
170

although experiencing different weather conditions after
the age of 100 days.
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Mortality during the early stages of sea turtle embryonic
development is relatively high (Richardson and Richardson,
1982). Excavations of emerged nests indicate a significant
proportion of eggs fail to hatch (Bustard, 1972; Fowler,
l9l9; Whitmore and Dutton, 1985) in both natural and
artificial nests. This is usually attributed to beach erosion,
depredation, plant root invasion, excessive rainfall, tidal
inundation, pathogenic infection, and developmental abnor-
malities. Movement-induced mortality may occur in relo-
cated nests (Limpus et al., 1979; Limpus, 1980; Parmenter,
1980; Blanck and Sawyer, 198 1; Whitmore and Dutton,
1985). Some eggs are classified as infertile (Bustard, 1972;
Fowler,1979; Stancyk et al., 1980; Whitmore and Dutton,
1985). However, because unhatched eggs are not identi-
fied as such until after the normal incubation time has
passed, early embryonic death and subsequent decompo-
sition in the intervening time may be inappropriately
interpreted as "infertility" (Parmenter, 1980; Wyneken
et al ., 1988). Parmenter ( 1980) suggested use of the term
"undeveloped" to include all eggs that show no macro-
scopic signs of development after a full term interval.
Microscopic examination of undecomposed eggs is the
only process that may prove lack of embryonic develop-
ment.

Excavation of emerged nests at various sea turtle rook-
eries often results in the detection of fungal growth on the
shell exterior and in the contents of unhatched eggs. Mi-
crobes (including fungi) have been described from the
exterior and/or embryonic tissue of eggs of several species
of sea turtle including the loggerhead, Caretta caretta
(Ragotzkte,1959; McGehee , 197 5; Wyneken et al., 1988;
Peters et al., 1994); green , Chelonia mydas (Bustard and
Greenh&ffi, 1968; Solomon and Baird, 1980; Whitmore
and Dutton, 1985); leatherback,, Dermocltelys coriacea
(Whitmore and Dutton, 1985; Solomon and Tippett,
l98l; Eckert and Eckert, 1990), and olive ridley,
Lepidochelys olivacea (Mo et al., 1990). Most observa-
tions are of "black" eggs, or those showing discolored



NorEs AND Ftelo Reponrs t7 I

contents and embryonic material. In this study, we examined

blackened eggs from an Australian sea turtle rookery for
presence of mycoflora.

Methods During the assessment of hatch success in
emerged green and loggerhead sea turtle nests at Heron Is.

(23"26'5, 151"55'E), eastern Australia, in the 1996-91 and

l99l-98 nesting seasons, eggs from nests that appeared

contaminated by fungus (i.e., eggshells blackened with
presumed fungal presence) were swabbed and cultured
for mycoflora. Swabs (MWIl0 TRANSTUBE, Amies
Clear Transport Media) were refrigerated at 3-5oC prior
to analysis. A single egg was cultured from each con-
taminated nest.

Mycoflora were incubated on half-strength Potato Dex-
trose Agar with 0.05 glL chloramphenicol, then subcultured

onto other media (e.g., Potato Dextrose Agar, Nutrient Agar,

Carnation Leaf Agar) as required for identification accord-
ing to Seifert ( 1996). Identification of the species not encom-
passed by Seifert ( I 996) was based on previous unpublished
work (CJL) and confirmed by the Adelaide Women's and

Children's Hospital, South Australia.
Results and Discussion. Cultures were obtained

from 50 nests (39 green and 11 loggerhead). Only three
fungal species were detected frequently: Fusarium
oxysporum, F. solani, and Pseudallescheria boydii. Mul-
tiple samples of these three species were obtained from the

nests examined (Table 1). Only 2 nests (both green turtle)
demonstrated presence of more than a single fungal species:

F. oxltsporum plus P. boydii in one nest, and F. solani plus
P. boydii in the other.

Fusarium oxysporum and F. solani are common,
cosmopolitan soil saprophytes (Burgess, 198 1). Fusarium
solani has been isolated from failed olive ridley eggs
(Acuna-Mesdn , 1992) and implicated in the poor health
of loggerhead hatchlings emerging from heavily infested
soil (Rebell et al., I97 I), and F. oxysporum has been
isolated from the egg membranes of American alligators
(AIl i g at o r mi s s i s s ipp ie ns i s) ( S chumacher and Cardeilhac,
1990). Mo et al. ( 1990) isolated an unidentified Fusarium
from the eggshell of unhatched olive ridley eggs in Costa
Rica.

Pseudallescheria boydii is a common soil- and water-
inhabiting fungus with a circumglobal distribution. It does

not have a high inherent virulence, but is an opportunistic
infectant described in the medical and veterinary literature
(Rippon, 1982). Monosporium apiosperm.unx, the anamorph

Table 1. Occuffence of mycoflora in green and loggerhead sea
turtle nests at Heron Island, Australia.

Presenc e (7o) in
Contaminated Nests

Fungal Species

of P. bot,dii, has been isolated from olive ridley nests in
Costa Rica (Acufla-Mes6n , 1992).

The contamination of non-viable eggs by mycoflora
naturally occurring within the nest substrate is not surpris-

ing, but such mycoflora may still have pathological results.

Solomon and Tippett (1987) and Wyneken et al. (1988)

described the failure of eggs in natural and artificial nests as

occurring in clusters. This suggests an infectious etiology.
The species- and habitat-specific nest mortality described by

Limpus et al. (1983) on the islands of the southern Great

B arrier Reef and adj acent mainland suggest fungal presence

within sea turtle nests may be contributing to egg failure.
Further investigations are underway to determine the

extent and impact of mycoflora on embryo mortality in
the four species of sea turtle commonly breeding in
eastern Australia.

Acknowledgments. - This work was funded by a Small
Grant from the Centre for Land and Water Resource Man-
agement, Central Queensland University. D. Ellis and S.

Davis (Adelaide Women's and Children's Hospital, South

Australia) confirmed identification of P. boydii,, K.M. Har-
rower and S.A.M. Elsmore (CQU) confirmed the Fusarium
spp. The assistance of K.M. Harrower and C. Elder (CQU)
for advice in fungal culture is gratefully acknowledged.
N.N. FitzSimmons helped with the English translation of
Acufla-Mes6n (1992).

LrrnnaruRE Crrpn

Aculrn-MEspN, R.A. 1992. Monosporiunt apiospermunl Saccardo
(Fungi, Deuteromycetes), asociado a los huevos de la tortuga
marina Lepiclochelys olivecea (Eschscholtz 1829) en Costa

Rica. Brenesia 38:159- 162.

BlaNcr, C.E. AND Snwven, R.H. 1981. Hatchery practices in
relation to early embryology of the loggerhead sea turtle, Caretta
caretta (Linne). J. Exp. Mar. Biol. Ecol . 49:163-177 .

Buncess, L.W. 1981. General ecology of the Fusaria. In: Nelson.,

P.E., Toussoun, T.A.. and Cook, R.J. (Eds.). Fusarium: Dis-
eases, Biology, and Taxonomy. London: The Pennsylvania

State University Press, pp. 225-235.

BusrRno, H.R. 1912. Sea Turtles: Their Natural History and

Conservation. New York: Taplinger Publishing Co., 220 pp.
Busrnno, H.R. AND GnEpNunu, P. 1968. Physical and chemicgl

factors affecting hatching in the green sea turtle, Chelonia nq,das
(L.). Ecology 49:269-27 6.

Ecrpnr, K.L. AND Ecrpnr, S.A. 1990. Embryo mortality and hatch

success in in sitr,r and translocated leatherback sea turtle
Dermochelys coriacec eggs. Biol. Conserv. 53:37 -46.

FowlEn, L.E. 1919. Hatching success and nest predation in the
green sea turtle, Chelonia myda,s, at Tortuguero, Costa Rica.

Ecology 60:946-955.
Lrupus, C.J. 1980. Potential problems in the artificial incubation of

sea turtle eggs. Herpetofauna 12:23-24.

Lrurus, C.J., BRreR,V., AND Mr-r-En, J.D. l9l9.Movement induced

mortality of loggerhead eggs. Herpetologica 35:335-338.

Lrvrus, C.J., REED, P., RNn MtLLrn, J.D. 1983. Islands and turtles.

The influence of choice of nesting beach on sex ratio. In: Baker,

J.T., Carter, R.M., Sammarco, P.W., and Stark, K.P. (Eds.).

Proceedings of the Inaugural Great Barrier Reef Conference.

Green
(n - 39)

Loggerhead
(n = I l)

Fusarium ox))sporunx
Fusarium solani
P s e udall e s c he ria b ov dii

0
73
2l

l5
38
5l



n2

Townsville: JCU Press, pp. 397 -402.
McGeHEp, M.A . 1915. Factors affecting the hatching success of

loggerhead sea turtle eggs (Caretta caretta carettct). Master's
Thesis, University of Central Florida.

Mo, C.L., SALAS, I., AND CnnnllERo, M. 1990. Are fungi and

bacteria responsible for olive ridley's egg loss? In: Richardson,
T.H., Richardson, J.I., and Donnelly, M. (Compilers). Proceed-
ings of the lOth Annual Workshop on Sea Turtle Biology and
Conservation. NOAA Technical Memorandum NMFS-SEFC-
2J8, pp.249-252.

PnnHaErurER, C.J. 1980. Incubation of the eggs of the green sea turtle,
Chelonia mydas, in Torres Strait, Australia: the effect of move-
ment on hatchability. Aust. Wildl. Res. 7:481-491.

PETERS, A., VpnHoEVEN, K.J.F., AND SrnunoscH, H. 1994. Hatching
and emergence in the Turkish Mediterranean loggerhead turtle,
Caretta caretta: natural causes for egg and hatchling failure.
Ecology 60:946-955.

Rncorzrrp, R.A . 1959. Mortality of loggerhead turtle eggs from
excessive rainfall. Ecology 40:303-305.

REnELL, G., Roru, F.J., JR., TRpLtN, D., AND WoorNsr<y, J. I911.
Fusariosis in marine turtles. Bacteriological Proceedings of the
7l st Annual Meeting of the American Society for Microbiology,
Minneapolis, Minnesota, p. l2l.

Rnrox, J.W. 1982. Medical Mycology. The Pathogenic Fungi and

the Pathogenic Actinomycetes. (Znd ed.). Philadelphia: W.B.
Saunders and Co., 797 pp.

RtcsnnosoN, J.I. AND RrcsnnnsoN, T.H. 1982. An experimental
population model for the loggerhead sea turtl e (Caretta caretta).
In: Bjorndal, K.A. (Ed.). Biology and Conservation of Sea

Turtles. Washington DC: Smithsonian Institution Press, pp.
I 65- 17 6.

ScHuuncHER, J. nruo CnnoErr-HAC, P.T. 1990. Mycotic infections of
egg membranes in the American alligator (Alligator
rnis s is sippiensis). In : Francis-Floyd, F. (Ed. ). Proceedings of the
21st Annual IAAAM Conference, Vancouver, 8.C., pp. 138-

140.

SErnEnr, K. 1996. FusKey: Fusarium Interactive Key. http:ll
res. agr. calbrdl fusarium.

Sot-onaoN, S.E. AND BRrno, T. 1980. The effect of fungal penetration
on the eggshell of the green turtle. In: Brederoo, P. and de

Priester, W. (Eds.). Proceedings of the Seventh European Con-
gress on Electron Microscopy, The Hague, Netherlands, pp.
434-435.

Sot-oiraoN, S.E. nxn Ttppgrr, R. 1987. The intra-clutch localisation
of fungal hyphae in the eggshells of the leatherback turtle,
(Derntochelys coriacea). Anim. Technol. 38 :13-79.

SrRrucyr, S.E., TALBERT, O.R., AND DEnN, J.M. 1980. Nesting
activity of the loggerhead turtle Caretta caretta tn South Caro-
lina. II. Protection of nests from raccoon predation by transplan-
tation. Biol. Conserv. 1 8: 289-298.

WHrrnaonE, C.P. AND DurroN, P. 1985. Infertility, embryonic mor-
tality and nest-site selection in leatherback and green sea turtles
in Suriname. Biol. Conserv. 34:251-272.

WvNErceN, J., BuRrE, T.J., SRLvtoN, M., AND PeoensoN, D.K. 1988.

Egg failure in natural and relocated sea turtle nests. J. Herp.
22:88-96.

Received: 8 December 1999
Reviewed: 8 February 200 I

Revised and Accepted: 14 March 2001

CueloNrnru CoNSERVATToN AND BroLocv, Volume 4, Nuntber I - 2001

o r00, o, .nJi"iiiXl ?!ll]*l;r,2p0ocunao,ion

A Tortoise Survey of
Shwe Settaw Wildlife Sanctuary, Myanmar,

with Notes on the Ecology of
Geochelone plaAnotu and Indotestudo elongata

STBvBN G. Prnrrl, Saw TuN Knnnc2,
WIN Ko Kot, AND Ku,vAR2

I W ildlife C on s e rv at ion S o c ie n\,

P.O. Box 1620, Phnom Penh, Camboclia;
2W 

i I dl ife C on s e ry, at ictn S o c ie t\,,

Bldg. C-1, A),, Yeik Mon Ist Street, Yadananxon Housirtg Ave.,

Hlaing Tow,nsltip, Yangon, Myantnar

The current conservation status of most turtles in
Myanmar (formerly known as Burma) is unknown, and old
fragmentary observations remain the principal source of
information (McCord, 1997; van Dtjk, 1997; Platt et al.,
2001). The Burmese star tortoise (Geochelone plaenota) ts

endemic to the dry zone of central Myanmar, and is consid-
ered one of the least known of all living tortoises
(Groombridge, 1982; Moll, 1989a). The elongated tortoise
(lndotestudo elongata) is found in much of Southeast Asia,
and probably occurs or formerly occurred in a variety of
habitats throughout Myanmar (Moll, 1989b; Iverson,, 1992;

van Dljk, 1993). Populations of G. platvnota and I.
elongata tn Myanm ar are now believed to be declining
due to habitat destruction and over-exploitation, and
both species are currently listed on Appendix II of CITES,
as are all tortoises excepting those on Appendix I
(Groombridge, 1982; Moll, l989a,b; CITES, 2001).
Consequently, status surveys and life history studies
have been accorded high priority (Groombridge, 1982;
Moll , l989a,b; van Dijk, 1991). We herein report the
results of a recent survey to assess the conservation
status of tortoises in the Shwe Settaw Wildlife Sanctuary
(SSWS), gather life history data, and provide conserva-
tion recommendations based on these findings.

Methods

Study Area Shwe Settaw Wildlife Sanctuary
(20"1 I'N, 94"28'E) was established in 1940 for the protec-
tion of Eld's deer (Cervus eldi thamin) (Salter and Sayer,

1986). SSWS is located on the western edge of the central
dry zone within the rain shadow of the Arakan Mountains
(FAO/UNDP, 1982). The total area of the sanctuary was

originally 553 km2 (FAO/UNDP, 1982), but this was re-
cently reduced by the sale of 178 km? to an agricultural
development consortium (Platt, 1999).

Low hills and deep ravines chara ctenze the terrain in
SSWS. Elevation ranges from 100 to 550 m above sea

level (FAO/UNDP, 1982). Mean annual rainfall is ap-


