< S IV R L | 765
312 272 210 - 243 355 456 1047 kX4 151 - 165 766 524
315 827 1480 0 592 1747 1550 - 1836 238 0 528 2451
321 1189 1917 0 - - 1742 - 203 - 1880 1419 2845 2419
325 944 - - - - 2 - 180 820 28 1109 85 294
3% 166 - - - - - - 0 2 3 0 54 326
10T 30/ 181 M4 — 530 4140 2905 A5 A0 7% 298 468 6/%0
K} ki) 3885 590 2432 763 627 411 154 1106 3792 761 1943 32%
37 193 101 286 589 164 551 49 - 368 536 268 1582 3685
319 984 4604 662 478 a8 3102 2493 - 10637 1652 15068 3m48 3799
322 1567 - - - - 5l83 - 49 14 2599 26 3705 4932
323 696 736 - - - 368 631 1652 - 775 491 1215 858
324 4 - - - - 8 - - 29 0 - 430 618
TOIAL 8L 7T RIS 209 10%0 Soup  oiY 1behy ML 30837 IRABL TR0
101-]51 306 415 - - 376 719 Z14 1ol ale 710457 L T2 TAT
309 2% 662 975 479 311 178 192 103 1558 863 2983 838 926
310 170 1008 191 377 2183 - 0 154 119 0 817 608 134
313 165 37l 29 144 242 142 a1 50 1036 127 445 283 74
316 18% 271 937 63 58 77 17 - 65 61 25 - 207
318 123 173 11 4 0 0 6 - 3% 790 - 13 11
TOIAL P A LS IR G ) K bil - 417 /23 322 63 T 6T 202
151-200 0 I% - - b O g e T 91 /4 I3I0 e -l
706 a76 - R - - 76 - G B27 34 230 - 32
707 93 - - 5 0 1] 228 - 326 1%0 - - 7
715 132 - - - i 1 3t 142 32 499 168 154 338
716 539 - - - - - 9@ 781 303 248 1608 168 147
TOTAL ol 1 1 487 54 A W% IF0 34 bol
2U1=300 4] il - - - U - 11 - 177 36335 - - v
711 961 - - - - - - - 1113 0 0 7
712 973 - - - - - - - 977 282 259 353 0
713 950 - - - 0 - - - - 0 850 0 36
714 1195 - - - - - - - - 0 161 0 163
TR - - - U - il - 9254 608 1270 B3 b
jotal Area per Depth Range
0-30 i - 3378 23456 3948 18721
31-50 3510 2034 2386 2998 4768 6780
51-100 4646 16259 11117 30337 15451 18040
101-150 1362 3524 2298 693 W76 2602
151-200 1435 1428 2438 33w 74 551
201-300 419% 9254 6028 1270 353 206
TOTAL 3339 7764y o83/q TN 46000

TN g g o g e
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Table 8. Regression coefficients for grouped categories and tﬁe analysis
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of variance from the regression on in catch rate far cod in Subdivision 3Ps

from 1959-83.

Country = Gear
Can M 0t 4
Can M 0T 5
France{STPM} OT 5
Portugal 0T 6
Spain PT 4
Spain PT &
Can N or 4
Can N 0T 5
Spain oT 6
Spain PT §

In_power Month
0.000 January
February
March
0.500
April
December
-0,377 - May
November
-0,245
June
0.136 September
October
0.869
July
August

FEEGREISION OF MULTIFLICATIVE MODEL

MULTIFLE R, .,
MULTIFLE R SRUARED

AMHALTSIS

SOURCE DF
YARIATION

THTERCEFRT

FEGRESSTION

TrRE 1
TYFE 2
"vFE 3

FESTOUALS

TOTL,

‘e

e 5,882

e 002465

OF VARTAMNCOE

SUMS OF ME A
nF SRUARES SRUARES
1 2.7986E1 2.796%F]
34 1.537E2 4.52489
o 8.564F1 1.713]

3 2,81181 S.622EQ

24 5.338%1 2.224€0
594 1.772E2 2.546E71
731 3,990E2

R g g g W g e

1n power

0.000
-0.093
-0.252
-0.393
~0.488

-0.565
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FrROF,

TOTHAL
CATCH

Mean catch rate indices of cod in Subdivision 3Ps for the years

The proportion of total catch which was used in the analysis

for each year is indicated.
Ak

Table 9,
1959-83.
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Table 10.
Year
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
i982
1983

B . L

\
\
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Table 11. Catch and weight at age data for
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CATCH aT agE

1966 1967

Subdivision 3Ps cod.

) ST VR i
13940 5494 93984
7905 23704 10337
7265 &714 13960
1873 J47s 3616
P42 2434 4460
12521020 iB4%
1266 837 137
831 406 448
My 7 245
4 281 580

4 27 B

#4¢ 2871
13662 10913
13045 12900

$H o 6I%2
311¢ 2349

1586 i34
1833 &M
103 318
317 B
389 73
9
2 3

L &1 178

1 1 771
3 &7 12 &2

107 110 14 37

3+ | 39080 46411
38279 45844 44757
24339 40148 39167
16814 14644 28B1C

1974 1373 1978

o Crd P D~ D0 ) O LA S Bt

et g

19554
12442

1978

39032 J4B1T 41711 38442
37867 14039 40957 35778
25287 24944 10843 29134
12152 15336 19927 20740

1983

1987 1840 4110
6042 7329 1213%
e 539 M3
b3b0 4341 2073

149 11 140

38 105 S

49 174 17
80 52 2
32 6 4
i 2 3

at)
4308
3371
4203
1751

243

el FIr— 2~ O~ B N o G

[

o Lol F e G ) OO e O G Ex G

[

I30743 27232 29083
20956 25392 24975
22814 18063 12834
12627 12666 4913

1959 1940 1961

18340 18372
17540 1B2£2
14775 13183
11911 9047

WEIGHT AT AGE

18889
18099
15505
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1367 1968 1969 1970 1871 1972 1973
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Table 12. Average partial selection patterns from the different gears in
Subdivision 3Ps cod fishery using catch at age by the gear and fishing
mortalities from a cohort at Fy = 0.25.

e e r—— — .

Age Otter trawl Codtrap Gillnet Linetrawl Handline Weighted
(1978-81) {1977-80) (1978-81) (1977-80) (1978-81) average

3 .005 .05 -015 .05 02
4 .05 .75 005 .13 40 .25
5 .25 1.00 .10 .45 1.00 .60
6 .10 40 .45 .60 .90 .74
7 1.00 .10 .95 .85 75 1.00
8 1.00 .05 1.00 1.00 .65 1.00
9 .60 1.00 1.00 .35 1.00
10 .50 ' 1.00 1.00 .35 1.00
11 .50 1.00 1.00 .30 1.00
12 .50 1,00 1.00 .30 1.00
13 .50 1.00 1.00 .30 1.00
i4 .50 1.00 1.00 .30 1.00
Landings 3,586 3,642 5,962 12,475 2,549

{83)

Table 13. Relationship of standard CPUL indices with exploitable biomass for
Subdivision 3Ps cod from cohort analyses at a range of fully recruited
fishing mortalities. Residuals {observed-calculated) are indicated for
recent years.

—— — —_—

0.156 .20 .25 -30
Year CPUE Observed Restduals U, R. . K. 0. K.
1961 1.037 134
1962 827 134
1963 1.010 132
1964 915 118
1965 .953 105
1966 1.073 99
1967 895 115
1968 1.095 112
1969. 1.079 100
1970 913 110
1971 .889 92
1972 715 70
1973 640 69
1974 .493 53 . C
1975 .509 35 -24.0 35 -25.0 34 -25.9 34 -26.4
1976 .508 60 1.09 59 -0.8 57 -2.9 5 -3.6
1977 479 77 . 22.0 75 18.3 72 15,5 71 13.9
1978 £1i6 55 -43.9 53 -41.4 50 -40.9 49 -39.8
1979 .655 80 1.9 75 -1.7 70 -4.4 68 -5.8
1980 511 90 31.3 81 21.3 75 .15.2 72 11.2
1981 .762 118 25.7 100 12.0 89 3.7 82 -1.7
1982 -860 124 19.2 99 0.1 84 -11.5 74 -19.2
1983 1.341 227 58.5 171 17.6 136 -1.7 114 24.1
Intercept -8.76 - 2.98 8.30 12.99
S1ope 132.29 . 111.85 101.14 92.96
R2 0.610 0.664 0.628 0.556

Pt it . W e e b gy e M



Table 14.
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Relationship of weighted mean number per tow {ages 4-14) t
population numbers (ages 4-14). P J ) to

v r————
ey

Years in
Fe regression Slope Di fference
0.15 1972-83 13,864 2197
1972-80 11,667
0.20 1972-83 11,934 645
1972-80 11,289
0.25 1972-83 10,760 =272
1972-80 11,032
0.30 1972-83 9,989 -892
1972-80 10,881
Table 15. Population numbers {x 10“3) of Subdivision 3Ps cod from a
cohort analysis at Fy=0.25.
FOFULATICH NUMBERS
asE | 195F 1540 1941 1962 193 (984 1945 1966 1987 1942 1949 1970 1971
——apee
301 SIBE 59240 SOPAT  AB47L 42957 70820 30985 94419 9B4B4 70185 G434T  ISEi4 60221
41107064 47715 48005 41307 13722 14300 54274 44211 6BZSE  VB0JS  G6430 43794 193am
S 1 35820 75043 34093 249 27708 27830 B4R 37354 40010 44010 52497 39778 18514
§ | 24204 2251p 29992 BS54 19B94  1628P 17524 13450 16741 219 25795 32490 208EL
70 18770 13M5 12361 1800 11079 11515 8&34 11082 481 9577 10l 14614 17747
B ! 5§12 8910 Jav9 849 9813 &/BA 4743 4125 444 J473 0 4609 5787 6199
§ o0 4041 3905 4L42 2048 4370 5292 3852 3678 1342 2402 1660 D183 2814
DU VB ¥ L B 5 S 978 2266 D822 2052 135D 1043 1479 A3 1127
11} 3al 1683 1031 418 890 536 1474 1212 740 B 470 585 333
12 1180 M6 1011 442 Xy 5% 1312 1075 s M) 42 12 293
131 154 473 1418 589 218 186 193 47 528 144 14 278 200
1 0 g6 131 818 IS 96 103 48 § X w S b1
Ie | 251043 237047 203304 174186 1572 174810 201404 220762 242090 I3IN0 210219 175599 184360
¢+ | 201857 17B1B2 152340 123495 1143B5 105974 120471 138343 143805 143514 155873 140485 104339
S+ 1 94597 130446 108355 BAIPY 75884 7i676 84147 JAL3L 75347 BE47Y 9444 9AET1 77948
& 1 SE772 55421 70282 4944 47955 404 41499 34777 IS137 IP44B 46§37 56713 49413
740 1456 12905 30270 31403 2B0AL 27779 23975 2INE 14374 18200 111727 43 28532
BGE | 4972 1973 1974 1975 1976 1977 1978 1979 i19g0 1981 1982 1983
T 1 35484 31374 4218 57153 59846 79505 A905 27054 49S42 104079 57750 174748
4 | A44F5 31475 24B32  I379 45128 45295 44329 14112 20015 40292 BSY4s 47189
S ) 17415 33758 2475 14843 20531 25964 2BB0O 48770 S7B4 16337 J04Bs 45771
& 1 15587 10104 17336 BOY  7aB6  94AZ 13724 1701 31083 16499 10948 210W
71 10521 9547 4a44 BAJA 3002 1364 49%0 7433 10375 17807 %a90 7173
B 1 7110 4% 4178 1504 1597 1293 1922 2485 3744 4688 99&7  5I%4
vl 2M2 Iy 651 1240 OS2 BS9 701 913 k8 1780 245 5355
101 206 lgB2 987 32 342 M4 4kt 354 490 482 94l iDL
1 L S ek SR ./ B ] 160 232 177 A9 ¢ W7 I 50
12 1 195 L&y 0% 119 105 116 139 LI v B 1<I: B s WS 1
13 1 127 34 9 17 50 47 5¢ 90 15 b i 109
19 I 108 &0 32 3 8 37 7 2% &4 2 33 L
31 140837 126037 118510 124353 133674 146820 157234 40006 144501 004986 2068601 329059
4+ | 101340 4458 75901 49200 78B0E  B7216 115120 113152 9532 POP06 151047 154310
St 1 54545 42983 51089 44020  II4BD 41920 S09v9 79040 73346 SBALL 65096 107121
6+ | 17230 29225 29394 21138 1147 15956 22200 J0270 47962 42078 34610 41350
7+ 1 21443 19121 12058 12449 5B4Y 4315 B474 11589 L6480 2557%  D23beZ 20112

TR g et T g e W g o
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Table 16. Mid-year (average) population biomass (t x 10-3) of Subdivision
3Ps cod from a cohort analysis at Fy=0.25.

FOPULATION RIOMASS (AVERAGE}

1959 1960 1941 1962 1943 1944 U965 1966 1947 1948 198F 170 197t

;

"

Pool493S 14962 12847 12182 YA 17718 20217 21295 4802 17456 13éB6  B9i0  148ER
| 42174 37961 28111 247 22477 17430 31BS7 35382 JB91Y  M44F  J2ERB 24570 15494
| 30949 0147 27575 29339 23202 23972 19141 29159 32108 37721 AR08 31467 23116
| 30539 20451 A&T7 24345 25746 20246 TILIB 14427 22945 D294 33054 40979 23391
[ 39134 34533 22405 I24B6 21014 21430 14450  {743F 11932 16302 20042 ZISED 27928
!l 15396 1998% (3752 L7710 23502 14830 14258 9308 [0ASt 7883 10421 12604 12450
i
i
!
1
!

12351 12372 11294 5948 {4379 15589 11719 9530 5930 780 43n AN4Y M2
19504 7797 B458 6395 734 11047 9283 4534 G410 MG 4771 23t Q48
18097 7952 M%7 /92 M33 17M §156 4950 270 3801 2184 W73 1503
5412 13984 G483 ¥ 1977 &ML 576 SIB& 9% 1245 2962 1815 1390

e

t3 241 M4y 2 3737 LM 13 837 168 3285 2487 324 1300 1200
1 ¢ 589 805 S6HF 19 468 a7 288 44 (940 1748 204 896
3+ ] 232432 220847 168986 145807 155040 152133 157038 155670 161354 172236 171993 157215 134298

]
| 217697 205885 178119 153625 144249 134416 138801 134573 §34952 154579 158307 148305 119410
5+ | 159523 177924 4800E 130128 121592 114946 104944 99193 98032 110130 125449 123735 103914
124574 117779 120473 101589 98390 90995 85783 70030 637l 72M0%  BQ4dl 92048 80798

| F4335 89326 7RIS A7 72844 20748 42186 53407  A2FBE  4SLIT 473e8 51088 SH407

AGE | 1972 1973 1974 1979 197 1977 1978 1979 19E0 1M1 PR 1983

11 2924 7831 10555 14253 14423 39433 17080 10024 23274 45917 23531 GLéAC

4 1 27515 15188 13402 18183 23921 2477¢ 39334 19340 1385 27777 QB0&T 34863

© ) 14504 26413 15358 11473 15960 24957 25240 39657 21501 17887 29933 73694

&1 20700 11800 20757 902 8925 13136 17953 23519 39561 2302% 13891 35078

7 1 14912 (5592 4484 §BIY 4887 5877 B772 13N7 17947 3i16Y 17308 14902

g 1 119 p040 B934 306 B2 3308 4052 6511 9510 11204  213B0 14141

? 1 430 2048 3295 3915 1892 187 W83 1A 4991 5740 709t 14256

10 | 2870 3554 Joi1 1358 1442 1245 1448 1813 an 2919 3688 5343

11 1873 1185 1437 1147 B24 1074 820 1153 1225 1723 1769 220

1701 770 621 2 9% 394 aa? 811 488 208 875 1188 1453

13 2 337 113 75 kLY 87 7 723 289 398 492 883

141 t76 359 177 14 53 07 148 2% 424 143 278 425

.---+ ________

3+ 1 119053 103191 84083 7M1 74458 113741 118040 120096 138141 168774 180417 291572

4+ 1 109179  §5358 7350% SB148 51B30 79308 101017 110072 114847 122838 157083 199912

S+ ) BEAl4 27170 40507 39985 17909 54538 41683 90732 101082 95080 990iB 145048

&+ 1 47110 HOBST 44750 20506 2234% 29580 34423 51075 77981 7MY 69085 YIS

7+ 1 46410 38757 23993 19480 13824 14444  iB470 27556  J7920  S4if4  GI1T4 54097

Table 17. Fishing mortalities for Subdivision 3Ps cod from a cohort
analysis at F;=0.25.
FISHING WORTALITY

AGE | {959 1960 ERAL 1TAY 1943 L1944 1955 196 1RE7 1948 1959 1970 1971 1§72 1973 19
310,015 0,001 0,01¢ 0,029 0,025 0.03¢ 0.032 ©.013 0,033 0,018 0.016 0,024 0.054 0,071 (.034 0,050
3 1 0,155 0.13¢ 0,138 0.179 0,137 0,29 9,210 0.24B 0.194 0.197 0,150 0,229 0,289 0.124 C.179 0.313
S 1 0.254 0.47% 0,409 0.343 0,337 0,255 0.329 0.4B9 0,438 0.779 0,280 0.444 (.404 Q.34 0,486 €.710
b1 0,403 0,400 0.582 3,215 0,347 0.434 0,258 0.477 0.472 0.363 0.148 0.404 0.4B5 .290 0,377 0.520
710,407 0.343 0,390 0,423 0.2%0 0.332 0.33% 0.714 §.477 0.53] 0,538 0.630 0.716 0.481 0.627 0.9
B 10,97 0.566 1.114 0,249 0417 0,366 0,409 0,533 C.415 0.3 0 433 0,817 0.327 6791 Q.

9 3 0,419 0.34) 0,480 0.549 0.259 0.502 0.430 CG.BOC 0.421 0,291 0.74% 9.441 0.B21 0.527 1.04B 1.48¢
10 ! 0,517 0.545 1.104 0.458 0.401 0,302 0.572 0.820 £.299 0.598 0.774 0.45% 0,734 0.832 Q.746 0.92%
o1 0.1 0,310 0.447 9.407 §.195 1.199 0.243 0.536 0,538 0.355 0.155 0.438 0,332 0.740 0 '
12 1 0.7t4 0,205 0.342 0.431 0.393 0,933 0.839 0.911 ¢.223 0.632 0.330 0,299 0,437 1.083 1, '
13 10,379 1.083 0,482 0.293 0.4%% (.37 1.199 1.406 0.374 (u016 1.04% 0.657 0.41% 0541 0,337 .37
14 10,370 0,420 0,460 0,390 0.330 0,370 (.480 0,700 0.430 0,500 0,570 0,430 ¢,75¢ 0.510 0.740 ©.B80
AGE | 1975 19746 1977 1978 1979 1980 E9A1 1982 1983

Tt 0,036 0,079 0.013 0.005 0,004 0,007 0,010 0.002 0.005

4 1 0,280 9.233 0,253 0,077 0,080 ¢.084 0,079 0,040 9,043

S ! 0,517 0,554 0.438 £.232 0,250 0.246 €.212 0.142 0.148

£ 1 0,859 0,977 ¢,459 0,413 0,370 0.351 9.332 4.223 0,165

71 1i4e4 00849 0,360 0.505 €.488 0.417 0,386 0,388 0.2 50

8 1 0,738 ¢,420 3,412 0,544 0. 505 0.943 0,443 0.421 0.250

F 01 4,424 0,312 0,417 0,497 0.421 0,391 0,438 0,403 0,230
100 0,483 G.1EE D.446 .59 0, 2% 0.267 ¢.401 0.429 0.230
oL 0,914 0,125 0,316 0.442 0.293 0.324 0,386 0.359 0,230
121 0.083 9,249 0.557 0.232 0,321 0,457 0,385 0.248 0,290
131 0,513 0,993 0.713 0,469 0,145 0,622 0,511 {.285 0,230
14 1 1,300 0,520 0.39C C. 20 0.48¢ 0,340 0,400 0.410 G.250,

R P R L
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Table 18. Relationship of survey mean numbers per tow at ages 2 and 3 with cohort

numbers at age (Fy=0.25) for cod in Subdivision 3Ps.

e et e e R R NN ——
e e e ———————— . e

Predicted cohort

Age Cohort Age 3 from survey age
No. at age

Year class 2 3 3 (x103} T2 3 Ave,
1982 0.25 37
1981 0.62 .39 42 28 35
1980 2.60 1.35 64 4 52.5
1975 0.73 1.33 58
1978 6.09 4.20 106
1977 0.60 1.79 50
1976 0.47 .89 27
1975 0.30 .70 42
1974 3.14 3.82 80
1973 1.33 .2.05 . 60
1972 3.3 3.75 57
1971 -1.40 3.27 43
1970 1.04 1.64 N
1969 1.83 39
rl .76 54
int 34.7 22.9

slope - 1A 13.5
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FIG. 1. TOTAL CATCH OF 3PS COD BY ALL COUNTRIES ALONG WiTH CANADIAN CATCHES FOR 1959-1983
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Fig. 3. Proportions at age and by year clsss from the commercial fishery
and a research vessel cruise for cod in Subdivision 3Ps during 1983.
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Fig. 4. Proportion of cod at age, and by year class from a research’
cruise in Subdfvision 3Ps during 1984.
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POPULATION NUMBERS VS ABUNDANCE
160, 000
P
0 _
P 140, 000
u
L
A
T 120,000F
I
0
N
N 100,000
u
M
£
S
60, 000}
40,000“ L 1 1 1 I |
4.00 6.00 8.00 10.00 12.00 14.00 16.00
ABUNDANCE

Fig. 6. Relationship of population numbers (ages 4-14) from a cohort at F.=0.25 with abundance
estimates for research vessel surveys.
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Fig. 7. Relationship of cohort expleitable biomass (Ft=°'25) with standard CPUE for the period
1961-83 for Subdivision 3Ps cod.
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APPENDIX

Further Assessment of the Cod Stock in Subdivision 3Ps

Catch information for 1983 provided during the June 1984 NAFO
Scientific Council meeting was incTuded with that previously used and 1s shown
in Table 1. The existing catch at a?e matrix was adjusted to include sampling
data available from French catches (Table 2).

A cohort analysis having a fully recruited fishing mortality of
0.25 was considered appro?riate to the fishery in 1983. The results of this
analysis in terms of population numbers, midyear population biomass, and
fishing mortality are shown in Tables 3-5.

Table 6 shows the results of regression analysis of total
exploitable biomass and catch rate index for a range of values of fully .
recruited fishing mortality. Fiﬁure 1 shows the results of this relationship
from a cohort having F,=0.25. The relationship of the combined (French and
Canadian) survey mean humber per tow estimates {age 4+)} with cohort age
4+abundance (Ft=0.20) is shown in Figure 2

Table 1. Cod landings in metric tons from Subdivision 3Ps.

Can(N} . France e

Year Offshore Inshore Can{M) STPM M Spain  Portugal Other Totatl

1959 2,726 32,718 4,784 3,078 4,952 7,794 3,647 471 -60,170
1960 1,780 40,059 5,095 3,634 2,460 17,223 262 2,123 72,636
1961 2,167 32,506 3,883 4,140 11,490 21,017 4,985 3,434 83,622
1962 1,176 29,888 1,474 2,241 4,138 10,289 1,873 1,560 52,639
1963 1,099 30,447 331 1,757 324 10,826 209 5,058 50,051
1964 2,161 23,887 370 2,097 2,777 15,217 169 7,268 53,956
1965 2,459 25,902 1,203 2,570 1,781 13,404 - 4,081 51,400
1966 5,473 23,785 583 3,207 4,607 23,678 519 3,897 65,749
1967 3,861 26,331 1,258 2,244 3,204 20,852 980 3,663 62,393

1968 6,536 22,540 585 1,880 1,126 26,868 8 18,274 77,217
1969 4,269 20,009 849 2,477 15 28,141 57 7,286 63,103
1970 4,649 23,411 2,166 1,970 35 135,750 143 8,037 76,161

1971 8,657 26,651 731 1,681 2,730 19,169 81 4,297 63,967
1972 3,323 19,276 252 1,436 - 18,550 109 1,379 44,325
1973 3,107 21,349 181 1,165 - 19,952 1,180 5,707 52,641
1974 3,770 15,999 657 948 5,366 14,937 1,246 3,783 46,706
1975 741 14,332 122 775 3,549 12,234 1,350 2,270 35,373
1976 2,013 20,978 317 904 1,501 9,236 177 2,007 37,133

1977 3,333 23,755 2,171 1,252 1,734 32,245
1878 2,082 19,560 700 1,974 2,860 ’ 45 27,221
1979 2,381 23,413 863 4,288 2,060 33,006
1980 2,809 29,427 715 1,936 2,681 37,568
1981 2,690 26,076 2,321 4,101 3,706 38,905
1982 2,648 20,886 2,945 4,780 2,184 -33,443

1983 2,141 23,495 2,518 A4 5,372 38,064
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Table 6. Results of regressions used for tuning cohort.

Fr 0.20 0.25 0.30

Total exploitable biomass vs catch rate index

Slope 118,476 103,117 92,872
Intercept -2,030 7,481 13,824
R? 0.68 0.63 0.55
81 residual 396 -6,261 -10,704
82 residual -27,064 -34,895 -40,135
83 residual 30,051 3,958 -13,437

EXPLOITABLE BIOMASS CAVERAGEY VS CATCH RATE INDEX
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Fig. 1. Relationship of cohort exploitable biomass (Fy = 0.25) with standard CPUE for the period 1961-83
for Subdivision 3Ps cod. .
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POPULATION NUMBERS VS 4+ SURVEY ABUNDANCE
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