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Summary. Adult goldfish put under controlled-raising photoperiod were subjected
to a progressive rise in rearing temperature between February and May, or to a sudden
rise in February when gametogenesis is initiated or in May when it is in progress. Plasma
gonadotropin (c-GtH) was measured by radioimmunoassay. When temperature rose
from 10 °C to 20 or 30 °C, a significant increase of immunoreactive c-GtH was observed.
In a control group maintained at 10 °C from February to May, the cGtH level increased
significantly, but remained significantly lower than the level of the group subjected to a
progressive rise in rearing temperature and kept under the same photoperiod. This
suggests an effect of both temperature and photoperiod on c-GtH release.

Introduction.

Temperature is one of the most important environmental factors controlling
reproduction in teleost fish (De Vlaming, 1974). It may act at two levels :

On gonads : temperature controls the duration and yield of spermatogenesis
(Egami and Hyodo-Taguchi, 1967 ; Billard, 1968) and the duration of oocyte matura-
tion (Jalabert et al., 1973). The temperature requirement for gametogenesis may
depend on the stage of sexual development ; low temperatures are required for the
initiation of spermatogenesis in Fundulus (Lofts et at., 1968), meiosis in Couesius plum-
beus (Ahsan, 1966) and ovarian maturation (Echelle et a/., 1973). Warm temperatures
are required for the end of spermatogenesis and spermiation in Couesius plumbeus
(Ahsan, 19bb) and for ovulation and spawning in goldfish (Yamamoto et al., 1966).

On the central nervous system and pituitary : gonadotropin secretion increases

with temperature in tench (Tinca tinca, Breton et al., 1975) and in goldfish (Carassius
auratus, Gillet et al., 1977). In carp, pituitary response to LH-RH injection has been
shown to increase at the same time as the temperature (Weil et al., 1975).

In the present experiment, the effect of slow rise in the rearing temperature on
gonadotropin release was tested in goldfish between February when gametogenesis
is initiated, and May when it is in progress ; the effects of a sudden rise were tested
both in February and in May.



Material and methods.

Adult male and female goldfish weighing approximately 50 g were taken at the
end of January from their natural environment in outside ponds in which the water
temperature was 10 °C. Groups of 10 fish were put in 60 1 thermoregulated plastic
tanks under controlled-raising photoperiod ; fluorescent tubes provided 1 000 lux
at water surface, similar to that recorded outside. Fish were fed pellets od libitum
twice a day.

Three groups of fish were kept under various rearing temperatures :

Experiment 1 : a progressive rise of 10 °C similar to the one occuring in a natural
environment was planned over 4 months from February to May (10 OC in February,
12 °C in March, 16 °C in April and 20 °C in May). A control group was maintained
at 10 °C during the 4-month period. Blood samples were taken by heart puncture
every month between February and May (fig. 1, groups A and B).

Experiment 2 : at the beginning of February the temperature was raised in the 3 groups
at the rate of 1 !C per day from 10 °C to 17, 24 or 30 °C. Blood samples were taken at
the end of February when all the experimental temperatures were reached (fig. 1.
groups C, D and E) ; they were also taken in the control group at 10 °C (group B).



Experiment 3 : one group was maintained at 10 °C until May and then transferred
into tanks heated at 20 °C. Blood was sampled before the thermal shock and 15 mn,
6 h and 7 days afterwards (fig. 1, group F).

Blood was centrifuged at 3000 rpm for 20 mn and plasma samples stored at

- 20 °C until analyzed by radioimmunoassay as previously described by Breton
et al. (1971) for carp and extended to goldfish.

Results.

Results are reported in figure 2, 3 and 4. There is no difference between males and
females in the circulating c-GtH recorded.

Experiment 1 : at the beginning of February at 10 oC, c-GtH blood level is low, i. e. less
than 2 ng/ml plasma. When temperature is progressively increased by 10 °C during
3 months, c-GtH level reaches 11 ng/ml plasma which is a significant rise (P < 0.005)
(fig. 2, group A). Also, the rise of c-GtH is proportional to temperature elevation. At

constant rearing temperature of 10 0 °C, the c-GtH level increases significantly between
February and May (P < 0.05) (fig. 2, group B). However, plasma gonadotropin level
remains significantly lower in April and May (P < 0.005) in the control group (10 °C)



as compared to the group subjected to a progressive rise of rearing temperature.
There was no significant difference between the two groups in March, but the rearing
temperature was about the same (10 °C and 12 °C).

Experiment 2 : in fish subjected to a rise of temperature in February the c-GtH level
significantly increased up to 6-8 ng/ml (P < 0.001) in all the temperatures tested
(fig. 3). No statistical difference was observed among the 3 groups kept in warm tem-
peratures (17, 24 and 30 °C).

Experiment 3 : c-GtH concentration was not modified 15 mn and 6 h after the fish recei-
ved a thermal shock, but a significant increase (9 ng/ml) (P < 0.05) was observed
seven days later. No mortality occurred following thermal shock.

Discussion.

In the three experiments a sudden or progressive rise in temperature conside-
rably increased blood c-GtH either in February at initiation of gametogenesis or in
May when it is in progress. In every case, c-GtH level reached 7 to 11 ng/mg which is

3 to 4 times more and significantly higher than in the group kept at 10 OC. In the
group kept at a constant temperature but under rising photoperiod, gonadotropin
elevation was very limited, suggesting that increasing temperature is more impor-
tant than increasing photoperiod. This is in agreement with many observations and



experiments showing that in Cyprinids temperature is the most important environ-
mental factor in the control of gonadotropin secretion (De Vlaming, 1972).

However, in the control group maintained at a constant rearing temperature
of 10 OC, plasma gonadotropin increased between February and May. This may
be due to changes in photoperiodism or to the stage of sexual development which is

more advanced in May than in February, even in fish kept at constant rearing tem-
perature of 10 !C. The response to a similar thermal shock was slightly different in
February and May, but is not statistically significant. After the thermal shock in May,
this stress did not induce a noticeable secretion in gonadotropin within 6 h. However,
7 days later c-GtH level was as high as in the other experiments when the rise

in temperature was more progressive. Thus, the stimulation of secretion does not seem
to be due to stress, but to a true stimulation of the gonadotropic activity of the hypo-
thalamo-pituitary complex. Other investigations have shown that temperature-
stimulated secretion of gonadotropin is not continuous but lasts 3 months (Gillet et al.,
1977).

Within certain limits, raising rearing temperature accelerates gonad matura-
tion in goldfish (Sasayama and Takahashi, 1972), but the gonads regress when fish
are kept at a warm rearing temperature for more than 3 months (Gillet et al., 1977).

In conclusion, a rise in the rearing temperature goldfish strongly stimulates
gonadotropin secretion.
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Résumé. Des poissons rouges adultes placés en photopériode artificielle et croissante
sont soumis à une élévation progressive de leur température d’élevage entre février et mai.
D’autres subissent une élévation de température rapide, soit en février lors de l’initiation
de la gamétogenèse ou en mai lorsque les animaux sont en pleine gamétogenèse. La gona-
dotropine plasmatique (c-GtH) est dosée par une méthode radioimmunologique. Lorsque
la température s’élève de 10 à 20 ou 30 °C, il se produit un accroissement significatif de la
c-GtH immunoréactive. Dans les groupes d’animaux maintenus sous photopériode crois-
sante et soumis à des températures d’élevage constantes (10 &dquo;C) ou croissantes (passage de
10 à 20 °C entre février et mai) les niveaux circulant de c-GtH augmentent significative-
ment, mais l’augmentation est plus marquée pour le lot soumis à l’élévation de tempéra-
ture (P < 0,005). Ceci suggère la possibilité d’une action combinée de la température et de
la photopériode sur la sécrétion de c-GtH.
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