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Abstract

Fecundity of Atlantic cod from inshore bays of Newfoundland and from St. Pierre Bank off the south coast of Newfoundland is
described in relation to fish length and age. Fecundity-length relationships are compared to published results for offshore areas.
Annual differences were noted within areas in the numbers of eggs produced by length and age but not in the rate of increase in egg
production with increase in length or age. Differences were noted among areas in the rate of increase in egg production with increase
in length and these are discussed in relation to environmental conditions.

Introduction

For many species of fish, fecundity data are impor­
tant, in conjunction with egg and larval surveys, for
estimating spawning biomass of a given stock. Conver­
sely, if spawning biomass and fecundity by length or
age of the fish are known, an estimate of total egg
production can be derived and used to calibrate ich­
thyoplankton sampling gear. Data on fecundity of
Atlantic cod are generally scarce, and only two studies
are known from Newfoundland waters. May (1967)
described the fecundity of cod from offshore New­
foundland waters (NAFO Div. 2J, 3K, 3L, 3N and 30) in
relation to fish length, weight and age, based on 130
ovaries distributed throughout these areas. Postolakii
(1967) described the fecundity of cod off central and
southern Labrador (Div. 2H and 2J), based on 65 ovar­
ies. Data in the present paper allow comparisons of
fecundity of cod from the inshore bays of eastern and
southern Newfoundland and 81. Pierre Bank (Div. 3L
and 3Ps), which were not included in previous studies.
Also, data from the same area in more than 1 year allow
evaluation of annual variation in cod fecundity.

otter-trawl catches on 81. Pierre Bank and from gillnet
catches in other areas. The material from the 81.John's
area was collected onshore from the gillnet catches of
inshore boats operating in the area. Otoliths for ageing
and fork-length measurements (nearest cm) were
obtained from all cod sampled. Procedures for storing
the ovaries and cleaning the eggs were identical to
those described by May (1967), except that the cleaned
eggs were stored in a weak alcohol solution to prevent
deterioration of the mirrors in the automatic counting
machine from formalin fumes. In all cases, ovaries
were stored in Gilson's fluid for periods less than 6
months prior to cleaning.

Sampling and counting

Two methods of estimating fecundity were
employed in this study, referred to as the automatic­
counting method and the dry-weight method. The

TABLE 1. Numbers of cod ovaries collected for fecundity estimation
in eastern and southern Newfoundland waters by area,
time of sampling, and range of cod size.

Materials and Methods

Collection and handling of ovaries

For the reasons outlined by May (1967), collec­
tions of materials were made just before and during the
spawning season, with only ovaries showing no clear
eggs being taken. Areas, dates and sizes of the collec­
tions are listed in Table 1. Place names and areas
mentioned in the text are shown in Fig. 1.

All ovaries, except those from the 81. John's area,
were collected at sea aboard research vessels from

Area

Bonavista Bay

Trinity Bay

St. John's area

Placentia Bay

St. Pierre Ban k

Total all areas

Month of No. of Length range
Year sampling ovaries of cod (ern)

1967 May 19
65-1091968 May 39

1967 Mar, May 28
60-108

1968 Apr 50

1966 Feb 12
1968 Mar-Apr 50

61-118

1966 Apr-May 96 64-113

1967 Apr-May 13
1968 May 3
1969 Mar 43 51-128

1970 Feb-Mar 45

398 51-128
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The explanation for the observed differences in
rate of egg production with length among areas is
likely found in variations in environmental factors.
There is sufficient evidence in the literature to indicate
that fecundity of a number of species is influenced by
environmental variability, particularly water tempera­
ture (Hempel, 1965; Nikolskii, 1965). This aspect was
investigated by examining variability in temperature
among the areas where the samples were taken in the
present and May's (1967) study. For St. Pierre Bank,
Bonavista Bay, Trinity Bay, Placentia Bay, and areas
2J +3K, 3NO and 3LN (except for 15 ovaries), the
temperatures used were mean bottom temperatures at
the time of capture of the fish from which the ovaries
were taken. Where more than one sampling site existed
for an area, the mean bottom temperature was derived
by weighting the bottom temperatures by the numbers
of ovaries taken at the various sites.

numbers of ovaries in the yearly collections to derive
an overall mean bottom temperature for the St. John's
area.

These mean bottom temperatures at or near the
sites and dates of collection of the ovaries appear to
have a systematic relationshi p with the slopes of the
fecundity-length and fecundity-age regression lines
for the inshore and offshore areas (Fig. 4). The slopes
(representing rates of increase in egg production with
length or age) decrease sharply at temperatures below
2 0 C, and there is some indication of a decline in slopes
at higher temperatures, particularly for the fecundity­
age relationships. The sharp decrease, at low tempera­
tures, in the rate at which egg production increases as
the fish grow larger and older is probably related to
their ability to feed and digest food at these low
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For area 3LN, 15 ovaries were collected from
catches of fishing vessels in 1964 at two sites (5 ovaries
at one and 10 at another) where no bottom tempera­
tures were available. There were even no research ves­
sel observations in 1964 or preceding years in the
vicinity of these sites at the time of year when the
ovaries were collected. However, bottom temperatures
near the 5-ovary collection site in 1967 -68, 1970 -72
and 1974 ranged from -1.20 to 0.05 0 C (average
-0.64 0 C), and those near the 10-ovary collection site
in 1968, 1971-72 and 1974 ranged from - 1.41 0 to
0.02 0 C (average -0.77 0 C). These averages were used
in conjunction with 1964 bottom temperatures for
other collection sites to derive a weighted mean for
area 3LN. Although detailed hydrographic observa­
tions were not available for the northeastern Grand
Bank during the winter-spring period, these average
temperatures should be representative of bottom
temperatures in the vicinity of the collection sites in
1964 because the temperature overtheshallow portion
of northeastern Grand Bank is typically 0 0 C or lower
even in summer due to the influence of the cold Labra­
dor Current (May et al., 1965).

In the St. John's area, ovaries were collected from
commercial gillnet catches at sites where bottom
temperatures and depths of catches were not available.
However, gillnet fishermen in this area generally fish in
depths of 90 -180 m, and these were assumed to define
the likely range of depths from which the ovaries were
taken. Temperature observations at Station 27, located
about 5 nautical miles off St. John's and occupied at
least once monthly (Templeman, 1969), were used to
derive average temperatures which were considered
representative of those at the ovary collection sites.
Temperatures at standard depths of 100, 125, 150 and
170 m in the same year and on a date nearest that of
each ovary collection were averaged from the tempera­
ture sections, and these averages were weighted by the
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Fig. 4.
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Plots of slopes of log-log regression lines (Table 6) for (A)
fecundity-length and (B) fecundity-age relationships against
mean bottom temperatures at the ovary collection sites.
(Curves are free hand drawn to reflect the trends.)
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temperatures. It is known that cod feed less at lower
temperatures (McKenzie, 1938) and digest food at a
much slower rate (Tyler, 1970). Also, the abundance
and variety of prey items are likely to be less at lower
temperatures. Taken together, these factors would
result in less food being utilized in cold water for pro­
duction of both somatic and gonadal products. Fish
which live in very cold water are known to utilize their
body protein for production of sexual products. In
American plaice, as body protein declines, water repla­
ces it, giving riseto ajellied condition (Templeman and
Andrews, 1956), but no fecundity estimates are availa­
ble for jellied American plaice to enable a comparison
with those of young fish and fish living in warmer water.
Conversely, the cod in the present study were not
examined for jellied condition. However, the hypothe­
sis is advanced that, because of low food utilization,
the cod in colder water were not only unable to pro­
duce as much body protein as fish living in warmer
water but were unable to increase their egg production
with increased length to the same extent. This would
be more evident in the larger and older cod which feed
less and especially do not take advantage of the abund­
ant supply of capelin in early summer (Lilly and Flem­
ing, 1981) to recover quickly from spawning as do the
younger fish, thus causing the decline in slopes of the
fecundity-length and fecundity-age relationships with
decrease in temperature.

In regard to the specific period when these low
temperatures might affect fecundity, Hodder (1963)
considered three possible critical periods for produc­
tion of eggs by haddock on the Grand Bank: (i) time of
formation of oocytes 2 years prior to spawning, (ii) the
few months immediately preceding spawning, and (iii)
the summer immediately preceding spawning. In rela­
tion to (i), the time of formation of oocytes for cod 2
years before spawning would be during the spring
period, and, although detailed temperature observa­
tions by season are not available, it is well established
generally that the deepwater slopes of the offshore
banks, where the majority of the ovaries were taken in
areas 2J +3K, 3NO and St. Pierre Bank (areas with
higher fecundity-length slopes), are washed by rela­
tively warm water for almost the entire year, whereas
the inshore areas of Bonavista Bay, Trinity Bay, St.
John's and Placentiia Bay and the shallow bank area
3LN (areas with lower fecundity-length slopes) are
covered by relatively cold water throughout the winter,
spring and early summer periods (Fleming, 1960; May
et al., 1965; Templeman, 1962, 1965b, 1966; Temple­
man and Hodder, 1965a, 1965b; Templeman and May,
1965). Thus, the bottom temperatures at the sites and
times of ovary collection are probably representative of
the temperatures in these areas during each spring
period when oocytes are being formed, and this could
have produced the results observed in this study.

By the same argument, for critical period (ii)
above, these bottom temperatures are probably repre­
sentative of the temperatures in the areas for the winter
months immediately preceding the time of ovary col­
leeton. As well, it is known that, although cod undergo
inshore migrations to shallow areas in late spring-early
summer and offshore migrations to deep water in late
autumn-early winter, very little migration takes place
durinq the winter-early spring period (Templeman and
Fleming, 1956; Hodder, 1965; Templeman, 1962,
1965a, 1966, 1979; Lear, 1984). Thus, cod which are in a
particular area by early winter are likely to remain there
until late spring, and those that were captured at the
sites of ovary collection were likely to have been there
for several months before being caught. Therefore,
environmental factors in the months immediately
before spawning could also explain the observed
resu Its, the lower temperatures and attendant food res­
trictions probably inducing some reabsorption of ova
(Hodder, 1963).

With regard to critical period (iii), cod which over­
winter in warm water on the slopes of the banks in
areas 2J+3K, 3NO and St. Pierre Bank do not remain
there throughout the year but migrate to inshore shal­
low waters of different temperatures in summer and
mix with other cod populations at the same time. Also,
cod which inhabit the inshore areas in winter would
experience temperatures considerably different from
those prevalent in summer in the same areas. There­
fore, it is unlikely that the differences observed in the
slopes of the fecundity-length and fecundity-age rela­
tionships were caused by environmental factors oper­
ating during the summer preceding spawning. In
summary, therefore, it appears likely that the observed
differences were caused by environmental factors
which influenced the ability of cod to utilize food either
at the time of oocyte formation or in the months imme­
diately before spawning when the eggs are increasing
in size very rapidly.

In conclusion, the numbers of eggs produced at
each length and age varied considerably among years
within an area, whereas the rate of increase in numbers
of eggs produced with increase in length or age did
not. In the area comparisons, cod from the St. John's
area had a different fecundity-length relationship
(lower slope) than those from other inshore and
offshore areas, and cod from Placentia Bay had a
different relationsh ip (lower slope) than those from all
areas studied except area 3LN. On the other hand, the
relationships for cod in Bonavista Bay and Trinity Bay
and in all offshore areas were similar. This variation
among areas in rate of increase in egg production with
length appears to be related to the temperature
conditions in the areas where the cod lived either
during the period immediately prior to spawning or
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during the period of oocyte formation 2 years prior to
spawning.
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