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Effects of changes of photoperiod on gametogenesis
in the rainbow trout (Salmo gairdneri)
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Summary. After their first reproductive period, adult male and female rainbow trout
were put under three different photoperiodic regimes between January and June : (1) short
daylength (6 h of light/day), (2) decreasing daylength (16L : 8D— 10L : 14D), (3) skeleton
photoperiod consisting of short day-length (6L : 18D) with a one-hour flash at various
times during the dark cycle in a decreasing daylength fashion (between 161 and 10L), i.e. at
the end of the daylight period of the preceding group. The rearing temperature was 15 °C.
After the fish were killed in June, it was found that decreasing daylength (group 2) had sti-
mulated vitellogenesis. In that group, spermatogenesis was also highly stimulated in all the
males, and some were in spermiation. No significant stimulation of vitellogenesis was
observed in any of the groups of females which showed a follicular diameter of less than
1 mm. Spermatogenesis had not begun in any males of group 1 and 3 but thetesticular cycle
was slightly advanced in group 3 in which residual spermatozoa had disappeared from the
lobules, while they still subsisted in group 2.

The hypothesis proposing the present pattern of photosensitive phase, shifting between
16L and 10L (group 3) during the gametogenetic cycle, cannot explain the stimulatory effect
of the decreasing photoperiod (group 1).

Introduction.

Salmonid gametogenesis occurs naturally in mid or late summer under conditions
of decreasing photoperiod and temperature. When the annual photoperiod is condens-
ed experimentally into 9 to 6-month periods, gametogenesis is speeded-up and the
normal spawning period occurs earlier (Hoover and Hubbard, 1937 ; Hazard and
Eddy, 1951 ; Nomura, 1962 ; Henderson, 1963 ; Whitehead et al., 1978). A decreasing
photoperiod, beginning just at the end of the reproductive cycle and diminishing from
16L to 10L in'the 6 months between January and June, induces complete gametogenesis
at a wide range of temperatures. If, during the same period, an 8L photoperiod is reduc-
ed in the same way, but from 8L to OL, the gonads are not stimulated (Breton ef al.,
unpublished data). Moreover, in our laboratory a constant long (16L : 8D) or short
(8L : 16D) photoperiodic regime, given between January and June, is never stimulatory
(Breton and Billard, 1977). It thus appears that when the photoperiod is decreased from
16L to 8L, just after the cycle is over, the effect is more stimulatory than with constant
photoperiods. A photosensitive phase, shifting gradually between 16 and 8L during
this 6-month period, might explain the stimulatory effect of the decreasing photoperiod.
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This hypothesis was tested during the present study in which male and female rainbow -
trout were given a decreasing photoperiod (16L : 8D — 10L : 14D) in 6 months or a
short photoperiod (6L : 18D) with or without one extra hour of light at a time which
shifted from 16 h after lights-on to 10 h after during a é6-month experimental period.
The latter light regime is often referred to as a skeleton photoperiod.

Material and methods.

Fish from a « Lubin » population, reared in the fishfarm laboratory of Gournay-
sur-Aronde, were used in this sutdy. They were brought to the laboratory on December
17,1979 and stocked in recycled, filtered water (Petit, 1974) at 8 to 10 °C under natural
photoperiod. The fish were adults, having already completed the first reproductive
cycle. At the beginning of the experiment, the males, in which spermiation had started
at the end of November, emitted large amounts of sperm (> 1 ml) when the abdomen
was squeezed. The sperm was collected in tubes and the total volume measured to the
nearest 0.1 ml. The females, which had ovulated befween December 20 and January 5,
were emptied of ova before being put into the experimental tanks on January 5, 1980.

The experimental arrangement, described previouly (Fayard, 1975 ; Breton and
Billard, 1977), consisted of 3 rooms each containing two 0.5 m3-tanks (2.08 x 0.8:x 0.35)
supplied with recycled water regulated to 15 °C. The flow to the tanks was 3 m3/h ;
each tank contained 12 male or female fish, or about 8 kg total weight. Before the expe-
riment began, the recycling system had been loaded gradually with other fish to activate
bacterial filtration (Marie, 1979).

Except on Sunday, the fish were fed twice daily at a ration of one percent of their
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FIG. 1. — Phofoperiod regime in the 3 experimental groups. Top : skeleton photoperiod group L6 - 1L
shifting from 16 to 10 h after lights-on ; middle : constant 6L of light per day ; botton : light phase
of the nycthemere shifting from 16 h to 10 h.
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body weight per day in trout pellets. This amount was adjusted weekly to take account
of growth and mortality. Routine care consisted of a weekly, 15-min treatment with
malachite green (5 mg/l) up to April 13, then with Agroseptyl (4 mg/l) until the experi-
ment ended ; the filter was washed and back-flushed 3 times a week with compressed
air. The nitrite, nitrate and ammonia levels were assayed twice a week using an HACH
kit. If these compounds exceeded tolerable limits, the water was changed.

Between January 4 and 7, all the fish were given a photoperiod computed on the
natural photoperiod ; from January 7, the experimental design (fig. 1) was used.
Lights-on and lights-off were controlled by a time clock without any transition. The
lights were turned on at 7 a.m. GMT, or 8 a.m. local winter time (before March 30,
1979) and 9 a.m. local summer time.

The fish were examined weekly under phenoxyethanol anesthesia (0.3 ml/l) to
check their health and the development of spermiation in the males.

At the end of the experiment, all the fish were fasted for 3 days and then killed.
Their gonadal, visceral and liver weights were noted as well as the diameter (> 1 mm)
of the follicles in exogenous vitellogenesis which were measured with a binocular gra-
ticule. The stage of testicular development was evaluated by gross examination accord-
ing to Billard and Escaffre (1975).

The results in the tables are the means + SD ; the t-test was used for statistical
comparison.

Results.

At the end of the experimental period, ovarian growth and follicular size in the
female fish were only stimulated under the decreasing photoperiod (P < 0.01 as
compared to the other two groups) (table 1), although no ovulation was detected. The
other parameters studied did not differ significantly in the three groups, except for a
slightly higher mortality and a lower HSI in the group given the skeleton photoperiod.

In males, the situation was analogous (table 2) ; gonadal weight was strongly
stimulated in the group under the decreasing photoperiod (P << 0.01 as compared to

TABLE 1

Effects of various photoperiods applied between January and June on reproduction in rainbow trout females
GSI and HSl are given in p. 100 of total body weight ~

Photoperiod/24 h Constant 6L 6L + 1L 16L — 10L
L 10 7 9
Body weight (q). . . ceeeen 632 + 184 811 + 1N 810 + 164
Visceral weight (g)...... 569 + 263 709 + 243 613 + 152
HSI (p. 100) *........... 206 + 0.56 178 + 0.36 248 + 0.42
GSl (p.100) *........... 1.04 + 0.21 1.28 + 0.53 761+ 291
Follicular diameter (mm) <1 <1 294 + 1.05

* HsI : hepatosomatic index; GSI : gonadosomatic index.
** P < 0.01 as compared {o the other groups.
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the other groups) : 7 out of 10 males were actively spermiating (sperm production
> 1 ml), and when autopsied, all showed a white, milky substance in the testis, indicat-
ing that gametogenesis had been achieved. In the group submitted to the skeleton
photoperiod, we found no sign of spermatogenesis at the end of the experiment. The

TABLE 2

Effect of various pholoperiodic regimes given between January and June
on spermatogenesis in rainbow trout males

Light regime/24 h Constant 6L 6L + 1L 16L — 10L
Mo e 11 11 10
Body weight(g)............. 817 +130 7+ 81 810 + 69
Visceral weight (g) 684 + 193 652 + 11.2 51.2 £+ 153
HSI (p. 100)............ .. 167 + 036 1.87 + 0.31 171 + 0.26
GSI*(p.100)............... 199+ 053 0.53 + 0.28 481 + 1.20*
No. of males in spermiation .. 0 0 7

* Atthe beginning of the experiment, the GS| mean was 3.01 + 0.75;n = 7 (extreme : 1.75 + 3.84).
** P < 0.01 as compared to the group receiving 6L + 1L.

testes were filiform, with residues of the previous sperm cycle in the form of grayish
nodules in the testes and whitish fluid in the vas deferens. The situation was slightly
different in the group given 6L : 18D. Four of the 11 animals had rosy-colored testes
which is an indication of the onset of spermatogetic activity. During the experiment,
spermiation stopped more abruptly under decreasing photoperiod than in the other
two groups. Gross histological examination of the testes showed that spermatogenesis
was active in the group on the schedule of 16L : 8D — 10L : 14D. In the group under
constant photoperiod (6L : 18D), spermatogenesis was not stimulated, and the rem-
nants of spermatozoa from the previous spermatogenetic-cycle were still present in the
testes, as shown by the presence of whitish nodules. Spermatogenesis was not stimulated
in the skeleton photoperiod group either but the testes were free of spermatozoa. Visce-
ral weight, including visceral fat, was slightly lower in the decreasing photoperiod
group, but the differences were not significant. There was no difference in the liver
weight between the 3 groups.

Discussion.

After 6 months of exposure to the experimental photoperiods, only the decreasing
one (16L : 8D > 10 L : 14D) stimulated gametogenesis. In the females, gonadal size
increased markedly and was 6 to 7 times greater than in the other groups ; follicular
size reached 3 mm and the oocytes were undergoing vitellogenesis. No such change was
seen in the fish under the skeleton photoperiod or in those under constant short days.
Similarly, male spermatogenesis was stimulated only under the decreasing photoperio-
dic regime. Although there was no spermatogenetic activity in the skeleton photo-
period group, the testicular cycle was more advanced than in the group under constant
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photoperiod (6L : 18D) since the spermatozoa had been eliminated from the testis, as
shown by the low GSl in table 2. Billard (unpublished) has shown in rainbow trout
that a new spermatogenetic cycle starts only after the spermatozoa of the previous
cycle have been eliminated.

It therefore appears that the cycle is slightly more advanced in the skeleton photo-
period group ; this might be due to the extra hour of light they received rather than to
the position of that hour in the nycthemeron.

The stimulatory effect of the decreasing photoperiod regime, given between
January and June, has been previously observed in the same species (Breton and Bil-
lard, 1977 ; Billard and Breton, 1977). However, the GSI was slightly higher than in the
present experiment, resulting possibly from a more extensively decreased photoperiod
(16L : 8D —8L : 16 D).

It should be noted that only a decreasing photoperiod is stimulatory between
January and June. If the trout are put under short (8L) or long (16L) daylength or
increasing daylength (16L — 24L in 6 months) during these months of the year, gameto-
genesis and gamete release are sometimes delayed by several months (Bourlier, 1979).

The present experiment shows that there is no photosensitive phase in the rainbow
trout at the end of the light period given in natural conditions. Such a phase at the end
of the light period has been demonstrated in several species, such as the stickleback
(Baggerman, 1957), in which gametogenesis occurs during increasing daylength, the
Indian catfish, Heteropneustes fossilis (Sundararaj and Vasal, 1976) and Oryzias latipes
(Chan, 1976). The pattern must be different in such species as salmonids in which game-
togenesis occurs in the decreasing light period. However, the possibility of a photo-
sensitive phase in salmonids remains ; it may be stable (and not shift as hypothesized in
the present work) during the last part of the cycle, and would be located in the range
of 10 to 16L. This photosensitive phase might affect fish in the wild either when the
natural daylength of the photoperiod is rising (leading to summer reproduction) or
decreasing (leading to winter-autumn reproduction). Experiments to test this hypothesis
are now in progress in our laboratory.
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Résumé. Des truites arc-en-ciel males et femelles adultes ayant achevé leur 1¢r cycle
reproducteur sont soumises atrois régimes photopériodiques entre janvier etjuin; Groupe 1 :
jours courts (6 h de lumiére par jour 6L-18D) ; Groupe 2 : photopériode décroissante pas-
sant de 16L-8D & 10L.-14D en 6 mois ; Groupe 3 : jours courts de 6 h de lumiére + un flash de
1 h qui vient se placer & la fin de la période claire du groupe 2. La température d’élevage est
de 15°C 4 la fin de ’expérience en juin. La vitellogenése et la spermatogenése sont stimu-
lées dans le groupe 2 et quelques mdles sont en spermiation. Dans les groupes 1 et 2, il n'y a
pas de stimulation notable de la vitellogenése et le diamétre des follicules reste inférieur &
1 mm; la spermatogenése n’a pas commencé chez aucun des méles mais le cycle testiculaire
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est légérement plus avancé dans le groupe 3 ol les spermatozoides ont été entiérement éli-
minés alors que des spermatozoides résiduels subsistent dans le groupe 2.

La présente hypothése proposant le déplacement d’une phase photosensible de 16L
a 10L pendant le cycle gamétogénétique n'explique pas les effets stimulants de la photo-
période décroissante observés dans le groupe 1.
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