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ABSTRACT

Provisional nominal catches for 1982 were 58,181 t, slightly below the
60,000 t TAC but significantly down from the previous year (65,177 t). Research
vessel population estimates are lower in 1982 than in 1981 but still higher than
the values for 1971 to 1980. Standardized commercial catch rates have increased
regularly since 1976 and the 1982 values is the highest observed since 1968.
Commercial sampling of gillnet catches in 1982 was poor and this may be the
reason for a relative absence of ages 8 and older cod in the catch compared to
1981. Partial recruitments were adjusted to take this fact into account and SPA
was calibrated with the standardized catch rate and the research vessel survey
population estimates. Best agreement was found for Fy = 0.275. Fishing at
Fg.1 = 0.2 in 1983 and 1984 would give catches of 59,000 t and 68,000 t
respectively. If the TAC is caught (62,000 t), the 1984 Fg i catch would
be 67,000 t.

RESUME

Les données préliminaires indiquent des captures nominales de 58 181 t
en 1982, légdrement en-dessous du TPA de 60 000 t. Toutefols, les captures de
1982 sont significativement plus faibles que celles de 1981 (65 177 t). Les
effectifs estimés 3 1'aide des navires de recherche sont plus faibles emn 1982
qu'en 1981 mais ils sont quand-méme plus &levés que les valeurs de 1971 & 1980.
Le taux de capture standardisé de bateau commerciaux a augmenté réguliérement
depuis 1976 et la valeur pour 1982 et la plus haute enregistrée depuis 1968.
L'&chantillonnage commercial des captures des filets maillants a &t& trés limité
en 1982. C'est peut-@tre la raison de 1'absence relative des groupes d'dges de
8 ans et plus dans la capture comparé 3 1981. Les recrutements partiels ont &té
ajusté en conséquence. L'ASP a &té calibrée 3 1'aide du taux de capture
standardisé et des estimés des effectifs par navire de recherche. Les meilleurs
résultats ont &té obtenus 3 Fy = 0,275. Si on péche 3 Fg ; = 0,2 en
1983 et 1984, les captures seront respectivement de 59 000 et 68 000 t. Si le
TPA est atteint en 1983 (62 000 t), les capturés a Fo,1 en 1984 seraient

de 67 000 t.



NOMINAL CATCHES

Since 1950, nominal catches of cod in NAFO Division 4T and Subdivision
4Vn (Jan.—-Apr.) have fluctuated between 105 000 t in 1956 and 22 000 t in 1977
(table 1 and figure 1). The catches increased from nearly 35 000 t in 1951 to
almost 105 000 t in 1956 and then declined to a level between 60 000 and
70 000 t for the period 1959 to 1965. The yield remained below 50 000 t from
1967 to 1969 and then oscillated between 56 000 t and 65 000 until 1972.
Thereafter, the catches decreased steadily to 22 000 t in 1977. Nominal
catches have increased more or less regularly since then to 65 000 t in 1981
but decreased slightly to 58 181 t in 1982.

In the mid to late sixties, most of the catch was taken from June to
September (table 2, figure 2) but from 1967 to 1974 the catches 1in January to
April became progressively more important. In 1974 and 1976, close to 60%Z of
the catches were taken in January to April, mostly in NAFO Subdivision 4Vn.
Since 1978 the catches are more evenly distributed throughout the year, but the
catches during the summer months (June to September) are slightly more
important.

The catches from the southern Gulf of St.Lawrence cod stock complex
can be classified according to three gear categories:

1) otter trawlers;
2) selnes and pair trawlers;

3) 1inshore and fixed gear (including gillnets, longlines, handlines,
traps and other miscellaneous gears).

Figure 3 shows that the inshore and fixed gears have generally been the major
contributors to the catches from May to October while the otter trawlers have
usually been the sole exploiters in the January to March—-April season since
1974. The catches by the second category (seines and pair trawlers) have
become increasingly more important during the second half of the year since
1976 (figure 3).

During the 1982 fishing season (table 3a), a total of 43 477 t were
caught in NAFO Division 4T. Maritimes based vessels caught 25 058 t (58%)
(table 3a), Quebec based vessels caught 18 342 t (42%) while Newfoundland boats
caught 77 t (less than 1%). Less than 3% of the 4T cod catches were taken
between January and April. In NAFO Subdivision 4Vn (Jan.-Apr.) a total of
14 704 t was caught. Maritimes based vessels caught 6 429 t (44%Z), Newfound-
land based vessels 1 530 t (10%) and French vessels took 6 745 t (45%).



In 4T, the Maritimes catches (table 3b) were made by Danish and
Scottish seines (11 222 t or 45%), by otter trawlers (7 423 t or 30%Z), by
gillnets (3 374 t or 13%), by longlines (1 990 t or 8%) and by various other
gears 1ncluding handlines and traps (table 3b). The small NVewfoundland catch
was mainly caught by otter trawlers (76 t). At the time of writing, Quebec
catches were not broken down by gear or by month for vessels less than 25 GRT.
That catogory accounted for 43% (7 844 t) of the Quebec catches. The remainder
(table 3b) was caught by otter trawlers (8 174 t or 45%), by longliners
(1 381 t or 7%) and by gillnetters (727 t or 4%). It is likely that a major
portion of the 7 844 t not broken down by gear has probably been caught by
gillnetters.

In NAFO Subdivision 4Vn, most of the catches were made by otter
trawlers (table 3¢).

CATCH AND WEIGHTS-AT-AGE

The 1950 to 1979 catch-at-age was taken from Maguire and Waiwood
(1982). The 1980-81 catch—at-age was recalculated for updated nominal catches
using a slightly different procedure than in previous years. When few age
readings were available for a given gear-quarter combination, suitable age-
length keys were combined with the original samples to obtain between 3-400 age
readings. The appropriate length frequencies were then aged with that combined
age—-length key. The same procedure was applied to estimate the 1982 catch-at-
age. Table 4 shows the age frequencies for 1980-8l1 from Maguire and Waiwood
and those estimated in this analysis. Generally, the recalculated age
frequencies have a smoother patterm than the previous ones, but there is no
striking differences except that more fish are assigned to the 1974 and 1973
year-classes. Table 5 shows the 1950 to 1982 catch—at-age and figure 4 the
1950 to 1982 commercial age frequencies. The 1950 to 1960 catch-at—age was
originally taken from Lett (1978) by Sinclair and Maguire (1981). Lett (1978)
stated that "Catch-at-age between 1950 and 1960 should be regarded cautiously
since sampling information 1s only available for the winter trawl fishery for
the entire period (Paloheimo and Kohler, 1968). Long and hand lines and some
gillnets made up a substantial proportion of the fishery during this period in
addition to an inshore otter trawl fleet of small vessels. In years when
samples were available for these gear types they were weighted into the overall
catch~at-age frequency accordingly, but in years when samples were lacking an
average catch—at-age frequency for that gear type was used.”. However it was
not until figure 4 was drawn that it was realized that only two age-frequencies
had been used to breakdown the catches for 1950-59: one for 1950-52 and
another one for 1953-1959. Although catch—at-age and age frequencies are given
for 1950-1982 in table 5 and figure 4 the SPA presented later should be
interpreted with extreme caution since it is doubtful that the catch-at-age
prior to 1960 gives valuable information on the age structure of the stock.
However, an examination of the sampling records shows that it should be
possible to obtain yearly age-frequencies for that period. Although the gear
and time coverage are not always adequate, it 1s surely possible to improve the
estimates given on table 5 and figure 4.



The 1974 to 1977 year-classes (y.c) accounted for close to 907 of the 1982

catches in numbers. The 1975 y.c. was dominant, followed closely by the 1977
yec. which finally appeared in the commercial fishery after showing up for
several years in the research vessel surveys (Maguire and Waiwood, 1982). The
1976 y.c. was third in terms of catch numbers followed by the 1974 y.c.

Average weights-at—age (Maguire and Waiwood, 1982) for this fishery
are available only for the beginning of the year (table 6a). An estimate of
mid-year weights—-at-age was calculated using a procedure similar to the one
described by Rivard (1982) to estimate beginning of year weights from mid-year
welghts. For the body of the table, 1.e. except for the oldest age (all years)
and the most recent year (all ages), mid-year weights—at-age were estimated by
the following equation:

(In W + 1n W ) = 2 @)
t,1 t+1, 1 +1
W = e

where t indexes the years and 1 the ages.

For the oldest age and for the most recent year:

2 (InW =1nW ) + 2 (2)
t,i t - 0-5, i i 005
W = e
t +0o5, i +0-5

For the oldest age of the first year and the youngest age of the most recent
year, Wt-o-s,i-o-s do not exist so the values for the next year-

class, youngest and oldest respectively, were used.

The mid-year weights have been calculated after the mnual CAFSAC May
meeting and as such they were not used in the analysis. They are presented
here for future reference (table 6b) only although they are no satisfactory
substitute to estimated weights in the fishery.

Figure 5 shows the beginning of year average weights—at-age for 1950-
1982, 1977-1982 and for 1982. The lines show no sign of levelling off. The
average weights for the more recent period (1977-1982) are generally higher
than the long term average. The 1982 weights are lower than the 1977-1982
average for ages 3 and 6 to 10, almost equal for ages 4—-5 and larger for ages
11 to 15.



STOCK SIZE INDICES

Research vessel surveys

Concern was expressed in previous assessments that the research vessel
survey population estimates could have increased more rapidly than stock size
(Sinclair and Maguire, 1981; Maguire et Waiwood, 1982). Logarithmic
transformations of catch per set and exclusion of extreme values have been tried
with no apparent improvement of the estimates (Sinclair and Maguire, 1981;
Maguire and Waiwood, 1982). The population estimates for 1982 were down from
1981 and when the series was examined, sets in certain strata were found to be
anomalously large in 1981. Comsequently, for these strata, the estimates were
recalculated by replacing the highest value by the second highest value to
calculate the stratum mean following a technique known as "windzorising”. The
results are shown in table 7 and figure 6. The age 1 and older population
estimates were between 60 and 70 million fish from 1971 to 1975, rose to 100-
120 million in 1976-1978, increased sharply thereafter to reach close to 410
million in 1981 and then declined to 314 million in 1982. The age 4 and older
population estimates declined from 54 million in 1972 to 45 million in 1976, a
slow increase to 57 million in 1978 followed and then the estimate rose sharply
to 320 million in 1981. The 1982 estimate was 195 million. Ages 6 and older
declined by a factor of three from 22 million in 1971 to 8 milliom in 1976,
increased slowly to 13 million in 1978 and then increased by one order of
magnitude over three years to reach 141 million in 1982. The 1982 estimate is
down at 82 million. An examination of figure 6 in light of ancillary
information from the fishery suggests that 1981, even windzorised, could still
be perceived as anomalously high since there is no indicatiom the 1982
commercial catch rates were down from 1981l. The results of the research vessel
surveys can nevertheless be taken as indicating a large increase in population
size from 1978 to 1982.

Commercial catch per unit of effort

Commercial catch per unit of effort for Canadian otter trawlers and
Danish-scottish seiners involved in the 4T-Vn (Jan.-Apr.) cod fishery were
standardized with a multiplicative model (Gavaris, 1980) for 1968 to 1982.
Three category types appear in the model:

1) Province—gear - tonnage class;
2) Months;
3) Years.

The analysis of variance of an unweighted regression combining CAN-M Danish
seiners tonnage class 4 with tonnage class 2 and 3 otter trawlers in one
category 1s shown in table 8. The resulting catch rates standardized to
tonnage class 4 CAN-M otter trawlers fishing in January are shown in table 9



and figure 7. The standardized catch rates went from slightly above 0.5 t/hour
in 1968-69 to about 0.3 t/hour in 1973. They remained at that level until
1976. The catch rates increased from 1977 onwards to 0.757 t/hour in 1982.

The series shows the 1981 value slightly lower than the 1980 value, an
observation corresponding to ancillary information from the fishery. This
series shows the 1982 abundance to be a little more than twice the 1976
abundance while the 6+ numbers from the survey indicated an 8 fold increase
from 1976 to 1982.

SEQUENTIAL POPULATION ANALYSIS

Cohort analysis (CA) (Pope, 1972) was calculated using M =0.2. The
fishing mortality on the oldest age for every year was estimated as the
weighted (by population numbers) average of the fishing mortalities on ages 7
to 10. CA was recalculated with that average until the difference between two
successive runs was less than 0.001.

A comparison of percentage at age 1in the commercial catch and in the
research vessel surveys for 1977 to 1982 indicated full recruitment at age 7
and the following partial recruitment for younger ages:

Age 3 4 5 6 7 8

PR 0.014 .142 « 402 .658 1.0 1.0

These values are slightly lower than those used by Maguire and Waiwood (1982)
on ages 4 to 6.

Preliminary runs of SPA with that partial recruitment vector and
assuming full recruitment for older ages revealed anomalously high fishing
mortality values at ages 8 and older in 1981. Examination of the commercial
catch length frequencies and catch—at-age for 1980-81 and 1982 showed a
relative absence of older fish in 1982 compared to 198l. No gillnet samples
were collected in 1982, although significant gillnet catches were reported
(table 3b). It thus appeared that the 1982 catch of ages 9 and older fish was
underestimated due to poor sampling. Consequently, partial recruitment (P.R.) values
that would give an approximately flat-topped P.R. vector on ages 8 and older in
1981 were sought. The results are given below:

Age 9 10 11 12 13 14 15

PR «45 «45 «25 «35 .15 .10 .40



It should also be mentioned that an important proportion of the otoliths
collected in 1982 were aged by a different age reader than in previous years.
After a first reading of all otoliths was completed, a subsample was aged by
the persou who used to read the otoliths and a poor agreement was found. The
cause of the disagreement was identified and all otoliths were read again
(results used here). Percentage agreement after this second reading has not
been verified.

As mentioned earlier, mid-year average weights-at—age were not
available at the time the analysis was done. Since commercial catch rate
should be compared with mean biomass (i.e. mean numbers times mid-~year weights)
an estimate was obtained by multiplying mean numbers by beginning of year
weights. This should only produce a different scaling if growth in the first
two quarters is reasonably constant from year to year.

The results of the comparison of exploited biomass with standardized
catch rates are shown in table 10a for Fp = 0.15 to Fp = 0.35 with
increments of 0.05. The correlation coefficients are above 0.9 for all Fp
but the maximum i{s obtained at Fp = 0.30. At the lower Fp, the intercept
has a large negative value which converges towards zero as Fy increases.
However, it would be necessary to use a Fp above 0.5 to obtain an intercept
near zero. At Fp = 0.15 all the points for 1973 to 1982 are above the
regression line. At Fp = 0.20 all the points for 1976 to 1982 are above the
regression line. Overall, a Fp = 0.30 appears to result in the most
satisfactory relationship when the correlation coefficient, the residuals and
the intercept are considered. .

SPA mean 6+ numbers were compared with the research vessel surveys 6+

population estimates for Fp = 0.15 to Fp = 0.30 with increments of 0.05.

The correlation coefficients (table 10b) are essentially the same at all Fp's
(r = 0.92), the intercept becomes larger as Fp increases. At Fp = 0.15 and

Fp = 0.20, the SPA 6+ numbers increase from 1981 to 1982 while the research
vessel survey shows a decrease. As Fp is increased, the residuals for 1981
and 1982 become smaller. It is difficult to select a best Fp for this data
set, but an Fp between 0.25 and 0.30 would appear to give good results.

Finally, SPA mean 4+ numbers were compared with R.V. 4+ numbers, again
at Fp = 0.15 to Fp = 0.30 with increments of 0.05. The correlation
coefficient (table 10c) is highest (r = 0.925) at Fp = 0.1l5 and decreases to
r = 0.87 at Fp = 0.30. The intercept becomes larger as Fp increases. At
the highest starting fishing mortality (Fp = 0.30), the slope of the line {is
0.944, suggesting that the research vessel surveys estimate higher population
numbers than SPA does. This does not agree with previous studies of the R.V.
results (Scott, et al., in press) and F_= 0.30 appears too high .for this
relationship. Again, it is difffcult to select a best F., but the results
suggest a FT in the range of 0.20 to 0.25.



The three relationships investigated showed a range of possible Frp,
however it appears that a Fp = 0.275 would be a fair compromise when the
results of the three relationships are considered. Population numbers,
population biomass and fishing mortality values are shown in tables 11 to 13
for Fp = 0.275. The results indicate that in recent years the stock has
reached its highest levels since 1950.

PROJECTIONS

Projections to 1984 (table 14) were made with the 1982 population
estimates from the SPA rum at Fp = 0.275, a 1980 year—class of 190 million
fish (equal to the largest observed), a flat top partial recruitment vector on
ages 7 and older, and the average 1980-82 weights-at-age in the fishery given
below:

Age 3 4 5 ) 7 8 9 10 11 12 13 14 15
wt(kg) .53 .69 .90 1.16 1.44 2.03 2.69 3.5 5.57 5.32 8.39 6.80 6.01
If the 1983 TAC (62 000 t) is caught, the 1984 Fj., = 0.20 catch would

be 67 000 t. Fishing at Fy.; in both 1983 and 1984 would yield catches of
59 000 t and 68 000 t respectively.
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Table 1. Total nominal catches of cod in NAFO Division 4T and Subdivision 4Vn
(Jan.~-Apr.). The 1950 to 1966 values are from Lett (1978), those
from 1967-1981 were extracted from NAFQO tapes and those for 1982 are
preliminary data from various sources.

YEAR NOMINAL CATCH TAC CATCH/TAC
1950 | 44 023
51 34 827
52 41 956
53 58 911
54 63 901
1955 65 227
56 104 469
57 89 131
58 86 582
59 70 720
1960 66 013
61 65 583
62 66 664
63 70 202
64 60 547
1965 63 027
66 54 851
67 41 316
68 46 551
69 47 819
1970 64 465
71 56 375
72 64 617
73 49 396
74 47 170 63 000 .749
1975 41 231 50 000 .825
76 32 779 30 000 1.093
77 22 219 15 000 1.481
78 37 892 38 000 .997
79 55 996 46 000 1.217
1980 54 634 54 000 1.012
81 65 177 53 000 1.230
g2l 58 181! 60 000 .970

1 provisional data.
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Table 4. 4T-Vn (Jan.-Apr.) cod. Comparison of the 1980-81 age frequencies
from Maguire and Waiwood (1982) with those estimated in this
analysis.

AGE 1980 1981
MAGUIRE AND THIS RATIO MAGUIRE AND THIS RATIO
WAIWOOD ANALYSIS WAIWOOD ANALYSIS

3 8 7 .88 1 1 1.00
4 59 42 .71 62 52 .84
5 331 329 .99 134 126 .94
6 309 325 1.05 371 352 .95
7 220 227 1.03 251 271 1.08
8 38 33 .87 124 148 1.19
9 19 21 1.11 37 26 .70
10 9 9 1.00 12 15 1.25
11 6 4 .67 5 6 1.20
12 1 1 1.00 1 1 1.00
13 1 1 1.00 1 1 1.00
14 0 0 1.00 0 0 1.00
15 0 0 1.00 1 0 —
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TABLE S, 4T-VH{JAN-APR) COD CATCH AT AGE FOR 1§50 TO 1982, 29/ 8/83

1950 1951 1952 1953 1954 1955 1956 1957 1958 1939 1960 1961 1962 1963 1984 1965 1960

!
I 173 133 192 294 412 324 396 I5F 506 335 73 1 16 255 100 444 1478
41 778 438 1034 2120 2948 23384 2372 2372 3341 3535 3967 3304 1720 22 970 5504 7055
51 1559 1462 1915 5996 7832 4183 6727 4109 B&07 9107 8983 13921 10887 4352 4728 6148 10487
61 2703 213 104 5037 7049 5549 6448 4037 8606 9000 12515 9475 1889 14021 5B43 9292 4505
70 2772 2127 3065 4717 6596 5191 433 5750 BI101 8571 7144 8313 7870 14742 12038 4481 3425
81 2495 1874 2643 3799 G319 4186 5223 4743 4483 7071 1736 2661 4290 6190 9281 8524 1841
® | II27 235 3141 I59T 5029 3959 5381 4887 6885 7286 785 777 1480 3180 3740 5534 222
{2183 1582 2146 2680 3I751. 2952 3678 3522 4741 5230 1812 506  5BY 984 1133 1843 1890
I 901 438 84 542 1319 1038 1424 1293 1827 1929 188 741 153 392 347 1004 B4/
| 478 351 483 43¢ 890 701 %02 819 1153 1221 279 38 178 137 14% 42 379
I 138  10e 133 235 329 259 36 287 400 428 76 188 37 12 103 1S5 242
} 128 94 130 173 243 191 245 22 34 132 §3 174 2 37 58 92 76

79 58 g6 106 148 117 130 136 192 203 5l 33 36 30 24 124 42

3+i 17664 13541 1892% 29924 41885 32948 39993 34535 51577 54468 I7914 40479 29171 48765 40364 42545 34743
1 17491 13408 18737 29630 41473 32644 39997 24177 51071 53937 37839 40478 27155 48010 40464 43081 33ldi7
S+ 16763 12770 17702 27510 38505 30308 37225 33205 47730 50398 13872 37174 27435 48387 39494 37577 2417
6+! 15204 11308 15788 21914 30673 24147 30498 27496 39123 41291 24889 23253 16548 42037 32766 31429 15523

1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1962

(ST PETY

b pan

Iy M0 3 I 2 2 1541 38 1229 237 132 547 131 29 624
4§ 7038 BI40 4934 3395 2476 14294 4394 3170 9902 4059 2733 9779 4484 1779 2508 1867
€1 5503 8085 12530 14972 L3 11338 {1678 3842 4096 7089 3134 9743 15527 {3808 4023 1123)
6 1 4586 4674 7571 11935 6941 7193 9782 9891 23T0 4996 22as 4804 10824 13830 14845 238/
71 3040 2716 2516 4194 4107 8479 4492 3831 3173 1512 149 2919 1500 9519 12939 125Za
e 1735 1276 2136 1509 2547 5128 3455 2188 1250 834 400 102 1781 1398 7066 737
§ 1 407 755 917 id44 1237 1370 2204 2081 1033 423 269 216 880  8a1 1264 1988
0102t 434 73 727 534 719 746 11Bé 7s@ 2200 191 a8 44 320 740 I3
t1 %01 g9 247 389 1384 42 380 00 571 143 107 103 I 174 77102
21 ‘I 478 283 380 2 127 130 178 113 108 ] 183 8 22 61 30
C TS V5 U A S 42 72 &3 7 47 34 43 36 4 28 2¢ 5
i 22 237 g9 139 103 34 35 2 40 i7 8 3 i 18 13 2
31 23 &3 A 30 14 72 14 4 3 i 2 7 17 13 18 N

A

g
-+

~J
L
-

I+ 25420 28549 28581 39525 10094 50627 34147 27780 27697 21777 11257 29026 18029 41931 47820
A+] 24920 28339 28254 39899 10092 49286 33769 24551 29318 21445 10710 28636 37898 41839 47785 44117
S+l 17852 20199 23318 36304 27414 34992 29373 23381 15416 17386 7977 18877 liZ 7 245

&+ 12349 12113 10785 21532 20303 23466 17495 1951% 9320 8297 4B4Z 9134 17707 26053 139253 31230

~J
~2
~d
~3
-
cQ
o
~.
~J
v}
~
3
(4]
e
(27 ]
~2
[<v]
on
~0
o
(3]
8]
~4
~J4
t»
3
T
[
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TABLE 4R, {T-VN(JAM-APR) COD CALCULATED REGIMNING CF YEAR AVERAGE WEIGHTS-AT=RGE

. 1932 1753 1734 19593 1936 1957 1936 1937 1980 {Fal 1942 1943 1984 15e3
3 Uree €,22 222 0,24 0,24 0021 921 5.2 9 13 0u18 0 0,21 9,20 922
E :’;87 'l.\lo.?‘I 007? 1.11 0.’7‘3 0»?3 00':"0 0000 007':' 077 00-59 0053 O.éi ':'0?7 B
I L L2 08 017 14 022 47 L3 L8 9.3 113 0.81 0 NEF 0 ST
ot : o ¢ A - - « i -, = - - - “ an A = a = i =
R 143 L4z 13l ].‘»;/\ 133 1,78 1.:1 1.\3.}.‘ S KA POeRs 1,,‘2 3020 974 332 1,37
' < = . - B E PR R / L - - " « N a s 4 A
N 10 1,2 L4 1,37 2.08 L34 1,28 1,88 14D 1% 1.§i 1,37 115 iFa 1o ivdo
; ; M 5 e ; ; < H ; =S e
I 1 LPL L3 2,20 00726 2,74 2,79 2,54 2017 2.4 2413 20;’.’. 1,87 1.7 a1 113 isdC
2] 245 200 2,37 1,93 334 343 5,31 3% 2.42 4,30 2,98 3.0t 2487 142 1,38 1.E8
i 2,80 2044 2,79 2,23 3,30 5,75 4,09 5,20 2,80 .46 2,73 .04 3,33 395 2,33 ;.24
P ; - - = n = - Ses 3 P -4 -3 -
O g}\:-r:'v' 2,28 2,38 :o:"‘ 313 420 4,48 3.4 3.2 2130 3451 5+30 Gerd 4,23 ».niu.' ;'nu.'
VA E - = k ; . - - - - : : = = an g -
e Jedl Jrld L4907 Le?t W2 + sild Hio a7 +9d e [X=2v] Q40 - iy v7 JraT
] ; 1 - an (s ] ‘) 4 “Q 4 09 4 T 4 Y ‘: la] ‘) AT ’\4 ‘; o fal 4 7 3 1:':
IS : = 335 7 ; 37 s 3 :
i 3,47 Sedl 3073 2,93 5407 4034 S22 450 8.06 478 10,70 3496 5,37 1£.ao 11,40 7432
14 4,05 406 4,32 2,13 4,33 4,90 3.8% 4,38 7,73 4,49 o7 1076 8,91 8444 13,33 11,35
i3 1 4,35 3.85 4,20 2,09 6,23 4,93 4,79 7.10 4.42 7,03 9,73 10.47 10.25 13.83 10.47 9.73

1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1781 1982

LSS A5 ) B0 TR R o BT RUVE R VYW, Je UY 291

Pt ek fn et b o pan

25 : 5 0,30 0.27 0,33 0,27 0,23 .34 0.47 0,83 0wa4  0.37
0:35 047 0,43 0,32 0,33 0,37 0,35 037 0.4B 0.88 .03 071 0,38 0W70
0,36 0.80 1.01 0.31 0.85 0.88 0.73 0,75 1.03 1.0 1.00 0.85 0.74 Q.74

2 J - 3 2 1»3? 1066 1'62 1041 1{17 1002 1023
1,84 1,91 1,84 1,43 1,43 1.35 1.96 1.30 2,41 2,22 2,28 1.47 1,27 1.58
221 2,74 2,36 2,15 1,77 2.3t 2,33 2,35 3,30 2.8 3,18 2,38 1.83 1.7

- < 2 o b ° 244 - 028 3053 3093 :»68 3053 :n?
1,92 479 461 3,99 2,95 3.07 2.32 3,35 4.87 422 5,97 2,91 417 3.2
207 2,33 461 3,81 3,48 3.3 2,47 425 6,24 490 35.82 3,99 S.38  5.33
3.1 3,32 3,80 7,08 4.1% 3,79 423 3,83 5468 S.80  6.00 3487 5.7 8,90

: 8,19 35,81 8,23 9.26 4,44 3.97 6,22 4832 46.51 7,30 879
4,83 5,29 2,30 5,34 6,35 471 4 7418 4,00 6,83 6,82 9,28 10,29 10.42

4,13 6,35 8.09 6,33 10,36 &8.,00 7.42 12,92 5.466 11,43 13.09



- 19 -

TABLE §B, 4T-VH(JAN-APR) COD ESTIMATED MID-YEAR AVERAGE WEIGHTSAT-4GE, 2/ 3/93

1952 1953 1954 1950 1956 1957 1953 1959 1260 1981 1942 1963 1984

vy
~Q
[
(%]
—

o
o~
-~

4

O~ U O~ O~ <3 N300 O

. s g
[, PN SR YIS AN W RV W VO AL I

e

FIQs e 4o P3G CNCEUa ta

<alnd b

(ST

(=]

0045 0,42 0,49 0,47 0.48 0043 0,42 5.37 .40 0,33 34 37 Uo7 0,40 0,30
0,99 0,95 0,95 1,28 L.47 1,07 0,97 071 0,07 9.5} Ghad Qusd 0,71 984 257
L7 L2 L3 1,38 4,60 1,36 1,24 1,22 L1 0.7 2 087 37T 3T LGSR
1,67 1,30 1430 L73 4L,77 1,82 L% 181 L4 130 e 0,930 0039 1.9 134
260 1,99 2,99 2041 2,33 2% 174 1,38 137 LU LI L3 144 1,2F 1L
244 2097 2,38 307 3wd 2,35 2422 2,43 2,32 2588 235 L35 L3 Lide Lo
2,32 2,31 2,83 354 3,76 3.25 2,489 2,34 2,77 300 3.9 .23 thed 1S 2412
2,40 2,49 2,453 3,88 4,10 3,73 3,23 315 3,06 Hi4 432 379 3078 .45 2413
2,62 2,82 306 3,59 4417 4080 3,82 3,55 3440 404 4018 5.85  4.00 3B 3,33
3,42 2,92 L83 4,45 4,82 433 4.17 4,32 542 37 .00 8.43 7hal 5,23 5%

g 4,73 12,29 11,37 5,31

3,93 2,33 a6 4478 4,34 4,89 5094 802 5,85 11,22 8.7 :
4,13 3,07 366 474 4,84 2 34 7,36 10,78 11.10  9.30 11,39 9,50
1,75 4,27 1,42 10,81 5.17 474 9,59 7,60 6,70 14,32 11,12 9,57 17,23 1l.ed 3,31

1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982

4 e

w
-
rJ
or
(&
-
oy
]
~J
(<X}
~J1
[}
Cr

e s et ot e i b e = e e Aaen b o bt b ae S o mo

LA e God B2 b4 € QU L0 0N e G

b gna s ek s

0.35 0,31 0,35 0,36 0.41 0,37 0.47 0.36 0,39 0.47 0.38 0.60 0.67 0.23
0,86 0489 0,57 0,468 0,88 0,73 0,73 0,77 0,73 0,81 074 072 0,73 0,73
1,07 1.60 1,11 0,95 1,08 1.2 1,14 1,26 1,29 1,33 1.08 0.7 095 1.2
1,33 1,86 1,34 1,33 1,44 1,64 160 1,83 1,92 1,92 1.4 1,22 1,38 1,57
2,20 2,12 1,99 1,59 1.82 2,08 2.5 2,81 2,63 2,66 2,33 1,35 L3I0 LG
2,42 2,54 2,85 2,28 2.09 2,47 2,48 3.7 3,31 35 2,92 290 2,13 2,09
3,02 3.49 2,76 3.8 2,72 2,43 2,98 3,37 425 459 3,38 3,34 3,37 3.a3
2,34 4,70 4,19 3,72 3,89 2,86 .48 4,57 4,88 4,96 488 3.96 493 313
2,82 3,29 5,71 4,00 4,48 4,86 3.1l 491 591 5042 4,42 4,34 6092 5,39
4,48 4,44 4,83 4.41 5,87 7,32 433 4wed 5074 5,20 6,35 5023 7418 11,45
6,26 7,32 5,73 6,22 5,34 7,28 8.14 S.18 5,37 8,01 6.8 .18 3,92 10,78
5,41 4,58 5.35 4.8 7.11 5087 8,323 8.3F 5,57 9.37 6,21 10,30 12,48 12,44
5:35 7,32 7,21 2,91 7.62 9,20 7,57 13,32 3,49 8.2 17,77 3.6 12,73 18,77
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TAELE 7, 4T-Vil{JSH-8PR) COD R,Y, SURVEY POFULATION ESTIMATES 9ITH THE {0F] VALUE ¥INDISRISED, 27/ 3,33
Poo1971 1972 1973 1974 1975 1978 1977 1973 197% 1780 1381 1982
L] 118 1832 138 74 1052 &117 1105 2489 336 1974 253 4574
20 112% 4577 7522 4791 2330% 15734 2063 5732 43373 9328 41389 43838
31 12508 8887 18775 17783 4814 43330 30614  JR014 44532 44773 830 50123
31 15131 23079 3727 14481 19095 15008 23812 27033 94433 48843 20286 34048
1 14335 9493 (3775 3837 7450 10404 10103 17009 375619 33480 80975 7301
50 14225 8458 »354 4521 3231 4339 3338 5104 23494 413e9 81280 3782
708979 5109 48153 2R40 257 1333 3035 3333 5133 14994 35047 27804
g8 ! 1727 3097 3528 2023 1873 878 1315 1329 2317 2494 19337 1372
?1- 354 438 2235 2343 1345 495 949 396 1258 1210 2716 1885
01 381 329 411 748 452 390 621 720 338 506 1146 586
11 218 295 145 400 490 423 503 574 k74| 122 307 190
121 127 191 461 192 344 108 404 211 8135 24 209 38
12+ 833 208 439 700 261 1 614 412 0 73 183 190

1+t 54888 48917 49501 40931 49209 120400 101104 -100411 275026 270392 407144 1313389
2+l 94770 67397 47405 40757 68157 114283 99999 97922 275170 248418 397997 208819
I+ 43621 43004 359803 955944 44148 98349 79367 91190 231312 259088 336226 244931
4+ 51113 54117 41088 38196 37534 35019 48755 37176 185780 194315 119846 194808
S+ 9982 27018 32351 21535 18437 192011 22943 30143 92345 143672 221580 137940
6+ 21447 19323 18536 15898 10989 8407 12840 13134 147256 60992 140405 81941
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Table 8. 4T-Vn (Jan.-Apr.) cod analysis of variance of a multiplicative

model.

Multiple R = 0.788

Multiple R? = 0.620

SOURCE OF VARIATION DEGREES OF SUM OF MEAN F-VALUE
FREEDOM SQUARES SQUARES

Intercept 1 848.7 848.7

Regression 33 516.6 15.7 53.79
Province—gear—tonnage class 8 186.8 23.4 80.25
Months 11 95.4 8.7 29.81
Years 14 71.1 5.1 17.44

Residuals 1 087 316.3 0.291

TOTAL 1 121 682
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Table 9. &T-Vn (Jan.-Apr.) cod catch rates standardized to CAN-M TC4 otter trawlers fishing i.

January.
YEAR TOTAL CATCH PROPORTION CATCH RATE RELATIVE
EFFORT
Mean S.E.
1968 46 551 0.385 0.512 0.055 90 911
1969 47 819 0.456 0.524 0.054 91 247
1970 64 459 0.342 0.477 0.048 135 025
1971 56 375 0.409 0.372 0.038 151 665
1972 65 291 0.369 0.411 0.042 159 001
1973 49 608 0.298 0.304 0.032 163 376
1974 47 255 0.278 0.306 0.032 154 352
1975 41 231 0.321 0.310 0.033 132 912
1976 32 729 0.489 0.318 0.033 102 834
1977 22 219 0.465 0.348 0.037 63 856
1978 37 880 0.358 0.465 0.051 81 442
1979 51 202 0.583 0.534 0.052 95 911
1980 57 270 0.481 0.621 0.062 92 160
1981 65 177 0.476 0.619 0.061 105 341
1982 58 181 0.412 0.757 0.078 76 818

Average <ocefficient of variation for the mean = 0.103
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Figure 4. 4T—Vn_(Jan.-Apr.) cod commercial age frequencies for 1950 to 1982.
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Figure 7. 4T-Vn (Jan.-Apr.) cod standardized commercial catch rate for 1968
to 1982 with approximate 90% confidence interval.



