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INTRODUCTION

The cod fishery in ICHAF Divisions 4Vs and W is not
based on a single cod stock but on a complex of stocks
(Templeman, 1962; Martin and Jean, 1964), However, considerable
mixing takes place among adults of these stocks and possibly
also during the pelagic egg and larval stages. Thus, in the
present state of knowledge, it is most practical to consider
this complex as a single unit for assessment purposes.

This document analyses the fishery during the
1960—71 period.

LANDINGS

Landings have fluctuated between approximately
50,000 and 80,000 metric tons in the 1960-71 period, averaging
62,205 metric tons (Table 7). Almost equal quantities have
been taken from Div. 4Vs and Div. 4W. Spain has been the
principal exploiter of the stock, taking 63% of the catch 1in
the 12-year period. Canada is the only other country taking
substantial quantities from the stock (28% of the catch).
Canada has taken 75% of her catch fTrom Div. 41, whereas Spain
has taken 60% of her catch from Div. 4Vs,
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SIZE AND AGE COMPOSITION OF LANDINGS

Sampling of landings for size and age composition
{Table 2) has been well below minimum ICNAF requirements as set
out in the Assessments Subcommittee report for 1970, and the
results of the present assessment should be considered with
this in mind. As there was inadequate material to treat the
two Divisions, different countries, or different seasons,
separately, annual landings were weighted hy all the otter and
pair trawl samples avajilable for that year, The hook and line
fishery, due to its insignificance and the virtual absence of
samples from it, has been ignored.

The bulk of landings were formed by fish of 40—70 cm
(Fig. 1), mean lengths of annual landings varying between 54
and 59 cm (Table 3}. Ages 4, 5, and 6 predominated numerically
(Fig. 2), average age varying between 5.2 years and 6.1 years.
Mean weight of fish landed varied from.1.6 kg to 2.2 kg.

ABUNDANCE

Catch per unit effort

Two data series on catch per unit effort (c.p.e.)
are available as indicators of abundance changes of the stock,
that of Spanish pair trawlers of 151—-500 gross tons and that
of Canadian side otter trawlers of 151-500 gross tons.

The c.p.e. of Spanish pair trawlers in Div. 4V¥s has
been closely similar to that in Div. 4W (Fig. 3) with apparent
abundance being slightly higher in Div. 4Vs in the 1962-67
period. Canadian c,p.e, in the two Divisions is also very
similar from 1961 onwards with indications that abundance was
slightly higher in Div. 4Vs than in Div. 4W in the 196365
period. Thus, for each country separately the c.p.e. was
averaged for the two Divisions in each year to give abundance
indices for the entire stock. :

The Canadian and Spanish c¢.p.e. for Div. 4Vs—W have
littie in common (Fig. 4). Canadian data indicate that
population abundance, which was fairly stable in the 1960-67
period was considerably lower in 1968-71. Spanish data indicate
a gradual trend in increased abundance from 1958 to 1967, a
sharp increase in 1968, and moderate deciines in 1969-70.

The Canadian fishery in Div. 4Vs—W has been a mixed
one with haddock being a prime species and with flounders also
of importance. Thus, Canadian ¢.p.e. data may well be a poor
reflection of cod abundance due to interactions with these
other species fisheries, The Spanish fishery which had cod as
its prime species is likely to give the more accurate indication
of cod abundance.

Thus, ¢.p.e. data indicate that cod abundance in
Div. 4Vs—W has not varied greatly over the period 196170 with
the possible exception of a temporary increase in 1968,

Population estimates

An independent check on abundance changes is provided
by population abundance estimates from cohort analysis (Pope,
MS. 1971), Numbers landed at age (Table 4) were used with an
assumed vaiue of natural mortality of M = 0,20 and, after
several trials, an assumed fishing mortality for the oldest age
groups of F = 0.50, to give population numbers (Table 5).
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The population has remained stable over the 1960-69
period, numbers of 3—11 year olds fluctuating close to the
mean of 186 million fish. The numbers of the older fully
recruited (see below) age groups 6—11 years old have also
remained stable, although in the most recent years 1966—69
their abundance has been below the average of 39 million fish,

Estimates of "available biomass" were abtained from
population numbers and mean weight at age, adjusting for
partiai recruitment, giving:

Year "Available biomass" (metric tons x10'3)
1960 169

1961 193

1962 225 Mean = 19]
1963 186

1964 180

1965 158

1966 157

1967 158 Mean = 161
1968 175

1969 157

These data should be more comparable to catch per unit effort
data which are also expressed in terms of weight.

While confirming the general conclusion from c.p.e.
data that abundance has not changed greatly between 1960 and
1969, these data are in contrast with Spanish c.p.e. data in
indicating a lower abundance in the 1965—-69 period than in
1960-64 by about 16% on average.

MORTALITY

Estimates of fishing mortality (F), obtained from
cohort analysis, averaged 0.49 for fully recruited age groups
for the 1960—569 period (Table 6). There was little year to
year variation, It is notable that the peak landings of
80,000 metric tons in 1968 are not reflected by any substantial
increase in F of fully recruited or partially recruited age
groups.

AGE AT RECRUITMENT

Three year olds are only slightly recruited to the
fishery, full recruitment occurring at age 6 (Table 6). A
graphical estimate from these data give an age at 50% recruit-
ment of 4.2 years.

GROWTH

There were no consistent trends in mean length at
age amgng commercial landings in the 1960-71 period,

A von Bertalanffy growth curve was fitted to data
for ages 6-10, i.e. those fully recruited age groups best
represented in the fishery, giving the following estimates of
growth parameters:
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K = 0.14
t0 = 0.07
L = 105 cm

The length-weight relationship:
log W = 3.0748 Tog L -2.1571

obtained for this stock on a July 1971 research vessel survey,
was used to obtain a value of W_ = 11.4% kg by substituting
the above value of L= 105 cm.

YIELD PER RECRUIT

The values of parameters derived in earlier sections
were substituted in the Beverton and Holt constant parameter
yield per recruit model as follows to estimate yield per
recruit:

K = 0,14

t = 0.07

W = 11.41 kg

t = 4,2 yrs (= age at recruitment to

o the fishing area)

t . = 4.2 yrs (= age at recruitment to

e the exploited phase)

t, = 13 yrs (= maximum age of significant

contribution to the fishery)

The value of instantaneous natural mortality, M, is not known
for this stock. However, in those cod stocks in the northwest
Atlantic for which M has been estimated, the value obtained
has been close to 0.20. The values 0.10, 0.20 and 0.30 were
used in the yield equation giving the results shown in Fig. §.

Assuming M = (.20, maximum yield per recruit is
obtained from this stock at F = 0.45, slightly Jlower than
current values of F (0.49),

If M = 0.10, the stock is considerably overexploited,
and if M = 0.30, the present yield per recruit is slightly
below the maximum (95% of maximum).

RECRUITMENT

The mean recruitment to the fishery a2t age 3 in the
1960-69 period was 61 million fish, showing anly moderate
variation between 37 million and 79 million fish (Table 5).
The 1959 and 1962 year-classes were good while thase of 1960
and 1966 were poor.
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Quantitative research vessel surveys undertaken in
the Div. 4Vs-W region in July of 1970 and 1971 have been
cursortly analyzed to determine the relative abundance of year
classes currently entering or about to enter the fishery. Mean
catch per tow for each year class for each stratum was adjusted
by the ratio of stratum area : area swept by the trawl and the
stratum totals summed to give population estimates for the
entire area.

The total population of all age groups estimated in
1971 was almost exactly x2 the 1970 estimate reflecting the
large error of survey estimates. However, for individual age
groups from age 2 onwards the ratio was also close to x2,
indicating that the relative strengths of year classes were
very similar in the two surveys, Implying that survey results can
give a fairly accurate estimate of relative year-class strength.
The much larger increase in apparent abundance of 2 year olds
in 1971 over 1 year olds in 1970 indicates that 1 year o0lds are
not fully recruited to the survey trawl.

The estimated numbers of each year c¢lass in the two
surveys were averaged to give the following values:

Year class "Abundance"
1966 11,759,000
1967 6,639,000
1968 26,026,000
1969 5,760,000 (adjusted for partial

recruitment of 1 yr
olds in 1970)

It was pointed out above that the 1966 year-class was
among the poorest at age 3 among those of 1957-66. The
contribution of each year class at age 4 and at age 5 is roughly
proportional to its estimated abundance at age 3 ?Fig. 6). The
1966 year-class made lower contributions than average to the
1970 and 1971 landings at ages 4 and 5 respectively, confirming
that it is a poor year class., The 1967 year-class made an even
lower contribution at age 4 {to the 1971 landings) than did the
}966 year-class, suggesting that it 15 even poorer than that of

966.

The survey estimates of year-class strength confirm
that the 1967 year-class is poorer than that of 1966. The 1968
year-class, however, appears to be strong. First indications
are that the 1969 year-class is weak, perhaps comparable to
that of 1967 or worse.

DISCUSSION

The Div. 4Vs—W cod fishery was moderately stable over
the period of investigation. Landings have not varied greatly,
nor have the sizes and age compositions of landings (although
there is some uncertainty about this due to poor sampling).
Abundance and mortality have also remained fairly constant as
has recruitment.

Although there is some doubt as to the value of
natural mortality, there is no reason to expect this to be much
different from other cod stocks in the northwest Atlantic, i.e.
M= 0.20, Thus, it is Tikely that current fishing mortality
rates are slightly higher than that giving maximum yield per
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recruit., A reduction in fishing mortality of 25% would not
significantly affect the long-term yield but would result in
obvious and substantial economic benefits.

Some crude recruitment predictions can also be given,
Fishing success in 1971 was probably poorer than average due
to the poor recruiting year classes of 1966 and 1967. These
year classes are age 5 and 6 in 1972 and it is these age
groups which normally support the bulk of the fishery. Thus,
the 1972 fishery is likely to be poorer than that of 1971
although the good 1968 year-class may be fished heavily at
age 4 due to the low abundance of older age groups. As the
1969 year-class is apparently also poor, the 1973 fishery will
depend largely on the 1968 year-class.

I[f these recruitment predictions are broadly correct
there is cause for concern that, for the first time in the
period studied, three out of four successive year classes are
poor. This new instability in the system makes it extremely
important that the 1968 year-class be only moderately exploited
to prevent & substantial reduction in stock abundance.

A regulatory proposal that a 1973 quota of 60,000
metric tons be set for this stock is before the Commission's
1972 Annual Meeting. In view of the above yield per recruit
calculations and recruitment predictions this qucta is higher
than that desirable for this $tock.
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Fig. 1 Length Composition of Cod Landings, 1960 -'7
Div 4Vs - 4W
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Age Composition of Cod Landings 1960-'71
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Metric tons per hour fished
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1958 60

Fig. 3. DIV, 4Vs—W Cod

Catch per unit effort of Spanish pair
trawlers 151=500 gross tons from
February to April inclusive,
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Yield per recruit (kg)
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