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ABSTRACT. – We studied reproduction and nesting of the keeled box turtle (Cuora mouhotii) during
2003 and 2009 on Hainan Island, China. We found the first gravid turtle on 28 April and nesting
was from May until July, with a peak in mid-June. We observed the first fresh nest on 1 June and
last fresh nest on 27 July. Some females laid eggs from 1 clutch in 2 batches. Clutch size ranged
from 1 to 5. Mean egg measurements were as follows: length, 4.5 cm; width, 2.7 cm; and mass,
19.8 g. There was no significant relationship between turtle body size (mass, length, height, and
width) and clutch size or egg size (mass, length, and width). Clutch size was significantly
correlated with the egg mass and egg width. Possible low fertility, low hatching rate, and the long
period to reach maturity imply that C. mouhotii has a low intrinsic rate of population increase.
This, combined with overcollecting and habitat destruction, requires development of more
effective conservation strategies for this endangered species.
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Evidence suggests that Asia’s turtles are being

systematically extirpated to feed the insatiable demand for

food and traditional uses (van Dijk et al. 2000). Of an

estimated 90 species that are native to the region, more than

50% are listed as critically endangered or endangered on the

International Union for Conservation of Nature (IUCN)

Red List of Threatened Species (Asian Turtle Conservation

Network 2010). The keeled box turtle (Cuora mouhotii) is

one such species found in China (Hainan, Guangdong,

Guangxi, and possibly southern Yunnan), northern and

central Vietnam, Laos, northern Cambodia, Thailand,

Myanmar, and the state of Assam in India (Ernst and

Barbour 1989; Zhao and Adler 1993; Turtle Taxonomy

Working Group 2010). Overcollection, illegal trade, and

habitat destruction have resulted in drastic reductions in the

wild populations (De Bruin and Artner 1999; Lau and Shi

2000; Gong et al. 2006), and C. mouhotii is now classified as

an endangered species by the IUCN Red List (IUCN 2010).

Most previous research focused on the taxonomy and

systematics of this species (Gray 1862, 1864; Honda et al.

2002; Shi et al. 2005; Spinks and Shaffer 2007; Zhang

et al. 2008), but little is known about its biology in the

wild. Even basic reproductive data are lacking, such as the

time of egg laying or clutch size. This situation hinders

efforts to protect this endangered species.

Our objectives were to acquire basic ecological

information on female body size, clutch size, egg size,

nesting season, incubation period, incubation temperature,

and nest predation of C. mouhotii. Our study provides

some of the first ecological data on the reproduction and

nesting of C. mouhotii.

METHODS

From 20 February to 15 August 2003, we visited

markets and turtle collectors once per week (total

23 weeks) to gather information on the turtle trade in

Nanmao and surrounding villages (Fig. 1) in east-central

Hainan Island, off the coast of southern China. We

obtained some reproduction information on C. mouhotii
during that survey (see Gong et al. 2006).

From February to December 2009, we studied C.
mouhotii at Diaoluoshan, located in southeastern Hainan

(lat 18u4395380N, long 109u5291090E, elevation 914 m;

Fig. 1). The field site was approximately 70,700 ha of

rainforest. January is the coldest month, with an average

temperature of 15.4uC, and the hottest month is July, with

an average temperature of 28uC. Rainfall is plentiful with

1870–2760 mm of annual precipitation, mostly in a

distinct rainy season (May to October).

Turtles were captured in traps baited with salty fish or

rancid pork skin. We marked turtles by engraving their

marginal scutes. Straight-line carapace length, carapace

width, and body height were measured to the nearest

millimeter with tree calipers. Body mass was measured to

the nearest 0.1 g using a portable electronic balance. All

females captured in the field were palpated to determine

whether they were gravid or not. Any females suspected
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to be gravid were taken to a field research site where we

took radiographs. We outfitted turtles with radiotransmit-

ters (Holohil Systems Ltd., Carp, ON, Canada RI-2B, 6 g)

and released them at the site of capture. Female turtles

with radios were radiographed every 20–25 days from

March to October. Gravid females were easily identified

by palpation and from the eggshell images in the

radiographs (Kuchling 1999). Once female turtles were

gravid, we radiotracked them every hour until they

deposited eggs. We collected the eggs 2–3 days after

oviposition. Nest cavity depth and diameter were

measured when no damage to these dimensions had

occurred while excavating the nest cavity. All eggs were

weighed and measured at the nesting site, and then

reburied in the nest cavity. For each egg, we recorded egg

length and egg width, both measured to the nearest

0.1 mm, and egg mass, measured to the nearest 0.1 g.

Relative clutch mass (RCM) was calculated as

RCM 5 clutch wet mass/female body mass before

oviposition. Nests were protected by wire mesh folded

into an open box and buried open-side down over the

clutch up to ca. 3 cm below the soil surface. Temperatures

were monitored for one nest in 2009 with a Watchdog-

100 data logger (Spectrum Technologies). The data logger

was programmed to record nest temperatures at 1-hour

intervals throughout the incubation period and was sealed

in a plastic container and buried beside the nest cavity.

RESULTS

Nanmao Area. — In 2003, we found 136 C. mouhotii
in villages or markets, representing 43 females, 20 males,

and 73 juveniles/subadults that could not be sexed

externally by relative tail lengths. The smallest one

caught by local people was only 17 g. Some of the turtle

owners would not cooperate fully with our research

project. As a result we could not collect measurements for

all variables and all turtles caught by local people,

resulting in different sample sizes for our analyses.

Measurements for female turtles were as follows

(mean ± SD, range, n): female body mass, 505.6 ±

213.0 g SD (200–800 g, n 5 16); carapace length, 15.8 ±

2.2 cm SD (10.3–18.4 cm, n 5 28); carapace width,

10.8 ± 1.3 cm SD (8.0–12.6 cm, n 5 27); and body

height, 6.4 ± 1.0 cm SD (4.3–7.8 cm, n 5 27). The

following measurements were made for male turtles: male

body mass, 491.3 ± 19.6 g SD (225–850 g, n 5 12);

carapace length, 15.0 ± 2.5 cm SD (11.1–18.2 cm,

n 5 13); carapace width, 10.6 ± 1.5 cm SD (8.4–

12.5 cm, n 5 13); and body height, 6.0 ± 1.0 cm SD

(4.9–7.4 cm, n 5 13). We compared body characters

between males and females (Student t-test); there were no

significant differences in their mean body mass, carapace

width, length, or height (p . 0.05).

Among 43 female turtles from villages or markets, 12

were gravid by palpation. The first gravid turtle was found

on 28 April. The other gravid turtles were found during

May and June. We checked 12 gravid females by

radiography (Fig. 2) and recorded 29 shelled eggs. Mean

clutch size was 2.4 eggs, and clutch sizes were varied: 1

egg (8.3%), 2 eggs (50%), 3 eggs (33.4%), and 4 eggs

(8.3%).

We took 12 gravid turtles back to the field site where

they were fed. Most (n 5 9) deposited 23 intact eggs. The

mean, SD, and range measurements of these eggs were as

follows: egg length, 4.6 ± 0.3 cm SD (4.1–5.2 cm,

n 5 23); egg width, 2.7 ± 0.1 cm SD (2.5–3.0 cm,

n 5 23); and egg mass 22.5 ± 3.2 g SD (17.2–28.7 g,

n 5 23). There was significant correlation between egg

mass and length, and egg width and mass (all p , 0.01).

Keeled box turtles from the Nanmao area had a mean

RCM of 8.5% (5.3%–11.8%; Table 1).

Eggs were buried underground and the soil temper-

ature ranged from 22.0uC to 28.0uC. About 120 days later,

only one hatchling emerged from the nests.

Figure 2. Radiographs of a gravid Cuora mouhotii female with
2 eggs.

Figure 1. The locations of the study site, Diaoluoshan and
Nanmao areas (shaded), on Hainan Island, China.
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Diaoluoshan Area. — In 2009, we trapped 17 female

C. mouhotii in the field and 10 were gravid. Measurement

data of these 10 gravid turtles were (mean ± SD, range):

body mass, 610.6 ± 70.7 g SD (495–700 g); carapace

length, 17.0 ± 0.91 cm SD (15.6–18.5 cm); carapace

width, 11.7 ± 0.6 cm SD (11.8–12.8 cm); and body

height, 6.7 ± 0.7 cm SD (6.1–8.4 cm).

The clutch size was 3.9 ± 0.7 SD (2–5, n 5 10),

with clutch sizes of 2 (10%), 4 (80%), and 5 (10%). We

found the first gravid female on 6 May. Oviposition

occurred from early June to late July. The first fresh nest

was found on 1 June and the last fresh nest on 27 July.

Four of the females deposited a partial clutch and retained

the remaining eggs for one or several days. Eggs were

smooth, and characterized by a white shell and oval

shape. The egg mass was 18.1 ± 2.7 g SD (11.3–23.0 g,

n 5 31), egg length was 4.4 ± 0.4 cm SD (3.6–5.3 cm,

n 5 31), and egg width was 2.6 ± 0.1 cm SD (2.4–

2.8 cm, n 5 31). Turtles from the Diaoluoshan area had a

mean RCM of 10.9% (6.9%–14.6%; Table 1).

We recorded nesting for 2 radiotracked gravid turtles.

At 1230 hours, 20 June, turtle no. 6478 was moving on the

forest floor. At 1330 hours, the turtle remained in one

place for 2 hours. Around 1530 hours, it began to dig a

hole with its left rear leg. The turtle stopped for 2–

3 minutes every 4–5 minutes; both legs were used

alternately to dig the cavity. At 1557 hours, the nest hole

was completed. At 1600 hours, the female deposited the

first egg; 3 minutes later, the second one appeared; at

1607 hours, the third egg was deposited (Fig. 3), and

4 minutes later, the last one was deposited. The duration

of oviposition was about 12 minutes, after which the

female rested for about 4–5 minutes and then began to

bury the eggs. At 1720 hours, nesting was completed and

the female left the nesting site.

Among 5 gravid turtles, 3 dug nest cavities and

covered the eggs completely with soil. One gravid turtle

placed the nest in sand; the remaining one did not dig a

hole and deposited eggs under fallen leaves. Two nest

sites were located beside the roots of herbaceous plants

and other nests were located in open areas. Some turtles

buried themselves under fallen leaves while nesting.

Measurements for the nest cavities were as follows:

length 10.6 cm (9.0–13.0 cm, n 5 3), width 8.0 cm (7.9–

8.1 cm, n 5 3), and depth 6.9 cm (5.6–9.0 cm, n 5 3).

Of 16 eggs checked, only 3 were fertilized eggs as

determined by the presence of cicatricula in the yolk of

the egg. All eggs were incubated at the nesting site, but

no hatchings emerged after 4 months, at which time the

eggs were moldy and rancid. The soil temperature of

the nesting site varied from May, mean 19.3uC (range

15.0u–24.0uC); June, 20.7uC (19.0u–23.3uC); July, 20.6uC
(18.7u–23.1uC); August, 20.8uC (18.5u–23.0uC); Septem-

ber, 20.7uC (18.5u–24.0uC); October, 19.3uC (17.5u–
21.0uC); November, 17.9uC (15.0u–20.0uC).

Comparison. — Body size of gravid C. mouhotii did

not differ significantly between Nanmao and Diaoluoshan

(all measurements p . 0.05). There was no significant

difference in egg length between Nanmao and Diao-

luoshan (p . 0.05), but there was a significant difference

of clutch size, egg width, and egg mass (all p , 0.01).

DISCUSSION

Reproductive Season. — Rainfall and air temperature

variation are weather components that demarcate yearly

seasons and thus freshwater turtles often exhibit distinct

activity peaks during the year, mainly during spring and

summer seasons (Souza and Abe 2001). According to our

data, the breeding season of C. mouhotii occurs from May

to July, coincident with the rainy season in Nanmao and

Diaoluoshan, when mushrooms, earthworms, and other

foods favored by the species are in abundance.

Clutch Size and Frequency. — Turtle body size has

been shown to influence reproductive potential in female

turtles (Valenzuela 2001), as the area of the pelvic girdle

is correlated with female size and may constrain the size

and number of eggs an individual can oviposit (Bowden

et al. 2004). Within each species of turtle, larger females

generally have larger clutches than smaller females

(Gibbons et al. 1982). For the gravid turtles in the

Nanmao and Diaoluoshan areas, we did not find a

relationship between clutch size and gravid turtle body

size, but there were significant differences in egg width

and egg mass in relation to clutch size. The turtles in

Diaoluoshan in 2009 had more and smaller eggs than in

Nanmao area in 2003. However, further studies are

needed to determine the regional and temporal difference

due to the small sample size in this initial study. This

species has relatively few eggs per clutch (1–5 eggs) but

so do other turtles of that approximate size. Cuora
mouhotii RCM from the Nanmao area ranged from 5.3%

to 11.8%, whereas those from the Diaoluoshan area

ranged from 6.9% to 14.6%. Their RCM is fairly

equivalent to other freshwater turtles because C. mouhotii

Figure 3. Cuora mouhotii depositing eggs in the field. Photo by
Jichao Wang.
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eggs, although few in number, are relatively large (in

mass and length). For comparison, RCM for the yellow-

margined box turtle (Cuora flavomarginata) ranges from

2.3% to 9.2% (Chen and Lue 1999). In the painted turtle

(Chrysemys picta), RCM ranges from 4% to 32%; the

pond slider (Trachemys scripta) RCM ranges from 3% to

17%, and the wood turtle (Glyptemys insculpta) RCM

ranges from 9.0% to 16.3% (Ernst and Lovich 2009).

RCM varied significantly across clutch size and clutch

frequency in our specimens, but accurate determination of

clutch frequency within and among years remains a

problem in turtle studies (Iverson and Smith 1993).

Relatively little reproductive information is available

for other species of Cuora. Chen and Lue (1999) reported

that C. flavomarginata laid 1–2 clutches and clutch size

varied from 1 to 3. We observed that C. mouhotii females

sometimes deposited a portion of their clutch one time

and retained other eggs for one or several days before

depositing the remainder at a different time and place.

However, we did not document multiple clutches in one

breeding season. Perhaps the extensive handling of females

during our study had an effect on their reproduction.

Incubation Temperature and Period. — In the

Nanmao area, the soil temperature during incubation ranged

from 22uC to 28uC. About 120 days later, 1 C. mouhotii
hatchling emerged. In the Diaoluoshan area, the highest soil

incubation temperature was only 24uC, the lowest was 15uC
and the average temperature for the month ranged from

17.9uC to 20.8uC, indicating that incubation temperatures

at Diaoluoshan were much lower than at Nanmao. Lower

incubation temperatures result in longer incubation periods

for the turtle eggs (Ewert 1985). If the incubation period at

Diaoluoshan area was longer than 120 days, hatchlings

would emerge in October or November. The next 3 months

are the dry season and temperatures are the lowest of the

entire year; we do not know whether hatchings stay in the

nest or emerge to find other cover sites.

The sex of most turtle species is dependent on

incubation temperature (George et al. 2001), but there is

no information on the sex-determination mechanism of C.
mouhotii. According to the soil temperature data for

nesting sites in Diaoluoshan, the highest temperature

was 24uC, which is much lower than the critical sex

differentiation temperatures of other Cuora species (Li

and Tang 2002; Huang et al. 2009).

Egg Fertilization Rate. — The egg fertilization and

hatching rates of C. mouhotii were very low in this study. At

Diaoluoshan only 3 out of 16 checked eggs could be

diagnosed as fertilized. At Nanmao only 1 hatchling

emerged out of 23 eggs and at Diaoluoshan none emerged

from 31 eggs. The factors that lead to low egg fertilization

and hatch rate remain unresolved. Although we handled

eggs carefully, we did not exclude the possibility that our

methods could give rise to negative effects on hatching rate.

Conservation Implications. — Overcollecting and

habitat destruction have been threatening wild popula-

tions of C. mouhotii (Gong et al. 2006). Our studies

suggest that deposition of fertilized eggs and the hatching

rate of C. mouhotii in the field are both low, assuming that

our egg handling effects were minimal. These factors,

plus the many years required to reach maturity, imply that

C. mouhotii has a low intrinsic rate of population increase.

It is urgent that more effective conservation strategies be

adopted to protect populations of this endangered species.

ACKNOWLEDGMENTS

This study was supported by National Science Foun-

dation of China (no. 30660026 and no. 30910103916) and

Kadoorie Farm and Botanic Garden, Hong Kong, China. We

are grateful to the Wildlife Conservation Department of

Hainan Forest Bureau, Diaoluoshan Forest Bureau and

Diaoluoshan Holiday Hotel. We would like to thank Liang

Wei, Dong Bing-jun, Hu Yun-gao, Pan Ri-sheng, and He

Bing for their help during field work. An anonymous

reviewer, Jonathan Fong, and J. Lovich helpfully reviewed

our manuscript.

LITERATURE CITED

ASIAN TURTLE CONSERVATION NETWORK. 2010. Asian turtle

conservation network. http://www.asianturtlenetwork.org

(April 2010).

BOWDEN, R.M., HARMS, H.K., PAITZ, R.T., AND JANZEN, F.J. 2004.

Does optimal egg size vary with demographic stage because of

a physiological constraint? Functional Ecology 18:522–529.

CHEN, T.H. AND LUE, K.Y. 1999. Population characteristics and

egg production of the yellow-margined box turtle, Cuora
flavomarginata flavomarginata, in northern Taiwan. Herpe-

tologica 55(4):487–498.

DE BRUIN, R.W.F. AND ARTNER, H.G. 1999. On the turtles of

Hainan Island, southern China. Chelonian Conservation and

Biology 3:1–16.

ERNST, C.H. AND BARBOUR, R.W. 1989. Turtles of the World.

Washington, DC and London: Smithsonian Institution Press,

313 pp.

ERNST, C.H. AND LOVICH, J.E. 2009. Turtles of the United States and

Canada. Baltimore: The Johns Hopkins University Press, 827 pp.

EWERT, M.A. 1985. Embryology of turtles. In: Gins, C., Billet,

F., and Maderson, P.F.A. (Eds.). Biology of the Reptilia.

Volume 14. New York: Wiley, pp. 75–267.

GEORGE, R.Z., LAURIE, J.V., AND JANALEE, P.C. 2001. Herpetol-

ogy. Academic Press, 138 pp.

GIBBONS, J.W. 1982. Reproductive patterns in freshwater turtles.

Herpetologica 38:222–227.

GONG, S.P., WANG, J.C., SHI, H.T., SONG, R.H., AND XU, R.M.

2006. Illegal trade and conservation need of freshwater turtles

in Nanmao, Hainan Province, China. Oryx 40:331–336.

GRAY, J.E. 1862. Notice of a new species of Cyclemys from the

Lao Mountains, in Siam. Annals and Magazine of Natural

History 10:157.

GRAY, J.E. 1864. Observations on the box tortoises, with the

description of three new Asiatic species. Annals and

Magazine of Natural History 13:105–111.

HONDA, M., YASUKAWA, Y., HIRAYAMA, R., AND OTA, H. 2002.

Phylogenetic relationships of the Asian box turtles of the genus

Cuora sensu lato (Reptilia: Bataguridae) inferred from mito-

chondrial DNA sequences. Zoological Science 17:1305–1312.

JI-CHAO ET AL. — Reproduction and Nesting of Cuora mouhotii in China 163



HUANG, B., HUANG, Y., GUO, X.S., AND GONG, R. 2009. A study
on accumulated hatching temperature of Cistoclemmys
flavomarginata. Freshwater Fisheries 39:26–30.

IUCN [INTERNATIONAL UNION FOR CONSERVATION OF NATURE].
2010. 2010 IUCN Red List of Threatened Species. www.
redlist.org (December 2010).

IVERSON, J.B. AND SMITH, G.R. 1993. Reproductive ecology of the
painted turtle (Chrysemys picta) in the Nebraska Sandhills
and across its range. Copeia 1993(1):1–21.

KUCHLING, G. 1999. The Reproductive Biology of the Chelonia.
Volume 38. Heidelberg, Germany: Springer Press, pp. 1–140.

LAU, M. AND SHI, H.T. 2000. Conservation and trade of terrestrial
and freshwater turtles and tortoises in the People’s Republic
of China. Chelonian Research Monographs 2:30–38.

LI, G.S. AND TANG, D.Y. 2002. Study on the breeding ecology of
Cuora trifasciata. Ecologic Science 21:112–l14. (In Chinese
with English abstract.)

SHI, H.T., PARHAM, J.F., SIMISON, W.B., WANG, J.C., GONG, S.P.,
AND FU, B.L. 2005. A report on the hybridization between two
species of the threatened Asian box turtle (Testudines: Cuora)
in the wild on Hainan Island (China) with comments on the
origin of ‘serrata’-like turtles. Amphibia–Reptilia 26:377–381.

SOUZA, F.L. AND ABE, A.S. 2001. Population structure and
reproductive aspects of the freshwater turtle, Phrynops
geoffroanus, inhabiting an urban river in southeastern
Brazil. Studies on Neotropical Fauna and Environment
36:57–62.

SPINKS, P.Q. AND SHAFFER, H.B. 2007. Conservation phyloge-
netics of the Asian box turtles (Geoemydidae: Cuora):

mitochondrial introgression, numts, and inferences from
multiple nuclear loci. Conservation Genetics 8:641–657.

TURTLE TAXONOMY WORKING GROUP [RHODIN, A.G.J., VAN DIJK, P.P.,
IVERSON, J.B., AND SHAFFER, H.B.]. 2010. Turtles of the world,
2010 update: annotated checklist of taxonomy, synonymy,
distribution, and conservation status. In: Rhodin, A.G.J.,
Pritchard, P.C.H., van Dijk, P.P., Saumure, R.A., Buhlmann,
K.A., Iverson, J.B., and Mittermeier, R.A. (Eds.). Conservation
Biology of Freshwater Turtles and Tortoises: A Compilation
Project of the IUCN/SSC Tortoise and Freshwater Turtle
Specialist Group. Chelonian Research Monographs No. 5, pp.
000.85–000.164, doi:10.3854/crm.5.000.checklist.v3.2010.

VALENZUELA, N. 2001. Genetic differentiation among nesting
beaches in the highly migratory giant river turtle (Podocnemis
expansa) from Colombia. Herpetologica 57:48–57.

VAN DIJK, P.P., STUART, B.L., AND RHODIN, A.G.J. (EDS.). 2000.
Asian turtle trade. Proceedings of a Workshop on Conserva-
tion and Trade of Freshwater Turtles and Tortoises in Asia.
Chelonian Research Monographs 2:1–164.

ZHAO, E.M. AND ADLER, K. 1993. Herpetology of China. Oxford,
OH: Society for the Study of Amphibians and Reptiles, in
cooperation with Chinese Society for the Study of Amphib-
ians and Reptiles, 521 pp.

ZHANG, L., NIE, L., CAO, C., AND ZHAN, Y. 2008. The complete
mitochondrial genome of the keeled box turtle Pyxidea
mouhotii and phylogenetic analysis of major turtle groups.
Journal of Genetics and Genomics 35:33–40.

Received: 2 June 2010

Revised and Accepted: 9 May 2011

164 CHELONIAN CONSERVATION AND BIOLOGY, Volume 10, Number 2 – 2011


