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Summary. Hibernating snails (Helix aspersa) were activated by placing them in
environmental chambers under either long-day (LD 18:6) or short-day (LD 8:16)
lighting conditions. One day after activation all the snails were injected with (°H)-
thymidine (5 uCi/g wet weight) in order to estimate the duration of spermatogenic phases
under long and short-day cycles. Our histological and autoradiographic observations show
that long-day cycles have a positive influence on the development of the male cell line,
which becomes apparent from the third week of exposure. While in long-day snails labeled
spermatozoa were identifiable 28 days after (3H)-thymidine injection, in short-day snails
neither labeled spermatozoa nor spermatids were present in the gonads of animals killed
as late as 39 days post-injection. These data strongly suggest that the photoperiod, besides
acting on spermatogonial proliferation (Sokolove et a/., 1983 ; Gomot and Griffond, 1987),
has an important effect on the second meiotic division. In the course of spermatogenesis
in Helix aspersa, the step from secondary spermatocyte to spermatid is probably the most
sensitive to environmental factors.

Introduction.

Photoperiod is one of the environmental factors involved in regulation of
reproductive activity in pulmonate gastropods (see Gomot and Deray, 1987).
Lengthy photophases have been demonstrated to favor the development of male
gametogenesis in the slugs, Deroceras reticulatum (Henderson and Pelluet,
1960) and Limax maximus (Sokolove and McCrone, 1978 ; McCrone and
Sokolove, 1979), as well as in the snail, Helix aspersa (Gomot and Gomot, 1985 ;
Gomot and Griffond, 1987). In these species the influence of the photoperiod on
spermatogenesis has been studied several weeks after exposure to different
lighting cycles, and consequently the immediate effects of the photoperiod on
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differentiation of the various male cell types are still unknown. The aim of the
present study was to examine the evolution of spermatogenesis in snails exposed
to long- and short-day cycles and to determine at what step of spermatogenesis
the photoperiod would act.

Material and methods.

Animals. — Adult snails (Helix aspersa) were taken from a stock of hibernating
animals maintained at 7 °C in the « Centre Universitaire d"Héliciculture » (). After
a short hibernation (82 days), the snails were placed in plastic boxes in
environmental chambers under either long-day (LD 18:6) or short-day (LD
8:16) lighting conditions. Both groups of animals were kept at constant
temperature (20°C) and humidity (rh = 95 %) and fed an artificial mixture
prepared by the UCAAB (?).

Radioactive labeling. — Twenty-four hours later, all the snails were injected in the
general body cavity with 0.2 ml of tritiated thymidine (~ 5 uCi/g wet weight).
The thymidine (methyl-3H ; specific activity : 1 Ci/mM) was supplied by the
CEA (3) in bottles containing 1 mCi in 1 ml of sterile water. Before thymidine
injection the content of each bottle was diluted in 3 ml of Ringer’s solution.

Removal and treatments of gonads. — One day after radioactive labeling the
gonads of two long-day and two short-day injected snails were removed and
placed in 3 mM non-radioactive thymidine in Ringer’'s solution for 40 min to
dilute the (*H)-thymidine that had not been incorporated into DNA. The tissue
was fixed in 2 % glutaraldehyde in 0.1 M cacodylate buffer (pH 7.3), postfixed in
osmium tetroxide, dehydrated through an ethanol series and then embedded in
resin (Spurr, 1969). This operation was repeated 4, 7, 11, 14, 18, 21, 25, 26, 28,
32, 35 and 39 days after injection.

The sections used for autoradiographic study (2 um thick) were coated with
photographic emulsion liford type L4. After exposure for 15 or 21 days at 5 °C,
they were processed with D19 developer for 4 min at 25 °C (Simonnet et al/,
1976) and fixed with 30 % sodium hyposulfite. Some of these sections were
slightly stained with toluidine blue and others were examined without staining.

Results.

Long-day snails (table 1). One day after radioactive injection, clusters of
spermatogonia (fig. 1) and early primary spermatocytes were clearly labeled. Four
days after exposure to (*H)-thymidine, labeled zygotene and pachytene sperma-
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tocytes were present in the gonadal acini (fig. 2). Secondary spermatocytes were
the most mature cells to show the radioactive label 11 days after injection (fig. 3).
Labeled early and mid-spermatids were observed 25 and 26 days post-injection,
respectively (fig. 4). Finally, late spermatids and morphologically mature sperma-
tozoa were labeled 28 days after the (*H)-thymidine injection (figs. 5, 6).

TABLE 1
Successive appearance of label in the various male cell types in both experimental groups.
Whereas labeled early spermatids are present 25 days after injection and spermiogenesis is achieved
within three days under long-day conditions, no labeled spermatids were found at any time under
short-day conditions.

Long-day snails Short-day snails

Spermatogonia 1st day 1st day
Primary spermatocytes

— early spermatocytes 1st day 1st day

— zygotene spermatocytes 4th day 4th day
© — pachytene spermatocytes 4th day 4th day
Secondary spermatocytes 11th day 14th day
Early spermatids 25th day —
Mid spermatids 26th day —
Late spermatids/ 28th day _

spermatozoa

Short-day snails (table 1). — Up to the secondary spermatocyte phase the
duration of spermatogenic stages was comparable to that described above for
long-day snails. However, in short-day snails no labeled spermatids or sperma-
tozoa were found at any time during the present experiment.

Discussion and conclusions.

Duration of spermatogenic stages. — According to the autoradiographic
study, the minimum time required for a snail primary spermatocyte in the phase
of pre-meiotic DNA synthesis to differentiate into a mature spermatozoon was
about 28 days under long-day conditions. The primary spermatocyte stage lasted
between 7 to 10 days and the secondary spermatocyte took from 10 to 14 days
to become a spermatid, whereas spermiogenesis was a phase of short duration (3
to 6 days). In general, these data agree with those reported by Bloch and Hew
(1960) in snails (Helix aspersa) bred without special environmental conditions,
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though there are some differences between the two estimates. Spermatogenesis
in the opisthobranch, Phyllaplysia taylori is noticeably faster ; a primary sperma-
tocyte requires only 10 days to become a spermatozoon (Beeman, 1970a) which
leaves the gonad 4 days later (Beeman, 1970b). Kelley et a/. (1982) estimate that
spermatogenesis in the mussel, Mytilus californianus, lasts a similar time.

Influence of photoperiod on the development of the male cell line. — Several
experimental studies have shown that long photoperiods stimulate the reproduc-
tive capacity of pulmonate gastropods (Enée et a/, 1982 ; Laurent et a/, 1984 ;
Gomot and Gomot, 1985), affecting both ovopository activity (Bohlken and
Joosse, 1982 ; Enée et al, 1982 ; Joosse, 1984 ; Bohlken et a/, 1986) and
spermatogenesis (Henderson and Pelluet, 1960 ; Sokolove and McCrone, 1978 ;
McCrone and Sokolove, 1979, 1986 ; McCrone et al., 1981 ; Melrose et al., 1983 ;
Sokolove et al, 1983, 1984 ; Gomot and Gomot, 1985 ; Gomot and Griffond,
1987). However, in Cepaea nemoralis neither gametogenesis nor reproductive
capacity appears to be influenced by photoperiod (Hunter and Stone, 1986).

The results of the present study show that long photoperiods have a positive
effect on Helix aspersa spermatogenesis from the third week of exposure to
long-day cycles.

In long-day snails, labeled early spermatids appeared 25 days after (3H)-
thymidine injection ; labeled spermatozoa were found in snails killed 28 days
post-injection. In contrast, within 39 days, labeled spermatids and spermatozoa
were still absent in short-day animals. Thus, it is evident that the delay observed
in the spermatogenic process of pulmonates maintained under short-day is not
only due to less spermatogonial proliferation, as reported previously (Sokolove et
al., 1983 ; Gomot and Griffond, 1987), but also to a lengthening of the late
spermatogenesis affecting the second meiotic division. Indeed, there does not
appear to be a blockade at this level of spermatogenesis similar to that occurring
at low temperatures (Gomot et a/., 1986), since spermatozoa are formed some
weeks later (Gomot and Griffond, 1987). However, our observations and
previous data (Gomot ef a/, 1986) do suggest that, in the course of spermato-
genesis, the step from secondary spermatocyte to spermatid is the most sensitive
to environmental factors. Subsequent studies are required to ascertain whether
spermiogenesis is also delayed significantly under short-day conditions.

Autoradiographic micrographs of non-stained gonadal sections exposed to photographic emulsion
for 15 days. All the pictures correspond to long-day snails.

FIG. 1. — Cluster of labeled spermatogonia 1 day after injection. The larger neighboring cells are
primary spermatocytes that have not been labeled ( x 620).

FIG. 2. — Labeled zygotene spermatocytes 4 days after injection ( x 620).

FIG. 3. — Secondary spermatocytes showing radioactive label. The silver grains are less abundant and
more scattered throughout the nuclei ( x 620).

FIG. 4. — Isogenic group of labeled early spermatids after 25 days of exposure to (°H)-thymidine
(x 620).

FIG. 5. — Late spermatids displaying well labeled nuclei. Their axonemes are recognizable. Snail
sacrificed 28 days after injection ( x 620).

FIG. 6. — Bundle of spermatozoa showing silver grains on their nuclei after an exposure of 28 days
to (°H)-thymidine. The sperm heads are embedded in the cytoplasm of a Sertoli cell, in which
numerous lipid droplets are distinguished ( x 620).
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In the slug, Limax maximus, the increased spermatogonial DNA synthesis
observed in long-day animals results from the induction of the release from
cerebral cells of one or more gonadotropic factors that act on the male cell line
(McCrone et al, 1981 ; Melrose et al, 1983 ; Sokolove et a/, 1983, 1984 ;
McCrone and Sokolove, 1986). According to Sokolove et a/. (1983), 3 to
4 weeks of exposure to long-day cycles is needed to promote the release of such
a factor(s). This finding is consistent with our observations since in long-day
snails spermiogenesis is active at the end of the third week, whereas in short-day
snails the gonad remains quite inactive. Very likely, in Helix there is neuroendo-
crine control of spermatogenesis comparable to that found in Limax, though other
experimental tests must be carried out to demonstrate this hypothesis. If such a
neuroendocrine control exists, the factor(s) involved would act not only on
spermatogonial proliferation, but also on the division of secondary spermatocytes
and possibly on spermiogenesis as well.
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Résumeé. /nfluence de la photopériode sur la différenciation des cellules méles dans
l'ovotestis d’Helix aspersa : Etude autoradiographique.

Aprés 82 jours d'hibernation, des escargots adultes Helix aspersa ont été remis en
activité et soumis soit a une photopériode longue (18 h lumiére : 6 h obscurité) soit a une
photopériode courte (8 h lumiére : 16 h obscurité). Un jour aprés le réveil, tous les animaux
ont recu une injection de (®H)-thymidine (5 pCi/g de poids frais) afin d'estimer la durée
des différentes étapes de la spermatogenése dans les deux conditions d’éclairement
journalier. Nos observations histologiques et autoradiographiques démontrent une influence
positive des cycles d'éclairement longs, qui se manifeste a partir de la troisiéme semaine.
Alors que chez les escargots de jours longs des spermatozoides marqués sont identifiés
28 jours apres l'injection de thymidine, chez les escargots de jours courts ni spermatides
ni spermatozoides marqués n’apparaissent pendant toute la durée de I'expérience
(39 jours). Ces résultats suggérent que la photopériode, en plus d'une action sur la
prolifération spermatogoniale (Sokolove et al., 1983 ; Gomot et Griffond, 1987), exerce un
effet important sur la seconde division méiotique. Au cours de la spermatogenése d'Helix
aspersa, le passage du spermatocyte Il a la spermatide apparait étre une étape délicate,
particulierement sensible aux facteurs d’environnement.
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