Effects of Environmental Condition on Growth and Reproduction
of Atlantic Cod, Gadus morhua

Michio YONEDA

Abstract This paper describes the effects of temperature and food availability on
growth and reproduction of first-time spawning Atlantic cod, Gadus morhua, in addition
to the previous findings on the relationship between environmental condition and repro-
ductive characteristics of this species. A reduction in daylength is a vital environmental
cue regulating the gonadal maturation. The growth in vitellogenic oocyte diameter is
positively correlated with temperature. Higher food availability can lead to a higher egg
production of females that have experienced spawning before. In first-time spawning fish,
there were sex-specific differences in the environmental effects on sexual maturation and
gamete production. Low temperature led to an arrest in the onset of vitellogenesis, result-
ing in the occurrence of females that postponed spawning. Food manipulation did not sig-
nificantly affect potential fecundity, but did affect somatic growth during vitellogenesis.
In contrast, higher food availability resulted in a higher sperm production. A marked
truncation in the upper size and age structure of cod spawning stock biomass is now evi-
dent due to the intense fishing pressure during the last several decades. Therefore, the
pre-spawning season environment could potentially have an effect on annual egg produc-
tion of such young population in the coming and future spawning seasons.
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Fig. 1. Temperature regimes in different groups of
treatments throughout the experiment between
November 8, 2002 and March 27, 2003. Arrow
shows the date of biopsies sampling. LT, AT, HT,
low, ambient or high temperature.
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Fig. 2. Mean (+ S.E.) daily somatic growth rate
(SGR) of mature males and females cod in differ-
ent groups of treatment between early (November-
January, open marks) and late (January-March,
closed marks) periods. LT, AT, HT, low, ambient
or high temperature; LF, HF, low or high feeding.

Table 1. Number of sexually immature (Im) and mature (M) cod in each group of treatment throughout the

experiment.
Males Females

Treatment Im M N Proportion Im M N Proportion

mature mature
LT/HF 3 10 13 0.77 13 4 17 0.24
AT/HF 15 15 1.00 2 11 13 0.85
HT/HF 1 14 15 0.93 3 15 18 0.83
HT/LF 4 13 17 0.76 3 11 14 0.71

LT, AT, HT, low, ambient or high temperature; LF, HF, low or high feeding.
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Table 2. Expected number of females having ovaries with early
vitellogenic oocytes in different groups of treatment between early
(November-December) and late (January-March) periods.

Period
Treatment Early Late N
LT/HF 4 4
AT/HF 6 5 11
HT/HF 11 15
HT/LF 5 10
r 0.685, p 0.001, GLM
57 83
Intensity of atresia IA , TA 100x
Table 2 0.27 3.14
IA 0 5
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11 12
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1 3
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Fig. 3. Mean (£ S.E.) testicular weight (TW) and
gonadosomatic index (GSI) of mature males, and
mean (+ S.E.) potential fecundity (PF) and relative
fecundity (RF) of mature females in different
groups of treatment. Asterisk shows a significant
difference between the two groups (Mann-Whitney
U-test, P 0.05). LT, AT, HT, low, ambient or
high temperature; LF, HF, low or high feeding.
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