Temperature influence on reproductive development
and gamete quality in Atlantic cod (Gadus morhua)
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ABSTRACT. - Research into the influence of temperature changes on reproductive development in coldwater marine spe-
cies, such as Atlantic cod, is little studied. Thermal effects on plasma sex steroids and egg quality were studied in broodfish
exposed to different regimes during ovarian growth and the spawning season. Temperature influenced peak and/or tempo-
ral changes in plasma 17beta-estradiol (E2) concentration. Plasma E2 profiles of fish exposed to low temperature (4°C)
were delayed by two to eight weeks, compared to fish held at 8°C and 12°C, accompanied by a corresponding shift in the
timing of ovulation. Egg quality was significantly reduced by exposing fish to elevated temperature, but effects were time-
dependent. Fertilization percentage was reduced (12°C, 13%; 8°C, 27%; 4°C, 60%) by exposure of broodfish to elevated
temperature during ovarian growth, but not during the spawning season. On the other hand, the proportion of eggs showing
normal early cell cleavage was reduced (12°C, 12%; 8°C, 85%; 4°C, 96%) by exposure of broodfish to elevated tempera-
ture during the spawning season, but not during ovarian growth.
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Introduction

Reproductive endocrine homeostasis is responsive to
temperature, but the long-term consequences of temperature
changes on reproductive endocrinology and gamete quality
have not been extensively studied. Information on the effects
of temperature changes on reproductive development in
coldwater marine species, such as Atlantic cod, is much
needed.

Methods

Effects of temperature on reproductive development and
egg quality were examined in two experiments. In the first
experiment, three groups of repeat maturing cod were held
at a common temperature of 7-8°C during ovarian growth
(September-February). At the approach of the spawning sea-
son (March-April), temperature was changed to 4°C or 12°C
for two of the groups, whereas the third group remained at
8°C. In the second experiment, groups of fish were held at
4°C, 8°C or 12°C during ovarian growth and then, at the first
release of eggs, temperature was adjusted to 6°C. Plasma
profiles of 17beta-oestradiol (E2) and the timing of ovula-
tion were used to evaluate temperature influences on repro-
ductive development. Fertilization rate and early cell cleav-
age (4-64 cell stage) were used as indicators of egg quality.

Results and discussion
Exposure of fish to a temperature of 12°C during the
spawning season resulted in reduced peak E2 plasma con-

centration, in comparison to fish held at 4°C and 8°C. In fish
exposed to 4°C, plasma E2 was delayed by four weeks in
comparison with fish held at 8°C and 12°C. This was accom-
panied by a corresponding shift in the timing of ovulation.
Temperature experienced during the spawning season influ-
enced egg quality; proportions of normally cleaved eggs
were lower in the 12°C (12%) than in the 8°C (85%) and
4°C (96%) groups. Proportions of floating eggs and fertiliza-
tion rates were also inversely related to temperature. Plasma
E2 profiles of fish exposed to 4°C during ovarian growth
were shifted (delayed) by four to eight weeks in comparison
with those held at 8°C. Plasma E2 profiles of fish exposed to
12°C took an intermediate position. Temporal shifts in plas-
ma E2 concentrations were reflected in corresponding
changes in timing of ovulation. Temperature during ovarian
growth had some influence on egg quality; with proportions
of fertilized eggs differing (12°C, 13%; 8°C, 27%; 4°C,
60%), but with little effect on other indices of egg quality.

Conclusions

The results indicate that sex steroid synthesis, secretion
and (or) metabolism in cod are influenced by the temperature
experienced during ovarian growth and the spawning sea-
son. The temperature experienced also influences the timing
of ovulation and gamete quality. As a consequence, tempera-
ture may significantly influence total reproductive output.

(1) Norwegian Institute of Fisheries and Aquaculture Research Muninbakken 9-13, Postboks 6122, 9291 Tromsg, Norway.

[helge.tveiten @fiskeriforskning.no]

Cybium 2008, 32(2) suppl.: 195.



