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INTRODUCTION

The southern Gulf of St, Lawrence cod population is
migratory, spending the summer months in the Magdalen Shallows
region (ICMAF Div. 4T} and overwintering in deep water off
Cape Breton Island (ICNAF Div, 4Yn and eastern Biv, 4T),

In the 1940's landings from this stock ranged from 30,000-5Q0,000
metric tons. The stock was fished solely by Canada mainly by
hand-1ine and long-line gear. In the early 1950's landings
increased rapidly, reaching 110,000 metric tons in 1956, due to
the entry of Canadian and foreign otter trawlers to the fishery.
Landings subsequently declined to about 60,000 metric tons in
1965 due to declines in foreign otter trawl and Canadian 1ine
landings. The dynamics of this stock during the 1849-65 period
have recently been studied by Paloheimo and Xohler (1968).

They described major changes in size and age composftion of the
population, growth, and recruftment during this period. The
present document dascribes events in the fishery during the
1960-70 pericd and considers their implications.

LANDINGS

Landings from the southern Gulf of $t. Lawrence cod
stack were obtained from ICNAF Statistical Bulletins for the
years 1960-69, and from unpublished Tandings statistics on file
at ICNAF Headquarters for 1870, AT Div. 47 landings and those
from Div, 4¥n for the months January to April inclusive were
referred to this stock.

Landings in 1960-62 averaged 66,000 metric tons. In
1963 they increased to 70,0090 tens, and then declined to
41,000 tons by 1967. Slight increases occurred in 1968 and
196% and a substantial increase in 1970 to 64,000 metric tons
(Table 1), CGanada's share increased from 61% of landings in
1960 to 36% in 1969, dropping to 73% in 1970. The remalinder
was shared among France and Spain and to a lesser extent by
Partugal.

By far the largest part of Canadian landings came
from the summer fishary in Div. 4T, whereas most foraign
landings came from the winter fishery in Div. &Vn and eastern
Div., 4T.

Annual landings by trawlers comprised from 57% to
77% of total landings, while seiners landed from 1% to 5% of the
total (Table 2). Long-line and hand-tine landfngs declined in
impartance from 1960 to 1968 {382 to 9% of landings) but
increased in 1869-70. &illnet landings increased from 1960 to
1968 {< 1% to 28% of landings) but declined in 1969-70. A1l
gilinet, line, and seine landings were made by Canada.

LENGTH AND AGE COMPOSITION OF LANDINGS
AND NUMBERS LANDED

Methods

In weighting the landings by commercial samples six
categories of landings were considered, otter trawl landings in
the periods January-April, May-August, and September-llecember,
seine, line, and gillnet, landings. Sampling coverage was
good only for otter-trawl landings in the latter two periods,
t.e. for the Magdalen Shallows summer trawl fishery (Table 3}.
It was considered more appropriate to treat the winter Cape
Breton fishery separately despite poor sampling coverage.
Danish and Scottish seine landings were treated separately when
samples were available and combined with otter—trawl tandings
when there were no seine samples. Seine Tandings differed
slightly from trawl caught fish, being smaller and younger
{Fig. 1}, However, seine landings formed such a small part of
the total that the error introduced by combining seine with
trawl landings is smatl. Gillnet and line lTandings could not
be combined with trawl landings when sampling was finadequate
as length and age composition of landings by these gears
differed markedly from those of trawl caught fish and from
each ather {Fig. 1), MWhen there were no length frequency
sampTes from 1i{ne or giiinet landings in a particular year,
those of the preceding and subsequent years were combined (and
some 1971 samples were applied in this way to the immediately
preceding years), When age samples were inadequate or missing
far a landings category, the most appropriate ages from within
the same year were applied to the length-frequency.

Results

Annual mean lengths of total landings ranged from
52.0-56.3 cm (Table 4}, 85-95% of the fish lying in the range
40-70 cm. Modal temgth of landings was 46 cm or 4% cm in all
years except 1360 (Fig, 2).

Kean apes of landings ranged from 5.8-7.0 years.
Aodal age group was normally age 5 ar age 6, but on occasfon
age 4 or age 7 were the most abundant in landings (Fig. 3).

Varfations in length and age composition of landings
are attributable to variations in the importance of different
gears, and to substantial differences in growth rate, during
the period.

Number landed fncreased from 28 mitlfon fish in 1960
to 49 million 1n 1963, declined to 26 million in 1967, then rose
again to 4C millien fn 1970 (Table 5}.
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DISCARDS

Informatfon on discards of small cod at sea in the
1960-70 period is missing or incomplete for all sectors of the
fistery. It can reasonably be assumed for all gillnet and line
catches that discards were essentially zero. Reported discards
in the Div. 4¥n trawl fishery by Spain, France, and Partugal
were low {frequently 0-23) {e.g. ICNAF, 1968-70). Canadian
discards from Div. 4Vn must alse have been low as landings
from this fishery normally contained small unaraded and
ungutted cod., As these sfzes were apparently acceptable to the
processor it is unifkely that large numbers were discarded.
Canadian discard data for Div. 4Vn as submitted to ICNAF does
not give an accurate measure of discard rates due to substantial
biases 1n collection methods. This is also true of Canadian
Div. 4T data subsequent to 1964. However, in the 1960-64
period fairly accurate measures of discards were obtained for
the Div. 4T otter-trawl fishery by intensive sea and shore
sampling of commercial catches and landings {Palcheime and
Kohler, 1968). Discards declined from 10.5% by numbers in 1950
to 1.6% in 1964, There is no reason to believe that discards
subsequently fncreased much above that low value.

Estimated total discards from the Div. 4T otter-trawl
fishery declined from almost one million fish in 1960 to
325,000 in 1964. They were mainly fish of 35-45 cm length, and
of 3 and 4 years old (Table 6).

Thus, as far as can be judged from inadequate data,
wastage due to discarding small fish at sea 1s not an important
factor in amalysis of this fishery in the 1960's.

CATCH-PER-UN! T-EFFORT

There 1s no available measure of gilinet nor longline
and hand-line effort in the 1960-70 pericd, and the Danfsh and
Scattish seine fishery is probably too small and too localized
to accurately reflect abundance changes of the entire cod stock.
Among otter trawlers the most consistent data series are
available for Gloucester class vessels fishing from New Brunswick
ports. These vessels of 25-50 gross tons entered the summer
Magdalen Shallows fishery in the late 1940's and the fleet
composition remained virtually unchanged until the early 1960's
when vessels were progressively retired from the fishery or
diverted to the developing soow crab fishery in the area.
Comparable vessels of 25-50 gross tons fishing from Quebec ports
have maintained &2 high level of effart in the summer fishery in
recent years. Fairly reliable catch-per-~unit-effort data are
available for both groups of vessels for the six years 1962-65,
1967-68. Trends in catch-per-effort values were similar for
both series, the correlation coefficient beino 0.71 (with a
prabability, P = 0,12, of so high a value occurring by chance).
The ratio of Aloucester class vessel catch-per-effort to that of
Quebec 26-50 gross ton vessels was 0.93. A composite catch-per-
effort series was obtained by adjusting Quebec values by 0.93,
averaging these with Gloucester values in the years when both
were avallable, using adjusted Quebec values alore for 1969-70,
and Sloucester values alone for othar years (Fig., 4).

Taking catch-per-effort as a measure of stock abundance
indicates that cod became more abundant from 1960 to 1942,
declined in abundance until 1966, then iancreased again to the
highest value for the period in 1970.

Although landings from the winter Cape Breton fishery
were moderately high between 1960 and 1970, no country exploited
the fishery in a consistent manner throughout the period.
Catch-per-effort data series for different countries showed
different trends indicating that cod abundance was not the prime
factor affecting catch-per-effort in some series. A combined
catch-per-effort series was obtained by adjusting the effort of
each country by the ratio of 1ts catch-per-effort to that of the
Spanish otter-trawl fleet. International catches were divided
by the sum of the adjusted natfonal efforts to arrive at overall
catch-per-effort values (Fig., 4, Table 7). However, these
values were not correlated with the corresponding catch-per-
effort values for Div. 4Y. Among nationa) fleets, the catch-per-
effort values of Spanish otiter trawlers, despite large
fluctuations in effort among years, were most similar to those
of Div. 4T {Table 7). The correlation coefficient of Div. 4Vn
Spanish values with Div. 4T values for the following summer was
0.60, with values for the previous summer it was 0.67, and with
the mean of the previous and following summer values it was 0,68,
A1l correlations were significant at the 5% level.

MORTALITY

Number of cod caught per trip at each age in the
May-December Dfv., 47 otter-trawl fishery were derived from the
appropriate age compositions and weight caught per trip data
(Table 8), and survival rates between successive ages of each
year class calculated (Table 9). Ages greater than 10 years
have been omitted from the calculations of Table 9 because they
are poorly represented in the catches, and those younger than
7 years have been omitted to remove the effects of partial
recruitmrent on the means.

Survival rates of 7-10 year-olds {Table 10) showed
cons{derable fluctuation without apparent trends, the 11-year
average being 0,52, equivalent to an instantaneous total
mortality rate (Z) of 0.65. The catch curve of mean numbers at
agezoves ;he period, fitted from ages 7 to 13, gave an estimate
[ = 0,70,

Independent estimates of mortality rates were derived
from numbers landed at age {Table 5} by Pope‘s cohort analysis
technique (Pope, MS 1971). An assumed value of natural
mortality (M) of 0.20 was used. (Paloheimo and Kohler (1968)
derive a value of M'= 0.19 from 1949—65 data.) For year ciasses
which had passed through the fishery a starting value of fishing
mortality (F) of 0,50 was assumed. For year classes stil]
contributing to the fishery starting F values were obtained by
averaging previously claculated F “values for that age group.

This calculation gave more consistent results than
that based on catch-per-unit-effort — results which can be
reasonably interpreted in terms of the events in the fishery,

In the 1960-65 period full recruitment of year classes to the
fishery occurred at about age 7, and mortality of cod 7-10 years
old was greater than that of ages 11-14. {The results of 1961

are anomalous in this regard.) The decrease in F of 7-10 year
olds in 1961 and 1962 coincided with increased abundance but

fairly constant landings while fncreased mortality in 1963-65
colncided with continuing high landings and declining abundance.
The decline in F for 7-10 year olds in 1966—£9 corresponded

with the decline in otter traw) and line landings and increasing
abundance. In this 1966—65 period F on 11-14 year olds increased
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becoming substantially greater than that on 7-10 year olds
reflecting the increasing importance of the gillnet fishery on
Targe cod. Also in the 1966-68 period cod became fully
recruited to the trawl fishery at a younger age being almost
fully recruited at age 5, a reflection of increased growth rate
at this time {see below). From the mertality rates of Table 10
the following changes in age at recruitment to the trawl fishery
vwere discerned,

Age Percentage recruited
1860-82 18963-65 T966-68
3 0 2 3
4 10 14 52
5 38 44 97
6 73 20 100
7 100 100 100

In summary, F of 7-10 year olds increased to 0.50
in 1963-65 from 0.40 in 1960-62, then deciined to 0.31 in
1966-68. Fof ages 11-14 year olds increased substantially
in recent years to 0.57. The average F for 7-14 year olds
in 1960-68 was 0.43, which is in reasonable agreement t¢ the
0.45 obtained from catch-per-unit-effort analysis.

THE RELATIONSHIP OF MORTALITY TO EFFORT

Paloheimo and Kohler [1268) could not derive a
satisfactory relatienship between mortality and effort from
1949-65 data and concluded that year-to-year variations in the
catchability coefficient, g, or in M, were greater than
variations in Z due to changes in fishing effort. However,
in their analysis, numbers ltanded at age were obtained by
weighting total landings by age compositions obtained from the
Div. 4T summer otter-trawl fishery only. Total effort was
calcutated by dividing total catch of al] age groups by catch-
per-unit-effort of Canadian Div. 4T otter trawlers of 26-50
groess tons. Relative abundance of particular age groups in
successive years was obtained by multiplying total numbers
caught per unit effort by the preportion of these age groups
in the respective catches., This method does not take account
of the substantial differences in age composition among gears,
fleets, and arsas, and assumes that the relative catchability
of different age groups is constant between and within
different parts of the fishery. Garrod (1967), in his analysis
of the Arcto-Norweqgian cod stock, found that modified methods
of catch-per-effort analysis which took account of these and
ether factors, were successful in describing the relationship
of mortality to effort, whereas earlier attempts had been less
than satisfactory.

Estimated total annual effort was calculated for the
1960-70 period by the method of Paloheimo and Kohler. There
was no correlation between these values and the mean F for
7-14 year olds obtained by cohort analysis. However, as
described previously, the development of the gillnet fishery
has had an obvious affect in increasing mortality on the oldest

age groups, Thus, in recalculating total effort, gfllinet
Tandings were discounted, and these values related to the
mean F  for ages 7-10 {(Table 10). Most of the mortaTity
of these age groups was generated by trawl and line fisheries,
These effort and mortality data were significantly corretated

(r = 0.69, d.f. = 7 , P = 0.05). The fntercept of the

regression, 0.06, suggests that the value of M used fn the
initial calculations of F was slightly Tow {Fig. 5).

The success of this minor modification in analysfs
in demonstrating 2 relationship between effort and mortality
encourages the view that more rigorous analysis would be
successful in accurately describing this relationship.

POPULATION NUMBERS

Population numbers by age group in each year were
2lso derived using Pope's technique of cohort analysis
(Table 11).

Abundance of 3-14 year olds declined from 433 million
in 1960 to 199 miliion in 1966 then increased to 313 mfllion by
1968. These dats are in good agreement with abundance by weight
estimates from catch-per-effort data. The high population
numbers in 1960-61 were targely due to large year class only
partially recruited to the fishery. As these became more fully
recruited, wefqght caught per trip increased, but subsequently
decreased with the entry of poor year classes, The entry of
better year classes in 1967 and 1968 reversed the trend of
decre2sing abundance by weight.

The year classes of 1958—63 were all of comparable
strength varying from 45-65 miTlion fish at age 3. The
preceding three-year classes {at least), i.e. thase of 1955-57,
were more than twice as strong, The 1964 and 1965 year classes
may also prove to be about twice as strong as those of the
prededing six years.

GROWTH

In the above discussion increased growth rate in the
post-1965 period has been brought forward in explaining several
aspects of the data. Figure 6, showing substantial changes in
mean Tength at zoe between 1960 and 1970, is presented to
support these arquments,
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6. DISCARDS OF cOD FROM THE DIV, YT OTTER-TRAWL

TABLE
FisueRy, 1S00-64, AS TOTAL NUMDERS PER AGE GROUP
x1073,
Age
fear 1 2 3 4 5 6 7 Total
1960 - 12 212 621 101 2 i 948
1961 7 44 115 323 154 18 - 661
1962 - 4 223 292 197 14 1 73
1963 - 13 122 217 51 n 7 499
1964 - 2 209 EE] 18 3 4 325
m
TABLE /. D1v. 4T-YN COD. CATCH-PER-UNIT EFFORT, 1960-70
Div. 4T Giv. 4¥n metric tons/hour
Hetric tons/trip Spanish A1l countries
Year Glougcester c¢lass otter Spanish 0.7,
equivalents trawlers equivalents
1960 8.1 1.37 1.58
1961 9.5 1.73 1,64
1962 10.9 1.97 1.92
1963 10.5 2.96 Z2.55
1964 9.2 2.83 2.63
1965 8.8 1.65 2.46
1966 E.4 1.08 2.30
1967 7.0 1.56 1.76
1968 9.1 1.23 2.37
1969 12. 2.33 2.49
1970 12.8 2.13 2.07

NUMBER QF COD CAUGHMT PER TRIP AT AGE IN DIV. 4T OTTER-TRAWL FIsnerY. 1960-70.

TABLE 8,

1 12 13 14+

10

32
53

1"

38
66

158

73
80

246
452
538
836
1254
1198

914
1388
1039
2454
1980

551

1639
1647
3760
3178

1317
2279

746

19

1360
1961
1962
1963
1964
1965
1966
1967
1368
1969
1970

20

40
37
78
1982
235
184

605
473

160
325
472
652
303

2902

18

12
20
34
28
33
35

45
31

817
1474
1048
1327
1560
2528
4479

4

15

824
1189

318
1552
1399
2076

33
142
374
269
156

13
15
13
in
34
36

94
57
A

244
184
175
308

342

458
916

13
14
17
18

88
40
128
106

61
104

338
470
565
672

- 14 -

79
22
N

929
1224
3416

3733
1659
1764

59
41

136
177

85

194

3545

1744 974 512 23 nz 51 33 16

2118

lean
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Lergth Composition of Cod Londings, 1960-'70
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