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Abstract: Rhabdophis tigrinus, Elaphe
schrenckii, and Elaphe dione are three
common snake species in northeast Asia.
The present work focuses on the reproductive
biology of the snake populations inhabiting
Primorye (the southern Russian Far East).
Over the period from 2019 to 2021, the
researcher incubated five clutches of snake
eggs which were either found in the wild
or obtained from wild-caught individuals.
Herein, the results are presented concerning
the clutches’ size, duration of incubation,
and thermal conditions for each species.
During the study, the researcher observed a
correlation between the snakes’ body length
and the clutch size in E. schrenckii and a
correlation between thermal conditions and
the duration of the incubation period in R.
tigrinus. Higher thermal conditions resulted
in reducing the length of the incubation
period.
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Introduction

Rhabdophis tigrinus (Boie, 1826), Elaphe
schrenckii (Strauch, 1873), and Elaphe dione
(Pallas, 1773) are snake species inhabiting
the Korean Peninsula, northeastern China,
and the Russian Far East (Dunaev and
Orlova, 2014). Despite being common and
abundant species, there is little scientific
literature on the reproduction of these snakes.
In Russia, the data concerning these species
are especially sparse due to their limited
distribution across the country. Primorsky
Krai (hereafter, Primorye) is the area where
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these three species are most abundant, unlike
all other parts of the Russian Far East. Here,
the bulk of herpetological studies on local
snakes were conducted by A. A. Emelianov
(1878-1946) and Yu. M. Korotkov (1935-
1996). The interspecific and geographical
variation of different reproductive traits (e.g.
clutch size) for reptiles has already been
observed in lizards (Wang, et al., 2011) and
snakes (Tryon and Murphy, 1982; Zuffi, et
al., 2007; Klenina, 2013). Thus, clutch sizes
in the northern populations of Hierophis
viridiflavus were significantly larger than
those in the southern ones (Zuffi, et al., 2007).
This study compares the resulting data and
findings with the existing information from
different literature sources.

Field work for this study took place in western
Primorye, which is comprised of two districts
adjoining the Chinese—Russian border.
These notes are an attempt to summarize
the sporadic field observations and the
experience in incubating wild snakes’ egg
clutches and to contribute additional data to
the knowledge of these species’ reproductive
biology.

Materials and Methods

All wild individuals and egg clutches,
presented herein, except for Elaphe
schrenckii, were found at a small quarry
(44936841 N, 131.711838 E), 12 km
northeast of the village of Dvoryanka
(Khankaysky District, Primorye). The site
is located on the northern side of a hill (157
m asl) covered with Quercus mongolica
and surrounded with crop fields. A pile of
construction waste atthe quarry provides local
snakes with shelter and a suitable place for
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laying eggs. Two E. schrenckii were found in
the Upper Komissarovka valley (44.742719
N, 131.404069 E) west of Barabash-Levada
(Pogranichny District, Primorye). All captive
snakes were temporarily kept in two plywood
enclosures (70 x 40 x 40 cm and 100 x 39 x
39 cm) at ambient temperatures. Provided
with different prey items, water, and hiding
places, the animals were kept for two or three
weeks until they laid eggs. After that, all of
them were returned to their habitats. During
the course of the study, five snake clutches
representing different species (fifty-five eggs
in total) were incubated.

All  eggs were put into round plastic
containers filled with damp vermiculite.
The containers had ventilation holes and
were placed next to a heat source. The
temperature measurements were taken by
means of an alcohol thermometer. The eggs
were incubated at fluctuating temperatures.
To sustain a high humidity level, the walls
of the containers and the vermiculite around
the clutch were sprayed with water, at least,
twice a week.

In most cases, the eggs were stuck together.
No attempt was made neither to separate
them nor to change their position. After the
snakes hatched, they were fed and released
back into the wild.

Results
The tiger keelback (Rhabdophis tigrinus)

On July 5, 2019, a clutch of sixteen eggs
(30 x 15 mm) were found in the pile of
construction debris (Figure 1A). A few meters
away, the researcher also found a large female,
Rhabdophis tigrinus , which is thought to have
laid those eggs the night before. One egg was
damaged and, accordingly, it was separated.
The clutch was taken for further incubation.
The eggs were incubated at 2629 °C. The first
egg hatched at 23:00 h on August 5, and the last
snake emerged on the night of August 7. All
fifteen hatchlings were alive. The incubation
success rate was 100%. The incubation period,
starting from finding the eggs till the first
snake’s emergence, lasted thirty-two days.

On June 30, 2020, a gravid female of R.
tigrinus was caught (blue morph) (Figure
1B). The snake took shelter in a plywood
enclosure (70 x 40 x 40 cm) where it was
hiding most of the time, and feeding on live
frogs. . On the morning of July 12, a clutch
consisting of fourteen eggs was found
(Figure 1C). They were incubated at 29-30
°C. On August 9, the first cut on one egg
was observed at 14:20 h. Nevertheless, the
hatchlings remained inside the eggs until
night. The next evening, the last of the
fourteen snakes hatched out. The hatchlings
were 215-225 mm (average = 218.93 mm)
in total length with SVL ranging from 170 to
184 mm (average = 176.79 mm) and the tail
length ranging from 35 to 47 mm (average =
42.14 mm). The incubation success rate was
100%. None of the hatchlings inherited the
blue coloration. The incubation period lasted
twenty-nine days.

The steppes rat snake (Elaphe dione)

On August 10, 2019, a clutch of eggs was
discovered under an old wooden board
(Figure 1D). Later, when the incubation
ended and the hatchlings emerged, the clutch
proved to belong to Elaphe dione. There were
six eggs (50 x 18 mm), out of which only
two were taken. The eggs were incubated at
27-29 °C, and both rat snakes emerged on
August 26. Unfortunately, the exact duration
of incubation period could not be provided.
Given the fact that no eggs were found
during the previous visit (July 25, 2019), it
was assumed that the incubation period may
vary from eighteen to thirty-two days.

The Amur rat snake (Elaphe schrenckii)

On June 22, 2021, two gravid female
E. schrenckii were caught. Both snakes
(approximately 135 cm and 145 cm in total
length) were housed in the enclosures,
depending on their size. The larger female
fed exclusively on quail eggs, ignoring any
live prey, while the other, on the contrary,
ignored the eggs and fed on live mice and
sparrows. On July 21 at 19:30 h, the larger
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snake began laying eggs (Figure 1E). There
were thirteen eggs in the clutch. They were
incubated at 27-29 °C, and the first cut on
one egg was seen at 16:00 h on August 31.
Four hours later, the first hatchling emerged
from the egg. A total of ten snakes hatched
successfully, and three embryos were
found dead inside their eggs, providing
an incubation success rate of 76.9 %. The
incubation period lasted forty-one days.

On the morning of July 25, a clutch (eleven
eggs) of the smaller female was discovered
(Figure 1F). Being incubated at 26-29 °C,
the first snake cut its egg on the evening of
September 3. Next morning, all eggs were
cut (one was cut by the researcher), and
all eleven hatchlings left their eggs. The
incubation success rate was 100%. The
incubation period lasted forty-one days.

Discussion

The number of eggs in a clutch is known to
differ significantly in every species. The clutch
size of R. tigrinus can reach up to twenty-five
(average = 10.9) eggs (Korotkov, 1985). The
two clutches in this study consist of sixteen and
fourteen eggs respectively, which is slightly
above the average for Russian populations.
Webb (1962) reported the clutches of nine,
eleven, and thirteen eggs from Korea, while
Won (1971; cited by Szyndlar and Hung
Dam, 1987) reported eight-thirty-two eggs
for Korean populations. According to Sura
(1981), a specimen from Korea laid a total of
twenty-seven eggs over the period from June
13 to July 18. Two females of less than 72 cm
(SVL) examined by Pope (1929) in China
contained five and nine eggs.

Figure 1. A) The Rhabdophis tigrinus clutch found on July 5, 2019; B) The ‘blue’ female R. tigrinus found on June 30,
2020; C) The R. tigrinus clutch of 2020 during incubation; D) The clutch of Elaphe dione found on August 10, 2019; E)
The larger female of Elaphe schrenckii laying eggs on July 21, 2021; F) The clutch of the smaller E. schrenckii during

incubation.

The clutches of Elaphe schrenckii in this
study consisted of thirteen and eleven eggs.
Korotkov (1985) wrote that E. schrenckii can
lay from seven to twenty-four eggs (average
= 10.7 eggs for individuals of over 130 cm
in SVL); Tagirova (2009), who had been
studying the northern populations of these

snakes in the Amur basin, reported 12—13, 14,
and 16 eggs for individuals of 124-130, 136—
150, and 167 cm in total length respectively.
Emelianov documented thirty eggs as the
maximum number (Emelianov, 2018). Both
of the studied female E. schrenckii were
not less than 130 cm in total length, and the
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size of their clutches corresponds with the
average number for Russian populations. The
difference in the number of eggs depending
on snakes’ size has also been observed.

The clutch of FElaphe dione, found by
the researcher, contained only six eggs.
Unfortunately, the size of the female that
laid the eggs is unknown, and a single clutch
is not sufficient to draw any conclusions.
The size of E. dione clutches in Primorye
can vary from twelve (Emelianov, 2018) to
twenty-four eggs (Korotkov, 1985) which
is significantly higher than the researcher’s
observations. In European Russia, Klenina
(2013) recorded the clutch sizes of 5-14,
10-16, 811 and 5-11 eggs for the Volga
basin. Her studies took place in Samara
Oblast, Ulyanovsk Oblast, Saratov Oblast,
and Volgograd Oblast respectively. In Korea,
Webb (1962) reported a female (915 mm
in total length) containing nine eggs, and
Szyndlar and Hung Dam (1987) reported six
to eight eggs.

The incubation temperature can affect not
only the duration of the incubation period
but also the incubation success rate and
physical characteristics of hatchlings (Chen
and Ji, 2002; Blouin-Demers and Patterson,
2008; Mengjie, et al, 2012). According
to Chen and Ji (2002), R. tigrinus lateralis
eggs incubated at 24, 27, and 30 °C hatched
after 45, 32, and 27 days, respectively. The
hatchlings incubated at lower temperatures
proved to be bigger, heavier, and had
much lower mortality rate than the ones
from thermal conditions of 33 °C (Chen
and Ji, 2002). Sura (1981) incubated his
clutch at fluctuating temperatures (20-30
°C) for thirty-four days. Emelianov (2018)
confirmed incubating eggs of R. tigrinus
for about forty-five to fifty days at 20-25
°C; Won (1971) mentioned thirty-five to
forty days without specifying any thermal
conditions. The increase of temperatures in
the present study has reduced the duration of
the incubation period for R. tigrinus clutches
from thirty-two to to twenty-nine days. This
vividly demonstrates the connection between
the temperature conditions and the duration
of the incubation period.

Conclusions

The data obtained from the observations
in this study vividly demonstrate that the
duration of snakes’ eggs incubation period
is strongly affected by thermal conditions. In
fact, an increase in temperature shortens the
incubation period.

The clutches’ size in Elaphe schrenckii and
Rhabdophis tigrinus from western Primorye
is similar to the average values known for
both Russian and Korean populations. The
clutch size of Elaphe dione is closer to the
ones of the Korean specimens but requires
further studies and a larger sample size.
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