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A vuriety of methods have been utilized in the marking
of free-ranging marine turtles to enable subsequent identifi-
catipn of individuals, Information that can be derived as a
result of such studies include: data regarding movements.
jutre- aud intec-seasonal nesting behuvior, estimation of
population size, and growth rates, These are parameters that
must be aecurately known to allow for successful comservation
and management of these (threatened and endangered species.

The method most commanly used s external Ripper
tagging, of which u variety of designs, materals, and protocois
have been used in different species due 10 Factors such as tay
strength, durability of markings, and retention rates (Balazs,
1982; Henwood, 1986; Eckert and Eckers, 1989; Alvarado et
al., 1993). Tag loss has been considered 2 major confoonding
factor in many marine trtle studies (Limpos, 1992). In addi-
tion, recent concern has been expressed regarding the possible
role certain tag types might have on the fikelihood of incidental
capture in net-based fisheries (Michols et al., 1998).

Although most studies continue to use traditional flip-
periags, a possible Jong-term altemalive has been identified
in the use of internal Passive Integrated Transponder (PET)
taps {Fontaine et al,, 1987; Parmenter, 1993), After several
years of use, this technique has allowed estimation of exter-
nal flipper tag loss and revision of previous over-estimates
of nesting numbers (McDonald and Dutton, 1996).

Since 1992, an annual, intensive tagging program of
Mediterranean preen (Chelomia mydas) and loggerhead
(Curetta caretra) turtles has been undertaken ut Alagadi
Beach, northern Cyprus (Broderick and Godley. 1996).
Here, plustic stock tags (Jumbo tags and Supenags, Dalton
Supplies Ltd., UKyhave been used totag 78 green turtles and
122 lopgerhead turtles. Tags are placed on the teailing edge
of both fore-flippers inthe position recommended by Limpus
{1992, Given the possible advantages of marking using PIT
tags. an initiative has been developed using this technigue.
This note sommarizes the results of the first twa seasons of
the use of this technique and presents data regarding its
short-term vsefulness.

Merhodology. — During the laying process all nesting
female turtlesat Alagadi. northern Cyprus (35°33'N. 33°47°E)
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were checked for existing tags or tagging scars, In addition
to extenal Mipper tags, females nesting in 1997 and 1998
were also marked using PIT tags (Identichips, AnimalCare
Lid., UK). Individual PIT tags measured [1 X [ mmx 2 mm
and were injeeted using a modular system consisting of an
injecting handle and single-use, sterile unit fitted withia 2.1
cm, 12 pauge cutting needle. PIT tags were cross-compatibie
with seanners marketed by AVID, Destreon, or Trovan., All
injections were undertaken iminediately following the cessa-
tion of laying. when the turtles were covering eggs, but before
the commencement of camoutlaging. PIT taps were injected
into the shoulder musculature ¢a. 5 em from the carapace
margin at the site suggested by Dutton and McDonald (1994)
for use in leatherbacks {Dennochelys coriacea). Bilateral
implantation was undertaken ina farge propontion of individu-
als, PIT logs were checked for function before and after
injection using hand-held scanners und also when females
refurned to lay a subsequentclutch laterin the season. Scanners
operated at 125 kHz.

Reswdes. — A total of 64 nesting females were marked
using PITtags{35 green trtles: 20 bikuterally and 15 unituterally;
29 tegrerheads: 18 bitateratly and 11 unilaterally).

Of the 35 green tunles, 28 were re-sighted within the
same season (18 bilaterally marked individuals; 10 unilater-
aily marked individuals). Bilaterally marked individuals
were re-sighted on a total of 42 occasions; the proportion of
individuat PIT tags successfuily detected was 92% (77 of
842}, however, all individuals were re-identified on each
occasion on the strength of PIT identification alope, as at
teast one PIT tag was detected in every case. Unilateralty
marked individuals were re-sighted on a total of [ 7 oceasions
with PIT tags being detected every time (100%). Thus the
proportion of PIT tags which were detected in green turtles
was 93% (94 of 101), with 100% re-identification of indi-
viduals.

Of the 29 loggerheads, 18 individuals were re-encoun-
tered (13 bilaterally marked; 5 unitaterally marked), Bilater-
ally marked individuals were re-sighted on 15 occasions and
both PET taps were detected in 12 cases. However, at least
one PIT tag was detected on the other occasions. Thus,a 90%
PIT tag detection rate with 100% re-identification of indi-
viduals was attained, There were five re-sightings of indi-
viduals marked with a single PIT tag, with one individual
failing to be identificd by PIT 1ag reading alone. Thus for
unilaterally marked individuals an 80% rate for PIT 1ag
detection and re-identification of individuals was obtained.

The 89% (27 of 31) detection rate of PIT tags in
loggerheads was eomparable o that of green turtles. The
results were not significantly different between species (*
=043, p=0.512,d.f.=1). In addition, although 94% (17 of
18) of lopgerheads were re-identified on the strength of PIT
tagsalone, this was notsignificantly different from the 100%
in green wnies (x*=0.02, p= 0.882, d.f. = 1).

Apart from slight hemorrhage, on no occasion were any
deleterious post-injection effects observed. All injection
sites had healed wel after one intemesting interval of 10-15
days, no wound infection or swellings were detceted. in

addition, qualitative chservations of the behavior of 1urtles
during tagging suggested that reaction to the PIT 1agging
process was less than that to traditional tagging, It may be
that PIT tagging is less npxious to marine tuctles than
traditional methods.

Discussion. — It is apparent that in the skort-term, PIT
tagaing yiclded high levels of re-identificatiou (100% for
areen tunfes; 94% for loggerheads). Re-detection fevels for
individual PIT tags were not as high (93% in green wrles;
89% in toggerheads).

Tt is likely ehat failure 10 re-detect PIT tags was for one
of the following reasans: 1) intrinsic lag failure, 2) detection
faiture of an existing functional tag by the investigator, and
3) loss of the tag through the injectivn hole, soon after the
lime of application but before the wound had healed, Pre-
liminary observations suggestive of the lutter two causes
were noted during this study. Marking bilaterally would
appear to possibly help counteract these types of failures.

Assuming long-term retentien and function of PIT tags
over several years, the utilization of such a technique would
enable remigration patterns to be more accuzrately assessed.
since loss of conventional sags can confound such studies, In
addition, given concern as to the possible long-term effects
of some traditional tagging methods, both in murine turtles
{Nichols ct al., 1998) and other species (Culik et al., 1993)
and our qualitative observations regarding reactions to the
tapging process, PIT tagging would appear to be an ex-
tremely useful tool in the study of marine veriebrales.

[f use of this technique became widespread (with read-
ers being made available to individuals who might have
previously reported traditional tag returns), it might offerthe
numeraus advantages of traditional tagging without con-
comitant deleterious effects, Major provisos on the usetul-
ness of this technique are firstly, that all PIT tags should be
able tabe detected by all readers and secondly, there is a need
to standardize implantation sites in all species 1o ensure the
grealest possible likelihood of data recovery by different
operators. If these eriteria are not met, the value of the 1ech-
nique beyond the proximate, local scale is severely reduced.
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Hainan Istand in the South China Sea is the southern-
maost province of China. It has an area of 32,000 km* and a
subtropical climate, with winter temperatures averaging
21°C, inthe mountains, however, lemperatures may become
significantly lower. Smith (1923a} reported that frost is not
uncommon at high aititudes, and in January he experenced
freezing fog in the morning at an aftitude of (200 m.
From Mareh throwgh October the weather becomes hot
and humid; typhoons may strike and mest rain falls in
this period. We measured average day temperatures of
35°C in May.

As pant of the “one counrry, two systems” policy,
Hainan was designated a special economic zone by Chinain
early 1988, At that time the human population of the island
consisted mainly of the original inhabitants, the Liand Miao
minority groups. Today, as a result of being a special
economic Zone. Hainan has a population of more than 7
million, the majority of them being Han Chinese coming
from Indonesia. Malaysia, and maintand China. The Li and
Miao are the people profiting the least from the economic

developments; they inhabit remote mountainous areas and
subsist through agriculture and hunting.

The narthe m und westemn eoastal plains of the island are
intensively expleited: rice fields, rubber plantations, euca-
lypt specics, Casuaring sp.. and sisal plantations dominate
the landscape. On the northeastern plain there is much
industriak development on the outskins of Haikou. Ou the
eustern plains there is agriculture and mapidly developing
Chinese tourism.

Central Hainan comprises a serjes of mountains, the
Limu Ling Shan and Wuzhi Shan, the highest peak beinp
Wuzhi Shan (Five Finger Mountain}, reaching 1890 m,
Many mountains ate still covered with primary raintorest,
but there is considerable cultivation and deforestation in the
valleys and on many slopes.

Hainan has 13 Nature Reserves (Li and Zhao, 1989),
most of them sezup o protect large mammals like the Hainan
deer (Cervus eldi hainana) and Hainan biack headed pibbon
{Hylobutes voncolor hainanus), or to protect whole ecosys-
1ems. The level of protection maintained in these reserves is
difficult to determine. We have only been on the border of
Jianfengling Nature Reserve in the southwest. Our inter-
preter told us it was prohibited to enter the reserve, and thae
it was jmpossible to visit it. However, Pack-Blumenau
(1997} visited Bawangling MNature Reserve (close io
Jianfengling, and also created to protect the mountain
rainforest ecosystem} recently, and found that {ocal peopie
stilk poach in the reserve. Li people are forced to hunt for
subsistence, and little is done to prevent this.

One of the first accounss on chelonians of Hainan was
that of Siebenrock {19063, At that stme only Clewmmyy
schmackeri (= Maurenys mutica) was known to occur there.
Based on material from Hainan provided by Steindachner,
Siebenrouk extended the distribution of Ocadia sinensis and
Pelodiscus singnsis to Hainan. [n addition, he described a
new softsheil: Trianyx sreindachaeri {now Pualea
sieindachneri). Smith (1923a) published an elaborate ac-
countof his travei to Hainan in 1923, buthe had littde success
collecting chelonians — he was only able to obtain one O.
sinensis from the market in Haikou. Schmidt {1927) exam-
ined material coflected by Pope during an 8-month stay on
Hainan in 1922-23. Based on Pope™s material, Schmidt
extended the ranges for Platystermon megocephalum, Sacalia
bealei, Cuora trifasciata, Pyxidea mouhotii, and Pelochelys
careorii to Huinun, Pope {E935) reponed nine minle species
on Hainan [sland. Li (1958) described Clemmys bealeii
guadriocellate and Cyclemys flavomarginains
hainanensis from southeastern Hainan, Hu et al. (£975)
elevated the latter to species fevel and included it in the
genus Cuerra as C. haingrensis. However, most authors
now consider it synonymous with C. galbinifrons {see
tverson and McCord, 1992a).

Both Iverson (1992) und Zhao and Adler (1993) re-
ported 15 non-marine species of turtle (o occur on Hainan:
Iverson included Chiremys nigricans as possibly cceurring
on Hainan, whereas Zhao and Adler reported Geoeniyeda
spengleri 10 occur there. Recently. two new species of



