Proc. Indian Acad. Sci. (Anim. Sci.), Vol. 94, No.2, April 1985, pp. 153-160.
© Printed in India.

Extraretinal photoreception involved in photoperiodic effects on
gonadal activity in the Indian murrel, Channa (Ophiocephalus)
punctatus (Bloch)
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Abstract. The effects of blinding on Channa punctatus exposed to LD 14: 10, 12: 12,9: 15,
continuous dark (DO) and continuous light (LL) was studied during the winter quiescent phase
of the annual reproductive cycle. Ovarian weights of blinded fish exposed to LD 14: 10,12: 12 or
LL were higher than those exposed to LD 9: 15 or DO. However, no effects of blinding on
testicular recrudescence under any photoperiodic regime were observed. Studies suggest that
in addition to the eyes, other extraocular photoreceptors are also involved for gathering
information on day length.
Keywords. Channa punctatus; photoreception; extraretinal; extrapineal; blinding; gonadal
response; photoperiod.

1.

Introduction

Seasonally changing daylength and temperature have been shown to regulate the
reproductive cycles of many a teleost species (Htun-Han 1977; Sundararaj 1981; VivienRoels 1981). However, at present it is not known whether the effects of light on
reproductive cycles are mediated via retinal pathways and/or by extra-retinal
photoreceptors.
The effects of retinal and extraretinal photoreception in photoperiodic effects on
reproduction has been studied extensively in birds and reptiles (see Menaker and
Underwood 1976; Underwood 1979). However, very little information is available on
their role in the regulation of reproduction in teleosts (Urasaki 1973,1976; Dalahunty
et al 1979; Hontela and Peter 1980).
Channa punctatus is a seasonal breeder. Gonadal recrudescence in this species is
greatly influenced by the changing photoperiod and temperature (Garg and Jain 1985),
but the role of eyes in gonadal response to photoperiod has not been studied. Therefore,
present studies were undertaken to investigate the role of eyes in gonadal response to
daylength in fish exposed to different photoperiodic regimes during the winter
quiescent phase of the annual reproductive cycle.

2.

Material and methods
C

Specimens of C. punctatus were obtained from the fish dealers of Hissar (Lat. 29 10'N;
Long. 7Y 46'E) and were maintained in the laboratory under constant temperature of
25 ± 1 C and a lighting schedule at 12 hr oflight (0800-2000 hr) alternating with 12 hr
of darkness (2000--0800 hr). Fish were acclimated in the above mentioned conditions
C
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for a minimum of seven days prior to the initiation of experimental treatments. Fish
were fed on alternate days with fresh meat and liver oflamb and the water in the aquaria
was changed daily.
After acclimation the fish were divided into two groups, one group was blinded and
the other served as control. A blinded and an intact (control) group each of fish was
assigned to each of the photoperiodic treatments at 25cC (LD 14: 10,12: 12, 9: 15, DO and
LL). Specially made light proof glass aquaria (60 x 30 x 30 cm) were used to keep the
fish. For blinding, the fish were anaesthetized in an aqueous solution (1:4000) of
tricaine methane sulphonate (Sandoz). The complete eye ball was removed with a pair of
iris scissors. To prevent bleeding a small bud of cotton was then inserted into each
empty orbit. Fortified procaine penicillin was occasionally added to the aquaria water
(35000 units/l) as a prophylactic against skin infection. The duration of photoperiod in
each aquarium or chamber was regulated by time switches and the light was provided
by 20 W Philips fluorescent cool daylight tubes. Feeding of fish and changing of water
was always done during the day, except the fish maintained in DO, where it was done in
dark using a dim red light.
Fish sacrificed at the beginning of the experiment served as the initial control.
Thereafter, fish subjected to various photoperiod-temperature regimes were sacrificed
at the end of 30 and 45 days (tables 1 and 2). The gonads were removed and weighed to
Table 2. Effects of blinding on testicular recrudescence in C. puncta/us
exposed to LD 14: 10,9: 15, 12: 12, LL and DD during the post-spawning
and preparatory periods (1981-82).
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the nearest 0·5 mg and fixed in Bouin's fixative for histological studies. For comparison
of data, all gonadal weights were calculated on a 100 g body weight basis (GSI:
go no so matic index). P values between the experimental and control groups were
calculated by students t test (Snedecor and Cochran 1971).
Three types of primary oocytes were identified from stained ovarian section of
murrel (Garg and Jain 1985) on the basis of nuclear and cytoplasmic characteristics;
stage I (figure lA), primary oocytes (diameter 2CH 30 flm, mean, 100 jim) the non-yolky
oocytes present in the ovary during all seasons of the year; stage II (figure 1B) primary
oocytes (diameter 14~240 jim, mean: 170 jim) characterized by the presence of a ring
of cortical alveoli, an indication of the onset of vitellogenesis and stage III (figure 1C),
primary oocytes (diameter 36~720 jim, mean: 510 jim), the fully formed yolky oocytes.

3. Results
At the initiation of the experiments gonads were totally regressed, ovaries had only
stage I primary oocytes, while the testes possessed primary spermatogonia and residual
spermatozoa. Significant differences in ovarian weights or their histology between
blinded and intact fish exposed to LD 14: 10 were not observed after 30 or 45 days of
treatment (table 1),however, lower percentage ofyolky oocytes (P < 0,001) and higher
number of atretic oocytes were observed in the ovaries of the blinded females under LD
14: 10 at the end of 45 days. Under LD 9: 15 ovarian weights of blinded group was
significantly lower (P < 0'001) than the intact group after 30 days of treatment, while at
the end of 45 days GSI of blinded fish did not increase appreciably but the ovaries of the
intact fish regressed significantly (P < 0'001). Atretic oocytes were also observed in
both intact and blind fish. No significant differences in the ovarian weights of blinded
and intact fish under LD 12: 12, LL or DD was observed. However, the GSI of blinded fish
under DD was slightly higher compared to the intact control (table 1).
Testicular recrudescence under different photoperiodic regimes though followed
almost similar patterns as that observed in the ovarian recrudescence, statistical
comparisons were not possible (table 2). Also no differences in testicular histology
among different groups were observed.
A review of the results of different treatments indicate that GSI of blinded fish exposed
to LD 14: 10, 12: 12 or LL was higher than that of fish exposed to LD 9: 15 or to DD.

4.

Discussion

The presence of photoperiodic effects on gonads even after blinding demonstrates the
involvement of extraretinal photoreceptors. The effects of blinding on gonadal
development in C. punctatus are broadly consistent with the findings of Urasaki (1973,
1974), Vodicnik et al (1979) and Borg (1982) that gonadal stimulation can take place in
response to photoperiod even in the absence of eyes. The results obtained on exposure
to short photoperiod however, are in contrast with those obtained by Urasaki (1976) on
Oryzias latipes and by Garg (1981) on Heteropneustes [ossilis, where the females
exposed to short photoperiod had higher GSI than that of the intact fish exposed to
similar conditions. It is not clear whether these effects are due to species difference or
due to some other reasons.
1\'5·8
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Figure l. Photomicrograph of transverse sections of the ovary ofthe Indian murrel, Channa
punctatus (Bloch). (A). Stage I (5,) oocytes, (8). Stage II (52) oocytes, note the presence of
peripheral ring of cortical alveoli, (C). Stage III (5,) yolk-laden oocytes (x 200).
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The pineal organ must be given a primary consideration as a site for the extraretinal
photoreception involved in photoperiodic control of reproduction, since the pineal
organ of teleosts contains well-developed photoreceptors (see Oksche and Hartwig
1979 for references) and the removal of this organ affects reproduction in several species
of teleosts (see Matty 1978; de Vlaming and Olcese 1981). However, the effects of
pinealectorny do not necessarily prove that it is the pineal photoreception which is
involved in gathering information on daylength, as the photic information from the
eyes might reach the pineal organ (Hafeez et al 1978).
Saxena (1980) and Delahunty et al (1979) reported that it is primarily the retinal
pathways which mediate the effects of increasing daylength on ovarian development in
goldfish. In H.fossilis, the rate of ovarian recrudescence has been reported to be more
rapid in fish with intact eyes, however, blinding did not prevent gonadal maturation and
this was attributed to the fact that light penetrates the skin and skull and affects the
hypothalamic centres (Sehgal and Sundararaj 1970), suggesting that eyes are not
essential for gonadal development in this fish. In the present studies a higher GSI under
LD 14:10 than that of the intact or blinded fish exposed to LD 9:15, indicate that the
retinal pathways are responsible for gathering information on day length, but the other
photoreceptors like the pineal or the extrapineal photoreceptors located in the brain
may also be responsible for modulating the seasonal gonadal recrudescence through
the photoperiodic information. The studies of Vodicnik et at (1979) on Carras ius
auratus had suggested that both retinal pathways and the pineal organ are involved in
the gonadal response to the increasing daylength of spring. Hontela and Peter (1980)
have hypothesized that both the pineal and eyes interdependently stimulate ovarian
recrudescence in goldfish under long photoperiod.
The possible involvement of extraretinal and extrapineal photoreception in teleost
reproduction has not been clearly demonstrated, although the presence of such
photoreception in some teleosts has been shown to be present (Urasaki 1976; van Veen
et al 1976), which respond to light stimulus directly and may be involved in gonadal
response to photoperiod in certain teleosts. Lower gonadal weights in blinded C.
punctatus in the present studies perhaps is an indication of the importance of eyes in the
gonadal response to photoperiod and differential response under different photoperiodic regimes reveal that photoreceptors other than eyes are also involved. Although
these results indicate the involvement of extraretinal photoreception in the photoperiodic effects on gonads, however, further studies on pinealectomized C. punctatus
are needed to confirm these findings.
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