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Summary. Two-year old male rainbow trout, Salmo gairdnerii, were exposed to the fol-
lowing photoperiods at 80 or 16 °C from February 24 to June 19 : constant short photoperiod
(8 L +16 D), constant long photoperiod (16 L + 8 D), and gradually decreasing photope-
riod (from 16 L to 8 L). Control fish were exposed to natural photoperiod and temperature.
Plasma and pituitary gonadotropin levels were determined by radioimmunoassay and
correlated with spermatogenic response in testes. Control fish did not show advancement
of spermatogenesis, whereas those exposed to decreasing photoperiod at 80 or 16 °C
showed complete induction of spermatogenesis. While cooler temperature favoured pro-
duction of spermatogonia and spermatocytes, the warmer temperature stimulated formation
of spermatids and spermatozoa. On the other hand, in trout exposed to constant short or
constant long photoperiod, spermatogenic response was weak at both temperatures.
Plasma GtH levels increased in groups kept under decreasing photoperiod at both 8 !C
as well as 16 °C ; the magnitude of rise of GtH was greater at 16 oC than at 8 °C. GtH levels
were significantly higher in trout exposed to gradually decreasing photoperiod than in
animals kept under constant short or constant long photoperiod at 80 or 16 °C. The data
suggest that the optimum photothermal combination for GtH release and induction of
spermatogenesis in the rainbow trout is a gradually decreasing photoperiod (from 16 L to
8 L) at 16 !C.

Introduction.

Many investigators have shown that in teleost fishes gonadal recrudescence can
be advanced by manipulations of photoperiod and temperature. De Vlaming (1972,
1974), Jalabert (1976) and Sundararaj and Vasal (1976) have recently reviewed the
relevant literature. As far as salmonid fishes are concerned, Hoover and Hubbard

(1937) achieved complete maturation in Salvelinus fontinalis 15 weeks before normal
spawning, by reduction of the normal photoperiodic cycle at 7 !C. Nomura (1962)
obtained similar results in the rainbow trout but at 10 °C. Comparable results were also
obtained by Hazard and Eddy (1951) and Henderson (1963) in Salvelinus fontinalis,



Allison (1951) and Corson (1955) in the brown trout, Salmo trutta and Goriszko (1972)
in rainbow trout, Salmo gairdnerii. In all these experiments, effects of photoperiod and
temperature were evaluated by parameters of sexual maturation such as ovulation
and spermiation. As yet, no data on the dynamics of spermatogenesis and hormonal
variation are found in the literature.

In the experiment reported in the present paper, the effects of these two factors
were investigated in the male rainbow trout by measuring the pituitary and plasma
gonadotropin (t-GtH) concentrations in correlation with quantitative analysis of sper-
matogenesis.

Material and methods.

Collection and care of fish and experimental installations.

Two-year old rainbow trout, weighing about 150 g were obtained from the
Forgeot Fish Farm (Loiret, France). They were allocated into fourteen subgroups
(duplicate) each containing 10 animals in 300-liter tanks. Two tanks were used for
each of the experimental groups.

The first group, which served as the control, was maintained under natural pho-
toperiod and temperature in a recirculating water system, in which the water was

purified by passage under pressure through a bacterial filter (Petit, 1974).
Six other experimental groups were maintained in a similar but independent

system, in which the water temperature was regulated to the nearest 0.1 oC by means
of an electronic regulator (Fayard, 1975). Two super white and one blue Philips fluo-
rescent tubes were used for illumination in each environmental room, and the duration
of photoperiod was regulated by a time-switch. Light intensity at the surface of the
water was 1 200 lux.

The six combinations of light-temperature used were : I. Constant temperature
of 16 oC and long photoperiod (16 L + 8 D), II. Constant temperature of 16 6 °C and
short photoperiod (8 L -!- 16 D), III. Constant temperature of 16 oC and gradually
decreasing photoperiod from 16 L !- 8 D on 17/02/74 to 8 L + 16 D on 21/06/75. In
this case, the duration of photoperiod was adjusted weekly to approximate the natural
decrease in photoperiod from 21 June to 21 December (see fig. 1).



Groups of fish in IV, V and Vi were held under the same photoperiod as in I, 11
and III respectively but at 8°C.

Experimental procedure.
Thermal acclimation of rainbow trout began on February 1 under natural photo-

period and the experiment was commenced on 17 February.
From this date onwards blood was sampled every two weeks by heart puncture

with a 1 ml tuberculin disposable syringe (26/6 needle) from anesthetised fish (pro-
poxate R 7464 Janssen pharmaceutica, 2 ppm). The blood was centrifuged for 10 mn
at 3 000 rpm at 4 °C. The plasma samples were stored at - 20 °C until analysis.



The experiment was terminated on June 19. All the surviving animals were killed
by decapitation after a last blood sampling. Body and testes weights were taken and
the gonadosomatic index (GSI) determined. A part of the testis was fixed in Bouin-
Hollande and histologically analysed according to the technique of Billard et al. (1974).
Pituitaries were collected on ice immediately after decapitation, weighed to the nea-
rest 0.1 mg on a Mettler ME 22 balance, homogenized by 5 to 10 strokes in a glass teflon
homogenizer in 0.05 M veronal buffer pH 8.6 containing 2.5 p. 100 of human serum
albumin (5 mg/ml concentration) and stored at - 20 °C.

Plasma and pituitary gonadotropin concentrations were determined by a radioim-
munoassay (RIA). The double antibody RIA system for trout gonadotropin was carried
out with the highly purified t-GtH (Breton et al., 1976). The hormone was labelled by
chloramine T method with 1125 (Greenwood et al.,1963) under the same conditions used
for the carp gonadotropin (Breton et at., 1971). The antibody raised against the pure
t-GtH in guinea pig was used at a 1/200000 final concentration. The sensitivity of
the assay was 7 to 10 pg.

Statistical analyses were done by using the F-test of Fisher and analysis of variance.
The mean and standard deviation are given in graphs.

Results.

Spermatogenesis.
In the controls, the testis remained in the resting stage with type A spermatogonia,

few cysts of type B spermatogonia with no other spermatogenic stages (fig. 2). The
gonadosomatic index was very low (table 1).

In the experimental groups, there was no difference between the duplicates and
results of the two subgroups were pooled. The stages of advancement of spermatoge-
nesis are summarized in figure 2.

Complete spermatogenesis occurred only in groups exposed to decreasing photo-
period at 80 or 16 °C. The warmer temperature accelerated spermatogenesis ; a
greater number of spermatozoa was produced at 16 oC (29.36 ± 20.03) than at 8°C
(3.95 ± 2.24) with a higher number of spermatogonia at the lower temperature than



at 16 °C (4.55 ! 1.56 against 1.21 ! 1.29). These two groups of values are signifi-
cantly different (p. < 0.01).

In the groups kept under short or long photoperiod, spermatogenic response was
very weak although it was stimulated under long photoperiod especially at 8 °C. The
number of type B spermatogonia (1.25 ± 0.31) and spermatocytes (4.13 ! 2.31) was
greater (p < 0.01) under long photoperiod than under the short one (0.35 ! 0.21 and
0.24 ! 0.16 respectively), the production of spermatozoa was also higher under long
photoperiod than under the short one (p < 0.05).



Plasma gonadotropin levels.

Results were similar in the two duplicate subgroups, and were, therefore, pooled.
Variations in plasma content of immunoreactive t-GtH are given in figure 3 for

the experimental and in figure 4 for the control group kept under natural photoperiod.

a) Effects of photoperiod.
Plasma t-GtH levels increased between the beginning and the end of the experi-

ment in the groups kept under decreasing photoperiod at both the temperatures used,
and these values are significantly higher than in animals kept under constant long or
constant short photoperiod either at 80 or 16 oC (fig. 3 and table 2) especially at the
end ofthe experimental period after May 20. Thus in the groups subjected to decreasing
daylength, reproducing the natural photoperiodic cycle, the natural profile of GtH



secretion from July to spermiation time was found. In contrast, under constant short or
constant long photoperiod, the gonadotropin level decreased over the same period.
There was no significant difference between trout kept under constant long or short
photoperiod and the controls.

b) Effects of temperature.
Regardless of photoperiodic regime, t-GtH levels were significantly higher at

16 °C than at 8 °C (p < 0.001, F test) for each date. Similarly the overall mean GtH
concentration throughout the experiment was higher at 16 oC than at 8 !C (table 3).

Pituitary gonadotropin levels.
No significant difference was found either in temperature or in photoperiod-

treated animals. However, statistical analysis is not possible because of the heteroge-
neity of results (table 4). The only significant result is obtained at 16 °C between
animals kept under decreasing photoperiod and constant short photoperiod (p < 0.05).



Discussion.

We have limited information concerning plasma gonadotropin levels in salmonid
species. Except our earlier results (Breton et al., 1976) the only other published infor-
mation is that of Crim et al. (1973, 1975), wherein they have reported significantly
higher gonadotropin levels in spermiating land-locked salmon and brook trout. They,
however, did not relate GtH levels with the entire annual reproductive cycle of the
fish, but only with the last stages of sexual maturation. In the brook trout plasma GtH
was not detectable during the resting period of the testes, but increased steadily from
August to October as spermatogenesis advanced (Crim et al., 1975). The results obtai-
ned in this study under decreasing photoperiod, regardless of temperature, are quite
similar and are comparable with the natural profile of GtH secretion in the rainbow
trout from the beginning of the spermatogenesis (August) up to spermiation (Novem-
ber-December) (Breton et al., 1975). Comparison with values given by Crim et al.

(1975) is difficult since they did not mention the range of temperature.
The effect of temperature on GtH secretion seems to be very important and acts

by amplification of the mean values of gonadotropin concentration, regardless of
photoperiod. Under decreasing photoperiod, the magnitude of gonadotropin rise is

greater at 16 oC than at 8 °C. Thus at 8 °C the increase of GtH concentration began
with 4.72:!: 0,37 ng/mi in early April and reached 6.88 ! 0,79 ng/mi in late June,
whereas at 16 °C GtH level increased from 4.48 ! 1.04 to 11.23 ! 1.11 ng/ml during
the same period.

In the constant photoperiod groups the profile of gonadotropin secretion is like
the natural profile with a slight decrease, or a maintenance at a low level from January
(after spermiation) to July. This diminution, especially during the month after acclima-
tion is more pronounced at 16 °C than at 8 °C. This is similar to the situation noticed in
the goldfish (Gillet et al., 1976) where acclimation to high temperature (! 17 °C)
induced a rise in GtH level. This differential response could be attributed to the res-

pective photoperiodic regimes. Goldfish were kept under an increasing photoperiod,
whereas trout were under constant short or constant long photoperiod, and decreasing
photoperiod.

The results of the present study show that under constant short or long photope-
riod spermatogenesis including formation of spermatozoa is qualitatively but not

quantitatively induced. Only a decreasing photoperiod is able to induce complete
spermatogenesis, mediated through a rise in gonadotropin secretion. Henderson

(1968), and Combs et al. (1959) already postulated that decreasing photoperiod is

necessary to induce spermatogenesis in the brook trout. On the other hand, Backiel
(1964) suggested that warm temperature stimulated the last stage of spermatogenesis.
The difference in the plasma gonadotropin levels at 8 oC and 16 °C could explain the
effect of temperature on spermatogenesis.

It has been suggested that the development of the different phases of spermato-
genesis may have different temperature thresholds. In the present study in trout

under decreasing photoperiodic regime, spermatogonial divisions and primary sper-
matocyte formation may be influenced by low temperatures, while spermatozoa pro-
duction is possibly enhanced by warm temperatures. Similar observations were made



by Ashan (1968) in Couesius plumbeus, who found that high temperatures accelerate
spermatogonial proliferation and hasten spermiation, but low temperatures are
necessary for the formation of primary spermatocytes (see also Harrington, 1959).
On the contrary, Lofts et al. (1968) postulated that in Fundulus heteroclitus, an elevation
of temperature accelerates the spermatogonial activity.

In rainbow trout it appears that initiation of spermatogenesis can occur under long
photoperiod, it can be advanced under a long or decreasing photoperiod at warm

temperature, while spermiation takes place under short day lengths at low temperature.
In trout, the qualitative induction of total spermatogenesis does not seem to require

very high levels of GtH, which is different from the goldfish (Gillet, 1975) where quan-
titatively restcred spermatogenesis needs higher plasma gonadotropin concentration.

The present study has demonstrated that in the rainbow trout it is possible to obtain
fully mature males, six months after the natural spawning period. It does not throw light
on the existence of a refractory period, as demonstrated in other species such as
Notropis bifrenatus (Harrington, 1957) and Fundulus confluenfus (Harrington, 1959).
It may exist, if at all, between 21 December and 24 February which is prior to the ini-
tiation of our experiment. We shall try to resolve this problem in future experiments.
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Résumé. Les effets de la température et de la photopériode sur le cycle reproducteur
de la truite Arc-en-ciel mâle sont appréciés par l’analyse quantitative de la spermatogenèse
et la dynamique de sécrétion d’hormone gonadotrope (GtH) mesurée par radioimmuno-
logie.

Seule une photopériode décroissante de 16 à 8 h de lumière par jour, appliquée dès
le mois de février en fin de période de spermiation naturelle est susceptible d’induire un
nouveau cycle spermatogénétique dans les 4 mois qui suivent. Dans ces conditions, une
élévation de la température stimule la spermatogenèse qui est complète (formation de
spermatozoïdes) à 16 &dquo;C. Sous photopériode constante longue ou courte, l’activité sperma-
togénétique est faible, une légère stimulation des divisions spermatogoniales et une augmen-
tation du nombre de spermatocytes sont enregistrées sous photopériode constante 16 L -
8 N, spécialement à 8 oc. Quel que soit le rythme photopériodique, le taux d’hormone gona-
dotrope circulante est plus élevé à 16 <*C qu’à 8 °C. Sous photopériodes constantes longues
et courtes, les niveaux gonadotropes décroissent du début à la fin de l’expérience, alors
qu’ils s’élèvent en fin d’expérience sous photopériode décroissante. Cette élévation est plus
marquée à 16 qu’à 8 !C.

La photopériode apparaît être le facteur qui induit l’augmentation de la sécrétion

gonadotrope et la phase de gamétogenèse active, la température ayant un rôle facilitant.
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