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eventually a large section of the scute broke away from the

catapace. Had the turtle been alive, it may have been seri-

ously injured. We had similar results when trying to remove

a radiotransmitter from the remains of a second individual
that was killed by land-clearing equipment. These observa-

tions reinforce the caution made by Belzer and Reese ( 1995),

who noted that prying off radiotransmitters bonded to turtles
with epoxy can tear scutes. However, in May 1999, approxi-
mately l2 months after the start of our study, radiotransmitters

that had been attached to turtles for 341-366 days were

easily removed without damaging scutes (M. Ciaran ca, pers.

comm.). Whether the putty degraded over time or whether

natural sloughing of scute material, or both, caused the

radiotransmitters to loosen over time is unknown. Regard-

less of cause, it appears the putty base method of attachment

is acceptable if radiotransmitters are expected to remain

attached to turtles for extended periods of time, such as the
I l-12 months that elapsed between attachment and removal
in this study. However, we are hesitant to recommend this
method in cases where radiotransmitter life is shorter, inci-
dence of radiotransmitter failure is high, or recovery of
radiotransmitters after only brief periods of attachment is
otherwise anticipated.

Because attempts to remove radiotransmitters from two
dead turtles resulted in damage to scutes, we further modi-
fied the method used by Boarman et al. (1998) in order to
minimize the amount of putty in contact with the carapace.

Our silicon base method created a space between the
radiotransmitter and carapace that provided working room
for tools that would later be used to remove the
radiotransmitter. We anticipated that acarefully used cordless
rotary hobby tool (e.g., Dremel) with a cutting disk could
readily cut through the strips of epoxy putty along the sides

of the radiotransmitter. Because the radiotransmitter was not
in direct contact with the carapace (due to the silicon pad) the

cutting disk would not contact the scute and therefore would
not damage the turtle. After the old radiotransmitter was

removed, a new radiotransmitter could be attached to the

putty that remained bonded to the carapace.

We believe the silicon base method appropriate for both
long and short-term attachment of radiotransmitters. One turtle
with a silicon base mounted radiotransmitter was relocated3lT
days after attachment, indicating that the longevity of this

attachment method is comparable to that of the putty base

method. The main benefit of the silicon base method is that it
permits the safe removal of radiotransmitters at any time
without requiring either the epoxy or scute surface to degrade.

The ability to remove radiotransmitters shortly after attach-

ment may be especially important in the event of premature
radiotransmitter failure. We recorrunend this approach for all
applications because it minimizes the likelihood of turtles
being injured during the radiotransmitter removal process.
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The river terrapin, Batagur baska (Gray, 183 I ), inhab-

its coastal rivers, estuaries, and mangrove swamps from
eastern India and Bangladesh, to Myanmar, southern Thai-
land, Cambodia, Cochinchine (southern Vietnam), peninsu-



692 CHpr-oNrnN CoNSERVATToN AND BroLocv, Volunte 4, Nuntber 3 - 2003

Carnbodia now known as the Sre Ambel. Jenkins (1995)

noted that recent records of B. baska from Cambodia were
lacking, and others (van Dtjk, 1998; Tana et al., 2000)
concluded the species was extirpated in the country. We
herein provide recent distributional records and assess the

current conservation status of B. boska in Cambodia.
Historically, B. baskd occurred in the Tonle Sap (Fig.

I ). an inland freshwater lake comprising 250,000 to 300,000
ha and surrounded by seasonally inundated wetlands (Scott,

1989). The Tonle Sap River connects the Tonle Sap with the

Mekong River and extensive backwater flooding occurs
during the annual wet season (Scott, 1989). The complete
shells of two adult B. baska (carapace length tCLl - 525 and

425 mm), obtained from local fishermen in 1985 (Nao

Thuok, Director, Fisheries Department, pers. cotntl't.)., are on

display at the Department of Fisheries Office in Siem Reap.

These shells were found buried in lake sediments and are not
believed to represent recent occurrences. According to eld-
erly residents, small numbers of B. baskd were present in the

Tonf e Sap during the early 1900s (Nao Thuok , p€rs. contm.).
However, surveys conducted in 2000-01 found no evidence
for the continued persistence of B. baska in the Tonle Sap
(Platt et al., unpubl. data), and the species has almost
certainly been locally extirpated.

More recently, in September 2000 an adult male B.

baska (CL - 490 mm, voucher photograph archived in the

Campbell Museum, Clemson University, Clemson, South
Carolina, USA; CUSC 1952) was noted in a turtle pond at a

zoo in Kampot. The animal wAS reportedly obtained from
another zoo in Prey Veng Town, Prey Veng Province (Gavin
Bourchter, pet's. cotnnt.): however, its original provenance
could not be ascertained.

On 2 October 2000 one of us (HK) photographed a

subadult B. basko (mass = 2.8 kg; voucher photograph
CUSC 2028), reportedly captured by fishermen in the Sre

Ambel estuary , atawildlife market in Sre Ambel Town (Fig.
2). Subsequent to this observation we conducted surveys 6-
12 January, 3-9 February, and 8 June 2001 ,, and 24-31
January 2002 to verify the occurrence and identify nesting
areas of B. baska in the Sre Ambel River system.

Cumently, the only known extant population of B. baska

in Carnbodia occurs in the Sre Ambel River system (Fig. I ).
The Sre Ambel watershed encompasses parts of Koh Kong,
Kampot, and Kampong Spue Provinces, and drains the

southwestern slopes of the Damrei and Cardamom Moun-
tains before flowing into Kampong Saom Bay. A number of
smaller tributaries feed the Sre Ambel River, including the

St6eng Kaaong, which meets the main channel approxi-
mately l6 km upstream from the river mouth. Salinity in the

estuary ranges from 0.0 to 20.0 ppt during the wet (May-
October) and dry (November-April) seasons, respectively
(Platt et al., unpubl. data). Extensive mangrove swamps
dominated by Rhizophora sp., At,icertnia sp., and Sorurcratia
sp. occur near the river mouth, while less saline sections of
the estuary are characterized by stands of Melaleuca
Ieucaclenclron and Nipa .fruticcuts (Ashwell, 1997). Up-
stream from the estuary, riverside vegetation is character-
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Figure 1. Map of Cambodia showing localities mentioned in the
text.

lar Malaysia, and Sumatra (Ernst and Barbour, I 989; Iverson,
1992). There are. however, few records of the occurrence of
B. baska in Cambodia (Groombridge, 1982; Iverson, 1992).
Bourret ( I 941) stated that B. baska was common in
Cochinchine and Cambodia, based on the accounts of Tirant
( I 884) and Pavie ( 1904), who reported villagers collecting
eggs along the Prek Tap Ki6ang, a coastal river in southern

.,:iffi

Figure 2. Subadult Bcttctgu r ba,ska ( mass -2.8 kg ) photographed on
2 October 2000 at a wildlife rnarket in Sre Ambel Town, Koh Kong
Province, Cambodia. The turtle was captured by fishennen in the
Sre Ambel estuary. Photo by Heng Kimchhay.

Vietnam



Figure 3. Adult female Batagur buska (CL = 587 rnm) conf iscated
by the Sre Ambel Fisheries Department in late January 2001 after
being accidentally caught in a fishing net in the Sre Ambel River.
Koh Kong Province, Cambodia. Photo by Steven G. Platt.

ized by evergreen riparian forest and extensive sandbars are

exposed as river levels fall in the dry season.

During our surveys we examinedT living B. baska (6
juveniles and I adult) and a carapace, which originated from
the Sre Ambel River. Fourjuveniles were confiscated by the
Fisheries Department in January 2001 after being caught in
a pong pang net set at the mouth of the Sre Ambel River
(12"51.204' N; 107"48.994' E). These large funnel-shaped
nets are positioned in the lower estuary and catch fish using
the tidal flow. When the tide reverses, water flows through
the net, and fish, shrimp, and crabs become trapped in an

elongated funnel-like pocket. A fifth juvenile was turned
over to the Fisheries Department in early June 2001 after
being accidentally entangled in a fishing net' and we ob-
tained a sixth juvenile from a villager in January 2002. One
juvenile (CL - 7 5 mm) was probably a yearling, two (CL =
94 and 108 mm) were estimated to be two years old, and the
other three (CL = 1 I I , I 16, and 139 mm) were probably
three to four years old. The adult turtle (Fig. 3 ) was a large
female (CL = 587 mm; mass -29 kg) also confiscared by the
Fisheries Department after being captured in a fishing net in
late January 2001 . Additionally, we examined the carapace
of a large (CL = 528 mm) female that was killed and
consumed by a fisherman on22 January 2002. According to
the fisherman, this female contained 38 shelled eggs and
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Figure 4. Batctgur bosftn nesting site along the Sre Ambel River,
Koh Kong Province. Cambodia, photographed in early February
2001 . Note low water level of river. Photo by Steven G. Platt.

"about 50" enlarged follicles. These undoubtedly represent
multiple clutches as B. baska is known to produce as many
as three clutches per season (Moll, 1980a).

We also located l2 sandbars along the Sre Ambel and

Stoeng Kaaong rivers where B. baska nest (Table l; Fig. 4).
Nesting sites along these rivers are located 39-50 and 36-61
km, respectively. upstream from Kampong Saom Bay. Dur-
ing January 2002 we examined six nests on these sandbars
(Table 1); mean (* I SD) clutch size was I I .3 + 4.4 eggs
(range = 6 to 19 e..egs). Furthermore, we monitored a nesting
beach near our camp from 25 to 30 January 2002: on 26

January (0400 hrs) an adult turtle (presumably a female)
emerged from the river and investigated the beach for about
2 mrn before returning to the water without laying eggs, and

on 28 January (0300 to 0400 hrs) another adult was observed
swimming near the beach. although it did not leave the river.
Both observations occurred after the moon had set.

These nesting beaches are well known to villagers, who
collect eggs from late January to early March. Eggs are
consumed by villagers or sold locally for approximately
US$0.08 per eg-q. At two nesting sites we found broken
eggshells indicating that eggs were recently collected. Vil-
lagers locate nests by searching for tracks of female turtles
and then probing the sand with sharpened sticks. According
to villagers, the number of clutches annually removed from
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Table 1. Location of sandbars used for nesting by Batagur baska along the Sre Ambel and St6eng Kaaong rivers, Koh Kong Province,
Cambodia. Information on egg collection obtained during interviews of local villagers. Nests found tn2002 were protected from local
harvest.

River Lat. (N) Long. (E) Notes

Sre Ambel

St6eng Kaaong

t03.7 6l t'
103.7 613"
103.7299'
I03.gg96"
I 03. gg0g'
103.9903'
103.8790'
I 03.969 I "
I 03.97 59"
I 03. 8727"
I 03.8425"
I 03.9420"

1.2821"
r.2843"
| .327 5"
1.1569'
t .t542"
1.1528'
1.1470'
1.143 I "
I .1404"
| .1402"
1.0890'
I .0901 '

One excavated nest and broken eggs found in Janurary 2001 .

Four excavated nests and broken eggs found in February 2001.
No evidence of recent egg collection; two nests collected by villagers in 2000.
One nest ( I I eggs) found in 2002.
One nest ( 12 eggs) found in 2002.
Two nests and a nesting female harvested by villagers in 2000.
One nest (19 eggs) found in2002.
One nest harvested in 2000.
One nest (8 eggs) found in 2002.
Two nests (6 and l2 eggs) found in 2002.
Fresh turtle tracks (nesting female?) found in January 2001.
One nest collected by villagers in 2000: two nests collected by villagers in January 2001 .
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each sandbar ranged from one to four (Table 1). Based on the
number of nests reportedly collected each year, it is unlikely
that more than 20 mature females currently inhabit the Sre
Ambel River system. In addition to egg collectors, domestic
water buffalo (Bubalus bubalis) reportedly trample some
nests while others are lost to water monit or (Varanus salvator)
predation. It is unknown how many nests successtully hatch,
but the recent capture of five juveniles indicates that at least
some nests produced offspring during the past two years.
Given an incubation period of 66 to 84 days (Moll, 1980a),
eggs probably hatch from late March to May, coinciding
with the end of the dry season.

In addition to egg harvesting, interviews with fishennen
indicate that turtles are captured in nets and traps incidental
to routine fishing operations. Fishermen stated that large
juveniles and adults are generally consumed, while smaller
turtles are released; however, most of the captured turtles we
examined were small juveniles suggesting the harvest of this
size class may be greater than indicated by our interviews.
Although difficult to quantify, the incidental harvest appears
small and most fishermen reported an annual catch of less
than one large juvenile or adult B. baska. However, some
fishermen reportedly target adult B. baska using set-lines
baited with Sonneratia sp. fruit. Additionally, one villager
reported harvesting nesting female turtles following clutch
deposition. Others told of a group from another village who
collected about 60 nesting females on a single night in I 999.
We were unable to verify this account, but if true, this single
act is likely responsible for reducing the B. baskapopulation
in the Sre Ambel River system to its current critically
endangered status. Most harvested turtles are consumed
locally, but the observation of an adult at a wildlife market
in Sre Ambel Town indicates that some are entering the
trade. Batagurbaskameatreportedly sells for about US$ I .00/
kg in local markets. Additional mortality probably results
from the use of hand grenades and other explosive devices
for fishing, a common practice in this formerly heavily
militarized area. Given the lack of any previous population
data it is difficult to predict current population trends;
however, the general consensus among fishermen is that
living B. baska andnests are becoming more difficult to find
each year.

Populations of B. baska throughout Asia have drasti-
cally declined or been extirpated by a combination of habitat
destruction and chronic over-harvesting of eggs and adult
turtles (Nutaphand, 1979;Moll, I 980a, I 980b; Groombridge,
1982; Das, 1995; Bhupathy, 1997; Moll, l99l; van Dtjk,
1 998; Platt et al., 2000; Thorbjarnarson et aL.,200Q). Batagur
baska is considered Critically Endangered ("facing a high
risk of extinction in the wild in the near future") by the IUCN
(2000) and regarded by Das (1997) ro be among rhe mosr
threatened chelonians in Asia. The Cambodian population
of B. baska may be the only extant population remaining in
former Indochina and is thus of particular global conserva-
tion significance.

undoubtedly, continued harvesting of eggs and living
turtles is the single most important threat to the long-term
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viability of the B. baska population in the Sre Ambel River
system. Batagur baska are especially vulnerable to egg
collection as females predictably return to the same commu-
nal nesting sites each year. Even where adult B. baska are
protected, chronic over-collecting of eggs has resulted in
severe population declines or extirpation (Moll, 1980; van
Drjk, 1998; Platt et al., 2000; Thorbjarnarson et al., 2000).
Furthermore, demographic and stochastic processes render
small populations particularly vulnerable to local extinction
(Gilpin and Soul6, 1986), and the loss of even a few mature
turtles can have severe negative demographic consequences
(Congdon et al., 1993). Therefore, we regard the B. baska
population in the Sre Ambel River system as critically
endangered with a high probability of extinction unless
conservation measures are rapidly implemented.

Foremost is the need to control the harvesting of eggs
and living turtles. Batagur baska was protected by royal
decree prior to I 97 5 and the egg harvest was reserved solely
for the king. During this period the king employed guards to
protect the nesting beaches, and violators were subject to
stiff fines administered by the Fisheries Department. Villag-
ers still refer to B. baska as the "royal turtle." Royal protec-
tion was reinstated in 2001 and will probably do much to halt
the purposeful harvest of living turtles and eggs. Further-
more, a nest protection program was recently initiated in the
Sre Ambel River system (Kalyar and Sovann ara, unpubl.
data); local villagers were hired to guard beaches, and nests
were enclosed by bamboo fencing. A full evaluation of this
program will be presented elsewhere. Additionally, existing
legislation prohibiting the use of pong pang fishing ners

should be enforced. Besides catching B. baska, these nets
decimate local fish stocks and ultimately threaten the liveli-
hood of those who depend on this resource. Finally, it is
imperative for enforcement authorities to curtail the illegal
trade in turtles from this region of Cambodia.

Acknowledgments. 
- Patrick Lying, Niek Ratanapich,

Gavin Bourchier, Dave Ware, and Suwanna Gauntlett pro-
vided field assistance. Comments by Peter Paul van Dljk,
Edward Moll, Nao Thuok, Touch Seang Tana, John Iverson,
Colin Poole, Thomas Rhott, Gavin Bourchier, and Jake
McCandles greatly improved this manuscript. Stanlee Miller
assisted with deposition of voucherphotographs. Joe Walston
and Rob Timmins are thanked for alerting us to the turtle in
the Kampot Zoo. Edward O. Moll, Stephen Johnson, Colin
Poole, Dave Ashwell, and Thomas Rainwater supplied criti-
cal references.

LlrpnlruRE Crrnn

Asnwnr-, D.A. 1991 . Cambodia: A national biodiversity prospectus.
Phnom Penh, Cambodia: Reporl to united Nations Development
Programme and Ministry of Environment, I l9 pp.

B Hupnrnv, S . I 997 .Conservation of the endangered river terrapin B ata g ur
basl<nin the Sunderban of West Bengal, India. Journal of the Bombay
Natural History Society 94(l):27 -35.

BouRREr, R. 1941. Les tortues de l'Indochine. Notes Institut
Oceanographique de l' lndochine 38: I -235.



NorEs AND FtEI-o REponrs 695

CoNcooN, J.D., Dr.rr.nrnvr, A.E., AND vAN [,oeEN SEts, R.C. 1993. Delayed

sexual maturity and demographics of Blanding's turtles (Enwdoidea

blarclingii): implications for conservation and management of long-

lived organisms. Conservation Biology I (4):826- 83 3.

DRS, I. 1995. Turtles and Tortoises of India. Bombay: Oxford University

Press, 176 pp.

DRS, I. 1991 . Conservation problems of ropical Asia's most-threatened

turtles. In: Van Abbema, J. (Ed.). Proceedings: Conservation, Restora-

tion, and Management of Tortoises and Turtles - An lntemational

Conference. N.Y. Turtle and Tortoise Society, pp. 295-301.

ERNST, C.H. nNo BnneouR, R.W. 1989. Turtles ofthe World. Washington,

DC: Smithsonian Institution Press, 313 pp.

Gnrnr, M.E. nNo Soum, M.E. 1986. Minimum viable populations:

processes of species extinction. ln: Soul6, M.E. (Fd.). Conservation

Biology: The Science of Scarcity and Diversity. Sunderland, MA:
Sinauer, pp. 19-34.

GnooNmRrDGE, B. 1982. The IUCN Amphibia-Reptilia Red Data Book, Part

l. Testudines, Crocodylia, Rhynchocephalia. Gland: IUCN ,426 pp.

IUCN. 2000. The 2000 IUCN Red List of Threatened Species. Interna-

tional Union for the Conservation of Nature and Natural Resources:

http ://www.redli st. org.

IvensoN, J.B. 1992. A Revised Checklist with Disribution Maps of the

Turtles of the World. Richmond, N: Privately printed, 363 pp.

JENruxs, M.D. 1995. Tortoises and Freshwater Turtles: The Trade in
Southeast Asia. Cambridge: TRAFFIC Intemational,43 pp.

MoLL, E.O. 1980a. Natural history of the river tenapin, Batagur" baska

(Gray) in Malaysia (Testudines: Emydidae). Malaysian Journal of
Science 6(A):23-62.

MoLL, E.O. 1980b. Turttortg laut: the river turtle that goes to sea. Nature

Malaysiana 5:17-21.
MoLL, E.O. 1997 . Effects of habitat alteration on river turtles of ropical

Asia with emphasis on sand mining and dams. In: Van Abbema, J.

@d.). Proceedings: Conservation, Restoration, and Management of
Tortoises and Turtles - An lntemational Conference. N.Y. Turtle and

Tortoise Society, pp. 37 -4L
NurnprnNo, W. 1979. The Turtles of Thailand. Bangkok Siamfarm

Zoological Gard en, 222 pp.

Pnvn, A. 1904. Misson Pavie Indo-Chine 1879-1895: Etudes Diverses.

III. Recherches sur L'Histoire Naturelle de L'Indo-Chine Orientale.

Paris: Emest lrroux.
R-nrr, S.G., Kru-yan, AND WN Ko Ko. 2000. Exploitation and conserva-

tion status of tortoises andfreshwaterturtles in Myanmar. In: Van Dljk,
P.P., Stuart, B.L., and Rhodin, A.G.J. (Eds.). Asian Turtle Trade:

Proceedings of a Workshop on Conservation and Trade of Freshwater

Turtles and Tortoises in Asia. Chelonian Research Monographs 2:95- 100.

Scorr, D.A. 1989. A directory of Asian wetlands. Gland, Switzerland:

IUCN Publ., 1182 pp.

TRNn, T.S., Hot-rR, P.L., TnR,cH, C., Soprn, L., SoeF[AT, C., RsprH, H., AND

KnracHav, H. 2000. Overview of turtle trade in Cambodia. [n: van Dtjk,
P.P., Stuart, B .L., and Rhodin, A.G. J. (Eds. ). Asian Turtle Trade : Proceed-

ings of aWorlshop on Conservation and Trade of Freshwater Turtles and

Tortoises in Asia. Chelonian Research Monogaphs 2:55-51 .

THonSIARNARSoN, J., Plnrr, S.G., nNn SawTuN KrmNc. 2000. Conserva-

tion status of freshwater turtles in Meinmatrla Kyun Wildlife S anctuary

and vicinity, Myanmar. Natural History Bulletin of the Siam Society

48:185-191.

TRAwT, G. 1 884. Notes sur les reptiles de la Cochinchine et du Cambodge.

Excursions et Reconnaissances 8( l9): 147 -168.

vnN Drr, P.P. 1998. A review of the conservation status of tortoises and

freshwater turtles in Thailand. Report to IUCN Asia Program and

IUCN/SSC Tortoise and Freshwater Turtle Specialist Group ,54 pp.

Received: 24 February 2001

Revised and Accepted: 26 October 2002

' h e t o n i m C r n'zff 
lil : i : I i 

,.il uJ:3f 
;: n 

2iio 

u n,r o, i o n

Effects of Sand Hardness and Human Beach

Use on Emergence Success of Loggerhead
Sea Turtles On Yakushima Island, Japan

HnouI Kunol, ATINoBU MunnKAMIr,
AND SNTOUT W,q,IANABE2

I Laboratory of Fisherie s Env,irortmental Oceanograpln',
Institute of Environmental Stuclies, Gracluate School of Frortier

Sciences, The Universitl'of Tolq'o, 1-15-l Minarnidai,
Nakano-ku, Tolo'o I64-8639 Japan

IE-mail : hagukig6@ ori.u-toh'o.ac.ip; Fax: B ] -3-535 I -65061 ;
2 Laboratory of Env ironntent F o rnrcti on,

Institute of Environmental Studies, Gracluate School of Frontier
Sciences, The (Jniversity of Tolq'o, I-l-l Yayoi,

Bunlq'o-ku, Tokvo I I3-8657 Japan

Although the substrate of loggerhead sea turtle (Caretta

caretta) nesting beaches varies (Hendrickson and

Balasingam, 1966; Stancyk and Ross, 1978; Mortimer,
1982), few studies have examined how substrate character-

istics influence the biology of nesting females or developing
eggs. Laboratory experiments have shown that temperature,

moisture, and gas conditions to which reptilian eggs are

exposed affect growth and sexual differentiation (Packard

and Packard, 1988).

Studies of egg development of C. caretta have shown

that the primary causes of egg failure are infertility, early

embryonic mortality, and microbial infection (Blanck and

Sawyer, 1981; Wyneken et al., 1988). These results were

obtained mostly from eggs incubated in artificial hatcheries;

there are few comparable data on eggs from natural nests.

Even when embryonic development successfully leads

to hatching, some hatchlings fail to emerge from the sand. In
the green turtle (Chelonia nn,das), the proportion of hatchlings

involved in such failures is known to be small (Fowler,

l9l9). However, the extent to which C. caretta hatchlings

fail to escape from their nests has not been reported previ-

ously.
We examined relationships between the hardness of the

nesting substrate and human beach use on the emergence

success of loggerhead sea turtle hatchlings on Yakushima
Island, Japan.

Methods. 
-From 

I to 3 1 August 2000, we recorded the

emergence of C. caretta hatchlings on Nagata Beach,

Yakushima Island, Japan ( I 30'30'8,30"20' N). Nagata Beach

is divided into two parts, one restricted from public access

(restricted area; 15.5 x 412.0 mt), and the other freely
accessible to the public (free-access area; 30.0 x 300.0 m2).

We looked for emerging nests every morning and

marked those that we found in each area. We measured the

hardness of the surface sand at the center of each nest with
a Yamanaka-shiki soil hardness tester with resistance (25.0

mm x 30.0 mm) every day from the time found until


