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Summary

The testis of Enhydris enhydris undergoes a definite seasonal reproductive cycle. Breeding takes place during the
month of October, following which the testes regress. There is definite arrest of spermatogenesis till the next
breeding season. Based on the histological examination of the seminiferous epithelium, the testicular activity is
divided into four phases, recrudescent, breeding, degenerate and regressed.  Recrudescence begins in the month
of June. The testis becomes spermatogenically functional at the beginning of October. The testicular weight and
gonado-somatic index show a gradual increase during the recrudescent phase (June –Sep) reaching the peak in the
month of October. At the onset of degenerative phase the testicular weight and gonado-somatic index start
decreasing. A corresponding seasonal variation is reflected in the ductus epididymidis and ductus deferens as
observed from the epithelial cell height and the diameter of the respective ducts. On the other hand the sexual
segment of kidney never reaches peak and does not indicate any seasonal cycle.
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Introduction

The reproductive cycles of the snakes have been
investigated by many authors (Aldridge and Metter, 1973;
Bauman and Metter, 1977; Aldridge, 1979; Goran 1980;
Gorbman et al., 1981; Lemen and Voris, 1981; Weil and
Aldridge,1981; Johnson et al., 1982; Saint Girons, 1982;
Crew, 1984; Krohmer et al., 1987; Aldridge et al., 1990;
Saint Girons et al., 1993; Butler, 1993; Schuett et al., 1997,
2002, 2006; Bertona and Chiaraviglio, 2003; Almeida-
Santos et al., 2004; Taylor and DeNardo, 2004, 2005;
Graham et al., 2008; Lind et. al., 2010; Taylor, 2010). There
are a few reports on the reproductive cycles of the tropical
snakes, Natrix piscator (Shrivastava and Thapliyal, 1965;
Guraya, 1973; Sadhu, 1982; Haldar and Pandey, 1989),
Naja naja (Lofts et al., 1966; Lofts, 1968), Natrix
tessellate (Amer, 1976), Acrochordus granulates
(Samuel, 1991; Wangkulangkul et al., 2005), and Cerberus
rhynchops (Jadhav and Padgoankar, 2002). It was
therefore thought worthwhile to study the male
reproductive cycle of the rainbow mud  snake, Enhydris
enhydris,  from the Vasai coast, India (19 º 16 ‘ N  and
72 º  4’E). According to Whitaker and Captain (2004) the
genus Enhydris is represented in India by four species,
Enhydris dussumierii, Enhydris plumbea, Enhydris
sieboldii and Enhydris enhydris. They are widespread
and abundant in some habitats of both lotic and lentic
ecosystems (See: Murphy, 2007).

Materials and Methods

For the present study the snakes were collected
from Vasai coast every month over a period of one year.
They were brought to the laboratory and kept in aquarium
tanks for 48 hours. The mature males were sacrificed
under an overdose of anesthesia (Sodium pentothal, 2.5
mg / 100g body wt).  Both the testes were carefully
removed, blotted on a filter paper and weighed to the
nearest milligram. The left testis along with the ductus
epididymidis, ductus deferens and kidney of that side were
fixed in Bouin’s fluid for histological analysis. The tissues
were processed for routine paraffin embedding. Sections
were cut at 5µm to7µm thickness, stained with
hematoxyline and eosin and examined in a research
microscope. The diameters of the seminiferous tubules,
ductus epididymidis and ductus deferens were measured
using a calibrated ocular micrometer.

Observations

Changes in the testicular weight

The data on the average testicular weight and
gonado-somatic index (GSI) of Enhydris enhydris
showed a definite cyclical pattern like on other seasonally
breeding vertebrates. The maximum combined weight
(CTW) of the testes was recorded in the month of October
(2342 .50 ± 412.92 mg) (Fig. 1). This period coincided
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Month
Fig. 1. Combined testicular weight in mg

Month
Fig.2. Gonado-somatic Index

Month
Fig.3.  Epithelial cell height of the ductus

epididymid is in um
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Month
Fig.4. Epithelial cell height of the

ductus deferens in um

Fig.5. Transverse section of the testis of the snake in
the recrudescent phase-x400

Fig.6. Transverse section of the testis of the
snake in the active phase x-400

SG - Spermatogonia S - Sperm
PS - Primary Spermatocytes
SS - Secondary Spermatocytes
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Fig.9. Transverse section of the ductus epididymidis of
the snake in the active phase. x - 400

Fig. 10. Transverse section of the ductus epididymidis of
the snake in the regressed phase. x- 400

Fig.7. Transverse section of the testis of snake in the
degenerative phase. x- 400

Fig. 8.Transverse section of the testis of the he snake in
the regressed phase. x- 400

Fig.11. Transverse section of ductus deferens of snake
during active phase. x- 400

Fig. 12 - Transverse section of the snake ductus deferens
during regressed phase. x- 400
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with the period of maximum sperm production. The
average weight of the testes started decreasing in the
month of November (1870.35 ± 341.61 mg). This decrease
continued till May when the average testicular weight
reached its minimum (1012.64 ±   187.53 mg). The gonado-
somatic index (GSI) was at its minimum (0.0584 ± 0.019)
in the month of May. It was maximum (0.7984 ± 0.0769)
in October (Fig.2).

Seminiferous epithelial cycle

Based on the histological changes in the seminiferous
epithelium, the reproductive cycle was divided into four
phases.

Recrudescent phase - June to September.
Spermatogenic activity begins in the month of June. From
July onwards the seminiferous tubules contains mainly
spermatogonia, primary spermatocytes and a few
secondary spermtocytes. Spermatids appear in the month
of September (Fig. 5).

Breeding phase - October.  The spermatogenic activity
reaches its peak. A large number of spermatozoa are
produced, which accumulate in the lumen of the
seminiferous tubules (Fig. 6).

Degeneration phase - November to February. Few
spermatozoa are found in the lumen of the seminiferous
tubules.  The tubular lumen is now filled with cell debris
formed due to degeneration of germinal elements (Fig. 7).

Regression phase - March to May. Spermatozoa are
totally absent. One or two layers of spermatogonia and
primary spermatocytes remain in the lumen. The diameter
of the seminiferous tubules and height of the seminiferous
epithelium greatly decrease, and inter- tubular spaces
increase (Fig. 8).

Changes in the accessory ducts

The maximum epithelial cell height of ductus
epididymidis was recorded in November, immediately
following peak of spermatogenesis (Figs. 3, 9) while
minimum was recorded in May (Figs. 3, 10). The ductus
deferens had the maximum epithelial cell height during
the month of December (Figs. 4,11). The lumen of the
ductus deferens showed dense sperm during the period
from November to January (Fig. 11) and it was the lowest
during May (Fig. 12).

Discussion

Observations made on anatomy, morphology and
histology of the testes and accessory ducts of Enhydris

enhydris throughout the year indicate that this snake is a
seasonal breeder. The spermiogenesis occurs in
September. Total regression of the testes begins in the
month of March and continues till May. Seasonal breeding
pattern has been reported in tropical snakes such as Natrix
piscator (Shrivastava and Thapliyal, 1965; Guraya, 1973;
Sadhu, 1982; Haldar and Pandey, 1989), Naja naja, (Lofts
et al., 1966), Natrix tessellate (Amer, 1976), Enhydrina
schistoza (Voris and Jayne, 1979), Acrochordus
granulatus (Samuel, 1991; Wangkulangkul et al., 2005),
and Cerberus rhynchops (Jadhav and Padgoankar, 2002).
This type of spermatogenesis, known as pre-nuptial
spermatogenesis, occurs in pikilothermic vertebrates, viz.,
fishes, amphibians and reptiles. In this type the
seminiferous tubules of the testes contain advanced
germinal stages soon after the breeding period. The
spermatogenic activity continues till the formation of the
spermatozoa, well before the onset of the next breeding
season. The testicular cycle of the Enhydris enhydris
clearly shows that spermatogenesis in the snake is pre-
nuptial type.

Prenuptial spermatogenesis has been described in
the Naja naja (Lofts et al., 1966), Enhydrina schistoza
(Voris and Jayne, 1979),  Acrochordus granulatus,
Cerberus rhynchops, Laticauda colubrine (Gorbman
et al., 1981), Acrochordus granulates (Samuel, 1991;
Wangkulangkul,2005) and Cerberus rhynchops (Jadhav
and Padgaonkar, 2002) where the breeding period is
immediately succeeded by a testicular regression and a
complete suppression of spermatogenesis  for  a period.
Once the spermatogenic process sets in it is very rapid
and leads to formation of mature sperm within a short
time.

In Enhydris enhydris the epithelial cell height of
the ductus epididymidis and ductus deferens also undergo
seasonal change. Similar observations have also been
reported in Vipera berus (Nilson, 1980; Fox, 1952), Natrix
piscator (Shrivastava and Thapliyal, 1965), Natrix
tessellate (Amer, 1976), Acrochordus granulatus (Voris
and Glodek, 1979; Samuel, 1991; Wangkulangkul, 2005)
and Cerberus rhynchops (Gorbman et al., 1981; Jadhav
and Padgaonkar, 2002).
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