Asian Herpetological Research 2013, 4(4): 254–262
DOI: 10.3724/SP.J.1245.2013.00254

Effect of Incubation Temperature on the Somatic Development of
the Snail-Eating Turtle Malayemys macrocephala
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Abstract The rising average global temperature can lead to changes both in the physical and biological environments
and affect the survival of organisms. Freshwater turtles are considered to be susceptible species since their development
is dependent on incubation temperature. In Thailand, although several species of freshwater turtle are present, the extent
of their susceptibility to temperature change is unknown due to the lack of information on their developmental patterns.
This research, therefore, is aimed at examining the effects of temperature on somatic development in Malayemys
macrocephala, a native species and the most common freshwater turtle in Thailand. Turtle eggs were collected from rice
fields in the central part of Thailand during December 2011 to February 2012 inclusive. Eggs (237–238 per condition)
were incubated in microprocessor-controlled incubators at three different temperatures (26 °C, 29 °C and 32 °C) with
a relative humidity in excess of 80%. Each week, until the remaining eggs hatched, eggs were randomly selected,
removed and dissected to reveal the developing embryo to screen for developmental stage and any abnormalities. The
incubation period (lay to hatch) was not significantly different among the three temperatures (115 ± 11.3 d, 115 ± 20.3 d
and 109 ± 17.8 d, respectively), but the growth patterns, as indicated by the stages of development and carapace lengths,
were significantly different. At a high temperature (32 °C), turtle embryos showed a significantly faster growth rate than
at the intermediate and low temperatures (29 °C and 26 °C), but had a significantly (over 3.3-fold) higher incidence of
developmental abnormalities (especially deformed bodies) than at the lower temperatures. Overall, the results indicate
that incubation temperature is an important variable affecting the somatic development of this tropical freshwater turtle
species, whilst abnormalities in the embryonic body may be a sensitive indicator of extreme thermal stress.
Keywords abnormality, egg incubation, embryonic stage, freshwater turtle, growth

1. Introduction
The Intergovernmental Panel on Climate Change
(IPCC, 2007) reported that global warming, a gradual
increasing in the average temperature on the earth, can
lead to changes in both the physical and biological
environment and affect the survival of organisms.
Organisms that cannot adjust themselves to suit the
modified environment (or move to another cooler region
if available) may decline in number, range and become
*
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extinct (Walther et al., 2002). In reptiles, temperature is
an important ecological factor (Zug et al., 2001), and the
incubation temperature has been demonstrated to have
profound effects on embryonic development (Deeming
and Ferguson, 1991). Incubation at a high temperature
can accelerate embryonic development compared to
that at a lower temperature (Pina and Larriera, 2002;
Georges et al., 2005).
In freshwater turtles, incubating eggs at different
temperatures can affect the incubation period and the
pattern of development (Pieau and Dorizzi, 1981;
Packard et al., 1987). An increased incubation temperature
resulted in the earlier hatching of many reported species
(Ewert, 1979, 1985), and is also an important variable
affecting the hatching rate and development of freshwater
turtles (Deeming and Ferguson, 1991; Grant et al., 2003),
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and can determine the sex ratio of a turtle population
(Bull et al., 1990; Willingham, 2005). An ecological
model predicted that climate change may exhibit a longterm impact on freshwater turtle populations (Parrott and
Logan, 2010).
In addition, the population dynamics of the freshwater
turtle may be affected by developmental abnormalities
(Davy and Murphy, 2009). Although developmental
abnormalities of varying degrees of severity are not
uncommon in wild populations of freshwater turtles
(Ewert, 1979; MacCulloch, 1981; Pavaliko, 1986;
Bell et al., 2006), the thermal conditions during incubation
have been shown to have significant effects on the
embryonic growth and development in turtles (Deeming
and Ferguson, 1991). Incubation at temperatures below or
above the optimal thermal range for significant periods of
time can result in an increased frequency and or severity
of embryonic malformation (Booth, 2006).
Although several species of freshwater turtles are
present in Thailand (Nutphand, 1979; Thirakhupt
and van Dijk, 1994), the extent of their susceptibility
to temperature change is unknown due to a lack of
information on their development patterns. The snaileating turtle, Malayemys macrocephala, is one of
the native species and is currently the most common
freshwater turtle species in Thailand (Brophy, 2004).
Sufficient baseline information about this species is
available in regard to its natural history (Nutphand, 1979),
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population biology (Srinarumol, 1995), and ecotoxicology
(Keithmaleesatti, 2008). This research, therefore, is aimed
to examine the effects of the incubation temperature on
the somatic development of M. macrocephala in order
to provide a prediction of the potential effects of an
increased regional temperature on this native freshwater
turtle species.

2. Material and Methods
2.1 Turtle egg collection Visual encounter surveys
for nests of M. macrocephala were carried out from
December 2011 to February 2012 (inclusive) in rice
fields (UTM Zone 47P: 0653086-0659077 and 15835521591014; Figure 1) at Bang Ban district, Phra Nakhon
Si Ayutthaya province. Located in the central part of
Thailand, this is an important breeding ground for this
turtle species and so adverse effects on this population
would likely represent most of the Thai population
(Keithmaleesatti, 2008). Based on five field surveys,
a total of 712 eggs from 126 clutches were collected
from paddy ridges and the edges of canals and pools.
During the surveys, the average ambient temperature
was 30.72 °C ± 4.65 °C (ranging from 20.30 °C to 41.80
°C), while the average nest temperature was lower at
28.47 °C ± 3.80 °C (ranging from 20.50 °C to 36.50 °C).
However, this still indicated a potential exposure to wide
range of developmental temperatures. Collected eggs

Figure 1 Egg collection area (star) at Bang Ban district, Phra Nakhon Si Ayutthaya province, Thailand (UTM Zone 47P: 0653086-0659077
and 1583552-1591014).
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were individually numbered, placed in a Styrofoam box
and transported to the laboratory at the Department of
Biology, Faculty of Science, Chulalongkorn University.
2.2 Turtle egg incubation In the laboratory, eggs were
cleaned, weighed and randomly selected into three
groups. In each group of eggs, the eggs were placed in
plastic boxes containing moistened vermiculite (1:1 (w/v)
vermiculite: distilled water). Since the majority of turtle
nests (71 out of 126 nests) showed a nest soil temperature
in the range of 26–32 °C, an incubation temperature
range of 26–32 °C (as 26 °C, 29 °C and 32 °C for the
three groups, respectively) was used in this study. Each
group of eggs were kept in a microprocessor-controlled
incubator (Siam Incubators System, Bangkok, Thailand)
at the selected temperature of 26 °C (237 eggs), 29 °C
(237 eggs) and 32 °C (238 eggs). A tray of water was
placed inside each incubator to control relative humidity
in excess of 80%. The temperature and relative humidity
inside the box were monitored using a data logger
(HAXO-8, LogTag Recorders, Auckland, New Zealand).
Eggs were randomly sampled, weighed and dissected on
a weekly basis until they hatched. The number of days
required for a turtle embryo to hatch was defined as the
incubation period.
2.3 Growth and development of turtle embryos After
dissection, the developmental stage of each turtle embryo
was studied in reference to the widely used developmental
stages of Chelydra serpentina (Yntema, 1968) and
Pelodiscus sinensis (Tokita and Kuratani, 2001). Body
length was measured by a vernier caliper (Mitutoyo,
accuracy 0.01 mm) and used as an indicator of the size of
the embryo. The crown-rump length (CRL) was measured
at developmental stages 3 to 14 and the carapace length
(CL) was measured at developmental stages 15 to 26
(Figure 2). After measurement, embryos were subjected
to euthanasia by injection with sodium pentobarbital (600
mg/kg) intraperitoneally, fixed in Davidson’s fixative for
24 h and preserved in 70% (v/v) ethanol.
2.4 Developmental abnormalities of turtle embryos
Since developmental abnormalities can occur with turtle
embryos, the fixed samples were examined for their visual
external morphology and any discernible abnormalities
were classified into the three widely used categories of
deformity types in embryos of Chelydra serpentina and
Chrysemys picta (Bell et al., 2006) as follows. Type 1
deformities are minor and are not likely to affect survival,
including a narrow body (Figure 3 A). Type 2 deformities
are moderate and can lower the chance of survival, such
as 1) scoliosis, 2) missing eye, 3) flat skull and misshaped

Figure 2 Measurement for body length as an indicative of size of
the (A) crown-rump length (CRL) for embryonic stages 3 to 14, and
(B) the carapace length (CL) for embryonic stages 15 to 26.

carapace, and 4) a deformed body (Figure 3 B–E), whilst
type 3 are deformities that greatly reduce the chance
of survival and so are essentially lethal ones, including
dwarfs (Figure 3 F).
2.5 Statistical analyses All data were tested for
compliance with a normal distribution and homogeneity
of variance prior to parametric statistical analysis. The
mean incubation periods were compared among the
different incubating temperatures using one-way analysis
of variance (ANOVA). Relationships between the
incubation time vs. embryonic stage and the incubation
time vs. CL were analyzed by logistic regression analysis.
Afterwards, the slopes of the trend lines were compared
among temperatures by ANOVA followed by Tukey’s
multiple comparisons.
Eggs/embryos from each incubating temperature
were classified into the three categories of 1) non-fertile
eggs, 2) normal embryos, and 3) deformed embryos.
A 3 × 3 contingency table was used to determine the
association between temperature (26 °C, 29 °C and
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32 °C) and normality in development (non-fertile egg,
normal embryo and deformed embryo).
In all cases statistical significance was accepted at a P
< 0.05 level, and all statistical procedures undertaken in
this study was performed according to Zar (1998).
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3. Results
3.1 Effect of temperature on the incubation period
Table 1 shows that the incubation period for M.
macrocephala eggs was fairly broad, ranging from 78 to

Figure 3 Types of deformities found in M. macrocephala embryos: Type 1: (A) narrow body. Type 2: (B) scoliosis, (C) missing eye, (D) flat
skull and misshaped carapace, and (E) deformed body. Type 3: (F) dwarf.

258

Asian Herpetological Research

150 d. However, although the average hatching time was
numerically slightly shorter when incubated at 32 °C than
at 26 °C or 29 °C, there was no statistically significant
difference in hatching times among the three temperatures
(one-way ANOVA, P > 0.05), with the mean incubation
period ranging from 109 to 115 d.
3.2 Effect of temperature on the growth and
development of turtle embryos Development of M.
macrocephala embryos was monitored from the 2nd week
to the 24 th week of incubation (Table 2). Significant
logistic regressions between the incubation time and the
developmental stage of M. macrocephala were found
for all three incubating temperatures (26 °C, 29 °C
and 32°C) with R 2 values of 0.95, 0.89 and 0.85,
respectively (Figure 4).
The growth of M. macrocephala embryos was assessed
from the CRLs for embryonic stages 3 to 14 and the CLs
for embryonic stages 15 to 26 during the 24 weeks of
incubation. To monitor the growth until hatching, only
the CLs were examined during the 3rd week to the 24th
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week of incubation (Table 3). In the logistic regression
analyses, significant relationships between the incubation
time and the CL of M. macrocephala were found in all
three incubating temperatures with R2 values of 0.91 (26
°C and 32 °C) and 0.87 (29 °C; Figure 5).
Based on the logistic regression analysis between the
incubation time vs. the developmental stage (Figure 4)
and between the incubation time vs. the CL (Figure 5), the
slopes of the trend lines were compared among incubating
temperatures by ANOVA followed by Tukey’s multiple
comparisons. The results showed that a significant
difference in the slopes was found in all pair-wise
comparisons (P < 0.05, Table 4), indicating the influence
of temperature on the somatic development of the
snail-eating turtle.
3 . 3 E f f e c t o f t e m p e r a t u re o n d e v e l o p m e n t a l
abnormalities Upon dissection, eggs and embryos from
each incubating temperature were classified into the three
categories of 1) non-fertile eggs, 2) normal embryos,
and 3) deformed embryos (Table 5). The proportions

Figure 4 Effect of the incubation temperature on the growth pattern (based on embryonic stage) of M. macrocephala embryos. Relationships
between the incubation time and average embryonic developmental stage were analyzed by logistic regression analysis, with the best fit line,
equation and correlation coefficient (R2) shown. Afterwards, the slopes of the trend lines were compared among temperatures by ANOVA
followed by Tukey’s multiple comparisons.
Table 1 Incubation periods for M. macrocephala hatching at three incubating temperatures
Temperature
Low temperature (26 °C)
Pivotal temperature (29 °C)
High temperature (32 °C)

Range (number of measurements)
(d)
89–134 (n = 40)
78–150 (n = 26)
85–131 (n = 9)

Average (mean ± SEM)
(d)
115 ± 11.3
115 ± 20.3
109 ± 17.8
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Figure 5 Effect of the incubation temperature on the growth pattern (based on carapace length) of M. macrocephala embryos. Relationships
between incubation periods and carapace length were analyzed by logistic regression analysis, with the best fit line, equation and correlation
coefficient (R2) shown. Afterwards, the slopes of the trend lines were compared among temperatures by ANOVA followed by Tukey’s
multiple comparisons.

of non-fertile eggs at the three incubation temperatures
were relatively similar (7.59% at 26 °C, 4.27% at 29 °C
and 10.50% at 32 °C) and not statistically significantly
different, as expected since fertilization, syngamy and
the early cell divisions and differentiation had already
occurred (or not) at ambient temperature prior to egg
collection and incubation at the selected controlled
temperatures. However, incubation at 32 °C resulted
in a significantly higher (over 3.3-fold) proportion of
abnormal embryos (72.7%) compared to that at 26 °C
(19.0%) or 29 °C (21.5%). The proportions of deformed
embryos at the three different incubation temperatures
were also markedly different, being 0.84% at 26 °C,
2.53% at 29 °C and 30.3% at 32 °C. It is interesting to
note that the elevated level of developmental mortalities
observed when incubated at 32 °C were mostly of a
deformed body, and so this may be a sensitive marker
for thermal stress during development, although further
characterization is required for verification. The 3 × 3
contingency table analysis, based on the data in Table 5,
showed a significant association between the incubating
temperature and the developmental normality of the
embryos (χ2 = 202.38, df = 4, P < 0.05).

4. Discussion
4.1 Effect of temperature on the incubation period In
this study, the time required for M. macrocephala eggs

to hatch after incubation at 26–32 °C ranged from 78 to
150 d, which is longer than that of other freshwater turtles
found in tropical regions, such as Trachemys scripta (65–
75 d) and Batagur baska (70–112 d) (Ernst and Barbour,
1989). However, no significant effect of the incubating
temperature on the average incubation period was found
in this study.
4.2 Effect of temperature on the somatic development
Growth and development of M. macrocephala embryos
were monitored during the 24 week incubation period
(egg-laying to hatching). Similar to a previous study
(Vinegar, 1973), it was found that the development (based
on embryonic stage) and growth (based on CL) of M.
macrocephala embryos showed a significant logistic
relationship with the incubation time. For reptilian eggs,
incubation at different temperatures generally results in
temperature-induced differences in the growth pattern
and hatching morphology (Hutton, 1987; Packard et al.,
1988). For M. macrocephala in this study, logistic
regression and slope comparison analyses supported that
embryos derived from different incubating temperatures
had significantly different growth patterns from each
other. Incubation at a higher temperature (32 °C) resulted
in relatively faster growth and development of embryos
compared to that at the lower temperatures (26 °C and 29
°C). This supports previous observations that temperature
is an important environment factor that affects the

260

Asian Herpetological Research

Vol. 4

Table 2 Embryonic stages1 of M. macrocephala embryos after incubation at three different temperatures for 24 weeks.
Incubation time (weeks)
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

26 °C
5 ± 1.30 (n = 5)
9 ± 2.61 (n = 5)
13 ± 1.38 (n = 6)
12 ± 2.48 (n = 7)
14 ± 1.97 (n = 6)
16 ± 2.14 (n = 7)
17 ± 2.14 (n = 7)
19 ± 1.22 (n = 6)
20 ± 1.33 (n = 6)
22 ± 1.05 (n = 6)
23 ± 1.73 (n = 8)
24 ± 1.12 (n = 11)
24 ± 1.41 (n = 11)
25 ± 1.11 (n = 21)
25 ± 0.94 (n = 18)
25 ± 0.67 (n = 10)
26 ± 0.60 (n = 21)
25 ± 0.69 (n = 7)
25 ± 0.41 (n = 6)
25 ± 0.00 (n = 5)
25 ± 0.00 (n = 6)
25 ± 0.00 (n = 4)
25 ± 0.00 (n = 3)

Embryonic stage at each incubation temperature2
29 °C
8 ± 1.58 (n = 5)
10 ± 5.17 (n = 5)
14 ± 1.82 (n = 5)
16 ± 3.26 (n = 7)
17 ± 3.45 (n = 7)
20 ± 1.13 (n = 8)
21 ± 1.60 (n = 8)
23 ± 0.83 (n = 8)
23 ± 1.13 (n = 8)
25 ± 0.84 (n = 6)
25 ± 1.21 (n = 11)
25 ± 0.83 (n = 11)
25 ± 0.67 (n = 9)
25 ± 0.33 (n = 9)
25 ± 0.50 (n = 9)
25 ± 0.50 (n = 14)
25 ± 0.51 (n = 13)
25 ± 0.50 (n = 11)
25 ± 0.00 (n = 7)
25 ± 0.49 (n = 7)
25 ± 0.00 (n = 7)
25 ± 0.00 (n = 8)
25 ± 0.00 (n = 3)

32 °C
9 ± 4.32 (n = 6)
14 ± 1.55 (n = 8)
18 ± 0.89 (n = 5)
20 ± 0.75 (n = 6)
21 ± 0.45 (n = 5)
23 ± 0.50 (n = 4)
23 ± 0.00 (n = 3)
24 ± 0.50 (n = 4)
24 (n = 1)
24 (n = 1)
25 ± 1.15 (n = 3)
25 ± 0.82 (n = 4)
25 (n = 1)
26 ± 0.00 (n = 2)
25 ± 0.71 (n = 4)
26 (n = 1)
26 ± 0.58 (n = 4)
25 ± 0.00 (n = 2)
N/A3
N/A3
N/A3
N/A3
25 (n = 1)

1

Data for deformed embryos and non-fertilized eggs (see Table 5) are excluded.
Data are shown as the mean ± SEM (number of samples derived from).
3
N/A: not available, since the embryos found in these weeks were deformed.
2

Table 3 Carapace length of M. macrocephala embryos after incubation at three different temperatures for up to 24 weeks.
Incubation time (weeks)
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
1

Carapace length (mm) at the given incubation temperature1,2
26 °C
29 °C
32 °C
N/A3
N/A3
6.11 ± 0.36 (n = 3)
5.85 (n = 1)
7.35 ± 1.41 (n = 2)
9.46 ± 1.24 (n = 5)
N/A3
10.64±10.31 (n = 5)
11.77 ± 1.66 (n = 6)
6.72 ± 0.81 (n = 4)
8.98 ± 1.06 (n = 6)
14.54 ± 3.72 (n = 5)
7.45 ± 1.86 (n = 6)
13.91 ± 2.63 (n = 8)
20.03 ± 4.44 (n = 4)
9.62 ± 1.98 (n = 6)
18.89 ± 4.15 (n = 8)
22.95 ± 3.57 (n = 3)
10.23 ± 3.45 (n = 6)
23.94 ± 3.07 (n = 8)
26.41 ± 1.42 (n = 4)
13.75 ± 3.54 (n = 6)
24.95 ± 4.00 (n = 8)
26.57 (n = 1)
17.68 ± 3.35 (n = 6)
29.74 ± 3.07 (n = 6)
29.29 (n = 1)
23.30 ± 4.97 (n = 8)
30.14 ± 3.94 (n = 11)
29.78 ± 2.37 (n = 3)
27.91 ± 4.73 (n = 11)
31.06 ± 1.71 (n = 11)
29.60 ± 4.19 (n = 4)
26.96 ± 3.34 (n = 11)
30.66 ± 2.74 (n = 9)
30.12 (n = 1)
30.15 ± 2.47 (n = 21)
29.38 ± 2.38 (n = 9)
30.93 ± 1.43 (n = 2)
30.64 ± 2.28 (n = 18)
31.39 ± 2.31 (n = 9)
29.42 ± 2.25 (n = 4)
31.91 ± 2.66 (n = 10)
30.62 ± 2.09 (n = 14)
29.34 (n = 1)
32.02 ± 2.64 (n = 21)
31.25 ± 2.55 (n = 13)
29.45 ± 1.00 (n = 4)
31.52 ± 1.72 (n = 7)
32.37 ± 3.42 (n = 11)
30.95 ± 0.98 (n = 2)
31.83 ± 2.65 (n = 6)
31.63 ± 1.52 (n = 7)
N/A4
31.19 ± 2.75 (n = 5)
32.48 ± 2.16 (n = 7)
N/A4
32.68 ± 2.31 (n = 6)
32.74 ± 2.26 (n = 7)
N/A4
34.02 ± 1.46 (n = 4)
31.47 ± 2.62 (n = 8)
N/A4
34.87 ± 0.53 (n = 3)
32.20 ± 1.64 (n = 3)
32.23 (n = 1)

Data for deformed embryos and non-fertilized eggs (see Table 5) are excluded.
Data are shown as the mean ± SEM (number of samples derived from).
3
N/A: not available, since the embryos found in these weeks were at developmental stages 3–14 and could not be measured for carapace length.
4
N/A: not available, since the embryos found in these weeks were deformed.
2
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Table 4 Comparisons of the temperature-related difference in slopes (ANOVA and Tukey’s multiple comparisons) of the logistic regression
analysis between the incubation time and development of M. macrocephala based on the embryonic stage and carapace length.
Slope comparison
n
F
P
Comparison on slope of logistic regression between incubation time and embryonic stage
26 °C vs. 29 °C
374
43.21
< 0.05
26 °C vs. 32 °C
253
43.21
< 0.05
29 °C vs. 32 °C
247
43.21
< 0.05
Comparison on slope of logistic regression between incubation time and carapace length
26 °C vs. 29 °C
335
4.08
< 0.05
26 °C vs. 32 °C
220
4.08
< 0.05
29 °C vs. 32 °C
223
4.08
< 0.05

q

P

8.11
27.25
9.76

< 0.05
< 0.05
< 0.05

5.79
2.62
3.57

< 0.05
< 0.05
< 0.05

Table 5 Incidence of developmental abnormalities of M. macrocephala embryos incubated at three different temperatures.
State of eggs/embryos
Total number of eggs
Non-fertile eggs
Normal embryos
Deformed embryos
Minor deformities (Type 1)
Narrow body
Moderate deformities (Type 2)
Scoliosis
Missing eye
Flat skull, misshapen carapace
Deformed body
Lethal deformities (Type 3)
Dwarf

26 °C
237
18
192
2

Temperature
29 °C
237
10
186
6

32 °C
238
25
65
72

1

1

2

4

1
0
0
0

0
1
2
2

1
4
5
55

2
5
7
57

0

0

5

5

developmental rate of turtle embryos (Valenzuela, 2001;
Zhu et al., 2006).
However, incubation at the high temperature (32 °C)
was harmful to the development of the turtle embryos
since a significantly (over 3.3-fold) higher proportion of
deformities were found. Interestingly, these were mainly
of a deformed body (Type 2 deformities) phenotype,
suggesting that this may be a developmentally sensitive
stage to elevated temperature. Obviously, reptilian
eggs cannot be incubated at extremely high or low
temperatures for extended periods of time, since it can
increase embryonic deformities (Du and Ji, 2003; Sinervo
and Adolph, 1989). In turtles, the thermal condition
during incubation is known to influence the incubation
time, metabolism, sex, embryo mortality, hatching success
and embryo size at hatching (Standing et al., 2000). This
study provides further evidence that increases in the
incubating temperature could result in a higher incidence
of developmental abnormalities.

5. Conclusion
Incubation temperature is an important variable
affecting the development of freshwater turtles. In M.

Total
712
53
443
80

macrocephala, the incubation temperature was seen to
affect the somatic development of the embryos. At a high
temperature (32 °C) a significantly more rapid growth and
development rate was found than at 26 °C and 29 °C, but
with a significantly (over 3.3-fold) higher incidence of
deformities.
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